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We are one of the largest economic consultancies in Europe
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Winning bids in 15t Hydrogen Bank auctions of < €0.5/kg are lower than expected,

and significantly lower than results in the UK (~€8/kg)

Budget

Volumes /
Size

Countries

Auction

outcomes

Prices

EU Hydrogen Bank (Pilot)

Decisions announced 30 April 2024

UK (HAR1)

Decisions announced 14 December 2023

= €800 mn EU-wide + €350 mn for
German projects (Auction-as-a-Service)

= ~€2.3 billion

® Fixed premium

m Contract for Difference

® 7 projects with total electrolysis capacity
of 1,500 MW:

m 87% of capacity located in ES & PO,
incl. 2 projects of 500 MW each

® 11 projects with total electrolysis
capacity of 125 MW

m Capacity range 5.2 — 24.5 MW

= B =

=
e

Total cost of winning bids not
publicly known

Expected sales
revenues of winning
bids not publicly
known

€0.46/kg weighted-
average fix premium
(=subsidy);

I | bid cap €4.5/kg

€11/kg weighted-average strike price
(= total cost proxy)

€3/kg expected
sales revenues

€8/kg Difference
payment
(= subsidy)
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EU bidding curve reveals lots of bids substantially below the bid cap of €4.5/kg

€800m Budget

Bid [€/kg]
- N
h %] h

=

0.5

2mt*™ 4mt 6mt 8mt
H; Volume [m tons over 10 years]

m Finland B Spain Portugal H Norway Germany Austria B Sweden m France B Netherlands

B Denmark u |taly ® Poland B Lithuania B Greece Belgium Bulgaria & Estonia **

* Bid curve includes 130 bids (i.e. including 13 bids found inadmissible or ineligible, as well as bids not passing or not being evaluated on qualification criteria due to cascade approach — see call text).
** Estonia and Bulgaria aggregated for anonymisation reasons, as only 1 bid per country was received.

Source: European Commission

frontier economics


https://climate.ec.europa.eu/eu-action/eu-funding-climate-action/innovation-fund/competitive-bidding_en

There are several possible explanations for lower bids in EU auction compared to UK

N . .
K Difference in auction outcomes

3
Different bidding strategies

‘ Differences in levelised-cost Difference in (expectations

of hydrogen (LCOH) for) offtake prices

‘ : Lower overall production cost ‘ Similarly, higher offtake prices Depending on the overall
decrease the funding gap and decrease the funding gap and environment, bidders may have
the need for governmental the need for governmental had to adopt (more) aggressive
support support strategies
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There are several possible explanations for lower bids in EU auction compared to UK
€@ Lower levelised-cost of hydrogen (LCOH) in the EU (?)
o

EU Hydrogen Bank (Pilot)

€/kg |

LCOH Offtake Premium LcoH Offtake Premium
price price
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EU Hydrogen Bank (Pilot)

Average LCOH of bidders in 4 winning EU countries were €5.8 (ES) to
€8.8/kg (PO), with winning bids likely on the lower end

7.57
7.61

% e

Source: European Hydrogen Bank

O Countries with winning bids

@ Better renewable conditions (?) @

Larger project size (?)

Q Lower H2 production costs may be one explanation for the low bids in the EU vs UK

T

Average strike price (=LCOH proxy) of UK winning bids was ~€11/kg
(= GBP 241/MW) ‘.

@ Less strict conditions (?)
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@ Lower H2 production costs through better renewable electricity conditions (?)

Most studies assume similar average LCOH with lowest-cost

... but most winning projects in EU auction combine wind with

RES technology for UK compared to EU winning countries...

solar (or hydro) to increase capacity factor and lower LCOH

Average renewable hydrogen
production costs in the Europe
in 2022 (EUR/kg), using directly
connected lowest-cost RES

Power  Capacity

technology for a given country Project Country Bid size
source factor
Catalina Spain 500 MW  Solar & wind 55 %
MP2X Portugal 500 MW  Solar & wind 58 %
Grey2Green-ll Portugal 200 MW PPA, new 62 %
assets
SKIGA Norway 117 MW  Wind & hydro 82 %
eNRG Labhti Finland 90 MW Wind 77 %
El Alamillo H, Spain 60 MW PPA, new 62 %
assets
HYSENCIA Spain 35 MW Solar 28 %
(HA
Source: Hydrogen Europe, Clean Hydrogen Monitor Source: EU Commission, Veyt

2022
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https://www.veyt.com/articles/eu-hydrogen-bank-awards-keenly-contested-pilot-auction?mtm_campaign=promoting-analyst-articles&mtm_source=linkedin&mtm_medium=organic_post&mtm_content=eu-hydrogen-bank-awards-keenly-contested-pilot-auction

@ Lower hydrogen production costs through differences in project size (?)

Size of winning projects UK L
in EU auction

significantly larger than DK 5
in the UK
(and, to a lesser extent, in EU ===
DK) '
0 100 200 300 400 500 600

Capacity (MW)

m Electrolyser's CAPEX — and thus LCOH — decrease with size of the electrolysers

® \Winning projects in the UK are small scale (pilot) projects, laid out for testing and
demonstration purposes rather than maximum efficiency

® On the contrary, winning projects in the EU are laid out for industrial scale
production

implying lower LCOH

due to economies of
scale

Source: Lazard, 2021 https://www.lazard.com/media/erzb5rkv/lazards-levelized-cost-of-hydrogen-analysis-version-20-vf.pdf

frontier

*Assuming about 3600 FLH per year.



https://www.lazard.com/media/erzb5rkv/lazards-levelized-cost-of-hydrogen-analysis-version-20-vf.pdf

@ Lower hydrogen production costs through more flexibility in rules in the EU (?)

Time to
operation

Temporal

correlation

Additionality

EU Hydrogen Bank (Pilot)

® 5 years (= 2029)

m 2 years (= 2025)

= Monthly correlation until 2029

= Hourly correlation from 2030
onwards

» Half-hourly correlation?

= No additionality requirement
for installations coming into
operation before 1 January
2028

= Additionality is not a formal
requirement, but is part of the
assessment criteria

® To achieve the highest
scores, projects must have
plans to meet additionality
principles by COD or by 2025

Figure: Hz-production costs in different accounting periods for existing and
new plants (example: combination of PV/wind)

LCOH delta of ~€1/kg between monthly
and quarter-hourly time correlation

~

[e)]

(63}

S

w

H2 production costs (€/kg)

N

Year Month Day Quarter-hour

Accounting period

- B - Existing renewable plant (unsubsidised)
- @ —Newly built renewable plant (unsubsidised)

Source: Frontier economics analysis for RWE (2021)

Source: ! https://www.gov.uk/government/publications/hydrogen-business-model-and-net-zero-hydrogen-fund-electrolytic-allocation-round-2022/clarification-questions-with-responses-added-9-august-2022
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https://www.frontier-economics.com/media/1rwbnez2/red-ii-green-analysis.pdf
https://www.gov.uk/government/publications/hydrogen-business-model-and-net-zero-hydrogen-fund-electrolytic-allocation-round-2022/clarification-questions-with-responses-added-9-august-2022

There are several possible explanations for lower bids in EU auction compared to UK

EU Hydrogen Bank (Pilot)

LCOH

Offtake
price

Premium

LCOH

‘ Higher (expectations for) offtake prices in EU auction (?)

Offtake
price

Premium

frontier
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‘ Higher (expectations for) offtake prices may also explain lower bids in the EU auction

EU Hydrogen Bank (Pilot) UK (HAR1)

Expected offtake prices of winning bidders not publicly known, but
reference price (based on natural gas) is ~€3/kg at the beginning.

This can be outperformed by higher actual sales prices, though.

Expected offtake prices of winning bidders not publicly known, but
median expected offtake prices of all bidders were €5.7/kg (industry)

and €8.3/kg (mobility)

Hydrogen strike price vs reference price

Median expected off-take price .
834 elkg Supportonly applies Reference price
down to sales price —l "." (achieved sales price)
5 67 €/kg 1 ',—“ Strike price
. ‘O
Size of subsidy ","‘ .
-~ e am=me- Reference price
________ i e =TT (natural gas)
o""
- .
',—’ Support only applies
- down to natural gas price
® Industry = Mobility ime)

Source: DESNZ

Actually higher offtake prices in EU Actual UK offtake prices higher than EU offtake price expectations

than in UK (?) €3/kg (?) overestimated (‘winner’s curse’) (?)

frontier economics 12



Actually higher
offtake prices in
EU than in UK (?)

Actual UK offtake
prices > €3/kg (?)

EU offtake prices
overestimated (?)

‘ Higher (expectations for) offtake prices may also explain lower bids in the EU auction

120

Value of green hydrogen and thus willingness to pay may
actually be higher in the EU than in UK, e.g. due to

® Higher CO2 prices (€75/tCO2 in EU £40/tCO2 in UK) 5 o

® Further incentives, e.g. due to RED II/lll quota in EU ©
- The two largest projects (1 GW in total) in EU auction
are producing H2 for green ammonia production to

100

Higher CO2 price in EU than in UK

A
puge e

Substitute grey H2 Jan-19  Jul19  Jan20 Juw-20 Jan-21 Jul21 Jan-22 Jul-22 Jan-23 Jul-23

—EUA UKA
Source: ICE, Timera Energy

® Under the assumption of primarily substituting natural gas by H2, the reference price for sales revenues in UK
CfD is based on natural gas prices, and equivalent to €3/kg at current gas prices

= However, actual offtake prices may be higher than that, which would mean that the actual CfD premium
would be lower than €8/kg, as (most part) of higher actually achieved sales price is deducted from premium

= The CfD design in the UK limits the impact of offtake price expectations on bid levels, as the variable premium

tops up offtake revenues to the individual strike price (~LCOH);

® |n the EU fixed premium auction, bidders estimate sales revenues (that are topped up by the fixed premium).
=>»Bidders with most optimistic expectations about offtakers’ willingness to pay are likely to win the auction,

making it significantly more prone to “winner’s curse”.

=>This is limited by need to show offtake Lol/MoU for 60% of volumes, but also allowed for “internal offtake”

frontier economics
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There are several possible explanations for lower bids in EU auction compared to UK
3

EU Hydrogen Bank (Pilot) % UK (HAR1)

€/kg | €/kg |

LCOH Offtake Premium LCOH Offtake Premium
price price
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Maximum bid
size

Cumulative
funding

Outside funding
options

In the UK, no cap on the individual grant amount
The EU limits the funding for one action to 1/3 of the total budget (267m EUR).

For a 500 MW electrolyser, this amounts to funding of about 0.50 EUR/kg hydrogen
produced over 10 years (assuming about 3600 FLH per year)

In the UK, projects could not receive government support from multiple sources (i.e.
from both Net Zero Hydrogen Fund and Industrial Energy Transformation Fund) for the same
eligible costs

The EU limits the funding for one action to one grant, however other grants can be
combined for other elements of a project (i.e. cost items not covered by the RFNBO funding)

Across Europe, it is currently uncertain to what extend national funding will supplement
European funding (e.g. DK, DE with Auction-as-a-Service

o Denmark ran its own auction, Germany used Auction-as-a-Service in HB auction
o Other countries do not have national schemes (yet)
=>»Bidders in these countries may have chosen their bid to secure some form of funding

frontier economics
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Conclusion: Lower premia in EU auction are likely to be a combination of lower LCOH,
higher offtake price expectations and strategic interest to win the auction

EU Hydrogen Bank (Pilot) % UK (HAR1)

A
€/kg And UK offtake prices may
actually be higher than
natural gas reference (of
~€3/kg), and thus premium
lower than €8/kg

€/kg

7?

LCOH Offtake Premium LCOH Offtake Premium
price price
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Key take-aways from 15t EU auction and lessons for future auction rounds

Project

realisation

% Budget
\Q Prices

Imports
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Take-away from 15t EU round

European Commission
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Planned change for 2" round Comments / questions

1.5 GW auction awards is impressive,
but auction award # realised project
RES auction experience tells that
project realisation rates can be low

Increase of completion guarantee
from 4% to 10%

Reduce lead time from 5 to 3 years

Will increase project realisation
likelihood

But also increase bid prices
(substantially)

Low bid prices lead to (unexpected)
high capacity (1.5 GW) and hydrogen
production, but still only low share of EU
H2 production target

Increase in total subsidy volume
from 800 million to 2.2 bn EUR (TBC)

Step in right direction

But: Even IF bid prices equal to 1%
round, total H2 production of 0.7 mn
tons < 10% of EU 2030 target (10 mn
tons)

Low bids, but not necessarily
representative and likely to increase
(transition in DA, ‘winner’s curse’?)

Reduction of bid cap from 4.5t0 3.5
EUR/kg

Only marginal reduction of bid cap
suggests that the EC does not expect
the auction’s low prices to be
representative

A

LCOH information reveal significant
regional differences within Europe;
suggests further lower-cost H2
potential outside Europe (subject to
transport cost)

No changes

2"d round will continue to be limited to
domestic European production

Source: Draft Terms and Conditions for 2" round available here.

Open (this or similar) mechanism to
imports to EU (import leg of Hydrogen
Bank / H2Global)?

frontier
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https://climate.ec.europa.eu/document/download/482b186d-fec0-4ee6-82d0-06eafa0b1f75_en?filename=Draft%20TC_2nd%20Round%20RFNBO%20H2_For%20Publication_CLEAN%20Final.pdf
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MATTHIAS JANSSEN MAXIMILIANE REGER NOEMIE BOURDREZ

matthias.janssen@frontier-economics.com maximiliane.reger@frontier-economics.com noemie.bourdrez@frontier-economics.com

https://www.linkedin.com/in/matthias-janssen/

Frontier Economics Ltd is a member of the Frontier Economics network, which consists of two separate companies based in Europe (Frontier Economics Ltd) and Australia (Frontier Economics Pty
Ltd). Both companies are independently owned, and legal commitments entered into by one company do not impose any obligations on the other company in the network. All views expressed in this
document are the views of Frontier Economics Ltd.
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