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DISCLAIMER AND RIGHTS

This report has been prepared by Péyry Management Consulting (UK) Ltd (“P&yry”) solely for use by Flexitricity (the “Recipient”). All other use is
strictly prohibited and no other person or entity is permitted to use this report, unless otherwise agreed in writing by Poyry. By accepting delivery
of this report, the Recipient acknowledges and agrees to the terms of this disclaimer.

NOTHING IN THIS REPORT IS OR SHALL BE RELIED UPON AS A PROMISE OR REPRESENTATION OF FUTURE EVENTS OR RESULTS.
POYRY HAS PREPARED THIS REPORT BASED ON INFORMATION AVAILABLE TO IT AT THE TIME OF ITS PREPARATION AND HAS NO
DUTY TO UPDATE THIS REPORT.

P8yry makes no representation or warranty, expressed or implied, as to the accuracy or completeness of the information provided in this report or
any other representation or warranty whatsoever concerning this report. This report is partly based on information that is not within Pyry’s
control. Statements in this report involving estimates are subject to change and actual amounts may differ materially from those described in this
report depending on a variety of factors. Poyry hereby expressly disclaims any and all liability based, in whole or in part, on any inaccurate or
incomplete information given to PAyry or arising out of the negligence, errors or omissions of POyry or any of its officers, directors, employees or
agents. Recipients' use of this report and any of the estimates contained herein shall be at Recipients' sole risk.

P&yry expressly disclaims any and all liability arising out of or relating to the use of this report except to the extent that a court of competent
jurisdiction shall have determined by final judgment (not subject to further appeal) that any such liability is the result of the willful misconduct or
gross negligence of Poyry. Poyry also hereby disclaims any and all liability for special, economic, incidental, punitive, indirect, or consequential
damages. Under no circumstances shall Poyry have any liability relating to the use of this report in excess of the fees actually received
by Poyry for the preparation of this report.

All information contained in this report is confidential and intended for the exclusive use of the Recipient. The Recipient may transmit the
information contained in this report to its directors, officers, employees or professional advisors provided that such individuals are informed by the
Recipient of the confidential nature of this report. All other use is strictly prohibited.

All rights (including copyrights) are reserved to Poyry. No part of this report may be reproduced in any form or by any means without prior
permission in writing from Poyry. Any such permitted use or reproduction is expressly conditioned on the continued applicability of each of the
terms and limitations contained in this disclaimer.

g PéYRY COPYRIGHTOPOYRY FLAME Cc':/lrgt;rggig 2



The scale of the decarbonisation challenge is unprecedg
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“Did you know?”
2014 emissions from natural gas exceeds
the 2050 target by 250%
2014 emissions in heat and process output
from industry exceeds 2050 by 320%
2014 emissions from coal usage exceeds
the 2050 target by 375%

2050 target
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What could
this mean

for gas
demand?
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EU vision — ‘A Clean Planet for All’

All scenarios presented by the European Commission envision a significant
contraction of gas demand by 2050 relative to the business as usual baseline
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Source:: European Commission, ‘A Clean Planet for All' Impact Assessment — COM(2018) 773
Figure 18, Page 69.

g PéYRY COPYRIGHTOPOYRY FLAME C(':Argt)-:;rggig 5



A future that relies on almost full electrification may entail significant
delivery and economic risks

Whilst an all-
electric future
may be attractive

Generation will have to increase
significantly and be very low or zero

there are carbon
é@ Enormous investment requirements in _
networks and SMART systems A future with
could be
more achievable and
N may be delivered at
,71' [Py g
N@ ) Policies towards nuclear power likely to lower cost than an all-
%/ need to be reconsidered electric future

n Technological advances required in
batteries and other flexibility technologies.
Seasonal flexibility is an issue
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Decarbonising Europe’s energy system - Poyry’s ground-breaking 2018
study examines pathways to 2050

Key features of the study
DPCNTO Two pathways to decarbonisation
Zero Carbon Gas
TR All-electric
FU | |y decarbon |S| ﬂg Major modelling development project
Europe’senergy

: SyStem by 2050 Scope included EU28 + Norway + Switzerland

Multi-clients with a mix of oil and gas, infrastructure
companies, TSOs and government departments

Examined 3 main sectors of power, heat and transport

Modelling suite is forming the basis of a number of projects to
explore bespoke pathways, including hydrogen strategy and
advocacy projects

can play a significant role in a decarbonised future
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https://www.poyry.com/news/articles/fully-decarbonising-europes-energy-system-2050

Why hydrogen can be one of the key levers for decarbonization?

6‘9 F Industrial and residential heat can be

L decarbonised

Carbon free storage to improve integration
of RES and provide flexibility

L
¥

Transportable by shipping / piping / truck Hydrogen could

as well as

Reliable alternative where direct some industry sectors

electrification is not feasible esp. in some
transport sectors

k

}'}

Feedstock to help decarbonize carbon
intensive industries

Allows existing gas infrastructure to be
utilised

]
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Zero Carbon Gas Pathway has a significant role for hydrogen by 2050
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How could all this hydrogen be produced?

G Steam Methane R IR) — refers to a chemical synthesis that

R reacts steam at hi yroduce hydrogen and carbon dioxide from
5 hydrocarbons suci 5.

G

R Electrolysis — electricity is used to separate water into hydrogen and

E oxygen. Where the electricity is renewable the hydrogen is considered

E zero carbon.

N

SMR with Carbon Capture and Storage (CCS) — where CCS is added to
the SMR process to capture and prevent release of the carbon dioxide,
the process can be considered as low carbon.

Thermal Methane Pyrolysis (TMP) — this involves natural gas and a low-
temperature, high-pressure reaction with no oxygen present to produce
hydrogen and solid carbon. Also low carbon.
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What are the production costs of hydrogen?
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Fuel costs are the major cost element in hydrogen production

Levelised cost comparison in 2030 Comments
3.00 - 90 . o
Baseload Alkaline electrolysis is based on a 99%
80 availability assumption
250 -
70 PEM electrolysis capturing the lowest 70% (lower
_ s priced hours) leads to
o .
o 200 - 60 § running at baseload, but CAPEX
Pt @: costs are relatively higher
o 50 »
o o
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g w03
E’ % ATR / SMR production costs
o 1.00 A 30 4
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20 The analysis is referred to a specific geographical
0.50 - .
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- T T T 0

Baseload Intermittent ATR/SMR ATR/SMR
Alkaline PEM ces Although Pyrolysis is not included in this analysis we

Electrolysis  Electrolysis .
Y y expect the production cost to be
CO2 cost u Fuel cost Opex Capex

Case developed for the Netherlands s
with POyry Central hourly electricity prices g
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At low gas prices SMR/CCS is cheaper, the trend is reversed if gas prices
are higher and electricity prices are lower than a certain threshold

Relativity between fuel prices (2030)

Levelised cost of H2 (€/kg)
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* Atlow gas prices (€10/MWh), ATR/SMR is always cheaper
* At gas prices of €20/MWh, it is possible for electrolysis to be cheaper, but only if electricity prices are €30/MWh or

less
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Gas demand in our Zero Carbon Gas Pathway
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Whilst this looks very different to the EU’s vision, decarbonisation can be
achieved
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Gas industry has an important role in achieving decarbonisation

But, it must face the challenge head on and .....

N L
Prepare transition from Work towards establishment Work towards establishment
unabated to zero carbon gas of a CCS industry of a hydrogen industry

Zero Carbon Gas Pathway - demand and supply of hydrogen
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Decarbonising Europe’s energy system - Poyry’s ground-breaking 2018
study examines pathways to 2050
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Fully decarbonising
Europe’senergy
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https://www.poyry.com/news/articles/fully-decarbonising-europes-energy-system-2050
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