Flexens

FLEXIBLE ENERGY SOLUTIONS

Hydrogen Replacing Oil in Maritime

“Running a society 100% on renewables
affordably requires sector coupling,
integration of storage solutions and

implementation of emerging
technologies

Berndt Schalin, CEQ.Flexens

A presentation to Vesinikupaev 2021, Keemia Instituut in Tartu

15.10.2021 Berndt Schalin



Advanced project development rooted in research

With a society scale demonstration as reference
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Background in strategic research,
Tekes SHOK programs:

2010-2015 Smart Grids and Energy Markets
2010-2014 Future Combustion Engine Power

Plants
2012-2016 Efficient Energy Use
2015-2016 Future Flexible Energy Systems
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Solar and Wind 70-90%

+ As the availability of
bioenergy is limited, a
geothermal energy
typically is costly to
convert to electric
fuels most of

renewable e
society r

= Specific e-
storage
networks and grids \

* Gas /NG, H2, CO2?
+ District Heating
* Electricity

Market models
+ Energy communities
* Flexibility markets
» Peerto peer trading

Bioenergy 5-20%
 Availability depending on
society

Geothermal 10-20%
» Economically feasible only
as heat
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L %

Production of synthetic
fuels
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Key findings and concept

System
storage

capacity

System

storage

capacity

in:

+ BEV's

* Fuel
tanks

\_/

[Direct electrical loads

» Residential
e Commercial &
Industrial

Heating and cooling
» Residential
« Commercial &
Industrial

Transportation sector
« Road
Rail

e Maritime
e Aviation
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SMART

° ENERGY
Examples of demo projects "ALAND

Hydrogen ferry running on
locally produced green

Energy storage integrated in
hydrogen

wind farm

Pumped hydro energy storage Flexibility market

Energy Island community

Energy portal
3

This project has received funding from the
p. European Union’s Horizon 2020 Programme
_ LOCG IRES under the Grant Agreement no. 957819
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A CO2 free energy system

The Aland view

Greenhouse gas emissions in Aland

Waste and EIeCtriCity
sewage 8 %
2%

Other local

shipping
29 %
Air traffic___——
1% Archipelago
ferries
8 % 250 000 ton CO2-eq (2015)
SMART
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Power2AX PROJECT

LOCAL GREEN HYDROGEN PRODUCTION FOR A FUEL CELL FERRY IN ALAND, FINLAND

The feasibility study of Power2AX project was delivered by two engineering offices, Deltamarin and Elomatic in November
2020. In the best-case scenario, if the project would be advanced full-speed, hydrogen ferries could be expected to enter
operation in 2024:

o FEED phase Construction phase Entry into operation
Fegsiiliny Stuel; 2040 2021-2022? 2022-2023? Beginning of 20247

Project stage in
Q2/2021
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Flexens ENERGY Confidential 14-10-2021

°ALAND




(Archipelago ferry routes as coloured lines)
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Expanding the Hydrogen ferry concept

Matching optimal hydrogen production costs with high value transport use

<<
211

Wind power
Solar power

Production cost of solar
power and wind power
is expected to keep

decreasing in 2020-2030,

especially in off-shore

wind parks. New off-

shore wind parks are

planned around Baltic
Sea.

Flexens

Hydrogen production
in electrolyser

Hydrogen production cost
is in majority dependent on
the cost of used electricity.

Hydrogen production cost

should be minimised by,

1. avoiding power
transmission fees by direct
integration with electricity
production

. recovering heat produced
in the electrolyser

. using electrolyser for
balancing power and
frequency control

FS

(optional: processing
further to other P2X fuels
or chemicals)

Hydrogen can be used as
a raw material for
chemicals or further P2X
fuels:

* e-methane CH4

* e-ammonia NH3

* e-methanol CH30H

Logistics
(Ports!)

Logistics of hydrogen
(or other P2X fuels) can
be minimised when
electrolyser is located
close to end-users, e.g.
at ports. Sea
connections enable
efficient tanker/bunker
logistics.

Maritime use and
delivery

Renewable power sources
for maritime applications
are limited.

Short distance ferries can
operate with batteries but
fuels are needed for sail
times longer than one
hour. Availability of
biofuels is limited which
sets high hopes on e-fuels.



Power sector will run future logistics

Availability of biofuels is limited; E-fuel will be needed.

Renewable electricity
production

Flexens

Heat recovery
30%

POWER GRID

|

2 H,0 > H,+20,

+C0O/CO,

v

METHANATION
+N,

H

v

AMMONIA SYNTHESIS\
+CO/CO,

60-70 %

energy efficiency

> CH;OH >
METHANOL SYNTHESIS
L R
" Kerosene

ELECTROLYSIS

FISCHER-TROPSCH

Heat integration
possible in each
process

Battery power
Energy efficiency 90%

Fuel cell power
Energy efficiency 60%

Internal combustion
engines
Energy efficiency 35-40%
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Metsa Fibre Kemi
Hydrogen peroxide use at a
bioproduct mill (FID done)

Ajos existing
onshore wind park
42 MW

Kemira Oulu

Oulu planned Hydrogen peroxide Ports
offshore wind production
parks 500-800 MW Fort

P SSAB Raahe
Raahe planned ) Steel mill Wind Farms

offshore wind park
350 MW Concept/Early Planning

D Consent Application Submitted

Kokkola existing

q Consent Authorised
onshore wind park ' -

Yara Kokkola
14 MW Ammonia storage By Fre construction

and delivery
. Under Construction

. Partial Generation/Under Construction

. Fully Commissioned

Vahakyroé existing
onshore wind park
53 MW

Kristiinankaupunki ‘ Vaasa P2X project . .
planned offshore W e B ecommissione

wind park 240-640 vl .
MW Jevalopment Zone

https://www.4coffshore.com/offshorewind/

Tahkoluoto
existing offshore
wind park 42 MW

Yara Uusikaupunki Vuosaari Harbour
Ammonia use at

nitric acid

Tahkoluoto
planned offshore
wind park 720 MW

production
UPM Kotka
Neste Naantali Planned biorefinery
QOil refinery, to be -
closed Lake Ladogu
Kotka planned
semi offshore wind
park 20-50 MW

Largest in the pipeline:

T
‘ Aland planned } ’

offshore wind

parks (2030) 4-5 Helsinki

GW b

- 0 Neste Kilpilahti .

(Iulj g Hydrogen use for St, Petersburg
bio-oil

Aland planned
semi offshore wind
park 100 MW

Inkoo planned
offshore wind park i .
180-300 MW Confidential
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Opportunity on Aland

The potential is identified in the Maritime Spatial Plan for Aland territory

- The identified areas provide space for Havsplansforslagets energiomraden
up to 6 GW of wind power

 This corresponds to e.g. 45% of the e /Xm
current electricity consumption in ///:/ .
Finland

. Discussions on ministerial level with <’ v /
both Finland and Sweden initiated \

- Atarget for the local government is to \ ‘
utilise the opportunity for developing % S
local added value on top of the \ /
potential lease income for the seabed o ngh ol J

N

& Alands _
@ Iandskapsregerlng
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Hydrogen and the energy transition in port areas

H;\

=\

Battery power
H2 and e-Fuel

Flexens

An opportunity to rethink the energy system in ports

Energy opportunities in
port areas

o2
é | Shore power
oooo /‘ Electricity
Vehicle A
charging

Electricity /
Battery charging

Flexibility market / VPP

Local = Production and
production of ~A storages for
renewable hydrogen

electricity and/or e-fuels
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