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PROJECT OVERVIEW

= (Call year: [JTI-FCH-2015]

= (Call topic: Hydrogen Territories, H2020-JTI-FCH-2015/H2020-JTI-FCH-2015-1
" Project dates: 2016-2021

= % stage of implementation 01/11/2018: [60%]

= Total project budget: [circa. 13m¥€]

=  FCH JU max. contribution: [5m¥€]

= QOther financial contribution: [circa. 8m¥€]

" Partners: [Aragon Hydrogen Foundation, ITM Power Ltd, Orkney Islands Council, Calvera SL,
Community Energy Scotland, Shapinsay Development Trust, European Marine Energy Centre Ltd,
Danmarks Tekniske Universitet, Symbio Fcell SA, Giacomini SPA, Scottish Hydrogen & Fuel Cell
Association Ltd, Malta Ministry for Transport & Infrastructure




PROJECT OBJECTIVES

BIG HIT - Building Innovative Green Hydrogen Systems in Isolated Territories: a Pilot for Europe

1. The Demonstration of Orkney as a Hydrogen Territory
2. Contribution to FCH 2 JU MAWP (multi-annual work plan) targets
3. Demonstrating replicable hydrogen economy solutions
» Possibility to export results to other isolated locations (lessons learnt & best practices)
4. Delivering the Local Authority’s Orkney Hydrogen Economic Strategy
» Conversion of 2.7 GWh/year of curtailed RE (wind & tidal) to H2
» Methodology to produce, store & transport hydrogen across islands (ferries)
5. Environmental improvements
» Reduction of GHG emissions: 330 t pa CO2 equivalent
6. Bringing Economic Benefits to Island Communities (savings and new jobs)

/. Improve Local Knowledge & Public Acceptance of Hydrogen




PROJECT RATIONALE

Orkney Islands:

» 20 Inhabited islands. Population:
circa. 21 000

» 58 MW of RES (11MW wave/tidal
+ 47MW wind)

» Orkney-UK interconnector 30MW
capacity

Electricity grid overloaded (> 100% of demand from RES) = Significant curtailment

4

Transition to low C economy, meeting electricity, transport and heat
via hydrogen




H2 Local Energy System

v'Supply: green H, from wind & tidal
v'Transport/distribution H, by road & ferry
v'End-use: H, for heat, power & transport




IMPACTS & GLOBAL POSITIONING

» Pioneer pilot project — first in Europe as validated by EC (visibility, exposure & public awareness of potential
of H2 as energy vector)

» Validates commercial/ownership models for integration of RES locally via local hydrogen (H2 Valleys case
study)

» Delivery of local & national Low C Economic Strategy
» Boosts local economy including development of local skills & qualified jobs in emerging technologies
» Overcomes grid constraints and harness local (otherwise curtailed) renewable resources (wind & marine)

» Reduces (grid) investment & improves load management (optimizes use of electricity assets and local grid)




PROJECT PROGRESS/ACTIONS — Orkney Islands as Hydrogen Territory

Status at month 28 of a 60 months project at date 01/11/2018
40%

= 100%

) Achievement to-date

25% 50% 75%

Commissioned first H2 production site - Green H2 being produced from tidal & wind electricity locally
Five FC-RE vehicles operating in Orkney — refilled with local green hydrogen

CHP unit at the harbour commissioned and providing on-shore power to ferries (local green hydrogen)
Logistics model (vl completed) — transport & distribution of hydrogen across Orkney Islands

Trials on ferries transporting H2 Trailers completed on one route (operational)

V VYV V VYV V

ADR & Maritime certification of H2 trailers — new legislation/IMDG standards created!




PROJECT PROGRESS - Orkney Islands as Hydrogen Territory
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Deployment - On-shore power
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Deployment - FC-RE vans mileage (3 months)
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PROJECT PROGRESS/ACTIONS - Impact: socio-economic & business models

Status at month 28 of a 60 months project at date 01/11/2018
50%

= 100%

25% 50% 75%

) Achievement to-date

Commercial & business models (added value!)
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Hydrogen production cost in Orkney — Modelling results {4y

» Electricity cost Is the key parameter for hydrogen production costs

» The cost of producing 1 kg of green hydrogen in Orkney Is currently estimated at
between £5.17-9.87 £ (Isles Shapinsay and Eday respectively)

» Under S1 the largest cost of m B
hydrogen production comes from
electrolysis & storage CAPEX

» Possible to produce hydrogen at
2.5-3€ /kg under optimized
conditions (S2)

S1 S2 S3




Risks and Challenges

T00072 (B4G HT) FOR Summary for | Defverables | Milestones Disseminati_. | Patents (IPR) SME knpact | Gender

" Financial (demo)— contingency needed

Critical Risks m

* Technical (demo): complex SE&I - contingency =

Namber 4 Description Work Packape Rk Mitigation Mewsures State of the Play Reference  State of the Plyy Mitigation State of the Play Kk State of the Play Comments  Acticns
No, Rigorting Period Meawsres Appbed Materlalized
| The catalytic boilers only cutput ~50C heat, which is insufficient for space heating v 3 The boilers will be used a5 a pre-heat, and the existing diesel bodlers will be user to A
1 No Vo5 Q X
) o No 4] X
L L4 o L4 L4 1 Electrolyser unable to cope with diract connection to wind turbine 3 PEM technology Is more suited to tme varying input that slaling, A grid connection ’
" Complex operation & logistics (pioneer project S S R
l No No Q X
3 A failure of the hydrogen supply chain wil result in a lack of heating in 2 schools, ha 4 The schooks will retain their existing diesel boilers and the harbour will keep its exis 4
1 Ko No [a X
No No A X
4 Hydrogen production varies seasonally fn response to the avallabibty of curtailed win 4 The inclusion of the tidal turbines helps smooth the seasonal wind varfabifity The des 4V
] f k h Id e Unforeseen Risks
Management ot stakeholder expectations et
Number 4 (ute the Risk was Description Work Package Risk Mitigation Measr es State of the Play Reference St of the Play Mitigation State of the Flay Risk State of the Play Commants  Actions
sided Ho. feparting Period Messures Applied Matorialized
Ut 2% Jun 2017 High cost of the chdl works in an Isolated territory Bhe the Ovkney blinds 3 FHA a5 coordinatoe, with the support of the UK partners, & seeking for additio s A
2 Tes ey 4] X
17 29 Jun 2007 5 wnits of the RE-FCEV (H2 vans from SymbiofC) already in Orkmey but without ! 3 The FC can be damaged if the H2 tank s empty for months, not being able to ¢ o X
. ° ) ° ° ° " e es n X
Commun |ty perce pt IoNn (communication Is ey T A T S A R i
1 Y Tes Q X
W 03 Sep 2018 Sufety Reiew of the Shaginsay school takes longer than planned adding delay Sufety will be the first priority abvays in the project. To avold delays or wafety o X
2 No Ko 4] X
U5 03 Sep 2018 Inclusion of contingency plan and updated risk register The project Management/Inplementation Risk Analysdis & Contingency Plan ha 4%
2 ) No X v
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Communications Activities

Orkney Islands selected for €10.9 million EU 'BIG HIT' project

Building Innovative Green Hydrogen systemsiin an Isolated Territory: a pilot for Europe (BIG

" Website operational — regularly updated as project

The Orkney Islands of Scotland have been chosen for the development of a new European-
° ° wide hydrogen project, building on the existing Orkney Surf ‘0" Turf initiative. This wider
p rO g re S S e S W W W. I g I t . e u European project is called BIG HIT (Building Innovative Green Hydrogen systems in an Isolated
Territory: a pilot for Europe). BIG HIT is a five-year project, involving 12 participants based
across six EU countries, and starts in May 2016.

The local authority partner in BIG HIT is Orkney Islands Council, providing local input together
with the Shapinsay Development Trust (SDT), Community Energy Scotland (CES), and the
European Marine Energy Centre (EMEC). Calvera, Giacomini, ITM Power, and Symbio FCell are
the industry partners providing equipment and technical expertise. Technical University of

[} [}
. P re S e n C e O n L I n ke d I n I W I tt e r H . Denmark (DTU) is the technical partner and the Scottish Hydrogen & Fuel Cell Association
) | (SHFCA) is dissemination partner. The Ministry for Transport and Infrastructure (MTI)
& represents Malta as the lead follower territory for project replication. The overall BIG HIT

of New Hydrogen Technologies in Aragon).

" Two press releases in 2018

W .
" \/ideo & project schematic - key communication tools i D)

" Active communication with EC/FCH JU, Scottish g . - g
Government and key EU stakeholders

15



http://www.bighit.eu/
file:///C:/Users/ZAFEIEL/Desktop/20180827 BIGHIT Video - V7 (ID 4728344).mp4

Dissemination Activities

" Three workshops organized by the project and project
presentations at >20 events so far (EU High-Level Energy
Conference, Linz, 17/09/18)

= 3 scientific papers and 1 MSc dissertation (Heriot-Watt
University)

" Public deliverables — (available on the website)

Scottish Energy Strategy:

The future of energy in Scotland

= Collaboration through DTU (as part of WP5) with University of 2l %o

[ gooo "\ll/ (»’\)\ )
1 oY |
[ ] [} [ ] [ ] -
Groningen and Heriot-Watt University
7 b Availabl t www.sciencedirect.com | e——
s . ROGEN =\ f .
ScienceDirect Ll OL—
& AN .. - '-}_ B - = 77’."
L1 Q ) journal homepage: www.elsevier.com/locate/he il = ' ;.*:' \_\h ( ,7.. — "“ -
LoEV] S —— 08 \\j: M EIEEIRE. S =
L4 L4 § . wr 24 0 l == I |
Life cycle cost analysis: A case study of hydrogen QY =Hi=i= r J
ydrogen Territories Platform 3 W
+ /\ o4 *
Guangling Zhao *", Eva Ravn Nielsen , Enrique Troncoso ”, Kris Hyde ¢, i ‘/© R I N
Jesiis Simén Romeo ©, Michael Diderich ¢ " +
* Department of Energy Conversion and Storage, Technical University of Denmark, Frederiksborguej 399, 4000, m m m m @ g
Roskilde, Denmark b 9
"Systeng Consulting, 47 Timber Bush, Edinburgh, EH6 6QH, UK nmﬂﬂ 6 @ @
€ITM POWER, 22 Atlas Way, Sheffield, S4 7QQ, England, UK 0
4 Aragén Hydrogen Foundation, Parque Tecnoldgico Walga Ctra. N-330a, Km, 566 22197, Huesca, Spain

January 2017



Dissemination Activities — Hydrogen Territories Platform (HTP)

» Scope: exchange of information to exploit replication possibilities of the BIG HIT platform to other
remote regions/territories

> Members’ benefits — access to:

= Key project deliverables, key conclusions & best practices
= Methodology & recommendations for project replication

» Members’ role: feedback on replication methodology (data for development/validation)

> First results:

=  Qutreach dissemination and engagement with interested regions: Malta (BIG HIT follower partner),
Norway, Quebec, Northern NL, Germany-HYPHOS,

= Preliminary business models and S-LCA socio-economic assessments completed
Development of HTP online structure and replication methodology ongoing




HIT  THANKS FOR YOUR ATTENTION — QUESTIONS?

Contact:

Project coordination:
Dr Enrique Troncoso
etroncoso@systengconsulting.co.

uk
Jesus Simon
ISimon@hidrogenoaragon.orqg

Dissemination & communication:
Dr Nigel Holmes
Nigel.holmes@shfca.org.uk



mailto:etroncoso@systengocnsulting.co.uk
mailto:jsimon@hidrogenoaragon.org
mailto:Nigel.holmes@shfca.org.uk

OPTIONAL SLIDES

You can use any of the following slides and insert them inside the presentation, otherwise
please delete them.
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Deployment - Ferries & H2 transport logistics
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» Weather in Orkney

» Ferry timetables

» Potential disruptions

» Other passengers and bookings (life line service for islanders)

» Other vehicles (including dangerous goods)

> Ferry refit period (Jan-Mar)

» Charter mode for crew familiarisation, training and safe operations
» 3m exclusion zones?
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HIT

LESSONS LEARNT

» Project development

» Co-funding complexity

» Adeqguate budget & contingency

» Management of community
expectations (don’t overpromise!)

» Consider local & national
strategy/policy background

—)

» Project delivery

» Financial flexibility (prioritize)

» Technical complexity (flexible
timescales)

» Account for complexity of logistics
& Impact on local community

» Management of stakeholders &
public perception

CHALLENGING BUT

POSSIBLE, HAPPENING AND REPLICABLE!




HIT Building upon BIG HIT — Next Steps

» 2018: > 40m€ investment in place for hydrogen deployment in Orkney

» Next: replication/co-operation with other EU regions

H2 Local Energy System

H2 Ferries (H2020 co-funded HYSEAS Ill Project)
Grid load management (Interreg ITEG Project)

FCH deployment at port/harbour (port equipment,
onshore power)

Industrial H2/O2 applications (ammonia, fish farm)
Mobility: HDVs, mini-buses and agricultural vehicles

Commercial & domestic/community heating




