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Project Overview

Project dates: Total project budget:
2018 - 2023 6’761°557.50 €

% stage of implementation FCH JU’ma)S. contribution:
01/11/2021:70 % 4’995°950.25 €

Other financial contribution: 0 €
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PrOJect Summary

REMOTE: demonstration of the technical and economic feasibility of energy storage
solutions for Renewable Energy Sources in remote locations, based on hydrogen and fuel
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TECHNOLOGY

An innovative H2-Based power system is used to
store energy from RES avoiding the use of fossil
fuels.

OBJECTIVE
Demostrate 3 hydrogen-based P2P energy sto-
rage systems located across 3 different countries
(Spain, Greece, Norway) and different types of re-
mote areas (from the Atlantic Ocean to the north
of Europe).
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DEMONSTRATION SITES

3 DEMOs fed by renewable electricity will be in-
stalled in isolated micro-grids or off-grid remote
areas.

ADVANTAGES

e [Efficient, reliable, and clean solution
able to generate power integrated with the exi-
sting RES system.

e Near-zero requirement for fossil fuel
(diesel generators) and expensive power lines
to the grid.
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cell technologies, in hybrid configuration with batteries.

The project coordinated by Politecnico di Tori-
no (IT) has the following partners. Ballard Power
Systems Europe (DK), Hydrogenics Europe (BE),
Powidian (FR), Orizwn (GR), Tronderenergi (N), SIN-
TEF (N), Engie EPS (IT), CERTH - Ethniko Kentro
Erevnas Kai Technologikis Anaptyxis (GR), Inycom
(ES), Instituto Tecnologico de Canarias (ES), Grupo
Capisa (ES).
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Project Summary

n =L Why VRE-based P2P system for remote communities?

rogen - Local RES + hybrid storage

Week A

1. Dieselengines

)
. . i 0
high fuel cost, fuel dependence, CO, emissions ! , A
| (o T o |
2. Grid connection (when feasible) | 0 -+
high installation costs, invasive works, frequent i Ry
OUtageS I _]_ 121
L | RES
Why considering P2P? ! |j‘b|j—> H2 %ﬁh
= To improve the reliability of the electricity] _EeSe™ gegyoyzer — Fuel cel
service i yarogen  pem, ALK) (PEM)
» To enhance the energy autonomy
» To decreaselocal pollution NS
= Toreduce the cost of electricity
Energy storage: Power-to-Power (P2P) systems, o
based on hydrogen in hybrid configuration with closed ‘
batterles #PRD2021 FCH European |
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Project Progress

DEMO built
Operation from

Achievement to-date installed 100 KW

G2P of total 250 kW
(project target)

Current solution
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Renewable solution
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Storage P2G module G2P module
module

P2G + G2P system

Renewa ble energy
Wind + PV
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1 year (almost) of operation

achieved (Dec 2021)
Complete
operation

25% 50%

Rye (N)
Off-grid
Non-Integrated P2P
RES: PV (85 kW) + wind (225 kW)
P2G: 50 kW (PEM)

G2P: 100 kW (PEM)
Hydrogenstorage: 37 e (30 bar)
Battery: 550 kwWh (Li-ion)
Biofuel generator: 45 kW

Fuel Cell

Electrolyzer

; & * {Storage
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Week DEMO built 1 year of operation
Operation from achieved (Oct 2021)
. October 2020 Complete
_ Installed 50 kW operation
G2P of total 250 25% 50% 75%

kKW (project target)

Maingid o)  (epewaslesnem) - Alternative solution

Hydropowe

Agri-food processing

(20 km)
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Agkistro (GR)
Micro-grid
Integrated P2P
RES: Hydroelectric 0.9 MW

Renewable solution 222(5 ég m E’:‘é‘l\ﬁg
ain Renewable energy .
. ':" g Hydropower Hydrogenstorage: 12m? (30 bar)
.'F_ - m Battery: 92 kWh (Li-ion)
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completed

Achievement to-date construction ... 1 year of
25% operation to

45% 50% 75%
follow

Electrolyzer
» 70-90kW -
» Dynamic behaviour Grar':AC_:anarl%(ES) o
* Reliability Non-lr:tce:g;gtgd oop | Site: cattle farm
* Low Maintenance RES: PV (100 kW)+wind (20 kw) || & microgrid
P2G: 80 KW (ALK) ‘ Ul
G2P: 100 kW (PEM) o
Hydrogen storage: 50 kg (200 bar) e {:‘J
» 50kg Battery: 200 kWh (Li-ion) 3;;
- 200bar ’
I
|
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- 80-100kW 5174 N J
* Dynamic behaviour | el
* Reliability ﬁx;ggg:
* Plug&Play and Low Maintenance & O /-f-W'a'“""ﬂfx\Q /L: = )
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DEMO Norway - KPlIs

European == a / 9 months performance (Jan-Jun 2021)
Hydrogen - RES related KPIs

Week oo
KPI: round-trip efficienc 80%
. 60% 1 BESS
’ B Auxiliaries
62 19 40% B Load
. 20% W Electrolyser
70.40 o
72 61 Jan Feb Mar Apr May June July Aug Sept
72.45 Load related KPIs

100%

70.85 = RES

80% |
ety 0% " tenerator
58.67 20% W FC
59.14 20% W BESS
53.06 0%

Feb Mar

pr May June July Aug Sept

7 4
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wﬁi@ DEMO Norway - Daily operation

B
l\% ?, Example of operation: day in Feb 2021 - low battery SOC conditions
European @3 g
Hydl"Ogen /Night ) /Day N — During day:
Week ‘ 30 kW
During night: ) * PV producesduring
\ the day (short period,

* WTisproducing @ low it’s Februaryin

power (< 30 kW) - 40 kW Norway) and WT
/ \ production decreases

« FCisproducingwhen / \ | 37.5kw

SOC is < 30%. \ e Batteryis discharged
| d then excess PV is
20 kw an ,

* FCsetpointcan be fixed . g ; u I'd P used to. recharge it.
(cycle charging) or SOC30% i I8 i | I The F; is set at lower
adapted to the load d Y J IH I}I \ ST B setpoint (20 kW)
(load following) [JI '& I;' | l|' '|I ,,' ‘H thanks to PV.

o ,1' B r _HHI ¥ o
SOC25% — — —
Battery SOC: 25%_30% 2000 2200 OO0 OZ OO 0400 0000 O800 1GOO 1200 1400 E‘;Z:?
FC Power: 0-20-40 kW - AN A PV Power: 0-30 kW
Wind Turbine Power: 0-37.5 kW Genset Power: 0 kW
9
el @) s
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Week Average efficiency: electrolyzer, fuel cell, round-trip
Hours of operation o Menth et me e
L oct@a0) | s 4% 6% g
“\  Novaoz0) o
| Dec(2020) 5% : 84% share
. Feb 57 51% 86%
Comar s % sw
® Standby (or not available) _ 53% 43% 479
= Charge
= Discharge L May 53 46% 59%
Energy Shares _ 53% ) 45%
CHARGE DISCHARGE  July  54% 47% 38%
159 . Aug 56% : -
o o sept 5% 44% 457%
% *average of instantaneous values ** calculated on energy flows
moatiery MElectoler  Woattery WRwlcel yceaiorogen () B Bl




Risks and Challenges

en

Week

two DEMO sites planned in South EU (Italy) not installed due to the reduction of the
involvement of one of the technology providers; in one case, also unsuitable site (geologic
instability). Risk of not achieving 100 kW of Fuel Cell installation (total 250 kW required).
new system integrator and end-user identified, one new site available (Spain) to
install 100 kW Fuel Cell and ensure 1 year of operation within the project.

authorization refused for RES (wind turbine) installation in off-grid island (protected
area). Risk of not achieving 100 kW of Fuel Cell installation in North EU.
installation in inland - shore - micro-grid (Rye site).

difficult support to installation/startup/maintenance due to site remoteness - use
of technological support (augmented reality smartglasses) to remotely support activities.
off-grid start-up of wind turbine - technology improvement on wind turbine.

#PRD2021 uropean 1
#CleanHydrogen @ m Enmr':'lmssion |
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Exploitation

» Industrial suppliers:

1. incorporation

improvements;

2. information on performance and durability of

components to be fed back to the relevant suppliers;

3. marketing and communication of the results and
experience to create new business.

of technical learning in product

» End-users:
replication in other off-grid and isolated micro-grids
where competitive technologies (diesel generators) are
not economically or environmentally viable.

» Industry, academy and research institutions:
experience from REMOTE applied in industrial projects
(e.g. project running in Sardinia, IT) and EU HORIZON
proposal participation for demonstration of innovative

renewables storage in off-grid appllcatlons.#PRD2021
#CleanHydrogen

FCH

Exploitation Plan/Expected Impact

Impact

1.

2.
3.

Reduction of 57 tonnes of CO, production per
year per site.

Reduction of the cost of energy to the final users.
Establish confidence in technology, business
models and market readiness with end-users and
authorities of isolated territories.

Demonstrate a viable solution and a replicable
business case. Potential capacity estimated in 2
GW/year and investments of 340 M€/year.

Only considering island, around 750 million
inhabitants around the World are involved, and
they can save the emissions of 1.5 GtonCO,/year
(4% of global World emissions)

Supplier and end user experience of installation,
commissioning, operation, maintenance and use
of electrolyser and fuel cell power generation in
critical environment.

- European I 12
Commission
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« Visualidentity of the REMOTE project (logo, website, brochure, infographic)
« Social media activities (Facebook, Instagram, Twitter and Linkedin)

« 3D motion video to show the concept beyond the project K
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« Story telling videos to present the partners and their role,
and after one year to show the progresses

« EUSEW Award (INNOVATION category) to the REMOTE project,
2020: videos

REMOTE communication in numbers:

» 4 press releases

« REMOTE has been mentionedin 100+ articles all over Europe
» 4 awards received by the project and the partners

« DEMO visits and the Norway Demo Plant

« 21 videos in the dedicated playlist on Youtube

* Openings of the DEMOs in Norway and Greece

#PRD2021 FCH m European

R #CleanHydrogen Commission



https://www.youtube.com/watch?v=8kh2WO1wgUc&list=PLf5uOWQTy4DGHUTL5YALiMwHJok7KJdAu
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« Events participation (17+ international
conferences, workshop, invited talks, at
national and international level)

Second Conference: Consultation Forum for
ety Sustainable Energy in the Defence and Security

» 4 scientific publications o= .. Sector Phase Il (GF SEDSS Il) - Warsaw,
el Poland (16/17 October 2018)

 Publicdeliverables are available on the
REMOTE website S T AP
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3 . = Renewable Energy Sources Storage Systems
the DEMOs in Norway and Greece will be S R el s e e S e e
Papadopoulou*, Panos Seferiis®, Spyros Voutetakis®

1Green Awards
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Deliverables

#P R DZOZ 1 = REMOTE - Deliverable D2.1 : Analysis of the economic and regulatory framework of the technological

(ESS) wmstoyng preioveitars. baterses and hydogen wrmge wih » k.
(Nasei ot al 2016). The cecison

sorugn wywares (HI
appeoach has been reparted in o heratre (Nasei o al. 20" -making algortha of

FcH demonstrators;
= REMOTE - Deliverable D2.2: Technical specification of the technological demonstrators;
#CleanHydrogen

= REMOTE - Deliverable D2.5: Control strategies of the 4 DEMOs;
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