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Faroe Islang
Facts

« 18 islands (17 are populated)
« 54.000 inhabitants
« Area of 1.399 km?/ 260.995 km? (EEZ)

 Language: Faroese

Derived from the Norsemen, settled the Faroe Islands in

!

the viking age.

Renewal ) le energy targets
 100% green electricity by s* 0
* Carbon Reutrality by 2050~ =

Faroe Islands
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Average wind speed: Average sun hours: | .= Peak tidal velocities: " Precipitation:
> 10m/s ~ 1000 hrslyear ~3.5m/s > 1300 mm/year
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Kalsoy Kunoy

» General company facts

* Non-profit, founded 1°* October 1946
o * 100 % owned by all Faroese municipalities
® * Vertically Integrated Company
O Fossi

® Backup

Q e \\C Joint and several price structure

@ Biogas

Photovoltaics

Monopoly on grid operation (transmission & distribution)

Ancillary Services

@ Battery

e Synchronous Condenser

“De facto” monopoly on production (98%)

Substations
® 60kV
® 20kVv

Cables and Lines
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Vidoy

Kalsoy Kunoy

Mykines

Power Plants

fi@ Wind R Nélsoy
o Fossil Hestur
® Backup
@ Hydro ‘e
£ Tidal Sandoy
@ Biogas \C
Photovoltaics
skigwoy O

Ancillary Services

@ Battery

e Synchronous Condenser

Stora Dn‘muno

Litla Dimun
Substations

® 60kv
® 20kv

Suduroy
Cables and Lines

— 60 kV
- 20kV
— 10kv

\ / —ew {{ .\ \ "
The electrical grid
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* Key figures and characteristics
SEV is owner and TSO/DSO

Average/Peak demand 2021: 42/62 MW

Low load: 25-30 MW

Annual generation: 424 GWh (2021)

7 isolated grids

Electrically isolated from neighboring countries

Installed capacities:
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Fossil fueled power plants: 102 MW
Hydro power: 40 MW
Wind power:
* Main area: 43 MW ( + additionally 18 MW in Q4/2022)
* Suduroy: 6.3 MW
PV:™~ 0,5 IV
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Kalsoy Kunoy

Main drivers of grid investments
* Integration of RES

200 |
EX Ny

* Transmission lines, substations, ancillary services

(synchronous compensators, batteries etc.)

Mykines

Power Plants

) wind
o Fossil

® Backup

@ Hydro

-
=) Tidal

@ Biogas

Photovoltaics

Ancillary Services ¢ Continuous reinforcement due to

@ Battery . .. .
@ sichvonousCondensr o increased load and electrification

Substations

e Large industrial consumers

Sonoy \C  Estimated increase in industrial loads 2022-2024: 26.5 MW

® 60kv
® 20kv

Grid investments 2021 - 2030: 150 M£

Cables and Lines
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Renewable energy projects
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Solar photovoltaic
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Tidalenergy - § =~ &

Potential base load generation -
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et = An conventional power-take off

With onboard control system and
rudders, the kite is autonomously
steered in a pre-determined figure
of eight, pushing the turbine
through the water

system on-board together with the
flight control system. The electric
power generated on board is
transferred via power cables in the
tether

The wing uses the hydrodynamic
lift force created by the
tidal/ocean current to push the
turbine through the water

Onshore control

P | :
ower plant station

(“kite”) 3
\ 0 Substation
L

Gearbox |

Generator Wi
ing
<+— Tether Seabed umbilical
Foundation Seabed umbilical transfers the
o electricity to the onshore
\ - connection Tether (upper end)
Joint PP
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MINESTO’S DEEP GREEN: A GAME-CHANGING RENEWABLE ENERGY TECHNOLOGY

The power of speed in water

Cost-effective exploitation of a so far

Sea water is 832 times heavier than Power is proportional to
untapped energy source

air the speed cubed (v3)

Commercially viable electricity
generation with small and lightweight
systems

Substantially higher kinetic energy The wing multiplies the stream flow
content through the turbine
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Energy storage

For balancing the power system




« Batteries for short-term storage « Pumped hydro for long-term storage
« Seconds, minutes, hours * Hours, days, weeks

Grid Connection

NN N\ The principle

Surge Tank
60/20kV
,
Battery Containers Piotal
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Upper Reservoir

Transformer

1 Electricity Delivery
Turbine Mode

Flowdirection Flowdirection
Turbine Mode Pumping Mode

Powerhouse

Motor / Generator

Lower Reservoir

Valve
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Short and Iong term storage
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Ensuring Supply Reliability
and Grid Stability in a 100%
Renewable Electricity Sector
in the Faroe Islands

By Helma Maria Trondheim

) PHD. DISSERTATION
SUBMITTED 2022

Developing a RoadMap

According to PhD research project
Helma Maria Trondheim, PhD




« Policy constraints: O e
e Linear decrease in CO2 emissions to O ertar-based e ———
ensure 100% renewables in 2030 generatien
Sﬂ;-ﬁffg"‘;‘a:“a;t‘iff Dispatch Investments
® System mOdeI: cozaemej iﬁg::iés’ T™ Es:;;l;; Simultaneous g:;:?i?c;
® Eé(lesrglr&gefla.r?e(jdcommltted CapaCItIeS have lnvest::i:n:)ptfons Optimal use of hydro TechL:glaotg;llype
. . . suitable sites, !o_ca!
« Demand projection includes s copacitis
electrification of heating and transport per e b oo o
Optimal investments

» Costs are based on the O&M of the _
system, and fuel cost projection is from RoadMap generation

the DanISh Energy Agency Fﬁriteria m
ant sizes
Cable sizes

Balmorel

Dispatch

Per hour

,l,RoadMap

b Investment Options: Learning curve T Perpcizrnpr:?cj:ion
. racticali 1818 N Optimal use of hydro
° Enel‘gy pOtentIal based on local practically 20 21 22 23 24 25 26 27 28 29 30 b g
resources Economics and production

« Maximum capacities at locations have
been defined

« Costs are based on previous projects
and catalogues (Danish Energy
Agency)

Validation Final RoadMap

Economics
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Policy constraints
CO:= restrictions &

maximum instantaneous =
inverterbased Balmorel optimisation
. . generation
°
Dispatch and investments are Syctam model oispatch Y Investments
( l- capacrt f-e N ] P h
optimised simultaneously committed capacies, (> fer o S, Cor
emissions i Location
. . . . . Optimal use of hydro Technology type
) Investment options
The dispatch is optimised per hour, v e
. resource potential, -
plant and connection i capiics
. . Optimal investments
* Investments are optimised . ——.— Y saimore
annually for each location and Criteia Fg— - —I][HI I oispacch
Plant sizes — o Per hour
[ —> Per pl
teCh n0|0gy type Leg::zl:gszs:ve & . Perceornpnzrc‘:ion
Practicality A Optimal use of hydro
° 20 21 22 23 24 25 26 27 28 29 30,

Multiple scenarios and sensitivity
analysis

Economics and production

Validation Final RoadMap

Economics
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Generation capacities Noteworthy optimisation results

200 -  Renewables are economically
< 4% favourable up to 86-87%
= %50 « Going from 96% in 2028 to 100% in
s 2 2030 doubles the need for storage
* 100 . .

50 * The results are not highly sensitive to
EEINET TR EETTIETTY the investment and fuel costs
=E598=E58=2E58=2E%¢% . .

3 % > 7 3 % S % S % =« Tidal energy can have a major impact

on the future power system, reducing
the generation and storage capacities
by 18% and 75% respectively
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Based on main scenario

Investments should be made In
realistic project sizes

The learning curve of the operators
IS considered

Practicality has been considered
Wind farm example
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Generation
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Policy constraints

CO- restrictions &
maximum instantaneous =

inverter-based .
m;een::aﬁ:i Balmorel optimisation
System modef Dispatch Investments

existing capacities,
committed capacites, =T . .
demand, costs & Per plant €RWIELETE Capacity

emissions i Location
Optimal use of hydro Technology type

Per hour Per year

Investment options

suitable sites, local
resource potential, =
maximum capacities

per site & costs

Optimal investments

RoadMap generation Balmorel

36— — —
Criteria Dispatch
Plant sizes 18— — Per hour
Cable sizes Per plant

Learning curve T Per connection
Practicality 18818 Optimal use of hydro

20 21 22 23 24 25 26 27 28 29 30

Validation

Economics




2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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45
_ _ _ @ 40
« The RoadMap is simulated in o 35
Balmorel as committed capacities g 30
« The production in 2030 should be 225
100% renewable S 20
« The economics of the RoadMap 515
should be similar to the main < 10
optimised scenario 5
0
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Renewable and Stable Grid
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Load [MW]
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Porkeri WPP
6,3 MW

Synchronous condenser
8 MVA (ABB)
Providing Inertia and SC

Vagur PP e L | Sumba PV
14 MW » i 0,3 MW

Battery Energy Storage System
7.5 MVA /7.5 MWh (ABB)
Providing “primary” and secondary frequency control
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With BESS

(Grid Forming)
€ - > (Commissioning test 23. august 2022)
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Batterles for fast frequency response in Suouroy SEV
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Helma Maria Trondheim,
R&D department, PhD




