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T1dal power

Tidal power is a predictable source of clean energy generation,
making use of mature technologies developed by the oil & gas

and wind industries over the past two decades.

Tidal current rotates
the turbine blades

—— Rotor blades rotate very
slowly - between 7-15 RPM

: Minimum depth
. 30 metres

Foundation
structure weighs
up to 1000 tonnes

Q)

The turbine is mounted on a
foundation structure and set
on the seabed. No drilling is
necessary as its weight
secures it in place.

©)

Tidal currents cause the blades
to rotate, powering a generator
that produces electricity.

The output varies with the
tides and is predictable.
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Underwater cables carry
the electricity to an
onshore substation.

Heavy foundations
keep the structure
’V in place

NOTE: Graphic not to scale

ELECTRICAL CABLE

The substation is
connected to the
national grid,
which distributes
the electricity.

Possible sites for tidal energy use

ELECTRICAL
SUBSTATION

Why underwater?

I Space saving, no visual pollution

An underwater turbine with 9 metre
blades can generate the same power
as an onshore wind turbine with

30 metre blades. Low environmental
impact with slow rotor speeds.

=3 M Steel turbine nacelle with
composite rotor blades

M Total weight
(incl. foundation) ~ 1,000T

M Each turbine can generate
enough electricity to power
around 1,400 homes

24m

M Each nacelle takes
approximately 90 minutes
to install onto a pre-installed
foundation, offshore

¥ More predictable

Unlike wind and solar energy, tidal
energy is predictable as tidal currents
can be accurately forecast years in
advance. This makes for a more reliable
source of electricity generation.

M Large untapped resources
Water covers about 70% of the world’s
surface and every continent has
potential sites for harnessing the
power of tidal currents.
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AR Series design principals

= Mass <160Te

=To be installed and
recovered using existing

250Te Offshore
BLADES Construction vessels
GEARBOX operating on DP
Im—‘. = Main body to provide the
| units structural integrity
GEMERATOR
. = Modular design with

bolted connections to
simplify and minimise
| maintenance fime

SUBSEA
CONNECTION

= Wet-mate connection for
1' data and power with
bespoke features to and
installation and recovery to
| minimise time onsite

EXPORT CABLE




AR series design evolution
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AR1000
July 2011

1MW
150Te
Fixed pitch

AR1500
May 2018
1.5MW
150Te
Variable pitch
Yawing



Andritz Hydro Hammerfest
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- 3x 1.5MW turbines

- Single unit design

philosophy expecting
design improvements from
MeyGen operation

- MKII turbine in

development

- Torque isolated design

principal

- Similar fo AR series, but
with s’reel blodes




AR series modules
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Module Component

M1 Nacelle main body

M2 Gearbox and Generator

M3 Electrical system & distributed I/0O

M4a VPS

M4b Blades

M5 ¥YDS

Mé Stabs

M7 Connection Management System

M8 Control System and Software

M9 Subsea Hub

M10 Onshore Electrical Infrastructure

M1l Tooling, Installation and Transport Frames
M1l



AR - Nacelle (M1) %
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Fabricated structure
3m x 4m x 5m long
Cast lower section
Fabricated top section
~20Te




AR1500 Gearbox and Generator & LSS

- Low Speed Shaft
- Forged
— Seal and bearing pre-
assembled to shaft
before delivery
- Inserted intfo Nacelle
- ~17Te

-  Gearbox and
Generator
— AR1500 uses
permanent magnet
- ~32Te
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AR - Stab (Mé)

Provides a connection

between the turbine ARTORE
and the turbine support
structure.

All loads and moments
reacted by upper and
lower bearings.

Cast steel construction
~10Te per unit

Inconel clad mating
surfaces on lower stab
to ensure 25 year life

Welded to turbine
support structure
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AR - VPS

VPS opftions have been tried
in development:

— Hydraulic

— Lead Screw

- Electro-mechanical

Cost reduction is going to
demand independent pitch
control

Electro-mechanical looks
like the mote effective
option with regards to cost
and reliability

Cast hub with pintle
connections for ease of
removal for maintenance

Total weight ~30Te
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AR Blades

SIMEC ATLANTIS

- 2014
- 8mlong
- GRP

— Destined for Japan
on the Goto
demonstrator

ATLANTIS BLADE TEST FACILITY

RESOURCES




AR Series
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- 2020
— Carbon GRP
- ~8mlong

— Design development for a 26m rotor
diameter with ~12m blades

12



r

P

Foundations - Gravity
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Foundations - Monopile

— Diameter 2.5m to
3.3m

— 25m length

— Wall thickness 60
to 80mm
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Subsea Hub (M9)
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Genergtion cluster Transmission Conversion

A
A
A
‘ Subsea Converter and
o fub Transformer
| —
—\
PCU4
Subsea Converter and
Hub Transformer

ENERGY

Array scale development
Dry-space housing offshore switch
gear and step up transformers
Wet-mate interconnection to the
collector cables routed to each
turbine
100m design depth
25 year design life

Distribution

PCU1

Subsea Converter and
fue Transformer

PCU2
Subsea Converter and
Hub Transformer

PCU3

SHEPD 132kV

Nearshore HDD Onshore Sub Station Buried
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AR series supply chain opportunities
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M1 Nacelle Main Steel casting
Body
M4a Variable Pitch Steel casting and additional
System components
o M4b Blades Carbon GRP
Pitching Hub
M5 Yaw Drive Steel casting or fabrication and
System additional components
Mé Stabs Steel casting
uc’:'nls M9 Subsea Hub Steel casting or fabrication and

additional components
1:‘;\;5 ‘ Monopile Steel fabrication and additional

Foundation components
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SAE - Development activities

million

of dependabl

production the national grid

UP TO 7 TURBINES
PER SUBSEA HUB

1L5MW
TURBINES

MEYGEN PHASE 2
86MW of tidal turbines powering a 40-80MW data centre

Submarine data cables
around Scotland

POWERTOTHEGRID

THE BENEFITS OF TIDAL STREAM ENERGY FOR SCOTLAND

Tidal Energy can help diversify the Scottish economy

Brings clean, renewable:
energy to Scottish homes

. and businesses;
Brings in assembly and mainte-

nance facilities to Scotland,

’ creating mare Scottish jobs
Makes use of existing

infrastructure from the oil
and gas industry

Facilitating Scotland's leap
into the digital future,

THE ALDERNEY RACE
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INITIAL ARRAY POWER CAPACITY POTENTIAL:

FRENCH TERRITORIAL WATERS

8 MW Installed capacity

4 x 2MW turbines potential > 1 GW

LCoE = €330/MWh > 450 x 2-3 MW turbines
LCOE<€70/MWh - achieved
through economies of scale,
volume, innovation and cost
of capital reduction
Grid connected to France

POWER CAPACITY POTENTIAL:
ALDERNEY TERRITORIAL WATERS

Installed capacity

potential > 1 GW

> 400 x 2-3 MW turbines
LCoE<€70/MWh

Potential for grid connection
to Alderney/France/UK

INNOVATIONS

Wet mate connectors -
turbines fully connected
subsea

Up to 7 turbines connected
to the same export cable
and converter

Improved rotor efficiency
LCoE highly competitive
with offshore wind in France
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THE GOTO TIDAL POWER PROJECT
ATLANTIS OPERATIONS JAPAN

GODO KAISHA

A SIMEC Atlantis Company

TURBINE

GEARBOX

o '

CONTROL ROOM
AND

LOAD BANK

SEAWALL

EXPORT CABLE
PILOT AR500

CONTROL ROOM
LOAD BANK

.

| NARU ISLAND
—BLADES

|
GENERATOR
STAB l

!

CONNECTION

EXPORT CABLE

URBINE
ROTOR DIAMETER

TOTAL BUDGET

RATED
FORTHEPROJECT  POWER OUTPUT
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4th floor, Edinburgh Quay 2, 139 Fountain Bridge,
Edinburgh, EH3 9QG

fraser.johnson@meygen.com
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