Tidal energy - Hydrolien

Ecole thématique sur les
technologie EMRs

19 & 20 octobre 2016
Grégory Pinon

LOMC, UMR 6294 CNRS-Univ. Normandie (Le Havre)
GdR 3763 EMR



MODELISATION NUMERIQUE
I I d I n LO M C le calcul haute performance
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Langrangien

m Interaction
m Turbulence
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Fundamentals of tidal energy
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Outline
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Physics of tide and resource
at the world level

O Physical explanation

/YTQ*\\ Lune

ey S ™ — i —
BN S K=Y an
1 :_._ = ™ - = =-| - [ 1‘ J

h S —

verslaLune <« @ roneeax t 1Y TN,

http://www.ifremer.fr/lpo/cours/ maree/forces.html
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Physics of tide and resource

at the world level
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O Reliable
O Predictable
O Inexhaustible

http://www.ifremer.fr/lpo/cours/maree/forces.html
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Physics of tide and resource
at the world level

Le potentiel mondial :
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Physics of tide and resource
at the world level

Source: Alstom, Ocean Energy Overview

Southern Alaska, USA
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Physics of tide and resource

Info: 476,1 TWh electricity
consumption in France for 2015

at the European level
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Physics of tide and resource
at the French level

o Raz Blanchard - 3 or 4 GW
(Alderney Race)
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Physics of tide and resource
at the UK level

o Pentland Firth, Orkney waters

-

and west of Scotland 5
m Small islands, far from the : ~y
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Outline
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Physical basis

o Two major concepts of turbines:
= Wind turbine Tidal turbine

O Axial flux

O Transverse
flux

13/69
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Physical basis

Priow = %IOS\/B

with: p fluid density

o Power in a flow:

S swept area (turbine surface)

\/  fluid velocity

O Proof...
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Physical basis

o Power of a turblne

o = Yo PC SV

with: p fluid density
S swept area (turbine surface)

\/  fluid velocity

O where C P is the power coefficient.
not to be confuse with lift (portance) coefficient in French C p
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Physical basis — Betz theory

0 Assessment of the Cr value: A
m Similar to wind energy Jhﬁ o || | o ’\
m Betz theory applicable |/ pupl g "
o Power: P=Fuy WP Paon
Vevg VP
- _ . 2 2
o Bernouilli; Pu ™ Paown = 5(”1 ~ V)
F=(Pup — Paown)S = = (1 — 17).9
O Force: up — Fdown /= = 5 1F = B
(v + )

O Velocity approximation: ¢ =

2
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Physical basis — Betz theory

O Power: P=Fqp= E(L‘f = 1.122)_8,11

2
. P 1 v
o Ratio: r=—=-(1-2%(1+2) with z=2
Pﬂ 2 Ul
rix)
06
O Betz theory 5
x=1/3, et alors r=16/27 0.3
0.2
D'ou la limite de Betz : 0.1
- - - l X
mar  _ @ D 07 07 low 06 08
e 27 B Physical interpretation...
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Physical basis — Betz theory

o Real Cp curve, TSR= QR/U
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Physical basis — Betz theory

o Real Cp curve
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Physical basis

O Some basics of physics...

Rappel sur les équivalences translation-rofation

Force : F len N _ | Couple : T fen N.m|
| Masse : m (en kg l Moment d'inerfie - | [en kg.m?)
Vilesse = V [en m/s) - Wﬁ,ssr: L:mguh:mr? Q (en rad/s|
Eﬂergu:-} : E_r Vo mV? (enJJ_ N Enagte E = Yo | Q2 (P-rn J)
hPﬂiasmn{:e ip - E\"(elw VE] _ | Pmssc:nf:e
I__A{:cé|éruriun Q= F/m [an m/’s‘,-"l_ | f\cceluuhun ungulmre _ T/ | [iad/s?) -

Different concepts: low speed Q, high torqueT

Lo and vice versa..
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Fundamentals of tidal energy

o Power=05p Cp SV3
Cp=0.4
o 1MW wind turbine:
m Air density p= 1,23 kg/m3
m Wind velocity V = 13m/s
m Turbine diameter: 50 m

m Water density p = 1000 kg/m3
m Current velocity V = 13m/s (?)
m Turbine diameter: 1.7m

m Unfortunately,
more likely V = 2,7m/s

m Turbine diameter: 18m
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Fundamentals of tidal energy

o Power=05p Cp SV3

o 1MW wind turbine:
m Unfortunately

000000

more likely V=2,7m/s |™ tocity
m Turbine | _ )
diameter: 18m oo e
nnnnnnn IEEE
|

0o Maybe we could think about
turbine rated at lower velocity?
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Fundamentals of tidal energy

0 Rated velocity? And a Cut in velocity?
m An example, a 18 meters diameter turbine

Power (MW)  Velocity (m/s) sl Power curve of a 18 m diameter tidal turhine

0,00 0,00 160
0,50 0,00

1,00 0,00 1.40
1,25 0,10

1,50 0,18 1,20
1,75 0,28

2,00 0,42 1,00
2,25 0,59

2,50 0,82 g 0,80
2,75 1,08 g

3,00 1,40 0,60
3,50 1,40

4,00 1,40 0,40
4,50 1,40

5,00 1,40 0.20
5,50 1,40 e

0,00 0,50 1,00 1.25 1,50 1,75 2,00 2,25 2,50 2,75 3,00 3,50 4,00 4,50 5,00 5,50

velocity (m/s)
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Tidal resource

O One of the first publication

Available online at www.sciencedirect.com

ENERGY

ELSEVIER Renewable Energy 29 (2004) 1931-1945

www.elsevier.com /locate/renene

Analytical estimates of the energy yield
potential from the Alderney Race (Channel
Islands) using marine current energy converters

A.S. Bahaj ™, L. Myers

Department of Civil and Environmental Engineering, Sustainable Energy Research Group, University
of Southampiton, Southampton SOI17 1BJ, UK

Received 20 January 2004; accepted 23 February 2004
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Tidal resource

A.S. Bahaj, L. Myers / Renewable Energy 29 (2004)

Table 1

Typical flow speed distribution between spring and neap tides for the east Race of Alderney
Dover high Current speed at intervals (m/s)

water (h) Spring tide +1 day +2 +3 44 +5 Neap tide
-6 1.7 1.6 1.4 1.3 1.2 1.0 0.8
-5 3.0 2.8 2.6 2.3 2.1 1.9 1.5
—4 4.9 4.7 4.4 4.1 3.8 3.5 3.0
-3 3.8 3.6 3.3 3.1 29 2.6 2.1
-2 2.7 2.5 2.3 2.1 2.0 1.8 1.4
—1 1.4 1.3 1.3 1.2 1.1 1.0 0.8
0 1.1 1.1 1.0 0.9 0.9 0.8 0.7
1 2.8 2.6 2.5 2.3 2.2 2.0 1.7
2 3.5 3.2 3.0 2.8 2.6 24 1.9
3 3.7 3.5 3.3 3.0 2.8 2.6 2.1
4 3.1 2.9 2.7 2.5 2.3 2.1 1.7
5 1.9 1.8 1.7 1.5 1.4 1.3 1.1
6 1.9 1.8 1.6 1.5 1.4 1.2 1.0
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Tidal resource

500000
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300000
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Table 1

N vers / Renewable Encrgy 29 (2004}

~100000

~600000 -500000 400000 300000 200000 —100000 [} 100000 200000

Twvpical flow speed distribution between spring and neap tides for the east Race of Aldernewv

Dover high Current speed at intervals (m /s)

water (h)

Spring tide —+ 1 dax —+2 —+ 3 G | —+ 5 Neap tide
— 6 1.7 1.6 1.4 1.3 1.2 1.0 0.8
—35 3.0 2.8 2.6 2.3 2.1 1.9 1.5
— 4.9 4.7 4.4 4.1 3.8 3.5 3.0
—3 3.8 3.6 3.3 3.1 2.9 2.6 2.1
—2 2.7 2.5 2.3 2.1 2.0 1.8 1.4
—1 1.4 1.3 1.3 1.2 1.1 1.0 0.8
(8] 1.1 1.1 1.0 0.9 0.9 0.8 0.7
1 2.8 2.6 2.5 2.3 2.2 2.0 1.7
2 3.5 3.2 3.0 2.8 2.6 2.4 1.9
3 3.7 3.5 3.3 3.0 2.8 2.6 2.1
4 3.1 2.9 2.7 2.5 2.3 2.1 1.7
5 1.9 1.8 1.7 1.5 1.4 1.3 1.1
(&) 1.9 1.8 1.6 1.5 1.4 1.2 1.0

Available energy density (kW h/m?) =

Tidal energy — Hydrolien, Oct. 2016

Grégory Pinon, LOMC, CNRS, Univ. Normandie (Le Havre)
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Tidal resource

East race = 48.5MW East race = 154.6MW
West race = 11.8MW West race =37.7T MW
East race =99MW /% 7 Second generation deep
West race = 24 4MW L "/ water sub arrays

Fig. 8. Layout of the Alderney MCEC array produced from detailed analysis of the Race and simula-
tion of power output from the rotor sizes given in Tables 2 and 3. The values in the figure give spot
depths relative to chart datum in meters and their 10 m contours. The key shows the rated power of the
sub-arrays and their relative position in the two races is depicted in the figure (see Table 3 for details).
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Tidal resource

1940 A.S. Bahaj, L. Myers / Renewable Energy 29 (2004 ) 1931-1945

Table 3
Parameters used to design an MCEC array that can be installed in the Alderney Race. The annual

energy yield was determined using C,, = 0.3 with a minimum operating flow speed of 1.1 m/s

Nom- Rotor Number of West Race East Race

inal diameter dual t .

ldnd e Ud, HOLoT Rating of 16 Number Swept Rating of 16 Number Swept

epth  (m) MCECs in _

twin rotor of  sub- area twin rotor sub- of sub- area

(m) sub array A A
sub-array arrays (m”") array (MW) arrays (m”)
(MW)

28 14 16 12 9 44334 49 34 167485

36 20 16 24 14 140743 99 4 40212

40 25 16 38 16 251327 155 1 15707
Total swept area (m?) 436404 Total swept area (m?) 223404
Energy density 20954  Energy density 72448

1 h, / 2 1 h, / 2
For G, = 0.3 Annual energy (TW h} 2.67 Annual energy (TW h} 473

Total: 1248 turbines
Tidal energy - Hydrolien, Oct. 2016 Grégory Pinon, LOMC, CNRS, Univ. Normandie (Le Havre) 30/69




Tidal resource

o Bahaj & Myers 2004 obtained 7,4 TWh for
the Alderney Race

would represents 1,55% of the total
476,1 TWh electricity consumption in
France for 2015

0 But more realistically with more recent
figures...
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Tidal resource — more realistically

& About us - Products and services - Brochures Worldwide - Contact

Press Centre 2014 10 « Alstem improves the performance of its tidal energy sclutions with Oceade™ 18 — 1.4MW

All from Press Centre

Alstom improves the performance of its tidal energy
solutions with Oceade™ 18 - 1.4MW

0L10r2014

Alstom has taken advantage of its experience with the 1 MW turbine to improve the design of its tidal stream turbine. !
We are now offering the Oceade™ 18 - 1.4 MW, making the turbine even more efficient, cost-effective and sasy to :

mairtair.

With a rotor diameter of 18 metres, the Cceade tidal stream turbine has a nominal power of 1. 4MW and three variable
pitching blades. It is eqgul ith plug-and-play modules on rails, easily accessible through an inspection hatch at the
rear of the nacelle to enable faster assembly and maintenance. This turbine is buoyant, making it easy to tow to and
from the operating site. Installation and maintenance costs are therefore lower because there is no need for specialist
vessels and divers. It also reduces the timeframe to install or retrieve the turbine. The unit rotates to face the incoming

tide at an optimal angle and thus extract the maximum energy potential.

The Oceade is ready to be deployed at the tidal energy farmm that will be selected in the call for expressions of interest
launched in September 2013 by the French government.
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Tidal resource — more realistically

Area (m2)
254 47
Spring Tide Day1 Day 2 Day 3 Day 4 Day 5 Meap Tide
Diameter (m) Welocity Yelocity Yelocity Welocity Velocity Velocity Velocity
18 mis  Power (MW) | (mis) Power (MW 1(mfs) Power (MWY [ (mis) Power (WMW) [ (mis) Power (MW | (mis) Power (MW) | (mis) Power (MW)

4 810 0,06 B 09 0,04 £ 08 0,03 £ 08 0,02 b 07 0,01 £ 06 001 B 05 001
o827 105 b 25 0,82 #23 0,62 B21 0,46 b 18 0,32 1 022 B14 014
4 534 ONRENN : 32 N ;20 130 s 27 100 w24 076 #2205 820 040
-3 828 131 b 27 108 E26 087 h 24 0,70 h 22 0,55 £ 20 042 P13 031
-2 822 0,56 b 21 0,46 £ 19 037 B 18 0,29 b 16 0,23 £ 15 017 813 013
-1 813 011 b 12 0,09 £ 12 0,08 f11 0,07 B 10 0,05 £ 10 004 109 004
0 606 001 b 06 0,01 05 0,01 805 0,01 B 05 0,00 # 04 0,00 f04 0,00
1 810 0,06 b 09 0,04 £ 08 0,03 f08 0,02 hovy 0,01 £ 06 001 B 05 001
2 820 0,39 b 18 0,30 £ 16 023 h15 017 h 13 012 12 008 810 0,06
3 B 28 118 b 26 0,95 £ 24 0,76 B23 0,60 h 21 0,46 £ 19 0.3 B 17 025
4 829 131 b 28 1,09 £ 20 0,90 B 24 0,74 h 23 0,59 2l 047 119 0,36
5 822 052 b 20 043 £ 19 035 fld 0,28 b 16 022 £ 15 017 P14 013
6 £08 0,02 B 07 0,02 £ 07 0,02 B 06 0,01 b 06 0,01 £ 05 001 B 05 001

Energyproduc.  12h MWh 736 6,23 5,14 403 310 233 170

Energy produc.  24h MWh 1473 1245 10,29 8,07 6,20 465 339

Energy produc.  per week 29,78 MW.h

Energy produc.  per year 31 GWh Facteur de charge: 25,4%
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Tidal resource

o To obtain the 7,4TWh given by
Bahaj & Myers for the Alderney
Race, one would need

=2780 turbines

like the 1.4 MW
(with 18 meters diameter

rotor)

O Possible but work still need to

be done...

Tidal energy — Hydrolien, Oct. 2016
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Resource characterisation

littorales

DATA.SHOM.FR

Information géographique maritime et littorale de référence

>

Altimétrie littorale

Bathymétrie

Références Verticales

Sédimentologie

Marée

Courants -
(_) Morte Eau
() Morte Eau
(_) Morte Eau
(_) Morte Eau
(] Morte Eau
[_] Morte Eau
(_] Morte Eau
() Morte Eau
(_] Morte Eau
(_] Morte Eau
() Morte Eau
(_) Morte Eau
(_I Morte Eau
() Vive Eau -
(] Vive Eau -
() Vive Eau -
(] Vive Eau -
(] Vive Eau -

Tidal energy

Courants de marée 2D

Vitesses maximales

- Pleine Mer Brest

- Pleine Mer Brest +1h
- Pleine Mer Brest +2h
- Pleine Mer Brest +3h
- Pleine Mer Brest +4h
- Pleine Mer Brest +5h
- Pleine Mer Brest +6h
- Pleine Mer Brest -1h
- Pleine Mer Brest -2h
- Pleine Mer Brest -3h
- Pleine Mer Brest -4h
- Pleine Mer Brest -5h
- Pleine Mer Brest -6h
Pleine Mer Brest
Pleine Mer Brest +1h
Pleine Mer Brest +2h
Pleine Mer Brest +3h
Pleine Mer Brest +4h

N,

- Hydrolien, Oct. 2016

o Tidal resource
m Data SHOM
= http://data.shom.fr/

o

litoraes i >

Alimétie litorale >
Bathymétie >
Références Vertcales >
Sadimentologie >
Marée >
Courants de marse 2D >

 Courants - Vitesses maximales.
(O Morte Eau - Pieine Mer Brest

()Morte Eau - Piine Mer Brest 5h
(3Morte Eau - Piine Mer Brest 5
Morte Eau - Peine Mer rest Th
(Morte Eau - e Mer rest 20
(OMort Eau - Paine Mer Brest 3h
(O Mort Eau - Paine Mor Bres 4
() Mort Eau - Pane Mor Bres 5h
(Mot Eau- Piine Mor res 6h
)V Eau - Pline Mer Brest

() Vive Eau - Pleine Mer Brest +1h
3 Eau - Piine Mer Brest 20
(v Eau - e Mer Brest +3h
(e Eau - e Mer Brest+4h

B 1
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Resource characterisation

REFERLIOUE FRANGATIE
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Visualisation des données - Hydrolien

Carte
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&
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FINISTERE

ILLE-ET-“1LAINE

MOREBIHAN

" o Tidal resource
= Geolittoral (CERAMA)

Largewr : 357km
Hauteur | 355km

http://www.geolittoral.developpement-durable.gouv.fr/3eme-
exercice-deplanification-de-l-eolienen-mer-r398.html
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Resource characterisation

O Tidal resource

s Current direction
m http://data.shom.fr/
w

Nous contacter | Aide | FR | EN

[ Morte Eau - Pleine Mer Brest +4h
() Morte Eau - Pleine Mer Brest +5h
(I Morte Eau - Pleine Mer Brest +6h
() Morte Eau - Pleine Mer Brest -1h
[_] Morte Eau - Pleine Mer Brest -2h
(I Morte Eau - Pleine Mer Brest -3h
[_I Marte Eau - Pleine Mer Brest -4h
") Morte Eau - Pleine Mer Brest -5h
[_I Morte Eau - Pleine Mer Brest -6h
() Vive Eau - Pleine Mer Brest

[_) Vive Eau - Pleine Mer Brest +1h
(] Vive Eau - Pleine Mer Brest +2h
(_) Vive Eau - Pleine Mer Brest +3h
Vive Eau - Pleine Mer Brest +4h
(] Vive Eau - Pleine Mer Brest +5h
[ Vive Eau - Pleine Mer Brest +6h
[_) Vive Eau - Pleine Mer Brest -1h
[_] Vive Eau - Pleine Mer Brest -2h
("] Vive Eau - Pleine Mer Brest -3h
® Vive Eau - Pleine Mer Brest -4h
[_] Vive Eau - Pleine Mer Brest -5h
[_) Vive Eau - Pleine Mer Brest -6h

Couranis 3D

[ - ]
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Resource characterisation

Nous contacter | Aide | FR | EN

DATA.SHOM.FR

Information géographique maritime et littorale de référence

m Bathymetry
m http://data.shom.fr/

Base us wwinsse manumss <1

littorales

Altimétrie littorale

Bathymétrie

Bathymétrie (GEBCO)

Dalles bathymétriques

[_JMNT cétier Saint-Jean-de-Luz
[JMNT cétier de la zone "Morbihan"
[_JMNT cétier des Pertuis Charentais
[JMNT cétier du port de Boulogne-su...
[_JMNT cétier estuaire de la Gironde ...
() MNT cétier estuaire de la Gironde ...
(] MNT de fagade Atlantique

[_JMNT de fagade de Mayotte

[ IMNT de fagade de la Corse

[IMNT de fagade de la Guyane
[_JMNT de fagade de la Réunion

(] MNT de fagade du Golfe du Lion - ...

Références Verticales > 4
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Resource characterisation

DATA.SHOM.FR

Information géographique maritime et |

MNous contacter | Aide | FR

Legende

Elévation (m)
[]som
[J20m
o m
B-15m

) | []-30m

~ Bathymétrie (GEBCO) . BW-40m

0o ¢ 1 []-100m

e 1007 4 . -125m

Bl-150m
Accéder au catalogue de données

I -1000 m
3000 m
Il -4000 m
4850 m

O Tidal resource
m Bathymetry
m http://data.shom.fr/

Mentions legales et avertis Echelle 1 : 108 336
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Resource characterisation

0 Sediment transport and particles
o Thiebot et al. 2015

FRANCE

-

v 22 2

-1.8

Tidal energy — Hydrolien, Oct. 2016

mean shear stress exceedance
) 43

'
©o
N
(3]
.p

Latitude (°)

2 195 -
Longitude (°)

and the macro particles...
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Resource characterisation

35
+
O Current velocity profile
30 || —Log profile '
Lafon et al. 2012 + Vector (10.25m) ;
+
Myers et al. 2010 £ -
o
1.0 - 2 !
———— 1/Tth power law S -,
— — —  1/8th power law o ,
08 4~~~ - Modified 1/7th power law 3
| =% Measured (smooth bed) s . !
= ——&—— Measured (added bed roughness) 5 +
g 06 :
= o 10
L=
Q
@
T 0.4 - +
E
w] +
z
0.2 1 4
i 0 3
3 0 0.2 04 0.6 0.8 1 1.2 14 16
0.0 N il | Velocity (m/s)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 Figure 1: 600s-averaged velocity profile during a mean
Normalised Velocity () spring ebb tide at pont D.
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Resource characterisation

o Current velocity profile

+ ADCP

30 || —Log profile

¢ Vector (+0.25m)

O Bottom tidal turbine

m V=1.0m/s w
o Floating tidal turbine *
= V=1.2m/s

o Power difference -/
m +72,8% M/

as power is in V3

Velocity (m/s)

Figure 1: 600s-averaged velocity profile during a mean
o But more sensible to wave spring ebb tide at point D.

Tidal energy - Hydrolien, Oct. 2016 Grégory Pinon, LOMC, CNRS, Univ. Normandie (Le Havre) 43 /69



Resource characterisation

L=wave length, d=depth
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Resource characterisation

O Turbulence & e
G 14 = i .-.}-_':,.- t e "4 . +0.4m
@ 17 . L s, ] ¥
m Lafon et al. 2012 R T sl
S 0.8 : e o ;= » e = FITR M .
: 2 0F Ere e e — ] <420
m Turbulence Intensity 3. /Loy
nl
1
1 T g 1 ' " 4 4« +0.4m
= "._ s o _‘j e o i e .’-f m r% « +2m
2 % 0.4 w‘% - ﬂﬁﬁm%? - +10m
i « +20m
III’_ 0.2
rp=— AT
| — - 2 ot 2 ‘E‘ 25 u .'-':_\ _-‘: "\ .-‘
,V'f,f‘ (_) +1-f(-) E X ;J\ ?ﬂ- _’r:: _‘:-‘-"i, __,' e
BN fad AN Lk A fh M Ta NG cam
the offshore end of the cable (Fig. 2). At the instant of £ ** LN W’"‘*@n@m~wﬁ£ e

peak fide velocity) T.I. is in the order of 120% at ' s DELEIE nE20I0 .
o ; ; Figure 2: Point E - Turbulence intensity, Turbulence Kinetic
+0.4m. decreases to 50-70% af +2m, o 30% af +10m Energy. Averaged Velocity (13-16™ June 2010),

and reaches the more typical value of 20% at +20m.
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Resource characterisation

O Turbulence - Mycek et al. 2014
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Resource characterisation

O Interaction

m Mycek et al. 2014
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Outline

O Physics of tide and resource

o Physical Basis

0 Fundamentals of tidal energy
o Tidal resource

O Resource characterisation

O History of tidal energy

o Technology review

O Conclusion
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History of tidal energy

O « Moulin @ marée »

o Could be back from the

roman age?
To be confirmed...

o Then in the middle age.

o Mainly in Brittany, Pays
de la Loire, etc.

More than 100
sites in France

Le moulin @ marée du Birlot sur I'ile de Bréhat, en France.
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History of tidal energy

O “"Barrage de la Rance”
m Capacity: 240 MW

m 24 turbines

[

[

Yearly prod: 500 GWh
Ratio: 23,8%

o Inaugurated in 1666

o Drawbacks:
m Sediment
m Eutrophysation
m Fish and marine mammals
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History of tidal energy

o Programme "HARVEST”

m Research and development
programme

o Advantages:
m Self starting
m Direction
m Several in a column
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History of tidal energy .

o EMEC (European Marine
Energy Center) _
m In Orkney (North of Scotland)

O Established in 2003

o Tidal
m Wave, etc.

o Many companies test%’
their prototype.

Full scalg
wave site

- ) ( ] ( - | JI,"‘
ALSTOM - A g e A UL

flumill ol e == openhydro pelamis: ‘ .
; | LAMINARIA | | I Nau ricity I Dons JA Il Scotrenewables

=5 a2,
HPOWER (_Ssaea:ri:il:v §y&m;‘g§g§:-- 4‘, ARy VOITH W et
) P )L ) | DIRECTCOMVERSION
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History of tidal energy

o SEAGEN, Marine Current Turbine

m Strangford Narrows
m Northern Ireland

m 1 twin-turbine

o Inaugurated 18/12/2008

o Drawbacks:
Fishing
Sailings

Noises...

Tidal energy - Hydrolien, Oct. 2016
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History of tidal energy

o SEAGEN, Marine Current %
Turbine

m The “1st tidal” turbine
in open water

m Rated at 2,4m/s

——Net Power 30s average
1200 —— Current 30s average
1000 -
=
= 800 A 128,
g £
2 arun date 23 October 2009 E
5 ] . : | 4=
=4 smedium strength tide 3
o} 5
mequivalent per year = 7GWh
400 1 mMmeets average electrical energy 10
needs of 1500 UK households
200 A +05
0 : : . : - k . 00
08:00 09:00 10.00 11:00 12:00 13:00 14:00 1500
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History of tidal energy

O Since these times:
= Many, many, many projects...

m Especially in UK, northern Europe, Canada, US,
Italy, and of course France

m Focus at the French level.
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History of tidal energy

o Open Hydro in Paimpol Brehat | =
m End 2011: first Open Hydro turbine &

m Sept. 2012: barge and crane
problem

o The tidal turbine stays in the water

o Other turbines deployment is
stopped.

m Few communication since
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History of tidal energy

O Sabella in OQuessant

= After a test period for its Sabella D3
10kW in Odet river A T
(started in 2008)

o June 2015

m Sabella D10

m 10 meters diameter
m Depth 55m
[ |

Connected to the grid
in Sept./Oct. 2015

o Phone recharge during
the summer
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History of tidal energy

o Follow up of "HARVEST"” programme

- S -
o ST v
ol

Ll B
»

3 v SR A 4

A Orléans, HYDROQUEST raccorde
la premiére hydrolienne fluviale (ou
marine ou estuarienne...) au réseau
électrique de distribution géré par
ERDF (25 septembre 2015)

Tidal energy — Hydrolien, Oct. 2016 Grégory Pinon, LOMC, CNRS, Univ. Normandie (Le Havre) 58/69



4

History of tidal energy
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History of tidal energy

o NEPTHYD

O 4 hydroliennes de type ALSTOM OceadeTM ( 1,4 MW - Diam 18m)

o Total de 5,6 MW et un productible total de 14,9 GWh/an
(fonctionnement de I'ordre de 2 000 heures par an)

Eléments

Spécifications

Position du rotor

Face au courant

Nombres de pales 3
Diamétre du rotor Environ 18 m
Hauteur minimale entre le haut des pales et la| 10 m

surface marine

Dimension de la turbine (sans les pales)

L=20a23m,l=3,5a4m

Vitesse de rotation des pales er witesse
instantanée en extremites de pales

Entre 3et19tr/mn (3478 m/s)
Optimale : 14 tr/mn (73 m/s)
Médiane : 10 tr/mn (9 m/s)

Vitesse de courant de démarrage

Environ 0,7 m/s

Vitesse de courant optimale de production

= 3,1 m/s
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History of tidal energy

o NEPTHYD

1~ " stede projet (Concession solciée) 16 64 ha = 0.17 kn?

©  Hydrolienne ALSTOM
B Boite de jonction électrique sous-marine (subsea-hub)

——— Cébles dinterconnexion

Bathymeétrie [m]
my High: -32.1799

—_— Low : 49,8852

Tidal energy - Hydrolien, Oct. 2016

+7m
+4m
Om
10m
[
g
‘B
-}
8
=1
)
hot
C} 20m

30m

36,5m

s
Echelle et projecion

0

50 100 m
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Clair d'cau

10,0m
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26,5m

Axe machine/ZH : 19m

Niveau d'eau maximum

Niveau (]‘t"dll moyen

Vagues — Hs lan

i . v - >
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Profil de courants

In case of extreme waves...
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History of tidal energy

o Normandie Hydro

o 7 hydroliennes de type Open Hydro DCNS ( 2 MW - Diam = 13 m)

o Total de 14 MW et un productible total de 28 GWh/an
(fonctionnement de I'ordre de 2 000 heures par an)

Eléments Spécifications

Position du rotor Fonctionnement bidirectionnel (au flot et au
jusant sans modification d’orientation)

Nombres de pales 10
Diameétre du rotor
- Intérieur 4m
- extérieur Environ 13 m

Hauteur minimale entre le haut du carénage de | 9a10m
la turbine et la surface marine

Dimension de la turbine (carénage) L =9 m, diamétre = 16 m,

Vitesse de rotation des pales et vitesse | Maximale non connue

Instantanée en extrémités de pales < 12 tr/mn 90% du temps
- Intérieures < 2.5 m/s 90% du temps
- extérieures < 8.2m/s 90% du temps

Vitesse de courant de démarrage <1l m/s

Vitesse de courant optimale de production n.c.
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History of tidal energy

o Normandie Hydro

—T —_— - Fyr

7 Bad §
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History of tidal energy

m Sept. 2016

m First foundations

= Pentland Firth R

= Developed by B
Atlantis Resources BW\\%

m4 x 1.5 MW turbines
o 1 Andritz Hydro
o 3 AR1500 Atlantis
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Outline

O Physics of tide and resource

o Physical Basis

o Fundamentals of tidal energy
o Tidal resource

O Resource characterisation

O History of tidal energy

O Technology review

O Conclusion
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Technology review

O Presentation of Jean-Luc Achard.
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Technology review

O EEL Energy

www.eel-energy.fr
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Outline

O Physics of tide and resource

o Physical Basis

o Fundamentals of tidal energy
o Tidal resource

O Resource characterisation

O History of tidal energy

o Technology review

O Conclusion
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Conclusion

o Objectifs 2020 : Paquet « climat - énergie »
(Europe et Grenelle de I'environnement)

m -20% d’émission de CO2 par rapport a 1990
o voire -30% si accord international apres 2012

m -20% de consommation d’énergie

m 20% d'énergie renouvelable dans la consommation finale d'énergie

o L'IFREMER estime que pour 2020 :

m 7,7% (Energies Renouvelables de |la Mer) dont :
o 5,2%o0 pour |'éolien off-shore
o 2,5% pour les autres (hydrolienne, ETM, vagues, etc.)

O Encore plus en 2025 ou 2030...
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