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© 2008 Encyclopaedia Britannica, Inc.

Source: http://global.britannica.com
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Tidal and ocean current

Horizontal-axis Oscillatory hydrofoil

©2008 AQUARET

Venturi-effect Vertical-axis

©2008 AQUARET

© 2008 AQUARET:

Images: (Augustine et al, 2012)
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Gradiente de salinidade

Osmose retardada por pressao (ORP)

i » Extrair a pressdo quimica devido a mistura de agua
Pressure SaIObra e égua

Exchanger

4

Power
Turbine

SeaMatr o —) Eletrodialise reversa (EDR)

Brackish Water

CEM AEM l CEM AEM l CEM AEM l CEM

Filter Freshwater

Bleed

Freshwater Sea Water

Skramestg et al, 2009

> Método de EDR baseia-se no transporte de ions (sal)  L.- |< - >|_
através de membranas

Anode Cathode

» A diferenca do potencial quimico entre as ] I I
membranas resulta em uma tensao elétrica

River Water

Van den Ende and Groeman, 2007
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Fundacoes das turbinas edlicas
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TRL Atividades Estdgio atual de desenvolvimento tecnoldgico
1 Principios basicos observados e reportados Q
— V)
© Q ©
2 Conceito tecnoldgico e/ou aplicacdo formulada g - =
= @) (O
Funcao critica analitica e experimental e/ou caracteristica de a o 3 %
. o
3 prova de conceito S é o Nd 2 "
Validacdo de componente e/ou sistema parcial em ambiente % < = g 8 \% o
)
4 llaboratorial < v £ @ - S S
. = : , O e @) © 2 V <
Validacdo de componente e/ou sistema parcial em um = [ O g %0 © 2
> |ambiente relevante o S 5 < 0 S)
. ~ . . = | - © ©
Validacdo de modelo de sistema/subsistema em um o 5 = %
©  |ambiente relevante & Tgl L
7 Demonstracdo de protdtipo em um ambiente operacional =
Sistema completo em escala real e servico qualificado por
8 teste e demonstragdo
Sistema completo em escala real testado por missao
9 operacional bem sucedida

Fonte: http://www.emec.org.uk
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Assessment of marine renewable energy resources
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Article
Ocean renewable energy potential, technology and

deployments: a case study of Brazil

" 20 OTEC p I a nts ﬁ 10% Of t h e re S i d e n t i a I Milad Shadman®, Corbiniano Silva?, Daiane Faller, Zhijia Wu*4, Luiz Paulo Assade, Luiz

Landau® and Segen F. Estefen*

sOcean Engineering Department, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

electricity consumption of the Northeast which g e iU R R

s
| captide . United Asabic Emirates o !
4 China Ship Scientific Research Centre (CSSRC), Wi, Jiangsu 214082, China
Wa S 2 7 TW h | n 2 0 1 7 ( E P E ) “Metearology Department, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
* Com P ‘milad, .coppe.ufrj.br
OT E C Abstract: This study, firstly, provides an up to date global seview of the potential, technologies,

prototypes, installed capacities, and projects of ocean renewable energy including wave, tidal, and
thermal and salinity gradients. Secondly, as a case study, it presents a preliminary assessment of the
wave, ocean current, and thermal gradient sources along the Brazilian coastline. Global status of
technological maturity of the projects, their different stages of development and the current global
installed capacity for different sources indicate the most promising technologies considering the
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s Three scenarios for 6 and 10 MW:
e Q2 SRS * Exclusive Economic Zone (EEZ)
* Between 18 km of coastline and 1000 m depth

* 0-25-50-75-100-500-1000

Reanalise atmosférica — 3 bases de dados

Area [km?] Number of turbines Total annual energy production [TWh]
ERA5 3569
o&“ 190279.99 161254 CFSv2 3857
i MERRAZ2 3486
E ERA5 2151
& 14913718 126387 CFSv2 2365
S MERRA2 1759
o ERA5 5720
&¥ 33941747 287642 CFSv2 6222
Legend ~ MERRA2 5246
@ suoys CFSv2 ERAS MERRA2

EEZ Brazil
Bathymetry (m)
— - 20

-~ 50

- 100

w— - 1,000
I - 4,000 to - 5,000
B - 3,000 to - 4,000
B - 2,000 to - 3,000
I - 1,000 to - 2,000

[ o to - 1,000

36°0'0"W

30°0'0"S

Atlantic Ocean

51°W  48°W  45°W  42°W  39°W 51°W  48°W  45°W  42°W  39°W 51°W  48°W  45°W  42°W  39°W

6 MW capacity factor
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COPPE hyperbaric wave converter COPPE nearshore wave COPPE offshore wave
» 100kW capacidade instalada converter converter
> Ceard, Pecém (2012) » 50kW capacidade instalada > 50kW capacidade instalada
>1lha Rasa, Rio de Janeiro »CEO flutuante

> Analise numérica

References:
Estefen, S.F et al. (2007, 2012)
Shadman, M et al. (2015)
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Nonlinear stiffness control system (NSS)

Applied Ocean Rescarch 74 (2018) 102-116
Contents lists available at ScienceDirect

Applied Ocean Research

journa www.elsevier

Wave energy harvesting using nonlinear stiffness system

Zhijia Wu*", Carlos Levi®, Segen F. Estefen®

*Ocean Engineering Department, COPPE, Federal University of Ria de Janeira, Ria de Janeiro, Brazil
® China Ship Scientific Research Center, Wuxi, China

=

ARTICLE INFO ABSTRACT

7
ised form 10 January 2018 stiffne:
10 February 2018

© 2018 Elsevier Lt

Anenlinear stiffness mechanism installed in a floating point absorber (FPA) in regul{ .
2y ha

td

Practical considerations on nonlinear stiffness system for
wave energy converter
i . Sege icfen

ersity of tio de Janeiro, Rio de Janeiro, Brazil

Objective: Investigate the influence of NSS on improving WEC performance. mmi u;;

 Increasing the resonance period and broaden the response bandwidth ]
theoretically; D

« Indicating that the constraints of mechanical characteristics weaken the o R
performance of NSMech drastically; Strietire T

* Propose an alternative NSPneu and verify its performance. N
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LABMAQ
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Dry Test Setup Development of a Heaving Point
Absorber Wave Energy Converter

Ryan O. Berriel, Milad Shadman, Zhijia Wu, Robson F. S. Dias, Senior Member, IEEE,
Richard M. Stephan, Senior Member, IEEE, and Segen F. Estefen

Abstract—This paper presents the development of a down-
scaled dry test set-up for a heaving point absorber wave energy
converter (WEC) with a mechanical power take-off (PTO) system.
The dynamic model of the heave motion is first demonstrated and
converted to an equivalent rotary motion. A methodology for the
reproduction of resultant torque due to the heave motion of WEC
using an electric machine is presented. The technique is dmlnpm
for real-time implementation and allows the r

equation by means of physical elements and electromechanical
forces, allows the study of different PTO topologies under real
conditions and tests these elements performance for several sea
states before a real implementation [7], (8], [9]

The emulator system must be capable to reproduce the
motion equation considering the hydrodynamic forces and

different wave conditions which enables a wide-ranging d)nnmlt
analysis of the PTO system. The Froudes law is used in this
paper to determine the scale down factor considering the machine
limitations and the desired wave conditions. Experimental results
are presented to validate the methodology.

Index Terms—Wave energy converier, dynamic emulation,
heaving point absorber.

coupling

In [10] it was shown the ability of emulation of the WEC
dynamics considering a controller unit and hydraulic PTO,
where simulations were shown to validate the model. In [11]
a Hardware-in-the-Loop (HIL) model was used to produce
reference for hydraulic actuators to move the buoy, this so-
lution counts on the necessity of the physical construction of
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Country / Region % of resource in deep Potential floating wind
water locations (> 60 m) capacity

Europe
USA
Japan

Brazil

(no technical/environmental restriction)

Water depth:

Grounded systems

<35m

80%
60%
80%

86%

e o

35-60m

4,000 GW
2,450 GW — [Carbon Trust. 2015]
500 GW

6,013 GW } [Pimenta et al. 2018]

Floating systems

- o~ |I -
|
f 4]_|
|
.""I'"
B /\
1] U
>60m
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Offshore wind
[Pimenta et al. 2018]

<\ | Water depth 50-300 m
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study of the floating offshore wind

IWORKSHOP DE

ENERGIAS

OCEANICAS E FLUVIAIS

Tuned Liquid Column Damper (TLCD)
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NREL 5-MW turbine on the ITI Energy Barge
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Pressures and Motions

Structure: Spar, Contouring: Resultant Displacement in m
i3 él o Lrs Freq: 0,01 Hz, Dir: 0.0°, &/T: 0.0
sharaits o Remaioge Oratnis Y . Wave Comp: IDRHS, Amp: 4
W’ LA 31/05/2019 15:02

e
DE TE
SUBMARINA
4,0858 Max
40716
4,0575
40433

40291
4,015
40008
3,9867
3,9725
3,9584 Min

L — ¥

Wave energy converter

Floating platform

Meshed body
AQWA/ANSYS
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Techno-economic feasibility of using sandwich-pipe as tower for offshore
wind turbines

I ——

/‘ ‘\\
.

8 mass M1
I8 rotational inertia J
N rotating! (1

. l \- (aerodynamic damping) .
Nac
/
Height L—
diameter D(z) \é"""

wall thickness 1(z)
berding stffness El(z)
shear properties G, k(z)

mass per length m(z)
compressive force P(z)
(structural damping)

Sandwich-pipe SHCC (strain-
hardening cementitious
composites)

Patented by LTS

(additional flexibility)
(water damping)

foundation stiffness
Dynamic Soil Structure Interaction (SSI)
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Numerical Results

Velocity Magnitude

STAR-CCM+

CFD modeling of floating wind turbine

Vento

Full-scale model
Blade diameter = 126 m
Tower height =90 m
Capacity =5 MW
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Onda

AN
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(

Superficie
RANS Equations + livre )
a Turbulence Model + Comente

Continuity Equation

N

——Amarracio

Fundo do mar

« Considering viscous and nonlinear Hydro-aero effects.

« Avoiding high costs and complexity of performing experiments.
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