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The worldwide wave energy in kW / m . Data derived from ECMWF (European Centre for
Medium-Range Weather Forecasts) WAM model. The data were calibrated and corrected
(by Oceanor) by considering data of buoys and satellite TOPEX
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REWEC3 devices (or U-OWC or J-OWC) PauwavenercyIr

Patent by Professor Paolo Boccotti

www.wavenergy.it
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DESCRIPTION OF A RESONANT WAVE ENERGY wavenercy.Ir
CONVERTER (REWEC 3) www.wavenergy.it

1/2

The caisson has, on the wave-beaten side, a vertical duct (1) that is connected both to
the sea through upper opening (2), and to an inner room (3) through a lower opening
(4). This inner room contains a water mass (3a) in its lower part and an air pocket (3b)
in its upper part. An air-duct (5), which connects the air pocket (3b) to the atmosphere,
contains a self-rectifying turbine (6).

When waves produce a
pressure fluctuation at the
outer opening (2), water
oscillates up and down in
the duct (1), and the air
pocket alternately is
compressed and expanded.
Then, an alternate air flow is
obtained in the air duct
which drives the self-
rectifying turbine (6).

Felice Arena
Napoli, 29 giugno 2016




DESCRIPTION OF A RESONANT WAVE ENERGY cwAvenercy.IT

CONVERTER (REWEC 3) www.wavenergy.it
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From OWC toward REWEC3 (or U-OWCQ)

« The eigenperiod of oscillations inside OWCs is typically smaller than
the wave period, and there is no way to change its eigenperiod.

* Anew kind of OWC caisson (U-OWC or REWEC3/3, REsonant Wave
Energy Converter) has been patented by prof. Paolo Boccotti (EU N.
1332519), which has the advantage to obtain a natural resonance
without any device for phase control.

* Inan U-OWC the eigenperiod is very close to the period of the waves
with the largest amount of energy.

(for comparison see: Boccotti P., 2007. Comparison between a U-OWC and a
conventional OWC. Ocean Engineering. vol. 34, pp. 799-805 )

Felice Arena
Napoli, 29 giugno 2016



Vertical breakwaters in Italy with a REWEC3/3 72 wavenercy.r
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ELECTRICAL POWER “Swavenercy.r

www.wavenergy.it

PRODUCED BY A REWECS3

Average electrical power produced during 1 year
from a REWEC plant with total lenght of 1km

Tyrrhenian Sea, Mediterranean Sea: 5.700 MWh/km
Channel of Sicily, Mediterranean Sea: 7.000 MWh/km
West Sardinia, Mediterranean Sea: 10.000 MWh/km

USA, California: 66.000 MWh/km
Atlantic EU coast: 40.000 MWh/km
Mauritania: 32,000 MWh/km

Felice Arena



Small scale model of a Resonant Wave Energy Converter
REWECS in the Natural Ocean Engineering Laboratory
of Reggio Calabria (ltaly)

Felice Arena

UNIVERSITA’ MEDITERRANEA , REGGIO CALABRIA (ITALIA)
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NATURAL OCEAN ENGINEERING LABORATORY

The NOEL

dl keggio Calabria

The Natural Ocean Engineering Laboratory

The first ocean engineering laboratory working in the field rather than
In wave tanks equipped with wavemakers based on the successful
experience of some pionieeristic small-scale field experiments
directed by Professor Paolo Boccotti off the beach of Reggio Calabria
(Italy), since 1989.
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http://upload.wikimedia.org/wikipedia/commons/e/e3/Reggio_calabria_panorama_dal_fortino.jpg

NATURAL OCEAN ENGINEERING LABORATORY

LOCATION

Beach of Reggio Calabria on the East coast of the Strait of
Messina.

Peculiarity. A local wind from NNW often generates sea
states consisting of pure wind waves with the typical size of
a big laboratory tank (significant wave height
0.20m<H<0.80m, peak period 2.0s<T <3.6s). This local
wind is very stable, and sometimes keeps steady from _
morning to evening. The tide amplitude is small (typically === | -
within 0.10m). N
The water is very clear because of the current which flows

twice in a day.

B ™
Rl CE Rice University - Houston, Texas, USA — April 16, 2014
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di Reggio Calabria




SN
(p\/ lo\fr;’/

NS %

Sad
A NATURAL OCEAN ENGINEERING LABORATORY
Universita di Reggio Calabria

The Staff of the N.O.E.L. (2009/2014):

Professors and researchers of the Mediterranea University
(Alessandra Romolo, Giuseppe Barbaro, Paolo Boccotti, Vincenzo Fiamma, Felice Arena)

Rice University - Houston, Texas, USA — April 16, 2014
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ersita di Reggio Calabria

Research project “Impianto U-OWC e Turbina ad Aria per la Produzione di
Energia Elettrica da Onde di mare — POSEIDONE “ supported by Italian
Ministry of Environment

Partners :
Wavenergy.it srl,

Faggiolatipumps SpA,
Universita Mediterranea di
Reggio Calabria
Universita La Sapienza di
Rome
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\20 5 small scale REWEC3
\\\éu/ experlment iIn NOEL

arsita di Reggio Calabria

www.wavenergy.it




\xﬁ 5 small scale REWEC3 P wavenercy T
L experiment in NOEL

. www.wavenergy.it
Universita di Reggio Calabria

PRODUZIONEDI ENERGIA DAL MARE: analisi sperimentale nel NOEL
prof. Felice Arena, Napoli, 29 giugno 2016




\xﬁ ﬁ) Details on the small scale REWEC3
L expenment |n NOEL

Universita

Ultrasonic probes and pressure transducers — sampling frequency: 10Hz — records of 300seconds (3000 samples) -

1 PORTI Tom— ; ;
Innovative U-OWC breakwaters JiRCiMA _ Universita degli Studi

~ Mediterranea

prof. Felice Arena, Napoli, 29 giugno 2016 Lo A _ di Reggio Calabria
A T B A
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_ www.wavenergy.it
Universita di Reggio Calabria

September 1, 2014

PRODUZIONEDI ENERGIA DAL MARE: analisi sperimentale nel NOEL
prof. Felice Arena, Napoli, 29 giugno 2016




\xﬁ 5 small scale REWEC3 P wavenercy T
\\"// expenment iIn NOEL

www.wavenergy.it
Universita di Reggio Calabria

September 1, 2014
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Time history of the significant wave height recorded on September 15t, 2014.

PRODUZIONEDI ENERGIA DAL MARE: analisi sperimentale nel NOEL

prof. Felice Arena, Napoli, 29 giugno 2016



\Z";‘D The REWEC3 1 to 6 small scale model:

\\‘*w A small scale sea storm on the breakwater

Universita di Reggio bria

record 1165 - September 1, 2014 — 7.33P.M.
Significant wave height in the undisturbed field Hs : 0.9 m, Peak period Tp 4.5s; JONSWAP spectrum
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Average electrical power produced in the sea state: 300 Watt (maximum 550W in the day)

: _ PORTI —:I'\/\/ Universita degli Studi
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www.wavenergy.it
Universita di Reggio Calabria 9y
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REWECS3 in the Port of
Civitavecchia
Felice Arena
“Study for the development of the green mobility in 775277 Go-financed by the European Union

*

the port of Civitavecchia through the implementation .
<k Trans-European Transport Network (TEN-T)

of the pilot technology REWEC 3 - 2013-IT-92050-S”

"




THE FIRST PROTOTYPE OF REWEC3 CAISSONS
HAS BEEN REALIZING IN THE CIVITAVECCHIA PORT




THE FIRST PROTOTYPE OF REWEC3 CAISSONS
HAS BEEN REALIZING IN THE CIVITAVECCHIA PORT wRbenercarir

www.wavenergy.it

CIVITAV

ACTUAL
PORT
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Image @ 2013 DigitalGlobe
Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image © 2013 TerraMetrics

Felice Arena
Napoli, 29 giugno 2016




THE FIRST PROTOTYPE OF REWEC3 CAISSONS

HAS BEEN REALIZING IN THE CIVITAVECCHIA PORT wRbenercarir

www.wavenergy.it

Port of Civitavecchia
“PROLUNGAMENTO
DELLANTEMURALE C. COLOMBO
DARSENE SERVIZI E TRAGHETT!”.

Works of Port Authority of
Civitavecchia, Fiumicino e
Gaeta

Main contractor: Grandi Lavori
Fincosit S.p.A.

Impresa Pietro Cidonio S.p.A.
CoopSette scarl

Itinera SpA)

Felice Arena
Napoli, 29 giugno 2016



+*+ | Co-financed by the European Union

THE FIRST PROTOTYPE OF REWEC3 e |

CA|SSONS IN THE C|V|TAVECCH IA PORT “Study for the development of the green mobility in

the port of Civitavecchia through the implementation
of the pilot technology REWEC 3 - 2013-IT-92050-S”

Layout of
the whole —
project N |l
and -
location of o/ 4 — s’

the e :
REWEC3 Il B . Q-
caissons = ‘

(blue and
red lines)

Felice Arena PORTI %~ Universita degli Studi
I - 6 A RONA _ Mediterranea y, S wavenercy.IT
e Z 32 = = D A
Napoli, 29 giugno 201 IR ikt NG di Reggio Calabria ¢



Co-financed by the European Union

REWEC3 in the Port of Civitavecchia SESUSaSilCiZtutER

“Study for the development of the green mobility in
the port of Civitavecchia through the implementation
of the pilot technology REWEC 3 - 2013-1T-92050-S”

Dialla prafadibricata
- o0 per Mia D 740mm
| p—
Tute in PVC
Tapl o chssls
Getas & compsetamanto (+=8 18 v —
Daila prafaboiats (=0 19 w)
pp— St fisa nca ’ G
RARE i EER) Soletta Nottaree (r
Ll I j Gaotesuitn
l,!’ | | ‘, I o sla0 = - o L/,—
- T — ——
_Zn] S
ned »
Y g
\;‘ .
3.2m
. o
~  Vertical
A % L Ra T S0 OOl .
m L " agagge
8m section of
I =
. D11 §
i a REWEC3
ey = o » AUntanco con piatrarme 5
o
cailsson
o o
wa
hetiznl | 190 <40,1%
r—ﬁ :
/// ! ~r —~—re ~m ~¢u_ﬁl;Y\
. » CRIRRTINIIET e
15.
.

Felice Arena m ARSETE hilnicv’frt;sira degli Studi _
- - s iy wavenercy.IT
del LAZIO : : . .
Napoli, 29 giugno 2016 Lonth oy e A e i Reggio Calabria



THE FIRST PROTOTYPE OF REWEC3 CAISSON IN
THE CIVITAVECCHIA PORT wavenerarir

www.wavenergy.it
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THE FIRST PROTOTYPE REWEC3 CAISSON FOR

THE CIVITAVECCHIA HARBOUR

waLenercayIr

www.wavenergy.it
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THE FIRST PROTOTYPE REWEC3 CAISSON FOR wavenercy.Ir

THE CIVITAVECCHIA HARBOUR www.wavenergy.it

SUMMARY OF THE CIVITAVECCHIA PROJECT:

. 17 REWEC3 (U-OWC) caisson, overall length 524m and
124 independent chambers;

11 REWEC3 - Type B (8+3), each with length of 34m and 8 chambers;
6 REWEC3 - Type A, each with length of 28.3m and 6 chambers;

Il 124 chambers, for turbines of around 20kW (It is
schedule an installation of about 2.3-2.5 MW)

Felice Arena 34
Collaboration proposal Voith ENEL GP, May 12, 2016




THE CIVITAVECCHIA BREAKWATER WITH REWEC3 wavenercy.ir
CAISSONS UP TO JANUARY 2014 www.wavenergy.it

July 2013 s January 2014

Felice Arena
Napoli, 29 giugno 2016




wavenerary.ir

www.wavenergy.it

THE FINALIZATION OF
THE

FIRST REWEC3
CAISSON

Felice Arena
Napoli, 29 giugno 2016
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Universita degli Studi

THE FIRST PROTOTYPE OF REWEC3 CAISSON IN THE ¥ G Reagio Cala
CivitaveccHIA PorT: WAVE CLIMATE

di Reggio Calabria

wavenercay.it

www.wavenergy.it
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“Study for the development of the green mobility in
the port of Civitavecchia through the implementation
of the pilot technology REWEC 3 - 2013-1T-92050-S”

Co-financed by the European Union

Trans-European Transport Network (TEN-T)



Results and expected out-comes

of the TEN-T project

Results from buoy data
measurements
Absorption estimates
Overall performance of the plant
when equipped with turbines
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wavenercar.ir

www.wavenergy.it

An accomplished outcome of the
TEN-T project relates to the
qguantification of the available wave
power in Civitavecchia. For the
purpose, buoy measurements were
exploited. The buoys were located off
the coast of Civitavecchia and
gathered wave data for more than 1
year. Relevant computations were
conducted for identifying the “best”
sea states in Civitavecchia.

The figure shows the most frequent
sea states from the perspective of
“mean period”.

edel LAZIO
AUTOR|TA PORTUALE D| CIVITAVECCHIA

“Study for the development of the green mobility in
the port of Civitavecchia through the implementation
of the pilot technology REWEC 3 - 2013-1T-92050-S”

- +*+. | Co-financed by the European Union

Trans-European Transport Network (TEN-T)



Results and expected out-comes

of the TEN-T project

www.wavenergy.it

- Results from buoy data * An additional relevant calculation is

measurements

the “direction of wave propagation”,

- Absorption estimates

which is used for determining the
direction of the propagation of the

- Overall performance of the plant  “most energetic” sea states.
when equipped with turbines  «  The figure shows the frequency of

occurrence of the sea states with the
mentioned dominant direction.
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“Study for the development of the green mobility in [+~ | Co-financed by the European Union
the port of Civitavecchia through the implementation B = ——
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The TEN-T project 2013-1T-92050-S for the REWEC 3 in niversita degli Studi

Mediterranea

Civitavecchia: J#— di Reggio Calabria

Specification of Wells Turbine for the REWECS3 of wavenercyir

the Port of Civitavecchia www.wavenergy.it

e
electric power

Tip Turbine 0.7m-0.8m

Diameter

Normal 1000-4000rpm
Generation
Speed Range

38 [ =8 Control Techniques

Damping factor: Ap*/U* = 2,9

definitions: Ap*=Ap/(ow?R?); U*=U/(wR); p=air density; w=turbine rotational speed,;
R=turbine outer radius; Ap,=pressure drop; U=air flow velocity; Q= volume flow rate;

U*=0,23;
Maximum efficiency at reference pressure drop: Ap,=10694 Pa.

LLYEs  “Study for the development of the green mobility in [ +*- | Co-financed by the European Union

dROMA F . H R o * TR e SN R DI, WIS TS WA, MR, A
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The REWEC3 Civitavecchia
project in August, 2015
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Universita degli Studi

Mediterranea

Monitoring of a chamber of the
Civitavecchia U-OWC project -

www.wavenergy.it
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Universita degli Studi

Monitoring of a chamber of the REWEC3 S e

in Civitavecchia: turbine installation wAvenercy.Ir

NEXT STEP:
starting the wave
monitoring of the
equipped chamber

i ::z.:: the port of Civitavecchia through the implementation

BRI of the pilot technology REWEC 3 - 2013-1T-92050-S”
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THE FIRST PROTOTYPE OF REWEC3 b
BREAKWATER : THE MONITORING OF THE FIRST ACTIVE CELL  [NPo YD) DS

NATURAL OCEAN ENGINEERING LABORATORY

Civitavecchia through the implementation of the pilot technology G ROMA
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THE FIRST PROTOTYPE OF REWEC3

BREAKWATER : THE INSTALALTION OF THE FIRST WELLS
TURBINE
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THE FIRST PROTOTYPE OF REWECS3
BREAKWATER : THE FIRST REWEC3 IS OPERATIVE

November 7, 2015
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The Rewec3 plant during the sea storm of the 21th-22nd November 2015
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REWECS3 breakwater In the
Port of Salerno

Felice Arena
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DESIGN OF THE NEW REWEC3 FOR THE sevenerel
COMMERCIAL HARBOUR OF SALERNO www.wavenergy.it

from Port Authority

enlargement of 200m by the adoption of REWEC3
caisson breakwaters 2

AV Y

Wavenergy.it s.r.l.
Napoli, 29 giugno 2016




The enlargement of 200m of the pre-existing
breakwater will be realized by 9-1QREWEC3 caissons

vakwater

5 active cells for each REWEC3
caisson

www.wavenergy.it

Wavenergy.it s.r.l.
Napoli, 29 giugno 2016



An efficient configuration
for each caisson breakwater embodying a REWECS3 plant,

at the examined location in the Tyrrhenian Sea for the Salerno’s harbour
(Central Mediterranean Sea)
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wavenercayir

Wavepergy.lt s.r.l. .wavenergy.it
Napoli, 29 giugno 2016



A REWEC3 with the same safety coefficients for whole stability of a

traditional caisson for the Salerno’s harbor

16,50
T ‘
Seaside - \ 7 Landside
N -
15,35 .
~12,00 51
_— = A 1

Wavenergy.it s.r.l. .wavenergy.it

Napoli, 29 giugno 2016



CIVITAVECCHIA EXPERIENCE FOR A REWEC3

EMBODIED INTO BREAKWATERS

If a REWECS3 Is added to a breakwater during the
design stage, the extra cost, for the structural
change, Is within 5% of the total cost.

The cost to complete the plant with turbines
should be of 8-10,000€ per meter.

Felice Arena
Napoli, 29 giugno 2016




ITALIA CAMP 2012: an important
Award for WAVENERGY.IT S.R.L. www.wavenergy.it

activity of company
wavenergy.it s.r.l. was
given by ItaliaCamp, that
selected the Wavenergy.it
project as the best one
from the Calabria ideas
within the event “La tua
idea per il paese”. The
project was presented at
Palazzo Chigi, in Rome,

. In October 2012 with the
I ta l | d C dam p Deputy Minister.

. An important Award for the

Wavenergy.it s.r.l.



ITALIACAMP at Palazzo Chigi:
WAVENERGY.IT S.r.l. presents Its Idea

Palazzo Chigi, Rome
(the seat of the Italian Government)

- Yo
F Ty B

15t October 2012
The meeting of ItaliaCamp

In Palazzo Chiqi,
Rome



waLvenercay.ir

USA

LET YOUR IDEA FLY *

New York - Washington

February 28, 2014: Wavenergy.it (with Alessandra Romolo) presents

its idea to USACAMP in United Nations.

USACAMP is organized by ItaliaCamp to New York and
Washington between February 25 and March 3, 2014.

Only few selected projects have been invited to participate to this
event in Wall Street and United Nations.

The following italian newspapers have written on USACamp:
Il Sole24ore, Il Corriere della Sera and La Repubblica.



http://it.wikipedia.org/wiki/File:Flag_of_the_United_Nations.svg

I1 Sole 24 Ore
Produrre energia elettrica dalle onde del mare
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RAI 3, Scala Mercalli
5 marzo 2016
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Repubblica
Giugno 2015

DIREMTEBLICA

JLe Guuide 1 -

U A nos

fmmovation W

A Tissnguims

Uncestio

pertefficienza

enepetica
mantirrodattisie

Sempre sul filone energetico c¢’a il pro-

getto Wawenergy che punta a utilizzare il
moto ondoso all'interno dei porti. «Siamo
nati da uno spinoff dell’'universita Medi-
terraneadi ReggioCalabria», precisa Ales-
sandra Romolo, «1] sistema funziona cosi:
siutilizzano, modificandoli, i grandi paral-
lelepipedi con cul vengono costruite le
banchine dei porti. In praticaall’internodi
questa struttura, che viene in parte affon-
data, deve restare una camera d'aria in-
trappolata tral’acqua e il cemento: le oscil-
lazioni deile ondela comprimono e questa
energia viene trasferita a una turbina che
produce elettricitds. Un progetto conside-
rato interessante dal presidente di Asso-
porti, Pasqualino Monti, che prevede la
partenza del progetto pilota a Civitavec-
chia entrol'inizio del prossimo anno.

Start wp A \hhmuqm'muno
i nidglios progett di govani imaende

al debutto, Nell'ambito di Edison Open
AExpo, et mesi dievent dedicati

tutela dell ambiente eall inmovazione

Nuoveidee
perilfuturo




PANORAMA
Aprile 2014

ILBREVETTO
«REWEC»
Juesta nostra diga
trastormera
naein energia,

raivantaggi dj vivere
3 Reggio Calabria ¢'a
quello di poter lavo
rare sul mare, Lette
ralmente, La seriva
Nia di Felice Arena.

prorettore dell*uni-

VEISitd € résponsabile del
Noel, Laboratorio naturale
d'ingegneria marittima,
dal mare do| 0 Stretto disia

4PpPena una decing di metn
Felice Arena (in piedi) prorettore df Re

99l0, con i collaboratori: | Le onde sono Ja sua vitaell

AVOrano a una diga welottricas,

SUO [uturo. Arena eisnojcol
TREIMINV W -

DEATO QUESTA
; DIPANORAMA

LA MEGLID ITALIA

RENDENTI:
LE STORIE ESEMPLARI DI TANTI ITALIANI IN UN PAESE CHE NON LI AIUTA.
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Thank you for your attention

For additional info
and news:

, arena@unirc.it
Felice Arena

Natural Ocean Engineering Laboratory
Wavenergy.it
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