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Using and preserving our marine environment

Space as a tool supporting

the energy package
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() Bluerise Space as a tool supporting the energy package Eug OAP s

harnessing the ocean’s power
Motivation: What drives the need to support our future energy security? Why now? ° = = ‘*

(.. N . )
Existing traditional energy generators New sustainable approaches

Transitionin :
e.g. carbon fuels: gas, oil, coal fire powered, ansHICIIS to energy generation
nuclear fission — steam turbines towards e.g. wind, solar, ocean, hydro, biomass,

 Location-agnostic
« Continuous (all day, all night, 24/7)
 Instantaneous (to meet demand)

* Local resource dependence
- Different locations demand different technology
- Conversion technology unrefined — energy out?

* Linear (fuel in — energy out « Variability in resource availability (over varying timescales)

+ Effectively unlimited - Local environment inter-dependence
(assuming fuel provided) P \ y,
NEGATIVES NEW CHALLENGES

- Understanding variability of renewable resources

- Forecasting short-term for energy grid management
- Long term trend changes in resource

- Impact of extraction on environment and availability

Dr Adam Candy - Lack of data #EUSpaceWeek
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- Dangerous by-products (C0O2, SO2, radioactive)
- Fuel transport & sourcing
- Questionable security
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() Bluerise Space as a tool supporting the energy package

harnessing the ocean’s power
150

Why Ocean Energy? = Onshore wind
2 — Offshore wind CONNECTING THE FUTURE
The transition to sustainable energy § W == Qoean energy
sources is underway. R
Diverse mix is central to its success. :
0 %0 2000 2010 2020 2030 2040
* Source: European Ocean Energy Association
. . 1960 1970 1980 1990 2000 2010 2020
Slgnlflcant advantages * 0-700 m Global Ocean Heat Content =
- Space: Oceans cover more that 70% of the Earth’s surface %1 — sonthaverag through Ap-tin 2017 -

1 = Yearly average through 2016 L 15

» Access: 80% of populations live within 100km of the ocean f B D o
- Resource: Vast store of energy relative to our global demand 2 ]
- Diversity of energetic physical ocean processes to tap into ; 0 0
 Continuity of supply curren T 5

Updated from Levitus et al. 2012

i L waves : , . . . . , .
* Dens'ty: Of energy IS hlgh tidal S 0 1960 1970 1980 1990 2000 2010 202010

- Unobtrusive e

§ Bluerise OoTEC

harnessing the ocean’s power
#EUSpaceWeek
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harnessing the ocean’s power -
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Worldwide operational, planned and proposed OTEC and its potential CONNECTING THE FUTURE
Part Blair, Gosung, Korea Kumejima |sland
Mew Providence, Bahamas Andaman and Nicobar Islands 20 k'w plant Okinawa, Japan
; 10 H".h.’ pland . e dirRa, Elraeae ED‘_I'F":W' r:'!r]n‘i. s l : :ﬂ:‘:ﬁ;;::ni Big Island, Hawail
\ 500 k'wW plant —— 105 k'w plant
' () Bllgmerlsee | Mw plant

-Red >25°C

St. Croix & St. Tham
US Virgin Islar } g

Yellow >20°C

10 Mw plant

A MW plEnt g
i ; Maldi ;
@ Operational 15 Mw plantBLa Martinique, France _,:.va::m_
: 10 MW plant : i
et canstiyction La Réunion, France Sabah, Malaysia| |Cabangan, Philippines Tarawa Island,

® Planned curren 15 kW plant multi-MW plant] 110 MW plant Kiribati
© Proposed Waves S . e
tidal Largest potential for Ocean Energy - oo s

Supports Small Island Developing States (SIDS)
Dr Adam Candy My.oceanpotential.com, . « #EUSpaceWeek
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harnessing the ocean’s power _ _\- —
Motivation: Why is space now important for our future energy security? C\'OgNECT:ING THEFUTLﬁ
NEW CHALLENGES g OCEAN DATA, A PUBLIC GOOD ———
- Understanding variability of renewable resources B B ocean
- Forecasting short-term for energy grid management ry

- Long term trend changes in resource
- Impact of extraction on environment and availability
- Lack of data

Ty
il

WL e

IN SITU OCEAN MODEL

~ SATELLITE

o “ DBSERVATION OBSERVATION COMPUTATION
Dutch Research Vssel Pelagicked at Importance of ensemble and c_;lata assimilation
Pointe-a-Pitre, Guadeloupe, Aug 2016 for assessment and forecastmg of the resoLrce

— Space as a tool supporting Supercomputing Science

Gt Sl DrAdam Candy #EUSpaceWeek
EU SPACE PROGRAMME | @@mdy@@o@%‘@ /0ceanEnergy p
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Mercator Ocean 7-day short term forecasts used during sea research expedition ~ '* = = ‘%

20PN s 0UILY mean at Om d""”"m" 000 L N (Dnib" mean at ]Rm/depth. 7014}-09\-0:/ 12:20 \U’{C\ Dbl -
S | it http://candylab.org/caribbeanwatch/

. \ \\\§; 4 EEC;? 2 f / : X ‘\ §§§§ " e/ Two-hourly mean surface currents, 2018-01-23 22:00 UTC LOms~ R

Wi B . W @caribbean_watch
{ i [ Nightly-updated
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Tweets Tweets & replies Media

- ’ Caribbean Watch
Two-hourly mean suface cuTents f the Carbbean Sea,Frames mova through days of the yesr, Velocity data i rom the @caribbean_watch Follows Caribbean Watch @caribbean_watch - 3h v
ercator operational 1129 lobal ocean physics and analysis data et (Mercator Geean, 2017). Bathymelry and coastine .
Goermined rom GEBCO, 204 T ety h ot halower wates a0 e mork 0 100m o comot. you Up to date two-hourly mean surface curtents of the regional
Avalale to downioad here A forecast of the daiy mean surface velocit s also availale here, Up-to-date daily mean surface Caribbean Sea, either side of today 26th Jan 2018: from a
Regions of the Caribbean Sea currents of the regional week ago on 19th Jan 2018 anq forecast ten days ahead to
Further analysis for regions of the Caribbean Sea, including daily-updated current conditions Caribbean Sea. By ) Sth Feb 2018. candylab.org/caribbeanwatch/
and longer-term annual datasets. CGlE IRy (U Two-hourly mean surface currents, 2018-01-19 00:00 UTC *0ms"",
= CaribbeanWatch: Curagao @NIOZnieuws Using data o s ey
N assimilation @MercatorOcean R 10
@CMEMS_EU

© Delft, Nederland 175
& candylab.org/caribbeanwatch/

Joined November 2017

© Born on November 27 15N

& 3 Followers you know 125

¥00

Conditions in Curagao this week, and longer term reviews. Follow the link for more details.

Barbuda

= CaribbeanWatch: Sababank

Surface velocity magnitude

60

© ) Q S}

Caribbean Watch @caribbean_watch - Jan 25 v
Up to date two-hourly mean surface currents of the regional
Caribbean Sea, either side of today 25th Jan 2018: from a
week ago on 18th Jan 2018 and forecast ten days ahead to
4th Feb 2018. candylab.org/caribbeanwatch/

- yLwo-hourly mean surface currents, 2018-01-18 00:00 UTC LOms~,
TS ~

A

Conditions in Jamaica over the past year 2017 and 2016. Follow the link for more details

= CaribbeanWatch: Sint Maarten
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harnessing the ocean’s power
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Research into variability using Mercator Ocean data-data-assimilated space products W = K
CONNECTING THE FUTURE
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( a ) Sea surface temperature on July 13th, 2007, when a large ( b ) Sea surface currents on July 10th, 2016, when current

cold-water ligament extended up to 17°N. velocity was up to 1.5 m/s.

Oceanic Nifio Index (ONI)

Ocean.current patterns and
variability around Curacao
for Ocean Thermal Energy
Conversion

H.M.L. (Maria) Lems-de Jong

3-Month Nino Region 3.4 Average

4 TR = e =

TU Delft Figure 23 Oygrview af the QNI ,vvalues fmm 1950 up to 2016. Three months average values are used. Figure 6.1: Volume fluz for the years 2007 to 2016 over the transect line in the channel and sheltered

From NOA ! e ! [ v / region. The mean is plotted in black and the grey areas indicate the magnitude of the standard deviation.

g Bluer [ A rolling average of eight days was used to smooth the lines. Plots per year can be found in Figures 1.1
he ower to 1.10.

Ocean Current Patterns and Variability around Curacao: An Analysis for Ocean Thermal Energy Conversion,
Lems-de Jong HML, Candy AS, Hoving JS, Kleute BJ and Pietrzak JD, 2017,
Sth International Ocean Thermal Energy Conversion Symposium, La Réunion, 7-9 Nov 2017

Dr Adam Candy #EUSpaceWeek

EU SPACE PROGRAMME @@md‘y@@o@ﬁo@ /OceanEnergy



http://candylab.org
http://candylab.org
http://candylab.org/OceanEnergy

() Bluerise Space as a tool supporting the energy package Eug OAP o

ANlZ

harnessing the ocean’s power -
Future work and use of space products e ience bp - =
and Engineering J CONNECTING THE FUTURE
18N Water masses feeding Saba Bank reef stations, 28 Oct 2011 . Water masses feeding Saba Bank reef stations, 23 Oct 2015
o ' CE Article
. - An Evaluation of the Large-Scale Implementation of
' ‘ Ocean Thermal Energy Conversion (OTEC) Using — Power output is 56%
- , an Ocean General Circulation Model with - :
- \ : originally predicted
Low-Complexity Atmospheric Feedback Effects 9 yp
10N 165N Yanli Jia *, Gérard C. Nihous 2 a1 SXPresses horizontal atmospheric transport. This prodlices lower steady-state OTEC power maxima
. : (8 to 10.2 TW instead of 14.1 TW for global OTEC scenarios, and 7.2 to 9.3 TW instead of 11.9 TW
16°N 16°N * for OTEC implementation within 100 km of coastlines). When power production peaks, power
intensity remains practically unchanged, at 0.2 TW per Sverdrup of OTEC deep cold seawater,
18 N I ML N JUR P P L —> Demand for model integrated with atmosphere and larger ocean
A x(,\l O{)‘Vater ;:;;ges feeg;:; Sabaﬁgzl":k reef( ‘:;:tions,‘%é’n(l)‘ct 201(‘:;I lx(;) ()\l)‘&;ater X(;:;S‘S‘es fee((i)l‘n‘; Sabz; )éz)ar‘:k reef( i:;:a‘i':ions,“(;; g‘e’p 201)5”.
- ) N A Requirements to make OTEC viable,
N v NS especially for deploying large scale.
o >4 - Investigating the effect of OTEC on the environment
| : - Two-way feedbacks
- Impact of a changing climate, lifecycle, 2050 timeframe
| - Lagrangian advection to accurately determine water sources,

large variability in Caribbean
- Ecosystem impacts
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