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- Tropical food production systems
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b Sustainable Island Solutions
through Science, Technology,
Engineering and Mathematics

Technology and Engineering
Bioenvironmental Sciences

Information and Data Sciences
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Islands are the perfect
pioneering laboratory
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“How inappropriate to call this planet Earth when it is quite clearly Ocean.”
Arthur C. Clarke
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Energy

Water production 100% desalination

RO processes between ~3.75-4.3
kWh/m3

For Aruba: 13% of electricity production
for Aruba

Approximately 13,000,000 m3/yr
378 TJ = 105,000 MWh per year

12,721 TI

6.277TI

Thermal conversion losses

8,660 TJ
HFO Imports 9,338 TJ
Electricity generation

202°TJ

Grid losses

L.019TJ
Lighting, appliances and other

Imports 2,794 T]
580 TJ Electricity demand 1,397 TJ
Domestic Wind production Cooling and A/C electricity use
98 TJ 378 TJ
Domestic PV production Water production

2.8127T]

Thermal losses

2877 TJ
Gasoline imports

638 T

Diesel imports

3.515TT
Transportation

703 TI

End use energy for transport

346 TJ 164 TJ

Propane imports Household heating/cooking gas use
382T)

Industrial heating/cooking gas use

Energy Flows of Aruba 2018
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OTEC Resource

“About 7 terawatts, or three times the global
electricity demand can be taken from the ocean without affecting

the temperature of the ocean or our environment.”

Dr. Gérard Nihous, University of Hawaii
SIS Q University of Aruba



% global electricity
consumption*

Capacity factor

Wave Energy
Tidal Currents
Ocean Currents
Ocean Thermal

Salinity Gradient

50-500%

2%

5%

200%

9%

25-40%

22-28%

26-40%

90-100%

901-00%

Source: IPCC-SRREN, 2011

Over 100 countries and territories have access to Ocean Thermal Energy

University of Aruba



Where is OTEC now?

22kW OTEC, Cuba

50kW OTEC, Hawaii

e -3

210kW OTEC, Hawaii

@ University of Aruba



Where is OTEC now?

Grid connected pilots (>200kw)

@ University of Aruba
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Where is OTEC now?

1 MW Gross power — KRISO Source: otecnews.org
SIS Qﬁ @ University of Aruba



Challenges

Complexity in Offtake contracts,
Lack of support mechanisms,

High Risk + Long Term investments needed

o o o o

Lack of match between need for the technology and ability
to develop it (islands vs. continental regions)

@ University of Aruba
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Cold deep seawater is pumped
up to a cooling station on
shore...

1000m =
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In the cooling station, the cold is
transferred to a fresh water
distribution network...
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Heat from the area buildings is
transferred back to the station. The
water returns without any additives

preventing any harm to the
environment.

1000m =



District cooling is not
completely new...

Systems like these have matured and are in operation in several countries for decades already
Implementation is expanding all over the world
Examples can be found in the USA, Canada, Sweden, Denmark, Finland and The Netherlands

District cooling systems are also operational in relatively harsh and remote environments like the
United Arab Emirates, French Polynesia or Qatar

SIS Q‘n_ University of Aruba



Operational benefits...

RELIABILITY

Lower energy costs
We guarantee a price lower than the current price for cooling

Stable and predictable price
As a client you pay a fixed rate for cooling, which does not depend on

fluctuating fossil fuel prices

Less maintenance / high reliability
No more compressors and refrigerants in house

COST

University of Aruba
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Commercial benefits...

Environmentally friendly
Exceeding the global trend to provide a environmentally responsible
tourism experience

Less maintenance / high reliability
No more compressors and refrigerants in house

Less noise

Due to central system and no more unsightly AC units on
outside of buildings

SIS Q‘n_ University of Aruba






THE COOLING STATION

The place where the cold seawater comes on
Shore and is called the Cooling Station

Here, the cold seawater transfers its cold to a

fresh water loop which takes the cold to the
district cooling customers

e e e e e e e e e Ul g

é The cooling station is equipped with:

Seawater filters
Titanium heat exchangers

ﬂ. back-up chillers

@ University of Aruba
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On-going efforts
Latin America/Caribbean

¢ Dutch Islands (Aruba, Bonaire, Curacao) - Government policy drafted, OTEC/SWAC seen as
strategic importance but no support mechanisms (yet)

¢ Martinique — Nemo project stopped

¢ Barbados - IDB supported Ocean energy report — OTEC + offshore wind

¢ Cayman - OTEC as part of Utilities IRP

¢ USVI - on-going efforts private development

¢ Dominican Republic — SWAC development on-going (feasibility supported by USAID)
¢ Jamaica — On going SWAC development — (CDB support)

¢ Cuba — University led research

¢ Colombia — University led research — private proposals

¢ Mexico — establishment of CEMIE-O, starting Resource assessment @
University of Aruba
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What is the economic value
possible from processing of
Reverse Osmosis Brine for
small islands?

@ University of Aruba






Desalination in the ABC islands

Aruba, Bonaire, Curacao: A century of desalination knowledge

1903 — desalination of process water for gold mining operations

As public utility in Aruba since 1932, Curacao since 1928, Bonaire since 1963
MED - MSF - Reverse Osmosis

Aruba is 100% dependent on desalination

o o o o o

Globally over 22,000 commercial desalination plants in operation
¢ ~1,700 seawater systems over 5,000m3/day (>75% of which are using RO)
¢ At least 15 islands in the Caribbean with systems over 5,000 m3/day

Location | Production capacity (m®/day) | Avg daily Production (m?)

Aruba 70,000 42,000
Bonaire 33,600 7,200
Curagao 50,000%* 40,000

51S Qﬁ @ University of Aruba
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SIS

Seawater Composition

Al As An B Ba Be Ca Cd Ce
Seawater | 255.90 | -55.32 | 20.87 | 145.53 | -610.18 | -210.45 | 8781.74 | -730.38 | -344.55
Brine 257.55 | -30.68 | 15.94 | 121.29 | -610.32 | -210.60 | 8030.37 | -730.59 | -344.14
Co Cr Cu Fe Ga K Li Mg Mn
Seawater | -471.57 | -363.22 | 170.65 | -570.24 | -55.72 | 1775.61 | 21.21 | 4974.39 | -817.27
Brine | -471.50 | -363.44 | 150.27 | -584.07 | -55.37 | 2200.85 | 21.91 | 6808.91 | -817.70
Mo Na Ni Ph Ru Se Sr v Zn
Seawater | -533.40 | 32110.71 | -545.73 | -478.10 | -520.77 | -18.92 | 38.30 | -313.40 | -307.19
Brine -535.28 | 41143.87 | -546.27 | -475.56 [ -521.79 [ -14.07 | 46.04 | -315.11 | -310.57
Bonaire desalination samples ICP-MS analysis (conc in mg/l). KU Leuven
10°
Economically
107 J Feasible
10° 4
S
b3 10°
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8
£ 10
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Challenging e
(3 10* : . . - .
10 10 102 10° 10? 10* 108

Concentration in Seawater Brine (mg/L)

Recoverability potential for different metals in seawater. Kumar et al.

Seawater

Fresh water
96.5% (~965 g)

Sulphate
7.7% (2.65 g)

Sodium
30.6% (10.56 g)

Concentration of key minerals in typical seawater. Adapted from: Water Condition & Purification, January 2005

University of Aruba
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Seawater processing facilities

https://www.dutchcaribbeantv.com/diferente-kompanianan-a-mustra-interes-den-e-area-di-refineria-di-aruba/

University of Aruba
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Seawater processing facilities

Diego Acevedo created using Dall-e

University of Aruba
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Seawater processing facilities

Seawater

PRETREATMENT

EANOFIL‘FRA‘FION

REVERSE

1

OsMOs|

—=|Mg-PRECIPITATION

Mg-REFINING

x

Fresh water

Li
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University of Aruba

44



Seawater processing facilities

From RO Desalination plants - Sustainable Seawater Refineries
* Minimize direct environmental impact: Lower salinity and amount of effluent

 Increasing economic value of existing infrastructure, maximizing efficiency (affordability of better brine discharge
techniques)

« Emissions and impact avoidance from alternate sourcing of recovered materials — LCA as a tool for evaluation

Aruba: 40,000 m3/day average production
Average cost of water $4.20/m3 > ~ $54 million/yr revenues

@ University of Aruba
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Seawater processing facilities

Example estimated extraction potentials:

Magnesium: ~149,000tons/yr ~$372 million/yr
Rubidium: ~4 tons/yr ~$ 50 million/yr
Lithium (0.33mg/It): ~7.2 tonlyr ~$120,000/yr
Chlorine and Caustic Soda (1.5tons local use) ~$2.7 million/yr
Energy Recovery WWTP/Brine (8,000m3/day)  ~$1 million/yr

export potential
export potential
export potential
import reduction
in-house energy use

Metric that can has been suggested in literature is LCOWP Levelized Cost of Water Processing per volume of water but that metric
would neglect to take into account the synergetic benefits of co-processing (due to e.g. infrastructure, overhead, efficiency

improvement), currently investigating different methodologies.

University of Aruba
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Energy Recovery

[ If availability of WWTP near desalination plant, then
potential energy through osmotic power technology
|n the Order Of 15 kWh/m3 (Aumesquet-Carreto et.al 2022)

A4 5
1\1‘,’”\1\ ", b

Pressure RO
Retarded Desalination

Osmosis Plant

Waste =
Water |
Treatment h |
Plant

Schematic of RO-WWTP PRO connection (Created with Biorender)

University of Aruba

47



Energy Recovery

[ Co-location for future WWTP and desalination
plants is promising

6 Hydrogen recovery from electrolytical
processes (e.g. chlor-alkali, magnesium
production) may support renewable energy
fluctuations.

w
w

Unit Cost ($ kW~-1) (Thousands)

0

Unit capital cost breakdown each comparison of relocation of main WWTP to

w
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f
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f

Eng-Legal-Admin Cost

17.0 Years
7 Il Pipe-Elec-Prep Cost
Emm Turbine Cost
B Transmission Cost
Membrane Cost
10.0 Years
5.0 Years
T T !
WEB-BP WEB-ZW-hyp WEB-PB-hyp

different locations. Payback period for each case is listed above the bars.
(Calculated using Propmod software)

University of Aruba
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Magnesium

é Demand: In 2021, global demand of magnesium was estimated at 1.03Mt of which 88% was supplied by
China through Pidgeon process.

[} Environmental impact: 45 tons of CO, eq vs. with current production methods < 10 tons of CO, eq.
through seawater recovery and, it is estimated that approximately 11 tons of raw material are processed
per ton of magnesium produced through Pidgeon process.

i Russia
Norway Finland -
Silicon metal 30% Germanium 51% Palladium¥ 40%

—y b

Gallium 35%

France

i 9
Hafnium 84% China

Indium 28% Baryte 38%
: " h 49%
United States o Spain / Bismutl )
* 88Y Strontium 100% Magnesium 93%
Beryllium* 88% ¢ /. Kazakhstan Natural graphite 47%
Morocco Phosphorus 71% Scandium* 66%
Phosphate rock 24% Turkey Titanium* 45%
Antimony 62% Tungsten* 69%
. Guinea Borates 98% Vanadium* 39%
':I“'C" 255 Bauxite 64% LREEs 99%
uorspar 25% HREES 98%
DRC __ °
Cobalt 68% Indonesia
Tantalum 36%
Natural rubber 31%
Brazil
Niobium 85%
South Africa Australia——————8
. 9
Chile ———@ Platinum* 71% ek
i 7 Rhodium* 80%
Q Ruthenium* 93%
University of Aruba
S | S ﬁ * share of global production V
Critical Raw Materials strategy for the EU 49

Credit: Enironean Commicscion



Magnesium

¢ Historical precedent (DOW Process) %;}*

Temperature T
Concentration

v

( 1 Filter
(Crossflow,

Precipitation
CSTR (tau,
JFR)

Settler (A, . Chlorinator
pore size,

-
Ups)/ pressure
drop)

Calcination Slaker
(Q,C0o2,M) (V.Q,tau,M)

Electrolytic —cl2—J
cell
_—

Mg

!

Magnesium production flowsheet

P. V. Puyvelde. Algemene en technische scheikunde, 2017

SIS Q‘n_ University of Aruba
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World v Business v Markets v/ inability v Legal v/ ingviews v v

Exclusive: Europe aims to revive
magnesium output by 2025 to cut China
reliance

By Eric Onstad — —

May 20, 2022 7:29 AM GMT-4 - Updated 2 years ago d ‘ Aa ‘ <

A bulldozer is seen at a magnesium factory near the Dead Sea December 16, 2008. REUTERS/Baz Ratner Purchase Licensing Rights (7

Tidal Metals sees seawater as the solution to a critical
mineral shortage

o 00 Crant. o

U.S. Department of Defense Forms
S28M Partnership with Magrathea for
Primary Magnesium Production

MAGRATHEA SELLS METAL

San Francisco, 12 June 2024 - Magrathea, a company developing innovative technology for the production of carbon neutral light metal from
seawater, has sold metal to a customer from the first new electrolytic magnesium smelter designed, built, and cperated on American soil in the
21st century.

In February 2024, Magrathea announced a $28M public-private partnership with the US Department of Defense to fund the scale-up of the
company’s technolu%’ for prcducmg light metal. In March 2024, Magrathea anncunced a sustainable brine supply partnership with Cargill who
is supplying feedstock to Magrathea’s R&D scale-up facilities in the San Francisco Bay Area.

Magrathea is commissioning a two tonne per year R&D pilot and has produced >99.8% pure magnesium metal within the company’s first three
production campaigns of pilot commlsswnmg The company’s first customer uses magnesium in an unsubstitutable application critical to
national security. The customer’s uniquely stringent specifications are often considered harder to meet using thermal technologies such as the
Pidgeon Process or other inefficient thermal reductions.

“We understand it is uncommen for two-year-old technology companies to sell metal,” said Alex Grant, CEO of Magrathea. “Our team is excited
to have the chance to solve a real customer’s supply chain security problem so early in our journey. This is a significant milestone in our mission
to de-risk the supply base of magnesium and other materials for the United States and its allies.”

University of Aruba
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Transdisciplinarity

Discipline  Multidisciplinarity Interdisciplinarity Transdisciplinarity

A ]

A\ 4

Disciplinary thinking
| I
Ramadier, T. (2004). Transdisciplinarity and its challenges: The case of urban studies. Futures : The Journal of Policy, Planning and
Futures Studies, 36(4), 423-439.

University of Aruba
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ONCE YOU
CARRY YOUR
OWN WATER,
YOU LEARN
THE VALUE

@ University of Aruba
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Energy Recovery

[ If availability of WWTP near desalination plant, then
potential energy through osmotic power technology
|n the Order Of 15 kWh/m3 (Aumesquet-Carreto et.al 2022)

A4 5
1\1‘,’”\1\ ", b

Pressure RO
Retarded Desalination

Osmosis Plant

Waste =
Water |
Treatment h |
Plant

Schematic of RO-WWTP PRO connection (Created with Biorender)

University of Aruba
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Seawater District Cooling

> 1 O % of electricity of Aruba is being used for cooling the hotels

8 5 % depended on heavy fuels despite all efforts

> U S D S 2 O m i I | i O n used to pay cooling in the hotel area
> 7 OO . OOO to n S CO 2 emission for Aruba each year

+ infra advantage: Most hotels clustered on the north side of the island

@ University of Aruba
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