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Parallel research/ Areas of Interest:

- Industrial Ecology

- Fresh water production systems

- Wastewater treatment systems

- Ocean Energy

- Tropical food production systems

"People protect what they love, they love what they understand and they 

understand what they are taught."

- Jacques Yves Cousteau







Sustainable Island Solutions 

through Science, Technology, 

Engineering and Mathematics

Technology and Engineering

Bioenvironmental Sciences

Information and Data Sciences 
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Picture of Aruba
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Islands are the perfect 

pioneering laboratory
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Source: IWA, 2018. Sustainable Development: The Water-Energy-Food Nexus.
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“ “How inappropriate to call this planet Earth when it is quite clearly Ocean.”  

Arthur C. Clarke



Energy

Energy Flows of Aruba 2018

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
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>1 billion people close to shore

> 50% energy demand for cooling 

Sustainable cooling and 

power from the ocean



Problem

> Dependent on imported diesel

> Energy price are high > $0.20/kWh

> Current renewables (wind and solar) are 

intermittent and require significant land use



“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

OTEC Resource



% global electricity 

consumption*
Capacity factor

Wave Energy 50-500% 25-40%

Tidal Currents 2% 22-28%

Ocean Currents 5% 26-40%

Ocean Thermal 200% 90-100%

Salinity Gradient 9% 901-00%

Source: IPCC-SRREN, 2011

Over 100 countries and territories have access to Ocean Thermal Energy



Where is OTEC now?



Where is OTEC now?

Lab Scale

Grid connected pilots (>200kw)



2013 2014



Where is OTEC now?

1 MW Gross power – KRISO Source: otecnews.org



Challenges

Complexity in Offtake contracts, 

Lack of support mechanisms, 

High Risk + Long Term investments needed

Lack of match between need for the technology and ability 

to develop it (islands vs. continental regions)



Cold deep seawater is pumped 
up  to a cooling station on 

shore…



In the cooling station, the cold is 
transferred to a fresh water 

distribution network…



Heat from the area buildings is 
transferred back to the station. The 
water returns without any additives 

preventing any harm to the 
environment.



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



Operational benefits…

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 

RELIABILITY

STABILITY

COST



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 





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

The cooling station is equipped with:

Seawater filters
Titanium heat exchangers  
back-up chillers









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



SWAC

800
L/s

2300
L/s

COLD SEA
WATER

1500
L/s

10ºC

28ºC

5ºC

8ºC

10ºC

OTEC

AGRI
CULTURE

DESAL
INATION

AQUA
CULTURE

BYPASS

14-20ºC

The Cold water found in the deep ocean is a key enabler 
for a broad Range of sustainable applications
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What is the economic value 

possible from processing of 

Reverse Osmosis Brine for 

small islands?
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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

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 

4
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Seawater Composition

Bonaire desalination samples ICP-MS analysis (conc in mg/l). KU Leuven

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

13Recoverability potential for different metals in seawater.  Kumar et al. 



Seawater processing facilities

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

Diego Acevedo created using Dall-e
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Seawater processing facilities

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
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Seawater processing facilities

Example estimated extraction potentials:

Magnesium: ~149,000tons/yr ~$372 million/yr export potential

Rubidium: ~4 tons/yr ~$  50 million/yr export potential

Lithium (0.33mg/lt):  ~7.2 ton/yr ~$120,000/yr export potential

Chlorine and Caustic Soda (1.5 tons local use)      ~$2.7 million/yr import reduction

Energy Recovery WWTP/Brine (8,000m3/day) ~$1 million/yr 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.
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Energy Recovery

If availability of WWTP near desalination plant, then

potential energy through osmotic power technology 

in the order of 1.5 kWh/m3
(Aumesquet-Carreto et.al 2022)

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

Co-location for future WWTP and desalination 

plants is promising

Hydrogen recovery from electrolytical 

processes (e.g. chlor-alkali, magnesium 

production) may support renewable energy 

fluctuations.
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Unit capital cost breakdown each comparison of relocation of main WWTP to 
different locations. Payback period for each case is listed above the bars. 
(Calculated using Propmod software)



Magnesium

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 CO2 eq vs. with current production methods < 10 tons of CO2 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.  

49Critical Raw Materials strategy for the EU

Credit: European Commission



Magnesium

Magnesium production flowsheet

Historical precedent (DOW Process)

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

Transdisciplinarity
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Other research lines
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Energy Recovery

If availability of WWTP near desalination plant, then

potential energy through osmotic power technology 

in the order of 1.5 kWh/m3
(Aumesquet-Carreto et.al 2022)

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

57





Extra Slides
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>10%
85%
>USD$20 million
>700.000 tons CO2

of electricity of Aruba is being used for cooling the hotels

depended on heavy fuels despite all efforts

used to pay cooling in the hotel area

emission for Aruba each year

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

Seawater District Cooling
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