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Scientific world
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Facts & Figures

* Foundedin 1991
* Autonomous public research company

e Bridge between academia —
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government and industry
e 5-year framework contract
* Nearly 600 people, 10 nationalities
* Yearly budget of 70 MEUR
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Research Fields

Quality of the Industrial
environment Innovation

Energy
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Industrial

Innovation Separation and conversion technologies
Process streams

Bioconversion

Raw materials

Materials technology

Plasma technology
Shaping of ceramics/powder technology
Laser technology

Environmental analyses and technologies
Specialized organic and anorganic laboratory

* Top technological research in a number of topics
relevant to environment, energy and materials

* Introduction and demonstration of innovative
technologies

* Technological support to SME’s
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Strategic Focus on

Sustainable Chemistry

_Market Themes Technology Innovation Program Customer Offer

l Waste-to-product: Organic & inorganic
l Synthesis and downstream processing ‘
(Integrated) separation processes ‘

Water and energy
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Membrane technology at VITO

w e Electrochemistry: alternatives for asbestos

e Polymeric membranes — phase inversion process
herziel| e Separators

w + Micro- and ultrafiltration, food applications

+ Application testing: MF/UF/NF/RO/ED/PV
+ Emphasis on membrane bioreactors

+ Organic solvent nanofiltration
+ Tailor made polymeric + ceramic membranes

+ Tubular ceramic supports
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Membrane technology at VITO

~V

Membrane/module development \

- Polymeric membranes
- Ceramic membranes
- Electrodes/separators

Membrane processes
- MF/UF/NF/RO/MBR/PV/ED, membrane distillation, reverse electrodialysis

Membrane applications

- Water treatment

Solvent filtration/affinity separation

Biomass filtration (downstream processing)

Enzymatic membrane reactors (enzyme immobilisation)
In situ product recovery from fermentation broths
Electrochemical cells / microbial fuel cells (MFCs)
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Salinity Gradient Power : REAPower (website)

COOPERATION

Not logged in

Home Project Scope Consortium News Contact Internal
. =%

http://www.reapower.eu/

FP7, Theme Energy.2010.10.2-1
Future Emerging Technologies for Energy Applications (FET)
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REAPower objectives

» REAPower targets an innovative concept based on the reverse
electrodialysis technology. This technology consists of the extraction of
the “osmotic energy” from two salt solutions showing a large difference in
salt concentration, what is called salinity gradient power (SGP).

» The objective of REAPower is to prove the concept of electricity
production through SGP-RE using brine and sea (/brackish) water and to
develop the necessary materials, components and processes.

» Time frame : 4 years ; October 2010 — October 2014
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REAPower SGP-RE battery

Electric current (DC circuit)
(or first converted into AC)

- Cell
" pair " -
A . »
| |
CM AM CM AM CM AM
Hundreds
cr cr- cr | of
repeating
Na+ Na+ Na+ cell pairs
HAEt f
L H L H L L
) I M o] ! ) )
w G w G w w
/ H H
HIGH = high salt concentration (concentrated brine)
Electrode LOW = low salt concentration (seawater/brackish) Electrode
< Electrode solution < ¥

Electrode solution redox-reactions at the electrodes, induce thetranqurt of electrons in the DC circuit
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REAPower advantage

The use of

» highly conductive seawater (e.g. 35 kg/m?3) in the LOW compartment

» even more conductive concentrated brine (e.g. 300 kg/m?3) in the HIGH
compartment

creates a low resistance in both the HIGH and LOW battery compartments

As a result:
opportunity to target a low total internal resistance within the
SGP-RE battery cell-pairs through the introduction of thinner membranes

In principle, a lower battery internal resistance should significantly promote a
higher power density of the SGP-RE battery.
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REAPower : theoretical effect of parameters

50
Parameter effects according
to the theoretical Lacey model (1 roopme 45
3) Additional effect of 40
Iowenng the . > Effect of decreasing seawaterz
compartment width compartment widthW (lim) |\ 35
150 um ¢
30
200 ym
2) Additional temperature Vi 5 ey 25
effect of thinner membranes > Effect/of increasing temperature < 3(; Ce
T /’yi -
~ 10
1) Effect of thinner = .
membranes — *4//// - a“e‘K\C\&‘\es i
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0
E. Brauns, Desalination 237 (2009) 378-391 50 45 40 35 30 25 20 15 10 5 O
‘ VItO - Membrane thickness (micrometer)

Maximum power output (W/m?)
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REAPower : lowering the internal battery resistance

To give a rough idea and in theory, when assuming :

- simplified series of resistances
- AM and CM : specific membrane resistance of 100 Q.cm
- seawater : 20 Q.cm (about 50 times lower than fresh water |)

- brine : 2.5 Q.cm

Theoretical indication of the internal cell pair resistance optimization window

LOW HIGH Total

compartment compartment resistance

(um)  (Q.cm?) (um)  (Q.cm?) | (Q.cm?) (%)
100 1 200 0.4 100 1 200 0.05 2.45 100
20 0.2 200 0.4 20 0.2 200 0.05 0.85 35
10 0.1 200 0.4 10 0.1 200 0.05 0.65 26
100 1 100 0.2 100 1 200 0.05 2.25 92
50 0.5 100 0.2 50 0.5 200 0.05 1.25 51
20 0.2 100 0.2 20 0.2 200 0.05 0.65 26
10 0.1 100 0.2 10 0.1 200 0.05 0.45 18

7——‘ VEwWw i
vision on technology  April 13,2011 ~Salinity gradient power generation Dutch House Brussels

© 2011, VITO NV

14




REAPower : lowering the internal battery resistance

Brine and seawater

The effect of putting fresh water in the LOW

compartment and seawater in the HIGH
compartment in the case M10_L100
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Simulations according to SGP-RE Lacey model
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Power output indications from Lacey model
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3
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Hybrid system to produce energy and fresh water

S

Potable
water

Extra
J _ potable
water

Solar
heating/
evaporation/
condensation

I

Coolant
seawater

E. Brauns, Desalination and Water Treatment, 13 (2010) 53/—62// |
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Hybrid system to produce energy and fresh water

Potable

water Extra
‘ potable

water

Solar
heating/
evaporation/
condensation

A seawater
desalination unit
(SWDU) based on
whatever technology
(even 100 % solar
power driven)

Coolant
seawater
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Hybrid system to produce energy and fresh water

Potable Electricity

water ‘ Extra

potable
water

Solar
heating/
evaporation/
condensation

Much of the SWDU -
energy is converted
into brine osmotic
energy

Coolant
seawater

/
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Hybrid system to produce energy and fresh water

=V

< 1 D EEEE—
The brine osmotic Exira Electricity
energy is further | potable
increased through water
solar energy based
: 9y Solar
evaporatlgn of the i)
SWDU brine, up to a evaporation/
high salt concentration SeneEEEn
SGP-RE
unit
heater
Mixed
Coolant effluent
seawater _ Heét_
shore\‘\\‘\e exchange
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Hybrid system to produce energy and fresh water

About 75 % of m
additional fresh ‘ Ex:ratl) |
water can be : ?A(/)a?ere
produced
Solar
heating/
evaporation/
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- soar it
I |

Mixed
effluent

Coolant
seawater
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Hybrid system to produce energy and fresh water

Potable
water ‘

Extra Electricity

_ potable
water

Solar
heating/
evaporation/

The SGP-RE battery produces
electricity by using seawater in
the LOW compartments and SGP-RE
highly concentrated brine in the - unit
HIGH compartments Mixod

Coolant
seawater

effluent
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Hybrid system to produce energy and fresh water

Potable
water ‘

Extra Electricity

_ potable
water

Solar
heating/
evaporation/

When having a
brine stock, the T~
SGP-RE unit
enables to

produce Mixed
electricity day effluent
and night

—
T
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Hybrid system to produce energy and fresh water

<

——
Potable | Extra Electricity
To maintain a high battery ~ potable
power output, “diluted” SGP- water
RE exit brine can be re-send Solar
to the so!ar drn{en heating/
evaporation unit to re- evaporation/
concentrate the brine in condensation

order to keep the salinity
gradient at a high level

between IN and OUT of the "
SGP-RE battery ‘

A\ SGP-RE
unit

Mixed
effluent

Coolant
seawater

=
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Hybrid system to produce energy and fresh water

< G——
Potable ici
Extra Electricity
water [
_ potable
water
Solar
heating/
evaporation/

~rnndeancatinn

The concentration of the
battery mixed effluent
discharge stream can be
targeted to be low, thus ]

assisting in solving the l
SWDU brine disposal —_—
problem — m

B ————

SGP-RE
unit

s

B s
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REAPower consortium
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REAPower consortium

»

»

»

»

»

»

»

»
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FUJIFILM, the University of Calabria and VITO are membrane experts
KRATON is active in the materials field

Next Technology Tecnotessile and the University of Manchester cover the
textile technology

REDSTACK is specialized in the reverse electrodialysis technology

The University of Palermo is specialized in modeling, simulation and pilot
installations

The University of Palermo also participates with its electrochemistry
research unit with respect to the SGP-RE stack electrodes

Solar Spring develops desalination and water treatment technologies

WIP and KEMA are consultants in desalination and renewable energy
technologies
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REAPower Workplan

Membrane
Development Membrane
® e
Spacer
Development
Simulation
and

TIME

Modelling

Communication

Lab scale and
pre-pilot performance testing

Pilot design, construction
Economic evaluation and and on-site testing

analysis of perspectives
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Membrane Development

[

The objective is to establish preliminary
material specifications, selection of

@|  suitable cation and anion conductive base
materials and to produce and test
membrane samples

Chemistry Simulation
I ’ and

Modelling

Membrane
Development

TIME

Lab scale and G

pre-pilot performance testing

Pilot design, construction
and on-site testing

Economic evaluation and
analysis of perspectives
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Membrane Integrated Spacer Development

Membrane
Development Membrane
@ egratea
Spacer
Development

TIME

Lab scale and
pre-pilot performance testing
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—
Pilot design, construction
Economic evaluation and and on-site testing
analysis of perspectives

The spacer material and the
technique for integration of the
spacer on the membranes will be
selected.

| The objective is the
characterization and optimization
' of the integrated membrane spacer
@= in order to select the most suitable
&) construction for the technology
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Electrochemical engineering / stack design

1 I

First the redox couples and electrode
materials to be used will be selected.

Based on previous work and the simulation

the first generation laboratory stack will be
designed and constructed. Gimwiation
Modelling

Tests will be performed on this stack and
the best couple of electrodes and redox
couples will be selected.

4

Communication

Pilot design, construction
Economic evaluation and and on-site testing

analysis of perspectives
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Process simulation

=V

Modeling intends to assist in the optimization
of stack geometry and operating conditions,
including a sensitivity analysis of the process.

The electrochemistry and transport
phenomena modeling inside the cell pairs is
based on Computational Fluid Dynamics (CFD)
and finite element methods

N\

Simulation
and
Modelling

Lab scale and
pre-pilot performance testing

Pilot design, construction
and on-site testing

Economic evaluation and
analysis of perspectives
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Lab-scale performance testing

Extensive testing of the laboratory stack in order to evaluate the effect of the hydraulic
conditions and to study the effect of the real feed composition on the process.

The effect of hydraulic conditions on the power density will be evaluated on a larger
laboratory stack.

The combination of this technology with a membrane distillation concept and the pre-
treatment requirements of different brine inputs will be assessed.

1

—

Comm

Lab s:tle and >

pre-pilot performance testing

Pilot design, construction
Economic evaluation and ‘ and on-site testing
analysis of perspectives
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Design, construction, testing of prototype installation

A prototype unit of the developed
e l technology will be designed, constructed
| | § | and tested in the saline pond salt factory.

This will allow proving the concept of the
SGP-RE technology under real operating
| PR T conditions using nearly saturated brine in

site providing brine and seawater for the

techrology developed by REAPower combination with seawater.

Pilot design, construction
and on-site testing

Economic evaluation and
analysis of perspectives

vision on technology  April 13; Oj,J,/*S'é[ini’ry’gfédient power generation Dutch House Brussels

g ©2011, VITO NV




Economic evaluation / analysis of perspectives

Membrane
Development | dafh Membrane '

The current and post-development cost of the
technology and the perspectives for the SGP-RE
= system will be studied, based on economics,
technology and potential of the brine resources.

TIME

pre-pil
The environmental impacts will be assessed as
well

7

Pilot design, construction

Economic evaluation and t and on-site testing
analysis of perspectives
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