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Context and objectives

| The water issue [1]

Map 2.1 Expected areas of population growth and decline, 2000-2080
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Source: Lutz, Sanderson, and Scherbov 2008.
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Context and objectives

| The water issue [1]

Map 7.1 Water withdrawals highlight discrepancies between regions and between the largest
and smallest consumers, around 2001
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Context and objectives

The water issue [1]

Map 8.1 Increasing water scarcity

| Little or no water scarcity
O Approaching physical water scarcity
@ Physical water scarcity

B Economic water scarcity

O Not estimated

Source: Based on Comprehensive Assessment of Water Management in Agriculture 2007.
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Context and objectives

BENES Correlation with solar irradiance
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Outline

_ Presentation of the heat pump
* PV power supply

« HP for simultaneous needs
- Cooling > refrigerated cabinet or space cooling
«  Heating > desalination

Vapour transfer (heat and mass)
« Equations and model validation

Simulation results
Conclusions et perspectives
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Examples of applications

 Cooling and drinkable water demand
— Refrigerated cabinets, space cooling
— Desalination or brakish water treatment
» food storage, marine or buildings on coastlines

« Membrane distillation
* micro-porous - 0.1to 1 um
« Hydrophobic — PVDF, PE
e grad T =» grad Pv
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Heat pump for desalination

Desalination
unit

/) Heat ﬁ

Photovoltaic

pannels Condenser
DCor AC
° motor
Batteries Evaporator

or not Cold

Refrigerator
+ Building

* Modelling and simulation TRNSYS [4], EES
[5] and Matlab

— Coupling and co-solving method (dt = 1 h)
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Heat and Mass transfer
e

Cold plate Membrane
Condensation +

I« Mass balance

channel

ol 1687,

m,=m,+J A

Vapour fluid

« Vapour flux

water i,
Salted water J A Brine
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W 4 53?1
Demineralized I,

J, =KAp,

K, membrane permeance
 Molecular diffusion model
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Unit optimization

parameters Model Reference [6]
air gap thickness (mm) 1.2 10
membrane thickness (mm) 0.12 0.11
hot seawater temperature (°C) 40 40
hot seawater flow rate (m3/h) 3.2 5
vapour flux (kg.h-1.m-2) 7.09 1.01
Latest developments using Matlab
® 2 D mOdeI 774: 1 — COUNtEr-current, J\.f. —CO-CUITENT, J\.f. 005
using matlab | ¢ —_ " E
° Inﬂuence %772: o H“:‘X_—-ﬂ' o.oaé
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length (m)
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Simulation results

Validation with Banat’s works [6]

Simulations

18/03/2014

Reference unit [6]:
21630 kWh/m?3 e =80%

With heat exchanger: %
1687 kWh/m?3
Optimized unit:
358 kWh/m?3

Membrane Y
Condensation *
channel %

ol; T

com @3

Reverse osmosis:
3 kWh/m?3

Demineralized §
water
Salted water J.A Brine
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Conclusions

{ » Definition of performance ratios: C_../m

« Simulation results :
— Encouraging efficiency
— PV : «free » electric energy
— HP : « free » heating energy

Perspectives

* Prototype and refinement of models
— Solar electric power supply
— Membranes
—  System optimization
« Contribution to subtasks B and C
— Modelling of heat pump systems
— Demo project
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National research agency project

Agence Nationale de la RechercheI :

Innovative solar cooling and desalination

18/03/2014

WP1: Coordination

WP2: Solar PV energy supply
WP3: HP + membrane distillation
WPA4: Ice slurry + cristallisation
WP5: Comparison of systems
WP6: Dissemination
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National research agency project

Selection process:
« 1St short proposition validated
« 2" complete proposition to be submitted in

May
« Final decision in mid-July
Partners:

TECSOL)] ,\
Eﬁ EFREECOLD

ELECTRONICS SLCE
watermakers ‘
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