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INTRODUCTION

Generalities of salinity gradient energy (SGE)

SOME IDEAS ABOUT SGE:

v'From the Gibbs free energy due to the
difference in solute concentration
(salinity).

v'~2 K] per liter of fresh water.

v'Even from industrial wastewater.

v'Great potential in Colombia and
South America.

MAIN GOAL OF THIS WORK:

A methodology is presented to quantify
the energy consumed and/or the net
energy produced in the conversion
process at the plant while maintaining
the salinity gradient as stable. a
possible. Ay




MAIN GOALS

% An efficiency analysis for several river mouth systems
located on the Caribbean and Pacific coasts from
Colombia is presented.

% Analysis includes the facility locations used for the
energy conversion as well as the points for intake and
discharge streams.

“* We also provide the performance of the PRO and RED
technologies, and the estimation of the net energy.

“ The feasibility of using plants to convert energy from
the salinity gradient in Colombia is evaluated by
estimating the technical potential which includes the
selection of suitable locations for the intake and
discharge of the streams, the projected capacity of the
main technologies for the conversion of the salinity
gradient, as well as the estimation of energy
consumption during the process, which determines the

efficiency of the conversion for each river mouth system.

River River Plant

Mouth Discharge altitude
System (m3/s) (m.a.s.l)

Magdalena 7233

Canal Dique 299 2
Rancheria 12.4 4
Mira 743 12
Chagiii 134 15
Dagua 126 9



Methodology

* The net energy generated in a SGE plant was estimated from the effective
potential, which includes the inefficiencies and energy losses in the

conversion according to the technology used for the conversion.

 This effective potential depends on the theoretical potential, which is
estimated as a function of the technology.

The theoretical potential:
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Pressure Retarded Osmosis Am = ((T ) S)lcnncentrated'(T | S)ldiluted) (1)
PMnaci
(PRO)
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Methodology

. . Includes the fact that the support of
The effective potential: the semipermeable membrane

increases the NaCl concentration,
The effective osmotic

. AT — q T4 e kJw — decreasing the osmotic gradient.
potential-PRO: err concentrated diluted Therefore, a support resistance (k)

and the volumetric flux of pure water
(Jw) are used.

The effective potential Ag, r=a A Includes the inefficiencies and energy

RED: ' losses in the conversion of chemical

' potential into electricity. A loss of
The energy consumption in a SGE plant includes the water pre- electromotive force in reverse

electrodialysis is expected due to the
flow of counterions through the
membrane. The potential must be
corrected using the membrane

treatment of the intake streams and the water transport from the
intake points (freshwater and seawater) until the plant and from the
plant until the discharge point (brackish stream).

permselectivity coefficient (a ) ej: 91%
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DISTANCES FOR INTAKE AND DISCHARGE
RESULTS WATERS

Distance | Distance to | Distance to

SALINITY FOR THE MAIN RIVER MOUTHS (BLUE BUBBLES) AND to freshwater | brackish

SEAWATER (COLOR MAP) seawater intake water
intake (km) discharge

Svstem (km) (km)
Magdalena 2.0 0.1 1.0
Canal Dique 1.5 1.5 0.3
Rancheria 6.3 0.1 2.5
Mira 1.9 3.4 1.1
Chagiii 27.8 0.3 0.5
Dagua 36.9 0.5 1
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130 v The Pacific region has a higher number
of river discharge systems.

v Magdalena River has the highest flow of
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R E S U LTS NET ENERGY FOR SOME RIVER MOUTH SYSTEMS IN COLOMBIA
100%
] ] ] ] ] ]

%)
EFFECTIVE POTENTIAL AND NOMINAL POWER @ 75%
© 50%
River Freshwater | Nominal S 25% I I l I . l
Mouth Atters . Apers . fl(;w power 8 0%
System (MW/m>) | (MW/m") (m/s) (MW) o Magdalena Canaldel  Rancheria Mira Chagiii Dagua
VELGEILIEW  2.444 1.788 150 200 Dique
Canal 2.254 1.524 20 36 100%
Dique ¢ ... | 1 H EH =N =B
Rancheria  ESpWiv4 1.565 1.0 1.0 © S0,
Mira 2.538  1.815 21.0 36 © 7
Chagiii 2446  1.892 13.0 19 o %
Dagua 1.600  1.189 12.0 19 = 0%
) Magdalena Canaldel  Rancheria Mira Chagiii Dagua
v' The potentials for PRO are larger than that those Dique
for RED, probably due to the necessity of more B Net power M Transport Pretreatment ~ M Downtime outfall ~ M Conversion

restrictive membranes in the case of the RED
technology (i.e., semipermeable and ion exchange
membranes for PRO and RED, respectively).

v’ The differences in energy consumption among

v' Chagiii and Dagua river mouth systems possess water quality,
recirculation processes, and site properties that involve high energy
consumption for a SGE plant.

Magdalena and Canal del Dique have high potential for a SGE

these ’Fechnologles are compgnsated mn the project (the percentage of net power were estimated at 58% and 61%,
conversion of the salinity gradient, leading to respectively. N "l(:l -

similar net powers for both PRO and RED . nfirg River exhibits a significative percentage of recovere
technologies .

suggesting a potential of application despite the long
needed to transport the water. 3




DISCUSSION & CONCLUSION

 The larger values of salinity for river mouths in the Pacific
than those on the Caribbean coast can be attributed to the
considerable effect of the tidal stream and the local
geography at each point:
A mean tidal range larger than 1 m for the Pacific Sea has been

reported on the Colombian coast, whereas a microtidal range
ranging from 0.2 to 0.4 m of tidal amplitude for the Caribbean coast.

» The water circulation at the river mouth system
Impacts the gap distances among the water
outfalls and plant, and the plant altitude:

The great distance between the intake points of
freshwater and seawater and the discharge point of
brackish water influences the energy used to transport -
these streams. This distance is obtained by cons"" ..R
stable salinity gradient as possible.




DISCUSSION & CONCLUSION

* The methodology proposed in the present work includes
the quantification of the net power, the selection of the
site for the plant, and the analysis of the technology for
the conversion, approaching the efficiency of the entire
process:

It can be very useful in supporting the decision-making involved in
the implementation of SGE projects

Site properties

Outfall water distances
Salinity gradient

Temperature

Consumptions/inefficiencies

Tecnical potential

Water pretreatment
Water transport
Energy conversion
Other consumptions

Energy loses

Downtime outfall

 The efficiency of the main components of PRO and RED technologies based on the site
constraints and the potential that the salinity gradient entails for net power allow a
guantitative evaluation of the technical feasibility of a SGE project:

River mouth systems such as the Magdalena River, Canal del Dique, and Mira River show a high potential for a
SGE implementation, including the stability of the salinity gradient, the environmental flow of the river, and the
performance of the technology for the energy conversion, including pressure-reduced osmosis and reverse

electrodialysis.




DISCUSSION & CONCLUSION

MAGDALENA RIVER MOUTH CANAL DEL DIQUE RIVER MOUTH

Freshwater

Pasacaballos, Cartagena (COL)

Bocas de Ceniza, Barranquilla (COL)

Design information Design information
Installed capacity: 200 MW Installed capacity: 36 MW
Fresh water flow: ~105 m3/s Fresh water flow: ~30 m3/s

Seawater outfall: 2 km Seawater outfall: 5 km
Freshwater outfall: 0,1 km Freshwater outfall: 0,1 km
Brackish outfall: 1 km Brackish outfall: 1,7 km

Annual energy production: ~1250 GWh/y Annual energy production: ~192 G






