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Desalination and Water Reuse are on the Rise

The,.

Guardia

Spain © This article is more than 1 month old

Unprecedented €2.2bn drought
response plan approved in Spain The measures, described as unprecedented by the government, were

signed off by the cabinet on Thursday. They include €1.4bn of funds from the
Package of measures will help farmers maintain production and . .. . . _—
avoid food shortages after hottest April ever environment ministry to tackle the drought and increase the availability of
water, and €784m from the agriculture ministry to help farmers maintain
production and avoid food shortages.

Sam Jones in Madrid

¥ @swajones
Thu 11 May 2023 16.55 BST

f v 2

Spain’s environment minister, Teresa Ribera, said her department would
spend €1.4bn on building new infrastructure such as desalination plants; on
-~doubling the proportion of water that is reused in urban areas from 10% to
:20% by 2027; and on subsidising those whose irrigation water supplies would
be reduced.

W< Drone footage shows Spanish reservoirs dry amid hottest April on record - video

The Spanish government has approved a €2.2bn (£1.9bn) plan to help farmers
and consumers cope with an enduring drought that has been exacerbated by
the hottest and driest April on record.

Jones E, Qadir M, van Vliet MTH, et al. Sci Total Environ 2019,;657:1343-56.



Desalination and Water Reuse are on the Rise
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—nergy Consumption of Reverse Osmosis
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Salinity Gradient Energy (SGE)

. Seawater SG
Brine ‘ 05 M (\
1.0-2.0 M A K@
E Salinity Gradient

141.5 g

million m3 day™

SWRO A Reclaimed
Desalination Plant WW
20-40 mM
WWTP

Wastewater
treatment plant




Salinity Gradient Energy (SGE)
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Reverse Electrodialysis (RED)
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—D Is Progressing but...
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Modelling framework to provide valuable support iIn decision- maklng
for full-scale RED |mplementat|on in the water sector.
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Predicting RED System Performance
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Multiscale Model

Model aspen

Istack

Cell Pair = o Stack

Electric power

Cathode
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Anode
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R. Ortiz-Imedio, L. Gomez-Coma, M. Fallanza, et al.
LDesalination, 2019, 457, 8-21.
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Feed solution properties
fx,p,x;,T)

Membranes resistance
f(T)

Pressure drop
f(x, spacer properties)

Tristan, C.; Fallanza, M.; Ibanez, R.; et al.
Desalination 2020, 496, 114699
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Multiscale Model

Model aspen
Cell Pair = e Stack
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Tristan, C.; Fallanza, M.; Ibanez, R.; et al.
Desalination 2020, 496, 114699
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Multiscale Model Trstén, G Fallanza, M., ndfiez, . etal
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Model validation
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Model validation
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Stand-alone RED stack Z 2 e

fumatech®
RED stack &
Parameters 1000
Operational | cellpairs
' U
Conditions L
I /% Spacers
| Concentration : 4@4 270 m
1, L~ Porosity: 82.5%
= s
| Flow Rate , :
bg
B FKCS:EESI\?) ﬁ@/ f//’” ’
N 0.175 m2 Y AEM o
ﬁ Te m pe ratu re (fumaseprg, fumatech®) FAS-50 / ?’

Tristan, C.; Fallanza, M.; Ibanez, R.; et al. Desalination 2020, 496, 114699
20



Stand-alone RED stack
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RED Deployment in Desalination Plants
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D Deployment in Desalination Plants
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—D Deployment in Desalination Plants

42

£y

N\~

38 “

46\!&

5.4

Thermodynamic Limit
AGmi><

o (P

Tristan, C.; Fallanza, M.; Ibafiez, R.; et al. Appl. Sci. 2020, 10, 7317

14
7
35 55
o Iy
-— \ _
16
41
\ ’
18
20 39

24



D Deployment in Desalination Plants
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RED Deployment in Desalination Plants
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Life Cycle Assessment Framework
ISO 14040:2006 | ISO 14044:2006
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Life Cycle Assessment Framework
ISO 14040:2006 | ISO 14044.2006
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Stand-alone RED stack
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Stand-alone RED stack

20 cell pairs 1000 cell pairs
0.02 m? 0.175 m?
&> @
S %
S %
- caling up
\/ enhances
- RED
4640 kWh -
Energy vield 11 year 0 footprint
ADP-f 4.22 0.32 MJ kWh

ADP-e 1.86 0.08 mg Sb-eq kWh''

34



Stand-alone RED stack
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Stand-alone RED stack
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Stand-alone RED stack
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Stand-alone RED stack Nty
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Stand-alone RED stack S
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Stand-alone RED stack
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Life Cycle Assessment Framework
ISO 14040:2006 | ISO 14044.2006
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RED Deployment in Desalination Plants
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Mathematical Programming
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Superstructure Representation

fs e FSU
sol e {HC, /.C'}

‘rsi
Feed payutees

fro.

Q. Chen, Y. Liu, G. Seastream, J.D. Siirola, I.E. Grossmann, Comput. Chem. Eng. (2021) 107414.
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Superstructure Representation

Flow

Representation

Total flow
Species Composition

fs e FSU
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Feed 7%0 :>

Quesada |, Grossmann |E. Comput Chem Eng 1995;19:1219-42.
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Non-Convex GDP Optimization Model

Net Present Value

L . max
Objective max obj = f(x) NPV RED Stack Feed Streams
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Non-Convex GDP Optimization Model

Net Present Value P Semi-rigorous
.. . max Yo “GDP  RED Stack Model
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Objective Function: Net Present Value

- TNP LF 8760 (ep + cp ef) - TAC

max NPV =
CRF
TQ’[a[ Annua[ COSJ[ Capital Recovery Factor
CRF = i
TAC = CRF CAPEX + OPEX 1 — (1 + n)-LT

CAPEX = Stack + Pumps + Infrastructure
OPEX = Electricity cost pumps + I[EMs replacement + O&M
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Objective Function: Net Present Value

~ TNP LF 8760 (ep + cp ef) - TAC

max NPV =
CRF
Revenue Capital Recovery Factor
CRF = r
Annual Energy yield (EY) = TNP LF 8760 1 — (1 + n-Lf

Electricity sales = EY ep

Emission allowances = EY cp ef
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Techno-Economic Metrics
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Solution Strategy

M evovo Solver
y |
*>“GDP GDPopt 20.2.28

Strategy
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[llustrative Example

Feed
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[llustrative Example
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[llustrative Example
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[llustrative Example
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[llustrative Example

Hydraulic
Topology
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Case Study: Maspalomas || SWRO plant

-4

CANARY ISLANDS (ES) ?

antic Ocean

@ Atl
SEC C i O v
E apacity - O

(kWh m=3)  (m3day’)
3.8 26,184 Gran Canaria

SWRO Concentrate

Concentration Volume Temperature
(M) (m3 m=3) (°C)
1.6/ 0.7 20

Portillo, E.; de la Rosa, M. R.; Louzara, G.; et al. Desalin. Water Treat. 2014, 52 (1-3), 164-177
Sadhwani Alonso, J. J.; Melian-Martel, N. Environmental Regulations—Inland and Coastal Desalination Case Studies. In
Sustainable Desalination Handbook: Plant Selection, Design and Implementation; Gude, V. G., Ed.; Butterworth-Heinemann,

2018; pp 403-435
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Series
Parallel

5 units x 11 parallel branches
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How can we define powertful, efficient,

- sustainable, and cost-effective deS|gns for RED?
;/‘ , a0 g TN

K4

Optimization model for defining cost-effective and sustainable flowsheet

- designs of the RED process with LCOE of 66-126 € MWh™! in the range of
- fossil-fired and renewables.

A GDP vs. Series Parallel: Profit gain of 9 M€, tvv|ce power density, with equal
- thermodynamic efficiency and energy supply to Maspalomas Il plant.
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Desalination is a drought and resilient proof but energy-intensive source of
water that question their sustainability.
RSV N
- RED technology offer an integrated approach to the water-energy nexus (SDG 6,
v 7, 13) by providing clean, base-load electricity supply to desalination from the
. - § embed energy of an otherwise wasted stream.
| UL RN T e
1t ever LCA that quantifies the environmental loads of RED showmg that RED is y
enwronmentally Competltlve with other RES. i ifq
RED optimizatlon model is a valuable tool for gaining insight into future RED
components design, screening RED implementation scenarios, and guiding
prospective decisions to fully exploit the synergies of RED deployment in the
energy-intensive desalination sector in the most cost-effective way.




advance RED progress.
RS T .
- Multi-objective optimization to consider environmental concerns.
Stochastic optimization to consider uncertainty in electricity and carbon price
- and membranes technological advances and price.
- Reformulate GDP models into Quadratic GDP (QGDP) models for improved
o solving capabilities B,
~ Uncertainty estimation with sensitivity analysis and stochastic methods, e.g., T
applying Monte Carlo simulation, would help quantify the soundness of the
interpretation of the results of the LCA.

SRR \ T

e
4
L




Thank you! o

PURDUE
Carnegie UNIVERSITY-
C P D MellOIl College of Engineering
. v .. University
: Prof. Raquel Ibanez Or David B [
SUPErVvISors 5 M ol Prof. Ignacio E. Grossmann o David berna
r. adalrcos ratlanza SECQUOIA
T ey Research Groups
Ingenierias SEP  ASP DePRO
L luimica ¥ Sustainable Advanced Development of
P ngineerin eparation hemica
diomolecular EF’rgocessesg SPrgcestses Pré:cesses alnd

Pollution Control

MCIN/AEI/ 10.13039/501100011033

i jal (oo Pl Grant )J
Fipanacial 1100’7 87850 PRE2018-086454 s EEE. el

Furoea’ INVESTIGACION

SUpport  pPbpc2021-120786-100
RTI12018-093310-B-100

UNION EUROPEA
Fondo Social Europeo
EI FSE invierts en tu futuro



PROCESS SYSTEMS ENGINEERING SEMINAR West Lafayette, Feb 2nd, 2024

Optimizing Reverse Electrodialysis for
Salinity-Driven Energy Recovery:

A Sustainable Fix for the Water-kEnergy
Nexus.

Dr. Carolina Tristan

Postdoctoral Researcher

Davidson School of Chemical Engineering ? PURDUE

Purdue University, West Lafayette, IN, USA UNIVERSITY.
ctristan@purdue.edu

College of Engineerin



mailto:ctristan@purdue.edu

	Sección predeterminada
	Diapositiva 1

	Sección sin título
	Diapositiva 2: A little about me...

	1 SCOPE AND OBJECTIVES
	Diapositiva 3
	Diapositiva 4: Desalination and Water Reuse are on the Rise
	Diapositiva 5: Desalination and Water Reuse are on the Rise
	Diapositiva 6: Energy Consumption of Reverse Osmosis
	Diapositiva 7: Salinity Gradient Energy (SGE)
	Diapositiva 8: Salinity Gradient Energy (SGE)
	Diapositiva 9: Reverse Electrodialysis (RED)
	Diapositiva 10: RED is Progressing but… 
	Diapositiva 11

	2 MODELLING RED PROCESS
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14: Predicting RED System Performance
	Diapositiva 15: Multiscale Model
	Diapositiva 16: Multiscale Model
	Diapositiva 17: Multiscale Model
	Diapositiva 18: Model validation
	Diapositiva 19: Model validation
	Diapositiva 20: Stand-alone RED stack
	Diapositiva 21: Stand-alone RED stack
	Diapositiva 22: RED Deployment in Desalination Plants
	Diapositiva 23: RED Deployment in Desalination Plants
	Diapositiva 24: RED Deployment in Desalination Plants
	Diapositiva 25: RED Deployment in Desalination Plants
	Diapositiva 26: RED Deployment in Desalination Plants
	Diapositiva 27

	3 LCA OF THE RED PROCESS
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30: Life Cycle Assessment Framework
	Diapositiva 31: Life Cycle Assessment Framework
	Diapositiva 32: Stand-alone RED stack
	Diapositiva 33: Stand-alone RED stack
	Diapositiva 34: Stand-alone RED stack
	Diapositiva 35: Stand-alone RED stack
	Diapositiva 36: Stand-alone RED stack
	Diapositiva 37: Stand-alone RED stack
	Diapositiva 38: Stand-alone RED stack
	Diapositiva 39: Stand-alone RED stack
	Diapositiva 40: Stand-alone RED stack
	Diapositiva 41: Life Cycle Assessment Framework
	Diapositiva 42: RED Deployment in Desalination Plants
	Diapositiva 43: RED Deployment in Desalination Plants
	Diapositiva 44

	4 OPTIMIZATION RED PROCESS
	Diapositiva 45
	Diapositiva 46
	Diapositiva 47: Mathematical Programming
	Diapositiva 48: Superstructure Representation
	Diapositiva 49: Superstructure Representation
	Diapositiva 50: Non-Convex GDP Optimization Model
	Diapositiva 51: Non-Convex GDP Optimization Model
	Diapositiva 52: Objective Function: Net Present Value
	Diapositiva 53: Objective Function: Net Present Value
	Diapositiva 54: Techno-Economic Metrics
	Diapositiva 55: Solution Strategy
	Diapositiva 56: Illustrative Example
	Diapositiva 57: Illustrative Example
	Diapositiva 58: Illustrative Example
	Diapositiva 59: Illustrative Example
	Diapositiva 60: Illustrative Example
	Diapositiva 61: Case Study: Maspalomas II SWRO plant
	Diapositiva 62: Case Study: Maspalomas II SWRO plant
	Diapositiva 63: Case Study: Maspalomas II SWRO plant
	Diapositiva 64: Case Study: Maspalomas II SWRO plant
	Diapositiva 65: Case Study: Maspalomas II SWRO plant
	Diapositiva 66: Case Study: Maspalomas II SWRO plant
	Diapositiva 67: Case Study: Maspalomas II SWRO plant
	Diapositiva 68: Case Study: Maspalomas II SWRO plant
	Diapositiva 69: Case Study: Maspalomas II SWRO plant
	Diapositiva 70

	FINAL REMARKS FUTURE PERSPECTIVES
	Diapositiva 71
	Diapositiva 72
	Diapositiva 73
	Diapositiva 74: Thank you!
	Diapositiva 75


