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El cafe con sabor a sal




El problema del agua







Water desalination prid

Desalination capacity
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Los dos principales tipos de tecnologias en
desalacion
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Separacion con
membranas
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Sistemas de desalacion accionados
con energia edlica

Sistemas eodlicos conectados a la red Sistemas eodlicos aislados de la red convencional




Sistemas de desalacion accionados

con energia edlica

Large-size wind farms  Large-size Desalination plants

Sistemas eodlicos conectados a la red convencional

Medium and small wind farms
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Sistemas de desalacion accionados
con energia edlica

Sistemas eodlicos conectados a la red Sistemas eodlicos aislados de la red convencional

Sistemas edlicos autbnomos Sistemas hibridos




Sistemas de desalacion accionados
con energia edlica

Sistemas eodlicos conectados a la red Sistemas eodlicos aislados de la red convencional

Sistemas edlicos autbnomos Sistemas hibridos
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storage systems
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storage systems




Sistemas eodlicos desconectados de la red

Sistemas de desalacion convencional
accionados con energia eolica

Sistemas autbnomos

Without energy With energy
storage systems storage systems
Windmill Windmill
Pressure tank
Desalination plant Desalination plant
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Sistemas eodlicos desconectados de la red

Sistemas de desalacion convencional
accionados con energia eolica

Sistemas autbnomos
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Sistemas de desalacion accionados

con energia edlica

Wind turbine

Sistemas eodlicos aislados de la red eléctrica

Sistemas hibridos

rL Microgrid
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Objetivos generales

Incrementar la flexibilidad de
operacion de la planta
desalinizadora

Incrementar el uso de Energias
Renovables en Desalacion




Prototipo

. Latitude north: 27°49'4"
Longitude west: 15°25'27"

Pumping center. Product water reservoir. Anemometer and wind vane. Desalination plant house.
ping p




Materiales de partida (Proyecto AEROGEDESA)

Batteries (120 V. 190Ah)

15 kW wind turbine. \ :
(Asynchronous type generator) = K 1y

SWRO desalination plant. (18 m’/day)
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Nueva idea de prototipo

CONTROL SYSTEM

SWRO desalination

15 kW wind turbine.
(Synchronous type generator)

Buck-Boost converter

Ultracapacitors bank




Configuracion hidraulica y
nuevos equipos para la
planta desaladora

Product Flushing tank @ On-off

Frequency
converter
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Nivel de control
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. Sand-anthracite filter
Nivel de campo

Flow sensor. n Check valve.

Actuadores Sensores Pressure sensor.

Conductivity sensor.

. A Praccnns veces
- Selenoid valve. PV: Pressure vessel.

- Proportional sclenoid valve. @ Temperature sensor. A —— B
EM: Electrical motor  HPP: High pressure pump




El sistema de control

Supervisory and management interface

with implemented
Machine Learning
techniques

Wind speed

Pressure

control loop

Pressure
control loop

A Feed flow
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Sistemas de desalacion

accionados con energia eolica

constant feed flow
b 6.4% 113.0 % \ 191 % . 24.8 %
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Pohl et al. [1] propose different operating strategies:
(a) constant feed pressure / variable feed seawater flow rate
(b) constant feed seawater flow rate / variable feed pressure

feed pressure feed seawater
™~ prf/' flow rate
Pye = Pro = ——
n A
ef ficiency

[1] Pohl R, Kaltschmitt M, Hollander R. Investigation of different operational strategies for the variable
operation of a simple reverse osmosis unit. Desalination 2009;249:1280-7.
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Determinacion de los limites tedricos de operacion admisibles para
la planta desalinizadora

—— Two pressure vessels

Maximum feed flow
—— One pressure vessel

10% xl 13.56%

150 ppm
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Estrategia de operacion en la planta desaladora

Recuperacion =

—— Two pressure vessels ~ —— One pressure vessel

feed pressure
19.53 m’/day
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Pohl et al. [1] propose different operating strategies:

(c) variable pressure and feed flow rate / constant recovery rate

0

Power (kW)

[1] Pohl R, Kaltschmitt M, Hollander R. Investigation of different operational strategies for the variable Feed pressure (bar)

operation of a simple reverse osmosis unit. Desalination 2009;249:1280-7.




Experimental determination of reference pressures and flow rates
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—— Two pressure vessels ~—— One pressure vessel

19.53 m’/day

—_
W
L

Permeate flow (m'/day)

—_
o

Feed high-pressure (bar)

—_—
£
-
=
S
=
=)
—
-
L
D
-
=
=
o
o
7
3
"J
e

One pressure vessel

Measured flow data © Measured pressure data

-_6.1:3 kW

=== Fitted curve — Fitted curve

O=="r
200 ppm .15 21 kW]
0 2 6 8

O Measured flow data © Measured pressure data | o . Power (kW)

' 0
Two pressure vessels

-== Fitted curve — Fitted curve

L

6 10
Power, P,,, (kW)

3. Preliminary studies to achieve the variable regulation and the smart energy management on the prototype



Prueba de la operacion de la planta en condiciones variables
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Resultados
Después de la operacion de la planta desaladora bajo condiciones variables

Wind speed

it

I

Conection of second pressure vessel

[a—
L

l Disconnection of second pressure vessel

—— Reference pressure, p,,

—_
o

—— Applied pressure, p,

0
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Time (min)
7

Power (kW)
Wind speed (m/s)

6

—— Reference power consumption

Feed seawater flow (m’/h)

, ——SWRO desalination plant power consumption
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— Used flow, O, . .
okl ! Time (min)
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3. Preliminary studies to achieve the variable regulation and the smart energy management on the prototype



1 == — Two pressure vessels: temperature=25°C, seawater concentration= 35200 mg/l TDS

Two pressure vessels: temperature=20°C, seawater concentration= 39800 mg/l TDS
Two pressure vessels: temperature=25°C, seawater concentration= 35200 mg/l TDS
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—— — One pressure vessel: temperature=25°C, seawater concentration= 35200 mg/l TDS
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¢Qué es la Inteligencia Artificial?

n LAS PALMAS DE GRAN CANARIA
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Actuar como Pensar como

los humanos los humanos
John McCarthy
«la ciencia e ingenio de hacer maquinas
inteligentes, especialmente programas
de computo inteligentes» (1956)
Actuar Pensar

racionalmente racionalmente
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n LAS PALMAS DE GRAN CANARIA

¢ CoOmo se consigue esto?

¢ Como se puede aplicar a la desalacién?
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Algoritmo de Machine Learning
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» Noticias » Ciencia y tecnologia

Inteligencia artificial para detectar denuncias falsas a la
policia

» Un equipo investigador ha desarrollado Veripol, que determina la veracidad de las declaraciones de robo

» Tiene una tasa de exito del 91%, 15 puntos superiores a la de agentes expertos

18.09.2018 | actualizackon 15:06 horas Por  AGENCIA SINC

Pedro Cabrera




Analisis lingiiistico

Por ejemplo, se sabe que en los casos de robo, las declaraciones verdaderas se
presentan mas detalles, descripciones e informacion personal, frente a la
insistencia exclusiva en el objeto extraido y la omision de detalles sobre el
atacante o como sucedio el incidente de las falsas. A partir de este analisis
linguistico, Veripol es capaz de crear un patron eficaz.

l

ﬁ

000
000
000
000

Numero de adjetivos utilizados,
Numero de referencias al objeto extraido,

Numero de referencias al atacante,
etc... Algoritmo de Machine Learning

e e e e i e _ Denuncia falsa/
Denuncia verdadera




Paso 1: Paso 2: Paso 3:
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Entrenamiento humano Extraccion de informacion Seleccidon de variables

Paso 4: Paso 5: Paso 6:

Entrenamiento del algoritmo con

_ _ Uso del algoritmo con
entradas y salidas conocidas

nuevas entradas

Calculo del error cometido




([ 34. Evaluacion
¢ interpretacion

L3 5. Aplicacion

L 31. Recopilacion JCE 2. Seleccion y ¥ 3. Mineria de

o{f‘-»o === NI " 1)
SOV - ~EHH - o -y =Y
o) A A A 'l' A O oH -ﬁ‘
.................... T T S TR SO,
Sistema Conjunto de datos Datos Modelos/ Errory Conocimiento
completo brutos recolectados seleccionados patrones medidas de util y aprovechable
obtenidos precision del
modelo

Figura. Esquema general del proceso de extraccion del conocimiento (inspirado en los modelos propuestos por Hernandez-Orallo et al. y Fayyad et al.).



Entrenamiento humano

1 Establecimiento de Temperatura a un valor (entre 202C — 252C)

2 Ensayo del sistema a distintas conductividades (entre 35200 y 39800 mg/I)

3 Ensayo del sistema a distintas potencias (entre 1y 12 kW)

-~ (situando distintos valores de caudal y presion)

Electrical
/«" motor

High pressure pump

High pressure

relief valve

Sca ’
water
&=

Brine ‘—
Product <}:|

Mi

Heat resistors

—.. Pump
agitator |58

Low pressure pump

Xing-water | i..o..ooo.oo.oo.o
tank




Paso 2:

\

Extraccion de informacion

Recopilacion: donde se recopilan, registran o integran datos
procedentes de distintas fuentes, sensores, ensayos o analisis.
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Brine 47 e

Product <=
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Paso 2:

Extraccion de informacion

O Recopilacion: donde se recopilan, registran o integran datos
N procedentes de distintas fuentes, sensores, ensayos o analisis.
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Paso 3:

Table 1
Samplke of data recorded when operating the SWRO desalination plant with one and two pressure vessels. These data are used to carry out the training, validation
and testing of the ANN models(¥*)

One pressure-vessel Two pressure vessels
Row Conduct. [ Temp. Power | Pressure | Flow rate Row Conduct.  Temp. Power  Pressure  Flow rate
number|  (uS/cm) (°C) (kW) (bar) (m’/h) number  (uS/cm) (°C) (kW) (bar) (m*/h)
T 7635 | B35 184 | 3343 T.05 T 47708 2120 4il 36.35 3.06
2 45032 | 20091 1.84 3334 0.97 2 47251 2493 412 35.25 3.07
3 47763 | 23.44 1.85 33.38 1.04 3 46688  23.28 419 35.55 3.04
9 47645 | 2354 187 | 3327 0.98 171 55360 2039 577 4331 3.53
10 47645 | 23.43 1.87 3333 1.04 172 55626 2056 578 4333 3.51
1 51611 | 23.98 1.87 34.08 1.00 173 47551 1332 579 3870 410
32 51241 | 2645 200 | 3811 0.96 318 51667 1988  7.53 44.60 454 | 0 d bl
33 53732 | 24.36 209 38.57 1.07 319 47167 2489 71.55 40.65 5.04 idon vari
34 53813 | 24.11 209 3176 1.01 320 54781 2106  71.56 46.15 452 Seleccio € variables
76 47208 | 20.61 263 | 37.13 1.50 383 53215 2618 836 4543 5.07
77 50507 | 21.45 268 39.47 1.49 384 53215 25.89 8.36 45.19 5.03
78 50668 | 21.28 269 3976 1.52 385 52824 2581 8.36 45.41 5.05
100 51206 | 2670 283 4038 1.50 550 46935 2279 9.86 45.08 6.08
101 53132 | 2618 283 40.33 1.50 551 46305 2271 9.87 44,83 5.97
102 51206 | 26.38 284 4038 1.51 552 47323 2281 9.87 4492 6.02
10 52875 | 2623 288 | 4016 1.46 682 53523 2066 1096 50.68 613
1 51133 | 2623 200 | 4020 1.47 683 52832 2093 1096 5040 6.05
12 54180 | 2075 298 4233 1.49 684 53523 2114 1096 5079 6.08
503 53655 | 21.21 6.21 5283 3.03 690 52832 2072 1105 5059 6.07
504 53230 | 21.09 6.22 53.0 3.07 691 52832 2099  11.06  50.63 6.07
505 53230 | 2111 6.22 5277 297 692 52832 2096  1L07 5041 6.07
(*)NumbersTmbotd-mdicate the minimum and maximum recorded ol the five vanables.




cvpartition: Create cross validation partition data fitnet: Function fitting neural network
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Results

Wind turbine power output (kW)

MG-1 (36 start/stop. Permeate flow=19.2 m’/day)
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...the authors were able the combine the ANN and the
engineering to a level that deserve publication as one of the first
steps towards optimal operation of membrane systems. For this

they deserve a real applause.



Sistema de control

e .
S R

: Convertidor Convertidor :
rectificador inversor i
; > ¢ > 5
E - Convertidor ] T i
[ SR Planta desaladora de
1 dsmosis inversa
: Aerogenerador
(Maquina sincrona I
de imanes permanentes)
; Banco de :
supercondensadores

Pedro Cabrera




Por otra parte:

/. Tve just
been Fe.e.\ir_\g

disconnected.




Comunicaciones

3

b

Energia

Transporte




Research question ?
Do
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éSeria posible incrementar la integracion de
Energias Renovables en un sistema aislado
como Lanzarote gestionando la desalacion?
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¢Smart Energy System?

Los sectores de un Sistema
energético se consideran
independientemente




¢Smart Energy System?

Los sectores de un Sistema
energético se consideran
independientemente

Sin embargo si estos se integran
y colaboran entre si, se optienen
mejores soluciones
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GENERAL METHOD

IDENTIFYING RESOURCES AND

SMART
ENERGY-WATER

ISLAND! DEMANDS - Energy-Water resources
and demands are i1dentified on the island
/ using official records.
€ 3
v J
2 ) MODELLING REFERENCE
® SCENARIO - A known
° Energy - reference scenario is modelled
® A" using the EnergyPLAN tool.
s |

4 ) VALIDATING REFERENCE SCENARIO -
Data obtained from EnergyPLAN and
SELECTING THE BEST official real data are cross-crecked
COMPROMISE ENERGY-WATER to validate the results obtained from
INFRASTRUCTURE USING A the model.

PARETO-BASED MULTI-OBJECTIVE /

OPTIMAL CRITERIA - The results

obtained in the exhaustive search

performed in step 4 allow the selection

of alternative infrastructures attending GENERATING THE POPULATION OF FEASIBLE

to different criteria (minimum CO?2 ENERGY-WATER SYSTEMS USING AN EXHAUSTIVE
emissions, minimum costs, maximum SEARCH - An exhaustive search of water infrastructures

RES share of PES, etc.). A Pareto-based and optimal renewable configurations is made to generate a set
multi-objective optimal criteria is applied. of optimal energy-water feasible solutions to be analysed in the

following step..



1. Identificacion de los recursos disponibles y las
demandas
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1. Identificacion de los recursos disponibles y las demandas
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using official records.
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MODELLING REFERENCE :
SCENARIO - A known I
. reference scenario is modelled :
' using the EnergyPLAN tool. :
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3.

VALIDATING REFERENCE SCENARIO -
Data obtained from EnergyPLAN and

official real data are cross-crecked

to validate the results obtained from

the model.

4.
SELECTING THE BEST
COMPROMISE ENERGY-WATER
INFRASTRUCTURE USING A
PARETO-BASED MULTI-OBJECTIVE /
OPTIMAL CRITERIA - The results

obtained in the exhaustive search
performed in step 4 allow the selection

of alternative infrastructures attending GENERATING THE POPULATION OF FEASIBLE

to different criteria (minimum CO?2 ENERGY-WATER SYSTEMS USING AN EXHAUSTIVE
emissions, minimum costs, maximum SEARCH - An exhaustive search of water infrastructures

RES share of PES, etc.). A Pareto-based and optimal renewable configurations is made to generate a set
multi-objective optimal criteria is applied. of optimal energy-water feasible solutions to be analysed in the

following step..



2. Se modela el escenario de referencia

EnergyPLAN

INPUT

Demands

Electricity

Cooling

District heating

Individual heating

Fuel for industry

Fuel for transport

RES

glnd'l'h al

ar Therm

Photo VoRaic Regulation

Geothermal Technical limitations

Hydro Pover Choice ofstrateqgy

Wave CEEP strategies
Transmissioncap.
External

efficiencies

Power Plant

Boilers

CHP

Heat Pumps

ElectricBollers

Micro CHP

Storage

Hod;grage Fuel Cost

Hydrogen storage Typesoffuel

Electricity storage CO2emission factor
CO2emission costs |
Fuel prices

Transport

PetrolDiesel Vehide

Gas Vehicles Cost

Electric Vehicle Variable Operation

V2G Fixed Operation

Hydrogen Yehide Investment

BiotuelVehicle Interest rate

1 Balancincheatdemand

2 Balancing both heat and electricty demand

3 Balancing both heat and electricity demand (reducing CHP even
when partially needed forgrid stabllisation)

4 Balancing heat demand using triple tariff

Or: Electricity market strategy
Market simul ation ofplant optimisationbased on businass econtm
marginal production costs.,

And: Critical ExcessE lectricity Production
Reducingaind

Replacing CHP with boler orheat pump
Electric heating and/orbypass

OUTPUT

Results

(Annual monthly

and howdly values)
Electricity produdction
Electricty importfexport
electricty excess produdtion

Import expenditures,

export revenues
Fuel consumption
CO2emissions
Share ofRES
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RES share of PES, etc.). A Pareto-based and optimal renewable configurations is made to generate a set
multi-objective optimal criteria is applied. of optimal energy-water feasible solutions to be analysed in the

following step..
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3. Se validan los resultados del modelo con los de la

realidad

Electr. demand (MWh) Electr. demand (MWh) Electr. demand (MWh)

Electr. demand (MWh)

200

150

100

i
(=)

(=]

200

150

100

50

200

150

100

50

200

150

100

50

January

I Calculated by EnergyPLAN
Actual

00:00

(=4 (=3 (=3 (=}
(o] [=3 o (=3
— (=] — (=]

Jan 14, 2018-Jan 15, 2018

(a)
February

I Calculated by EnergyPLAN
Actual

00:00

= =3 =3 =3
< e < <
& S & S
— S — S

Feb 14, 2018-Feb 15, 2018

I Calculated by EnergyPLAN
Actual

00:00

=3 =3 = =
S S S S
A =3 A =)
— <o — (=)

Mar 14, 2018-Mar 15, 2018

I Calculated by EnergyPLAN
Actual

00:00

12:00
00:00
12:00
00:00

Apr 14, 2018-Apr 15,2018
(d)

Electr. demand (MWh) Electr. demand (MWh) Electr. demand (MWh)

Electr. demand (MWh)

May

200

150

100

wn
S

(=]

00:00

I Calculated by EnergyPLAN
Actual

(=3 [ (= [=3
o f=3 (] (=3
— o — (e}

May 14, 2018-May 15, 2018
(e)

June

200

150

100

50

00:00

I Calculated by EnergyPLAN
Actual

12:00
00:00
12:00
00:00

Jun 14, 2018-Jun 15, 2018
()

200

150

100

50

00:00

July

I Calculated by EnergyPLAN
Actual

12:00
2:00

00:00

<o —

Jul 14, 2018-Jul 15, 2018

200

150

100

50

00:00

I Calculated by EnergyPLAN
Actual

12:00
00:00

2:00
00:00

—

Aug 14, 2018-Aug 15, 2018
(h)

Electr. demand (MWh) Electr. demand (MWh) Electr. demand (MWh)

Electr. demand (MWh)

200

150

100

i
[=}

(=]

200

150

100

50

200

150

100

50

200

150

100

50

September

I Calculated by EnergyPLAN
Actual

00:00

12:00

o
o
S

12:00
00:00

S

I Calculated by EnergyPLAN
Actual

00:00

12:00
00:00
12:00
00:00

Oct 14,2018-Oct 15, 2018
)

November

I Calculated by EnergyPLAN
Actual

00:00

12:00

o
<
S

2:00
00:00

[e) —

Nov 14, 2018-Nov 15,2018
(k)

December

I Calculated by EnergyPLAN
Actual

00:00

12:00
00:00
12:00
00:00

Dec 14, 2018-Dec 15, 2018
M



3. Se validan los resultados del modelo con los de la
realidad

Table 3
Average monthly eledncity demand obtained from the EnergyPLAN mode] and
actual valoes for the vear Z00E in Lanzaroée.

Monh Actual EnergvPLAN Differemee hferemee
2018 2018 {GaWh) {GWh] (%)
(W) rotTT :
January pls 7503 T 05 | LE] |
February 5. 70 B 46 LY | —0.36 !
March 71.13 &3.A3 ~1.30 \—1.B3
Agril . 06 &7.5] _OE | _{LBT !
May E5.0% 8.4 _O.E5 ' 0TS |
June 6747 6.7 ~O.7E | 1.0
Juty T30 7597 1.07 i 1.48 i Error <5%
August 75,31 7206 _29%5 ' —3.08 !
Seprember  T4G2 T45] —o10 .14
Orotnbwesr 75.08 TEA7 034 | DA !
Moy ectees GE.E3 TOL50 1.66 ' 247 !
Lo reiiters TZE] 7228 D33 | T
Tostal ASE.0E 85405 _1.04 i-u.u i
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multi-objective optimal criteria is applied. of optimal energy-water feasible solutions to be analysed in the
following step..
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VALIDATED REFERENCE SCENARIO
Energy [d¥WA\\

Advanced energy
system analysis
computer model

UNALTERED VARIABLES -

1. DEMANDS
a. Electricity demand
b. Freshwater demand
c. Others

2. COSTS
a. Fixed operating costs
b. Variable operating costs
c. Investment
d. Interest rate
e. CO2 emission costs
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I
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5. Se selecciona el escenario que guarda un mejor
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PES distribution and CO, emissions

for the Pareto-optimal configurations and the reference scenario

Reference

Pareto-optimal
(right extreme)
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(trade-off)
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Energy-water infrastructure configuration
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2
o
%)
@
1
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0.929 Mt

Reference

Pareto-optimal Pareto-optimal Pareto-optimal

(trade-oft)

0.741 Mt

(right extreme) (left extreme)

Energy-water infrastructure configuration

Wind
PV

Oil

N. Gas

CO2
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Conclusiones

Se puede flexibilizar el
consumo de la desalacion

&
¥ 2%

Las técnicas de Inteligencia
Artificial son apropiadas para
este objetivo

/'\ La flexibilizacién de la
desalaciéon puede contribuir al
incremento de renovables en
una isla
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