|
\\n/, MASLOWATEN

MArket uptake of an innovative

—T V77 Loglaz;;(rm SE)IEJ.tlon based on .
A V7l er-ENergy consumption

\ L/

£ .\

Sistemas de riego fotovoltaico de alta potencia

Luis Narvarte

Coordinador, MASLOWATEN
Instituto de Energia Solar
Universidad Politécnica de Madrid

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No640771



A/

=2 MASLOWATEN

&,
- N | &
—

ANTECEDENTES

El coste eléctrico para agricultores y Comunidades de Regantes
« FENACORE : incremento de costes 627% - 1255%

* 40% - 50% del total de costes de produccion

¢ 2° consumidor eléctrico en Espafia

Unica alternativa para algunos cultivos
 Remolacha — 2017

Mercado Potencial
e Sur de Europa: 14 millones Ha -16GW — 24.000M€
« Norte de Africa (Red + diesel): 1,5GW — 2.250 M€

This project has received funding from the European Union’s Horizon 2020 8/6/2017

research and innovation programme under grant agreement No640771
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¢, Qué NO es adaptar el FV al riego?

Lo que NO es:

 MPPT en el variador

» Solucion preparada desde fabrica

» Adaptar la red de riego al sistema FV

» Presion constante = Aumentar el tamafio del sistema FV a balsa

El pobre estado del arte actual:

» 4 ofertas a una comunidad de regantes:
» Tamafo: de 90 kWp a 250 kWp
* Precio: de 1€/Wp a 2,7€/Wp

« No es que engarien; es que es nuevo conocimiento

This project has received funding from the European Union’s Horizon 2020 8/6/2017

research and innovation programme under grant agreement No640771
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¢ Qué Sl es adaptar el FV al riego?

Lo que Si es:

* Resolver los problemas asociados a la intermitencia FV
 Ajustar la generacion FV a las necesidades de riego
o Integrar el sistema FV en el sistema de riego existente

» Asegurar la fiabilidad durante 25 afnos

This project has received funding from the European Union’s Horizon 2020 8/6/2017

research and innovation programme under grant agreement No640771
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El Problema de la Intermitencia FV:

La potencia FV disponible no es constante, pudiendo fluctuar bruscamente debido al paso de las nubes

Fluctuacién de la potencia
disponible

ia 18 de septiembre

D
-G (W/m2)
1000 1+ T€ (°C) - : 100

Fluctuacién de la potencia disponible, tras implementar
algoritmos especificos en el variador de frecuencia

Estas fluctuaciones producen una desestabilizacién del sistema FV al detenerse
bruscamente el variador, pudiéndose producir:

® Golpes de ariete: reduce el tiempo de vida de la parte hidraulica

® Sobretensiones: reduce el tiempo de vida del variador y motobomba

This project has received funding from the European Union’s Horizon 2020

253m

research and innovation programme under grant agreement No640771
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Ajustar la generacion FV a las necesidades de riego

seguidor multiejes
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estructura estatica

- El seguidor de 1 eje horizontal, permite bombear en los meses de
verano una cantidad de agua similar al seguidor multiejes, pero es
mas sencillo, por lo que es mas robusto, mas barato y mas fiable.

This project has received funding from the European Union’s Horizon 2020 8/6/2017

research and innovation programme under grant agreement No640771
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Integrar el sistema FV en el sistema de riego existente
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Reducir el grado de novedad:
 El agricultor sigue haciendo lo mismo
 Incentivo para reducir el consumo de agua

This project has received funding from the European Union’s Horizon 2020 8/6/2017

research and innovation programme under grant agreement No640771
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Asegurar la fiabilidad durante 25 anos

Sistemas de calidad = fiabilidad:

- Las especificaciones técnicas y los controles de

calidad han de estar incluidos en el contrato.
MASLOWATEN

« MASLOWATEN ha desarrollado las especificaciones técnicas Certified

para instalaciones fotovoltaicas, disponibles en la web para su
libre uso y descarga

Seguidor:

- Si el seguidor no ha sido probado es mejor instalar los modulos
fotovoltaicos en una estructura estatica mirando al sur.

This project has received funding from the European Union’s Horizon 2020 8/6/2017
research and innovation programme under grant agreement No640771



https://goo.gl/FTSUR9
https://goo.gl/FTSUR9

Ny

=2 MASLOWATEN

Advertencias

CALIDAD DE LOS SISTEMAS:

 Si seqguidor no ha sido probado, es mejor instalar en estructura estatica

» Contrato sin especificaciones técnicas y control de calidad = papel mojado

FIABILIDAD ANTE PASO DE NUBE:

e Si no tienen resuelto esto, no es solar

BOMBEO A PRESION Y CAUDAL CONSTANTE:

 Site dicen que es a presion constante, hay muchas probabilidades que sea “a balsa”
sobredimensionado

 Si tiene control por presion, el problema de la intermitencia es mas grave

PROGRAMACION Y SINTONIZACION DE LOS VARIADORES:

 Siviene programado de fabrica, no funciona

This project has received funding from the European Union’s Horizon 2020

8/6/2017

research and innovation programme under grant agreement No640771
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State of Art

METODOLOGIA:

» 5 “primeras aplicaciones de mercado”:
» Alicante (Espafia): 360 kWp

» Valladolid (Espana): 160 kWp I—
» Alentejo (Portugal): 140 kWp g = = 205 locs wtor
« Marrakech (Marruecos): 120 kwp &  unTrackine— Ha o
~ . £ Inttermittence-free»| — From 50% to 75%
» Cerdena (Italia): 40 kWp cost saving
 Validacion técnica y econdmica e
y TRANSFERENCIA de TECNOLOGIA:

» e Transferencia a al menos 20 PYMES
» Penetracion de mercado:

 Visitas técnicas a los demostradores
« Exhibiciones y ferias * Al menos 5GW en el sur de Europa en 2018
 Acreditaciones y especificaciones técnicas

e Seminarios internacionales

This project has received funding from the European Union’s Horizon 2020 8/6/2017

research and innovation programme under grant agreement No640771
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Villena (36_0 IkWD‘): solo FV, Bombeo a balsa

% -

650.000 m3/afno
288 m
63 1/s

Generador Fatovoltaico 18 filas - e e Vantilagién 10
0 N w
360kWp 0 Variado Mx20,5kW 4 femarde

e : 3 batsal?
Cantador con emisor Pulsos DN-250 .
Q= 750 m3/n (proyects) - 350 m3/h (det) Balsa> 75.000 m™ aprox

Sélo Bombeo FV diurno Volemen 150mx 100mx5m

Variador A1000 de 355 kW
[ND) CIMR-ACAA0E75-FAA- Filtra Sancidal AC
+FUENTE24V Salida 1>250 m

400..900 V de

Nieide balsa
SensorRadacan (G}
Bulsoscontador

........................... Sistema auxiliar FV 1 kWp caseta de Variador }:ﬂ KW a 300 metros

& KWh/dia Paneles 1000 we Ana50 m
Regulagor 754 v
Bateria 2avasahkcio

Ustado cargas Imversar 24V~ 5000W

HMI+PLC- 24V DC
Fupnte 230- 12/ 28V

ModEm -router

lluminasién Interier
Alarria taseta y generador
Matores y control seguidares

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement No640771 26/6/2017
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Valladolid (160 KWp): solo FV, pivot con aspersores de baja presién, presién constante

TANK 1000m3

Ger\eraﬂorFﬂtﬂtﬂh\mlﬁﬂkﬂp
BombeoFV diurno
TECHNICAL ROOM WELL -Pump 92 kW

SPEEDDRIVER RX 110 kW -
/ 1 - :
= =
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SPEED DRIVER RX 110 kW
| \ E Ay
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Speed Driver A100DEE A
_ MANUAL

PIVOTS -8 kW

I |
|RR|GAT|0N_|_I:I|:

ROOM Pragramadar Risga
Pragras [Agrenic 2500)

.

IRRIGATION- Pump 30 kW

Page 16
25/01/2016

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No640771
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Uri (40 KWDp): solo FV, a balsa y con aspersores de baja presion

PV GEN &0 Kwp TECHNICAL ROOM WELLL Pump 18,5kW POOL
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IRRIGATICGN- Pump 7,5 kW

This project has received funding from the European Union’s Horizon 2020 Page 17
research and innovation programme under grant agreement No640771

25/01/2016
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Alter do Chao (140 kWp): hibrido FV-red, gota a gota, presién constante
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Técnicos

Alter do Chao, Portugal (2016): 476.640 m3; 81% FV;
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This project has received funding from the European Union’s Horizon 2020 Page 20

research and innovation programme under grant agreement No640771 21/2/2018
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Técnicos
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Villena: 10:59:31 hasta 11:02:24 del 19 Octubre 2017

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement No640771

Irradiance [W/m?]

Page 21
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¢, Cuanto cuesta instalar los sistemas?

Tamaiio (kWp)
CAPEX (€) 433.098 200.351 57.778 148.704 120.277
CAPEX unitario (€/Wp) 1,20 1,25 1,44 1,24 1,22

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No640771

Place for description/details of the activity (Conference, presentation etc)
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¢, Cuanto cuesta operar los sistemas?

Tamaiio (kWp)
OPEX (€/aio) 12.993 6.011 3.000 4.461 5.108
OPEX unitario (€/Wp y ano) 0,0361 0,0376 0,0750 0,0372 0,0365

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No640771

Place for description/details of the activity (Conference, presentation etc) Page 23
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Escenario Financiero a 25 anos

Estructura: Equity: 20%; Deuda: 80%

L e e

Equity (%)

Deuda (%) 4 4 4 4 4

Wighted Average Cost of 3 3 3 3 3

Capital (WACC, %)

Risk free rate (Rf, %) 0,37 0,37 0,37 0,37 0,37

Market premium risk (Rm, %) 1,1 1,1 1,35 1,7 1,7

Income Corporate Tax (T, %) 25 25 24 21

Tasa de inflacion media (%) 2,3 2,3 1,4 1,2 3,5

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No640771

Place for description/details of the activity (Conference, presentation etc) Page 24
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Econdmicos

Alter do Chdo Ahorro Villena Ahorro Alaejos Ahorro Cerdefia Ahorro Tamellalt Ahorro

Coste de la energia %] (%] [%] [%] [%]

Previo| 25 aiios €/kWh 0,33 0,21 0,23 0,54 0,21 €

FV| 25 afios €/kWh 0,13 -61% 0,04 -79% 0,08 -64% 0,18 -66% 0,07 € -68%

This project has received funding from the European Union’s Horizon 2020

Page 25

research and innovation programme under grant agreement No640771

21/2/2018
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Econdmicos

Financial Indicators Alter do Chdo - 1% Villena : 1% Alaejos = %] Sardinia . l (%] Tamellalt - %]
6 6 6 6

Annual ELECTRICITY / DIESEL consumption | before PV system kWh or L 41.246 598.147 58.671 30.033 273.102
Annual ELECTRICITY / DIESEL consumption | after PV system kWh or L 7.866 0 9.423 0 42.765
dif kWh or L 33.380 -81% 598.147 -100% 49.248 -84% 30.033 -100% 230.337 -84%
ELECTRICITY / DIESEL cost €/kWhor€/L 0,580 € 0,105 € 0,460 € 0,270 € 0,104 €
Average annual inflation rate [25 years]* % 4,5% 4,4% 4,4% 4,4% 4,8%
Annual Saving
Average Annual Saving [2017 -2041] ° € 30.924 100.850 35.466 11.633 40.345
Financial Indicators
Payback Period years 9 7 9 8 7
NPV € 355.119 1.337.243 420.826 142.068 452.594
IRR % 11% 16% 11% 13% 16%
CAPEX € 170.277 433.098 200.351 57.778 148.704
WACC % 3% 3% 3% 3% 4%

! the average annual inflation rate includes the estimated inflation rate [source: http://www.inflation.eu/] + an additional spread of 2%
2 31%isthe higher ICT rate in Morocco with the exception of the ICT rate applicable to leasing panies and credit institutions [37%]
Source: Consortium Information - November 2017

This project has received funding from the European Union’s Horizon 2020 Page 26

research and innovation programme under grant agreement No640771 21/2/2018
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WWW.SISIfo.Info

SISIFO

SISIFO es un entorno web libre que permite simular Sistemas Fotovoltaicos.

Simulacién de la
Calidad y
Financiabilidad de
sistemas FV.

SISIFO es una herramienta de simulacion
que permite disefiar plantas FV conectadas a
red, asi como sistemas de riego FV,
utilizando modelos y mostrando resultados
orientados a asegurar su calidad y a
incrementar su financiabilidad

This project has received funding from the European Union’s Horizon 2020 Page 27

research and innovation programme under grant agreement No640771 21/2/2018
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Procedure and control device for PV pumping systems

MEBE

. 4 | Algoritme
Sistema control
PID M 1- Deteccidn de caida de tension DC por debajo umbral 1

2 - Desactivacion del control PID

3 - Frecuencia de consigna baja y pendiente de deceleracion abrupta
4 - Deteccion de tensidn DC por encima de umbral 2

5 - Activacion del control PID

This project has received funding from the European Union’s Horizon 2020 Page 28

research and innovation programme under grant agreement No640771 25/01/2016
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Electrically hybridized PV pumping irrigation systems
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This project has received funding from the European Union’s Horizon 2020 Page 29

research and innovation programme under grant agreement No640771 25/01/2016
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Hydraulically hybridized PV pumping irrigation systems
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MASLOWATEN

www.maslowaten.eu

Twitter y Facebook: @maslowaten

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No640771
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