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A renewable electricity system
for mainland Spain and its
economic feasibility.
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Cost analysis

Example of 100% renewable mix to meet all power
demand

Summary of outcomes

Conclusion



Questions to answer:
Is it possible to avoid climate change? Are we on time?

Is it possible to shift clean for dirty energies? What about a specific
country, such as Spain? How much of the energy consumed in Spain
could come from renewable sources?

Would power be available anytime (day and night, winter and summer)
and anywhere (country and town, industries and residential and
commercial buildings) it is demanded? What happens when the sun is
not shining and wind is not blowing?

How many renewable plants would we need and how should they be
operated? Where should they be sited?

Would a renewable-based system cost more?



Goal:

To quantify and evaluate technically the feasibility of a
scenario relying on renewable energies for the power
generation system in mainland Spain.



Methodology

1. Analysis of capacity and generation ceilings (Renewables
2050)

2. Cost analysis

3. Temporal analysis

4. Power generation system analysis



Renovables

2050

A report on the potential of
renewable energies in
peninsular Spain

Electricity generation potential with renewable sources:
* 56.42 times peninsular electricity demand 2050
* 10.36 times peninsular total energy demand




GREENPEACE

“Renewables 2050"” report
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Energia total. Nimero de veces que seria posible satisfacer con cada energia renovable la demanda energética total de la Espafia peninsular.

Escenario demanda energética total para 2050: 1.525 TWh/afio

Solar
8,32 veces
Solar Termoeléctrica .
35,35 veces Edlica
1,72 veces

Minihidraulica

0,03 veces
' Olas
Solarlotqvqltaica e Monte bajo 0,19 veces
Eolica terrestre con seguimiento 0,06 veces
8,16 veces 4,94 veces . Bi
: o Geotérmica lomasa
0,07 veces 0,09 veces
Hidroeléctrica «a s
0,11 veces Electricidad total. g:}dsraullca
Chimenea Nimero de veces que 100 VECES
solar Cultivos energéticos  S€ria posible satisfacer
2,99 veces 013 veces con cada energia | Geotérmica
! renovable la demanda 0.01'veces
Cultivos forestales eléctrica de la Espana ’
0,14 veces Peninsular. Escenario
‘ Bi . - demanda eléctrica para
iomasa residual y biogas 2050: 280 TWh/afio

0,18 veces
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Comparison Cost analysis

Edlica terrestre llano -1

Edlica terrestre accidentado -1
Eélica terrestre llano -2

Edlica terrestre accidentado -2
Edlica terrestre llano -3

Edlica terrestre accidentado -3
Olas -1

Edlica marina -1

Termosolar -1

Edlica terrestre llano -4

Olas -2

Edlica marina -2

Termosolar -2

Eélica terrestre accidentado -4
Geotérmica

Eélica marina -3

Olas -3

Termosolar -3

Biomasa residuos

Edlica marina -4

Termosolar -4

Edlica terrestre llano -5
Bombeo hidraulico

Olas -4

Edlica terrestre accidentado -5
Eolica marina -5

Termosolar -5

Biomasa cultivos (R)

A A A A A A A A
0 1 2 3 4 5 6 7

R- Regadios. MB- Aprovechamiento monte bajo. SAP- Secano alta productividad. SH- Secano himedo. SSA- Secano semi-arido.
SA+SAF- Secano érido y sistema agroforestal. CFRR-H- Cultivo forestal de rotacién répida (zona himeda).
CFRR-S- Cultivo forestal de rotacian rapida (zona seca)

0444444444
H
g

LEC (c€/kW.he)
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Ciclo combinado (200-350 MW)

Comparison

Biomasa_MB (1.850 mm/a)
Biomasa_cultivos (SAP)
Biomasa_cultivos (SH)
Biomasa_cultivos (SSA)
Biomasa_MB (1.000 mm/a)
Biomasa_MB (700 mm/a)
Biomasa_cultivos (SA+SAF)
Biomasa_CFRR-H
Minihidraulica
Biomasa_MB (550 mm/a)
Biomasa_MB (475 mm/a)
Biomasa_CFRR-S
Biomasa_MB (425 mm/a)
Fotovoltaica seguimiento -1
Fotovoltaica seguimiento -2
Olas -5

Fotovoltaica seguimiento -3
Fotovoltaica edificacion -1
Fotovoltaica seguimiento -4

Hidroeléctrica
Fotovoltaica seguimiento -5

Fotovoltaica edificacion -2

Fotovoltaica edificacion -3
Ciclo combinado (>350 MW)

Fotovoltaica edificacion -4

Cost analysis

Nuclear (500-1.000 MW)

Fotovoltaica edificacion -5

A

0

0444444444

A A A A

Mayor coste

25 30 35 40  LEC (c€/kW.he)

R- Regadios. MB- Aprovechamienta mante bajo. SAP- Secano alta productividad. SH- Secano himedo. SSA- Secano semi-drido.
SA+SAF- Secano érido y sistema agroforestal. CFRR-H- Cultivo forestal de rotacién rdpida (zona himeda).
CFRR-S- Cultivo forestal de rotacién rdpida (zona seca)
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Example

22% P T4TGW  20% 0203 GW
2,0% P 240 GW 1.5% ¥ 2,13 GW
0,75 0,74 GW

4,3% ¥ 4 BS GW
33,7% * 38,00 GW

5.9% ¥ 6,59 GW

14,7% F
16,57 GW

32.5% ¥ 36,60 GW
lermasolar Biomasa
Effica tnrrestre FV edificins
B Hidroetéctrice B Minihidraulica
. Edlica marina B Fv seguimiento
| il B Gecadrmica

Installed capacity by
technology

100% renewable mix

Technology diversity

Camoteriticas priscipalze dal nix

Potanaia instalada

Exergudispnik

Mittiph sokri5M|

Capanidad da acunlaricn

Cobertara damand | 3F)

Ciaficie de enengia an relacion a b dananda anual
Everpaa disparan rakirion a l damanda anwl
Ganaraziandisponbk o relazion a la damanda anial
Eneya aportada parla biomasa

Potanzia dalioiana mivina

Polanzia deipeda nadna

Cosk akcmedad anual |LECisn inversian kdradica
Hibridacion salar.biomasa

Func mvamieniamirihicraulica

Fraccian sfikzada daliaobo da porencia adfica lamastra
Fraceiin ntiizada daliaoho da pofencia emosolar
fevpaoin de ki
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Example 100% renewable mix

Technology diversity

Potencia (GW) — Renovable — Demanda

50,00-
40,00
- I
S am il s
g 10,00 -10,00 ?g
g 000 000 B
-10,00- --10,00
-20,00- --20,00
-30,00 | | | | | | | | | | | -30,00

0 730 1.460 2190 2920 3650 4380 5.110 5840 6570 7.300 8.030 8.760
Tiempo = 8.760,00 [hr]

Annual hourly evolution of available power, demand, dissipation and deficit for a mix with
SM= 2.5 with storage capacity of 1.5 TWh. SF=100%
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Example

100% renewable mix

Technology diversity

Termosolar
SEH%
PEHBS
P s

Edlica merresire

: Eblica maring

Oias
e -t
2143 MW

Beomasza
Geotérmica
Fotovoitaica
Es intagrada

Fetovoitaica
Cal SEgUIManto
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Another

5.7% ¥ 5,0 GW 2.5% 0 2.2 GW
53.4% ¥ 472 GW
21600
19,1 GW
16.8% ¥ 14.9 GW
Edlica terrastre llano B Bombeo hidro

Termosolar + hibridacian con biomesa residual | Minihidréulica

B Hidraulica regulada y Buyente

Installed capacity by
technology

Economic optimization

Demand-side

management

E = 303 9 TW h/a
2.7% 23%
28% ‘ 1.5%
8.6%
Edlica terrano llano Bombeo hidraulico axistente
Tormasolar B Bombes hidriulico nueve
Hidrauhca requlada . Minibndraishca

Biomasa @n cenfrales termosolares . Hidriguliza fluyente

Configuration and electricity generation,
mix optimized for NSEC = 500c€/kWh,
SM=2.29, SF=99.993%, LEC= 2.42 c€/kWh
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Another Economic optimization

Demand-side

mahagement

CENS = 500 c€/kW.he

CENS = 500 c€/kW.hs Hasta coste de energia no suministrada
- 3.500- :
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0 1.000 2.000 3000 4.000 5000 6.000 7.000 B8.000 9.000 ]
Tiempo (h) D 1000 2000 3000 4000 S000 G000 7000 EBOO0 9.000
Tiempao (h)

Annual hourly evolution of marginal cost of non-supplied paweral hourly evolution of marginal cost of non-supplied electric
for an optimized mix for NSEC = 500 c/kWh, for an optimized mix for NSEC = 500 ¢/kWh,
SM= 2.29, SF= 99.993%; LEC= 2.42 c€/kWh SM= 2.29, SF= 99.993%; LEC= 2.42 c€/kWh
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Summary of outcomes

* Geographic dispersion = generation more regular on
time

* Solutions to fluctuation of available resource: more
installed capacity; regulate with biomass, geothermal, hydro;
hybridate solar thermal-biomass (increases security of supply
and cuts system cost)

* There are multi-fold renewable mixes able to meet the
whole demand

* Technology diversity = less necessary capacity and more
security of supply

* Minimum need for energy storage
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Summary of outcomes

* No technology becomes dominant in 100% renewable systems
at minimum life-cycle cost

* 100% renewable mixes more economic than current ones

* Demand-side management: most economic and appropriate tool to
cover the few deficits

* Planning is necessary for economically optimum mix
* Power grid should adapt to a renewable system

* Energy system integration would get big energy savings and would
cut total cost

* Renewables will have to regulate in order to be main elements in
power generation system
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Final conclusion

* It is feasible to raise a power generation system based
100% in renewable energies, to cover electricity demand
as well as total energy demand

* Total costs of generated electricity are perfectly
acceptable and very favourable with regards to to business as

usual

* There are enough tools to guarantee demand coverage



