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© Objective of the study

Solution to climate change:
substitution of renewables and efficiency for fossil fuels.

BUT...

00» Are renewables enough to meet the demand?

oo * Do we need other energy sources?



© Description of the study

Greenpeace commissioned IIT:
ceaml) Power generation system feasibility technical analysis

* in Spain's mainland

 with maximum possible contribution from
renewables

* restrictions: resource availability, environment, land
uses, demand-generation-transport time coupling

* horizon 2050
see=l) Outcomes: “Energy Revolution”
seamlp Fisrt report: Capacity and generation ceilings



© Methodology

seam)) Population and energy demand scenarios 2050

seaml) Renewable technologies:
situation and performance in 2050

esamp Environmental, social and technological
restrictions over available geographic areas and
kinds of land

sea=dp Maximum contribution from each of them:
capacity and generation ceilings



© Hypothesis

eeam) Spanish mainland population in 2050: 38.31 M.inhab.,
spatially spread like in 2003

esam) Power demand in 2050:

- 20 kWh/inhab-day = 280 TWh/year. Obtained after discounting

from business as usual:
- 80% hot water, through solar thermal and biomass
- 80% space heating, through bioclimatic arquitechture, solar
thermal, biomass and insulation
- 60% space refrigeration, through solar thermal and
bioclimatic arquitechture
- Demand-side management not considered

- Per capita demand spread by regions = 2003
- Same per capita demand in every province in the same region
- Hour modulation = 2003

seaml)y Final energy demand:
109 kWh/inhab-day= 1,525 TWh/year.



© Methodology

Land uses

eeam) Land availability (Geographic Information
System)

seaml Environmental restrictions:

- Exclude 28% peninsular territory
- Areas excluded in general:

. Natura 2000 Network: SPA + SCI
- Protected natural areas



© Methodology

Environmental restriction (2s % territory)

Total excluded areas for the capacity and generation ceilings for environmental reasons (SCI+SPA+protected
natural areas). Source Ministry of Environment



© Outcomes by technology

Geothermal

Hydro

Biomass

Waves

Off-shore wind

On-shore wind

Solar chimney

Solar PV in buildings

Solar PV with tracking
Concentrated solar thermal



© Outcomes by technology
HD“R Geothermal

[Fivizion by Autenomous Comsmunities of capacity and electric gration
ulﬂnnu=1j-rmlmullw}d11hhh¢hnuh“ e

% ol the capacity and alectricity genssation cailings in each Commirsty
| BEE  RUaSEE 5% 10% 5%

Total: Capacity ceiling = 248GW Electricity generation ceiling = 19.53 TWh/a
(7% of 2050 peninsular e ectricity demand)




© Outcomes by technology
Hydro
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Electricity generation ceiling=37,61TWhly

m Total. Capacity ceiling= 18,80 GW
i
[ E- (13,5% of 2050 peninsular electricity demand )
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= Divkzion by Autonamais Communitios of capacity and
IR generation ceilings on the pealnsula with this 1echnology

I % of the capacity coiling m esch Loty
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© Outcomes by technology

Biomass

We look to exploit its possibilities to the limit
because of itsregulation ability

*Waste
*Energy crops
Fast turnover forest crops

*Scrub

Tecnology: Biomass gasification
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© Outcomes by technology

Biomass

p 1
Divizion by Autanomairs Community o capaciy snd aleEircity % of wlectricity desssnd in 20540 that woald be covered with
generation ceilings on the peninsula with this lechoology thirg: bechnodogy
B ol = capacity snd nlactical geseration ceilings i gach 8 %ol damand dor gach Commanity
Coremuredy

Commumelers seil-sul lesen] watl s iachnology
B0 o2 5% 0% &% for shair 2050 eloctricity domard

Total: Capacity ceiling = 19,46 GW — Electricity generation ceiling = 141,47 TWhly
(50,5% of 2050 peninsular electricity demand)




© Outcomes by technology

Waves
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Division by Autencmous Community o u_.pull'r and lectricity % o 2050 electncity dessand thad would be covered with this
generation ceilings on the penizsula with thas technology technatoyy
Average annual capacity (G i esch Comemunily B % of domand in each Comemunity
- 2o ([ Ge-20% <% @ % of peniciulor demand

Communities sefl-sufficient in this technology
for their 2050 efec tricity deenand

[ Total. Capacity ceiling = 84,4GW — Electricity generation ceiling = 296 TWh/y }

(205,7% of 2050 peninsular electricity demand)




€ Outcomes by technology

Off-shore wind
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Division by provinces of capacity ceilings and electnicity genemation Diveseon by Aalonemeus Communities of eapacity cailings and
mﬁlﬂhiﬂlh'ﬁlhﬂhmﬂ eleciricity generation oa the peninsaln with this technalogy
I Capacity cailing in gach provinge (G B Capacity caifing in each Community (GW)
% ol the electricity genaration ceiling in each provce L %ol the ebectricity gensration capacity cailing in sach
B . Coammunsty
B i [ 0%-15% I 5%-10% «5%

- Lommurities sl-sufhicens valh this 1echnciogy lor thar 250
metincity demamnd

Total. Capacity ceiling = 164,76 GW — Electricity generation ceiling = 334 TWhly

(119,3% of 2050 peninsular electriciy demand)




© Outcomes by technology

On-shore wind

Divisian by Awlonomeus Commanity of ca amd |:|I|'.|tlrrl:.ll'|l 2 al plecinicity demand that woould be coveded with this
gunsation cilings sn the pl-lnllll with ltl:l bechnalogy in
. % of ther capacity cedling in anch Community . % of paninsular demand
B % of the electricity generation ceiling in each community B % of demand in each Commenity
i -15% [ 0-15% - 10% <i% Commurities seif-sufficiant with this technology for their 2050

slecininty demand
Total. Capacity ceiling= 915 GW
- : IThen BB Communities that could aie & pernsular elecmciy
(

Electricity genenation ceiling=2285 TWhly o
816,1% of 2050 peninsular electricity demand R




© Outcomes by technology

Solar chimney
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Oivision by Awionomous Community of capacity d elaciricity “ of electricity demasd in 3050 which wosld be cowered
genpiation eoilings o tha on the peninsuls with this tee I!ﬂ iy thils tic ksnp
%ol the capaciy eeiling inpach Communiny B % of demand in each Communiey
B % of the alectricity generation ceiling in each Communizy B Communitins seif-sufficiant with this technofogy for thair

| Erey EEETEE  RUAREEE R 2050 efecricity demand

Total. Capacity ceiling = 324,3GW — Electricity generation ceiling = 836,2 TWhly
(298,6% of 2050 peninsular electricity demand)




© Outcomes by technology
Building-integrated PV

Divizson by Aslospimons Commumitios of capscity amid slactricity % ol alocticity domand that would be covensd with
goneration ceilings om the peninssla with this technodogy Ih'u-tlﬂlntl'r'-m
B % of the capacity cailing in each Commarity L % od the demand of each Community
% of the electricity ganaration cang in each Commerity B Commonitias salf-sufficsant with this techaology for thesr

[ B RN BT &% H0&0 eleciricsty demand

Total. Capacity ceiling=494,5 Gwp — Electricity generation ceiling=569,3 Twh/y
(203% of 2050 peninsular electricity demand)




© Outcomes by technology
PV with tracking
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Division by Amosomoss Communities of capacity and eleciricity e ol plectricity dessand that would be covered by this technology
geneiation caklings om the peninssla with s iechsalogy imi 2050
0 % of the capacity ceiling in each Community £ %ol demand in each Communidy
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Total. Capacity ceiling=708,4 Gwp — Electricity generation ceiling = 1382,2 Twh/y
(494% of 2050 peninsular electricity demand)




© Outcomes by technology

Concentrated solar thermal (CSP)
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Divrsdoa by Autonemaoss Commiaity al Eﬂh‘f and electricity "y ol alaetrieity domand that would be cevated by this technalagy
generalion ceilings on the peninsela with technedogy in M50
B =% of the capacity coiling in sach Commanity £ % of demand in gath Camitrumily
& of alectnomy generation inaach Community - Commuonities sell-sufficient for their 2050 electnoaty

B 5205 @ 15%20% ) 0%05% [ 5R0% 5% MR RCom

B Communities that could ginerase the entin penmsular
s bty cesmand wilh Ehis tpehndlogy

Total. Capacity ceiling = 2739 GW — Electricity generation ceiling = 9897 Twh/y
(3534% of 2050 peninsular electricity demand)




© Synthesis of outcomes
Generation ceiling spread by technologies




© Synthesis of outcomes
Total energy and electricity
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© Synthesis of outcomes
Comparison with Renewable Energy Plan

Table 2 Comparison between the capacity ceiling calculated for 2050 and the
target for capacity in the Renewable Energies Plan for Spain 2005-2010

Target capacity (MW) for capacity Ceiling (MW)

2010 in the REP 2050 Scenario

Concentrated solar thermal 500 2,738,800
Solar Photovoltaic 400 1,202,900
Wind 20,155 1,079,900
Solar chimney 0 324,300
Waves 0 84,400
Total biomass (including 2,274 19,400
biogas)

Water 18,977 18,800
Hot dry rock geothermal 0 2,500
Solid Urban Waste 189 o*
Total 42,495 5,471,000

*Greenpeace does not consider the incineration of solid urban waste as renewable
energy.



© Synthesis of outcomes
Possible 100% renewable electricity mix

Capacity- 180 GW Generation patentinl= 500 TW. iy




© Synthesis of outcomes
Possible 100% renewable electricity mix

Preliminary proposal for a mix of technologies to meet 100% of peninsular electricity
demand (assuming a regulation and transport system with 56% efficiency). Percentage
share of the capacity and generation potential of the different technologies

capacity Generation Potential Occupation
GWp TW.h/year developed of territory
(%) (%)
Solar 100 271 2 0.7
Concentrated solar thermal 55 198 2 0.3
Solar Photovoltaic with tracking 14 28 2 0.2
Solar Chimney 7 17 2 0.3
Integrated photovoltaic 25 29 5
Wind 44 102 4 1.7
On-shore wind* 28 69 3 1.7
Off-shore wind 17 33 10
Waves 8 30 10
Biomass 7 53 37 2.8
Waste biomass and biogas 6 41 80
Energy crops 1 7 20 1.3
Fast turnover forest crops* 04 3 20 0.5
Scrub* 0.3 2 20 1.1
Hydro 19 38 100
Hydroelectric (P> 10MW) 17 31 100
Mini-hydroelectric (P< 10MW) 2 7 100

Hot dry rock geothermal 1 8 40
Total renewables 180 500 3 5.3

* Minimum ceilings are shown



© Synthesis of outcomes

Possible 100% renewable mix
for total energy demand
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© Synthesis of outcomes

Possible 100% renewable mix
for total energy demand

Preliminary proposal for a mix of technologies to meet 100% of total peninsular energy
demand (assuming a regulation and transport system with 80% efficiency). Percentage
share of installed capacity and generation potential for the different technologies.

capacity Generation Potential Occupation
GWp TW.h/year developed of territory
(%) (%)
Solar 471 1,457 11 2.8
Concentrated solar thermal 345 1,245 13 1.7
Solar Photovoltaic with tracking 71 138 10 0.9
Solar Chimney 7 17 2 0.3
Integrated photovoltaic 50 57 10
Wind 108 262 10 5.7
On-shore wind 92 229 10 5.7
Off-shore wind 17 33 10
Waves 17 59 20
Biomass 11 75 53 5.6
Waste biomass and biogas 7 51 100
Energy crops 2 14 40 2.5
Fast turnover forest crops 0.8 6 40 0.9
Scrub 0.5 4 40 2.2
Hydro 19 38 100
Hydroelectric (P> 10MW) 17 31 100
Mini-hydroelectric (P< 10MW) 2 7 100
Hot dry rock geothermal 1 10 50 0.0

Total renewables




0O Conclusions

«ea=lp Electricity generation potential with renewable sources:

* 56.42 times peninsular electricity demand 2050

» 10.36 times peninsular total energy demand
se==p Most abundant renewable resources are those linked to solar energy
**=P Wind power potential is much bigger than current planning targets

eeamd Biomass: maximum efficiency in use must be prioritised

cea=) |nfinite options exist to make a 100% renewable electricity generation
mix

seamlp |t would be technically feasible to supply 100% of total energy demand
with renewable sources

ce==) Resources are widely distributed throughout the peninsular territory
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