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REN21 RENEWABLES GLOBAL FUTURES REPORT

FIRST REVIEW DRAFT

Lead Author and Research Director:
Dr. Eric Martinot, Institute for Sustainable Energy Policies
martinot@isep.or.jp

Report is a collaboration between
REN21 Renewable Energy Policy Network for the 21* Century
and Institute for Sustainable Energy Policies, Tokyo

Japan Renewable Energy Foundation
“Revision 2012 — New Renewable Direction for Japan”

Tokyo, Japan
March 9, 2012

ENERGY — HOW MUCH FROM RENEWABLES?

Today: Sweden already gets half of its total energy from renewables. Countries over 20% include
Austria, Denmark, Finland, lceland, Latvia, Mew Zealand, and Portugal. Germany and several others are
at 10%. Japan is 6%.

Scenarios: in 2010-2011 several scenarios were published showing 50-100% renewables shares of
energy by 2050. Includes power, heat, and transport.

= |nternational Energy Agency (IEA) ETP Blue Map: 40%

= |[EA RETD ACES: 55%

= Greenpeace/EREC: 58%/80%

= European Commission Energy Roadmap 2050 (2011) "High RE” scenario. 75% for Europe

Interviewees: almost all believed at least 30-50% in the long term (typically 2050) and “should” get
close to 100%. Electricity easiest, heat much more difficult, transport most difficult/uncertain.
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REPORT SCOPE AND PURPOSE

“Sister report” to Renewables Global Status Report
= What is our current thinking about the future of renewable energy?
= What is the range of credible possibilities for renewable energy futures?

* Tool for education and discussion — an objective framewaork for thinking about the future of
renewables, not a specific vision or position

= Four primary forms of source material have been employed:

o Published long-term scenarios and roadmaps

o Imterviews with experts from around the world, including industry leaders and visionaries
o Government policy targets, including regional, national, state/provincial, municipal

o Long-term action plans by local (city) governments

ELECTRIC POWER — HOW MUCH FROM RENEWABLES?

Today: Many countries are already at high shares or targeting high shares: Spain (21% in 2010; 50% by
2020); Germany (14% in 2010; 50% by 2030); California (33%: by 2020); Denmark [100%: by 2030).

Scenarios:
By Year |EHectricity

IEA World Energy Outlook (2010) “Mew Polices” 2035 32%
IEA World Energy Outlook (2010) “450" 2035 45%
|EA Energy Technology Perspectives (2010) "Blue Map” 2050 58%
|EA Energy Technology Perspectives (2010) "Blue Map HR® | 2050 75%
IEA RETD "ACES" (2010) 2030 61%
BP Energy Outlook 2030 (2010) 2030 ~30%
Exoon-Mobil Outlook to 2030 (2010) 2030 ~25%
LS. DOE ElA International Energy Outlock (2010) 2030 23%
Greenpeace/EREC [2010) “Revolution” 2030 48%

2050 79%
Greenpeace/EREC [2010) “Advanced Revolution® 2030 51%

2050 95%
WWF (2011) “Ecofys Energy Scenaria™ 2050 100%
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ELECTRIC POWER — HOW?

1. Balancing. Utilities will respond to the challenge of balancing large shares of variable renewables on
power grids. There are a dozen different opticns. One of the most important options is “demand
response” — contracting with customers to reduce load during specific conditions. “Flexibility in power
systems is the commodity of the future.”

2. Energy storage. We don't need to wait for storage technology to become commerdal. There are
commercial forms of storage emerging today, and companies are already making money building
storage, but it will take a long time before we see large amounts of storage. “There is a lot of
headroom with other baloncing options before storage becomes necessary.”

3. Natural gas. Natural gas and biomass are key compliment to variable renewables like solar and
wind. In the future, we will see integrated renewables/gas business models, ownership, and policy.

4. Distributed power. Power systems will be a mix of centralized and distributed [on-site and remote):
rooftop solar, local micro-grids serving small neighborhoods, small local wind farms, small biomass
power plants with heat supply, dedicated power plants (i.e., wind/CSP for desalination), and large
centralized wind, solar, geothermal, and hydro. Power systems become “multiHevel.”

REN21=ss Tesiaafal

HEATING AND COOLING — HOW?

1. Policy: Copenhagen plans that in the next decade, 98% of homes in Copenhagen will be connected
to district heating systemn powered by biomass. Hamburg in 2009 enacted a Renewable Heating Act
and Energy Efficiency Ordinance that will require new buildings to use renewable energy for a share of
heating. EU directive on buildings requires near-zero-energy new buildings by 2018/2020.

2. Technologies:

= “Passive” houses — ("near-zerc-energy” houses) very low heating requirements. “With passive house
designs, by 2020, we will reaiize that no sacrifices are needed and thermal comfort is not a luxury
but @ basic right.”

= Geothermal heat pumps

= Biomass pellet stoves

= Biomass small-scale combined-heat-and-power

= Solar heating for commerdal buildings: “There is a huge potential for future cost reduction of solar
thermal, especially at larger scales than traditional household systems.”

= Solar heating for industrial process heat

= Heat storage: building materials, phase-change materials allow seasonal heat storage

= Solar electricity for cooling (reduce day-time air-conditioner electricity demand)

= Solar heat for cooling
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HEATING AND COOLING — HOW MUCH FROM RENEWABLES?

Today: Modern biomass for heating widespread, about 2.5% of global primary energy supply. Solar
hot water and heating capacity reached 185 GW (thermal) in 2010.

Scenarios:
By Year Heat

IEA World Energy Outlook (2010) “New Policies” 2035 16%
IEA World Energy Outlook (2010) “450° 2035 21%
IEA Energy Technology Perspectives (2010) "Blus Map” 2050 -
IEA Energy Technology Perspectives (2010) “Blue Map HR” 2050 -
IEA RETD “ACES" (2010} 2030 -
BP Energy Outlook 2030 (2010) 2030 -
Exocon-Mobil Outlook to 2030 (2010) 2030 —
5. DOE EIA International Energy Outlock (20:10) 2030 -
Greenpeace/ EREC [2010) “Revolution” 2030 5%

2050 T1%
Greenpeace/EREC [2010) “Advanced Revolution” 2030 9%

2050 91%
WWF [2011) “Ecofys Energy Scenario” 2050 85%
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TRANSPORT — HOW MUCH FROM RENEWABLES?

Today: biofuels about 3% of global road transport energy. Brazil today: 40% of light-duty fuel.
Sweden today: 6% EU target: 10% share (including electric vehicles) by 2020.

Scenarios:
By Year |Tramsport

IEA World Energy Outlook [2010) “New Policies” 2035 8%
IEA World Energy Outlook (2010) “450” 2035 14%
|EA Energy Technology Perspectives (2010] “Blue Map” 2050 0%
|EA Enargy Technology Perspectives (2010) “Blue Map HR* 2050 -
IEA RETD “ACES” (2010) 2030 -
BF Energy Dutlock 2030 (2010) 2030 —
Exxon-Mokil Dutlook to 2030 (2010) 2030 -
U.5. DOE EIA International Energy Outlook (2010) 2030 ~3%
Greenpeace/EREC [2010) “Revalution” 2030 14%

2050 39%
Greenpeace/EREC (2010) “Advanced Revolution® 2030 —

2050 -
WWF [2011) “Ecofys Energy Scenario”™ 2050 100%
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TRANSPORT — HOW?

1. Advanced biofuels: IEA World Energy Outlook says advanced biofuels are currently not competitive
with conventional fuels and are mostly in the demonstration phase. They are expected to be
commerdialized by 2020 (NP5 scenario). Biofuels 8% of road-transport energy by 2035.

Biofuels debates: Some interviewees thought that as much as half of all transportation fuel by
2050 could come from biofuels, others projected much less. They raised important debates:

= How sustainable can biofuels become in the long-term?

= What markets will make the most use of biomass in the future (power, heat, or liquid/gas fuels)?
* How long will it take to commercialize cellulosic-ethanol?

2. Electric Vehicles: Assume a much larger transport role, but won't help renewables too much in the
short term, except local mandates to supply charging stations from renewables. “We are notf going to
depioy EVs to manage the variability of renewobles; EVs must first prove their value on their own_ ™

Battery or fuel cell? “The car of the future is clearly electric drive, but it's not clear if that's based
on batteries or fuel cells.” Battery-EVs fill two spedific niches: (1) fleet vehicles with high use and
fixed stations (taxis, public transit, local trucks); {2} “micro-vehicles” (1-2 person cars, sScooters).

3. Synthetic natural gas? Audi producing synthetic natural gas from renewables to supply a new fleet
of natural gas vehicles.

REN21EEE,
BEE0

TRANSFORMATION

Solar PV grid parity. “We have reached the point of no return in solar PV__and will see continued cost
reductions, including costs of integraoted installations, not just the PV panels themselves.” Interviewees
expressed confidence that grid parity was coming soon to a number of regions during the period 2012-
2015, including Spain, Germany, lapan, and the U S. states of Hawaii and California.

Transformational policies. New targets and goals for future shares, like 45% share of energy in Europe
by 2030. Also new power-grid policies and regulation:

= How to establish power markets that incorporate a “price” for flexibility and balance?

= How to restructure utility reserve (ancillary) markets?

= How can policy support demand-response?

= What is the policy role for transmission planning, given the impacts on renewables?

= How to encourage efficient integration of natural gas with renewables?

Transformational business models:
= Renewable energy and natural gas become an integrated “back-to-back” business
= Major utilities enter downstream or customer-side businesses such as EVs and solar PV.
= Solar PV and wind supply 100% of daytime power in Germany — how to handle business changes?
= Local utilities are re-municipalizing (Germany,/California), leading to local decisions for renewables.
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INTEGRATION

Infrastructure. Integration of power, heat, and transport into much more integrated systems.
Renewables integrated with natural gas and storage — natural gas as “balancing fuel”
Denmark: use heat storage and CHP to balance variable renewable electricity (heat easier)
"Wehicle-to-grid” {V2G) electric vehicles store power, reduce peaks, balance power systems
“Double use” for electric vehicles to power house, store renewable power

Make syngas or hydrogen for vehicle fuels using “excess” renewable power from grid
“Passive” buildings with low energy requirements met entirely from renewables

On-site solar PV to reduce peak air conditioning loads

0000000

Business models. Companies will integrate into existing businesses or create new businesses:
o Major engineering companies offer integrated solutions using renewables.
o “Local energy-service utilities” specialize in solar PV for buildings, intelligent energy
management, grid connection, small-scale energy storage, ICT, efficient appliances, software.
o Third-party owned solar PV (Sun Edison model), or vendor finance of solar PV (GMAC model)

Policy. Policies in many sectors will integrate renewables:
o Power market regulation and structure
o Transport planning
o Urban planning, "smart cities,” building codes and standards, district heat systems
o Water, food, sanitation policies (i.e., biorefineries, co-production of bioenergy and food)

TRANSFORMATION

Existing energy companies adapt and innovate, or fight back, or go out of business:

“Electric utility companies will face some aof the greatest challenges in technical and
institutional restructuring that they have ever faced in the past 100 years.”

“Utility revenue models will be unrecognizable beyond 2020."

“There will be fights — the dying throes of the centralized fossil fuel and nuclear
industries — it's going to get ugly.”

Debates:

1. Will utilities lead, follow, or be pushed?

2_ Will alliances form between gas and renewables companies?

3_ Will large centralized utilities cooperate or compete with local municipal utilities?

4_ How far will cil companies go in trying to dominate the biofuels and electric mobility sectors?
5_ Will large utility companies get involved in electric mobility as a new business model?

—rrL—24LANT
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global power plant market 1970-2010, excluding china

Future projections for Renewable Energy Markets

@ NUCLEAR @ HYDRO
@ coaL WIND
GAS (INCL. 0IL) csp
BIOMASS PV source PLATTS, [EA, BREYER, TESKE

@ GEOTHERMAL
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Global annual power plant market - the past 40 years and a projection of the next 40 years japan: annual power plant market 1970-2010
MWia
OuexPlats, IEA, Breyer, Teske, OLR
400,000
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Turning the nuclear crisi into an (renewable) opportunity:

the energy [r]evolution for Japan

energy
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figure 1.4: japan - emergency plan: nuclear generation
replacement strategy
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1. EnergyEfficiency:
the advanced Energy [R]evolution scenario takes the ISEP efficiency conceptinto account:

2. PowerGeneration
7 . Faster uptake of renewables (especially solar photovoltaic and wind power due to their short
constructiontimes) and increased capacity factors for existing gas power plants are at the core of
the emergency concept

\;“ . Gas: increase average capacity factor of all gas power plants and use them as base load power
plants over the coming years. By 2020, the average capacity factor will be back on “standard
levels”.

\ Back-up power: Use gas power plants to counter flexible generation. Gas power plants will be
usedto cover dipsin flexible generation, and no additional capacity will be needed as current gas
power generation capacity is more than enough to coverthe entire time period 2012 - 2020.

9 . Wind: increase average annual market from 220 MW in 2010 to 5000 MW/a between 2012 and
2015and around 6000 MW/a between 2016 and 2020.

7 . Photovoltaic: increase average annual market from 990 MW in 2010 up to 5000 MW/a between
2012 and 2015 and around 6700 MW/a between 2016 and 2020.

energy
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table 1.2: summary: power generation and i lled ity devel between 2012 and 2020:

Coal 49.6 48.1 47.3 46.5 45.7 40.4 35.2 29.9 246 19.3
Gas 54.7 58.0 59.7 61.3 63.0 622 61.5 60.8 60.1 59.4
oil 46.4 46.2 46.0 45.9 45.8 44.4 43.1 417 40.4 39.0
Diesel 3.2 2.9 2.8 2.6 2.5 2.4 2.3 2.2 21 2.0
Nuclear 48.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biomass 31 3.7 4.1 4.4 47 4.8 4.9 5.0 5.1 5.2
Hydro 19.0 20.0 205 21.0 215 221 22.7 233 239 24.5
Wind 1.5 13.3 18.3 233 29.4 35.6 4.7 47.9 56.0
Photovoltaics 1.7 89 139 18.9 239 30.6 37.3 441 50.8 57.0
Geothermal 0.6 1.4 1.9 2.3 28 3.6 4.4 5.3 6.1 6.9
Ocean Energy 0.0 1 0.2 0.2 0.3 0.7 1.2 1.7 21 2.6
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table 0.1: japan - overview energy [rlevolution immediate nuclear energy phase out

NUCLEAR PHASE-OUT 2012: REPLACEMENT STRATEGY

GREENPEACE

UNIT 2012 2013 2014 2015 2016 2017 2018 2019 2020
NUCLEAR GENERATION REPLACEMENT TWh/a 135 135 135 135 121.0 1069 92.66 783 63.8
Increased power generation from gas power
plants via higher capacity factors TWh 98.0 90.8 83.7 76.3 64.1 53.1 42.3 317 17.3
Required capaclty factor for gas power plants Va 7,565 7,335 7,115 6,900 6,780 6,675 6,570 6,465 6,290
Annual demand reduction 1.7% per year Twh/a 30 30 30 30 30 30 30 20 30
(Instead of 1% per year)
Wind electricity to replace nuclear TWh/a 5.8 11.7 17.7 235 21.8 18.8 15.3 11.4 12.0
PV electricity to replace nuclear TWh/a 1.2 2.5 3.8 5.0 5.0 5.1 5.1 5.1 4.5
Total additional Wind + PV generation TWh/a 7.0 14.2 21.5 28.6 26.8 239 20.4 16.5 16.4
NUCLEAR CAPACITY REPLACEMENT GW 19.3 193 19.3 193 17.2 151 131 11.0 8.9
Annual wind market ew (5.0 s0 5.0 5.0 6.1 6.1 6.1 6.1 6.1
Total wind capaclty GW 8.3 13.3 18.3 23.3 29.4 35.6 41.7 47.9 56.0
Annual PV market GW 5.0 5.0 5.0 6.7 6.7 6.7 6.8 6.8
Total PV capacity GW 8.9 13.9 18.9 239 30.6 37.3 44.1 50.8 57.0
Total additional Wind + PV capacity GwW 10.0 10.0 10.0 10.0 129 129 12.9 129 129
Annual CO: emisslons million T CO~/a 1,267 1,261 1,254 1,247 1,171 1,095 1,018 942 866
€0z emissions compared to 1990 levels % 111% 110% 110% 109% 102%  96%  89%  82%  76%

energy

[r]evolution

table 1

: japan - projection of renewable electricity

generation capacity under both energy [rlevolution scenarios

Hydro EIR]
advanced E[R]
Biomass E[R]
advanced E(R]
Wind E[R]

advanced E(R]
Geothermal  E[R]

advanced E(R]
PV ELR]

advanced E(R]
Ocean energy EIR]

advanced E(R]
Total E[R]

advanced E[R]

19
19

1

23
24

13
23
51

51
53

~

10

152

25
26
10
14

64

12

80
96

161
218

26
27
13
15

68

16
104
112

10
199
248

27
27
17
18
37
71
11
22
113
125
10
14
215
277

GREENPEACE
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figure 1.5: japan - development

of electricity generation structure under three scenarios
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Renewable energy employment— Japan projection versus Germany” s status quo
electricity sector jobs in the three scenarios

Thousand Jobs

Coal 49 10.0 11.4 7.6 5.1 3.8 1.8 45 1.9 03
Gas, oil and diesel 9.7 10.3 10.8 10.6 9.1 8.3 7.3 9.6 8.8 7.9
Nuclear 248 17.4 12.2 44 6.3 29 0.6 0.0 0.0 0.0

Renewables 423 44.0 423 348 24 131 109 312 188 136
Total Jobs 815 818 768 524 C260 D 147 19 198 144

Jobs in the renewable energy sources sectorin Germany

Solar energy

Hydropower
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The ,mother of all RE investments": The Feed-inlaw

GREENPEACE

Feed-in and payment under
the Electricity Feed Act (StromEinspG) and
the Renewable Energy Sources Act (EEG) in Germany
14,000

Feed-in under StromEinspG [TWh/a]
ETWFeed-in under EEG [TWh/a]
—e—Payment of fees [Mill. EUR]

[MIL. EUR]

[eriaatl
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Technology | "M/EStment Financing Costs T
Cassfeaton Total Costs tanance £ Bayment| Requred wri|
Solar photovoltaic. Input Input cale Input
[YenkW] 6] [Yen] [Yen] [ven] [%/a] [Yen/a] %/a] [hva] fal [Yen/kWh]
<30 kW 274.833 70 82450 | 127.935 402.768 2,00% 8.055 19 1650 20 17
<100 kW 247.350 70 74205 | 115141 352491 2,00% 7.250 19 1650 20 15
> 100K 197.880 70 59364 | 62.113 288.593 2.00% 5.800 19 1650 20 12
[Wind
onshore 148.410 70 69,085 217.495 2,00% 4.350 20 1750 20 E]
offshore 329.800 70 98.940 | 69.085 398.885 2,00% 7.978 40 3500 20 8
floating offshore 439733 70 131920 | 69.085 508818 2,00% 10.176 51 4500 20 8
0
< 500 KW 439.733 70 131.920 | 204696 644,429 2,00% 12.889 51 4500 20 10
<10 MW 384767 70 115.430 | 179.109 563.875 2.00% 11.278 51 4500 20 3
<20 MW 351.787 70 105536 | 163757 515.543 2,00% 10311 51 4500 20 8
< 50 MW 329.800 70 98940 | 153522 483.322 2.00% 9.666 51 4500 20 8
> 50 MW 329,300 70 98940 | 153522 483322 2,00% 9.666 s1 4500 20 8
0
<5 1.319.200 70 395760 | 614087 | 1933287 2,00% 68 6000 20 23
<10 MW 1.209.266 70 362780 | 562913 | 1772180 2,00% 68 6000 20 21
<20 MW 1.089.333 70 329800 | 895544 | 1994877 2,00% 33388 68 6000 20 23
> 20 MW 989.400 70 296820 | 460566 | 1.449.965 2,00% 28,959 68 6000 20 17
0
384.767 70 115430 | 179.109 563.875 2,00% 11278 57 5000 20 8
357.283 70 107.185 | 166.315 523.599 2.00% 10472 57 5000 20 7
329.800 70 98940 | 153522 483.322 2,00% 9.666 57 5000 20 7
302317 70 90695 | 140728 443,045 2.00% 8.851 57 5000 20 [
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Feed-in Tariff Law for Japan
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Renewable Energy Director

Total payment under advanced E[R] for a FIT regulation between 2012and 2020

Feed-in tariff Payments 2012 - 2040

Mio Euro
O - Ocean Energy
30.000 O - Solar thermal power plants
B - Geothermal
O - Photovoltaics
B -Wind Floating Offshore
25.000 W -Wind Offshore
O -Wind  Onshore
@ - Wind
W - Hydro
20.000 1 B - Biomass
15.000
10.000
5.000
0

2012 2014 2018 2018 2020 2022 2024 2028 2028 2030 2032 2034 2038 2038 2040
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FIT versus Conventional generation costs
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FIT Costs versus Conventional Generation Costs
billion Yen/a

£.000

4.500

Total avoid costs for

o /
Conventional Generation
including 2.97%/a inflation
3.500
3.000 /
|
N,
2.000 A 4 \
// d \
1,500
/4 X
1.000 /{/, \
=00 7
% - \
0

2012 2022 2042

Tonventional [

including 2.97%/a inflation|
|
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Renewable Energy Director

Thank you very much!

More information: www.energyblueprint.info

sven.teske@greenpeace.org
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Extra Costs perkWh

With an average consumption per household of 4000k\Wh/a this would mean that each
house hold will not pay more than 2500 — 3000 Yen/a extra to finance the FIT program.

FIT: Addition costs per KWh
YENKWh

" | RExtra costs per kiwh (excuding indusiry) Yerkih
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Energy Scenario for Japan 100% RENEWABLE ENERGY
* Commissioned to (Research
Institute for Systems Technology)
* Launched in Two parts
1=t part in July on Energy Conservation ( )
2™ part in November on 100% Renewables ( )

* Part of 100% renewable campaign in WWF Japan
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Outline
1. Background
2. Energy Conservation Scenario {Demand Side)
3. 100% Renewable Energy Scenario (Supply Side)
4. Way Forward
[

1. Cutting energy
demand through
massive energy
savings

2. Phasing out nuclear 3. Increase the
supply of RES
—_—

2012 2020 2030 2040 2050

==Reduced Demand ==Business As Usual ==Nuclear

/ ZW
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Basic Process of Scenario Creation

» Followed the basic process of WWF Intenational's Energy
Report (published in February 2011).

. Examined Energy conservation potentials

. Made nuclear phase-out assumption

. Divided the remaining demand into power and fuels/heat
Examined renewable potentials and match the demand

Checked the validity of electncity supply and demand
throughout a year of 2050

oW N =

i€

Energy Demand
Reduction by Sector

Reduction Rate of Final Energy Consumption by sector
(compare to 2008 levels)

~ m2020

= 2030

2040

= =050
-52% 53% L

TIRELILE
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@ Energy Demand Reduction
WWF

Final Energy Consumption

350 .-’M‘{'_
. _-"""--.,_-_.___-‘-‘-‘-“
\\

250

200 _—. Massive Energy Demand Reduction l_l
L —~_

130 T

100 | w==pau Compared to BAU: -40.2%

50 —| ==Historical 2008: -51.8%

2000 2010 2020 2030 2040
Energy Consumption can be halved!!

Technologies and Measures

Household More improved LED replacing conventional lighting / the current “next generation”
insulation standard becoming the average [ More heat pumps and the average
efficiency getting doubled / More highly efficient heat water supply systems
(efficiancy doubled) / Improved efficiency of home appliances but it gets offset by
wider use of them [ Home Energy Management Systems and Smart Meter [ Share
of stand-by electricity consumption 1% in household

Commerdal The current “next generation” insulation standard becoming the average / Maore

{Building) heat pumps and the average efficiency getting doubled / Air-conditioning systems’
efficiency doubled [ Greening of the dities / Cool Biz and Warm Biz { More LED, task-
lighting, use of natural lighting, etc { Building Energy Management Systems
Improved efficiency of electronic appliances

Industry Wider use of inverters to achieve efficient motors | Recycling rate in steel
production becoming 70% / 30% improvements in other major manufacturing
industries

Transport 20% improvement of fuel economy -> all vehidles become EV or FCV eventually [
15% modal shift from truck freight transport to train or marine transport / cr
sharing / *eco-ship” [ efficiency improvemnent and lighter asircrafts, etc.

/ FE Hm
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@ One example: Energy Savings in
Household Heating

Companosn of Efficiency Standards for Households

Year 1980 Year 1992 Year 1999
Standard Standard Standard

Before 1980

eating and
ooling Efficiency
120

105

100

84

2010 = 100
o B & 8 8 B

H Multiple- unit buildings M Detached houses [ Combined

@ Assessed Potentials of RES Electricity

WWF
Actual Use i
Capacity | Load Generation t;eu:uens:rilcl:
(W) | Factor (Twh) (TWh)

12%
Wind 480 25%
Hydro 27.6 A6% 111 111
Geothermal 14.19 70% 87 87
Biomass 8 70% 49 49

For wind and geothermal, some consirains are given for environmental protection.

The scenario does not use up the potentials of PV and wind.
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Electricity and Fuel (Heat)

million TOE
. About 3/4 of Energy is for non-electricity
-> Challgen is not just about electricity
ds0 but also fuel and heat
300 -
Electricity
B Electlaty for fuels
¥ Fuels

2008 2020 2030 2040 2050

i€

Electricity (excl fuel use)

B wind
" py

U Biomass

= Geothermal
¥ Hydro

B Nuclear
HGas

il

¥ Coal

/ ZW
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Electricity incl fuel use

For hydrogen for as fuels (heat)

TWh
1,200 B Wind for fuel
. B pV for fuel l
1,000 o= . = Wind
800 "RV
= Biomass
600 = Geothermal
¥ Hydro
g " MNuclear
—T ¥ Gas
= il
0 B Coal
2008 2020 2030 2040 2050
@ Derived Targets for EE and RES

WWF

Targets for Energy Efficiency (Final Energy Consumption)

o 2008 -21.0% -33. -42. -51.8

Targets for Renewables (% of Electricity)

2008 2020 2030 2040 2050

Ehare in Electricity excl fuel use 11% 29% 54% B1%  100%
Bhare in Electricity ind fuel use 11% 32% GE!‘HI B7%  100%

Targets for Renewable Fuel and Heat (% of non-electricity)

2008 2020 2030 2040 2050
Bhare in Fuel and Heat 1%  15% 38 56 73
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Energy Demand-Supply
(Final Energy Consumption Basis)

MTOE
400 ¥ PV on vehcles
350 ¥ Solar Thermal
¥ Biomass
300
" Wind
250 & mpy
200 " Geothermal
150 5 ¥ Hydro
¥ Muclear
100
" Gas
30 » 0l
0 = Coal
2008 2020 2030 2040 2050

&

o B 28888 EEE

Electricity Demand-Supply in 2050

Simulated dynamics of hourly electricity supply
GWh (example of 3 days - May 23 to 25)

14 710131619221 4 71013161922 1 4 71013161922

B Gegthermal ®Hydro © Biomass " Wind ® PV F Discharging BAT

/ FE Hm
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@ Need backup capacity and batteries?

Backup Capacity ﬁ Battery Capacity

45,000 1
40,000
g3 35,000 -‘\ b 2 g
E BTN L n - 15
25,000 1% & : E
20,000 C ‘ 4
TES i
mum T 05
wE 5,000 1 _ E
gi 1] T T ¥ # L N g
0 50 100 150 200 250 300

==Backup Generation (GWh per year)
“~Maximum Backup Capacity (MW)
=B=Share of Backup Generation (%)

Sufficient battery capacity (300GWh) eliminates the necessity of

backup generation even in the case of 100% RES

&

Challenges Ahead

= Ambition challenge: Can we set ambitious targets for
energy efficiency and renewables?

* Paolicy challenge: Do we get FIT design right?

= Grid challenge: Can we create effective and
integrated gnd system, where renewables can get
boosted up?

= Heat/Fuel challenge: Can we successfully promote
renewable heat use? Can we secure sustainable
biomass supply?
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ﬁ CO2 Emissions from Energy Use

—BAU Scenario \
400
—WWF Scenario \

1990 2008 2020 2030 2040 2050
. Comgared o - 2008 2030 | 2040
1990 levels +10% +1% -11% -22% -33%
- Notall GHGs  wwr +10%  -25%  58%  -B3%  -100%
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