Forecasting future energy scene
some constitutive elements

Rudolf Rechsteiner

Switzerland



The Swiss Goal:
a 2000-Watt-Society
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Efficiency reduces energy consumption
Family of today 4960 W, Family of the future 1920 Watt/person

Schweizer Familie (2 Erw. + 2 Kinder])
heute: 4960 Watt pro Persan

in der 2000 Watt-Gesellschaft
1920 Watt pro Person

Energy consumption Watt
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Josef Jenni’‘s first house 100% solar
(heat and power)
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Heat storages within the building’s
‘basement

------

.....

l| ID Jenni Energietechnik AG www.jenni.ch



Jenni solar houses: self sufficient
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Swiss Solartank®
Solar coverage 50-100%:

Solar collector, storage tank, wood stove as a reserve

Kollektoren Solarsystem Jenni
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Temperatures in storage November 2006 — February 2007

Temperaturen Lehner November 2006 bis Februar 2007
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Solarspelcher 2 X 50° 000 I
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Jenni Solar House (Dresden)

Winner of the German Solar Price




A number of different Swiss techniques for




And new standards for energy efficienc
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New Swiss Building Standards
Minergieus kwhmya) Minergie-P o wwh/ma)

MINERGIE-Standard MINERGIE-P
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Renewable energie- what areas needed?

0,01 ha Wind turbine = 4 ha Solar power = 200 ha Raps
Windkraft 20°000mal produktiver als Raps pro Flacheneinheit

4 Millionen Kilowattstunden ernten:

1 Windkraftanlage

oder

4 Hektar Solarzellen

oder

200 Hektar Raps (O




Cost-and pay-back-structure ofrenewables over time
High initial capital cost, low O&M-costs. nho fuel cost
bring golden end over life cycle

Total Generation .
Cent/kWh Cost market price

rising p———
profits
over time

low profit
start

Golden
end

P Operation & Maintenance
ADepreciation

OInterests
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German experience 1990-2008-2020:
from 3% to 15 % to 47% renewable

Windstrom (GWh) BRD
Einspeisevergiitung ab 1991

Biomassestrom (GWh) BRD
Einspeiseverglitung ab 1998
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Stromverbrauch in Deuschland bis 2020
ElnSPE|SEVE rgutu ng ab 2004 Bis 2020 wéchst der Anteil Erneuerbarer Energien auf 47 %.
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Wind turbines get ever cheaper

from 1 Euro/Watt today to 0.5 Euro/Watt by 2020

avg. price per turbine
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European wind power cheaper than

market price (2008)

Strompreis SWISSIX 2008 in
Eurocents/kWh
an der Europaischen Stromborse

* Feed in tariff Germany :
— 9 Cents/kWh first five years

0.30
—swissix peak }

— 5 Cents after 5 years
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Wind power is crowding out more
expensive technologies

Representation of the merit order effect
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Four recipees for security of supply
with a purely renewables system

1.

2.

08

Feed in-tariffs
 Important for rnewables’ diuversity

Diversification of primary sources
— Wind, solar geothermal for baseload
— hydro and biomass for peaks

Diversification of geographic sourcing
— Regional structures are cheaper than local ones

Storage
— Batteries, hydro, hydro-pumped, biomass




Angebot erneuerbarer Energien- weltweit

Wasserkraft
4,6 x 10'3 kWh

Biomasse
152,4 x 10'3 kWh

Wellen- und
Meeresenergie
762,1 x 103 kWh

Quelle:
Eurec.Agency/Eurosolar,, WIP:
Power for the World — A Common Concept
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Ausdahnung

West-0st ca. 710 [km]

Geografische Breite [°]

1
Geografische Braoita

Polygon area can cover EU-electricity
consumption
Two turbirie¥7°10 MW per km?




Offshore-projects in Europe:

o o ([ //]/\ 1/ %‘—-
Thousands of wind turbines ST H
projected or in construction




New sources of energy need a new grid!

Renewable energy means de-globalization
and regionalisation of energy

High voltage grid

KEY
——— Broposed or discussed in the public domain
— Operational or in planning

# Principal substations

I S & NORWAY

v

North Sea

GERMANY

250 MILES

Wind  Resource Wind Power

Power Potential Density at 50 m
Class Wim'

3 Fair 300 - 400

4 Good 400 - 500

5 Excellent 500 - 600

6 Outstanding 600 - 800

7 Superb 800 - 1600

Wind Power Classification

Wind Speed’
at50m
m/s

64-7.0
70-75
75-8.0
80-88
8.8-11.1

* Wind speeds are based on a Weibull k value of 2.0

Wind Spaed®
at50 m
mph

143-15.7
15.7-16.8
16.8-17.9
179-19.7
19.7-24.8

% {

This map shows the wind resource data used by the WinDS
model for the 20% Wind Scenario. It is a combination of high
resolution and low resolution datasets produced by NREL and
other organizations. The data was screened to eliminate
areas unlikely to be developed onshore due to land use or
environmental issues. In many states, the wind resource on
this map is visually enhanced to better show the distribution
on ridge crests and other features.

Transmission Lines
Voltage (kV)
234 - 499

/\/500-699
/N\/T00-799

/%/1000 (DC)

Source: POWERmap,
powermap platts.com,
182007 Platls, a division of
the McGraw-Hill Companies

) Conceptual 765 kV Network

Existing 765 kV
New 765 kV
MM AC-DC-AC Link

Source: American Eleclric Power (AEP)




HVDC-lines: high power — low losses,
no electro smog

Figure 1-B. Left powerline: The Pacific Direct Current Intertie (PDCT), near
Bishop, CA. HVDC, 3,000 MW, +/- 500 kv bipole, 846 miles from Celilo, at
The Dalles Dam, OR to Svlmar (NW Los Angeles, CA). Commissioned in
1970 as 1,500 MW line. The right powerline is conventional high voltage AC.

HVDC

Voltage AC grid
Direct

Current

May 14, 2009 25




state of the art: 1-6 GW capacity in one cable
many new projects — earth cables cheap

Rechsteiner: Foreca
trustd
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Power as % of installed wind power

Smoothing effect of large areas (l)

Netherlands only

December 2000 wind speeds, 2030 MW amounts
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Power as % of installed wind power

Smoothing effect of large areas (ll)

100 %

Benelux+France+Germany

December 2000 wind speeds, 2030 MW amounts
Netherlands 7000 MW
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Power as % of installed wind power

Smoothing effect of large areas (lll)
UCTE

December 2000 wind speeds, 2030 MW amounts Netherlands 7000 MW
100 % — BeNeLux+Fra+Ger 111 500 MW
90 % - — UCTE 226 000 MW
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Power as % of installed wind power

Smoothing effect of large areas (V)
UCTE+Nordel+UK

December 2000 wind speeds, 2030 MW amounts Netherlands 7000 MW
100 % — BeNelLux+Fra+Ger 111 500 MW
— UCTE 226 000 MW
0% ] — UCTE+GB+Nordel 268 300 MW
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Europe: Storages exist already:
96 GW power — 180 TWh
interconnection insufficient

Storage Hydro Power in Europe:
Rated Power, Storage Capacity and Annual Energy Production

Data of Rated Pow er of Storage Capacity of |Annual Energy Prod. of
UCTE 1998 Reservoir and mixed Reservoir and mixed Reservoir and mixed
pumped Storage pumped Storage pumped Storage
[GW] [TWh] [TWh]
Slovenia/Croatia 1.4 1.8 ?
Swizerland 0.2 8.4 12.0
Serbia and Mentenedgro 2.0 2.0 ?
Portugal 2.1 2.6 42
Austria 56 32 70
Liuxemburg 0.0 0.0 0.0
ltahy 756 7.9 17 6
Greece 1.9 2.4 28
France 11.6 9.8 182
Germany 1.4 0.3 11
Belgium 0.0 0.0 0.0
Spain 7.7 124 16.7
Sum of UCTE 49 57 86
Data of
NORDEL
MNorwany 272 24 .1 1126
Finland 29 4.9 126
Sweden 16.2 337 G636
Sum of NORDEL 46 123 189
Sum of
NORDEL + UCTE 96 180 275
s/_{{’?: [
—7
—

G. Czisch 2000



Some 10 % energy backup and

some 26 % capacity backup needed

Duration Curves of Surplus or Lack of Wind Power at 660 GW installed

May 14, 2009

Relative Power [P/P;ated]

Capacity and the Power Demand of EU & Norway

0,8 ’ ’ Power
—Demand EU & Noway —660 GW WTs - Demand [GW]
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Meteorological data: ECMVWF, ERA-15, 1990 ISET

G. Czisch, ISET, Vtrg. Mgdb. 2001
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