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Why promote renewable energy in CH?

Aim of Bundesrat (federal council) for after
Kyoto phase

Until 2020: CO, -20%?*
Until 2050: CO,, -50%*

Swiss net electricity generation in 2007:

Biogas from
wastewater
treatment 0.19%

Total 63'812 GWh

Sun
New renewables 0.042%

1.92%

Non renewable

44.4% Biomass (wood,

biogas agricult.)
0.186%

Wind
Hydro 0.025%

53.7%

Renewable shares
from waste
1.48%

1 Compared to 1990. These goals are in the style of the EU goals.

Change of CO,-emissions 19901 2006: +2.5%

Increased electricity demand 1990 1 2007: +19%
Demand is projected to increase further

Between 20107 2020: Long term electricity import
contracts with France will expire

In the early 2020s: 1/3 of Swiss nuclear capacity will
reach end of operating time

Renewableswoul d é

Keep CO,-emissions low

Help to reduce power supply gap
Minimize looming dependency on foreign electricity
Secure at least partially domestic value creation
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Current Swiss energy policy regarding renewables

Market failures and barriers
Lack of information and information asymmetry
High investment costs Y Federal structure of Switzerland
Y Information asymmetry developer i investor
Tnvestments /KW inyear: 1990 2000 2005 2010 2020 Y Declaration of green energy
Nuclear power Fr.3500° €1740° €1920° €2180° )
g Lignite, dry furnace €125 €1240¢ €14100 Public gOOd green energy
by Lignite, bined-cycl €1470° €1670° o e a
Y e T o . L Landscape protection and technology specific barriers
R P ame  eso Y Plains of Switzerland are quite densely populated
1 = ol Y Relatively lot of protection areas
I e gy e esss esior Y Legal system may lead to long delays
B i il sl S Market distortion because of externalities
Sun (photovoltaics) Fr.14°000° 345.00_70005 530(;0_45005 Fr.45000 e
g, Geothermal energy $1200-5000° ;;3(1)3223; Fr.7000° Technology Fuel extraction Construction Operation Total
% . Fr.2500° Fr.2300° Coal (COl'lV.) 1 1 962 964
2 Wind Fr.3000° $850-1700° $700-1300° Fr.2100° Coal (GaSiC) 1 1 748 751
-g Biomass (wood) Fr.4000° Fr.30000 0il R R 726 726
3 Bi
2 (l:i(:)l;l;is gseester/ landfill gas) BFI000% 50007 Gas - - 484 484
o] ] e o L Srepthsinal = L ¢ 2!
Parabolic trough $3900¢  $2800-3200° $2200° $1200° Small hydro nyv. 10 n.v. 10
ig _é § ‘g Power tower $4000-4500° $2000° $1000° Nuclear ~2 1 5 8
“eae Dish-Stirling 3112({3)(?(;1' $10'000¢ $4000° $1100° Wind L% 7 LV 7
- — Photovoltaics nv. 5 nv. 5
2 (Hillebrand, et al., 2002); ® Ref. (Gantner, et al., 2001); © Ref. (IEA, 2003); ¢ Ref. (Philibert, 2005)
Large hydro nv. 4 nv. 4
. L. . .. Solar th | V. 3 V. 3
Y  In addition to lack of experience leads to uncertainties | " “ A : el =
regarding potential earnings and thus to relative high Ref (Gan i, 1585
r|SkS Abbreviations: GaSiC: Gas- and steam process (GaS) with integrated coal gasification
NA: Sustainable cultivation
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Current Swiss energy policy regarding renewables

Market failures and barriers Swiss energy policy
High electricity generation costs Competences on federal and cantonal level
Electricity gen. costs / kWh in year: 1990 2000 2005 2010 2020 Maln Current pOIICy program Enel’gleSChweIZ-prOgram
%E I(\:Iz:earpower Fr.0.06-0.07¢ 223:222: €0.03-0.05° Y 2001 | 2010- C02 _10% (Comp. tO 1990)
;g 'g Natural gas, GaS-process Fr.0.05-0.09*  €0.02-0.04° Y PromOtIOI’] Of energy eﬁ:ICIenCy .
2% | Large hydro plants €0.02:0.08° €0.02:0.08" Y Promotion of renewable energy (R&D, pilot and
S i HRUOEEDS, SE0GSRR demonstration plants, certification, grid opening at no
. $0.10- A
Sun (photovoltaics) Fr.1.50° $0F‘:j'2i0 €0.50-0.80° Fgg(:sa Fé(f(‘)ii Chafge)
3} Come o Energy act revised in 2007: Av. yearly energy generation
g | Cocthemal sneney OO e 001008 by renewable energies +5400 GWh (comp. to year 2000)
§ . $0.02- . - c c -
g | roawr OO o000 oo Ko Y Cost-covering remuneration for feeding
g Bfmms (wosd) ERONE _EEROASS Plant category Power class Compensation (Rp./kWh)
Eﬁ)r;ldafgsesler/landﬁll gas) Fr.0.16* Fr.0.12 Detached <10 kW 65
Small hydro power plants $0.02-0.15¢  €0.04-0.10° $(?_ 10325 €0.03-0.10° iig(;{kww ;1
T | pusbolictroush e 2 wie soe ST >100kW 49
g2 P ’ . . $0.04°
B E ower tower $0.15-0.20¢ $0.11 $0.07 & or0.14 Attichied <10 kW 75
@ & Dish-Stirling $0.20-0.25° $0.15° $0.10° $0.06° <30 kW 65
2Ref. (Gantner, et al., 2001); ® Ref (Owen, 2006); © Ref. (IEA, 2003); ¢ Ref. (Philibert, 2005); <100 kW 62
¢ Ref. (WBGU, 2003) 100 KW 60
Integrated <10 kW 90
<30 kW 74
<100 kW 67
>100 kW 62
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Concepts of high-temperature solar thermal systems

1.08*108k Wh/ a reaches eart h|o Type Development status
~ . Concentrating systems
100000 wor | d pri mary ener Parabolic trough In commercial use, 468 MW (USA?, Spain®)
1% of alr ea of Sahar a to S Solar tower In commercial use, 11 MW (Spain)®
electricity demand Dish-Stirling systems Prototypes, ca. 360 kW (Saudi-Arabia, Spain, USA)?
Non concentrating systems
Solar chimney Prototype, S0 kW (Spain)®

B u t é Solar pond Prototypes, 640 kW (Israel, USA)
2 Ref. (NREL, 2008); * Ref. (European Commission, 2007); ¢ Ref. (Garcia-Sobrinos, 2007);

4 Ref. (Mancini, et al., 2003); ¢ Ref. (Quaschning, 2007); f Ref. (Kaltschmitt, et al., 2007)

2007 in OECD countries

665 GWh by solar thermal technology Development status - efficiency
Share of > 0.0004%

E)}l/e[?)/t/:ical yearly efficien- 2000 2020 2050 ?&g};g/{sﬁ achieved
Parabolic trough 142t 13¢ 20-252 25-302 21b.c

Solar tower 13¢ 20-25% 25-30° 23¢

Dish-Stirling systems 23¢ 31.25¢

2 Ref. (WBGU, 2003); © Ref. (Philibert, 2005); ¢ Ref. (IEA, 2003); ¢ Ref. (SES, 2008c);
¢ Ref. (Mancini, et al., 2003)
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Concepts of high-temperature solar thermal systems

Parabolic trough

Partly adopted
from IUPAP,
2004

Absorberrohr

gewolbter Spiegel s :
Application:
Rohr.mit Wametragerfluid Grid connected power plants, medium to high process temperatures®
Advantages:

» Commercially tested — more than 12 bn kWh operational experience; potential for process tempera-
tures up to 500°C (400°C are commercially tested)®

» Commercially tested yearly net plant efficiency of 14%" (insolation to generated electricity)
» Commercially tested investments and capital costs

* Smallest material consumption®

* Field-tested hybrid concept®

* Energy storage possible

Disadvantages:

Acciona, 2009 * The current use of oil as a transmission medium restricts the temperature to 400 °C, which becomes
noticeable in a moderate steam quality®. By a direct evaporation of water (still under development), the
cost could be reduced and the operating temperatures could be increased.

aRef. (Aringhoff, et al., 2005); ® Ref; (Philibert, 2005); ¢ Ref. (Kaltschmitt, et al., 2007)
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Concepts of high-temperature solar thermal systems

Parabolic trough

Netz

Kollektorfeld Zwischeniiberhitzer

NN

heisser Tank

7

Turbine Generator

Speicher

Kondensator

(e
o
(]
=y
N
)

Kihlturm

kalter Tank
L —9 3 d

Warmetragerpumpe Vorwéarmer Speisewasserpumpe

Partly adopted from Quaschning, 2007
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Concepts of high-temperature solar thermal systems

Solar tower

Partly adopted
from IUPAP,
2004

zentraler Receiver

Application:

* Grid connected plants, high process temperatures®
Advantages:

* Since 2007 commercially in operation®

* Good medium term perspective for high conversion efficiencies, potential for process temperatures
higher than 1000°C (565°C tested in a 10 MW plant)*

* Storage at high temperatures with few losses possibler
» Hybrid operation possible

Heliostate

Disadvantages:

» Commercial experiences have been gained only since a relative short spell

aRef. (Aringhoff, et al., 2005); * Ref. (European Commission, 2007); ¢ Ref. (IEA, 2003)

\

Heliostatenfeld

Uberhitzer

N

f Verdampfer {2

\H < Kuhiturm
) Partly adopted from
b uaschnung, 2007
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Concepts of high-temperature solar thermal systems

Dish-Stirling systems

Receiver / Motor

Reflektor & 3 . i > v \ { m
5 -‘ g - . \ 3 p "" 7_ ' e

Partly adopted from IUPAP, 2004 2 s 2
pplication:

« Single, small, not grid connected plants or bigger, grid connected Dish-Stirling plant farms®
Advantages:

« Very high conversion efficiency; peak values of up to 31.25% (insolation to net electricity)®
* Modularity

* Over 80000 hours operational experience from demonstration objectse

« Two big plant farms under construction in California®

» Hybrid operation theoretically possible

» Comparatively small thermal inertia®

Disadvantages:

 Projected cost targets through large-scale production still need to be achieved:

« Energy storage is difficult

aRef. (Aringhoff, et al., 2005); * Ref. (SES, 2008c); © Ref. (Mancini, et al., 2003);
¢ Ref. (SES, 2008a) & (SES, 2008b); ¢ Ref. (Tsoutsos, et al., 2003)
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Concept decision

Dish-Stirling system

Next to the already mentioned pdvantages, t h
start earlier and stop later with electricity production
generate electricity even during cloudy days (low thermal inertia)

Snow compatibility proven for heliostats
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Simulation o
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Simulation of the plant

Site evaluation
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Yearly direct normal insolation

s (Mean 1981-2000) in [kWh/n?]
A) Sion 1359

B) Samedan 1551

For comparison:

Lugano 1120

Zirich 983

Sevilla (south of Spain) 1857

Tamanrasset (Algerian Sahara) 2759

Ref. (METEOTEST, 2009)

Meteotest, 2009

Standort des _I_(raﬂwerks
a2
X Say

>

/(,j“*::""”‘

Latitude

Longitude

Altitude

Area of parcel

Average terrain gradient

46.5133°N
9.8721°0
1718 mNN
132300 m?
1°

Geodata
Swisstopo,
| 2008

8| Google
Earth, 2009
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