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Introduction

This report focuses dmow and whethett is possible for Germany to have allits electricity
generated by renewabémergy resourcesithin the nexten years. lis fairly obvious that if
possible, the chances fofiition are extremely low. Nevertheless is it extremely important to
show decision makers and leaders the high potential, technology and possibility of green energy
in Germany.

Germany is like many other OECD countnsich arehighly dependent on fogguels,
especially fossil tepaositsse.veryGrenornCnly 308 #lionftamsSos i | f u e
petroleumoil areavailable for production. The lack of resourbescreated a higdependency
onoil producing countries in the Middle East and Russia. Prices are rising every year and
political conflictshavecaused shortcuts several times in the past. Incidents and rising prices will
continue.

For many decades, nuctggower plants were considered a safe andfieeodly alternative to
burning fossil fuels. The Fukushimaclear disaster in 2011 has proven the advocates of nuclear
power wrong. The dangeof this technologyaresimply too high and the waste problem has
never beemesolved This catastrophe has led German politicians to pass a law that all remaining
nuclearpower plants have to be gldown by 2022. Consequently, nuclear power will not be
taken into consideration in this report.

Detractors ofenewabésoften state that by shutting down coal and nuclear power p&ots
many will lose their jobs ancreatehigh economic lossedany studies have proven them
wrong. h 2011 Germany ialreadyone of the world leaders wind, solar and bioenergy and by
the year 2020 there wild/l be estimated investm
and 500000 jobs could be created B§20 (More about the job marketthe following).

So Germany has the potential and the nedstobming a leadg market for resource
efficiency and green energies. Tiivst step has been taken by phasingituhuclear power
plants. heclean energy technologies aeady and thergency can be felheveryo o d y 6 s
consciousness

! http://www.erdoel-erdgas.de/Reserveh751-69b.html



1. Ger many 0 ssituationi rereergy supply and consumption

Germany isamongstvorld leaders wan it comes to renewable enesgiBut whatis the
current share of rema&bles in the energy generatimix? The following graphic shows that
renewables already produce 16.3% of all eleity generated in 2009 where wind power has the
biggest share with 6.6%. (38.6 bn. kwh)
Lignite, coaland nuclear power still produce abowb-thirds (64.86) of all electricity.

Based on official guidelinethrough the European Union the curr&srnangovernment has
to increase theenewableercentage up to mimum 18% by 202G Due to the high ratef the
actual development this goal will be reached and exceeded easily.

The Electricity Mix in Germany 2009

Renewable Energies ensuring

16,3% of gross power consumption. Renewable *—Photovoltaics

Energies 1,1%

Nuclear Energy 94 8 bn. KWh (6,6 bn. KWh])
0 ; 2
samb 1 16,3 % Hydropower
Natural Gas —— 3,3%
12,8 % (19,1 bn. KWh])
- total «Biomass

Lignite 582,5 bn. kWh (incl. biogenic
24,3 % waste)

/ - 52%
' (30,4 bn. kWh)
Hard Coal
18,1 % I .

—Wind Power

0
Others (Mineral Oil, 6,6 %
Storage etc.) 6,1 % (38,6 bn. kWh)
Sources: Federal Statistical Office, BMWi, BDEW,
AGEB, BMU, own calculations 09,3
Status: 08/2010 www.unendlich-viel-energie.de/en (&5

Figure 1 The electricity mix in Germany

The government has also comtted to have all public buildinge becomeole models in

energy efficiency. This will cost appromatelytd 1 7 8liomWS $250 milion) perannum On

t he ot her liohwaihbe saved Rer yedrThis shows serious commitment to decrease
greenhouse gases to maintain Germany’s leading position in the renewables sector.

2 http://www.bundestag.de/presse/hib/2010_11/2010_375/03.html
3 http://dip21.bundestag.de/dip21/btd/17/036/1703629.pdf



1.1 Current CO, emissionsand consumption

CO2 Emissions (Metric Tons per Capita)
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Figure 2 Co2 Emissions Germany Cetaleg Snamce: ‘el Derchopmest lesten

In the passeventeeryears Germany hasduced its C@emissiondy approximately22.2%
Bringing its total emissions today aroudd metric tons per capit&ince 1990, the production
of greenhouse gases has been reduced by 220 nddhenWith those numbers Germédms
actually achieved stclimate goals set 1997 in Btp (The goal was 21% by 2012)our yeas
earlier than expectet.

Its enormous efforts in supporting the renewablegias will continue the downwargduction
of carbon dioxide emissions.

DIFFERENTPOWER PLANTS AND THEIR CO, BALANCE

Figure 3 shows a table with tBfent power plants and their @@missions per kWHEven
renewable technologies have a£f0tput When they are produced or the raw materials are
mined, carbon dioxide is released into the atmosphere. &jgonter plants have the worst O
balance with 1153g per kWh. Bioghkck heat and power plants can actually reduce carbon
emissionsTechnically, bioga®lock heat and power plants can actually reduce carbon
emissions, because plants, used in biogas ptiotdu@bsorb more G, than released during
burning of biogasA positive carbon dioxide balance is the result.

4 http://www.spiegel.de/wissenschaft/natur/0,1518,675314,00.html



Plant type CO2-emissions CO2-Emission
Biogasblock heat and power plant - 409 g per Kvh
Renewables

Wind energyoff-shore 23 g per kvh
Wind energy o-shore 24 g per kVh
Solarpower impoddfrom Spanien 27 g per kVh
Nuclear power plant 32 g per kvh
Hydro-electric power plant 40 g per kVh
Multicrystalline ®lar cell 101 g per kvh
Natural gas

Natural gascombinedcycle plantheatingplant 148 g per kvVh
Natural gascombinedcycle plantpower plant 428 g per kVh
Coals

Hard Coalheating power plant 622 g per kh
Lignite-heating plant 729 g per WWh
Bituminous coapower plant 949 g per kh
Lignite-powerplant 1153 g per Wh

Figure 3 Different power plant types and their Co2 emissions
Sourcehttp://www.co2emissionerveraleichen.de/Stromerzeuauna/G@8raleich-Stromerzeuauna.htmi

Sincel990 energy consumption greather continuously. In 2009 electricitgage dropped by
6% (618.1 tdb78.9 TWh). The reason ftiis was the financial crisis that led short time work,

factory shtrdowns ad extended acation closedowns.

Gross Power Consumption Germany

Terawatts per year

700
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600 ﬂ
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— Gross power consumption

Source: AGEB e V Energy Consumption Germary 2010

Figure 4 Gross Power consumption Germany



2. Job creation

A keyquestion s i h ow willebe greatpdatrosigh renewable energiethe futur® o
Accordingtoastudhpy t he Ger man AAGgeecyi esc B67apeepab | ¢
are working in theenewablesector. This numbesisupposed to expata about 50M00 in
2020. This number is calculated by taking the current growth rate into consideration. This is
happening at a time where most industry sectansld ratherdecrease their number of
employees as opposed to creating new jobs.

According to theGermanFederalLaborMarket Authority (Bundesagentur fur Arbeitsahe
main authority for labor statistics and datiaere is no data available on how many people are
working in fossil fuel power plants. It is rather crucial to collect éhmagsnbers in order to
compare the labor intensity of both sectdffer another researcher to compare).

As the gaphic below shows, in 200900500 jobs were created in the renewable sector.
Industry projections assume that up to 500 jobs could bereated by 2020 This number is
calculated by taking the current growth rate into consideration.

Development of jobs in the Renewable Energy Renewable Energy: 300.000 jobs in 2009

sector Number of jobs in Renewable Energy industries in Germany

Steady increase in number of employees.
f Industry forecast 2020:

Number‘o Jobs 500,000

Solar energy

79.600 (26 %) ————= e Biomass

300 000 :
2009: 109.000 (37 %)

1 2008: 300.500

\ 278.000
Total:
2006:
\ 235.000 300.500 Hydropower

‘ jobs 9.000 (3 %)
[ 2004:
| 2002: 160.500 Wind energy N Geothermal
100 000 — 9
2000, 135.000 87.100 (29 %) energy
\ 9.300 (3 %)

‘ 1998: 100.000 * ‘ .
| 66.600 Public/non-profit-

200 000|

0 sector jobs
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  2020* 6.500 (2 %)
Sources: BMU/AGEE-Stat, DLR/ZSW/DIW/GWS, UBA Q0 S
Status: 4/2010 www.unendlich-viel-energie.de/en [ Source: BMU/AGEE-Stat, Status: 4/2010 www.unendlich-viel-energie.de/en |E5

Figure 5 Development of jobs in the renewable energy sector Figure 6 Renewable Energy: 300.000 jobs in 2009

An analysis of thirteemdependent reports and studies of the clean energy industry
commissionedby University d California Berkley found out that renewabletaologies create
a higher numbeof jobs per average megawatt of power generated, per dollar invested in
manufacturig, construction and installation when compared to coal or natural@as. the
course of a 1{year period the solar industry creates 5.65 jobs per million dollars in investment,

® http://www.unendlich-viel-energie.de/de/wirtschaft/detailansicht/articld 98/steigendearbeitsplaetzebei-den-
erneuerbarenenergien.html

® http://www.unendlich-viel-energie.de/en/economy/details/article/16/renewablenergy:300000jobsin-
2009.html

! http://rael.berkeley.edu/sites/default/files/veryold-site/renewables.jobs.208 pdf


http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=German&trestr=0x1001
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=Federal&trestr=0x1001
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=Labor&trestr=0x1001
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=Market&trestr=0x1001
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=Authority&trestr=0x1001

the wind energy industry 5.7 jobs, and the coal industry only®3r9thecase oftoal mining,
wind and solar energy generate 40 percent more jobs per dollar inVested.

It has to be said that those numbers were calculated in and for the United States and might not be
completely accurate for Germany but an obvious trend ar/s@sore detailed analysis of the
job situation and development in certaing@able sectors follows in theh@pter 3

8 http://blog.greenpointpartners.com/reakstate/solar%E2%80%9psshto-reachthe-mainstream/
Virinder Si ngh, BBC Research and Consulting, and Jeffrey Fet
Renewable Energy Policy Project, November 2001, 8.

-10-



3. The Electrical Grid in Germany

The German electrical grid is about 1.74 Million kilometelsng which is abot4 Ytimes the
distance of the eartio themoon. There i@ four voltage levels: Extra High, High, Distribution
and Low It is operated and divided by four transmission network operators.

Below is a basiandsimplified outline on how the gridystem works in Germanluclear and
coal power plants are still the main producers of electricity. Thefe@arenajorgrid systems

outlined whichare connected.
Figure 7 The electric grid system in Germany

Nuclear Plant

Coal Plant o . i
- aﬁ Extra High Voltage
5 Bl EB 275 kV to 765 kV
A[;% (mostly AC, some HVDC)

Hydro-electric Plant

& _ ~150 MW
ﬂ,.:‘ ~30 MW (7[H|gh Voltage 110kV and higher £ J—O q

. Medium sized
Sdailel P it Transm%sslon Grid P:':rm”:::.
factory Distribution Grid up to
~150 MW il
~5 MW 1 [
Rural Network substations Cily network o
. Power Plant
Low Voltage @_:—@ ~2 MW
(50 kV) @

HE
e

HE
@3

Industial |Customers

&
o
of® &
S P @
é N
~400 kW N1\ /
Farm /:‘;; A\

KEY: w— Extra High Transformer (

T —

e Low Voiltage

Solar Farm

10 http://www.verivox.de/ratgeber/diestromnetzein-deutschland25551.aspx
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1 Extra High Voltagé The main transmission grid a longdistance linghatpasses
electricity from power plantand wind parks into the grid. The
electricity is transmitted statand nationwide and alseithin
Europe Most of the electricity exchange is done with France.

1 High VoltageGridi Is atransmissiometwork.Regional transmissiois its main task. Lines
carty electricity into different regions, congested areas or big industrial centers.

1 DistributionGrid i Distributes the electricity to the local transformer stations of the low
voltagenetwork toinstitutional userdike schools, public authorities or
factories. Municipal Utilities, which quite often run power plants or
operatecogeneratiorieed power into this system.

1 Low VoltageGridi Low Voltage Gric are responsible for local deliveBectricity from the
distribution grid in Europe is usually transformed into the usual 400V or
230V and then delivered to private households, smaller industrial
establishments, businesses and municipal administrations. This grid is
often referred as the Al ast mil eo

On the right side of the page is a map of Germany with the
four transmissiometworkoperatos. Thoseare service
companies and they are responsfblemaintainng grid
reliability, preventinstabilities and to provideoltage
control

COSTSAND MATERIALS

The Deutsche Energiggentur GmbH Deng - the German
Energy Agency fis developing energy efficiency and
rerewable energy markets in cooperation with stakeholders
from the worlds of politics and business and from society at
larged'! They developed a scenario with 40% electricity e

. . Figure 8 Transmission network operators
generated by renewables, mainly wind usage. Dena expert:sourcehttp://de.wikipedia.orgiw/index.php?title:

stated that about 3600km additional high voltage lines DateiRegelzonen_deutscher_%C3%9Cbertragt
netzbetreiber_neu.png&filetimestamp=201

10904132018

1 http://www.dena.de/en/services/aboutdena/

-12-
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would be necessary. Also about 3100km of existing lines are supposed to be modified. The costs
for expanding and modifying the grid are about 9.7 billion etfr8énce those numbers are only
calculated for a 40% scenario t@ount of commitment and the costs would be much higher
the 100% scenaridue to increased material input, faster installation time frames and

complicated application processes.

CROSSCOUNTRY EXCHANGE

bdew  There already is a robuskchange of electricity

Germany's physical electricity exchange with it's
neighboring countries

Electricity Exchange
(Werte in TWh)

) import

Export

¥ Import 40,5
> Export 54,8

Figure 9 Germany electricity exchange
Source: http://lwww.kernfragen.de/kernfragen
/img/Gesellschaft/ges0104a_stromausthQ8aif

Ger manyos

wi t h

that for a 100% renewable solution Germany

canot be an isl and

Especially renewable technologies require a
higher amount of flexibilityof supplyto cover

n

fluctuations in e.g. windrosun availability. This
has to be achieved by closely working together

with the adjacent countries and system
operators.

Certainly these nations would have to expand
their amount of sustainable generated electricity.

France for example gets about 88%f its
electricity from nuclear reactors. Also the
country has one of the highest numbers in
dangerous nuclear incidents every year.

In order tosolve certainenergy storage issues

Germany would have to work closedyth
Denmark and Sweden. Gshore electricity

could betransferrecover HVYDC lines under the

northern saand stored intheir multiple
pumped hydro storage powgants. The

geographical conditions are superb compared to

high hydrepower and storage potential, while Germany has raoneial hours of sunshine
(About 1250kWhi? per year}* So GermarsolarPV generated electrigittould be stored in
Swiss hydropower dams for use the next.day

f | a t Thd samedcexampie cantbe mablearr the ISouth. Slaitzehas

Yhttp:/iwww.dena.de/fileadmin/user_upload/Download/Dokumente/Studien___Umfragen/Summary_dena_Grid

Study_II_2.pdf

3 http://de.statista.com/statistik/daten/studie/12914/umfrage/anteitler-atomenergieam-stromverbrauchin-

ausgewaehltedaendern/

1 http://photovoltaik.tumblr.com/post/670536241/sonnenstunden

-13-
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FUTURE OUTLOOK

Therehavebeen a lot of discussions in  Upgrading of Germany's Power Lines
politics and the media about the future
of the German electrical grid. The
problem was thahe fourmgor
companies did not use their earnings to
mairtainand even more importanttg
modernize and expand the grid. Some
politicians advocate now to nationalize
the grid to guarantee a grid that can

cope with the needs of the future. o
definite plan of the current government \QESS"‘ ,{
is to make the application process R .

simplerandmoreconsistent in every
state.

L. ——Open Lines
The problenthatthe grid in Germany 111 NewLine
faces is the location dfigh capacity o
coal and nclear power plantg hey
are in close ditance to highly
populated areas which daeated in
the middle and the south dfet i
country, ® electricity does not have to
H System Expansion untill 2010: 461 km
be transported over |0ng dlStan&éS. 1. Hamburg/Nord-Dollern 45km 7. Franken (Netzverstarkung: 179 km) 6 km
W|nd parks and biOgaS p|ants W||| 2. Ganderkesee-Wehrendorf 80 km 8. Thiiringen (Netzverstarkung: 187 km)
. . 3. Neuenhagen-Bertikow/Vierraden 110 km |
replacehigh capacity coal and nuclear | 4 taucnstidt-vieseibach 80km System Expansion untill 2015: |
. . 5. Vieselbach-Altenfeld 80km 9. Diele Niederrhein 200 km
plantSbUt that WI” mean a $ﬂ| Of 6. Altenfeld-Redwitz 60 km  10. Wahle-Mecklar 190 km

eIeCtriCity generation to theorth. Figure 10 Planed epanison of the German electricity grid. 2007
(More detailed descriptions about Source http://www.fazfinance.net/Aktuell/Wirtschaftnd-Konjunktur/Glos
. . will -AusbaudesStromnetzedeschleuniaer3780.html
locations are to be found in the
Apotential segtiono of this report
High voltage direct current (HVDC) gridlinese neded transporting electricity from low
populated north Germany to theush. Atpresent t he gri d woul d wor k as
100% renewable scenaribhis problemwould be happening atsmaller scale in local argeas
because the grid is not constieat for a steady mix between hydro, wind or solar power.

1o http://www.verivox.de/nachrichten/regierungegt-eckpunktefuer-stromnetzaushuvor-71853.aspx?p=2

-14-



4. Five Different Plansfor 100% RenewableElectricity Germany

One of themajor issues in bringing Germany to 1088aewabless whetherthe renewable
potential even exist3.his question can be answered with great certdintgs, the potential is
given.This report will takdfive 100% Renewable by 2050 plans into consideration and how
those plans are feasible for a 2020 approach.

ng «
nnovation without C

Wind: 209 TWh/yr. %,
onshare and offshore ‘E"ﬂ

Ll

"Photovoltaics: 28 TWhiyr. %

Biomass: 41 TWhiyr. %
Geothermal: 346 TWh/yr. %
Hydropower: 25 TWh/yr.

Photovoltaics: 50 TWh/yr. I |

Biomass: 45 TWh/yr. I %
Hydropower: 25 TWh/yr. %

Photovoltaics: 104 TWh/yr.

Waste biomass: 11 TWh/yr.
Geothermal: 50 TWhiyr,

55 TWhiyr. Hydropower: 22 TWh/yr.

Naturalgas: 11 TWhiyr. /[~ %

Figure 11 Energy Concept 2050: Figure 12 Climate-friendly, safe, Figure 13 Energy Goal 2050:The power
The FVEE feasibility study affordabl e: The g | loadstudy ofthe Federal Environment
Agency

The five figures show, how
SELISNI& Sadayl
energy mix in the futureEven

if those numbers are for 2050,
the mix will be the same. As Wind: 300 TWhivr. Em%
shown in all figures, wind lon g cfichore]

power will provide over 50% of
DS NXY | v @rigitit. Arthes G
important number will be the %@@f
total annual renewable ""'

——
Wind: 408 TWhyr. @%

lonshore and offshore|

« Photovoltaics: 112 TWh/yr. i %
Biomass/biogas: 72 TWh/yr. mﬂ %

Geothermal: 147 TWh/yr. %

electricity supply. This number| [t R
varies a lot within all five
reports from 394 TWh/yr to
766 TWh/yr.

Hydropower: 27 TWh/yr. E o

Figure 15 Climate-friendly, safe,
affordabl e: The

Figure 14 Energy Concept 2050:

Source for all figures on this padetp://www.unendlich-vielenergie.de/uploads/
media/AEE_Flyer_100_02.pdf -15-
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5. Renewable Technologies and their Potential

5.1 Wind Power

Wind power ighe crucial renewable electricity sousdedayandin the future Five different
100% renewable plans for Germany have made wind their most important technalebsré

of over 50%)

Installed capadty and potential electricity output in 2008

5,4 Mrd. kWh

4 ,1 Mrd. kWh
%8 MW Q)

5
1\1.431 MW

Q) 2,7 Mrd. kWh

W
. kWh

3.767 MW

0,2 Mrd. kWh

"] 6.028 MW
4 11,3 Mrd. kWh

| 2.677 MW
'S 4,6 Mrd. kWh

Q) 6,5 Mrd. kWh
3.014 MW

Q) 5,8 Mrd. kWh

851 MW
Q) 1,4 Mrd. kWh
692 MW
509 MW Q) 1,2 Mrd.kWh

% 0,8 Mrd. kWh

1\1 207 MW

1,9 Mrd. kWh

Mrd. kWh = billion kWh

' /t\azz MW
60,6 Mrd. kWh

1\411 MW

t 0,5 Mrd. kWh

Source:

DEWI [2009)

I —
0- 100- 500- 1.000-  2.000- over
100 500 1.000 2.000 5.000 5.000

Installed capacity
in MW

Figure® Installed Capacity 2008
Source http://www.unendlichviel-energie.de/de/wirtschaft/detailansicht/
article/432/sichesauberschlauerdie-stromversorgunglerzukunft.html

16 http://www.neurohr-info.de/html/auftriebsprinzip.html
" http://www.erneuerbare-energien.de/inhalt/4642/

Wind turbines use t
energy. AirPressure differences near the
earthoés sur ffathislnar e
Germany the only purpose for wind
turbines is the electricity generation.
Modernwind plants only use the
fiBuoyancy Principlé i nst ead
principle of resitance As the wind flows
by, they do not set resistance towards the
wind, but the winctreatesbuoyancy on
the rotor bhdes and that makes them
turn.*®

of

In 1990, Germany produced 948
million tons of CQ emissions, whereas
in 2009 only 774million tonswere
produced In 2009 windgenerated
electricity saved about 38illion tons of
CO,.Y If wind power would be
responsible for 50% of all electricity
generated, about 40% of carbon dioxide
emissions could be reduced. That shows
the immense relevance of wind turbines
when it comes to reatty climate goals
and slowglobal warming

-16-
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As you ca see irfigure 12 on the left side most installed capacity is in the north and fewer in
the south. In order teeach a share of 50% wind energyall areaswind power has to be
expanded Over the past couple of years, continuous development has madeleatritity

the mostefficient and cost effectivef all
Top 10 Countries by Total Capacity [MW]

renewablesCurrently Germany is number three 447330
worldwide in installed total capacity (480 MW)  ——— 1200
and is promising to maintain its gigon. Germany —— 72150

e 25.777,0

is also number two in capacity/land area ratio. This ., meee—G—0 750

19.149,0

means that Germany is using itS given Space Very i, [ oo

11.807,0

efficiently. It also means that a lot of qualifiadd o o 45500

potential areas are alreadguipped or under e :ﬁo
development. That said, older Gernvaind parks =~ xwseen 2 4020

will have tobe upgraded with new wind turbines ;mdk — |

which are utility scaland have a higher power e M
output. Figure 17 Top 10 Wind Countries

Source: http://www.wwindea.org/home/images/
storiespdfs/worldwindenergyreport2010_s.pdf

REPOWERING

Repowering has mgmadvantagesuch as Eapmatypar band Avws TR/ o]

increased efficiency due to raised energy output

with fewer wind turbines. Ao thelandscape is R

preservedwhich reduces the negative H e dvrar—s
environmental influences like noise and shadow = n ﬁ % m ﬁ I E E ;I;ij’ SRR T
impact.(Better locations and plant characteristics) _ AEREEARAA m . ‘: 2 g 3 ;

In 1990 most turbinegompletecabout 4660 Figure 18Wind capacity per land area

rotations per minutevhereas now the number has Sourcebg;tr/) //wlvc\j/w w&mndea org/hozrgigmaggfs/
storiespdfs/worldwindenergyreport S.p

gone down td.0-20 rounds per minut€. This

leads to less noise pollution.

Onre of the biggest operators of wind paede® cities and local authorities. That is why the
federal government estadtied a project with guidelinés advance repowering. This outline
gives informatiorwith the help of models and exampteEhow repowering is donia a fastand
cost effectivavay. So fa it has beem great success.

Certain laws in some states providestacles for repowerindt is mostly hub height limitshat
preventsome of the nely developed turbines from being installed. Thusich good potential
remairs unused. In the state Biorth RhineWestphaligd NRW) for instance, hub height is
limited to overall 100m. (2008)2700 plants (with overall 2700MW) produced 4.6 billion kWh
in 2008. If only all 1MW turbines could be replaced witbdarn 2MV turbines with 150m hub

'8 http://www.wind -energie.de/politik/repowering
' http://www.unendlich-viel-energie.de/de/wirtschaft/detailansicht/article/432isher-sauberschlauerdie-
stromversorguneder-zukunft.html
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http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=North&trestr=0x401
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=Rhine-Westphalia&trestr=0x401

height, then itould produce about 10.2 billion kwWh. Thetjput would be more than doubled
with fewer turbines. Without the hub height limit, NRW could be number two in wind power
electricity output in Germany

Figure B shows a great example for repowerilrgthe state of Schleswig Holgtea wind
park with 13 turbines (431nub height) and an output oSBAW was repowered to only 5
turbines (120m hub heightThe electricity outputvastripled to about 15MW.
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* Example: Schleswig-Holstein

before

Figure 19 Repowering example Source: http://www.unendliclviel-energie.de/de/wirtschaft/potenziale.html

‘Nominal Capacity ¢ 30kW BOKW 250kW 600KkW 1,500 kW 3.000 kW 6.000 kW
Rotor Diamster : 15m 20 m 30m 46 m 70m 90 m 126 m
Hub Heisht i30m 40m: S 50m. 78m 100 m 105:m" a35m.

Annual Enersy Yield :  35.000 kWh  95.000 kWh  400.000 kWh  1.250.000 kWh  3.500.000 kWh  6.900.000 kWh  ca. 20.000.000 kWh

Figure 20 Expanding size of wind turbines
Source: http://www.wind-energie.de/infocenter/technik

Figure 20 showkow the size of wind turbines has increased over the past 28 years. Not only
hasthe sizeincreasedut the nominal capacigiso increaselly the factor of 200! Nowadays
the average rotor diameter is about 90m; nominal capacity is 2.&MBMW and the hb
height, depending on the location between 80 and 130 meters.

OFFSHOREWIND POWER
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Germanyhas just begun itsff-shore
development. There is a great potential at the
Northwestern and Northeastern coasts of the
country, whichonly needgo beharnessed

The first offshore wind park in Germany was
finished and opened in Augug010? It is called
Alpha Ventus, has twelve 5SMW wind turbines ang
can supply acitywith50 00 h o u%.&Heo |
turbines need a minimum wind speed of 3nife
park was constituted as a test pldriteentirepark
has state of the art technolodipr instancethe
cables that transmihe electricity are aHHVDC.
Germany is a leader in modern 5MW off shore
wind turbines with offers good future prospects
forexpag t s. Al s oilli@aneestments 1 (
and about 3000 new jobs are predicted by the

FederaMinistry for the Environment?

Currentl there are 27fb-shore windparks
approved by the government with an overall
electricity output of 8.7 G\W. Three of them are in
the NorthasternSea(Ostsee)Some are already
under constructionthers stillin the planning
phase. All offshore wind parks have to be twelve
nautical miles dfthe cast Nevertheless most of
them will be about 30 miles of theasd. Off shore

wind parks are ab a new growing industrial
sector. About 14 harbdfsare preparing for
production, transport and maintenance

7711 Colone's Cathadral
i Blade Tip
N
j \ Rotor
A Diamet
ds o6 :
Helicopter ¢
Platform  [IUIL
Housing
Tower
)0 b -

2 http://www.alpha-ventus.de/index.php?id=24

2 http://www.erneuerbare-energien.de/inhalt/45213/20214/
2 http://www.erneuerbare-energien.de/inhalt/45213/20214/
2 http://www.iwr.de/wind/offshore/nat_plan.html
 http://www.wind -energie.de/politik/offshore

“Source Ventushttp://www.alpha

LFigure 21Model of a 5SMW wind turbine at Alpha

ventus.de/fileadmin/user_upload/Broschuere/av_Bros

re_deutsch_web_bmu.pdf
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http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=Federal&trestr=0x801
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=Ministry&trestr=0x801
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=for&trestr=0x801
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=the&trestr=0x801
http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=Environment&trestr=0x801

Also training facilities for service, asséhng and maintenance personal aneler
development. Off shore wind parks are becoming a leadohgstry in northern parts of
Germany. This can be shown in one example. The shipyard Emden had to close in 2010 due to
its unprofitability. Many workers were about to be laidwffenanew Company calle8iag Off
Shoretook over the plant, kept all waoeks and actually hired extra lalf8iExamples like this
are found in many placeékatshow the importance of wind energy farastakegions.

The table below shows Germanyodés offshore cap:
the capacity was astated to be about 12 MW. In 200@MW and in 2010 it was 108 MW.
Due p further development of viab&reas the capacity graaover 50% showing theotential
of offshore wind.

Total Offshore Added Offshore | Rate of | Total Total
Capacity Capacity Growth | Offshore Offshore
2010[MW] 2010[MW] 2010[%] | Capacity Capacity
2009[MW] | 2008[MW]
Germany | 108,3 36,3 50,4 72 12

Source(Table):http://www.offshorestiftung.com/Offshore/aktuelle#$1,51,60005,liste9.html
Source(Picture)http://www.southbaltieoffshore.eu/regiorgermany.html

% http://www.faz.net/artikel/C31151/werftenende-desschiffbausin-emden30074975.html
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5.2Sdar Power in Germany

The sun ianenergy source with tHargestenergypotential. Ezery year it generates over
219000 trillion kWh for free. This is 800 times mor¢han all mankind consumé$Germany s
average solar irradiation is somewhere betw®75 and 1200 kWh/m?, whichless thamany
southern European countrieshorth Africa (cf. 2200 kWh/m2").

Thisreport will not take the technology
of largely sized concentrated solar power
(CSP) into consideration. Tl&erman
solar irradiation is not strong enougdh.
comparisonMurcia (Spain) has a state of
the artCSP plant which is operated at a
solar irradiaibn between 1802000
kWh/m228, This technology is better used
in southern territories. Neverthelesslar
thermal solutions are alreatigingused.
Forexamplethey are usetb heat up
public swimming pools or private
households. This way electricityrcae
saved.

Miinchen el

®

In order to supply Germany completely

Overall solar irradiation on surfaces tilting south Wlth eleCtnClty Only by sun pOWGr an area
Average global irradiance per year in kWh/m? Of 5’000 Square kllometers Covered Wlth
photovoltaiccells would be enough. As a

DRS—— LZ00 ant highr matte of fact there are more thar8P0
sl v 1125 - 1200 . .

1050 - 1125 square kilometers déasibleroof areas

975 - 1050 available in Germany. Technically about a
Sioiisce Bl ir Bl ik guarter ofthesecould be instantly

available?® In the past couple of years,
open space solar plants (PV) have been

Figure 23 Solar irradiation Germany developed all over the oatry on
Source:Deutscher Wetterdienst abandoned industrial spaces or old military
test areas

2 http://www.solarbusiness.de/fakten/sonnenendlichvielpotenzial/108saubereenergie/

" http://angebot-
photovoltaik.eu/joomgallery/img_originals/strahlungskarten_und_sonneneinstrahlung_4/strahlungskarte
afrika_20091221_1397537949.jpg

2 http://www.solarfeedintariff.net/images/spain+portugal.png

2 http://www.solarbusiness.de/fakten/sonnenendlichvielpotenzial/108saubereenergie/
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Only 10m2 of rooftop solar panels can generate enough electa@typply one quarter of a
householés electricity>°

Figurel8 shows the price development of solar and domestic electritity2020. The chart
was developed by the Federal Environment Ministry (Bundesumweltministevhich s one of
the mat credible sources in Germany. In 2012 the price per kWh for both solar and domestic
will be equa) and one year latesolar electricitywill evenbecheaper. The price decline of solar

In 2013 solar electricity will be cheaper than domestic electricty

Price in

cents per
kWh -
Solar electricity cost of
production

70

60

50

30 Cost of domestic
electricity

20
| @
10 - %
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5
2000 2005 2010 2015 2020 |
www.solarwirtschaft.de Source : Bundesumweltministerium (Leitstudie 2010), BSW-Solar (PV-Roadmap)

Figure 24 Future solar and domestic electricitydevelopment

Source: www.solarwirtschaft.de/fileadmin/content_files/BSW_Kostenkurve.jpg
can be explained with economies of sealeereas the price increase of domestic electrisity
consequence of rising prices for fossil fuels.

AiTechnol ogical i mprovement and | arge scale pr
dumper 06 and an einmedits pdn s ihbesamKarsten ¢ggrning, CBQwos i t | on o
BSW-So | ar a n dThs strangee the PV v@linarkdtgrows during the nextears;the
fast sol ar el ect riAnother gtrongindidatortioeecanamiep af scaleid thee o
fact that since 2006, in only fvyears the installation price for PV systems has dropped 50% (as
shown in figure 19). If this trend continyeke costs for PV would be the same as for wind
turbines (cf. installation costs for middle and larger sized wind turbined @® 0 G *P.er k Wh

% http://www.unendlich-vielenergie.de/de/wirtschaft/stromversorgung020.html
31http://WWW.soIarwirtschaft.de/medienvertreter/pressemeldungen/meldung.htmI’?tx_ttnews[tt_news]=140

05&tx_ttnews[backPid]=547&cHash=14dfde38a0
% http://www.solar-und-windenergie.de/windenergie/kostennd-bau-windkraftanlagen.html
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€/kWp PV system prices decrease steadily

Overall price reduction by 50 since Q2/2006
D O - A i R e e o e s Lo S g O e S ot

ABOG T A BE 8 e
4.395 4.303 5 :
: 4.254 Average end-customer prices (system prices) for
4200 installed roof-mounted systems of up to 100
Kilowatt peak per kilowatt peak without tax
4.000
3:600 3.263
3.200
2.800
2.546
2.400 2.422

Q2 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
2006 2006 2007 2007 2007 2007 2008 2008 2008 2008 2009 2009 2009 2009 2010 2010 2010 2010 201 201

Source: BSW-Solar PV Price Index 5/2011

Figure 25 PV system prices decrease steadily
Source: http://en.solarwirtschaft.de/fileadmin/content_files/factsheet _pv_engl.pdf

HOw DOES A SOLAR CELLWORK?

Solar cells are made out of different semiconducting materials.
Semiconductors are compounds which become electronically
conductible under the influence of light or heat. Low temperatures v
do the opposite and make them nonconductihgr 95%° of all solar
cells produced all over the world are made ouilidon(Si). Silicon
has the advantage to be the second most common element in thes |
crust.This means that it is available in adequate amounts and
processing is not dangerous for the envirent’

During the production of a solar cediliconis treated with certain
chemicals to create a positive and a negative semiconductor layer.

Bet ween those t wo-njurcto®inwhichan a cFigure 26 Silicon-Solar-cell in a solar

module
electric field is generated during solar irradiatidfter that, metal Sourcehttp://upload.wikimedia.org/w
L . : kipedia/commons/1/15/Polycristalline
contacts can abstract tekectricity from the pn junction. silicon-wafer 20060626_568.jpg

JOBS AND THE SOLAR INDUSTRY

BSW-Solar states in its 2010 fact shié¢hat there are approximately 1880 full-time jobs
created by photovoltaic technology. About® companies are related with PV (including
instalers and suppliers).More than 200 companies are involved in production of cells, modules
and other components

s http://www.solar-is-future.de/fag-glossar/fag/technik-und-funktionsweise/woraus-besteht-eine-
solarzelle/

3 http://www.sfv.de/sob99334.htm

% http://en.solarwirtschaft.de/fileadmin/content_files/factsheet_pv_engl.pdf
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5.3 Geothermal Energy FPoduction in Germany

The percentage of how geot her nmargymexméne gy wi | |
future is still debatetletween experts. THerecast rangesom 9% to 20% through the five
studies mentioned before. The questioy is it so different to determine the future role of
geothermal energy iBermanyd The answer to ik leads us tanother question: Should
geothermal heat be used to produce electricity or to provide heat for the industry and private
household3

Currently there are only three cométhheat and power plans installadsermany. Another
ten heat plais only produce heat for industrial and private 0$e Federal Environment
Ministry assumes about 50 new combimedt 7 poweplants by 2020These plantare
supposed to have an output of 280MW which is about 40 times morexisting plants® One
major advantage of geothermal energy is weather independence. It is available 24 hours 7 days a
week,and even more significamthen there is a lack of sun or wiptbduction

PREFERRED AREAS

From a human point of view geothernealergy is an inéxaustible source of energihere is
more than enough geothermal heat to supply all of Germany with electricity antl iseat.
theoretically available at every place in Germany but not yet profitable &lsesehere
Generallywhen drilledinto theground the first 100 metersf temperature are about 10°&fter
that the temperature increases by an average of 3°C per every 100r é¢pthemperature of
about 90°C electricity production gets interesting.

There is a distinction between three differéere pt h | evel s where g@otherm

1. Neari Surface Geothermal Systems down to max 400m deep. Mosthcted with heat
pumps for heat supply in private and industrial use. For the private house market there
was quite a boom and technical/dlpmen of heat pumps in the last twottree years.

2. Warnmi UndergroundWater systems that harvest warm underground water. Drilling
depths can be down to 4500m.

3. Shifted layer€Energyi Thesesystems extract heat from deep rock layers up to the
surface 6r power generation (Flanced geothermal systems EG8yd to 5000m.
Tariffs for the next 20 years are fixed by the government. Also certain funding help is
provided by the government

% http://www.erneuerbare-energien.de/inhalt/44002/4594/
37 http://www.erneuerbare-energien.de/inhalt/42723/
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Hydrothermal geothermal energy

Patrothermal geothermal enerzy

Hydrothermal and petrothermal zeothermal

Layers with hot water
(Hydrothermal geothermadjre
economically interesting for
electricity production. Thee areas
are for example around the city of
Mainz, the Northeastn partof
Geamany and the very South.

Petrothermal geothermal energy
is a process, where cold water is
pushedunder high pressutiato
warmrock layers This creates tiny
cracks in the rocks where the wate
can run through. bt wateris being

pumpedoil back up

Shifted hyers
have natural
i c r awhkrs 0
water can be
pumped hrough.
They are naturally
more pervious
Currently shifted
layers are not yet
used forheat or
electricity
generation.

Dasseldort

Figure 27 Energy from the depthi Geothermal Energy
Source http://www.unendlichviel-energie.de/de/wirtschaft/potenziale.htr

Ground source heat pump with Ground source heat Petrothermal Shifted layers

3.800M  100-130 °c

4.000 m 130-170 °c

Figure 28 Technologies and operating depths
Source: http://www.unendlich-viel-energie.de/de/wirtschaft/potenziale.html

-26-



5.4Hydropower in Germany

Electricity generation through the pemof water is probably the mad¢veloped renewable
energy sector in Germany. The current potential was already reached iicfL$gure 22).
There will be no new hydroelectric power plants in Germany. The focus in this sector will be

Development of hydropower use in Germany

30,000

O Electricity generation [GWh]

25,000 1 e

20,000 4

10,000 +

5,000 +

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Source: BMU-KI 11l 1 according to Working Group on Renewable Energy-Statistics (AGEE-Stat); 1 GWh = 1 Mill. kWh; image: BMU / Bernd Miiller; as at: July 2011; all figures provisional

Figure 29 Development of hydropower use in Germany

makingold plants more efficierand ecofriendlyinstalling fish passesjt the moment,
Germary has 146 hydrpower and hydro storage power plaift¥he yearly output of
hydropower willremainaround 20 bnkWh. About one quarter of them are small size plants
with less than 5SMW? The biggest plant ha output of.,060 MW and is a storage facility.

Another interesting question would be to find out, how many of the currents glamnld be
remodeledo alsowork as a pumped storage hydro power plant (BSH# storag@roblem
will definitely be needd for wind and solar variabiligndat the moment thipumpedhydro
storage technology is the most mature.

% http://www.wasserkraftdeutschland.de/
%9 Sourcehttp://www.unendlickhviel-energie.de/de/wirtschaft/potenziale.html
40 http://kraftwerke.vattenfall.de/powerplant/goldisthal
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5.5Biomass Energyin Germany

The FederaEnvi ronment Ministry believes biomass t
multifunctional sourcecé ner gy f o4 Referingodgure 1, 52% of Germangs
electricity was generatatirough biomass. That makedat now the second largest renewable
energysourcein Germany. Regarding the laagtailability there are about 17 million hectare of
agricultural spaces (apprioxately12 million hectare of agricultural crop land and
approxmately5 million hectareof grassland) Primary Canola (1.1 mil. hectare, 2d8)avas
used as biofuelThere is &0 aother 11 million hectare of woodland aféa.

By far the most i mportant natural resource i ¢
forest** About one quarter of all wood lumbered is used for energy generation. The other three
guarters are utilizd to creatéuilding and commerciahateriab. Coming along are recycled
materials which are also used for energy generaifiba.Federal Ministry for Forest #airs
(Johann Heinrich von Thinen Instiut) believes that there also is extra poaentiaserves (13
35 million m3 yearY¥or sustainable forest harvestifty.

Gross Energy
Potential
Forestry 200-250 PJ
Agriculturei crop land | 360-800 PJ
Agriculturei grassland| 100 PJ

Waste material 550 PJ
Total 1,2101 1,700 PJ
Figure30Roundup of Germanyo6s future available biomas

sources and their technical potential
Source: http://www.erneuerbarerergien.de/files/pdfs/allgemein/application/pdf/
broschuere_biomasseaktionsplan_anhang.pdf

In 2007 there were 98)0*® people workig related diredy and indirectly with the biomass

energy production. The industry created a turnovéd 028 billion. Most of the biomass energy
potential will be used for heat production. The highest growth rates are in this area as the figures
on the n&t page show.

4 http://www.erneuerbare-energien.de/inhalt/4759/

42 http://www.erneuerbare-
energiende/files/pdfs/allgemein/application/pdf/broschuere_biomasseaktionsplan_anhang.pdf

*® http://www.erneuerbare-energien.de/inhalt/4759/4759/

* http://www.vti.bund.de/no_cache/de/startseite/startseite/diebundeswaldinventur.html

*® http://www.vti.bund.de/no_cacte/de/startseite/vti-publikationen/detailseite/Bestellartikel/praxisifft -
forschungneuesausder-oekologischerierhaltung-2010.html

4 http://www.erneuerbare-energien.de/inhalt/4759/4759/
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Structure of heat supply from biomass in Germany 2010

Total: 125.3 TWh

| Biogenic solid fuels
(households):
58.0 %

@ Biogenic share of

waste;
9.5% H Biogenic solid fuels
(industry):
. 163 %
o La"gg'ﬂf“- i Biogenic solid fugls (co-
’ Biogas: i generation power
! 6.1 % . o installations and
O Sewage gas: [iBiogenic liquid fuels:  peating installations):

0.9 % . 3.3% 57 %

Source: BMU-KI 1l 1 acconding to Working Group on Renewable Energy-Statistics (AGEE-Stat);
1 TWh = 1 Bill. kWh; deviations in the totals are due o rounding: as at July 2011; all figures provisional

Figure 31 Structure of heat supply from biomass in Germany 2010

Figure 32 Development of biomass use for heat supply in Germany
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