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* Oftto-von-Guericke 1602 — 1686
» Politician, lawyer, physicist and inventor
* Proved that vacuum exists and that air has a weight
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« Founded in 1993
« 14 000 students
« 2500 employers

« 246 professors

« 9 faculties
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Faculty of Electrical Engineering and Information Technology
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Electrical
Institute for Engineering and
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Processing and Compatibility (IGET)
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Research Topics:

* Renewable Energies

« Power gquality

* Network Planning

— « HVDC Transmission

v " i T« E-mobility

* Fuel Cells -
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Agenda

1. Electrical grid in Germany
2. Development of renewables in Germany
3. Future plans of the government

4. Conclusion
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: Step-up-Trlén:sformator Step-ddwﬁ-Transformator Step-dO\xn-Transféllmator
Generate (extra-) High voltage Medium voltage Low voltage
alternating current 110 kV — 380 kV ~ 20 kv 230V -400V

@ 50 Hz 75.000 km cable 490.000 km cable >1 mil km cable
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> 100 MW
nuclear energy [Jlll water ]
hard coal B wind ]
lignite B naturalgas [ ]
oil [] photovoltaic []
Country area: 357.121 km?
Population: 80,4 mil

» Installed capacity: 183,4 GW
» load between 30 GW and 80 GW

» 51% renewable energy (19 % wind, 20 %
photovoltaic, 8 % water, 4 % biomass)

Source: www.bundesnetzagentur.de
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Amprion |:| Sea cable —
TenneT ] 380-kV-line —
50 Hertz [ ] _ _
TransnetBW [ 380-kV-line (planned)
220-kV-line —_—
155-kV-line —

> About 75.000 km of transmission lines

» 4 TSO operating the grid:
— Maintenance, operation and dimensioning of
electrical energy transmission

— Non-discriminatory access for all Distribution
System Operators

— Subject to government supervision since
2005

Source: www.bundesnetzagentur.de
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Eﬂﬂlf Karte der Grundversorger Strom

Versorgungsgebiete Niederspannung - Deutschland
Januar 2014

> Distribution of the electrical energy to the
consumer

> Since liberalization of the market in 1998 -
over 900 companies

» End-Users are not bound to the local supplier
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SAIDI in Germany
» End-users: 49,5 mil (2013)

» Frequency control to balance generation
and consumption

» Regulation power provided in Germany:
- positive 7000 MW (generation)

- negative 5500 MW (load)
» SAIDI in 2013: 15.2 min (brasil: 18 h)

SAIDI [min]

2011 2012 2013

2006 2007 2008 2009 2010

m SAIDI low voltage  ®m SAIDI medium voltage = SAIDI (all)

SAIDI = Interruption time per end-user that was not
planned and last longer than 3 minutes

source: bundesnetzagentur 2013
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Overhead line network (standard in Germany)
» Capacities of twice 1800 — 2500 MW @ 380 kV
» Much experience in installation and operation
» Low costs, high operation time

NAXK

AN

Buried cable system

» Reduced visibility

» Lower transmission capacity up to 1000 MW

» Only built for special applications

» Distinctly higher costs compared to overhead lines
» Only used for distribution in urban areas or in low
voltage level
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1. Electrical grid in Germany
2. Development of renewables in Germany
3. Future plans of the government

4. Conclusion
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natural gas
10,5%

1,1% oil
4,1% other

hard coal

19,7% 6,8% biomass

water 43
34%

i renewables photovoltaic
i3

\ 23,4% 4,5%

nuclear power
15,4% 50
0,8% waste
7,9% wind

lignite 25,8%

» 629 TWh generated in 2013 (brutto)
» 150,9 TWh generated by renewable energy sources

Source: www.bmwi.de
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1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
= water wind = biomass +~ photovoltaic

» Since 1990 high increase renewables

» With the renewable energy law in 2000 wind, photovoltaic and biomass increased
significantly

» Water power remains stable because the potential is near its end

Source: www.bmwi.de



OTTO VON GUERICKE

UNIVERSITAT
MAGDEBURG

\

ELECTRICITY CONSUMPTION ANALYSIS & ENERGY EFFICIENCY

g von Wi
in Deutschland (2011)
Installierte Leistung (MW)

@ 210 und <30
® 230

33,7 GW installed wind power (19 %)
50 TWh in 2013 generated electrical energy (8 %)
About 24.000 wind power plants

YV V YV VY

High density of wind power plants in the north of
Germany

Y

Low consumption in the north leads to a big need of
transmission of energy

Source: www.bmwi.de
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(KWh)

Statistische Werte:
Max. 1374 kWh/m?

Mittel 1134 kWh/m?
Min. 987 kWh/m?

» 37,2 GW installed solar power (21 %)

» 29,7 TWh generated electrical energy (4.8 %)
» About 1.4 mil photovoltaic plants

» Most of them small private plants

» High radiation density in the south of Germany

Source: Deutscher Wetterdienst
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° <5MW
>5 MW
>10 MW
» 8,1 GW installed power (4 %)
» 43,9 TWh generated electrical energy (7.1 %)
» Suitable to for base load
» Small plants near agriculture and big central

plants

A\

Because of regulations and laws, the capacity
of biomass is near its end

source: www.bbr.bund.de

19
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The renewable energy law is responsible for the fast implementation
of sustainable energies in Germany

1991 — Feed-in-law for electricity from renewables

2000 — Renewable energy law

2004 « Regulated Payment for wind, photovoltaic
and biomass
2009 « Payment for combined heat and power
* New regulations according to the size of power plants
2012 * Pricing models for direct marketing
« Remote control capability
2014 - Limited new capacities for wind, biomass and
photovoltaics

* Increased remote control capability
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TWh/a
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= water wind = wind (offshore) = biomass photovoltaic = geothermal

» Windpower as the main energy source (>50 % in 2020)
» Renewable energy at least 35 % of gross electrical energy in 2020

Quelle: www.energieeffizient-sanieren.or
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"Energiewende" in Germany

Bundesministerium =~ smard Grids
fir Wirtschaft ~ EENERGY  made in Germany.
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http://www.netzentwicklungsplan.de/_NEP_file_transfer/2013_NEP_Uebersichtskarten.pdf

Upgrading the transmission
B
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» ,Netzentwicklungsplan 2013°

&

» 3800 km additional power lines

I

B

> 2100 km HVDC (12 GW)/ 1700 km AC

U e

1

» 4400 km revised for the new requirements

S » Estimated cost: 21 billion euro
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» Completion: 2023
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Source: www.netzentwicklungsplan.de 2013
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V 4 %

Consumption ]

( Generation ) (
Information and

communication technologie

» Decentralization
> Virtual power plants
» Dynamic power feed

» Smart metering
» Dynamic price system
» Energymanagement

Storage

» Water Storage
> Batterie storage
» Power-to-gas

Source: www.hitachi.com
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eTelligence

Modellregion Cuxhaven

RegModHarz

Modellregion Harz

E-DeMa
Modellregion Rhein-Ruhr

4
Smart Watts

Modellregion Aachen o

Modellstadt Mannheim

Modellregion Rhein-Neckar

MEREGIO

Modellregion Baden-Wiirttemberg
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» Population: 241017 Area: 2104 km?

» Wind-parks, photovoltaic-parks, biomass,
hydrostorage powerplant

v" Control centre to manage renewables
v Testing of marketing system
v' Measuring units for system monitoring
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Challenges for the future
» The share of renewable energy sources will grow and will become the most important
part in electrical energy generation in Germany
» The existing transmission network needs to be expanded to meet future requirements
» Smart grids and virtual power plants have a central role in the future energy system

é nuclear power plant T,
Factories o = « .+ Thermal power plant
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Otto-von-Guericke-University Magdeburg
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The DB-network
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» Operated by Deutsche Bahn Energy

» 7.600 km overhead network (AC, 110 kV, 16,7
Hz)

» Biggest coherent 110 kV network in Germany

Source: www.energie-chronik.d
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Electricity exchange with neighboring countries

2

2

T
T
T
T
I

40

60 T T T T T T T T 1] 1] T 1] T T
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
M Export W Import M Saldo

Source: www.bmwi.de
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Today Tomorrow

?
hd Iﬂ] Generation at the

"

medium-voltage
level
@) unidirectional Generation/
. energy flow consumption I !
g at the low- Bidirectional
voltage level energy flow -
F.

0 &&

T

Controllable distribution Electric car
transformer infrastructure

Uncontrolled distribution
network transformer

Source: www.vde.org
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Powertransmission in Europe

ENTSO-E

Il RG Continental EuropeUCTE
I RG Nordic

Il RG United Kingdom

M RG Ireland
I RG Baltic

= » Former UCTE
»450 million people

> Lines 220/400 kV — 220.100
km

> Max — 391 GW
_ > Min - 190 GW
- Source: UCTE 2006
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Structure of the energy management system

Wind forecast Sun forecast Load forecast

Heatload forecast Price forecast

Spot market

Regulation

Biomass
» Optimization «
Power to gas
Storage KWK '
Operation strategy

Loadfollowing

Lehrstuhl Elektrische Netze und Alternative Elektroenergiequellen (LENA)
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> Informations about the

energy management

» Optimize the consumption behavior

» Market situation and prices

» Smart household
appliances

Lehrstuhl Elektrische Netze und Alternative Elektroenergiequellen (LENA)
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Marketing system

Preisstufen 5. Mérz 2008
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» Variable price model

» Peak load reduction about 10 % is possible

Lehrstuhl Elektrische Netze und Alternative Elektroenergiequellen (LENA)
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Measuring and monitoring

» High precision time synchronization g f
via GPS o ]

» Sampling rate: 25/sec

» Standardized data collection
(IEEE C37.118)

» Located by an optimization algorithm

» Disturbance tracing by Post-Disturbance-Analysis

Lehrstuhl Elektrische Netze und Alternative Elektroenergiequellen (LENA)
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Results
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Di, Do, Sa, Mo, Mi Fr, So, Di Do,
9. Dez. 11.Dez.  13.Dez.  15.Dez.  17.Dez.  19.Dez.  21.Dez.  23.Dez.  25.Dez.

» Required network extension without management system — ca. 1000 MW

» Required network extension with management system — ca. 500 MW

Source: www.e-energy-d

Lehrstuhl Elektrische Netze und Alternative Elektroenergiequellen (LENA)




