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Fraunhofer IWES: Institute Profile

Research spectrum:

B Wind energy from material development to grid
optimization

B Energy system technology for all renewables
Foundation: 2009

Annual budget: approx. € 35 million
Personal: approx. 500

Wind energy

Bio energy

Marine energies
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Global Situation and Future Trends
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Transformation of Electricity Sector
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Transformation of Energy Supply System

Today

4000 TWh Primary Energy

Electricity

2050

1000 TWh Electricity

Electricity

Heat-
pumps

E-mobility

Transport
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Gross Electricity Generation from RES and Consumption in Germany up to 2050

800.000 I Wasser B Wind
[ Photovoltaik B Ceothermie
S B Biomasse/erneuerbares Methan [ regenerativer Stromimport
=) 700.000 | =€ Bruttostromverbrauch
2
[S¥]
N
3 600.000 < :
< > S
= o
L [ ,sw
= : ——4
5%
v =
8 = 400.000 -
o O
: —
)
2 300.000
e
:
o 200.000 -
@
o
o
E 100.000 -
()
0 - : : ‘
2005 2010 2015 2020 2030 2040 2050
ite 6
—

~ Fraunhofer

IWES



Wind Energy in Germany — State of the Art and Potential
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31.000 MW
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390 TWh

Ohne Restriktion Anlagen fiir gute Standorte
Wald ohne Schutzgebiete Anlagen fir gute Stant
Schutzgebiete Anlagen fur gute Standorte

Ohne Restriktion Schwachwindanlage
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Installed PV capacity in GiWp

35

Impact of the PV-power production on the German power system
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Total installed DG Capacity: 74 GW (33 GWp PV)
Peak Load in Germany: 80 GW
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German FIT Prices vs. Technology and Size (2012)

FIT price (Euro Cent / KWh)
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Information Gesetzliche Verdffentlichungspflichten der Freiwillige Selbstverpflichtung der
Ubertragungsnetzbetreiber Marktteilnehmer

Willkommen auf der EEX-Transparenzplattform

Auf der EEX-Transparenzplattfform werden marktnah an zentraler und neutraler Stelle marktrelevante Erzeugungs- und
Verbrauchsdaten verdffentlicht, um die Transparenz auf dem Grollhandelsmarkt weiter zu erhdohen. Damit werden
sowohl gesetzliche Verdffentlichungspflichten als auch freiwillige Selbstverpflichtungen der Branche umgesetzt.
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Short-term forecast

Structure of a forecast system for the short-term forecast
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Process of PV Power Forecast

Satellite

Einstrahlung aus LSA-SAF: 04-Aug-2010 12:00:00 (GMT)
55 ey .

- EEG Database
- PV Database (BNetzA)

Preprocessing

Classification by age, power

l

Statistical information of :

-inclination, orientation, - WR- und

— efficiency factor

- losses

PV-forecast

Physical
Simulation of all > '\N"IEI)S
» PV plants
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Future Energy Supply Scenarios
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Hourly RES generatlon and energy demand in 2050

90+

80

70

60

Leistung in GW

|

9an Feb Mar Apr Mai Jun Jul Aug Sept Okt Nov Dez
Zeit

Seite 14

German Lead Study 2009 without additional Consumers — 2050 ms=

(meteorological basis 2007) % Fraunhofer
IWES



Residuallast (GW)

Residual Load: Measure for Balance Efforts

Residual Load without E-Mobility, Heat-Punps and Cooling Systems (met. Year 2007)
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Residuallast (GW)

Load Management to Reduce Balance Efforts

Residual Load incl. E-Mobility, Heat-Punps, Cooling Systems and Hydro Storage (met. Year 2007
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Regional Supply Structures by VPP: Model Region Harz...
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Regional Supply Structures by VPP: Model Region Harz e«

]
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Historie und Prognose des Strommix
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Residuallast (GW)

Germany has insufficient Storage Capacity
Residual Load without E-Mobility, Heat-Punps and Cooling Systems (met. Year 2007)
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Coupling of the Electricity Grid and the Gas Distribution System

SOURCES STORAGE / TRANSPORT CONSUMPTION
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Quelle: Specht et al, 2009
Sterner, 2009
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Optimal Energy Mix and Transport to reduce Balance Efforts

»Fluctuation of monthly residual load (RES-consumption) in a 100% renewables scenario
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Optimal ratio between PV and wind power via minimal fluctuations
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German Grid Development Plan
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*Governmental driven

*Planned by R&D institutes and TSO's
*Organized by German TSO's
*Observed by German Regulator
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Frequency Distribution of Power Plants 2020
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Frequency Distribution of Power Plants 2050
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Active Contribution to System Reliability

Active Power Control

Frequency Control

Wind power reserve

Congestion management

Power limitation

Gradient control

Reactive Power Control

Reactive power range forecast
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Reactive power control

Adjustable power factor

Voltage changes control




Frequency Support / Control Power Provision 3
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Services based on forecasts and confidence intervals
Frequency Support — Control power provision
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Supra-Regional Voltage Imbalance

Energy surplus

AC-load flow calculation for HV level

(for HV w.o. conv. Power plants
or reactive power compensation)

—>reactive power demand (Q!) at HV-

transformers

—>Fall of Voltage

Energy lack

(increasement of up to 36000Mvar in 2020)
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Methods to increase capability of voltage control by RES

Voltage support by WT
AIB /|n TransmissionCode
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Voltage control by RES
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incomplete detection of voltage variation in HV level

Reduction of active power
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Increase amplification factor
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Fraunhofer Wind Farm Cluster Management System (WCMS)
Voltage Support

Netzleitsystem - Wetterdaten

Online power forcast

WCMS |«
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Online Grid
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‘ g J' ]
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(A? Set point to the local wind farm controller
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Load Flow [MW)]

Fast Transition form Consumption to Supply Grids
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Distribution Management System

Control
center

£l

>
SO

@ Distribution ﬂ

management |

- Control signal
- — Optional control signal
Measurement signal

MV/LV OLTCs

"

HV Q ? system (DMS) | @ Communication interface
I
& I
= I
(MV < ) (Mmv ' N (MY
—EI\*-—- =— < \ J —
__@ PV . Micro
: i @a < bms @7
LV —3— LV —— LV
Load @ @
central decentral loc
. A . A

|

Voltage support
by PV inverters
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Fig.: J. von Appen et al., , Time in the Sun®, IEEE Power&Energy Magazine, Marcl'y 2013
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Roadmap Energiewende System Transformation Power Sector

20|10 202(I) 2030 I 2040 I 2050

Grid Expansion Europe

Grid Coupling Electricity-Gas
Smart Grid Technolog

Flexible Generation
Flexible Demand

Grids

Management

Pump Storage

Batteries, CAES

Storage

Research, Development, Demonstration, Monitoring
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