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advancing wind energy and energy system technology

Wind energy

Photovoltaics

Bio energy

Electricity grids

Hydro power

Marine energies

Fraunhofer IWES: Institute Profile
Research spectrum:

 Wind energy from material development to grid 
optimization

 Energy system technology for all renewables 

Foundation: 2009

Annual budget: approx. € 30 million       

Personal: approx. 500
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Transformation of Electricity Sector



Transformation of Energy Supply System

Today

4000 TWh Primary Energy

2050

1000 TWh by RES

Heat-
pumps

E-mobility

Electricity

Transport

Electricity

Heating

Transport

Heating



Roadmap Energiewende  - Transformation of Energy Supply in Germany up to 2050

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



Wind and Solar Energy in Germany

23.500 WT

31.000 MW

PV:

32.900 Mwp installed

1.337.890 PV-plants
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DE Retail Electricity Price

(21-24 Euro Cent / kWh)

US Retail Avg. Price

(9.6 Euro Cent / kWh)
Baseload Avg. Price

(5.4 Euro Cent / kWh)
Epex Spot Avg. Price

(5.2 Euro Cent / kWh)

e.g. different 
sizes of hydro

German FIT Prices vs. Technology and Size (2012)

Source:  FIT data compiled by GermanEnergyBlog

See notes for other price data sources



Total installed DG Capacity: 74 GW (32.9 GWp PV)
Peak Load in Germany: 80 GW

Data Source: DGS, www.energymap.info

0%

20%

40%

60%

80%

100%

120%

0

5

10

15

20

25

LV
0.4 kV

MV/LV
Substation

MV
10‐30kV

HV/MV
Substation

HV
110 kV

EHV/HV
Substation

EHV
220 kV +

In
st
al
le
d 
DG

 C
ap
ac
ity

 in
 G
er
m
an
y 
[G
W
]

Geothermal Gas Biomass Water Wind PV Total



Impact of Wind and PV power production on the German power system



Active Power Control

Gradient Control
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Reactive power control

Power factor control

Voltage changes control

Wind power reserve

Congestion management

Power limitation

Gradient control

Frequency Control

Active Contribution to System Reliability



=
~

=
~=

~

380kV110kV20kV

0,1

-0,4

0,2

0,2

IB /In

U/Un

TransmissionCode

SDLWindV

Voltage support by WT P

Q

incomplete detection of voltage variation in HV level

Problem: low impact on HV Level

P

Q
3

8
7

P

Q

Methods to increase capability 
of

Voltage control by RES1 Direct connected      

synchron generators

2 Piller-Princip (rotating mass)

3 Variation of P/Q-caracteristics

4 Larger Inverters

5 Reduction of active power

in favour of reactive current

6 Use of STATCOM-Function

7 Continuous voltage support

8 Increase amplification factor 

at voltage regulator

9 Neutral earthing of 

WT main transformers

10 Variation of voltage 

ranges

11 implementation of 

reactive power  compensation 

Q!
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Methods to increase capability of voltage control by RES



Distribution Management System

MV/LV OLTCs

Voltage support
by PV inverters

Increasing Grid Hosting CapacityOptimization & Congestion Management

Fig.: J. von Appen et al., „Time in the Sun“, IEEE Power&Energy Magazine, March/April 
2013



Roadmap Energiewende System Transformation Power Sector
2010 2020 2030 2040        2050

Grid Expansion Germany.

Grid Coupling Electricity-Gas

Flexible Generation

Flexible Demand

Hydro Pump Storage

Batteries, CAES

Power-to-Gas

Grid Expansion Europe

Research, Development, Demonstration, Monitoring
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Quelle: IWES, 2011

Smart Grid Technology



The Fraunhofer-Gesellschaft in Germany 

66 Institutes at 45 locations
2012
Staff 22.000
R&D-budget 2.500 Million €
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Reactive Power Management – Voltage Control



An examplary LV Grid with high PV Penetration

• Voltage issues are 
predominantly responsible for 
MV & LV grid reinforcements in 
Germany

• Estimated total investment 
costs for Germany’s distribution 
system until 2030: 28-42 bn. €1

Fig: Courtesy of Bayernwerk AG

1 Reference: DENA „Distribution Grid Study“ (2012), 
http://www.dena.de/projekte/energiesysteme/verteilnetzstudie.html



Alternative to Grid Reinforcement:
MV/LV On-load Tap Changer



Alternative to Grid Reinforcement: Voltage Support by PV Inverter

normal operation disturbed operation

+ active power limitation

Voltage dependent VAr provision
Pro: Q only when needed

Con: Instabilities?
 Controller requires damping 
(PT1, rate limitation)



Options for Voltage Control: Active Grid Components

Make Grids Smarter

Medium Voltage Low Voltage



Significant Savings Potential by Local Control Strategies

No voltage support

MV/LV OLTC

Var provision

VDE AR 4105

Q(V)

Q(V)/ P(V)

Q(V)/ Peak Shaving 

70% PSTC
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Prediction of Solar Power
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Fast Transition form Consumption to Supply Grids

Reverse power flow

20102009 2011

Power flow at 110 kV/ 20 kV Substation

Fig: Courtesy of Bayernwerk AG
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Renewable Model Region Harz

Renewable Power Plant Harz

Generation
Controlable

Loads
Storage

Device Control

Market Information



Examples for Global Emission Paths from 2010 -2050, in Order  to Achieve the 2 
°C Target with 67 % Probability

In order to reach 
these targets, 
reduction rates of 
3.7 % (green), 
5.3 % (blue) and

9.0 % (red) 
respectively must 
be achieved in 
the early 2030s 
(based on 2008).

max. global emissions 750 billion metric tonnes CO2

Quelle: WBGU


