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Development of wind energy in Deutsche

Germany Wind Guard
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Deutsche WindGuard W,'ndGuqrd

Services in the area of:

Manufacturing & Installation Wind farm operation

Aerodynamics & resear

Dynamical Optimisati
Commissioning / T,
WT Performanc

Planning and development Research & Studies

Tender / con

Due diligen .

Feasibility high qualified staff with long year experience
Energy yi ®  (upto 25 years) in wind engineering and R&D
Wind me ent

Varel, Berlin, Bremerhaven, Godrich (Ont.
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Connection to different voltage Deutsche

levels of the electrical network | GUGI‘CI
Voltage System Size of wind turbine / Transmittable
wind farm power
Low voltage system | For small to medium sized up to » 200 kW
WTs
Feeder to the medium | For medium to large WTs | upto» 2 -5 MW
voltage system and small wind farms
Medium voltage For medium to large wind | up to » 10 — 40 MW
system, at transformer farms
substation to high
voltage
High voltage system Clusters of large wind up to » 100 MW
farms
Extra high voltage Large (offshore) wind > 0.5 GW
system farms
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Large network
Small networks
Stand alone system and Micro grid

The main questions for system integration
Penetration of wind energy in the grid
Diversity of the total power generation
Structure and pattern of load
capacity of network
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Penetration in energy systems | . GUGI‘CI
Small RE stand alone system 1983 Renewable
PV (solar) 4 5KW ~share
’ wind/solar
6kW F——=—— wind turbine 6kW
Storage diesel generator 10kW 80%

German grid today

wind farms | 22°000 MW
110‘000 MW 9%

PV (solar) 3'800 MW
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Large network integration in Germany Guard

In the large networks up to now the wind energy penetration Is
below 8%.

In regions or local areas the penetration is above 50 % in
average, more than 100% in specific times
Grid integration at this stage is of no problem

Due to the large extension of the network (e.g. Spain to Denmark)
power generation of wind energy is more steady

Large diversity of power generation

Modern turbines have a high level of power quality and smooth
characteristics of power fluctuations

In future control energy will be a matter of discussion
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Integration of wind energy into Deutsche

power systems GUCII‘CI

large networks
national or continental interconnected systems

grid connection is only a question of available grid
capacity or grid reinforcement

regional production

regional distribution systems may have large shares of
WE

grid integration is a matter of adapting the wind farm
size to the capacity of the existing grid or

by reinforcing the network
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Share on gross and
net energy consump-
tion in the states of

Germany

State

Sachsen Anhalt

Mecklenburg Vorpommern

Schleswig Holstein
Brandenburg
Niedersachsen
Thiringen

Sachsen

Rheinland Pfalz
Nordrhein Westfalen
Bremen

Hessen

Saarland

Baden Wirttemberg
Bayern

Hamburg

Berlin

share to net
consumption

42,5%
39,3%
38,1%
34,1%
21,4%
10,6%
7,1%
6,7%
3,4%
2,9%
2,0%
1,5%
0,7%
0,7%
0,4%
0,0%
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Example local utility: projected input of
wind energy (Status 2005)

Deutsche
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Integration at current level Guard

The integration of wind energy on the current level in
Germany is based

on a stiff connection to the high voltage system
on a reliable network design and management

by regional grid reinforcement in case of connection to
the medium voltage level
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The standard supply structure GUOI‘CI
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Load flow in today’s and future grids Win _-;*"-':Guard
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Requirements for future networks

Actual situation with rising RE shares:
Increasing decentral power generation
Increasing random production (wind, solar)
slow adjustable basic generation

Targets for future networks:

Increase of control power
management of decentral power generation
renwable energy forecast

Deutsche

Guard
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Today’s and tomorrows demands Deutsche

for utilities WindGuard

A Today/tomorrow:
Very high :
yhig Deregulated concerns; Fusions of
small/ medium sized utilities
Large share of fluctuating decentral
Yesterday/today: production
Trusts, Concerns; variety of
small/ medium sized utilities
Complexity Centralised power generation; Customers changing over; end

~ of problem small share of decentr. producers \\ customer being active market actors
R o . e | | - ol

. R | Classical, top-down-controlled « Consumption linked to

Supply networks X\ supply offers

Class. regional supply structures _ Interoperable components, flexible

A with fixed customer relationship B intergrable for overall solutions
Uncontrolled energy '
consumption oL | T

Difficult to be integrated,

individual solution

high

Demanded efficiency of

high solutions




Decentralized energy management
system (DEMS)

Source: EWE

Deutsche

Guard
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Objectives of Decentralized Energy
Management

The optimization and control of medium and low-voltage grids
through:

Regulation of decentral usage
Regulation of the decentral energy production from:
Wind energy
Photovoltaics
Biomass
Fuel cells
Combined heat and power plants
Gas turbine power stations

Taking technical, contractual, and environmental requirements
Into account
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DEMS - functionality

load
/ forecast \
weather unit com-
forecast mitment
\ generation /
forecast

Source: EWE

switchable
consumer

schedule

distributed
generation




DEMS - Load Forecast

Source: EWE
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Previento — the physical wind power
prediction system

| T3

Previento
Physical Model:

Spatial refinement
Thermal stratification

Site-specific power curve

Forecast uncertainty

Previento uses a physical parametrization of the lower atmosphere
including spatial refinement and a detailed modelling of the thermal

stratification.
28



Prediction and reality
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Previento approach:
Combination of forecasts

Model 1 Model 2 Model 3 Modeln  etc. ..
+ + + +
Previento Model X Previento Previento

Weather
Class
Combined wind power prediction

To obtain optimal forecasts different numerical weather prediction models
are weighted according to their capabilities in different weather situations.
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How accurate are wind power
predictions ?

Customer evaluation of aggregated forecast of German wind farms

10%

@ Previento
B Competitor 1
[0 Competitor 2

8% -

6%

4%

rmse [% installed Power]

2%

0% - —

intraday dayahead (-2d)

Different metrics to assess accuracy: here root mean square error
normalized to installed power

Source: EnBW Trading 2006



DEMS - Vision
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Demands for wind turbines

until 1995:
WTs only passive network components,
burden to grid operation
limited power quality

since 1995:
requirements for power quality of WTs
Increasing interest for WTs as active network component
support for network stability

drastically increased technical requirements (laid down in the grid
codes)
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First step was the increase of
Power Quality of Wind Turbines

Power quality paametes:
power factor (reactive power)
power variations (10min,1min, instantaneous)

switching operations (current spike factor)
flicker and voltage fluctuations
harmonics

34



Power Quality

Parameter

Cause

Voltage rise

power production, drop in consumption

Voltage fluctuations
and flicker

switching operations,
tower shadow effect,
blade pitching error,
yaw error,
wind sheatr,
fluctuations of wind speed, turbulence
iIntensity
control system

Harmonics

frequency inverter,
thyristor controller,
capacitors

Reactive power

inductive components or generating
systems

voltage peaks and
drops,
transients

switching operations

35



Requirements by Grid Operators

European Transmission System Operators (TSO) have made
up “Union for the Co-ordination of Transmission of Electricity*
(UCTE)

UCTE agreed on minimum requirements to ensure power
quality

Also national or TSO specific requirements like ,EON grid
code” in Germany
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E.ON Grid Code (extracts)

Active Power output
Frequency should be in a range between 49.5 and 50.5
Hz

Automatic disconnection is not permitted at frequency
deviation between 47.5 and 51.5 Hz,

But lowering of the active power output

When these limits are reached, disconnection must
take place immediately
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Frequency Drops, Active Power
Output

Source: EON Grid
Above the red line the active power output must not be %

reduced



Overfrequency

Active Power output has to be limited at over-frequency

Source: EON Grid
Code
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Reactive Power Exchange and
Stabllity of Power

Agreements between Grid Operator and Connectee
(wind farm) concerning:

Power factor (cos ) or
reactive Power level (Q in Mvar)
Voltage level

To promote system services by wind farms and
turbines:

a bonus (+ 5ct€) is paid by grid operators in case of
provision

voltage ride through, reactive power etc. will be the

paramte I'S
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Summary

To gain a high penetration of wind energy and renewables in
general

renewable energy systems have to provide sophisticated control
technologies as well as

high level of power quality
Networks have to be new structured
to adapted to various decentral power generation units

to allow control of all kind of generation systems, from large to
small plants

with a parallel communication network
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