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The German energy sector

e Decentralization
e Liberalization
* Digitization



Solar & Wind (no. Of registered plants under the EEG scheme)

Number of powerplants

Solar PV Plants Wind (On & Off.)

2000 9708 No. of Solar vs Wind projects: 2000-2018
2001 24104 300000
2002 18602
2003 19974 50000
2004 47409
2005 67301
2006 63975 200000
2007 77098
2008 115717 150000
2009 182118
2010 259233 100000
2011 261302
2012 174206

50000
2013 119966
2014 72688

o -— o—r—r—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—9

2015 47972
2016 50416
2017 58359

2018 VZENE
1,745,061
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Net installed electricity generation capacity

Q Grouped
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Datasource: AGEE, BMWi, Bundesnetzagentur
Last update: 02 May 2019 19:02




Net public electricity generation in 2018

@Hydro Power @ Biomass 0 Wind Solar @ Uranium { Renewables @ Nonrenewables
@ Brown Coal @Hard Coal @0l ' Gas @ Others
19.40 (3.6%)

44.42 (8.2%)

44.76 (8.2%)

111.46 (20.4%)

945.46 TWh
324.10 (59.4%
131.50 (24.0
45.75 (8.4%)

72.27 (13.2%)

221.36 (40.6%)

945.46 TWh

Net electricity generation of power plants for public power supply.
Datasource: 50 Hertz, Amprion, Tennet, TransnetBW, Destatis, EEX
Last update: 13 Mar 2019 11:44



The need for Multi Utility Companies (Stadtwerke)
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Peter Breuning

Head of department: grid control &
engineering services at Stadtwerke
Schwabisch Hall GmbH (multi utility)

Lecturer University Heilbronn & Harz

Speaker IDS User Group --52 Multi Utility
Companies

Member working group FNN (VDI)
(directive for power plant connections, HV-
grids)

Technical Direktor "power grids" - Smart
Grid platform BaWii



Decentral RE supply side management




Energy flows in between the voltage levels with
(renewable) DER

GroRkraftwerke
(Kernenergie, Kohle)

Verbundpartner

MittelgroRe Kraftwerke

(Kohle, O, Gas, Wasser) High voltage (110 kV) in subtransmission grids

Stadtwerke Industrie @

Medium voltage (30, 20 or 10 kV) in regional distribution grids

Kleinere Kraftwerke
(Wasser, Wind, Biogas)

Stadtwerke

Kleinstkraftwerke
(Fotovoltaik)

Low voltage (230/400 V) in local distribution grids
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Benchmarking Germany - Tamil Nadu

Number of
Utility

Per person

Country Consump- Population
tion

g A g

Companies

Germa ny 357,021km? 7081 kWh/year > 800 80,767,000

L v L L »

Tamilnadu,

) 130,058 km? 684 kWh/year 1 72,138,958
India



Multi utility control room at Stadtwerke
Schwabisch Hall

Projektionswand mit 6 Modulen

Arbeitsplatz 2

Arbeitsplatz 4
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Multi utility Company

Electrical power supply
365 Mio. kWh/a grid
1.145 Mio. kWh/a trade

Natural gas supply
552 Mio. kWh/a grid
3.350 Mio. kWh/a trade

Water supply
2,7 Mio. m®/a
13 % self water procurement
4 spring water facilitys

District heat supply
122 Mio. kWh/a

Baths ,,Schenkensee*”
459.000 visitors/a
indoor and outdoor pool, sauna

Parking
5 parking decks (1.533 parking positions)
2 carparks (325 parking positions)

Public Services
Schwabisch Hall
GmbH

- ~500 employees, there of
17 trainees

- 258 Mio. € total revenue

Energiedienstleistungen

Contracting

SHERPA

distant meter-reading of energy
meterand EDM

process control of iDD4al facilities

Facility-Management
224 stations
18.900 data points

Energieerzeugung

48 BHKW-modules

1 combined-cycle plant

Renewable Energy

photovoltaics:
water power:
wind power:
biomass:
landfill-/biogas:

),

8 Biomass CHP plant
3 wood-fired power station
6 hydro station
7 wind engine

59,0
25
46.0
27,0
0,2

il

Mw
MW
MW
MW
MwW



Grid stability: Measures taken up by the Stadtwerke

Challenges

* not enough electrical power in the local grid
* electric powered cars (e mobility)

* the customer now a Prosumer

Solutions

* Voltage stabiliser

* Phase shifter

 Smart meter bidirectional information (customer behaviour)
» Battery / storage



Issue: high voltage in the end of the grid

Netz 20,0 kV 0,4 kV KV 1 KV 2
* Trafo | Leitung
== A LAl
U
Maximale Einspeisung
110 Cyo Un — (Spannungsanstieg)
100 % U, >
— Maximale Last
90 (.}/0 Un (Spannungsfall)
Grenzwerte
(DIN EN 50160)




Grid stability solution 1: Voltage regulation with transformers

Benefit

e proven technology
* low maintenance
* save cost

Weakness
* initial investment (3:1)
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GRIDCON® Transformer (Trafo) &

iTAP® (Regeleinheit)

von Maschinenfabrik Reinhausen GmbH
Quelle: MR GmbH



Case: Line voltage drop in Distribution Network
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Grid stability solution 2: Ph

Umspannwerk

ase shifter

Messpunkte

Leitungslange: 27492 m Phasenschieber

WKA

Spannung U2E vom PQID
U 3 SW Robert Bosch StraBe
3 Sekunden Werte

Léwenstein

MW 6809 Ust 442/0 (Wirkleistung
Wikra Lowenstein)

MW 6810 Ust 442/1 (Blindleistung
Wikra Léwenstein

Verbraucherzahlpfeilsystem (4 - Quadranten)

0,9 induktiv Normalbetrieb 0,9 kapazitiv
Positive Positive Positive
. Blindleistung ) ) Blindl. . . Blindleistung .
Generatorisch (Erzeugung) % Motorisch (Verbrauch) Generatorisch (Erzeugung) ",  Motorisch (Verbrauch) |Generatorisch (Erzeugung) =", Motorisch (Verbrauch)
Im,Q Im, Q Im, Q
Quadrant Il Quadrant | Quadrant Il Quadrant | Quadrant Il Quadrant |
S
10,08 | jQ - | Re, P | . Re, P
Negative : Positive Negative | 507 P | S ositive: Negative -21,24 P ® Positive
Wirkleistung P | Wirkleistung | Wirkleistung W‘Q "Wirkleistung Wirkleistung ® 7 Wirkleistung
Re, P 3 / s lia
Quadrant IIl Quadrant IV Quadrant Il Quadrant IV Quadrant Il Quadrant IV
Am Umspanner:
P=7,15 MW Am Umspanner: Am Umspanner:
Q=1,57 Mvar P=7,07 MW P=2,12 MW
Q=-0,99 Mvar Q=-2,33 Mvar
Negative Negative Negative
Blindleistung Blindleistung Blindleistung

2. Oktober 2015




Possibility of 300V (11.6 to 11.9kV)

Phase shifter
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Phase shifter operation- WKA Lowenstein 2. October 2015
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Voltage at U3 Phase 2
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Grid stability solution 3: Smart meters

Wide Area Network

) meterin
direct &

DSO . service =
marketing .
provider

—>

Transparenter Kanal fur IEC
60870-5-104 oder IEC 61850

'™
MesW .
, Local Metrologic

Network
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Home Area Network




Information from low voltage grid (smart meter)

Power Grids Settings
onp
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Grid stability solution 4: NET-PV research project funded by the
German Government

EVU ONS NET-PV Haus

P\-Generator
Onsnetz /D

Billing

Software-
erweiterung

—
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PLC

©)

GAT | | Swuer | | Z1 ®
= gerat

Legende

DK Datenkonzentrator

EVU  Energieversorgungsunternehmen
GAT Gateway

NFS  Netzlberwachung/-steuerung
ONS  Ortsnetz-Station

PLC  Powerline-Communication

z Stromzanler

ZFA  Zahlerfernauslesung
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Mikro KWK-
Anlage

Verbraucher
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Battery systems




Building with batteries




IPLON KFW-DEG Grid stability workshops- 2015
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Thank you
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