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Introduction - German power system

Power plants - Installed capacity [GW]

Solar 42

Wind 53

Biomass 8
Water 6 109

Natural gas 30

Energy system is unbundled - Different responsibilities for energy g“l 2;

. . . . . . . oa

production, transmission system, distribution system and utilities Brown coal 21
. . Nuclear 11 94
Energiewende (energy transition) - Several tasks for the sum 203

development of the energy system (nuclear phase out, green house

Gross electricity production 2016

gas reduction, renewable energies in all sectors)

Total installed electrical capacity > 200 GW, Thermal power plants
cover average demand (65-80GW), Renewable energies share of

in %

MHatural
0as

Wind power

gross electrical power production 30%, Future goals 40-45% (2025), N '5
55-60% (2035), >80% (2050)

total Renevable

Hard coal kiWh 648 bn 29 energy soUrces | o

Biomass energy

' Fhotowaltaic energy

3 Water power
Broven coal 1_ Household waste

- Germany is at a neuralgic point regarding Energiewende

Freliminary result
Source: AGEE-Stat and AGEB.

@ i Statistisches Bundesamt (Destatizs), 2017
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Introduction - The Challenges

Renewables have to take over the role of conventional power production

Due to the intermittend character of wind and pv grid operation as well as
power plant resource planning becomes more sophisticated

Security of supply and times of overproduction, payment of curtailed
renewables

Ancillary services for grid operation, needed reactive power for voltage
stability, control reserve power for frequency stabilization

Activation of flexibility, sector coupling, holistic view on energy system
(power, heat/cold, transport)

\

~ Fraunhofer

IWES



Introduction — New role portfolio manager (Energy supply system —the very

past)
=
380/220 kV

Energy supply

Roles: Energy supplier (all inclusive), customer
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Introduction — New role portfolio manager (Unbundling)

380/220 kV
TSO _

L7 L

110 kV @
DSO A - —

N N
@

110 kV

DSO B

Roles: TSO, DSO, customer, plant operator
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Introduction — New role portfolio manager (RE Integration)

TSO

380/220 kV

== /ﬁ\pﬁ% Feed-in tariff

DSO A

DSO B

- Feed-in tariff '
= T

ot

Feed-in tariff Feed-in tariff

ot

Feed-in tariff

Feed-in tariff

Roles: TSO, DSO, customer, plant operator, RE plant operator
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Introduction — New role portfolio manager (Energy trade)

== /ﬁ\ﬂﬁ% Feed-in tariff
380/220 kV
TSO

é = ’ﬂk D@E VPP operator manages portfolio

110 kV Use case energy trading (CVPP)

110 kV Portfolio

- Data ownershi
DSO B s - , WSS

/% " - Portfoliooptimization

DSO A Use case grid support (TVPP)

Benefits:

Feed-in tariff
Roles: TSO, DSO, customer, plant operator, RE plant operator, energy trader , VPP operator (portfoliomanager)
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Virtual Power Plant (VPP) - Definition

Source: Virtual Power Plant (VPP), Definition, Concept, Components and Types, Saboori, 2011, IEEE
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Business cases / Use cases — Energy production

_ Electrical Hardware —
Biogas dispatch managed by
VPP
Natural Gas
One way power flow
Storage
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Business cases / Use cases — Energy supply

:

c |2
Wind 2109
=
< Ak
olar 9 8
\K Z
Biogas Electrical Hardware — \
dispatch managed by Grid
VPP
Natural Gas

Two way power flow possible
Storage
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Business cases / Use cases — Off grid

Biogas Electrical HardDTransmission

dispatch managed by
VPP (dedicated/ Grid)
Natural Gas

Storage or Natural Gas/ Biogas as balancer will be required in this model to ensure
reliability of supply to Load
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Virtual Power Plant (VPP) - Architecture

1082 FCll External processes

o graphical user interface

o connection to external process e Energy data

o acquisition of external data —'1"' -|:|- management
o local communication W;bl:' systems (EDM)
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Virtual Power Plant (VPP) — Aggregation level

Communication interface depends on
manufacturer - Standardization useful
and needed

Communication protocols TCP/IP based

Communication technologies DSL, LTE,
GSM, satellite communication

Communication security VPN,
Websecure, closed user groups, point to
point connections

Typical requested data: P, Q, storage,
weather information, possible power
feed-in

Bidirectional connection, push/poll every
second

wind farms
OPC DA Server

ys ENERCON

ENERGIE FUR DIE WELT

%
B

photovoltaic plants

\ OPC DA Server

v

Biogasplants E’Eﬂ.ﬁ iﬁﬁﬁf%

IEC 60870-5- 10 chp N
VHP Ready % 7%“
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Virtual Power Plant (VPP) — Business logic level

Metering interface to portfolio
&)

Database for storing data, including internal
redundancy concepts

Database
Business logic-kernel _ _ o
Business logic-kernel - Optimization of

. . business cases
Unit commitment
Unit commitment - Calculation of schedules

and operating points

External systems

Interfaces to further IT-infrastructure, graphical
user interfaces and external systems
(forecasting, external requests)

Interface to portfolio
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Virtual Power Plant (VPP) — Integration level, external systems

I

[ = I
ot gf g ot

E Fraunhater

Graphical user interfaces

eilcy
e@®

Monitoring systems and redundancy Giaphical “?er nterface,

External IT systems: Customer dependent (In case of

utility SAP for accounting, etc.)

Forecast systems: Power feed-in from fluctuating
sources, load forecasts, price forecasts for different
markets

External IT Redundant

e LG

T ==

External trading systems

Grid operation: State information, requests for control
reserve power
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Business cases / Use cases - Development

1. Feasibility study / Definition of business cases

= Analysis of existing Infrastructure (Facilities, Grid, Loads,...) T rrrrr wier T
= Determination of potentials Sl B e —
= Definition of sustainable Business Cases oy '
C e 40
%k»;,//r U
/
2. Detailed economical analysis B 4 |
= Simulation on the basis of multi year feed in scenarios 7 N
= Simulation of scenarios with unit commitment optimization S
= Analysis of market value, shortfalls, surplus
/

3. Technical integration of the management system
= |Implementation of client and server side interfaces
= |ntegration of a customer specific energy management
= VPP: Operation, Support and Service
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IWES.vpp — Virtual Power Plant Solution for the Integration of RE

Development of a VPP solution over several research projects
Cooperation with renewable industry and utilities

Concentration of 600 MW Wind and other sources in Schleswig-
Holstein

Support of the main manufacturers (Enercon, Senvion, Vestas, SMA
and others)

Tailormade solutions possible
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Summary and Outlook

Virtual power plants have the ability to replace conventional, fossil
fuel bases powerplants

VPP can be used for the trading of energy on a short time basis and
to optimize revenues in different markets

VPP can provide common ancillary services as well as new products
to support grid operation

With VPP it is possible to integrate fluctuating sources due to portfolio
effects

Power supply, air conditioning and heat supply in integrated VPP
solutions

In future new technologies and platforms like the blockchain
technology will be used

Standardization will lead to generic approaches to vpp

Importance of security and safety will rise due to the size of portfolios

Unit commitment

Extemal systems

& ffptaten
L
1

\

~ Fraunhofer

IWES



Virtual Power Plants — Renewable Energy Production of the Future

= el M
Thank you very much B
o .
Dr.-Ing. Reinhard Mackensen
Head of Department ;-.-' S
Energy Informatics and Information Systems e p—
+449 561 7294-245 1
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Energy trade

Control reserve and balancing energy

Afterday trading ; >

Intra day trading (15 Min.)

Day ahead (hourly auction) | >

Spotmarket | el — R J

> Days

Yearly contracts {hourly or quarter hourly contracts)

Yearly contracts
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IT-1 Delivery

Quelle: Green Energy Systems GmbH - Grundlagen des Energiehandels
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Future energy demand
Power/Heat/Transport

Energy system Germany

Primary energy approx. 4.100 TWh

Fuels Electrical power Heat Elektrolysis
Today 620 TWh (170 Mio I/Tag) 1.500 TWh 2.000 TWh 0 TwWh
Long dist. Short dist. Insulation
(eMobil) 100%
300 TWh n~40%

100%

Increase in efficiency l

v v v

Future consumption 300 TWh 150 TWh 650 TWh 1000 TWH 200 TWh
Housing Industry
Dengand-Side l l
Mallagement
ca. 10% Heat pumps 700 TWh 300 TWh
500 TWh

El. Power
Copeay 200 Twh

Future electrical power
demand 1.500 TWh <—+_
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Aim of using a storage in the electrical system or in a virtual power plant

Reduce fluctuations / peaks
without short-term market value
of power or merit order / unit
commitment of plants

curve with quadratic

Smoothing the profile / load < RES feed-in profile
programming

Residual load profile

Value of power according to

Save costs / generate Charge/discharge in times < market prices

revenues with flexible capacity

when profitable with linear
programming Cover load with plants at

minimal costs

Support of grid operation: lack Storage Is asset of system

of capacity, bottlenecks, Providing ancillary services operator
voltage and frequency activated by system operator System operator procures
deviations

service from storage operator

\

~ Fraunhofer

IWES



Energy concept, energy acts and regulation
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Main regulatory components

Unbundling rules for electricity transmission system operators
* Full ownership unbundling

* Independent system operator (ISO)

* Independent transmission operator (ITO)

Relevant jurisdiction
» Energy Industry Act (Energiewirtschaftsgesetz (EnWG))

 Renewable Energies Act (Erneuerbare-Energien-Gesetz (EEG))

Main regulatory authorities

» Federal Ministry for Economic Affairs and Energy (Bundeswirtschaftsministerium (BMWi))
» Federal Network Agency (Bundesnetzagentur (BNetzA)).

* Federal Environment Agency (Umweltbundesamt (UBA)).

« German Emission Trading Authority (Deutsche Emissionshandelsstelle (DEHSt)).

\
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Main regulatory components

The BNetzA's central task is to create the conditions for fair and effective competition on the upstream
and downstream markets for the supply of electricity. The BNetzA's regulatory task is to:

* Ensure non-discriminatory grid access.
« Control grid access tariffs charged by grid operators.
« Safeguard against anti-competitive practices by grid operators.

* Monitor the implementation of the regulatory regime.
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Energy Industry Act (Energiewirtschaftsgesetz (EnWG))

B Framework policy to enhance competition, security of supply and sustainable energy production
B Requires electricity labelling according to type of energy source

B Supplementary provisions for the access of electricity from renewable sources to the grid as well
as the construction of intelligent grids including electricity storage

B In 2012 the law was amended to speed up the expansion of offshore wind farms

B The major focus is on a system change towards a consistent and efficient offshore grid
expansion by introducing a binding offshore grid development plan
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Renewable Energies Act (Erneuerbare-Energien-Gesetz (EEG))

Originally provided a feed-in tariff (FIT) scheme to encourage the generation of renewable electricity

B Current version of the law, instead specifies the transition to an auction system for most technologies by
2017

B Purpose of this Act is to enable the energy supply to develop in a sustainable manner in particular in the
interest of mitigating climate change and protecting the environment, to reduce the costs to the economy

B Share of renewable energy in gross final electricity consumption: 40-45% in 2025, 55-60% in 2035, >80%
in 2050

B Technology-specific deployment corridors: PV 2.5 GWp, wind onshore 2.5 GW, Biomass 100 MW, offshore
wind energy 6.5 GW in 2020, 15 GW in 2030
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TSO: Technical guidelines for access secondary control energy

Provider secondary
control energy
" SRL-Pool
Control centre TSO Main Connection
| 98.5% reliability
Main system (*) TE-1
-
=
| 'S
1 O
V.24/V.28 -
IEC101 o
| =
=
S TE-2
Control tre TSO Secondary connection v
ontrol centre o, - agm
98.5% reliability T
Secondary system (*) :g
(]
| =
1 (=
V.24/V.28 |
IEC101
TE-n
|-« =
End to End Definition (E2E) --> Resposibility of pool coordinator
(*) Different locations possible
Source: Mindestanforderungen an die Informationstechnik des Anbieters fiir die Erbringung von Sekundarregelleistung Fassung vom 28. Mai 2013 —
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Communication with SCADA Systems (Example

Enercon)

— 3
— Fraunhofer é{}
IWES »:

ENERCON
RTU-C

Strome/
Spannungen

Source: Regelenergie durch Windkraftanlagen , Kommunikation, Eike Erdmann Sales — Grid Integration
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Example: Combined Heat Power Plant

‘ Z.B.
PT 100
TCP / IP based standard oder
Communication via

z.B. IEC 60870 — 5- 104

Communication unit CHP Controller

z.B.
Modbus RTU

Heat storage
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VPP — Basic Architecture

Energy Plant | Internet \ Virtual Power Plant 1

1 [ ]

SCADA 1 [ ]

[ i VPP-Backend '

1 i ]

' o [ ]

——e s *

1..% 1 E.g. IEC 61850 or IEC 61400-25 1 1 I

' via MMS or SOAP i 2

Measurement, : 1 | e Sy i
Schedule Implemetation Gateway, Data- I 0 RRka-aid ErEny I
Preparation, -Transfer ‘F\_ i : 1

i ]

@ > management s
”
----- i " B Sl
i L

Generation,
Load, Prices

e - 111111 |

4

Prediction Provider VPP-Frontend

Energy Plant

B o o o o o o o o e e Wl

« 3-tier-architecture (Frontend , Backend, Database)
* Platform independent (Windows / Linux) - based on Java technologies
* Adapters for relational database e.g. Oracle, NOSQL Mongo DB,...
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VPP — Communication protocols

IEC 60870-5-104 @

: / = = \ \R{EleB q‘éﬁﬁ% %

[IIIIIIII / \ Virtual Heat & Power
T 6 % ENERGON - i
OPC DA Server OPC DA Server
Biogasplants CHP
ﬂ Photovoltaic plants
Windfarms
—

~ Fraunhofer

IWES



ReWP - Field tests PV

s Sekundarmregelleistung Live-Daten _—

L [

"SRLFieldTest6" Sekundarregelleistung Live-Daten

6,0 MW

5,0 bW

4,0 MW

wiahlen: SRLFieldTest6 -

55 09:58 09:59 10:-00 10:03 1004 12 1013 1014 10

Vorzuhaitends Regellestung | | Toleranz-Korrdor O Abruf-Solhwert © Abweichung wom Echtzeit-Fahrplan-Wert der elektrischen Wirkleistung

... Avalilable active power
Schedule calculated by vpp

500 kW

250 kv

oy

W

10:08 10:09

Active power feed in

10:10

3

10:04

1

0%:54 0956

© Magliche elektrische Wirkleistung ) Echizeit-Fehrplan-Wert der clekirischen Wirkleistung | € Elektrische Wirkleistung

1022 10:23 10:24

10:21 10:22 10:23 10:24
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ReWP - Field tests Wind

w5 Fraunhofer IWES.vpp 1.107
Topoiogie

[E=m e =

Prograsen Energiemanagement Hance! Fahrpisne Komakte Axvvianen Bericntswesen Sinerner *

Regelieistung

-—
= Live Daten-Ansicht « | zeige in neuem Fenstar =z Fraunhofe:
= IWE

—

- mEwe

Daten-Brofil. [ Abruf Positive Minutenreserve Alles =

Zeitspanne: 1 Stunde -

@ Elektrische Wirkleis. @instalients Elekti . @M 15 11 12:10:15 e Positiv.

11.85 MW — ~ — — — — — — - ~ —

11.00 MW

B Elektrische Wirklsistung
M installierte Elektrische Wirkleistung
B Mogliche elekirische Wirkleistung

761 MW
11.85 MW
7.95 MW
-0.33 Mmaw

=

- ung vom plan-Wert der
B Regelleistungs-Sollwert
o Positive Mi rve )

10.00 MW
0.00 MW

0.00 MW

9.00 MW

2.00 MW

7.00 MW

6.00 MW

5.00 MW

4.00 MW

3.00 MW

2.00 MW

1.00 MW

0.00 MW

-1.00 MW

-2.00 MW
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-4.00 MW
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-6.23

Mw
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e —— ~— —
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18.11 11:30:00

—~——————

18.11 11:10:18 18.11 111320 18.11 11:56:40 18.11 12:03:20 18111211

18.11 12:06:40
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