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Fraunhofer-Gesellschaft conducts applied research and comprises 66 institutes across Germany

W Europe’s largest applied research organisation

®m Undertakes research for direct use
by private and public enterprises,
providing a wide range of
benefits to society

®m 80 research units, including 66 Fraunhofer Institutes
m Staff of around 24,500

® Annual research budget of around 2.1 bnEUR

gen-
Kirchen

E

\

Z Fraunhofer

Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017 4 IWES

© Fraunhofer IWES



Fraunhofer has several locations and contact possibilities worldwide

|
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San José . <€Tokyo

Salvador

: ?él:i'ed:ary de Chile tellenbosch
B Project Center

W ICON/ Strategic cooperation

B Representative / Marketing Office
[

Senior Advisor
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The Energy System Technology branch of Fraunhofer IWES is located in Kassel

Our service portfolio deals with current and future challenges faced by the
energy industry and energy system technology issues.

We explore and develop solutions for sustainably transforming
renewable based energy systems.

M Personal: approx. 310
M Annual budget: approx. 22 Mio EUR

® Director: Prof. Dr. Clemens Hoffmann

www.energiesystemtechnik.iwes.fraunhofer.de
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We research and develop solutions in different fields of expertise

Device and System Technology

Energy

Informatics Electrical Grids

Energy Process Engineering

Energy Economics and System Design
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Energy Economics and Energy System Technology are our two business areas

Energy System Technology

Power electronics and devices

Energy Economics Grid planning and operation

Measurement and test services

]

]

. . ]

B Energy meteorological information systems _

. _ _ M Decentralised energy management

M Consulting and analyses in energy economics _

. M Hardware-in-the-loop systems

M Virtual power plants _ ,
B Systems engineering

B LIDAR Wind measurements

B Training and knowledge transfer
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Energy Economy and System Analysis Group at Fraunhofer IWES mainly answers its research questions

with the SCOPE model family

Research focus

® Dynamic simulation of power markets in Germany and Europe

m Scenario development for energy system transformation towards
decarbonisation

® Technology evaluations in future energy markets (particularly. at sector
coupling interfaces power — heat und power - mobility)

® Grid and storage expansion analyses

Current projects

B North Seas Offshore Network (NSON-DE), BMWi, 2014 — 2017
B Treibhausgasneutrales Deutschland, UBA, 2016 — 2018
m Klimawirksamkeit Elektromobilitdt, BMUB, 2016 — 2018

http://publica.fraunhofer.de/documents/N-439079.html

B Wairmewende 2030, AGORA, 2016

http:/bit.ly/2kDMHSst

B Interaktion EE-Strom-Warme-Verkehr, BMWi, 2012-2015

http://publica.fraunhofer.de/documents/N-356297.html

SCOPE model family

Stromspeicher

Power-to-Gas

Kondensations-
kraftwerke

m Sector-wide dispatch and expansion planning model for analyses of future
energy supply systems

® Modular and customisable techno-economic fundamental market model
with various configurations
e.g. block-specific unit commitment (day-ahead, balancing reserve),
Expansion planning of grids and units (TEP/ GEP)

B Implemented in MATLAB, solved by IBM ILOG CPLEX on IWES-owned
High-Performance Computing Cluster

Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017
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Long-term climate targets are very ambitious and decarbonisation challenges the energy sectors —
promising solution via sector coupling technologies based on wind and solar power
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Heat pumps and electric vehicles are key technologies for coupling of energy sectors — they increase
the energy efficiency and substitute fossil fuels

Power Heat Transport
| Fossil fuel power plant Gas fired boiler Internal combustion engine
| Efficiency 40% Efficiency 85% Efficiency 25-40%
Losses >
_r? = Losses
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One SCOPE configuration serves the development of cost-optimised target scenarios of future energy
systems with energy and emission targets

Input data Linear Optimization Model (LP)" Output data
B Fuel cost Europe and/ or Germany B Optimised power generation mix
B Technology cost Objective is to B Optimised heat generation mix

minimise investment and

B Potentials and restrictions system operation cost

B Optimised transport mix

B Energy demand time series (power, heat, industry, B Energy framework and installed capacities

subject to compliance with

transport) climate protection targets ® CO, emission price(s)
L Technology-specific time series (wind, solar, natural full consecutive year, m
inflow, COP, solar thermal, ...) hourly resolution (8760h)
historical climate reference years
Markets | |
Heat markets o L EOZ_ markets R
- : |
Power market (various building types and _Gas market_s : Mobility demand o (national/ international, :
(national/ international) | .‘ e |
temperatures) o ') sector-specific) B
Technology options ‘ ‘
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Power sector sees higher volumes as it is expected to supply the heat and transport sector in order to
fulfil climate targets in the overall energy sector (-87.5% carbon emissions vs. 1990 level)

900 :IOther | Curtailment _
( Power demand i Net import Germany
800 — increases due to Electric trucks o CHP (Cogeneration CCGT) : Targzgé\lcezr?ag)r?o ]
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EXEMPLARY

Exemplary week shows integration of renewable energy production through sector coupling —
heat and transport sector introduce flexibility and directly use electricity

Erzeugung und Strombedarf in Deutschland 2050 - meteorol. Jahr 2011, 9./10. Kalenderwoche
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A similar pattern becomes visible for the other market areas in Europe — conventional generation is

reduced to natural gas (mainly CHP) and existing nuclear plants by 2050
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EXEMPLARY
Long-term scenarios with high levels of decarbonisation bring along challenges for planning tools

which are designed to investigate more specific subjects

- N
Multi Market Area Dispatch and Offshore Grid Expansion Model

Onshore market area

Schematic S M Load coverage of residual load

W Technical restrictions of the hydro-thermal plants

® Technical restrictions of other flexibility options (e.g. as battery storage,
flexible CHP, electric mobility)

Offshore grid region (area)

M Load coverage/ node balance of offshore hubs with wind generation/
curtailment/ storage

B Investment decision variables in offshore grid infrastructure
Power exchange between areas
W Im-/ export between onshore market areas

B Im-/ export between onshore market areas and offshore grid region

- %

———

Omitting sector coupling and its interaction in planning tools
focussing on e.g. offshore grid investments is not an option

Modelling (and solution) challenges are amplified even more
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Key messages regarding long-term energy scenario development in Germany and Europe

Focus used to be on reaching renewable shares in the traditional power sector
and making use of surplus energy

Coupling the traditional power sector with heat / industry / transport sectors
is crucial to decarbonise the energy supply system and
comply with climate targets

Generation from wind and solar will be the main source of energy
as simulations show its feasibility and LCOE are continuing to go down

Current alternatives expected to play a complementary role
Biomass, solar thermal, geothermal

Technology efficiency is still an important issue
although there are good wind and solar potentials across Europe,
but social acceptance imposes limits

High efficiency sector coupling technologies already relevant today
such as heat pumps & electric vehicles

Low efficiency sector coupling technologies become relevant in the long-term
such as Power-to-Heat & Power-to-Gas

Challenges for power system planning and operation models
to adequately address future system flexibility
from a methodological perspective

Limitations and assumptions:

Installed capacities are optimised to the absolute minimum
by the deterministic generation expansion planning model
(particularly conventional generation capacities)

Presented scenario is to be seen as a lower bound
since e.g. balancing reserve markets are not included

Flexibility of the new consumers is assumed as a given
implying that they see some kind of flexibility signal

European balancing via the electricity market is a vital assumption
as it facilitates significant balancing between regions

Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017
© Fraunhofer IWES
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CURRENT CHALLENGES OF THE INTEGRATION OF LARGE
AMOUNTS OF WIND AND SOLAR POWER

Virtual Power Plant RES Forecast

power

time
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Introduction - German power system

Gross electricity production 2016

in %o
Matural
gas
Muclear Cther
ERErDY 5
Wind power
? p 2050
total Renewable O 8 O (y
Hard coal K\yh B48 bn 29 onergy sources : 203 5 > 0
Biomass enerogy

~55%

Fhotovaltaic eneroy

O
d  \Water povwer 202 5

B Household waste
Brovwn coal 1 40 O/D
Prelirminary result

Source: AGEE-Stat and AGEB.
@ b Statistisches Bundesamt (Destatis), 2017

Top-down Optimization Bottom-up

\

/
Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017 21 % FraunhOfer

© Fraunhofer IWES IWES



Introduction - The Challenges

Renewables replaces conventional power production

Intermittent character of wind and PV
= Grid operation more sophisticated
= Resource planning more sophisticated

Security of supply
= Balancing of supply and demand
= Grid security

Ancillary services from RES
= reactive power (voltage stability)
= control reserve (frequency stabilization)

Holistic view on energy system
= Activation of flexibility
= sector coupling

Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017 22
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VIRTUAL POWER PLANT- RENEWABLE ENERGY PRODUCTION
OF THE FUTURE
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Introduction — New role portfolio manager (Energy trade)

| Feed-in tariff
P4

380/220 kV
TSO | |
S @ £x b S
' VPP operator
110 kV
DSO A - - -~ = manages portfolio
ﬂ.ﬂ A /ﬁ% = Use cases
@ - ﬁi% energy trading (CVPP)
110 kv Portfolio grid support (TVPP)
DSO B — — /]

A H
. /ﬁx ﬁi‘\‘ Benefits

= Data ownership
Feed-in tariff

Roles: TSO, DSO, customer, plant operator, RE plant operator, energy trader * Portfolio optimization
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Virtual Power Plant (VPP) - Definition

“Avirtual power plant is a cluster of dispersed generator units,
controllable loads and storages systems, aggregated in order to operate
as a unique power plant. The generators can use both fossil and
renewable energy source. The heart of a VPP is an energy
management system (EMS) which coordinates the power flows coming
from the generators, controllable loads and storages. The
communication is bidirectional, so that the VPP can not only receive
information about the current status of each unit, but it can also send the

signals to control the objects.”

Source: Virtual Power Plant (VPP), Definition, Concept, Components and Types, Saboori, 2011, IEEE
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Virtual Power Plant (VPP) - Architecture

Integration
g External processes
o graphical user interface

o connection to external process e Energy data
o acquisition of external data ] management
] systems (EDM)

o local communication

\
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Virtual Power Plant (VPP) — Aggregation level

Communication interface
= Standardization useful and needed

Communication protocols
=  TCP/IP based

Communication technologies
= DSL, LTE, GSM, satellite communication

Communication security

= VPN

= \Web security

= closed user groups

= point to point connections

Typical requested data

= P, Q, storage, weather information,
possible power feed-in

Bidirectional connection, push/pull

DS
e@®

P
== ™\
v

Biogas plants

IEC 60870-5-104 .

wind farms
OPC DA Server

ks ENERCON

ENERGIE FUR DIE WELT

photovoltaic plants
OPC DA Server

7 A

CHP
VHP Ready

Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017
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Virtual Power Plant (VPP) — Business logic level

Metering interface to portfolio -

Database S @H
: : Database

Business logic-kernel

= Optimization of business cases Business logic-kernel

Unit commitment _ _
= Calculation of schedules Unit commitment
= Calculating of operating points

External systems

Interfaces to external IT-infrastructure,
Interface to portfolio

.y ;\ 2 },} — s \;%i/';-_:_-_:.:\:
||I;G‘:;}r\‘\1’n‘? \ E‘ l.!,- /‘IEEE%)‘L“(’? 2 "
U= LY ==

\

~ Fraunhofer

Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017 28 IWES

© Fraunhofer IWES



Virtual Power Plant (VPP) — Integration level

Graphical user interfaces
Monitoring systems

External IT systems
= Customer dependent (In case of utility SAP for
accounting, etc.)

Forecast systems

=  Power feed-in from fluctuating sources,
= |oad forecasts

= price forecasts for different markets

= External trading systems

Grid operation
= State information
= requests for control reserve power

o

,:::Qj'pér"a'tfi

Gric

)

Graphical user interface
‘1 ¥

ol A8
S

e =

External IT Redundant
== ® @
e || VPP e @

Forecast systems
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Virtual Power Plant (VPP) — Relevant research and cooperation projects (examples)

No visibility of DER DER represented by VPP

400 kv

VPP as a substitution of
conventional power plants

(European research — FENIX,)

Control reserve power with wind and PV,
Optimization of revenues
(National funded research — ReWP)

AHGE nETZ Aggregation of 700 MW renewable energies

Portfolio in Germany
(Cooperation — ARGE-Netz GmbH)

g : Z Fraunhofer s
Conceptualization of a Virtual Power Plant |~ wes [l

(VPP) in India  ZCE

(International research/cooperation with ICF)
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FORECAST SYSTEMS FOR THE INTEGRATION OF LARGE
AMOUNTS OF WIND AND SOLAR POWER

Projects:
EWeLIiNE (2013-2017)
Gridcast (2017-2021)

rid G e

.
- -

g sojcast

|
=
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Cooperation between weather service and network operators

fweather forecast\ / power forecast\ / application of \

power forecast

-]

@

Francis McLloyd

L hertz N
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Deutscher Wetterdienst —
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Improvements along the whole forecast chain

DWD : DWD Francis McLloyd

Weather Post Power Post

assimilation

application

forecast processing forecast processing

\
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Problem description

M RES forecast for congestion forecast becomes one of the
most important forecast for TSO in Germany

Operational planning: forecasting the future system
state + actions

System state parameters: node voltage and branch
current

B Risks can be captured with uncertainty information (risk
for (n-1)-violation)

® Further Need: operational planning process which is
capable of integrating uncertainties

\
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Most of the RES plants are connected to DSO-level

T1
] 1§ Lo )
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The challenge

1. Estimating the actual RES feed-in
into transformer stations

2. Forecasting the RES feed-in
into transformer stations

Estimating the reduced production of RES plants

4. Improved allocation of RES plants to transformer stations
and integration of the grid sate

5. Quantification of the forecast uncertainties

6. Testing the results by functional models

i T Osterrelchii e
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Uncertainty Forecast for Congestion Management

= Thermal overload? [{Overload not
P

... recognized
= Deterministic forecast: ,No“. 9

= Reality: ,Yes".
= Ensemble recognize possible overload.
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One congestion forecast for each scenario
— estimation of critical system states
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Fraunhofer is Europe’s largest application-oriented research organization.

B Our research results are proven in practice

Forecast Systems

Virtual Power Plant
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Agenda

Technical Challenges and Prospects in Power Systems with High Penetration of Renewable Energies (Denis Mende)
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Renewables in the German power system

Installed capacity

QGrouped @ Stacked @ Hydro Power @ Biomass @ Uranium @ Brown Coal @ Hard Coal

@ Mineral Qil © Gas Wind onshore @ Wind offshore Solar
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60.00
40.00
20.00
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Year

Datasource: AGEE, BMWi, Bundesnetzagentur
Last update: 04 Sep 2017 13:02

Installed capacity of renewables sharply increased in recent years

Power supply (August 2017)

@ Stacked
QO Expanded @ Import Balance @ Conventional > 100 MW Wind Solar

8
g

Power (GW)

T e AL el |

08.07.09:46 14.07. 04:40 19.07. 23:33 25071826 31.07. 23:00
Date

11 31

Net generation of power plants for public power supply.
Datasource: 50 Hertz, Amprion, Tennet, TransnetBW, EEX
Last update: 01 Sep 2017 00:25

Installed capacity constant respectively slightly decreasing (changing to cold reserve)

M Varying share of renewables in power supply due to intermittend primary resources

Source: https:/Awww.energy-charts.de. Accessed September 25, 2017.
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System ancillary services — classical provision and new challenges

Frequency control Voltage Control

B [nertia / Instantaneous reserve B Voltage control / regulation

M Balancing energy B Reactive power provision

B Flexible loads M Tap changer settings & control

® Frequency depending load shedding System services to ensure B Short circuit power provision
reliable, secure & stable

® Grid analysis and monitoring energy Supp'y B Restriction of faults

® Congestion management B Black-start capability

" Feed-in management of RES ® Coordinated commissioning of

B Coordination of system services feeders and sub-grids

System restoration

System control

W System services classically provided by conventional power plants, but oftentimes not yet required by RES

B RES need to participate in system services to keep system qualities up

\

Source: dena Ancillary Services Study 2030. https:/Awww.dena.de/en/topics-projects/projects/energy-systems/dena-ancillary-services-study-2030. Accessed September 25, 2017.
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Frequency control in power systems with high penetration of renewables (I/1ll)

B Frequency control ensured by conventional generators P4
M Rotating masses lead to instantaneous frequency support

B Primary control ensures new stable operating point due to
increased power output

B Further control leads to constant frequency at nominal value 30s 5 min 16 min Th

-+

M RES decoupled from grid frequency due to inverter-based grid
connection

inertial response | primary control secondary control tertiary control | balancing group

® No direct coupling to frequency
® Only over-frequency support (reduction of power) |
® Under-frequency support would mean active power reserves | I J-—=T, —T

B |nvestigations on frequency control and frequency supporting
functionalities become more and more essential

m Examples

B Demonstration of control reserve with renewables: Project A

Combined Power Plants: http://www.kombikraftwerk.de fl _l_ . :
B Challenges in grid modeling (next slide) Lo | AP

M Frequency supporting functionalities (inertia & primary control) in 5 lAp «—
wind turbines (2 slides ahead) P

Il
=

A

\

Source: According to https://commons.wikimedia.org/wiki/File:Schema_Einsatz_von_Regelleistung.png. Accessed September 25, 2017. Own drawings.
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Frequency control in power systems with high penetration of renewables (II/1ll)

Challenges in power system modeling Above W Balancing model (one rotating mass, no tie lines)
Example Middle ~ m 12 ,balancing” models with tie lines and enhanced
M Reduced inertia leads to increased requirements to power modeling (rotor angle, ...)
system models ® 50 % inertial generation
B Balancing model vs. enhanced modelling of large power Below ~ ®m 12 ,balancing” models with tie lines and enhanced
systems modeling (rotor angle, ...)

N ® 10 % inertial generation
B Reduced system inertia calls for enhanced models and new ° g

modeling concepts )

a2
. ~
< % =
By = 04 T
A ] s % ” one area, 50% inertial generation
B« ” = * < 0.6 - % : 5 -1
\ ok | 4 “ one area, 10% inertial generation
4 2
T " uRitely 3 - /1 : 0.8 H I I L | 1 | 1 -
4 | Kingdam. . . o L 5% | :
Watanf——05 €/ Bel3cys/ \ BB 0 z
&1 2\ aviA i
. (O ¥ =
/ X = 04 Aren | m— aread
Kyl g Arend | s——— areald
—¢__Ukraine . A < .6 aresd [oesranen araall
2 areah | ——— arcall
08 K | | | | | | ATCAE | e—ren] 2
T -
"
jum)
<1 -
0.8 H 1 | 1 1 1 1 1 =

time [s]

\

Pictures from: Schittek: Augmented block diagram model for investigating primary-control performance at low inertia, Master's thesis, Fraunhofer IWES, 2017. In Progress.
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Frequency control in power systems with high penetration of renewables (llI/1ll)

B Frequency supporting functionalities of RES | I S
B Modelling of wind turbines with frequency supporting functionalities (FSF) W'thciﬂ%“me

A:Bmin ﬂmin

Feed-forward control

B Study cases in power system models

m Example: [EEE 39 bus system, Generator outage, RES w/o FSF (StatGen, DFIGres)

Apmax pmax

Linearized Speed control
tracking with rate of change &
curve power limitation

Oref

Converter Control

RSC RSC GSC APrin Prmin
/Dref Pitch Speed P Oref Gref  Uref,dc Gref
Control || Control ji—l ‘—¢¢—' | | | | |
S oo [ o _—_—
p; Frequency Control N _ ‘ ; ; ; ;
grid _ 3098 i | o ;
Flot = Bz = : ; : : Gen
ﬁ 0,96 = StatGen |
=== DFIGres
0,94 1
100 120
I 750
7€:Jrid § 100 R ——
= ‘Gen
l o- 650 = StatGen ||
: : i : e DFIGres
600 I I | | I
Dispatch Aerodynamics Shaft — DFIG RSC GSC Grid 0 20 40 60 80 100 120
See also: Mende, Hennig, Akbulut, Becker, Hofmann: Dynamic Frequency Support with DFIG Wind Turbines — A System Study’, IEEE EPEC, Ottawa, 2016. DOI: 10.1109/EPEC.2016.7771694. ——
T | ~ Fraunhofer
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Optimized grid operation in power systems with high penetration of renewables (I/1ll)

® New challenges in grid operation due to increased flexibility of
generation and demand

B \Volatile RES generation profiles
B Changing power flow patterns

B Increased ramping requirements (e.g. as known in the US as
,Duck curve”)

B Increased demands on coordination between TSO & DSO due to
changed generation location

B wind on HV-level

B solar pv on MV- and especially LV-level

m Optimization approaches allow facing different challenges

B Example:
Implementation of optimization algorithms in flexible modules to with
possibility of result validation

m Network modeling (PowerFactory)
B Scenario / Sensitivity generator (MatLab / Matpower)
B Optimization environment (GAMS)

IWES.GridMod
(PowerFactory) 4

Network Modeling
* Modeling of network

¢ Power flow calculation &
further analysis methods

¢ Visualization

.
. enhanced
[ Validation ] Matpower / [ Topology data ]
MPC-
Optimizati N 4 S . e
lotimization cenario & sensitivity
* Solving of the optimization generator
problem e Feed-in and load situation
 Reactive power control., e Neigbouring grid parameter
voltage profile, losses, ... e Power flow sensitivities
e Active power distribution e Optimization goals
. i ° J
IWES.WCMS / L IWES.Scenario /
_ Qptimization data
IWES.Redispatch IWES.Sens
(GAMS) (MatLab)

Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017
© Fraunhofer IWES
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Optimized grid operation in power systems with high penetration of renewables (II/Ill)

B Example:

Increased demands on optimization and coordination
between TSO & DSO due to changed generation location

B Implementation of optimization tool to coordinate and

enhance TSO-DSO-interface

B Optimization on DSO-level to provide flexibility potential

at interface to TSO

B Optimization on TSO-level using own and TSO-flexibilities

and giving setpoints to DSO

B DSO uses RES flexibilities to provide setpoints and new

flexibility potentials

W Study case

B Larger DSO area in northern Germany with high share of

RES

®m (Part of) Northern Germany Transmission Grid

B Reactive power provision in given limits using different

approaches

grid ‘_/../

Reactive Power Balance { Mvar)

Flexibility
potential
| L Control room TSO Control room DSO ‘——Wealher data
Optimization | Market | Optimization Wind
Control room - “| Platf Control room == =", =| power
Iy LX) : i ¥ |
i_ o - Control i e o\
= | TR signals ) '\'_
AVE & r —
Controller #=y-_ Tt
\_i_ L P — | Wind park
o= N y (") \ “L_control
=L \\ , = Measyrement
- TIC Y v/ .|_- ata
Le, | f I |
| ; _.f"
'_f" \'\ 4 — g __L \
400/220 KV A o
transmission ,,/ 110-kV distribution -
! — grid

50
—— Coordinated Q setpoints |
0F Owerall system OPF
Static Q(U) + OLTC
=50 —cosphi=1 + OLTC

! Limits
=100 +

-150 |

a0t

.35 n L L PN L
0 4 8 12 16 20
Forecast Hour (h)

Pictures from: Sala: Optimal Reactive Power Management of Wind Farms for Coordinated TSO-DSO Voltage Control, Master’s thesis, Fraunhofer IWES, 2017. In Progress.

Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017
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Optimized grid operation in power systems with high penetration of renewables (llI/Ill)

W European liberalized energy market

B Energy trading doesn’t take grid restrictions into account
- . Trading on a copper plate”

B Possibility of large power transmission needs
W RES often far away from load centers

B RES installation in rural areas with low load

® Incl. assumed

B Example: Offshore wind energy wind generators .

B Modular optimization tool to find optimal solution for ,re-
dispatching” power plants

B Optimization of costs, powers or multiobbjective goals
including several optimization criteria

B Possibility to freely include flexibilities of generation and
load units

B Example:

B Redispatch according to overloading of lines = Comparison power (MW) costs (MU)

No. of power plants

5

B Scenario w/o incorporating wind power plants 600 20
400 - 20 8
M Redispatched powers (tech), costs (eco) and combined 200 ﬂl 10 l ; _
optimization using normalization approach (norm) o MM : o ‘.—..._. 0 L._l

tech eco norm tech eco norm tech eco norm

\

See also: Akbulut, Mende: Congestion Management Strategy in Combined Future AC/DC System, Fraunhofer IWES, 2017. In: IRP-Wind: Deliverable 81.5 — Congestion Management in combined future AC/DC System.

=
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Restoration in power systems with high penetration of renewables

W Integration of renewable generators in system restoration concepts:

Project Netz:Kraft Concepts for system restoration

B (conventional) black start \
m Classical restoration units L =)
B Opening and enhancing grid island B Large (conventional ;
m Start of large conventional power plants thermal) blocks — .
. m
B Provision of loads ——
M RES not considered in restoration concepts or are strictly
limited/shut down
® Enhanced concepts including RES Concepts for system restoration with RES
B Integration of renewable generators in system restoration W (conventional) black start \ |
concepts units )
B Improved planning using forecasts (renewables and load) W Large (conventional L |
. o thermal) blocks J
B Increased flexibility and possibilities through frequency )
supporting functionalities and reactive power capabilities of W Loads
modern renewable generators B Renewable
B Increasing of robustness of restoration paths generators |
See also: https://www.energiesystemtechnik.iwes.fraunhofer.de/de/projekte/suche/laufende/Netzkraft.html. Accessed on September 25, 2017. =
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Demonstration of solutions - OpSim

Test- and simulation-environment for grid control and aggregation strategies

Applications ranging from developing prototype controllers to testing operative
control software in the smart grid domain

B Features

M APIs to connect various simulation tools such as Opal-RT, pandapower,
PYPOWER, MATPOWER or custom scripts in Matlab, Java and Python.

®m Standard interfaces: VHPready, CIM and IEC 61850.
B Scalable environment - runs on desktop PCs and clusters.

B Interfaces for hardware-in-the-loop (HIL) tests.

(Non) real-time
power system

® Example

Operation center

(Non)real-time power

Distribution grid

Transmission grid

FTP-server with time

system simulator optimization optimization series and forecast data
"""" e | |- 1
. . o)
< | |
Proxy Proxy - s
. ; Wl Ly T
Client Client I
1 1
( Message bus 0
| ) R
1 I APls,
Remote e — — 1
interface I | standard
L - - =l interfaces
.!_ i —r— -
! I
! I
: 1
. I
A | e -
Mastercontrol- Virtual power Controllers,
program plant operative software

[ ] |mp|ementatlon simulator for DSOs / TSOs
of DSQ / TSO e e IEC 60870-104
operation center 60870-104 [ o o
Client / Server :
r | Switching <
B Further Information ey IEC Proxy
) Client Client
B www.OpSim.net T 1
( Message Bus l )
See also: www.OpSim.net ?
Hartel, P., Siefert, M., Mende, D., Berlin, September 28, 2017 50 % FraunhOfer
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Summary

B Transition in electrical energy systems lead to various challenges

B Sharp increase in installations as well as in power provision
P P P T LT L

B Varying penetration of renewables & conventional generation LUl adiet

B Renewables need to participate in system services such as
m frequency control M voltage control
B system operation M system restoration
B Frequency control as challenge due to reduced rotating masses
®  Challenges for modelling
B Frequency supporting functionalities and power reserves by RES
B Optimization and coordination at the interface of DSO / TSO
B Flexible optimization implementations and algorithms
B Improved solutions in grid operation and congestion management
B Integration of renewable generators in system restoration concepts

B Increasing of flexibility and robustness of restoration paths

®m  Using frequency supporting functionalities and reactive power capabilities of RES

B Demonstration of system operation strategies and optimization o
algorithms 2 8 8

B OpSim environment

!

[
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Agenda

Training and Knowledge Transfer at Fraunhofer IWES

\
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Training and Knowledge Transfer at Fraunhofer IWES (I/1l)

m We offer our "know-how pool" in different
arrangements.

®m Our target groups include decision-makers, specialists
and executives from business and administration as well
as students.

®m  With our IWES experts and with our broad network of
experts from industry, consulting and universities, we
provide basic and detailed knowledge on the use of
renewable energies.

Characteristics
B National as well as international trainings / workshops

®m Day or week seminars regarding various aspects of renewable energy sources
® Online master program and certificate programs Wind Energy Systems
N

Customer-oriented specific trainings on demand

-/
N | ~ Fraunhofer
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Training and Knowledge Transfer at Fraunhofer IWES (II/1l)

Example: Online-training for engineers of TSOs
B Wind and Solar Energy Sources Integration in Power Systems
® 6 Modules

B 50 lessons

4 lessons 6 lessons 12 lessons 10 lessons

Certificate

10 lessons 8 lessons

\

—
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Thank you very much for your attention!

n What is Fraunhofer-Gesellschaft and Fraunhofer IWES?

“ Developing Long-Term Scenarios with High Levels of Decarbonisation (Philipp Hartel)
m Current Challenges of the Integration of Large Amounts of Wind and Solar Power (Dr. Malte Siefert)
Technical Challenges and Prospects in Power Systems with High Penetration of Renewable Energies (Denis Mende)

Training and Knowledge Transfer at Fraunhofer IWES

\
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Thank you very much for your attention!
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M.Sc. Philipp Hartel

Energy Economy and Grid Operation
Fraunhofer Institute for Wind Energy and Energy
System Technology IWES

Konigstor 59 | 34119 Kassel
Phone +49 561 7294-471 | Fax +49 561 7294-260
philipp.haertel@iwes.fraunhofer.de
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Dr. Malte Siefert

Energy Economy and Grid Operation
Fraunhofer Institute for Wind Energy and Energy
System Technology IWES

Konigstor 59 | 34119 Kassel
Telefon +49 561 7294-457 | Fax +49 561 7294-260
malte.siefert@iwes.fraunhofer.de
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Dipl.-Ing. Denis Mende

Energy Economy and Grid Operation
Fraunhofer Institute for Wind Energy and Energy
System Technology IWES

Konigstor 59 | 34119 Kassel
Telefon +49 561 7294-425 | Fax +49 561 7294-260
denis.mende@iwes.fraunhofer.de
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