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% Motivation

" Decarbonization: use of renewable
energies in various consumption sectors
(industry, commerce, transport,
households)

. Storage

Physical Coupling " II

Gas

A\ "4

Power-to-Hydrogen

" Energy sector coupling

» CHP
Information- and
Commumcatlon Technology

" Flexibility from different sectors (storage)

' Transport | :
& Challenges e, T v.d
. . - * iqui
" Stability, resilience and reliability of the new . R )
system
" |ncrease of peak load/demand (EV, heat pump): ”eat
Congestion management Jtorage

" Coupling needed also at data / ICT level

" Market design and regulatory aspects
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Research areas for sector coupling @ ieet
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@DISRUPSYS o i EiniEE

» Dynamic modeling of electricity, gas,
heat networks and P2X

» Resilience and stability assessment

DISRUPSYS

> ICT and operating strategy (cells)
» Model database, co-simulation

Physical/Technical Model

Primary coupling
technologies

=

A
v

Electricity

S @ N

68 EffiziEntEE
CyEntEE

» Flexibility modeling, market design

» Optimization of real-time operation

2 tiestine ot

ieet « 20/04/2023

Gas

1

Control

Heat

abrloi1s

Market model

Hfgt "'é"—\ﬁ

Gas Electricity

Generation i\ Consump-

tion
Market A
price -
t co?

Regulation

1

Control commands: O@
Setpoints e o

presettings

a

Market

-

»

»

Measurement data

Operational optimization [f

(e.g. unit commitment)

Market reIevanTU H H

information



O/\nv
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% Objectives

. . .. Gas Gas
" Dynamic modeling of electricity, gas and =~ Biomss . v fomumer ™ Consumer NE
ant /> al > JE[EEE - T b CIEI] egi
heat networks " pe u( W s S T ‘
. > Electricity ectrolyzer
fpe Electric § ConsumerNE H20
® Methods for resilience assessment and Sore 43 s } E E Gas
oy £ Electricity Disturbance | Consumer SE
VOltage Stablllty @7'C0n51;n_e<NW Gas<> ﬂ I iﬁﬂ 0E£ I I!? {
Hv Source SW ..
= Modeling of complex events and A=A HO—e— 0 By @
) - ) Wa§te ] €> Y
interaction analysis Ineineration "1 5 HS ) ®
@ N <9 Farm

TransiEnt
Library

" Extension of the open source

Heat Consumer Heat Consumer
IDHN 2 IDHN 1

(https://www.tuhh.de/transient-ee/ ) ) )

CCP Plant 2 CCP Plant 1 Gas
m— Heat

Hot Water Hot Water = Electricity

Supported by: Storage 2 Storage 1

% Federal Ministry
for Economic Affairs
and Climate Action

ReSIENtEE
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https://www.tuhh.de/transient-ee/

CyEntEE: Cyber-Physical Integrated Energy Systems

2019-2024

% Objectives

" Dynamic modeling and evaluation of future
technologies (EV, P2X, EHP)

" System architecture: "Cellular Energy System" with

focus on sector-coupled distribution grids

" |nvestigation of suitable ICT solutions and
architectures

" Optimal operating strategies for smart integrated
energy systems and optimized use of flexibility

‘\

= leet lm'g
OF ELECTRICAL POWER AND

ENERGY TECHNOLOGY rch and Information Systems

Zellularer Ansatz

Institut fiir Telematik

RRRELEEELES ‘ -6-. Industrial Board
CyEntEE T
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Legende

: Primarkopplung

——— : Sekundarkopplung (IKT)
Cadt
t‘} : Zellmanager
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Usecase: Bottleneck analysis in MV-LV-networks

LV-rural 1:
13 households

¥ MV ring operated open (Simbench MV-rural-
2-no-switches) with subdivided rural low-
voltage networks

@ Electrification scenario with high
penetration of electric cars (90%) and
electric heat pumps (80%)

% 48-hour simulation: "best case scenario”
iIn summer

“ Qutside temperature: ~20°C (avg.)
“ Battery level often high
“ Heat pumps almost not active

Best Case 0
Scenario "t LV-rural 2:
99 households

ieet « 20/04/2023
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DisrupSys: Integration of H,-infrastructure (storage CHP)

2021-2024

% Objectives
= Stability analysis of voltage angle control

according to H. Weber* in inverter-dominated

networks

" Modeling and control of a hydrogen generation

and storage unit

" Provision of anxillary services for each time range
(from instantaneous reserve to secondary control

reserve)

on
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—leet

OF ELECTRICAL POWER AND
ENERGY TECHNOLOGY

* Weber, H.: Von der Frequenzregelung mit Schwungmassen
(netzstltzende MalRnahmen) zur Winkelregelung mit Umrichtern
(netzbildende MalRnahmen), 12. ETG/GMA-Fachtagung
,Netzregelung und Systemfuhrung®, 26.—27.09.2017, Berlin

Short-term
( (m)seconds)

Medium-term

and Climate Action

A
Supported by: Hyd roggn o® r §
supply &) Hydroge
* | Federal Ministry IEJ
for Economic Affairs

Gas

Heat (minutes)
Heat supply Long-term
7 (hours)
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EffiziEntEE: Market design and efficient utilization of flexibility

2022-2025
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N 4 )
% Objectives A °~Q
E lofo)
Transmission ELTRAMOD ELMOD
" Evaluate interaction of market mechanisms and Grid Market Model Grid Model y
physical system operational strategies considering
sustainability and resilience aspects Restrictions Flexibility
. : : . .
Analysis of dlfferent_market bgge_d incentive Schedule Incentives
schemes for provision of flexibility by market
relevant actors & 4 P )
_ RN TransiEnt
" Development of models and methodologies for o---@ Library
optimization of the real-time operation Distgt{:tion Sector-coupled  Dynamic modeling
" \ energy system )
ueereany N o~ TECHNISCHE
. B —— “Teet =XRG UNIVERSITAT
Federal Minist ®--@ "" 5 INSTITUTE OF ENGINEERING INSTITUTE .—: )
% ‘ foer E(r:?)norlr?ilsﬁr\!fffairs E ff I Z I E n t E E o.,,miansR,mhana.m!mswems I I .THERMODYNAMICS ?;Egég';l’éé:ﬁ]g?&%{AND Slmu|ahon GmbH DRESDEN
and Climate Action
ndustrial - e+ gohieswig-Holstein A Hamb
board o a —amburger
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KolLa — Flexibility Coordination btw. Energy and Transport Sectors % Ieet

INSTITUTE

Electrified Public Transport Use-case OF ELECTRICAL POWER AND
ENERGY TECHNOLOGY
2022-2026
% Ob jectives Electricity grid side Electricity market side
" Development of a ,,coordination function® Coordination Power supplie
to ensure grid stability while offering function (KOF) emmi—‘ﬁ, market
flexibilities g
" Optimal charging and flexibility ‘ﬂ
management of electrified bus depot ‘jﬂmﬁg’:azfnm
level

" Validation of overall system in distributed
laboratory setup and in field test 3! 3!

Ry | e

Bus depot (disposition, charging
stations, battery storage, etc.)

Supported by: )
Flexible system

% Federal Ministry “
ford Eét)nomic Affairs Ve / yd . t
and Climate Action '
I S| { INSTITUTE Iee Stromnetz "" @
NI l:-;. 3 .l OIfELELéTRICALPOWERAND HCImDUI'g ' HOCH BAH N TUHH
ieet + 20/04/2023 FNERGY TECHROLOGY Seite 10



OF ELECTRICAL POWER AND
ENERGY TECHNOLOGY

. O/\nv
Laboratory setup ,,PHilLs Lab* *NEC %PHILSab e leet

% Digital network simulator OPAL OP5707XG
& 3x four-quadrant amplifier 7.5 kVA Spitzenberger & Spies APS7500

JOPAL-RT

W TECHNOLOGIES

AC IE DICIE =T

Alternating Current Investigation Environment Direct Current Investigation Environment E

ieet « 20/04/2023 Seite 11 I U H H
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THANK YOU!
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