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Challenges in Power System Planning and Operation ~

Current developments in the German power system

Confirmation of the current grid development plan (BNetzA1)
New/upgraded AC-Systems -> complexity and expansion processes
DC-Systems - combined AC/DC-power system
Offshore generation - DC-Systems & power transfer needs

=  QOperational challenges (loadings, expansion process, ...) and
new approaches (power flow control, curative operation, ...) (InnoSys)

= Ongoing decentralization of power generation
Dramatically increased number of power plants (BNetzA2, Statista, Destatis)

Netzausbauplan 2022 . .
T Saeriarh Generation plants in GER
= Reqgulatory changes and demands

=  EnWG §14a: Flexibility regulations for demand side in LV 3288888
=  EnWG §14d: Need for grid expansion plans also by DSOs (BAGE) 2000000 S
1500000 ~ <
ing i . 1000000 o o S
» Ongoing increase of demands and complexity 500000 % o3 i
0

BNetzA  Wind Plants PV-Systems
Power Plants (Onshore)

=
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https://www.netzausbau.de/Ausbaubedarf/Netzentwicklungsplan/de.html
https://www.innosys2030.de/
https://www.bundesnetzagentur.de/EN/Areas/Energy/SecurityOfSupply/GeneratingCapacity/PowerPlantList/start.html
https://de.statista.com/statistik/daten/studie/20116/umfrage/anzahl-der-windkraftanlagen-in-deutschland-seit-1993/
https://www.destatis.de/DE/Presse/Pressemitteilungen/Zahl-der-Woche/2023/PD23_25_p002.html
https://www.bayernwerk-netz.de/de/bayernwerk-netz-gmbh/netzausbau/netzausbauplan.html

Motivation & Needs
Challenge characteristics & approaches

«-.. from small, predictible power system with
overseeable number of flexibilities by large power
plants

to

decentralized, highly loaded systems with constant
action and control needs with a great number of
possible flexibility providers ...”

» How to handle this...

Digitalization

*Grid models
*Asset data
*Prosumer

Automation

o Standardisation
*Decision support
*Routines  @-e¢

I(—-*

Energy Innovation Summit
Optimization Strategies for the Energy

Transition

Optimization
*Set points

:gecure Operation
Ongestion

Managem,
Nt \/
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Modelling aspects
Optimization problem and solving approaches

Approach to problem simulation using mathematical
optimization methods

=  Application problem = Modelling = Solution
= (electro-)technical dependencies can be described mathematically

»  Exact reproducibility of results

Inclusion of derivation information in the solving process
important issue (and possible strength)

Exemplary iterative methods for problem solving

= Line search (focus on search direction)

= Trust region (focus confidence interval)
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Modelling aspects
Implementation possibilities

- | nterior — i
.- G A M S R —— tool P oint KNITHQ
“/‘pYOMO plimization too OPTimizer W
Xi & GUROBI
‘ . iterative solving Procedures and methods . OPTIMIZATION
mathematical Model . ; 2 - ; Vi
AMPL | X@), Vix@), V gX(i)) or solving
Cou(Xqiy), Veeu(Xay): Veeu(Xq))
X* data, scenario, time series
MongoDB. : : : results
o 3 Time series and scenario . i X
data, parameters and data conversion and g
Transformations I} data in- & -OUtp ut . ™
ATLAS B¢ ‘ events/actions preparation e pljthOﬂ
ﬁ plﬂhOﬂ A | Optimization environment
|

reference-/

I
| optimization

reference environment J SILEN
grid- and : events results datain-& [ A VE ©
otherdatal — » R -output =

C validation/verification, |.g

visualization «§ pandapower

\
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Modelling

Power flow and flexibility problem integration

Bus-based power flow formulation

0= Z Genk Z oadk+ZPPFCk+ZPHVDCk

+ZVkV‘ (gki COS((Dk — @, ) + bki sin ((Dk — & )) , VK
0= _Z QGen,k + ZQLoad,k + ZQPFC,k w ZQHVDCJ‘
+ZVkVi (gki sin ((01( — i ) —D, COS((”k — & )) VK
Flexibilities modelled as additional bus powers

=  P/Q-flexibilities of generation/demand:
Redispatch, feed-in management (RD2.0, ...)
=  QOperation schemes and power flow control (FACTS etc.)

=  HVDC-Systems (setpoints/control modes)

Technical boundaries as further constraints
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Application examples
Flexibility assessment at TSO-DSO interface (I/1l)

Approach & Implementation

» Real world application based on different (parameterizable) objectives

= Data flow integration (“open loop”)

Save grid and
Read new requests requests into files
. . . pp-net and/or grid layout for AMPL
Application on real grid optimization core

(Saxony-Anhalt):

P-set-point
+ loss
minimization
(P_SetLoss-OPF))

V-set-point
+ loss
minimization
(V_SetLoss-OPF)

P-flexibilities
(P_FlexMin-OPF,
P_FlexMax-OPF)

- 2 Net Gl‘OUpS (NG) loss minimization Inititialization Q-se_t-_po.int : Q-flexib_ilities
. . . (P_LossMin-OPF) (AC-LP) + loss minimization || (Q_FlexMin-OPF,
= 5 Grid Connection Points (GCP)

(Q_SetLoss-OPF) || Q_FlexMax-OPF)
= 10 TSO-DSO Transformers

(380kV/110kV) . Lcition
_ Congestion Request?
" 379 Grid Buses start AMPL Management using 9 ;
optimization optimized generator

= 41 Generators (thereof setpoints Save final generator

29 controllable Generators) PY:HON |EE.OPT ampL) pandapower setpoints to database

. ?
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Application examples
Flexibility assessment at TSO-DSO interface (lI/1l)

Flexibility & loss evaluation
using dec. flexibilities

= Active power
=  Reactive power
= |osses

Setpoint realisation using
decentralized flexibilities

=  Active power
=  Reactive power

Voltage

» Reliable and stable
optimization integration
for several months
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Application examples
Security-dependent flexibility assessment

I
Overview on approach and implementation steps HV grid application / exemplary results
: 1200 —Pmin.theo
: - Actual time step, = —Pmin,(n-0)
Prin/Prrax t=t+1 tlmgast%rles generator-flexibility, S 500 —Pmin )
permitted topological faults —Pist,(n-1)
400 ——Pmax,(n-1)
— Pmax,(n-0)

Initial PF using combined Data of generator flexibilities 0

flexibilities at each bus (P,Q) at each bus i

100
Tap-changer optimization Tap-changer positions MW . 22 o 5

Q-setpoints

Q.Setpoint calculation (gen-flex. > real gen)

Possible power Exchange in

(n-0)-check, Basic data (n-0/1),
(n-1) identification (n-0)-result, (n-1)-identification

(n-1)-check (n-1)-result

(n-0)/(n-1)-optimization of (Initial) (n-1)-secure operation
identified problems points

» Support of operational planning processes through flexible application in various current operational issues

W
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Application examples
Operative & curative congestion management (I/I1l)

Background
* Increase in usable transmission capacity through innovative grid
operation

= Dimensioning of the curative measure
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Necessary reduction through

preventive measure

Necessary reduction
through curative measure

Reduction through

preventive measure Possible higher loading

preventive measure curative measure
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Application examples
Operative & curative congestion management (lI/1ll)

Background 1(t), T(t) A
* Increase in usable transmission capacity through innovative grid Troax(te) | L_____________= ____ Lo _ ()
. | - |
operation lrati(te) | e L
= Dimensioning of the curative measure
lpaTL 1(t)
Modeling approach lis, Tis | | ' | (1)
cur

=  Fault variants and preventive/curative measures: Scenario-dependent
limits and flexibilities

See also: Denis Mende: ,Modellierung von MaBnahmen der Leistungsflusssteuerung in einer nicht-linearen mathematischen Optimierung zur Anwendung im operativen Engpassmanagement elektrischer Energieversorgungssysteme’. DOI: 10.24406/publica-fhg-416660.

A S =
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Application examples
Operative & curative congestion management (lll/1l)

Background

* Increase in usable transmission capacity through innovative grid
operation

= Dimensioning of the curative measure
Modeling approach

=  Fault variants and preventive/curative measures: Scenario-dependent
limits and flexibilities

Application example

= Combined AC/DC system with various flexibilities

= Bottlenecks can be avoided through operational congestion
management measures

» Implementation approach allows to handle problem
complexity
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Application examples
Stability-constrained operational optimization approaches

Imag

Combined consideration of stability issues in operational optimization

Real

. Small signal stabil'ity considering Steady state G Hybrid A S
Eigenvalue analysis i ey
hybrid AC/DC S)
. . ower system /1n tms %mﬁh
= Modelling approach for hybrid P y S . Q’H B
AC/DC power system optimization A \ 4 Opnm

= Consideration of critical Eigen-
values and their sensitivities on

controllable (“operational An,init
.opt|m|za.t|onablle .) pgrameters Wi Ohn
In set point optimization opy
h, Distance to limit
mxln fobj (X) = u( Xy set — Xy ) + UZ h/1®|im,zkﬂ ] Eigenvalue
P L
K, sensitivity
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Application examples

Stability-constrained optimization approaches
y P PP Ot
?T DC1$
Combined consideration of stability issues in operational optimization
=  Simulation example in small AC/(MT-)DC power system %
= Time series simulation example leads
to critical Eigenvalue constellation Time steps Operation point optimization
N 5000 : : -
Optimization example shows ———  s— 5000 5 ; a
adaption of operation points for L & A : : :
. 4000 |- e B PV i L R 2
HVDC converters to keep Eigen- . > 200 @ 4000 ; . : \”
values in desired area ! PY :" N > oo B
L B A S 3000 [ i@\
\ i i i \
\
L A Yoo 72101010 JE R S S S \‘.---
: : : \ \
i - ! ! ! \ ! !
> Hytf“‘f' AC/DC-system 1000 f----m-mmmeedeeenneeoees e S o I, vo o N N . A I \
optimization allows to X 2 | . | | \ ¢ ¢ | | \
keep Eigenvalues within 0 H_*H“& 0 H-"HM
acceptable limits -80 -60 -40 -20 0 -80 -60 -40 -20 0
tl o t2 ¢ t3 === Limit ¢* t3 ¢ t3opt === imit

0

7

e . AW =
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Challenges and future tasks

All tools in grid operational planning and (real time) grid
operation and need to support the system operators in the

control room and therefore need
= their special acceptance,
= an intuitive operation and

= compehensible results

Mi-problems
Compensation devices

Tap Ch %
R

Fast decision making
Operational planning processes

Congestion
management

Acceptance
Operator

Energy Innovation Summit

Optimization Strategies for the Energy

Transition

Complexity & problem
sizes

Number of ele- o8 |
ments / variables H

Integration of Al-/ML-

approaches
Combined solutions
Routines

0i0l
0l0l

» At the end, still the operator is responsible Security
for the secure system operation, but Robustness e
optimization solutions can support!

\
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