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eeeeee |ntroduction and Overview
Introduction

Thomas Oberlief3en
= |ndustrial Engineer and

= PHD Candidate at ie3 institute since 2021

= Agent based simulation and ML-Application
4-6 people + student
assistants are working on

: : SIMONA as of tod
Daniel Feismann as of today

= Electrical Engineer and Industrial Engineer
= Atie3institute as PhD Candidate since 2022 before at grid operator and utilities

= Research on grid planning approaches and congestion management

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023 3
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eeesee |ntroduction and Overview
Agenda

= Motivation and objective

= Core components and functional overview
= Concepts of Agents and their behaviour

= Coffee Break

= Excursion PowerSystemDataModel

= Flexibility and DMS

= SIMONA in research projects

= Wrap-up

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023 4
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eeeeee S|MONA - Motivation and objective
Energy transition is massively changing electrical energy system

Change in supply task

= Conventional power plants o

= Renewable energies

= Sector-coupling

000

= Electric vehicles

Effects on distribution grids
= Increasing system complexity

= Increasing volatility
= Network planning and operation are becoming more complex

= Increasing dependence between network planning and
operation

> Flexible models for system simulation for planning, operation
and analysis purposes are needed

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 6
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eseeee S|MONA - Motivation and objective
SIMONA is a digital representation of the energy system for simulation purposes

Grid data

1. Feed-in and load simulation of plants
= Physical operating behaviour
= "User-centred" behaviour models

= Flexible, controlled operation

2. Power flow calculation

= Acrossvoltage levels
= |nnovative, decentralized approach for large grids

= Consideration of control systems

SIMONA

3. Time series generation &4
= Quasi-dynamic with a resolution of upto 1 s Asset parameter Data Analytics

= [Feed-in and load time series

= @Grid utilization time series

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 7
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eseeee SIMONA — Core components and functional overview
SIMONA - The modular digital mapping of the energy system

w,SIMONA- Ecosystem

File Data Source / Sink

'SIMONA- ' [SIMONA

1

I |

| Modules e = pocc—ccco—ccocoooeo .
[ Physical Grid Topology Models ‘ Agent Models | (Behavioral Protocols
I
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Energy Management | |
[
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{

SIMONA-Analysis

DWD Tools DWD Weather Tools

Primary Data Services
MarketService
WeatherService
Scheduler Services

GridAgent

Wind Energy Converter Cold Storage
hotovoltaic Heat Pump
@ Standard Load Profile @ Electric Battery
@ Fixed Load IV Charging Station Fixed Feed-In Model
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s

@ Probalistic Load

Based on: Hiry, J., Agent-based discrete-event simulation environment for electric power distribution system analysis. Duren: Shaker Verlag, 2021, ISBN: 978-3-8440-8462-7. DOI: 10. 17877/DE290R-22549.

| Environment Model

SystemParticipantAgent

CHP Plant

DWD Tools §

Biomass Plant

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 10
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eeesee SIMONA — Core components and functional overview
SIMONA is able to interface several input sources

_______

| 1 SIMONA-

I
! : Modules :
I
|

= Grid converter to PowerSystemDataModel

= Mobility Simulation | e SIMONAEzonstem
3 i 3 [SIMONA- 3
= Weather Service interface (DWD) : ‘ e e
= Time series interface for external time series i ’JJD*D’?
data e.g. from smart meter | hﬁi)( @08
i :
s Bl -
izl
1
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esesee SIMONA — Core components and functional overview
SIMONA includes all Grid Topology Models and several System Participants

System Participant Models

= Loads

[ SIMONA- Ecosystem
|

= Household lOad Vo T SIMONA-

i
I M dules ' FE-mmEsoom=Isoom=siou=s
! ! “af logy Models (o s Agent Models | [ Bek I

= Heat Pump, Storage and Thermal House Model @)

| -
,,,,,,,,,

= Electric Vehicle and Charging Station o |

= Renewable power generation (PV, Wind) - * Physical Grid Topology Models Z?
= Conventional power generation " \ ( S J
| (Physical System Participant Models =0 | ) 3
3 E 1 ¥ 5 (e
Grid Topology Models 3 @ @ e B
= Nodes, Lines, Transformers, ... \ - [:1

SIMONA ie® TU Dortmund | Vienna, 04.10.2023
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eseeoe SIMONA — Core components and functional overview
Grid and System Participant Assets form the electrical system

Resulting Power System Model
= Full technical description of the overall system

= Trade-Off between model specificity and ease of
use

What’s missing?

System
.

SIMONA ie® TU Dortmund | Vienna, 04.10.2023
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eseeee SIMONA — Core components and functional overview
Grid and System Participant Assets form the electrical system

‘ Input data | + [ Grid Model J = [Grid analysis}

/sImMo
‘

s SRR

= Enables time series-based system investigation

= Highly flexible and easy modelling Lo

= Topologies

= Different scenarios —
= Including detailed asset parameterization [

Target:

Model grid and system participants according to
requirements of analysis

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 14
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esseee Agents and their Behaviour
What makes an Agent

Definition of an Agent
= .. dependsonwhoyou ask
= Communication, Autonomy, Negotiation

Decomposition Approach
= EveryAgentis its own decoupled system
= “Fear Less” concurrency
= Hides internal implementation details

Enables Internal Communication

= Agents can communicate with each other, and
act based on their internal state and environment

Agent Models Behavioral Protocols

Flexible Technical Behaviors

I
I
1 Converter

SIMONA ie® TU Dortmund | Vienna, 04.10.2023
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eseeee Agents and their Behaviour
What makes an Agent e

Agent Models Behavioral Protocols

Age nt Models Flexible Technical Behaviors
+ Grid Agents
= Represents the grid and communicates with
agents connected to it's grid model S
= System Participant Agents o
= System Participants of the system e P
= E.g., PVs, Loads, EVs, ... } A'Coi17 ‘
= BB
Behavioral Protocols
= Agentinteraction is defined by behavioral B

protocols
= E.g., Power Flow communication

(W

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 17
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eeesee SIMONA — Core components and functional overview
The Simulation Environment Model

Agent System I
Model |
|

|
Like in real life, agents act in an Environment | :
| \
= Encompasses information that can influence the B | . . . . ‘\' | |
, L
I
I
|
|
|
|
|

agent's behaviour

The environment is described by services
= Each service delivers the environment dependent
data to each agent that needs it
Subscription based service
= Each agent that needs data from a service can
subscribe to it
Implemented Services
= Weather Data
= Market Prices

= Primary Data

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023 18
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eeseee Excursion: Data Concepts & Flows

Data Services

Secondary Data

= Used for model calculations
= E.g., Weather Data

Secondary Data Service

= Environment Agent that delivers
Secondary Data

= E.g., Weather Service

\ 4

Primary Data

= Actual model behavior of a system
= E.g., active and reactive Power

7 - ®

Primary Data Service

= Delivers precalculated primary data to
system

= SIMONA agents replay the behavior

SIMONA ie® TU Dortmund | Vienna, 04.10.2023
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esesee Agents and their Behaviour
Agent Types in SIMONA

PD sD physical
model
ne?<t PD next PD
action Next Action action Next Action
physical .
model Available Agent Types
next PD
action Next Action -
utility = Simple Proxy Agent - Type 1 (top left)
SD

function

= Physical Model Agent - Type 2 (bottom left)
=  Physical Model Agent with UF - Type 3 (top right)

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 20
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esesee Agents and their Behaviour

Discrete-Event Scheduling and Time Advancement

Discrete-Event Approach

= Therepresented system only changes when an
event takes place

= Conversely the system is in equilibrium between
state changes

Scheduler
= State Changes are orchestrated by central system
scheduler

= Triggers the agent that registered a state change for
current simulation tick

Agent Behaviour

= Registers state changes by sending an activation
request for a defined tick to scheduler

Grid Data

- |
|
1 siMon | | '
I | Moduls
" | = i
V@ f Sty z " ) \
v (e DaFs Py
"
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[ I | [
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i |'€7 | ' l :
‘x I >
:, I
VR )
1 ‘\
| i
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eseeee Agents and their Behaviour
High Level Exemplary Agent Calculation

Trigger Queue 12,13

Scheduler

Start! Schedule next!
(t1) J:l, (t3) (:)

Current Power?

Grid Agent

Current Power!

Weather Data

Service

PEIEETY

@

v

ﬂype 2 Agent

7

(&

Calculating...@)\

Physical Model

SIMONA ie® TU Dortmund | Vienna, 04.10.2023
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eseeoe SIMONA — Core components and functional overview
Several behavioural protocols including Energy Management can be simulated

Grid Behaviour

= Multi-voltage level distributed backward-
forward sweep power flow algorithm

= Onloadtap changing
= QOverhead line monitoring

Participant Behaviour
= Active Power Dependent Power Factor

= Reactive Power as Function of Nodal
Voltage Magnitude

= Energy Management on household and grid
level

| (—‘l Agent Models Behavioral Protocols
oy
o, ¥
e DBFS-Powerflow !
verte L

s [ Flexible Technical Behaviors

—————— ((costere ] ((costorn ]

B (e ) (=af~)

SIMONA ie® TU Dortmund | Vienna, 04.10.2023
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Integration of Co-Simulations

SIMONA
Environment Agent System
MobilitySimulator - _Time E’: %) Charging Station Agent
o ! |
ﬁ-[ o\eh; AP é:’ %) (%) w
: : = /TN /TN
o¥ @& o : ‘ EVs SO MMM ‘WT\
,,,,,,,,,,, I
Generation of Driving Behavior Charging
* Generation of car trips with Markov-Chains + Charging Station Agent in SIMONA
+ Determines trip destination and trip distance depending on * Allows implementation of flexible charging behavior..

transition probabilities - .. Demand Side Management

+ Parameterization of trip generation with largest german

mobility study: ,Mobilitat in Deutschland® 7 tEnelestoneme

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023 24
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System System

Description Behavior

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023 25
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eeeeee SIMONA — Core components and functional overview
Main outcome of SIMONA are time-series of all grid elements and participants

= Time step resolution as low as 1s

= PowerSystemDataModel
= Results can be offered in various formats

= CSvV,
= SQL,
=  Kafka

= Analysis can be performed multiple ways
= ie® psdm-analysis

= Business Intelligence tools

= Spreadsheet, Pandas

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 26
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eseeeee Data Model
The Value of a Distinct Data Model

= Defines a common interface

Grid Generation

= Having a distinct Library PSDM
= Can beincorporated in different projects

= Interoperability due to same data format SIMONA

= Building utilities surrounding the data Model PSDM
= Grid model generation

= Power System analysis Power System

Analysis

= Plotting

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 29
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eeeeee Data Model
PSDM-Analysis

Grid Plots

[ RS

1 results.participants.sun()

(681 v 12s

¥ wienforden

i

MagicPython

PQResult(entity_type=<SystemParticipantsEnum.PARTICIPANTS_SUM: 'part

time

2616-01-01 60:00:00
2016-01-01 01:00:00
2016-01-61 ©2:00:00
2016-01-01 03:00:00
2016-01-01 04:00:00

2016-12-31 19:00:00
2016-12-31 20:00:00
2016-12-31 21:00:00
2016-12-31 22:00:00
2016-12-31 23:00:00

20.955151
17.661560
20.201289
18.878304
23.039660

27.755942
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26.856426
23.750977
23.109840

[8784 rows x 2 columns])
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6.966572

8.597967
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7.268426
7.382867

7
!

ta S 7

Time Series
Calculation

o/

Power in KW
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Wg T

L \ | oy
'—] = }_:—'— ~— EV Charging Station
— v
H— T - S -
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Tmeinh P l t
L A flnfne,
0000 0%0 0800 0200 1200 1500 1800 2100 0000
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e ’_I_
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— T
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00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
Time inh
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eeeeee Flexibilities and EMS
Increasing demand and potentials of flexibility requires flexibility simulation

Motivation for including flexibility functions in an energy and power systems simulation
= Grid extension is lagging and expensive (at least marginal costs for peak power)

= Increasing amounts of system participants with flexibility potential

= Higher grid utilisation are beneficial

= Flexibility usage can have a high impact on grid utilisation

= Thus, simulation of flexibility will be a requirement in future.

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023 32
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eoesoe Flexibilities and EMS

Flexibility usage has a significant influence on grid load

Minimize energy consumption from grid

W Energiemanagement

4

[ Haushaltslast E@PV @ Speicher —ewmmmNetzbezug e Speicherstand

Max: —2,2 kW Feed in

kwh
4.00E+00

3.00E+00

2.00E+00

1.00E+00

0.00E+00

-1.00E+00

-2.00E+00

-3.00E+00

-4.00E+00

Minimize residual load on grid

kw Energiemanagement

[ Haushaltslast =PV @R Speicher bezug peicherstand

Max: —1,2 kW Feed in

Assumption: Battery storage 4kWh / 3kW

SIMONA ie® TU Dortmund | Vienna, 04.10.2023
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eeseee Flexibilities and EMS
Goals and requirements for including Flexibilities into SIMONA

Goals
= Ability to simulate flexibility options and demand based on o I
the agents information ‘ ==

= Aggregation, Disaggregation and Call of Flexibility

= Integration in Power Flow

= Flexible use at all grid levels (Household, Substations, etc.)

= Modelling of different strategies

= Increase self consumption of renewables v
= Grid friendly behaviour by limiting Power at Node v/
= Market behaviour by following price signals r?

Coordination of flexibility

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023 34
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Generic Energy Management Agents enable simulation of Energy Management
Systems and Flexibility on multiple levels P

Energy Management
M ? =

: " a»
Hierarchic Energy/ R - — @

Management S
— Flexibility 1
- Energy Management @
..................... _— \ E / -
oz 4/70
.............................. -
................................................................................ Flexibility n

SIMONA ie® TU Dortmund | Vienna, 04.10.2023 35
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eeeeoe Flexibilities and EMS

Energy Management Agent manage flexibilities of underlying agents

Storage

Aggregated Flexibility

i ——‘“L_lrM_H J'"\-—_———\u—"-"'ﬂ_—r—-—ﬂ-" l_J % N

Power in kW

Day of Week

e
o
H n
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eeevee F[lexibilities and EMS

Are there challenges? Yes, many! But one is working on these.

We don’t have answers to all

of them, but ...

Data? Does the user have all
information on flexibility required?

Uncertainty? Parallel simulation of
trajectories => computational power.

Dependency? Do decisions interact
with each other? (Yes, to do!)

Optimization? Just simulate the
behaviour or change the behaviour?

1111

... challenges fit to actual research
guestions and projects

Ol

Smart Meter rollout

SIMONA is designed for parallel
runs on distributed systems

A challenge but agent-based
simulation fits quite good to this o
. ﬂxlo
SIMONA offers interface to [ét A }. Redispatch 3.0
Optimizers \\f‘»' O

L‘.Q

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023
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eeeeee [lexibilities and EMS
EnWg 14a as Use Case for Energy Management

Goals R

= State Estimation -> Identify congestion in Real-time

= Solve congestion by —@— __ ﬁ -
A. Preventive Power Limit lﬁ;:' @ Iﬁ @.‘ ..
- |[@

B. Grid-oriented Control
= Call flexibility to solve congestion 01.01.2029 ﬁ@ ﬁl‘l ﬁ ﬁ@

= Max. 3 minutes from State Estimation

Status: 2. Konsultationsfassung 16.06.2023

SIMONA ie3 TU Dortmund | Vienna, 04.10.2023 39
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eeeeee Research projects

Wide-ranging use in ongoing research projects with further developments

NQVAgent

EUROPAISCHE UNION
Investition in unsere Zukunft
Europaischer Fonds
fur regionale Entwicklung
2 0 L q EFRE.NRW
Investitionen in Wachstum

und Beschaftigung

e

AGENT.GRIDPLAN

SCHAUFINSTCR INTCLLIGENTE ENCRGIC

-

DESIGNETZ

VERBUNDEN MIT KREATIVER ENERGIE
e gt s

((viots

Hochleistungsladen Lkw-Fernverkehr

O_—o
TRAL\SEESE
DFG

Deutsche
Forschungsgemeinschaft

MoMeEnT
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eeesee TRANSENSE
A Digital Twin as a Machine Learning Data Source

Situation Grid and
= Weincreasingly try to leverage data driven algorithms Meas[)u;fament
= DSSE, Time Series Forecasting, Optimal Powerflow, ...
ML Models
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eseeoee TRANSENSE
A Digital Twin as a Machine Learning Data Source

Situation Strict Data Lack of Grid
= Weincreasingly rely on data driven algorithms Protection Observability
Problem

= Necessary data is hard to come by
= Especially grid and corresponding measurement data
= Strict data protection regulations
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eeceee TRANSENSE
A Digital Twin as a Machine Learning Data Source

Situation

= Weincreasingly rely on data driven algorithms

Problem
= Necessary data is hard to come by

= Especially grid and corresponding measurement data
= Strict data protection regulations

Solution (?)
= Simulation environments can act as an artificial data source
= (Open Questions:
= Necessary level of detail
* Robustness against ..
= ..Underlying changes in data distribution

= .. Lack of measurement synchronicity

Energy System
Simulation

ML Models
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A Digital Twin as a Machine Learning Data Source

Energy System
Simulation

1. Translate a model of a real MV
distribution grid

2. Generate a training data set

3. Train Model

4. Evaluate model performance with real
measurement data

Evaluation
against <:| MV DSSE
Measurements
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eeseeoe TRANSENSE

A Digital Twin as a Machine Learning Data Source

= Leverage energy system
simulation for specific
data sets

= Simulation-as-a-Service
infrastructure

= Evaluate distribution of
training data

= (Generate additional
samples

Model and Data Hub

write input
¢ read results
Input Output
TRANSENSE
i fe’M State Estimation
stream results simulation
| > termination Traini
raining
KafkaConnect ——» Algorithm

() v (2}
= = <
s s 2 —|—> 1
T T > . P

simulation KafkaServer SimRequest Statistical

termination Producer Evaluator
(E (E @ simulation

request
# simulation
- 5 ) request
read input SimonaService @
Simulation < SimRequest
simulation Runner Consumer

start
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eseeee Research projects
Redispatch 3.0 — Congestion management
ie® contribution

« SIMONA for prognosis and power flow
calculations

Redlspatch 2.0 e . .
+ Flexibility aggregation for preventive
v v Redispatch
§ DSO vV + Optimize flexibility usage for
.. Powerplants>10MW v v v Preventive Redispatch Use Case
.. Power plants < 10 MW v 4
/]‘@ Renewables > 100 kW v v PSle  AKSTERS @ emsys —Cogheortz
< v | . TRANSNETBW
T@ Renewables < 100 kW eweneiz - OFFIS  cff @ en - PSle
N4/ Prosumer, batteries, o
heat pumps, electric v WWNETE,  Srawholer  Frannols  DKE - ewrnetze  LNETZ

@¥8 vehicle, variable loads
etc.

# Projectduration: 2022 - 2024

Funded by % Bundesministerium
fir Wirtschaft
und Klimaschutz
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Example:

‘ Load A

&P loadB

% PV B

X?lsﬁ PV C

Battery C

______ €d-in and flexibility are elementary "
.......... Q '-.,,.'....
} Last B
PV B —/ X
ast
| | | | | | // | | | 1 P
""-‘.‘.‘Roperation point without ¢ongest |
» PV C -
BS Gy <
Operatlon ‘ ...................................... e
pOIﬁtWIth COI’]geStIOﬂ ....................................................................
Flexibility potential )

Uncertainties lie in the flexibility

- Battery C

J potential as well as in load and feed-in
forecasts
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SIMONA uses EMS functionalities in RD3.0 for improving prognosis

B
= < = 4/_@
e Rl A S
3
Load/Feed-in _ _
' Find optimal
p,i?egggﬁli?; State Estimation flexibility
potentials measures
— —

Simplified extraction of RD3.0 process (AP1.2)

= Load/ Feed-in prognosis in preventive RD

= Simulate possible flexibility offers / potentials
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eseeee (Open Source
SIMONA is free and available Open Source

For more information visit our website

https:/simona.ie3.e-technik.tu-dortmund.de

SIMONA Code is available on GitHub

https:/github.com/ie3-institute/simona

5 Research  Publications  Tea m
SIMONA
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