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COMPARISON OF ENERGY FLOWS:
2018 AND 2050
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Transformace Energetiky

« Spotieba elektrické energie roste ~2x rychleji,
nez spotfeba vSech ostatnich typu energie dohromady

» Elektrifikace, nové oblasti spotreby

* Vyroba elektriny ma pritom rozhodujici podil
na tvorbé Sklenl'kov}'/(:h plynfj Global investment in energy transition, by sector
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Transformace Energetiky

M Information flow

TRADITIONAL ELECTRICITY SUPPLY CHAIN
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ransformace Energetiky

Duck -> Canyon Curve

- Celkova spotieba — Obnovitelné zdroj
Context: Energy System Transition elkova spotreba — Obnoviteine zdroje

Inverter-dominated
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2018 2023

Electric machine-dominated
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Demand minus wind and solar
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5000
Energy Delivery System
* HVdc
Storage
» Synchronous machines » Battery ESS
* Inductor motor loads * Pumped storage hydro @
Generation
* PV plant
* Wind plant
* Hybrid plant
» Variable-frequency drives (hydro, nuclear)
Loads

: Croon IOt (adjusiablespeed dived) > Extrémni naroky na pfenosovou soustavu

» Distributed inverter-based resources

Future US energy system and power grid (real-world system) transition to inverter- > Zajiétém’ stability soustavy vyiaduje nova
FQERINGE dominated system A AR A
technologicka i pravni reseni

0
Midnight Noon Midnight Midnight Noon Midnight

https://www.powermag.com/epri-head-duck-curve-now-looks-like-a-canyon

> SiFeni rychlych jev( v sitich vyZaduje
presngjsi simulacni metody (EMT)

Oak Ridge National Laboratory EMT Workshop, August 2024
4 https://femtworkshop.ornl.gov



Technologicke trendy

« Simulace elektromagnetickych pfechodovych déju

(EMT)

The increasing penetration of distributed Inverter-Based Resources (IBRS) is
creating a fast-acting software-defined grid, whose behavior is not accurately

captured by traditional phasor large-scale simulation.

EMT Phasor

Electromagnetic transient (EMT) simulation needs to be used to capture so-
called point-on-wave behavior. The challenge is that EMT simulation is more

computationally complex than phasor simulation, and so does not scale easily.

* Hybridni modely

System-Level Behavior Average-Value | Full Switching |

System

Power — Motor +— Pump

Hours/Minutes Minutes/Seconds

Microseconds
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Power Hardware In The Loop (PHIL) Testing
,Device Under Test reacts as if it is energized by the real grid.”

Il

Real-time data
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2016 systems

NYS Digital Twin Vision - Full NYS grid EMT model
A live digital copy of the grid (TX, DX, Comm)*

Oak Ridge National Laboratory EMT Workshop, August 2024
https://emtworkshop.ornl.gov



Elektrifikace - Segmenty

Motor Drives
& Traction Motors

Develop embedded software for motor-
inverter systems

Power Conversion

Develop embedded software for high,
medium, and low power converter
architectures

Building Energy
Management

Perform power system analysis and
energy management design for
residential and commercial buildings

Out of Scope: Energy Trading & Risk Management

Renewable Energy
& Energy Storage

Perform grid-scale integration studies, develop wind
and solar farm architecture and control systems

Microgrid, Smart Grid
& Charging Infrastructure

Develop network architecture and perform system-
level and control system design of power system
infrastructure

Generation, Transmission
& Distribution

Conduct bulk power grid analysis and planning for
generation, transmission, and distribution systems

&
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Electric Vehicles
and Transportation

Perform vehicle-level electrical system
and control design for electric
transportation

Battery Systems rLQ(L?)
<C°

Design battery packs and develop
battery management systems

Fuel Cells
and Electrolyzers

Develop architectures and controls for
PEM fuel cells and electrolyzers



Nabidka spolecnosti HUMUSOFT

MATLAB & Simulink COMSOL dSPACE

Technické vypocty a simulace Simulace multifyzikalnich aloh Simulace v realném &ase

£ HUMUSOFT

« Simulink jako zakladni platforma + Modelovani fyzikalnich dé&jl * Power Hardware In The Loop (PHIL)

pro Model-Based Design « Modelovani komponent

e elektrickych systému

nnnnnnn

Konzultacni sluzby

, info@humusoft.cz https://www.humusoft.cz/company/#contact
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COMSOL Multiphysics v elektrotechnice a energetice

Modelovani fyzikalnich dé&ja

« Vifivé proudy v komponentech

« Elektromagneticka kompatibilita

+ Lorentzova sila

+ Joulovo teplo

* Nizko a vysoko frekvenéni elektromagnetické pole
« Elektrochemie baterii a palivovych ¢lanku

« Elektrolyza

+ Fyzika a chemie plazmatu

« Vyboje a prlrazy

» Trasovani elektricky nabitych astic a dalsi... + Potrubni systémy Integrace s prostfedim Simulink
+ Kabely (Simulace vybijeni battery packu s termalni analyzou)
Simulace a navrh kabelaze Simulace elektromagnetického pole kolem vedeni E = 5

Simulace elektromotoru

* Elektromotory Simulace vyboje (z&sah bleskem)
* Generatory

* Transformatory

* Kapacitory

« Elektromagnetické kotvy
* Baterie a palivové ¢lanky
« Tisténé obvody

« Setrvacniky

* Vyméniky tepla

Simulace transformatoru (v€. napfiklad huc¢eni)

Modelovani jednotlivych komponent S R

Simulace bateriovych ¢lankl a packu

Liquid-Cooled BESS Air-Cooled BESS




Program

13:00

13:15

13:50

14:05

14:15
14:45

15:05

15:25

15:45

16:15

16:35

16:55

17:15

www.humusoft.cz/tcp

Jan Danék (Humusoft)
Zahajeni seminare

Valtteri Forsman (MathWorks)

Keynote: Developing Next-Generation Smart Grids: Modeling and Simulation with
MATLAB and Simulink

Jaroslav Jirkovsky (Humusoft)
Modelovani a vyvoj elektrickych pohonu a vykonové elektroniky

Pozvanka k prezentaénim stolim s zZivymi ukazkami

Prestavka, obCerstveni, prohlidka zivych ukazek, konzultace

Marek Pokorny (DATASYS s.r.0.), Petr Neuman (NEUREG sdr.), Willy Weiglhofer (Mubea s.r.o.)

Zvana prednaska: Tréninkové Simulatory energetickych zaloznich zdroji na bazi
MATLAB-Simulink

Anna Tochackova (Humusoft)
Obnovitelné zdroje energie

Tomas Fridrich (Humusoft)
Simulace vykonové elektroniky v prostfedi dSPACE
Pfrestavka, obCerstveni, prohlidka Zivych ukazek, konzultace

Martin Ernek (Slovenska technicka univerzita v Bratislave)
Zvana pfednaska: Modelovanie dynamickych systémov v elektroenergetike

Anna Tochackova (Humusoft)
Modelovani a simulace bateriovych systému a vyvoj BMS

Michal Blaho (Humusoft)
Al pro elektrické systemy

Zakonceni a zavérecna diskuze

Ziv
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Ahumusorr
Rizeni otagek elektromotoru v prostiedi Simulink
« BLDC motor tizen! || vykonova tast | motor
stej motor s elektronickou komutaci e e —
8 p ojic q .
Hal LS L . av
- L i
+ Algoritmus —
R
- PID regulace otadek, Sesti-sektorova komutace 22 : 2
Coder Support for STM32 Nucieo Boards —
= )
* Spusl a nasazeni algoritmu L 1 HE:d:
~ v re2imu Monitor & Tune o | e
« Hardware : = T
STM32 Nucleo F302R8, X-NUCLEO-IHMO7M1
« Jaroslav Jirkovsky, jirkovsky@humusof ez

Amusorr

Odhad stavu nabitia batérie pomocou Al =

I :
Al

Virtualny senzor

napodobiiuje fyzické se

— Str nie - stromy, SVM

Spustenie a nasadenie algoritmu
v rezimu Monitor & Tune
Hardware
Texas Instruments LaunchPad F28379D

* Michal Blaho, blaho@humusoft.sk

Model vodikového palivového ¢lanku typu PEM "

+ Vlastni blok MEA - jazyk Simscape
- spotiebovavani reakénich plynt
- disipace odpadniho tepla
- transport vody pfes membranu
+ Dva systémy distribuce plynd: H;
(anoda) a vzduch (katoda)
« ROzné mody zatéZe:
- Rampovani
- Méd jizdy ve mésté (FTP 75)
- Skokova zména zatéze

Simulace vykonové elektroniky v prostfedi dSPACE

+ Model I T
— Push-Pull méni& | I

+ Build aplikace
— Nastaveni parametr( — .
— Vjber /0 : Al {3

* Simulace = |

Nahled na aplikaci bézici na RT Platformé | ﬂ b ﬂ

« Tomas Fridrich, fridrich@humusoft c:

L humusorr

z
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HUMUSOFT Team

=

Valtteri Tomas Kristian Jan : ] Anna
Forsman Fridrich Hudec Houska Jirkovsky Tochackova

Kancelaf
[office] 22 m*

TECHNICAL

COMPUTING
PRAGUE
Jan Danék
HUMUSOFT
8.4.2025 Prah .
rena Karolina Jan
Nevolova Ventlukova Danék
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Showcase - Konzultace
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Rizeni otadek elektromotoru v prostfedi Simulink

BLDC motor fizeni vykonova Cast motor

— stejnosmérny motor s elektronickou komutaci
— 8 polovych dvojic

— Halltv senzor

Algoritmus
— PID regulace otacCek, sesti-sektorova komutace
— Simulink Coder Support for STM32 Nucleo Boards

Model Browser 9| F
=i

OB ELEe
i
E
3
£
+
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« Spusteni a nasazeni algoritmu m i SRR
— v rezimu Monitor & Tune Lo f
« Hardware

— STM32 Nucleo F302R8, X-NUCLEO-IHMO7M1
« Jaroslav Jirkovsky, jirkovsky@humusoft.cz
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Odhad stavu nabitia baterie pomocou Al

* Virtualny senzor
— napodobnuje fyzicke senzory (soft sensor)
— Al reprezentuje nelinearne zavislosti

— meratelné veliCiny (U, I, T) + pohyblivy priemer

 Algoritmy ————
— Strojoveé ucCenie — stromy, SVM, ...
« Spustenie a nasadenie algoritmu

— v rezimu Monitor & Tune

e Hardware
— Texas Instruments LaunchPad F28379D

* Michal Blaho, blaho@humusoft.sk



Model vodikového palivovéeho clanku typu PEM

* Vlastni blok MEA — jazyk Simscape
— spotfebovavani reakCnich plynu
— disipace odpadniho tepla

Hydrogen
C

- tra n S po rt VOd y p ‘r’.es m e m b ré n u Source Recirculation Hum(i)di:er

- Dva systémy distribuce plynt: H, O b s

(anoda) a vzduch (katoda)

 RuUzné mody zatéze:
— Rampovani
— Mod jizdy ve meste (FTP 75)
— Skokova zmeéna zateze

F A
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Jh’ﬂ JL Electrical Load
] +
Anode Gas  Membrane Electrode Cathode Gas Oxyge
Channel Asgsembly Channels Cathod ourc
- p Humidifier
A A Cc [
in in B :A OE@
SA SA C sC
FAI F——FAl ACirt FCi
Q ut
IAO— F.ﬂoHF0<J FCI
] °
Cathode Exhaust
OH T
MEA
Cooling System Thermal Mass -
i .
% .
-
—f(x) =0 v
Measuremen t:

Anna Tochackova, annat@humusoft.cz
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Simulace vykonové elektroniky v prostredi dSPACE

« Model

— Push-Pull ménic¢

— Analyza modelu

 Build aplikace

— Nastaveni parametru
— Vybér 1/0
e Simulace

— Nahled na aplikaci bézici na RT Platformé

j

i

« Tomas Fridrich, fridrich@humusoft.cz



