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Power (MW)

Motivation
Power Production in Germany week 31 2023

Renewable share:
2022: 50%
Week 31 2023: 65 —-82 %
Electricity Generation and

Consumption must be
' balanced.
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Target is 100% renewable!
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Date (GMT+2)

@ Nuclear @ Hydro Run-of-River @® Biomass @ Fossil brown coal / lignite @ Fossil hard coal @® Fossil oil © Fossil g:
@ Geothermal Hydro water reservoir @ Hydro pumped storage @ Others @® Waste @ Wind offshore Wind onsh
Solar = Load
=
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Motivation
Installed Capacity of variable Renewables

BOO
690 GW
F00
Energy Scenario 2045
B00
Increase of
500
=
§ 200 PV 77 GW - 425 GW (x 5,5)
300 Wind 84 GW - 265 GW (x 3)
200
100

2032

Year

@ Wind offshore ' Wind onshore ' Photovoltaic, roof. south " Photovolaic, roof. east-west Photovoltaic. open space
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Motivation
Electrification of other Sectors

Technologies in passenger Traffic Building Heating Technologies

o 40 Mio. BEV 15 Mio. HP
40 Mio. Battery Electric Vehicle (BEV) 15 Mio Heat Pumps (HP)
x 10 kW =400 GW connection power x 5 kW =75 GW connection power

x 50 kWh =2 TWh battery capacity

—
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Smart Grid Control
Motivation
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220/380 kV transmission

110 kV

20 kV

Control Center

L]

Low voltage controller

energy management (U grid)

System Component

e.g. EV Supply Equipment, Battery Systems
Communication Interfaces

e.g. Smart Meter, Electric Vehicle
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Digital Grid:
Loads must be controlled
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Hardware-in-the-Loop Test
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Hardware-in-the-Loop (HIL)
Example Battery Management System

Device under Test

HIL computer Contactor
. ) setting Ll 8
- QP... dAAgE e
’ 757 (THn T
)= <<> E . ‘
Ok P’ Voltage ek
=) C\} measurement . y Y
Digital Twin: lilelg J GligiE Battery Management
- Battery cells Communication Controller
Protocols
L y
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Device under Test

Prototype controller board

HIL Computer

Model (digital twin) of power part
Emulation of measurements
Evaluation real time signals
Benefit

Testing without risk

Faster development
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Power Hardware-in-the-Loop (P-HIL)

Example Grid Emulation

HIL computer

Grid

" Power Amplifier )

cinergia ~

. voltage

’% set point
o1 = )

o (1 i

iy current
measurement

Digital Twin:
- Grid model
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Device under Test

Device under Test

Real hardware (prototype)

HIL Computer

Model (digital twin) of power grid

Power Amplifier

Interface between HIL computer and DuT
Include current measurement into digital twin
Voltage set points to power amplifier
Benefit

Testing in critical situations
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B Testting Grid Control
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Low Voltage Grid Control
Test Setup

COM Device under Test
HiL computer Interface (DuT)

HiL-Computer hosts

hsfssssnsnnnnnnnnnunnnnnnnn |OW Voltage grid digital tWin
Low :

Voltage D [; Lj Connection to DuT
control || .. COM Interface (Communication)
System _

: : . .| Power-HiL

{ Micro Grid |_| Distribution Grid] (real Hardware)
Manager Control Center
(PSlprins) Connect to Distribution Grid

Control Center

i N - : Device under Test
1T @ Uﬂ LV Control System

Power HiL Micro Grid Manager

Digital Twin power
grid
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Al4Grids Test Enviro
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Al4Grids Test Environment
Real Time Model Allensbach

House with PV

Modbus Interface
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Interface Modbus Control

Interface Realtime Model

2®)

2

2

o

Ir of the VERs accordng to a provided timeseries fle.

PANELROOT > SubPanel

setPref |

5000 W setQref

100.0 | var

=1 1 prefvm | 5000.0 W .Qrefvea 100.0 ar
Enable VER
PPVVER | 000N QPVVER 100.0var
-1972.52W | 44.46 var 216.21V
active Power VBR reactive Power VBR Vrms VER
-1845.20W | 21452V 37155V
active Power Meter Vin_RMS Meter VUL_RMS Meter

@ [UNLOCKED)] [ACTIVE] - Alensbich_SCADA_for_complete_model_withPQref_zusammengefassteHi7-8_nurH_typ2.cus *(unsaved Peanel) X |

Model Settings B

set8_PY VBR 00| W setQPYVER

PrefVeR |

g W0.0W  QrefyER
Enable VER
P_PVVER | 2000.0W  QPVVER

100.0 ' var

e O D B

| {find companent X| &= =
"~ P Model Controls

*4 Sources

#L Contactors

24 SCADA Inputs
~ P Output Controls

* P Analog Outputs

9 HILO
#L HIL1

1« ~ ™ Digital Outputs
4 HILO

1 2L HILY

-1886.38 W | -76.94var | 21¢
‘active Power VBR reactive Power VBR Vims '
-1747.05W/| | 21437V | 37
active Power Meter WVLn_RMS Meter VLL_RM

b pefvm | 200W  QefvEr 100.0 frar
VR
ppUVER | 00.0W  QPVVER 100.0var
-1971.37W | 104.88var  216.21V
active Power VBR reactive Power VBR Vrms VER
-1830.91W | 214.48V 37149V
actve Power Meter VLn_RMS Meter VLL_RMS Meter

{ Loprefver [ so000W  QrefveRr | 100.0 rar
Enatle VER S = =
PRVVER | 00N QAVIER 100,08
-1877.71W | -14.28 var 216.19V
active Power VBR reactive Power VBR Vrms VER

-1757.03W |

active Power Meter

383.23V

VLL_RMS Meter

22126V

Vi _RMS Meter

PrefVER | Qref VBR

5000.0 W

P_PVVER | 7000.0W QFVVER

-1862.53 W | | -31.92var |

active Pomer VBR reactive Poner VBR
-1747.49W| 21429V
actve Powes Meter Vi NS Meter

21¢

J PrefveR | D00.0W  QrefVER Ty

Enadle VER
PAVVER | 00.0W  QPVVER 1
-1906.46 W -19.54var = 21¢
active Power VBR. reactive Power VBR Vrms '
-1762.82W = 22131V | 38
active Power Meter VLn_RMS Mater VLL_RMS

Message Log

[ [13:54:04]
[13:54:15]

| [13:54:19]
| [13:54:20]

: [MACRO EXECUTOR] Macro execution finished.
: [MACRO EXECUTOR] Executing 'set P_PV VBR' embedded macro script
[13:54:15] :

[MACRD EXECUTOR] Macro execution finished.

: [MACRO EXECUTOR] Executing “set P_PV VBR' embedded macro script
: [MACRO EXECUTOR] Macro execution finished.

® History View
+ | <inttial state>
‘Widget Moved: Sub-Panel
 Propesties Changed: VBR Pref Macro

L Modelsetngs | Namespace Explorer

ax

 [UILOGKED] [ACTIVE] - Alensbach_SCADA Modbus_Clent_ithPQref_nusammengefosstchH7-8_nuth_type2.ars *(ursaved Pane) K Madel Settinge
Thtok | PANELROOT [ACTIVE|
Trace graph measured active power at nodes [W] [3.0 sec/dw]
C G
- HH1 2
LY
HH2_2
(- HH3_1
) HH3 2
LS
o= HH4_2
Trace graph measured active power at nodes 2 [W] [3.0 sec/dwv]
176
&00
18X
184
0
154
Trace graph measured active power at low vokage side of trafo [kw] [3.0 sec/dw]
6
6.8 !
: [
|
|
‘ v | Modersety .
Message Log History View
= _Ts: @ <inttial state>
TS (filter): @ Properties Changed: Trace graph measured active power at nodes 2 [W]
4 |comnected to grid’s server--> SETUP Propesties Changed: Trace graph measured active powes at nodes [W)
_T5: 0 Properties Changed: Trace graph meuurda«mpmthwwhgededmlwl]
___Ts (filter): e
|[T§ BBl 00000602 = STANDALONESCADA MODE

' PSU | 00:00:07:16 | ® REAL-TIMEMODE
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http://www.digital-grid-lab.com/

