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OVERVIEW

e Introduction

« Digital twin of the Forschungszentrum Julich (FZJ) campus
o Overview on the real campus
o Simulink model (development and validation)

e Application

e Conclusions
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INTRODUCTION

IEK-10 @ Forshungszentrum Jiilich
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LIVING LAB ENERGY CAMPUS (LLEC)

Overview of Demonstrators

= Planning phase
Tendering phase

= Construction phase

— Operation phase

V2

LOHC-System
(300 kW / 150 MWh)

kW-scale
Energy Demonstrators

Elektrolyser (400 kw)

CHP with H2-cofiring
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JuLab Smart building

PV @5 mw)

Li-ion Battery Storage
(2 MW / 2 MWh)
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DIGITAL TWIN OF THE FZJ CAMPUS

General info on DT

Development
> Data collection
— @ (measurements, parameters,

@ etc.)

Validation '/
Are the behaviours
comparable?

v

@ o Application(s)
monitoring, controls, planning,
— and so on
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DIGITAL TWIN OF THE FZJ CAMPUS

General info on campus network
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DIGITAL TWIN OF THE FZJ CAMPUS

Measurement infrastructure

e accuracy class 1 (according to IEC 61036)
e installed on both sides of each 10/0.4 kV transformer

e stored on a database with 5 min. resolution .I I
- - -— - - - —
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SIMULINK MODEL

Focus on variable parameters

e \oltage source -> Three-Phase Programmable Voltage Source

(need V)
e Loads -> Three-Phase Dynamic Loads
(need P and Q)

network

T

1040-U-10-NSP. 1040-U-10-NS 1010-X-10-N 1010-X-10-N¢ 1010-X-10-N:

11758.18211
11758.18211
11437.78683
11255.10125
11255.10125
11437.78683
11712.27888
11986.77093
12124.01695
12032.67416
11758.18211
11483.69006
11255.10125
11163.29479
11209.19802
11255.10125
11255.10125
11209.19802
11117.85523

fe 0
C D
1791.909264 60432.633
1791.909264 57064.533
1743.082051 51050.6
1715.241353 51381.8
1715.241353 53813.2
1743.082051 52664.4
1784.913759 52429.8
1826.745467 54520
1847.661321 60973.6
1833.740972 54361.8
1791.909264 53080.333
1750.077556 53119.8
1715.241353 51932.567
1701.250343 51294
1708.245848 53531.6

1715.241353
1715.241353
1708.245848
1694.325499

53907.4
60408.6
55775.4

10000.3099
8435.46692
6115.99706
6111.70995
5971.21532
6264.27135
6099.88293
6049.64319
10159.9502
7746.13697
6113.19527
6133.40256
6132.47654
6275.06487
6133.48279
6224.34168
10400.6645
7825.6614
6266.61863

52544.7|
49680.9|
44626.1333|
44813,8333
47073.0667,
45949.7667|
45689.6
47674
52952.1333]
47390.0333|
46473.1333
46359.0667|
45134.4667|
44525.9]
46844.0667
46901.9667
53608.5,
48978.9667|
44953.1667|
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SIMULINK MODEL

Voltage profile example
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SIMULINK MODEL

Unbalanced loads example
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SIMULINK MODEL

Focus on power cables

@ 4 Conn1 Conn2 4 @
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SIMULINK MODEL

Time step considerations
Starting timestep

500 us

Implementation of SSN blocks l

SSN blocks [#] | Groups [#] Time step [Ms]
6 19 900

5 19 550
2 16 200
2 3 150

Decoupling
(Stubline-based transformers
or others)

Final timestep
<100 us
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SIMULINK MODEL

Validation
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APPLICATION

Test of multi-modal energy systems
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APPLICATION

Co-simulation architecture

Co-simulation

_—t— - -
AR B R’
0 kv () () () || 10 kv
Ioox ) || 200
R & ®

I

I

I

|

|

|

|

|

: Simulation
: time
I

|

I

I

|

|

I

|

|

LTDH Net Model

l) JULICH

Member of the Helmholtz Association 16/09/2021 Page 14 Forschungszentruin



APPLICATION

Co-simulation results

——PAL-RT

Base load reference =——FpMLU
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APPLICATION

Co-simulation results — (P A\ = R f
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CONCLUSIONS

Development

- suitable data are required

Validation

- must consider all operating conditions of interest

Application

- various, from simple tests to planning studies
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