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Digitalisation of the German Energy Sector o
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Challenges for DSO A
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Changes caused by decentralisation and digitalisation:
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Key Question o8

How can one test and validate
systems which are performing a
smart grid control strategy”?




X-in-the-Loop for Smart Grid System Testing
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» Combination and Usage:
» Power-Hardware-in-the-Loop (PHIL)
» Software-in-the-Loop (SIL)
» Controller-in-the-Loop (CHIL)
» Communication-in-the-Loop (ICTHIL)

Simulation

Environment

Grid Control
System

[OTOOTTT

Power
Interface

2 ‘,W

Equipment
under Test

Controller

ICT Emulator
WAN Emulator

Remote Controller
SmartRTU

PHIL

SIL

ICTHIL




Requirements: Testbed
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Category

Domain

Requirement

Involved Domains

SGAM Domain Distribution, Decentralized Energy Resource
or Customer Premise

S . Communication communication over WAN (e.g., BPL or Mobil 4G)
ystems Properties C e : .
ommunication multiple communication protocols are used and converter
Control central and decentralised control
Control autonomous or partially autonomous control of multiple
systems
Timing update and control cycles > 30s
Timing PHIL cycle time tpyp < 1s
Requirements Accuracy only sinusoidal waveform

Accuracy

low voltage deviation AU < 1Vxps
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EriGrid TA: Smart Beats Copper 95

Key Facts for the TA:

» Host Facility: AIT — SmartTest Lab

User Group: Smart Grid Resarch Group @
Ulm University of Applied Science

2 Stays (November 2017 / March 2018)
5 Members visited AIT

2 Publications
» 1 Confernce Paper

v

v

v

v

» 1 Journal Paper




Smart Grid Lab @ HSU

Test of Smart Grid Systems and Components

Key Components:
« Power Interface

« Regatron Top.Con ACS
Independent Measurement Device

« Dewetron Dewe-800
ICT- Infrastructure

« IWL KMAX WAN-Emulator
SmartMeter Infrastructure

« CLS Management

« Smart Meter Gateway Admin
Utility Grade SCADA

« Siemens Spectrum Power 5
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Experimental Distribution Control Center [EDCC]

Independent Measurement Infrastructure
Super Vision & Control
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Smart Grid Lab @ HSU j()?
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EDCC - Experimental Distribution Control Center $a

I»
Test of Smart Grid ~ Experimental Distribution Control Center %‘% '

Communication and Strategies

e
» Siemens SpectrumPower 5 pectrumPower

+ [EC104
» IEC61850

» TASE.2 Storage User User Videowall

Interface 1 Interface 2
Advanced Application

RTU-Labspace
» |EC61850 Test Environment -

' Omicron IEDSCOUt Process Network
» SystemCorp ICDDesginer G FSOSEG (o)

Inter Control Center Communication

Historian
Datebase

» Tele Control Lab
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PHIL Setup

Classic Approach

Key Components:
« Power Interface
« Spitzenberg Spies PAS
* (Linear Amplifier)
 Simulation System
« Opal-RT
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PHIL Setup

RMS - Approach

Key Components:

« Power Interface
« Regatron Top.Con ACS
 (Switch Mode Amplifier)
 Simulation System
- Digsilent PowerFactory 2018

SYSTEM SETUP B

'PC

|

‘Real Time
_System

‘Power Components

Hardware

‘Platform

Sl

EN
\5‘ PowerFactory model Measured

Q,p

A pyModbusTCP

Load flow calculation

l Upee

P Python function

Adjusted Uy values considering
Regatron voltage deviation

l UPCE

CH  Rregatron API

Updated value of Up-

Ethernet

L 4

...............

values

Updated Q, P, Upee measured e

'ﬂ Python script

Commands for running the main
loop and synchronization

P Python function

] Save power flow results

GREGATRON Power Interface

Simulation of Usce

}

G PV inverter with Q(U)

Q(U) control updates Q

‘Measurement
Hardware

FAY DEWETRON ‘

Save measurements ‘

h 4

NETIHFE Power measurement

Updated Q, P, Upcc measured |
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Ugegupp Setpoints

—2_ Ugyyps Setpoints
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Test Phase 1 — Comparison of Systems Setups
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PHASE 1: SYSTEM COMPARISON

System A:

| ==

| RMS

_ Dyn5 400KVA uk 6% 0,158Q + (0,020 |—u(t) \ronueg
Linear I AC DC
AC AC
Phasor I )
Calculation I |‘ i(t)
L - -
SystemB: I_____________I
;ﬂ GREGATRON
Dyns5 400kVA uk 6% 0,158Q + j0,020 f=Urms Lirroniu=]
Switched I AC DC
ac | AC

RMS
Calculation

f
" l i
! RMS L l Reference
AWANA ——
VY - I RMS
f
—— >
_l#> Reference
RMS
Ly
T +—
l RMS g
AT
VYV \/
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Test Phase 1 - Setup %‘)%
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Test Phase 1- Transient Voltage Step

Voltage [V]

UAN, SystemA
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U(IN, SystemA

UAN, SystemB

U BN, SystemB |
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Test Phase 1 — Voltage Step 99
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Test Phase 1 — Voltage Step
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Test Phase 1 — Voltage Ramp
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Test Phase 1 — Conclusions %

\

System Setup A System Setup B

small cycle time (< 50us)
multiple calculation methods (phasor regenerates energy during the test

Pros (+) simulation, transient simulation)
low immanent impedance
Neutral (#) specific usage of the simulation tool suff.ici.ent chle tim'e (£ 1s)
variation in cycle time (STD xxx s)
Cons (-) over heating occurs one calculation method (steady state)

dissipates energy during test run high immanent impedance

22
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Test Phase 2 -Case Study 99

Voltage Control due to Curtailment and decentralised Volt/Var Control

EDCC CLS-Mgnt =
(SCDA) Fleet Mgnt 3
k: SetP & E/L
GE‘chV E
Set P B me— \
Get PhV T
i [~ R _— -1 — I w
Upcc = 1.080 p.u. | $YSTEM SETUP B A\ g
e (=]
Upce = 1.075 p.u.
PL:'mit = Pﬂr:rmr'nﬂ! * fcurtaﬂment(uPCC) S
SetP&Q =
} GetV (1
Upcc = 1.055 p.u. ol T Virtual RTU ‘e
UPCC E 1.D5'D p-u. SetP&Q \
Get Phv
(A" v |
CAC e —-AC-- :"‘-."DC I-:
_____ g et |
AC act o et 2
I N il
Ge‘ner T.rarmsm Distribution DER CustomerPremises
ation | ission
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Test Phase 2- oo
Implemented Solution for the PV-Curtailment 5>

of N
» Protocol Conversion from CLS Management CLS-Box Application :
I = erver I
SunSpec to IEC61850 (MMS) o S |
ope . e otW.mag.f <« !
» Utilization of the “FNN | — |
I Report Control | TotVAr.mag f |
Steuerbox” and Smart Meter Bk e | Prvensrcnast < |
I lintegrity PhV.PhsB.cVal.mag.f <« | :
Gateway Concept : period) PhV.PhsC.cVal.mag.f <« :
. |
» Direct Control of the Inverter | | “1]

from the EDCC m PV Inverter SunSpec

Modbus Register SunSpec Mappin
IEC-61850 Client £ unSpec Mapping

40083 : W B
= Measurements
40089 - Var
T J' 40079 - PhVphA  —
40080 ‘ PhVphB .
User Interface 40081 > PhVphC —
40085 - Hz BN
EDCC T
\. J
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Test Phase 2- Hochsch;le Ulm

A
Implemented Solution for the PV-Curtailment )
» Protocol Conversion from " eystomautba N o

SunSpec to IEC61850 (MMS) =D chent o5 Ve actve: [

.ls . . — L _ Connected:
» Utilization of the “FNN = (Eceten BN Sweec | | — il
” B = ] '
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Gateway Concept aravoss: (@)
. Messwerten
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B ———— | .
Scroll Zoom Lineal
W4 rm] o] g lalal 2905 2018 T [1E1730 |8
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Test Phase 2 — Time Series
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0 T
®  P(U) Controller active
iy ® P(U) Controller inactive
— P(U) Controller characteristic
z
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Test Phase 2 - P/V & Q/V Plot

Voltage PCC [V]
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Controller acts
independtly
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Conclusion 90

Just a nice tripor....?

» For the planned examinations the System Setup B is suitable.

The System Setup B is also implemented at the Ulm University of Applied Science
New ideas who to improve the lab

Got insight on the usage of a OpalRT system

Offset of the Pl has to be further examined

v

v

v

v

28



output_regatron_spannungsverlauf_leerld
1.60 4

Hochschule Ulm

—— Delta V L1 Improvement &(ﬁ
1.559 —— Delta VL2 J))\

150 — DeltaVl3 PHIL Setu

1.45 4

Outlook

What‘s Next ?

1.40 A
1.35 A
1.30 A

Voltage Difference [V]

‘ Superior Grid Operator ‘ " 1.25 A

Python 3.6
IEC 61850
= Measurements
= Set point

1.20 A1

EDCC System Under Test (SUT)
D:l:l Generation & Load Shedding SIEMENS
Algorithm

IEC 61850
= Measurements
= Set point

B

Grid Simulation and . PHIL Testing PV Curtailment
System Control for DER “ 'k
ﬁﬁ I : (Pro;ect C/seIIs)
N IEC61850 SIL

Environment
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Outlook - A more detailed Look: A

E)N

MDPI Energies Journal - Speciel Issue: e
“Methods and Concepts for Designing Appscie o g o S 1 ot
and Validating Smart Grid Systems”

Comparison of Power Hardware-in-the-Loop
Approaches for the Testing of Smart Grid Controls

(in preparation)

CIRED Workshop 2018
AN APPROACH FOR VALIDATING AND TESTING
MICRO GRID AND CELL-BASED CONTROL CONCEPTS
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Research Project

EriGrid TA:
Smart beats Copper
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Research Project
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www.csells.net

Research Project
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