SEESGEN-ICT

4°GENERAL WORKSHOP

Paris - SAP Office, April 14 t™ —15% 2011

Thomas Degner (Fraunhofer IWES):

Best Practices in the Use of Test Facilities — Examp  les
and Gap Analysis

\

B IWES

~ Fraunhofer



Overview

Objectives

Best Practices in the use of test facilities

Analysis of Cases (Preliminary)
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Objectives

WP7 Objectives: Recommendations for
iIndependent testing of existing and new ICT-
based solutions intended for deploying Energy
Efficiency in Smart Grids

Task 7.3 goal is to collect a range of experiences
gained in different EU Test Facilities

Analysis of the results with the purpose of gap
analysis

Investigate repeatability and repetitiveness
concepts for a large scale implementation

ICTp:
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Objectives

(1) GroBkraftwerke

{2} Erneuarare Enargie
{fluktuiarand)

{3) Verbraucher (kKlassizch)
{4) Vlerbraucher (intelligant)
{5) Leittechnische Anbindung
{6) Ubertragungsnetz

(7) Verteilnetz

{B) Lastilisss

(9] Intemeat der Energie

(10) Integrationstechnologie

Juelle; BO intiativ IKT for Enemiemankts der Zukunft (2008) .@;. BDI
Source: ,Internet der Energie - IKT fur Energiemérkte der Zukunft®
published by BDI, 2008

Wh|Ch |CT Sol utions 1. technologies for home automation and distributed energy
resources
can be tested |n the 2. intelligent grid management systems for transmission and

distribution networks

test faC| | |t|es '? 3. smart meter technologies
4. ICT to connect the Internet of Energy and the technical
infrastructure
//7! - 5. Applications and Services to coordinate the energy network
I CT“> - with the market —
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Best Practices

Description of selected examples of best
practices (research, testing, validation) of ICT
aspects utilising test facilities

Selected examples

Testing of inverters (small inverters <10kW, bigger
inverters > 10kW, grid connected storage) (IWES)

Testing of protection devices with communication (RSE)
Testing smart voltage control (RSE/AIT)

Testing of micro-grids control (NTUA)

Simulation cases (AIT)

A
=1
N
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Best Practices 1: Inverters (IWES)

Many grid codes require
remote controllability of
distributed generators.

Example: The Germany grid —\
code for “DER plants

connected MV distribution grid”
requires

Active power reduction by
network Opel’ator Technische Richtlinie

Reactive power control by Ereeugungsaniagen am
network operator
The control capabilities have to
be tested / verified by suited
> tests.

Mittelspannungsnetz

uuuuuuuuuuuuuuu bdew
Energie. Wasser. Leben.

\
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Best Practices 1: Inverters -
Situation in the field

High voltage (e. g. 380 kV)

Medium voltage (e. g. 20 kV)

Dynamic Grid Support
(internal control of the inverfer] Medium volta

e
- Short Circuit-Current connection fncisliily

- FRT (fault right through)

Static Grid Support

- Setpoint for reactive power
(e.g.cos g = f(P))

- Limitation of active power

h 4

Controller

A 4

Utility Operator Control Center

Grid safety management
l Power limitation —
' 100/60/30/0 %
o
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Best Practices 1: Inverters
Laboratory Setup
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Best Practices 1: Inverters
Laboratory Setup

AC-network simulator PV-simulator

Recuperation unit Impedance network l
AC-network l l

simulator with
additional
impedance network

90 kVA
Linear
amplifiers
4-quadrant
operation
PV-simulator 30kW
Special testing
equipment for PV-

systems with higher
power ratings

2
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Best Practices 1: Inverters —
Active power control

Grid safety
management

Network operator is
allowed to reduce
active power remotely

Unit / plant must
technically be able to
reduce active power in
steps of 10% P,

Common power
reduction levels are
100%, 60%, 30% and
0%

Response time of 1
minute at most

Power-One PVI-55.0 Central
Measurement results Fraunhofer IWES
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Best Practices 1: Inverters
Reactive power control

Reactive power set-
point provision
— Fixed set-point for Q
or power factor cos j

— Variable set-point for
Q or power factor cos
j provided remotely
by network operator
— Characteristic curve
— cosj (P)droop
— Q(U) droop
Response times
— Variable set-points:
few minutes
— Characteristic curves
— 10sto 1 min

PARIS 14-15/04/2011

Power-One PVI-12.5
Measurement results Fraunhofer IWES
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Best Practices 2: Network
Protection System (RSE)

Communication
between substation
and protection
Interfaces of
distributed generators

PARIS 14-15/04/2011 4th GENERAL WORKSHOP
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Best Practices 2: Network Protection
principal test setup
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Best Practices 2: Network Protection
laboratory setup
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Best Practices 2: Network Protection
measured performance
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Best Practices 2: Network Protection
laboratory setup
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Best Practices 2: Network Protection
measured performance

Average 1/0O
latency below
50ms

Peaks are
related to the
key exchange
in the VPN
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Best Practices 3: Simulation
environment :Testing of batteries (AIT)

Modelling
Test setup
Validation

SSSSSSSS

Uhrzeit
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Best Practices 3: Simulation
environment
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Best Practices 4. Microgrid
testing
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Best Practices 4. Microgrid testing

Testing of
intelligent Load
controllers
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Best Practices 4. Microgrid testing

Testing of intelligent
Load controllers

Functional tests (in
system environment)

Reliability tests

Communication
performance

Performance of the
algorithm
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Gap Analysis (preliminary)

What was presented:

Test facilities for testing of intelligent grid devices
— Inverters
— Batteries
— Controllable loads

Test faclilities for testing communication with network
protection devices

Integration of hardware and network simulation
Test facilities for micro-grids
Conclusion:

A vast number of test facilities especially regarding DER and
RES sector exists

The facilities combine characteristics of both SE (Simulation
environment) and TR (test range).

They include a wide variety of ICT requirements
(communication protocols, SCADA systems, Energy
Management Systems etc.)
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Gap Analysis (preliminary)

Gaps are mainly related to: -

Testing and simulating intelligent energy control and
management strategies for integrating electric vehicle and
analysing the impact on the electric power system. -

Test procedures to verify intelligent control systems (e.g.
self-consumption manager)

Approaches to verify aggregated response, e.g. by combing
verified components models with verified simulation models

Integration of high voltage transmission system into the test
facilities
Integration of energy market modeling into the test facilities

Simulation topics that can be dealt with either use of real
components or simulation / emulation systems.
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Thanks!

Contact:
Dr. Thomas Degner
Fraunhofer IWES
Kdnigstor 59
34119 Kassel, Germany
thomas.degner@iwes.fraunhofer.de
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