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Standardisation - Conformance testing - Smart Grid ready




Formalet med SGO — kort fortalt SMART

The “Smart Grid Open” project will secure the realization of guidelines, methods and
testing protocols enabling conformance testing of communication interfaces for Smart
Grid Ready products and services.

Reference testing systems, incl. documentation, will be designed and implemented.
Smart Grid stakeholders, product manufactures and system integrators will be involved
in investigations and subsequent dissemination activities.

Test reference system

NOTE:

Regarding ‘Smart Grid’ data communication,
international standards are needed, but a
standard is not an implementation guideline,
which means that conformance test based on
well-defined reference systems and test
procedures has to be established and supported.

Operators

Unit In Test
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Fra standarder til praktiske testmetoder
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http://www.ds.dk/da/
http://www.ds.dk/da/
http://www.iec.ch/index.htm
http://www.iec.ch/index.htm
http://www.ieee.org/index.html?WT.mc_id=hpf_logo
http://www.ieee.org/index.html?WT.mc_id=hpf_logo
http://www.eurisco.dk/index.php
http://www.eurisco.dk/index.php
http://www.kamstrup.dk/
http://www.kamstrup.dk/
http://www.deif.dk/
http://www.deif.dk/
http://www.energinet.dk/
http://www.energinet.dk/

Smart Grid Connection point i henhold til M490

Grid and / or Market

\\
Using Information:
Flexibilit
xIority Price signals, e.g. Status, Values, forecast,
incentives, tariffs Control signals metering, ...
v l 7 Smart Grid Connection Point SGCP ( SG C P
Customer — Smart Grid Connection Point (SGCP)
Providing
Flexibility

Providing flexibility and ancillary services
Domains: DER, Households, Industry, Commercial Buildings, ..

including: Distributed Generation, Load/Demand, Storage
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Smart Grid Connection point

Photo Voltaics
system

‘Smart Grid Conncetion Point’ i relation til SGO
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Koblingen mellem system og produkt standarder SMART 'GRID" OPEN

Resolution domain M/490 SGAM
Smart Grid Reference Model Layers

Dansk Dansk
= i . ) .
nerginet.dk Energi Industri _

Function Layer

Smart Grid Open Information Layer

Communication Layer

Home Heat Photo Electric
Automation Pumps Voltaics Vehicle

Component Layer

Product domain
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Koblingen mellem system og produkt standarder SMART

SGAM

COMPONENT
LAYER

Energy Market System Market
Energy Distribution Charging Service | _| E-Mobility E?Moblht}'l
Management EERE Operator System Clearing House L iUy Enterprise
System System P y g System p
Charging Spot Fleet Wireless
Operator System Operator System b EV Operation
. . Customer Energy
Charging Station Wireless Management .
System o EV System Station
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PCC

Process
Transmission Distribution

DER Customer
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Koblingen mellem system og produkt standarder

SGAM
INFORMATION
LAYER IEC 62325-451

IEC 61970 series =5 |EC 61968 series Seres

e.g. OCHP

IEC 61850 series
ETSITS 101 556 series

e.g. OCPP

TR 61850-90-8
ISO/IEC 15118 series

I[EC 61851 series

Transmission Distribution

SMART FGRID| OPEN

Market

Enterprise

Operation

Station

IEC/TR 62746-2

ISO/IEC15118 series

IEC 61851 series

Process

Customer
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Reference architecture SMART OPEN

SGO Visionen
Management
Framework
" Home& Building
~ |  Energy Systems
Application Model N v -
< > |7 ) “\J Photo Volta
R v Service < | v AL LIEN]E
Smart Grid | Model |
Connection [ > \ ~ -
Point Q - | Heat Pumps
A B - N < i VNL P
J L Information | -
Model /1 : ) N
< Ny : / Electric Vehicles
) } |f Role Based ' ’
| Access Control
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Reference architecture — example SMART OPEN

Reference architecture

Function Layer

SPOT/intraday realted products (MWh) Information Layer

Reserve and regulating power (MW og MWhH)

Frequency reserves (HZ) Communication Layer

Business Layer -

Procucts for handling local congestions {MW)

Reaktiv power {Mvar) Component Layer

Voltage regulation {Volt)

Request a meter readout
Connect / disconnect from grid

Function Layer —Request status of inverter-based DER system
S5GO adjust maximum generation level up/down
Reference adjust power factor
Architecture
{EHEI'I‘IPIE] Active power setpoint Valueg of the active power setpoint

(DRCT, MaxWLim, ASG)

Reactive power setpoint Value of the output reactive power setpoint
(DRCT, MaxVArLim, ASG)

Power factor setpoint Value of the power factor setpoint

. (DRCT, QutPFSet, ASG)
Information Layer -
Frequency setpaint Value of the frequency setpoint

(DRCT, HzStr, ASG)
Fresent active power output level
(MMXN, Watt, MV}

Inverter reactive output Present reactive power output level
(MMXN, VolAmpr, MV)
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Reference architecture — example SMART

Delresultat fra workshop med
Danfoss, Energinet.dk, DTU,
R@D: Not needed DTI og EURISCO vedr. PV

BLA: Needed but with no data communication

Function INV5: pricing signal for charge/discharge action

Volt-var management modes
Volt-var mode VV11: available vars support mode with no impact on watts

Frequency-watt management modes
Frequency-watt mode FW21: high frequency reduces active power (UC?)
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SGO Reference Architecture

B Tue] o= OO OSSO

SGO Reference Architecture

Background information ...

What is Interoperability, Conformance test and Compatibility levels?.

Existing conformance test activities ...
WG Interoperability ...
NEMA — Smart Grid Interoperability and Conformance...............ooii e
KEMA — IEC 61850 conformance testing and certification................o e

Test steps ina conformance test ... e
Role Model and Actor definitions

W W e w ~N DO O e W W

E-Mobility role model (example)....
Actor and role definitions for E-mobility (example) ...
Smart Grid Architecture Model — SGAM .. 14
Dansk Standard — Forum for Smart Grid og Vedvarende Energi...........ccoccoooviiivnicecncee. 14
WG Methodology ... 15

Use cases - template ... e 16

Use cases — examples from M40 ..o T

8GO Management Framewaork ..

Smart Grid Connection Point.............. e 18

DIOMIBIN I B ...ttt c ettt oo nn e 2
State of the art Test EQUIPMENT ... e e 21
Energy Flex House ... 21
Heat pump test bed .o 22

Standardisation - Conformance testing - Smart Grid ready

‘LabView' stimulations and MEASUremMENTS ... 20
Information Security ... 24
Smart Grid Information Security - SGIS . 28
Intelligent Energy— IT sikkerhedssajlen ... 28
CHPCOM. ... ..
Knowledge iNSOUMCING ... e 28
Version 1-0 2013-12-18 RETEMENTES ...ttt et et eceees 2T

Deliverable D1-1

Abbrevations ...
ANNEXB ...

Terms and DefinitionS. ... et S0

FIgUE FETEIEMCES e O

SGO Reference Architecture (WP1) SGO Reference Architecture (WP1)
Authors: EURISCO and Danish Technological Institute Authors: EURISCO and Danish Technological Institute
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EnergyFlexHouse SMART OPEN

SGO projektet har arbejdet
med i alt 4 fagdomaener

Home Heat Photo Electric
Automation Pumps Voltaics Vehicle

- alTr
. 1&-'0 ¥,

A4 IEnergyFIexHouse

TEKNOLOGISK INSTITUT

Emerq\F\e House Family
) opdateres hvert 12. minut

/ - Praktisk eksempel for
test af varmepumper
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NI cRIO-9073
Integrated 266 MHz Real-Time LabVIEW
Controller and 2M Gate FPGA

Communication

Reference System - Heat pump

Stimuli
1|
RS422/485 -
Modbus

s > L i
NI 9478 NI 9435 NI 9871 NI 9871
IBEi, 50, Upip DY 4G Unhverse] ShidEeues 4-Port, RS485/RS422 4-Port, RS485/RS422 Serial
Shilirg) Pzl Qi gzt s W elulz Serial Interface Module Interface Module
LabVIEW
Measurement

NI cRIO-9073

PT100/1000
Integrated 266 MHz Real-Time
WEFE 3144 NI 9219 Controller and 2M Gate FPGA
4 channel, Resistor 24-Bit Universal
Emulator Module Analog Input
Acti NI 9225
Idle & Ivet_ 3-Channel, 300 Vrms Analog
. ’ consumption consumption Input Module
: .
i B | 8 x Flow =5
= ——=
NI 9381 NI 9481 = R
0V to5V AVAO Module 4-Channel Relay [30 VDC (2 A), = -
60 VDC (1 A), 250 VAC (2 A)] NI 9227
4-Channel Current Input C
Series Module

NI 9381
0V to5V AVAO Module
With 4 LVTTL DIO Lines

With 4 LVTTL DIO Lines

Mains 230Vac/50Hz
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Subprocess
af 10 dele

Start

54
53
52
51
50
49
48
a7
46
45
44

Nej

Subprocess
af 6 dele

0.5

(Hwis ja) Hej prionitet, Hej prioritet, Hej prioritet Minimum off tid Lav prioritet, Lav prioritet,
eve grense nedre graense ewe grense eve grense nedre graense
T1 stiger ti mod 3: T falder Kendes ) 2: T1 falder ) 8: T2 falder . )
“Sikkerheds- -Jaq langsomt til VP “Hej prioritet, avie >-Ja sr;L::?f:r;;-‘:T 1 hurtigt til VP 79';1 E;“E:r - langsomt til VP QV-E Sluffnll
temperatur” starter rmnse’? 9 slukker slukiker starter siukker
Nej +
1: T1 sznkes 2: T2 haeves til 4:T1 stiger mod
til Setpoint igen VP stopper Nej sikkerhedsveerdi
Lav prioritet, Hej prioritet,
ewe grense @we grense
_____________________________________________ ,
I
Ial?. ;:n:flff\zp | | 1:T1 stigertil | | hin-lﬁlfla:d\?; 3 T1 stiger til || la:'J:mf‘:'Sf’Lp | | 5: T2 stiger til I
g ! VP slukker g VP slukker g VP slukker | |
starter slukker starter |
Hej prioritet, Hej prioritet, Minimum off tid Lav prioritet, Lav prioritet, |
eve graense nedre grense eve graense nedre graense |

Figur 7: Flow Chart over SubVlen Tester.vi

1

—— Hgj Prioritet

Lav Prioritet

1.5

Fane

Testopstilling for afprgvning

(forstaelse) af SG Ready
specifikationen

Figur 9: Eksempel pa testforlgb. Vandrette akse er timer, hgjre akse er hvilken fane, Tester er pa, venstre akse er temperatur
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Praktisk afprgvning af SGO testmetoden SMART OPEN

Efter metodeudviklingen kom
sa den praktiske afprgvning
pa en reekke varmepumper
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SGO testopstilling (oversigt) SMART

SG Ready
stimulation

Heat DTI
pump test stand

XWpP XMPP Server | XMPP Temperature |
gateway measurement

A 4
A 4
A

application

Power
measurement

L1 2 L3

Temp./Flow |
measurement
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SGO testopstilling (detalieret

Generic Test Setup for Smart Grid Ready Heat Pump Conformance Testing.

| Analyser

Reporting |

— Results Reports
‘ l Verification of SG Ready | Test Report ] l
|

DataLogning

\ Conformance Verification ]

s
=
S

Data Logning SG protocol SG communication Time Reference
| Energy Flow
Ref. Temp
Active Power
SCRendy Mo SG Ready Mode Feedback s
Temperatures
¥ b A A AN
Dynamic Simulator
Buffer Tank Stimulation R
e I
Communication i __BufferTank ! = From Static
Converter U ar Tank 1 S Energy Flow Measurements
1l 1 = Active Power Measurements
11 TempSensor | | s 2 o
Outdoor Stimulation e g emperature Measurements
@ Outdoor Simulator S £
2 Communication 2
2o Converter Outdoor E:
< E Temp Sensor
S | Hot watwer Stimulation !
s
3 $ r i
Communication l
$ o Hot Water : |
Converter : | TempSensor || -
S = H - 1 -
Static Simulator
House Stimulation Hoise Skmulator
Communication - '"d;’°'
Converter el i)
SG Ready Stimulation ’ -
e — 2 H | From Static
U —— ! Measured Data Energy Flow Measurements
Communication I o Active Power Measurements
= T h 4 4
g SG Ready
s Mode logic
5
e}
—_— :
Switch l : DTl
: Test Load
Data replication ‘
|
=1 -
Smart Grid £ Heat
Connection Point = Pump
2 Energy Flow
= = A Measurement
| “Smart Grid Controller Box |
| (Can be part of Heat Pump) T \
| I > Temperature
I I Measurement

Power
Measurement

r A
| Aggregator is not part of SG Ready Test | =
£
| =8 |
S = Data Logging Signals
| gk | Electric Power ———
53
| E 2 | Test Signals
5
| S |
| ' Smart Grid I Power & Control
: Controller
|| Aggregator SG protocol Box |
1 : 1

TestSetup_verE_ver02.vsd 10-06-2015 Proj:2002495 © Teknologisk Institut 2015
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SGO testopstilling (detalieret)

[Simulering fanen - Bogstav i () refererer til kolonnen i excelarket]

[Se "Simulering af hus med varmepumpe 20150311 xdsx” af Kjeld for udregninger]

Systemdata fanen TilCelsius]

Ti_bal [°C]
TambICl
ﬁng I> |>1000 |> I>

[ |
Set to 15 sec by TI|
Waveform Chart
1000 F
- |

Dn-1 £

b L i

[Ti (D) - OK Ti - Simuleret regulering L

Sz
Gl

o
Charge_Ch (G) |> |> |

Pup [k] I> Charge_Ch
fzsp

W]

Delta Ch (H) - OK

Trbal [

sz >, P,
L Cr_charge (G) I> I> b
P> B
B
Tdelta [s]
iz Tr_init

Tradiator [Celsius]
fzsp

Ti_set [Celcius

..... File Edit View Project Operate Tools Window Help

= ] [@]

Ti - Simuleret regulering
1000 b Simulation House Data Heating Systemn 19,9722

Denne veerdi skal ud til Laird VT'en|

|> |> Tdekta [s] Tibal [*C] _Pvp [KW]
;} 15 20 s
Ti [Celsius] =
. Tamb [*C] Wk [L]
2420 . g
o, :} 0 :}|s
Tradiator [Celsius]

;}|20 Tau_h [min] Tr_bal [*C]

- s (s
Ti_set [Celcius ol 180 .9‘|35 19,995

‘Waveform Chart
20,

e

420 0 E

A Qloss_start [kKW] ¥ LD
Threshold e 2 19085

.‘\I—l o2 5 19

b < 19,98~

19,975
19,97-1
0

Time

pioto ER¥E |
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Konklusioner og resultater for SGO testmetoder

International Product
Standardisation Development
Testmetoder for ‘Smart Grid’ skal inkludere alle parter I \
Der skal enten vaere en lovgivning (pisk) eller gkonomi —_ o
. . arch. and
(gullerod) som drivmiddel Standard (NC) tnowiedse
. . . . Conformance
Udvikling af testmetoder er ikke en ‘papiropgave’ — det kraever test

specification

praktiske afprgvninger og dialog med branchegrupperne
Der mangler ikke tekniske standarder, men der mangler
internationale ‘user groups’ som kan sikre interoperabilitet

mellem produkter og standarder 8 !‘ 'ﬂgg;;‘%",gﬁg

SG Ready er ‘det bedste tekniske kompromis’ og et godt
eksempel pa udfordringerne omkring testmetoder

* Ny grenseflade til varmepumpen (delt adgang) SG
*  lkke international standard, men branchespecifikation

Smart Heat Pumps

*  Envejs-kommunikation - ingen feedback (teknisk simpelt)

* Ingen officiel testspecifikation
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SGO testopstilling (i praksis) SMART

14.30

14.35

14.55

15.15
15.35

15.55

16.15
16.30

Spor B, Smart Grid & varmepumper - Mgdelokale 17.1.2, Bygning 17

Intro til Smart Grid

Kjeld Ngrregaard, seniorprojektleder, Teknologisk Institut
Smart Grid Open projekt intro og resultater

Claus Amtrup Andersen, direktar, Eurisco ApS

Smart Grid Ready Label — eksempel pa Smart Grid Open- testmetode
Kjeld Narregaard, seniorprojektleder, Teknologisk Institut
Pause

Varmepumper i et Smart Grid- system (HPCOM projekt)
Claus Amtrup Andersen, direktar, Eurisco ApS
Perspektiver for fremtiden

Claus Schgn Poulsen, centerchef, Teknologisk Institut
Smart Grid energilagring — spgrgsmal og dialog
Afslutning
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SMART OPEN

Spgrgsmal?

Claus Amtrup Andersen
caa@eurisco.dk
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