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Presentation Outline

*  What is a Microgrid?
*  Microgrid Applications using RTDS
- EMT Modelling
- Available Models

- CHIL
- PHIL

* Questions
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What is a Microgrid?

A\Manitoba

Major electrical and gas facilities
Hydro

Historically, the underlying structure of power systems have - -
t
been, | *
» Centralized (Both generation & load) | @
|
[ B wissi Falis T
: Lo vk Factory

 Large generating facilities located close to resources and

often far from populated load centers R )

LEGEND

@ Hydro general ting

@ Thermal generating
@ Diesel generating

O Wind generating

M Converter stations
B Control structures
N~ Diversion channels

»  Points of interchange
= HVdc transmission
=== 500-kV transmission

* Bulk power is transmitted to consumers via Transmission
and Distribution (T&D) networks (Unidirectional)

» Developed when the costs of transporting fuel &
integrating generating technologies into populated areas

far exceeded the cost of developing T&D facilities
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= 230-kV transmission

138-kV transmission
== 115-kV transmission
= 66-kV transmission
== 25-kV transmission




What is a Microgrid?

0

Power systems are transforming, and Microgrids Grid

are introducing a more decentralized or @

distributed approach.

* Localized, self contained network containing | Microgrid
both generation and load Generators L M8 controller

 Decentralized or distributed generation (Diesel)

resources (Renewable Energy based resources) | ﬁ
EE

« Ability to island or disconnect from the main Commercial,

. 71>
grid and operate Renewable 7 \)) é Industrial &
Energy & z Residential
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Microgrid Applications using RTDS

\ Power System

1. Utility grid and Microgrid can be modeled and simulated \ Simulated in

F®

with the RTDS | @ \  RTDS
|
)

2. Various modelling capabilities for renewable energy
resources with varying levels of detail and hardware
requirements

3. Ability to preform Control Hardware In the Loop (CHIL) /
testing for Microgrid Controllers |

4. Ability to preform Power Hardware In the Loop (PHIL) \\
testing on physical power devices such as inverters, \
electric vehicles, batteries etc.
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d Microgrid Applications using RTDS

Microgrid

1. Utility grid and Microgrid can be

modeled and simulated with the TS
RTDS  Utility grid 7
R : ili i Microgrid
Detda|lisI oc;‘ the utility %ri[d cal.w be : =
modelled as opposed to using a = o
T T OPP ) - @ e
simplified equivalent. . ‘ Eﬁ@@
.- . *—_ﬂ—‘l C B
- If required, the superstep Hanlisy it = i) IR
. . network
functionality can be used to J
accommodate a larger, more ISUPGI‘SE@D o ] TS
detailed network for the grid. — F
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O Microgrid Applications using RTDS

2. Various modelling capabilities for renewable energy resources with varying levels of details

and hardware requirements

piteh (deg)

INSOLATION
w777

* Renewable Energy Models .
[/ )

« Wind Ve /) )
e

PEMFC Stack

Teell() Cathode

Falatm)

wind speed (kmfhr)

/ / / / W Palatm) Anode
w({_
) PV Photovoltaic Cellidray/Module tarque (pu) : W .
SR-12/Avista Labs L |
* Energy Storage Models
FITCH
» Batteries S ng
% speed (pu)
° Fuel Ce”S EUE
- +
Li-ion Battery
comp Name DefaultName
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O Microgrid Applications using RTDS

2. Various modelling capabilities for renewable energy resources with varying levels of detail

and hardware requirements & 3 &
» Power Electronic Converters A @" N
 Switching models :_\w—'w
* Only available in small dt environment ﬁlj 5@ ﬁl’z

I
| ONE NAWED
I CCFIRING
| WORD INPUT: N3 g na
I FPWORD1

FOR ALL 4 8
: SUB-STEPS )

» Average models

* Available main dt & distribution modes +P | VA PTONTES 1 e
DC 4
* Dynamic PQ Source w |/ AC e | * * *
Va
/I\Ia /]\Ib /]\Ic VA1 vA2 ACSide | o] . i
25| DCSide
DYNAMIC ver |, <I3trid VB2 Vi=mVdc o | Pac=Pdc
oltages, i=a,b,c >
PQ SOURCE vor _m
Voltages \ ?
= Vc;c
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Ability to preform Control Hardware In the Loop (CHIL) testing for Microgrid Controllers
Physical Hardware

O Microgrid Applications using RTDS

* Analogue/digital output
IEC 61850 SV/GSE, DNP3/104,
MODBUS, TCP/UDP

Microgrid
Controller

/\Q/?A
i

3.

Analogue/digital input
IEC 61850 SV/GSE, DNP3/104, MODBUS,

AP

TCP/UDP

o, O
8
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@ Microgrid Applications using RTDS

3. Ability to preform Control Hardware In the Loop (CHIL) testing for Microgrid Controllers

Example: Banshee Microgrid, Microgrid and DER Controller Symposium, MIT, February 2017
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Industrial facility with 3
utility radial feeders

47 Circuit breakers
Load range 5-14 MW
18 Aggregated loads
4 MVA Diesel Gen.
3.5 MVA CHP

3 MW PV

2.5 MW BESS
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Microgrid Applications using RTDS

3, Ability to preform Control Hardware In the Loop (CHIL) testing for Microgrid Controllers

Example: Banshee Microgrid, Microgrid and DER Controller Symposium, MIT, February 2017

__________________________________________________________

Banshee Power System Model

Low-Level
Diesel Generator Inte’riace
PV Controls Controls Interface - - .
(PQ Mode) (Droop Mode/Voltage RTDS . Eng ineers from SEL modelled

' ]

! ]

! ]

! ]

! ]

! ]

! T

! :

| Control Mode) | Hardwired Signals | 1/0 Cube
i Sheddable Load | the entire Banshee system in
! 1

! ]

! ]

! ]

! ]

! 1

! ]

! ]

! ]

Controls
NG CHP Generator Battery Energy .
Controls Interface Storage Control the RTDS (1 NovaCor ChaSS|S,
(Droop Mode/Voltage (PQ and Isochronous yy . .
Control Mode) Modes) with 3 cores) to run with a
Leccccccmccsmcmccccccccemcccmcecaememesce-ecmmmee-ece-=== ' .
IEC 61850 time-step less than 50 ps.
DNP3 GOOSE
Interface Data
Concentat EC 61850 GOOSEModbus ToP  Interface between RTDS and
esroPesr—b \ Microgrid Controler (SEL
r ¥y — "_“"“TT"E RTAC) using DNP3 & IEC
Microgrid ! . . !
Controller_i_b Microgrid Controller I_I_ Feeder Relays ! Low-Level 61850 GOOSE prOtOCO|S,
1

* Under Test L | Hardwired Signals

Microgrid Control System
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@ Microgrid Applications using RTDS

4. Ability to preform Power Hardware In the Loop (PHIL) testing on physical power devices
such as inverters, electric vehicles, batteries etc.

PHILinterface to DUT

—————————————————————————

Example: PHIL with PV Panel &
Microinverter L S

. 255W PV Panel —E

LOUADRANT AMPUFIER  4P5 1000

__________

i 225 W MicrOinverter ________ al . b ___n_s___ CD":S;T:}:{?BQE
con@®

 Aurora interface SPS Amplifier [ L S S

* Characterize behavior of renewables
and their inverters (black box)
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Questions?
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