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MOTIVATION

> High penetration of renewables (42% of the
consumption in Denmark in 2015 from wind
turbines)

> Flexibility required for generation-consumption
balancing

> Demand response as a solution

m Help renewables integration
m Create market opportunities at distribution level

Source: Energinet.dk (2015)
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MOTIVATION

> High penetration of renewables (42% of the
consumption in Denmark in 2015 from wind
turbines)

> Flexibility required for generation-consumption
balancing

> Demand response as a solution

m Help renewables integration
m Create market opportunities at distribution level

> Need tools for comprehensive assessment of new
demand response opportunities

Source: Energinet.dk (2015)
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CoO-SIMULATION ENVIRONMENT
Virtual Grid Integration Laboratory (VirGIL)

Building Models Power Systems
Simulator Simulator
Modelica, EnergyPIus \ / PowerFactory MU
Master
Fmi Algorithm FMI
& Ptolemy Il ‘
Control Models Commum.catlon
Simulator Networks Simulator
Modelica EMU OMNet++ FMU

FMI standard: Functional Mockup Interface
Ptolemy Il (actor-oriented simulation software)

Source: Chatzivasileiadis et al. (2016)
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Building Models Power Systems
Simulator Simulator
Modelica, EnergyPIusFMU Power Factory MU
FMI FMI
Master :
FMiiy  Algorithm _:FM!
Ptolemy Il
Control Models A Communication
Simulator éPtoIemy " Networks Simulator
Modelica FMU V OMNet++ EMU
———— Hardware in
the Loop
Ptolemy Il
Extension
Coupling of co-simulation
Hardware-in-the-Loop (HilL)

HiL Co-SIMULATION FOR DEMAND RESPONSE

environment (VirGIL) with a
infrastru
stem of large building, for demand response assessment

cture, ventilation sy-
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TesT BED: GRUNDFOS DORMITORY LAB

> Student residence in Aarhus (Denmark)
> 12 floors, 159 apartments, 200 students
> 3,400 sensors (5 s resolution) "~
® indoor climate conditions
m electricity consumption
® domestic water
[
[

district heating
others

Conclusions
o]

Source: www. vpp4sgr.dk
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Co-SiIMuULATION WITH HIL - CASE STuDY

Curtailment Service Provider Grundfos Dormitory Lab
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Co-SiIMuULATION WITH HIL - CASE STuDY

Curtailment Service Provider Grundfos Dormitory Lab

Optimization & Control

Ptolemy Il

electricity price, node loads,
wind speed... line loads...
(e PowerFactory
=
c 9 . s . .
(= Distribution Gri¢l
T2 :
gg J
o 2 A E
- H
I:j | historical

nodes load
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Co-SiIMuULATION WITH HIL - CASE STuDY

Curtailment Service Provider

OpenADR
Server

* fan load

DR capability,
_ fan load, DR yes/no
<

DR shed

*DR shed

Optimization & Control

Ptolemy Il
electricity price, node loads,
wind speed... line loads...
(e PowerFactory
=
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(= Distribution Gri¢l
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Co-SiIMuULATION WITH HIL - CASE STuDY

Curtailment Service Provider Grundfos Dormitory Lab
DR capability, OMNeT++
fan load, DR yes/no
OpenADR < s OpenADR
Server DR shed > Client
>
*fan load *DR shed DR DR
HiL shed capability’

Optimization & Control

Controller
Ptolemy Il
static
electricity price, node loads, fan load pressure
wind speed... line loads...

fanload _ ventilation Fans Model
Powerfactory 4y puilding

-‘a-l » load airflow
- . . oal
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DisTRIBUTION GRID MODELLING

> PowerFactory (integrated
in VirGIL via FMI standard)
Grid data provided by DSO

Test bed electricity
consumption from sensors

> Assumptions:
m 3 times more dense
area
m all buildings similar
power consumption
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HARDWARE-IN-THE-LOOP COMPONENT
> Ventilation fans interaction

Secured APl (HTTP-Modbus)
Controller Air Handling Unit API

!
! |
! HTTPS POST (SupplyFanPressure)
D( ______ HTTRS 201 _ _ _ _
! HTTPS POST (ExhaustFanPressure) !
HTTPS 201

HTTPS GET (SupplyFanPower)
D<_ ___wmesa0 _ _
! HTTPS GET (ExhaustFanPower) i
D<______HT_TP_52_00 ______
HTTPS GET (Airflow)
[L- ____mesa0 _ _
HTTPS GET (SupplyFanPressure] L
o __hmesa0
] HTTPS GET (ExhaustFanPower)
D<______H1:rp_sz_nc ______ >

> CO, sensor data: MongoDB query in Ptolemy Il

Source: Rotger-Griful et al. (2016)
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OTHER COMPONENTS

> Communications Networks

B OMNet++
® Demand response protocol: OpenADR

> Demand response controller:

m Ptolemy Il
®m Multiple control strategies

> Master algorithm
m Ptolemy Il
> Prior execution time analysis
® simulation time < real time
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LoAD FOLLOWING FOR ON-SITE RES INTEGRATION

> Strategy: 1-minute load reference based on measured
on-site wind speed

Power [W]

508——— Steeeeed v : el Tel e -
0 5 10 15 20 25 30 35 40 45 50 55 60
Time [min]

> Observations:
® Building CO, level OK
m Capable of following signal
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ANCILLARY SERVICES - PRIMARY RESERVES

> Strategy: Primary reserves for up-regulation — reduce
consumption

20000—0w 100%
1800K%; -1 ' : : : i| == First Test [
:1—[288 ) | v Second Test|]
1200} - ; Loododod : == Third Test
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Power [W]
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> Observations:
® Inner fan controller limits response time
m Aggregation required for market participation (> 300
systems)
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LoAD AGGREGATION WITH LOAD FOLLOWING

> Strategy: 15 ventilation systems following 1-minute varying
reference (white noise added)

Tpy = 10s  o— Tp, =20s - - Tp, =30s
77.0 T T T T T T

7651 i
76.0R iy
75.5
75.0}-
74.5 :
74.0 i

0 5 10 15 20 25 30 35 40 45 50 55 60
Time [min]

Transformer Load [%]

> Observations:
m 2% transformer load change in few seconds

m Communication protocol effect (tuning time between
polling events)
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CONCLUSIONS

> Propose co-simulation with Hardware-in-the-Loop (HiL) to
support demand response development

> Extend the VirGIL co-simulation platform with HiL of
ventilation system
Proposed HiL approach can be deployed to other systems
Case studies:
m Ventilation system can respond to fast demand
response requests
® Ancillary services regulations should reduce
participation barriers for demand response resources
m Communication protocol parameters can affect the
loading of power components
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