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Executive summary

The FHP concept is to use distributed thermal flexibility, such as provided by heat
pumps in buildings, or large thermal storage solutions, such as the one provided by
the Ecovat system, to make most effective use of available renewable energy, and
to create the conditions to increase the amount of such renewable energy sources
also at distribution system level.

The project has two pilot sites, one in Uden, the Netherlands and one in Karlshamn,
Sweden.

This report focuses on the site in Uden, which consist of an Ecovat to which various
power-to-heat systems are connected. The site is located in the electrical grid of the
DSO Enexis.

. This project has received funding from the European Union’s Horizon 2020
* research and innovation programme under grant agreement No 731231.
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Glossary
Acronym Full name
AGR Aggregator
AWHP Air Water Heat Pump
BRP Balancing Responsible Party
DCM Dynamic Coalition Manager (extension/specialization of Aggregator)
DM Day ahead Market
DER Distributed Energy Resource
DSO Distribution System Operator
ISP Imbalance Settlement Period
PBC Pluggable Business Component
P2H Power To Heat
PTU Program Time Unit
RES Renewable Energy Source
TSO Transmission System Operator
USEF Universal Smart Energy Framework (www.usef.energy)
WWHP Water Water Heat Pump
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1 Introduction

1.1 About the FHP Project

The FHP project? - Flexible Heat and Power: connecting Heat and Power networks
by harnessing the complexity in distributed thermal flexibility — was submitted under
the call LCE-01-2016-2017: Next generation innovative technologies enabling smart
grids, storage and energy system integration with increasing share of renewables:
distribution network, more specifically under the Synergies between Energy
Networks area.

2see http://www.fhp-h2020.eu/ and http://cordis.europa.eu/programme/rcn/700614_en.html
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2 Ecovat Pilot Site Description

This section provides a summary of the pilot site in Uden, the Netherlands. A
detailed description is provided in D4.1 Pilot Definition.

2.1 Premise

The Ecovat is a large subterranean and insulated vessel for thermal energy storage.
Heat is exchanged by running hot or cold water through tubes inside the surrounding
concrete elements, and the vessel is equipped with sensors to monitor the
temperatures of the individual layers. The facility is located at President
Kennedylaan 28 in Uden, the Netherlands.
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Figure 1: Ecovat pilot site during Figure 2: Intersection of the Ecovat pilot site

construction
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Figure 3: The Ecovat is located at President Kennedylaan 28 in Uden, the Netherlands.

The Ecovat system can roughly be divided into a number software and hardware
components, marked in green and red in the figure below
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2.2 The Ecovat Vessel

Heaatpurmp Heaatpump
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Figure 5: Ecovat vessel

Measurement Quantity Unit
Diameter of water column 11 m
Outside diameter 13 m
Height of water column 15.5 m
Number of thermal layers 5

Number of elements per layer 11

Maximum temperature 90 °C

Table 1: Characteristics of the Ecovat pilot site
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2.3 Water Water Heat Pump

I
1
|
Heatpump Heatpump Heatpump . Heatpump
W Heater AW Wi Heater A
e
——— —
Ecawat Ecavat
e e
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Ecowat Locstion Uden Ecovat Locstion Uden
Figure 6: Ecovat water water heat pump Figure 7: Ecovat air water heat pump

The Ecovat is equipped with two heat pumps, one NIBE F1155-12 and one NIBE
F2120-12.
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2.4 Resistor
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Figure 8: Ecovat resistor

Measurement, 6 x E-Tech W 28 tri | Quantity Unit

Capacity (total) 13 L

Max operating temperature 85 °C

Max service pressure heating (primary) | 3 bar

Weight (empty) 45 kg

Output power max (80/60°C) 28.8 kW

Output power min (80/60°C) 14.4 kW

Voltage 3 x 400 (+N) Y

Protection IP 43

Electrical power 14.4 / 28.8 kW

Number of heating elements 6

Electrical Resistance 2 x 2.4 mg/kWh

Capacity expansion tank(s) 10 L

Table 2: Resistor characteristics
14
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2.5 Grid Connection

| I |
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Figure 9: Ecovat grid connection

The Ecovat is connected to the grid through 3 x 250 A feeders through a medium
to low voltage substation.

Identify Resuits
B %8s
Feature Value
v IMKL-Elektriciteitskabel_E_Lv_M.
v Title 2017-06-12 00:00:00
> (Derived)
> (Actions)

BEGINLIFES 2017-07-25 00:00:00
SOURCEREFE telecte_lv_map_cable!5231904808075758020
INNETWORK laagspanning
FICTITIOUS false
CURRENTSTA functional
VALIDFROM 2017-06-12 00:00:00
VERTICALPO underground
UTILITYDEL distribution
WARNINGTYP inapplicable
OPERATINGV 400.0000000000
OPERATI_01 v
INOMINALVOL 400.0000000000
NOMINAL_01 v
LABEL Kabelgroep: UDN1407
OMSCHRIIVI L met functie LS
GEONAUWKEU tot100cm
TOELICHTIN

Figure 10: Ecovat grid connection layout
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2.6 Virtual Building
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Figure 11: Ecovat dry cooler

The heat demand is simulated by means of a Horizontal Thermofin Drycooler with
2 x 910 mm fans.
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2.7 Software, ECOVAT Power in Control
2.8 ECOVAT Power in Control

The ECOVAT Power in Control (EPIC) system consisting of the ECOVAT Control
Program (ECP), the ECOVAT Advice Program (EAP), and the Stream SCADA system.

2.8.1 ECOVAT Control Program

The ECOVAT Control Program (ECP) receives commands from the Stream SCADA
system and responds with control signals targeting the hardware. ECP prevents the
hardware from operating beyond its envelope.

2.8.2 ECOVAT Advice Program

The ECOVAT Advice Program (EAP) serves to compute optimal control actions with
respect to the state of the Ecovat and exogenous variables such as weather
forecasts and energy prices.

2.8.3 Stream

The Stream SCADA system is a high-level monitoring and control system connected
with the ECP and the EAP.

17
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3 Validation of the FHP solution at Ecovat

3.1 Overall Test Plan

Characterization test

Test Sub-test Completed
Sensor/Actuator STREAM Digital Inputs 30-8-2018
Communication Test Digital Outputs 30-8-2018
Analog Inputs 30-8-2018
Analog Outputs 30-8-2018
Counters 30-8-2018
Inputs 30-8-2018
Control Vector Test 5-10-2018
DCM Connection Test 26-2-2019
Heat Pump 31-10-2019

Table 3: Overall test plan

18
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4 Sensor/Actuator STREAM Communication Test

After the installation of the hardware and software, the connection between the
sensors/actuators and STREAM is tested in order to make sure the state of the
Ecovat can be logged and to make sure the Ecovat can be controlled.

4.1 Digital Inputs

Goal

To determine if the values measured by the digital sensors can be read by STREAM.

Method

The test was executed by comparing states locally with values received by STREAM.
E.g. the state of a valve (open, closed) is compared with the most recent value
logged by STREAM.

Test

Based on the final design of the pilot site, a list of all digital inputs was generated.
For every digital input its value was compared with the corresponding sensor value.
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Table 4: Digital inputs, part 1
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Table 5: Digital inputs, part 2
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Table 6: Digital inputs, part 3
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3 1 207|CV0502_OPEN
2| 1 208|CV0502_CLOSED
4 1 209|CV0503_OPEN
4| 1 210|CV0503_CLOSED
2| 1 211|CVO504_OPEN

Table 7: Digital inputs, part 4
S 285 D~ " Y

4 1 212|CV0504_CLOSED

4| 1 213[CV0505_OPEN

4| 1 214|CV0505_CLOSED

4 1 215/CV0801_OPEN

[ 1 216/CV0801_CLOSED

a 1 217|CV3101_OPEN

2 1 218/CV3101_CLOSED

4 1 219|CV0901_OPEN = N
4 i 220/CV0901_CLOSED < ¥
4| 1 221|CV0902_OPEN

2 1 222|CV0902_CLOSED

4 1 223|SPARE_DI0223

4 1 224|SPARE_DI0224

4 1 225|SPARE_DI0225

a 1 226|SPARE_DI0226

4 1 227|SPARE_DI0227

3 1 228|SPARE_DI0228

Table 8: Digital inputs, part 5

Results

The digital inputs to register the state of the valves were not used. The spare digital
inputs were not used. The digital inputs that were used, transmitted the correct
values.
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4.2 Digital Outputs

Goal

To determine if the values sent resulted in expected control actions.

Method

The test was executed by comparing the commands sent from STREAM with the
resulting state of the devices locally.

Test

Based on the final design of the pilot site, a list of all digital ouputs was generated.
For every digital ouput, its value was compared with the corresponding actuator

state.
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|
|
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Table 9: Digital outputs, part 1
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Table 10: Digital outputs, part 2
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Table 11: Digital outputs, part 3
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Table 12: Digital outputs, part 4

Results

Flipping each digital output resulted in the correct state for the corresponding
actuator.

4.3 Analog Inputs

Goal

To determine if the values measured by the analog sensors can be read by STREAM.

Method

The test was executed by comparing states locally with values received by STREAM.
E.g. the state of a temperature sensor is compared with the most recent value
logged by STREAM.

Test

Based on the final design of the pilot site, a list of all analog inputs was generated.
For every analog input its value was compared with the corresponding sensor value.
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30- % 20K
E\Jr‘\e/u\e/ U(l on_

o} R T A R S Y D e
4| 1 1[NA_CV010101_RETURN
3| 1 2|NA_CV010103_RETURN
4 1] 3[NA_CV010104_RETURN
4 1] 4|NA_CV010105_RETURN
4 1 5|NA_CV010106_RETURN
4 1 6]NA_CV010107_RETURN
4 1 7|NA_CV010108_RETURN
4] 1 8|NA_CV010109_RETURN
4| 1 9|NA_CV010110_RETURN
4 1] 10[NA_CV010201_RETURN
3 1] 11]NA_CV010203_RETURN A A =€ Bl oo upa sk
4] 1] 12|NA_CV010204_RETURN VUJT Voo SoSR T R et A
3| 1 13[NA_CV010205_RETURN
4 1 14|NA_CV010206_RETURN
4 1] 15|NA_CV010207_RETURN
4| 1] 16|NA_CV010208_RETURN
3 1] 17|NA_CV010209_RETURN
3 1 18|NA_CV010210_RETURN
3 1 19|NA_CV010211_RETURN
3| 1] 20[NA_CV010301_RETURN
4 1] 21{NA_CV010303_RETURN
4 1] 22|NA_CV010304_RETURN
4| 1 23[NA_CV010305_RETURN
4 1 24|NA_GV010306_RETURN
3| 1 25|NA_CV010307_RETURN
4| 1 26|NA_CV010308_RETURN
2| 1 27|NA_CV010309_RETURN
[ 1 28[NA_CV010310_RETURN
4 1 29|NA_CV010311_RETURN
4 1 30[NA_CV010312_RETURN
3| 1 31|NA_CV010401_RETURN
3| 1 32[NA_CV010403_RETURN
Table 13: Analog inputs, part 1
e SRR b S S AN e AT T T
4| 1 33|NACV010404_RETURN
2| 1 34[NA_CV010405_RETURN
2| 1 35[NA_CV010406_RETURN
2| 1 T'NT\ CV010407_RETURN
4 1 37 V010410_RETURN
4| 1 38[NA_CV010411_RETURN
4 1 39<|>NA_CV010412_REFURN
4 1 40[NA_CV010501_RETURN
4| 1 41[NA_CV010503_RETURN
4 1 42[NA_CV010504_RETURN
4 1 43[NA_CV010505_RETURN
4| 1 44|NA’CV010506_RETURN_
4 1] 45|NA_CV010507_RETURN
4 1 46[SPARE_AI0046 G
4 1 47|SPARE_AI0047 —
4 1] 48[SPARE_AI0048 —
2 1 49[TT0201 7
2| 1 50[TT0202 7
4 1 51|TT0203 V
2 1 52[TT002 v
4 1] 53[TT0303 v
4 1 54[TT0501 \V
4 1 55(TT0502 v
4 1] 56[TT0503 v
4 1] 57[T70801 |74 .
4 1 58[TT0802 \/ N cuimte Tenm
4 1] 59170803 v
4 1] 60[TT0804 NA
4 1 61[TT3101
4 1] 62[173102 Na
4| 1 63173103 [V
2 1 65170901 7

Table 14: Analog inputs, part 2
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66[TT0902
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68]TT0904

69[T70905
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71[T70907

72[170908

73|SPARE

74|NA, CV0201_RETURN
— 75[NA_BY0202_RETURN/
76[NA_CVB301_RETU

77] NA%WRETI?:
78|NA_CV0S50} REFURN
79]NA_CV0503_XETURN
80|NA_CVOSO0#_RERURN
NA_CV0505_RETURN
82[NA_CV#801_RETURN\
83|NA_g/3101_RETURN \|
84|NA/CV0901_RETURN
85|NA_CV0902_RETURN
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N

86{SPARE_A00086
87|SPARE_A0O0087
88|SPARE_A00088
89|SPARE_A00089
601|CPO5010
602|CPOS01WarningError
611(CP31010
612|CP3101WarningError
621|CP0907C
622|CPO907WarningError
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[ Y Y Y Y Y S P Y P ) Y P P P ) Y P ) Y Y N Y N P S
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Table 15: Analog inputs, part 3

Results

The control valves were replaced late in the building process. Therefore the
CV_xxxxx_RETURN were not used. The spares were not used. The analog inputs
that were used returned the values observed at the site.

4.4 Analog Outputs

Goal

To determine if the values sent resulted in expected control actions.

Method

The test was executed by comparing the commands sent from STREAM with the
resulting state of the devices locally.

Test

Based on the final design of the pilot site, a list of all analog outputs was generated.
For every analog output its value was compared with the corresponding actuator
state.
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Table 16: Analog outputs, part 1
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Table 17: Analog outputs, part 2
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23 RN B0 152 BT RN AN
CPO501SetValue

602|CP0501PumpCy d
603/CP0S010perationMode
611|CP3101SetValue

AD:
1 601

1]

1

1

1 612|CP3101PumpCommand
1

1)

1

1]

613|CP31010perationMode
621|CP0S07SetValue

622|CP0907PumpCommand
623|CP09070perationMode

AR EIEIEIEIREIEIED
- kRS S S

Table 18: Analog outputs, part 3

Results

The control valves were replaced late in the building process. Therefore, the
CV_xxxxxx were not used. The spares were not used. Setting the analog outputs
that were used resulted in an expected state locally.

4.5 Counters

Goal

To determine is the values stored by the counters are correctly transferred to
STREAM.

Method
Compare the values locally with the values registered by STREAM.
Test

Based on the final design of the pilot site, a list of all counters was generated. For
every counter its value was compared with the corresponding actuator state.

C DNk \ ELAEE R
B\le T/ getest @ (zone. HI (YT :
T T T R T R o § R R T RS
4 1 601|CPOS01PowerC i \/
4 1 602|CP05010perationHours \/ [4
4 1] 611|CP3101PowerC: i Vi )
a 1 612|CP31010perationHours \/
4 1 621[CP0907PowerC V-
4 1 622|CP09070perationHours
4 1 701)QT010101HeatEnergyE1 \V |
4 1| 702[FT010101VolumeV1 \/ e T
4 1 711|QT010102HeatEnergyE1 \J/ VI )CIITEY,
4 1 712[FT010102VolumeV1 \/ [
4 1 721|QT010201HeatEnergyEl \/ |
4| 1 722|FT010201VolumeV1 \/ [
4| 1 731|QT010202HeatEnergyEL ] \
4] 1 732|FT010202VolumeV1 \/ |
4 1] 741|QT010301F 1 f) \
4 1 742|FT010301Volumev1 7 |
4 1 751/QT010302HeatEnergyE1 NI !
4 1 752|FT010302VolumeVi B
4 1 754|FT010401VolumeV1 \J
4 1] 761]QT010401HeatEnergyE1 i

Table 19: Counters
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Result

For every counter the value observed locally corresponded with the value observed
in STREAM.

4.6 Additional Inputs

Goal

In the vessel 96 temperature sensors are installed to monitor the state of the
Ecovat. In the pipes from and to the power-to-heat systems, temperature and flow
sensors are installed. This test determines of the measurements conducted by those
sensors are correctly transmitted to STEAM.

Method

Compare the values, expectations or estimations locally with the values registered
by STREAM.

Test

Based on the final design of the pilot site, a list of sensors was generated. For every
sensor its value was compared with the corresponding actuator state.

16[TT000116 \/
17000117 \J
18[TT000118
19(1T000201
20[TT000202
21[TT000203
22[TT000204
23[T7000205
24[TT000206
25[T7000207
2617000208
27|T7000209
28[17000210
29[17000211
30[1T000212
31[T7000213
32|TT000214

aslalalslslslalslslslals|lslslslalslslaslslsls|slalals|alslslsls]sl
) 2 U Y Y Y Y Y Y Y T Y Y Y Y 0 Y Y Y Y Y Y S N P P
-
S

e b e E R R

Table 20: Additional inputs, part 1
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33|TT000215

2] 1 Y
4 1 34[TT000301 V

a 1 35[TT000302 v
4 1 36[TT000303 \J
4| 1 37[TT000304 V]
a1 —38[TT000305 J
4| 1 39[TT000401 \J
4 1 4017000402 V]
4] 1 41{T7000403 \/
4| 1 42[TT000404 [vi
4 1 43[TT000501 Vi
4 1 4417000502 o/
4 1 45[TT000503 \/
3| 1 4611000504 Vi
4 1 51[TT000119 J
2 1 5217000120 \
4| 1 53[TT000121 V]
4| 1 54[TT000122 \/
4| 1 55[T1000123 V]
4 1 56(TT000124 v
4| 1 57|TT000125 V
4 1 58|TT000126 V]
4| 1 59[TT000127 7
4 1 ﬁ#nwons vV
4 1 61[T7000129 i/
4 1 62[TT000130 (7]
4| 1 63[TT000131 \V2
4 1 64[TT000132 J
4 1 6517000133 J
2 1 66[TT000134 7
4 1 67|TT000135 Vi
4 1 68[TT000136 v/
4 1 69[17000216

Table 21: Additional inputs, part 2

2] 1 70[TT000217 ']
2 1 71[TT000218 V]
2| 1 72[TT000219 v
4 1 73[17000220 v
4 1 74[TT000221 R
4 1 75[TT000222 v
4 1 76[TT000223 v
2 1 77[TT000224 v
2 1 78[TT000225 V]
2 1 79[TT000226 A
2 1 80[TT000227 \

4 1 81[T7000228 \

4 1 82[TT000229 v
4 1 "~ 83[TT000230 \
2 1 84[T7000306 AL
4 1 85[TT000307 v
4 1 86[TT000308 v
1 87[T7000309 v
2 1 88[TT000310 v
4| 1 89[TT000405 \J
3 1 90[TT000406 Vv
4 1] 91[TT000407 vV
4 1 9217000408 Y
4 1 93(T7000505 v
2 1 94[TT000506 v/
2 1 95[TT000507 \
1 96[T7000508 \/
2 1 500[TT000100_AVG - ﬁ
3 1 501/TT000200_AVG —
4 1 502[TT000300_AVG = z Fu C
2 1 503[TT000400_AVG i
4 1 504[TT000500_AVG ~
2 1 601|CPO501FlowRate v —_— V“ﬁod[ou}:)

Table 22: Additional inputs, part 3
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4 1 602[CP0501Speed 1Y
4 1 611|CP3101FlowRate v /j
3| 1 612|CP3101Speed v /
4| 1 621|CPO907FlowRate J /
[ 1 622|CP0907Speed \ /
4| 1] 701|FT010101Flowl \ /
4 1 702|QT010101ActualPower \ /
4 1] 70377010101 \ /
2 1 70417010102 v
4| 1 711|FT010102Flowl v
4| 1 712|QT010102ActualPower Vi
4 1 713(17010103 Y
4| 1 714[17010104 V
4| 1 721|FT010201Flowl Vv
4| 1 722|QT010201ActualPower \
4| 1 723|TT010201 \/
4 1 724[TT010202
4 1 731|FT010202Flowl v
4 1] 732|QT010202ActualPower \J
4 1 73317010203 \ \ )
4| 1 734[TT010204 \ .
1 741[FT010301Flowl J L V\ﬂ 17 0“0“’5
4 1 742|QT010301ActualPower \J
4 1 743|TT010301
4 1 744|TT010302 /
2| 1 751|FT010302Flow y/
4] 1 752|QT010302ActualPower Vi
4| 1 753(TT010303 \J
4| 1 754|17010304 V]
4| 1 761[FT010401Flowl Ni
4] 1] 762|Q1010401ActualPower \/
4 1 763[T7010401 J
4] 1 76477010402 [
Table 23: Additional inputs, part 4
4 1 771[FT010501Flow1 V]
4 1 772|QT010501ActualPower \/
4 1 77317010501 v
4 1] 774{TT010502 V)

Table 24: Additional inputs, part 5

Result

All sensors transmitted their values to STREAM. The sensors with tag
TTO00x00_AVG were not present and therefore not tested.
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5 Control Vector Test

A control vector is a set of single control actions. E.g for charging the top layer with
the resistors, multiple actuators have to be controlled, i.e. the resistor itself, a pump
and multiple valves.

Goal
To check that each control vectors controls the right actuators.
Method

After activating a control vector, the state of each actuator is observed.
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Test

After activating a control vector, the state of each actuator is compared with a

description of the control vector.

Description PLC base formula
1 R RL 1 (Resistor.RL[1])
2 R RL 2 (Resistor.RL[2])
3 R_RL 3 (Resistor.RL[3])
4 R_RL 4 (Resistor.RL[4])
5 HTHP_RL_1AND HTHP_AL_5 (HtHp.RL[1] AND HtHp.AL[5])
6 HTHP_RL_1 AND HTHP_AL_4 (HtHp.RL[1] AND HtHp.AL[4])
7 HTHP_RL_1AND HTHP_AL_3 (HtHp.RL[1] AND HtHp.AL[3])
8 HTHP_RL_2 AND HTHP_AL_5 (HtHp.RL[2] AND HtHp.AL[5])
9 HTHP_RL 2 AND HTHP_AL_4 (HtHp.RL[2] AND HtHp.AL[4])
10 HTHP_RL_2 AND HTHP_AL_3 (HtHp.RL[2] AND HtHp.AL[3])
11 HTHP_RL_3 AND HTHP_AL_5 (HtHp.RL[3] AND HtHp.AL[5])
12 HTHP_RL 3 AND HTHP_AL_4 (HtHp.RL[3] AND HtHp.AL[4])
13 HTHP_RL_4 AND HTHP_AL_5 (HtHp.RL[4] AND HtHp.AL[5])
14 AWHP_RL_1 (AwHp.RL[1])
15 AWHP_RL_2 (AwHp.RL[2])
16 AWHP_RL 3 (AwHp.RL[3])
17 AWHP_RL_4 (AwHp.RL[4])
22 BH AL 1 (BuildingHeating.AL[1])
23 BH_AL 2 (BuildingHeating.AL[2])
24 BH_AL 3 (BuildingHeating.AL[3])
25 BH_AL 4 (BuildingHeating.AL[4])
29 BC RL 5 (BuildingCooling.RL[5])
30 BC RL 4 (BuildingCooling.RL[4])

Test 5-10-2018

OK
OK
OK
OK
OK
OK after modification
OK after modification
OK
OK
OK
OK
OK
OK after modification
OK after modification
OK
OK
OK
OK
OK
OK
OK
OK
OK

Table 25: All control vectors and test results

* * %

* g%

* 4 K
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Result

The observed control actions were similar to the control actions in the incidence
matrix.
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6 DCM (VITO) and Ecovat Interaction Tests

In this series of tests, the interaction between the VITO DCM and the Ecovat was
tested. This a subset of the data available in [FHP Test protocol WP4.xlsx] created
by Davy Geysen (VITO).

6.1 Test with tag "ECOVAT UC1 17_12_2018"

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) and the ECOVAT for 1 cycle with blocking control signals.

Test

Test was logged by Ecovat. Logs are available.

D Test name Step # _Description Expected result Acceptance criteria Date Name Result Comment Evidence
uct1 Use case 1, VITO Shaper
DCM sends FlexConstraintsRequest is coectly received | Ecovat has received the FlexConstraintsRequest correctly
UCL1a FlexConstraintsRequest t y 17122018 Davy G s Not availabl
7 o onsianREGUEstio by kcovat and responded with an HTTP 200 status vy Geysen uccess avallaple
Ecovat
Ecovat send:
covat sends FlexConstraintsResponse is correctly received DCM has received the FlexConstraintsResponse correctly
UCL1b FlexConstraintsResponse to 17-12-2018 Davy Geysen Success Not available

the DCM by the DCM and responded with an HTTP 200 status

DCM sends DSO has received the PUPrognosis correctly and
UCL2  FlexConstraintsResponse to  PUPrognosis is correctly received by the DSO = v 17122018 Davy Geysen Success Not available
responded with an HTTP 200 status
DSO as PUPrognosis

DSO executes grid check and  Grid check is executed correctly and DCM has received the FlexRequest correctly and

ucLs 17122018 Davy Geysen Success Not available
sends FlexRequest to DCM  FlexRequest s received by the DCM responded with an HTTP 200 status Y Gy
DCM sends IncentiveOffer to Ecovat has received the IncentiveOffer correctly and
4 is con 12
ciaa P IncentiveOffer s correcty received by Ecovat [ £081 120 EEI T PR 17122018 Davy Geysen Success Not available
Ueray ECOvatsends IncentiveResponse s corecty received by the DCM has received the IncentiveResporse correctyand |1 s -
IncentiveResponse to the DCM DCM responded with an HTTP 200 status 12 20y Geysen uccess ot available

Steps 3 and 4 are repeated

untilthe ADMM cycle ADMM cycle finished by converging or by The ADMM cycle of the DCM has finished and a FlexOffer

UCLa  converges or until the 17-12-2018 Davy Geysen Success Not available
reaching the maximun terations has been created
maximum iterations have been
executed
UcLsa DM sends FlexOffertothe oo, otreris comectly received by the pso 030 1as received the FlexOffer corectly and responded 15 15 519 Davy Geysen Success Not available
050 with an HTTP 200 status
Uctsp SO sends FlexOrdertothe o, e i correctly received by the Dew DM has received the FlexOrder corectly and responded 1, 1, 504 Davy Geysen Success Not available
oC with an HTTP 200 status
DCM sent an

Activatelncentives message
with test flag False.

Activatelncentives is corectly received by the Ecovat has received the Activatelncentives correctly and Following this the control

Ecov: responded with an HTTP 200 status 22019 Davy Geysen Failure signals were not blocked
and the Ecovat started
funning the profile and
heating up.

DCM sends Activatelncentives
to Ecovat (with test flag True

UCLE 1o block the control signal) to
activate the expected
consumption profile

Not available

The profile was followed by
the Ecovat BUT it was
repeated after 24 hours
The Ecovat has followed the 8

Activated consumption profile is correctly  The electriity consumption measurements of the Ecovat which s unwanted

: 12 il
VL7, activated consumption profile ¢ and ogged by the Ecovat show that the activated consumption profile is followed 17122018 WietMazairac - Success/Failure behaviour. Ecovat made
and itis logged correctly
changes to the code to make

sure the profile will not be
repeated when its finished

See graph below

Product/Service KPI

Y8 Caluation
The cycle itself was
successfully executed but
the test flag of the control
actions was put to False
instead of True. Due to this

Davy Geysen - Wiet

UCL11 DACycle The first cycle was correctly executed The full cycle of UCT was successfully executed 17-12-2018 Nomsirae Success/Failure the control signals were  See graph below
executed and it was found
that the requested profile
was repeated after 2¢h
which was incorrect
behavior

UC1.12 1D Cycle - 6/18h NA NA

UCL.13 1D Cycle - 12/18h NA NA

UCL14 1D Cycle - 18/18h NA NA

Table 27: Test with tag "ECOVAT UC1 17_12_ 2018"

Result

Partial success. DCM sent an Activatelncentives message with test flag False.
Following this the control signals were not blocked and the Ecovat started running
the profile and heating up.
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The profile was followed by the Ecovat BUT it was repeated after 24 hours which is
unwanted behaviour. Ecovat made changes to the code to make sure the profile will
not be repeated when it's finished.
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6.2 Test with tag "ECOVAT UC1 20_12_2018"

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) against the ECOVAT for 3 days with blocking control signals.

Test

Test was logged by Ecovat. Logs are available.

D Test name Step# _Deseription Expected result Acceptance criteria Date Name Result Comment Evidence
uctt Use case 1, VITO Shaper Not available
DCM sends FlexConstraintsRequest is correctly received  Ecovat has received the FlexConstraintsRequest correctly
1 rai -12-
Uetta RexConstraintsfequest o peovat and responded with an HTTP 200 status 20-12:2018 Davy Geysen Success
Ecovat Not available
i e @ eete AT Resons s ot sceived |DCM s e he lComtnesgs conety
by the DCM and responded with an HTTP 200 status
the DCM Not available
DCM sends
D50 has received the PUPrognosis correctly and
UCL2  FlexConstraintsResponse to  PUPrognosis s corectly received by the DSO o v 20-12-2018 Davy Geysen Success
responded with an HTTP 200 status
DSO s PUPrognosis Not available
iy DSOexecutes grid check and  Grid checkis executed correctly and DCM has received the FlexRequest correctly and 20122018 Doy Geysen success
sends FlexRequest toDCM  FlexRequest s received by the DCM responded with an HTTP 200 status Not available
et DCMsends ICentveOferto |\ oo ey received by Ecovet | EECY e received the incentiveOffer comectyand 1 1) 1 Dovy Geysen Success
covat responded with an HTTP 200 status Not available
It was seen that the
IncentiveResponse always
gave a flexibiliy of 0 kW for
the Ecovat. This was not
et Ecovatsends IncentiveResponse is correctly received by the DCM has received the IncertiveResponse correctlyand o0 1 o Doy Geysen Success correct because the Ecovat
IncentiveResponse to the DCM DCM responded with an HTTP 200 status was cold, ie. it has

flexibility to start charging.
Because of this every
ADMM cycle converged in

only 1 iteation. Not available
Steps 3 and 4 are repeated
i |
untilthe ADMM cycle ADMM cycle finished by converging or by The ADMM cycle of the DCM has finished and a FlexOffer
UCL4  converges o until the 20122018 Davy Geysen Success
reaching the maximum iterations has been created
maximum iterations have been
executed Not available
DCM sends FlexOffer to the DSO has received the FlexOffer correctly and responded
ucts FlexOffer is correctly received by the DSO 20122019 DawG s
? bso exOfferts correcty received by the with an HTTP 200 status 2w Geysen uccess Not available
DSO sends FlexOrder to the DCM has received the FlexOrder correctly and responded
ucisb FlexOrderis correctly received by the DCM 20122018 DawG s
o xOrders correctly received by the with an HTTP 200 status 2w Geysen uccess Not available
DCM sends Activatelncentives
o Ecovat (with test lag True o +l d by the |Ecovat h d the Activatelncent ty and
UCLS 1o block the contol s v ACSTInGentves s corecty received b th | Ecovat has receved the Actatelncentves omecty nd o 1) oo0 o success
Ecovat responded with an HTTP 200 status
activate the expected
tion profil
consumption profle Not available
The Ecovat has followed the
UCL7  activated consumption profile |NA (control signals are blocked) NA (contro signals are blocked)
and it i logged corectly
ucg  Preduct/Senice kPl NA (control signals are blocked) NA (control signals are blocked)
Calculation
UCLL1 DACYde The frst cycle of UC1 was correctly executed  The full cycle of UCT was successfully executed 20122018 Davy Geysen Success Not available
UCL1.2 1D Cycle - 6/18h The first cycle of UC1 was correctly executed _ The full cycle of UC1 was successfully executed 20122018 Davy Geysen Success Not available
UCL13 1D Cyele - 12/18h The first cycle of UC1 was correctly executed _ The full cycle of UC1 was successfully executed 20122018 Davy Geysen Success Not available
UCL1.4 1D Cycle - 18/18h The first cycle of UC1 was correctly executed  The full cycle of UC1 was successfully executed 20122018 Davy Geysen Success Not available

Table 28: Test with tag "ECOVAT UC1 20_12_2018"

Result

Success. The full cycle of UC1 was successfully executed. Although, it was seen that
the IncentiveResponse always gave a flexibility of 0 kW for the Ecovat. This was not
correct because the Ecovat was cold, i.e. it has flexibility to start charging. Because
of this every ADMM cycle converged in only 1 iteration.
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6.3 Test with tag "ECOVAT UC1 02_01_2019"

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) against the ECOVAT to check if the problem with the 0 kW flexibility from
ECOVAT UC1 20_12 2018 was solved

Test

Test was logged by Ecovat. Logs are available.

D Test name Step# _Description Expected result Acceptance criteria Date Name Result Comment Evidence
uctt Use case 1, VITO Shaper Not available
DCM sends FlexConstraintsRequest is correctly received  Ecovat has received the FlexConstraintsRequest correctly
1 rai -1
Uet1a RexConstraintsfequest 1o peovat and responded with an HTTP 200 status 1019 Davy Geysen Success
Ecovat Not available
Ecovat sends
FlexConstraintsResponse is correctly received |DCM has received the FlexConstraintsResponse correctly
1 rai -1
UCL1b RexConstraintsResponse 1o the pem and responded with an HTTP 200 status 1019 Dawy Geysen Success
the DCM Not available
. 2”’;“”‘“5 . © |om u by the Dso | DSO has received the PUPrognosis correctly and 1201 vy G s
exConstraintsResponse to rognosis is corectly received by the responded aith an HTTP 200 sates 1 avy Geysen uccess
DSO as PUPrognosis Not available
iy DSOexecutes grid check and  Grid checkis executed correctly and DCM has received the FlexRequest correctly and 12018 Doy Geysen Success
sends FlexRequest toDCM  FlexRequest s received by the DCM responded with an HTTP 200 status Not available
Vet DCM sends ICentveOferto |\ oo ey received by Ecovat | EECYAL S received the IncentiveOfer comectyand 5 1 o1 Doy Geysen Success
Ecovat responded with an HTTP 200 status Not available
It was seen that the
IncentiveResponse always
gave an upper and
lowerbound of 172 kW for
the Ecovat. This was correct
because the Ecovat was
cold, .. it has to start
crap Ecovatsends IncentiveResponse is correctly received by the DCM has received the IncentiveResponse correctly and - " o et the meat
IncentiveResponse to the DCM DCM responded with an HTTP 200 status vy Geysen uccess charging fo meet the hea

demand. VITO and Ecovat
discussed how to deal with
this in the future in order to
getuseful results (as a first
solution it was decided to
use virtual temperatures

instead of real ones) Not available

Steps 3 and 4 are repeated

until the ADMM cycle ADMM cycle finished by converging or by The ADMM cycle of the DCM has finished and a FlexOffer
UCL4  converges or until the 212018 Davy Geysen Success

reaching the maximu iterations has been created

maximum iterations have been

executed Not available
Uctsa DEMsends FROertothe [ oo eceived by the psp S0 1as received the AexOfer comectly andresponded 0. Doy Geysen Success

0so with an HTTP 200 status Not available
Uctsp DSOSEnds FROMErtothe [ o eceived by the pew | DM Pas recived the lexOrder correctly and responded 0. Dovy Geysen Success

ocm with an HTTP 200 status Not available

DCM sends Activatelncentives

to Ecovat (with test flag True

i i Iy recei Incenti !
UCLS 10 bk the conre signal to ACUVateIncentives s comeclyreceive by the Ecovat hs received the Activatelncentives correctyand 5 1 0. Dy Geysen Success
Ecovat responded with an HTTP 200 status
activate the expected
tion profil

consumption profle ot il

The Ecovat has followed the
UCL7  activated consumption profile NA (control signals are blocked) NA (control signals are blocked)

and itis logged correctly

r jce kP!
Uctg  Product/Senice K NA (control signals are blocked) NA (control signals are blocked)

Calculation
UCLL1 DA Cycle The first cycle of UC1 was correctly executed _ The full cycle of UCT was successfully executed 212019 Davy Geysen Success Not available
UCL12 1D Cycle - 6/18h NA NA 212019 Davy Geysen Success Not available
UCLL3 1D Cycle - 12/18h NA NA 212019 Davy Geysen Success Not available
UCLL4 1D Cycle - 18/18h NA NA 212019 Davy Geysen Success Not available

Table 29: Test with tag "ECOVAT UC1 02_01_2019"

Result

Partial success. It was seen that the IncentiveResponse always gave an upper and
lowerbound of 172 kW for the Ecovat. This was correct because the Ecovat was cold,
i.e. it has to start charging to meet the heat demand. VITO and Ecovat discussed
how to deal with this in the future in order to get useful results (as a first solution
it was decided to use virtual temperatures instead of real ones).
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6.4 Test with tag "ECOVAT UC1 22_01_2019"

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) against the ECOVAT to check the results if virtual temperatures are used,
new cycle started every hour (instead of every 6h)

Test

Test was logged by Ecovat and VITO. Logs are available.

[y Test name Step#_Description Date Name Result Comment Evidence
=%} Use case 1, VITO Shaper
DCM sends
nstaintsReau rectly receiv ecei 1 intsRequest correcth
UCL1a Pertoemmntequestto | FIEXCOMSUaIMSRequest s comectyreceived  Ecouat hs received the FlexConstaitsRequest comecty o Doy Geysen Suceess
v Ecovat and responded with an HTTP 200 status
Ecouat ECOVAT UC122_01_2019 logs @ 22/01/201 1235114
n FlexConstr
(Ecovat sends FlexConstraintsResponse Is correctly received DCM has received the FlexConstraintsRes ponse correctly texConstraintsResponse
UCL1b FlexConstraintsResponse to e o 21209 Davy Geysen Success only contains s which s
P not ECOVAT UC1 22 01 2019 logs @ 22/01/2019 123528
DCM sends
eceived the PUPrognosis correctly an
vciz f— byhepso DO GO PGS o and s e succs
S0 as PUPrognosis P ECOVAT UC1 22 01 2019 logs @ 22/01/2019 123531
D50 executes grid check and  Grid check s executed correctly and DM has received the FlesRequest corectly and
U3 ends Flexequest toDCM  FlexReauest s received by the DCM responded with an HTTP 200 status 2101 Davy Geysen Success ECOVAT UC122_01_2019 logs @ 22/01/2019 123531
DCM sends Incentiveffer to Ecovat has received the IncentiveOffer correctly and
uctaa IncentiveOfier is corecty received by Ecovat 212019 Davy Geysen Success
ecovat v o responded vith an HTTP 200 status v ey ECOVAT UC122_01_2019 logs @ 22/01/2019 123532
Ueray Ecomtsends is DCMhas received s o s
£ avy Geysen uccess
IncentiveResponse to the DCM DCM esponded with an HTTP 200 status
P P ECOVAT UC1 22_01_2019 logs @ 22/01/2019 12:37:17
Steps 3 and 4 are repeated
until the ADMM cycle
ADMM cycle finishe by converging or by The ADMM cyele of the DCM has finished and a FlexOffer
UCL4  converges or il the v Y converging or by i 2212019 Davy Geysen Success
B o e bean 2CNINE the maximum teations has been created
executed ECOVAT UC122_01_2019 logs @ 22/01/201 125422
DCM sends FlexOffer to the 5O has received the FlexOffer corrctly and responded
i iy received by th 1 u
uctsa oo FlexOffer s cortecly receved by he DS U 12 26€l1ed (e P 2212019 Davy Geysen Success ECOVAT UC1 22,01 2019 ogs @ 22/01/2019 125822
D50 sends FlexOrder tothe DCM has received the FexOrder correctly and responded
uctsh FlexOrderis correctly received by the DCM 2212019 Davy Geysen Success
oem v b with an HTTP 200 status v ey ECOVAT UC122_01_2019 logs @ 22/01/201 12:54:22
DCM sends Activateincentives
1o Ecovat (with test lag True
atelncent rectly received by t ecei vatelncentives correct
UCLE 1ot thecontl iyt ACHAteInCenties i comecty received by the. Ecouat hs received the ACHNALEIcentives corecty and 01 oy Geysen succass
Ecovat esponded with an HTTP 200 status
activate the expected
consumption proile
prone ECOVAT UC1 22_01_2019 ogs @ 22/01/2019 12:5424
he Ecovat has followed the
UCL7  activated consumption profle N (controlsignals are blocked) NA (control sgnals are blocked)
andits logged correctly
ucrg  Froduetsenice € A (control signals are blocked) NA (control sgnals are blocked)
UCLL1 DA Cycle The fist cycle of UC1 was corectly executed  The 1stfullcycle of UCL was successfully executed  22/01/2019 12035 Davy Geysen Success
i i v v " /o ver ECOVAT UC122_01_2019 logs @ 22/01/2019 125424
The second eycle of UC1 was correctly
1,12 1D Cycle - 1/18h 2nd ful cycle of UCT 1 22/01/2019 13035 0 uce
ue Cyele - 1/18 e seco The 2nd fll eyele of UC1 was successfully executed /0172019 13035 Davy Geysen Success ECOVAT UCA 22,01 2019 logs @ 22/01/2019 135501
UC113 1D Cyele - 2/18n The third cycle of UC was correctly executed The 3rdfullcyele of UC1 was successfully executed  22/01/2019 14h35 Davy Geysen Success
R " v i v /o1 Ve ECOVAT UC122_01_2019 logs @ 22/01/2019 14:54:16
The fourth cycle of UC1 was comectly
UCL14 1D Cyce - /180 The ath full cycle of UC1 was successfully executed  22/01/2019 15h35 Davy Geysen Success
e -3/ exccuted e 4 /o v ey ECOVAT UC122_01_2019 logs @ 22/01/2019 15355117
1,15 1D Cycle - 4/18h The fifth cycle of UCT [ fuct fully execu 22/01/2019 16135 0 uce
UCL1L5 1D Cyee -4/18 e ith cycle of UCT was corectly executed The Sth fllcyele of UC1 was successfully executed /0172019 16h35 Davy Geysen Success ECOVAT UCA 22,01 2019 logs @ 22/01/2019 165811
No IncentveResponse was
UCL16 1D Cyee -5/18n The sxth cyele of UCI was correcly executed The 6h fullcyele of UC1 was successfully executed  22/01/2019 17035 Davy Geysen Failure received by the DCM from
the Ecovat ECOVAT UC122_01_2019 logs @ 22/01/201 183905

Result

Table 30: Test with tag "ECOVAT UC1 22_

01_

2019”

Partial success. No IncentiveResponse was received by the DCM from the Ecovat.
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6.5 Test with tag "ECOVAT UC1 29_01_2019"

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) against the ECOVAT to check the results if virtual temperatures are used,
new cycle started every 6 hours for 3 days.

Test

Test was logged by Ecovat and VITO. Logs are available.

0 Test name Step# _Description Date Name Result Comment Evidence
it Use case 1, VITO Shaper
0CM sends
nstaintsRequest s corectly recei received the i intsRequest correcth
Lt s B Requestto | FIEXCONSAnIREqUeSt s crecly received  Ecovaths receied the lsConstraitsequestcorecty 1 O
by Ecovat and responded with an HTTP 200 status
£cowat ECOVAT UC125_01_2019 logs @ 29/01/2019 11:4525
n FlexConstr
et IS nstespons s coecty eceved DM s et e FlesConamstomsecoreaty FeCominsfesporse
» by the DM and respondec with an HTTP 200 status ¥ Ger v
not comect. ECOVAT UC1 29,01 2019 logs @ 29/01/2019 114526
0CM sends
eceived the PUPrognasis correctlyan
weie o S bythepso DSOS e U oMy and o oy ceen s
S0 as PUPrognosis P ECOVAT UC1 29 01 2019 logs @ 29/01/2019 114526
050 executes grid checkand  Grid check i executed corectly and DCM has received the Fexequest corectly and
VL3 e FlexRequestto DCM  FlexReauest i received by the DCM responded with an HTTP 200 tatus 212019 PayGepsen  [Suceess ECOVAT UC125_01_2019 logs @ 29/01/2019 11:4527
DO sends IncentiveOfferto Ecovat has receivd the IncentiveOffer correctly and
Ucras IncentiveOffer is correctlyreceived by Ecorat 2912019 DavyGeysen  Success
ecovat v o responded vith an HTTP 200 status v ey ECOVAT UC129_01_2019 logs @ 29/01/2019 11:45:26
UcLap Eowtsends is DCM has received o i I
¥ avy Geysen uccess
IncentiveResponse tothe DCV DCM esponded vith an HTTP 200 status
P P ECOVAT UC1 29_01_2019 logs @ 29/01/2019 11:55:50
Steps 3 and 4 are repeated
untilthe ADMM cycle
ADMM cycle fiished by converging or by The ADMM cycle ofthe DCM has finshed and a FlexOffer
UCLa  converges orunil the " Y converBing or by v 2912019 DavyGeysen  Success
COmMerBEs 0T 1 e o€ the maximum erations nas been created
ed ECOVAT UC125_01_2019 logs @ 29/01/2019 1337:19
0CM sends FlexOffer to the 050 hasreceived the FlexOffer corecty and responded
i iy received by th 1 u
uctsa OO FlexOfferis conectly received by he D50 Do 124 2celved e i 2912019 DavyGeysen  Success VAT UCL 25,01 2015 logs @ 29/01/2055 133725
050 sends FlexOrder tothe DCM has received the FlexOrder correctly and responded
weish FlexOrder i correctly received by the DCM 2912019 DavyGeysen  Success
oem v b with an HTTP 200 status v ey ECOVAT UC129_01_2019 logs @ 29/01/201 133720
DCM sends Activtelncertives
1o Ecova (vith test flag True
ateincen rectl received by t recei vatelncentives correctly an
L6 b e ol sy AhNBtencentives I coecly recived by th. Ecoaths rceied he Acatelcentves comrectyand 1 bavGersenlsuceess
cov responded with an HTTP 200 status
actvate the expected
consumption proile
pion ECOVAT UC 29_01_2019 ogs @ 29/01/2019 133721
The Ecovat ha followed the
UCL7  activated consumpion profile NA (control sgrals are blocked) NA cortrol sgnals are blocked)
andit s logged correctly
Ucts  PoduetSence 1 NA (control signals are blocked) NA cortrol sgrals are blocked)
UC111 DA Gyele The first cycle o UCL was corectly executed  The 1t ful cyce of UCT was successfully executed  29/01/2019 13137 Davy Geysen  Success
e e v v v /o v ey ECOVAT UC125_01_2019 logs @ 29/01/2019 133731
The second cyele of UC was correcty
112 10 Cycl - /720 2nd full cycle of UCL ol 29/01/2019 15042 0 uce
s Cyele -6/ The seco The 2nd ull cycle of UCH was successfuly executed  29/01/2019 1942 Davy Geysen  Success VAT UCL 25,01 2019 logs @ 29/01/2015 19423
UCL13 1 Cyce - 12/72h The third cyele of UC1 was correctly executed The 3d full ycle of UCT was successfully executed  29/01/2019 1ha2 Dawy Geysen  Success
e 12/ i v " v /o1 v ey ECOVAT UC 29_01_2019 logs @ 29/01/2019 014215
The fouth cycle o UC1 was corecty
UCL14 1 Cyce - 16/720 The dth fullcycle of UCL ws successfullyexecuted  29/01/20197h38 Davy Geysen  Success
el - 18/ exccuted e 4 /o v ey ECOVAT UC129_01_2019 logs @ 29/01/201 07:38:23
No ncentiveResponse was
UCLLs 10 Cyce - 24/720 The fifth cyle of UC was correctly exccuted  The Sth ful cycl of UCI was successfuly executed  29/01/2019 12020 Davy Geysen  Failure received by the DCM from
the Ecouat ECOVAT UC125_01_2019 logs @ 29/01/2019 122019
lowing cycles could n i i - g
PR O Folowing cycles couldnot be executed  Following cycles coud notbe executed because of the oo 0 omceren |

Result

because of the previous ermor

Table 31: Test with tag "ECOVAT UC1 29_

previous error

01_

2019”

Partial success. FlexConstraintsResponse only contains 0's which is not correct. No

IncentiveResponse was received by the DCM from the Ecovat
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6.6 Test with tag "ECOVAT UC1 06_02_2019"

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) against the ECOVAT to check the results if virtual temperatures are used,
new cycle started every 6 hours for 3 days

Test

Test was logged by Ecovat and VITO. Logs are available.

» Test name Step #_ Description Date Name Result Comment Evidence
[=E Use case 1, VITO Shaper
FlexCons raintsRequest is correctly received  Ecovat has received the FlexConstraintsRequest correctly
UCL1a AexConstaimsRequestto 0 et am 1 300 v 622019 Davy Geysen Success
Ecowat ECOVAT UC1 06_02 2019 logs @ 06/02/2019 07:53:47
n FlexConstral
CL1b e e espanse o FlEXCOMSUaIsResponse s cortectyreceived DCM hasreceived the FlexConstaintsResponse corretly ¢ Daey Gersen ratture e
P by the DCM and responded with an HITP 200 status v Gev: v
not comect. ECOVAT UC1 06_02 2019 logs @ 06/02/2019 07:53:47
DCM sends
received the PUPrognosis correctly an
UcL2  Flec to PUPrognasis is bythepso 050 has eceed the PUpragnoss corectlyand 622019 Davy Geysen Success
D50 as PUPrognosis P ECOVAT UC106_02 2019 logs @ 06/02/2019 07:54:32
SO executes grid check and  Grid check s executed correctly and DCM has received the FlexRequest correctly and
U3 ends Flexequest toDCM  FlexReauest s received by the DCM responded with an HTTP 200 status o201 Davy Geysen Success ECOVAT UC1 06_02 2019 logs @ 06/02/2019 07:54:33
DCM sends IncentiveOffer to Ecovat has received the IncentiveOffer correctly and
uctaa IncentiveOffer is corrctly rceived by Ecovat 622019 Davy Geysen Success
Ecovat v Y responded with an HTTP 200 status v eer: ECOVAT UC106_02_2019 logs @ 06/02/2019 07:54:34
ety ECOWtsends is correctly ocmh " e - I
£ avy Geysen uccess
IncentiveResponse to the DCM DCM responded with an HTTP 200 status
Per P ECOVAT UC106_02_2019 logs @ 06/02/2019 08:09:38
Steps 3 and 4 are repeated
until the ADMM cycle
ADMM cycle finished by converging or by The ADMM cycle of the DCM has finished and a FlexOffer
UCLa  converges or unti the " Y convereing or by vele of 622019 Davy Geysen Success
e ave been "€3CHINE the Maximum terations has been created
ted ECOVAT UC1 06_02 201 logs @ 06/02/201 9:5255
DCM sends FlexOffer to the D50 has received the Fex?ffer correctly and responded
ucisa FlexOffer I correcty received by the DSO 622019 Davy Geysen Success
00 v i with an HTTP 200 status v ey ECOVAT UC106_02_2019 logs @ 06/02/201 9:52:56
DSO sends FlexOrder to the DCM has received the FlexOrder corectly and responded
ucish FlexOrder s correctly received by the DCM 622019 Davy Geysen Success
oem ud hd with an HTTP 200 status v ey ECOVAT UC106_02_2019 logs @ 06/02/201 9:52:57
DCM sends Activatelncentives
o Ecovat (with testflag True
ivatelncentives dy received by th v atelncentives correct
UCLG 16 blotk the contrel sgnat to ACUVBteincentives is corectl receivd by the Ecova hs receved the Actatelncentives correctyand ¢ 0. Davy Geysen Success
co, responded with an HTTP 200 status
activate the expected
consumpion profile
ECOVAT UC1 06_02_2019 logs @ 06/02/2019 9:52:57
The Ecovat has followed the
UCL7  activated consumption profile NA (contrl signals ar blocked) NA (control sigrals are blocked)
anditis logged correctly
Product/Service kP!
ucrg froductSenice 9 NA (control signals are blocked) NA (control signals are blocked)
UcL11 DACyde The first cycle of UCL was correctly executed _ The Ist ull cycle of UC was successfully executed  06/02/2019 952 Davy Geysen Success ECOVAT UC1 06_02 2019 logs @ 06/02/2019 9:5257
The second cycle of UCL was correctly
UCLL2 1D Cycle - /720 The 2nd full cycle of UCL was successfully xecuted  06/02/2019 15h52 Davy Geysen Success
e -6 executed v v /o2 v ey ECOVAT UC106_02_2019 logs @ 06/02/201 15:52:45
10 Cycle - The thi 3 ly execur o FUCH was successiully execu " u
UCLL3 1D Cycle - 12/72h ' third cycle of UC1 was corectly executed  The 3rd full cycle of UCT was successfully executed  06/02/2019 22006 Davy Geysen Success ECOVAT UCL 06,02 2015 logs @ 08/02/2015 220622
The fourth cycle of UC1 was corectly
UCLLA 1D Cycle - 18/72h The ath fll cycle of UC1 was successfully executed  07/02/2019.4h30. Davy Geysen Success
e 18/ executed i v 1021 (e ECOVAT UC106_02_2019 logs @ 07/02/2019 04:30:35
UCLLS 1D Cycle - 20/72h The fifthcycle of UC1 was correctly exccuted  The Sth full cycle of UCI was successfully executed  07/02/2019 16h16 Davy Geysen Success
e 24/ el v e v /021 v Ger ECOVAT UC1 0_02 2019 logs @ 07/02/2019 16:16:00
No IncentiveResponse was
UcL1s 1D Cycle -30/72h The sixth cycle of UC1 was corectly executed The éth full cycle of UCI was successfully executed  07/02/2019 19054 Davy Geysen Failure received by the DCM from
the Ecovat ECOVAT UC1 06_02 2019 logs @ 07/02/2019 19:54:29
I les coul recu Jlowing cycles coul recu use of
[P Fe— Following cycles could not be executed Following cycles could not be executed because of the ramre

Result

because of the previous ermor

Table 32: Test with tag "ECOVAT UC1 06_

previous error

02_

2019”

Partial success. FlexConstraintsResponse only contains 0's which is not correct. No

IncentiveResponse was received by the DCM from the Ecovat.
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6.7 Test with tag "ECOVAT STATUS 422 04_03_2019 a”

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) against the ECOVAT to check if it resends a FlexConstraintsRequest if
ECOVAT returns a 422 status in the response

Test

Test was logged by Ecovat and VITO. Logs are available.

) Test na

me Step# _Description Expected result Date Name Result Comment Evidence
ucLt Use case 1, VITO Shaper.

esteomecty 432019 DawGeysen  Success
ECOVAT 04_03 2019 a logs @ 04/03/2019 131633

432019 DawyGeysen  Success

ECOVAT 04_03_2019 a logs @ 04/03/2019 13:16:36

ovath the Fie sRequ v "
 responded with an HTTP 200 tatus 432019 Daw Geysen  [Success

ECOVAT UC106_02 2019 logs @ 04/03/2019 13:17:33
rectly :'““ DCM has received the FlexConstraintsRe:

tsResponse (status
43 wGeysen  Su
200) correctly and responded with an HTTP 200 status. 32019 Davy Geyser Success

ECOVAT UC106_02_2019 logs @ 04/03/2019 13:19:14

Table 33: Test with tag "ECOVAT STATUS 422 04_03_2019 a”

Result

Success. Ecovat has received the FlexConstraintsRequest correctly and responded
with an HTTP 200 status. DCM has received the FlexConstraintsResponse (status
422) correctly and responded with an HTTP 200 status. Ecovat has received the
FlexConstraintsRequest correctly and responded with an HTTP 200 status. DCM has
received the FlexConstraintsResponse (status 200) correctly and responded with an
HTTP 200 status.
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6.8 Test with tag "ECOVAT STATUS 422 04_03_2019 b”

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) against the ECOVAT to check if it resends a IncentiveOffer if ECOVAT
returns a 422 status in the response.

Test
Test was logged by Ecovat and VITO. Logs are available.

Test

name Step# _ Description Expected result Date Name Result Comment Evidence
Use case 1, VITO Shaper

FlexConstraintsRequest s correctly received  Ecovat has received the FlexConstraintsRequest correctly

432019 Davy Geysen Success
by Ecovat and responded with an HTTP 200 status Gy

ECOVAT 04_03_2019 b logs @ 04/03/2019 14:35:21

« X trait is correcth iy h: it the Fl i
I o ;\e(::r;c!'\: ntsResponse is correctly received ::;w as:;:dv:‘d‘; e’ ::f:;;:;r;\:iewonse correctly |, o010 paw Geysen Success
the Y ECOVAT 04_03_2019 b logs @ 04/03/2019 14:35:56
w2 w 432019 Dawy Geysen Success
ECOVAT 04_03_2019 b logs @ 04/03/2019 14:35:56
et ser 32019 Dawy Geysen Success ECOVAT 04_03_2019 b logs @ 04/03/2019 14:35:57
e cived the Incenive
4 3 n
uctaa Ecc i responded with an HTTP 200 status. 32019 Dawy Geyser Success ECOVAT 04_03_2019 b logs @ 04/03/2019 14:35:59
niiveResponse (status 422)
piststoviud 432019 Davy Geysen Success
ECOVAT 04_03_2019 b logs @ 04/03/2019 14:36:05
Ecovat has received the IncentiveOffer corectiyand o Doy Geysen —
responded with an HTTP 200 status ECOVAT 04_03_2019 b logs @ 04/03/2019 14:36:15
ntiveResponse (status 200) N
e e 432019 Davy Geyser Success

ECOVAT 04_03_2019 b logs @ 04/03/2019 14:46:24

Table 34: Test with tag "ECOVAT STATUS 422 04_03_2019 b”

Result

Success. Ecovat has received the IncentiveOffer correctly and responded with an
HTTP 200 status. DCM has received the IncentiveResponse (status 422) correctly
and responded with an HTTP 200 status. Ecovat has received the IncentiveOffer
correctly and responded with an HTTP 200 status. DCM has received the
IncentiveResponse (status 200) correctly and responded with an HTTP 200 status.
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6.9 Test with tag "ECOVAT UC1 26_02_2019"

Goal

Evaluate the full-chain integration of the VITO DSO, VITO DCM (Forecaster, Planner,
Tracker) against the ECOVAT to check the results if virtual temperatures are used,
new cycle started every 6 hours for 3 days (added status element to
and

FlexConstraintsResponse

and

IncentiveResponse

lower/upperboundary of flexConstraintsRequest being 0).

Test

Test was logged by Ecovat and VITO. Logs are available.

fixed

bug

of

D Test name Step#_ Description Expected result Date Name Result Comment Evidence
et Use case 1, VITO Shaper
DCM sends
FlexConstraintsRequest is coectly received  Ecovat has received the FlexConstraintsRequest corectly
UCL1a FlexConstraintsAequest to 132019 Davy Geysen Success
by Ecovat and responded with an HTP 200 status
couat v P ECOVAT UC1 2602 2019 logs @ 26/02/2019 14:09:22
Ecovat sends
FlexConstraintsResponse is correcty received DCM has received the FlexConstraintsResponse corrctly
UCLLb FexConstaintstesponseto | SEeRiTEsP i et it 175 200 W 132009 Davy Geysen Success
ECOVAT UC1 26_02 2019 logs @ 26/02/2019 14:11:22
cry | sends ourr oy the o DS has eceived the PUPrognosis crrectly and Lagom oy s
i gnosis is v the £ avy Geysen uccess
responded with an HTTP 200 status
050 as PUPrognosis P ECOVAT UC1 26 _02_2019 logs @ 26/02/2019 14:11:29
DSO executes grid check and  Grid check s excuted correctly and DCM has received the FlexRequest corractly and
vc1s 132019 Davy Geysen Success
sends FlexRequest toDCM _ FlexRequest is received by the DCM responded with an HTTP 200 status o ECOVAT UC126_02_2019 logs @ 26/02/2019 14:11:29
DCM sends IncentiveOffer to Ecovat hs recelved the IncentiveOffer corectly and
ntiveOf 13- n u
U2 eovat IncentiveOffer s comectly received by ECOWL | ponded with an HTTP 200 status 32019 Davy Geyser Success ECOVAT UC1 26 02 2019 logs @ 26/02/2019 14:1130
Ecovat sends IncentiveResponse is correcty received by the DCM has received the IncentiveResponse correcty and
ucian 132019 Daw Geysen Success
IncentiveResponse to the DCM DCM responded with an HTTP 200 status
P P ECOVAT UC1 26 _02_2019 logs @ 26/02/2019 14:28:11
Steps 3 and 4 are repeated
until the ADMM cyele
ADMM cycle finished b ingorby  The ADNIM cycle of the DCM has finished and a FlexOff Further investigation
UCLe o oo cyce finished by converging or by @ ADMM cycle of the DCM has finished and a FlexOffer | ey Gepen
B o e ey 2N the maximum terations has been ereated needec
executed ECOVAT UC1 26_02_2019 logs @ 26/02/2019 16:42:21
DCM sends FlexOffer to the DSO has recelved the FlexOffer correctly and responded
1ex0f dy received by th - n u
U2 g FlexOfferls correcty received by he 050 i an HrTP 200 status 32019 Davy Geyser Success ECOVAT UC1 26 02 2019 logs @ 26/02/2019 16:4221
D50 sends FlexOrcker o the DCM has received the FlexOrder correctly and respondied
uctsh FlexOrderis correctly received by the DCM 132019 Davy Geysen Success
oom v o with an HTP 200 status o Gers ECOVAT UC1 26_02_2019 logs @ 26/02/2019 16:42:21
DCM sends Activatelncentives
to Ecovat (with test flag True
vatelncentives is corectly received by th has received th Incentives corectly an
UCLS  to s e o oy ActvBRlnCentves s camectyrecived by the | Ecovathasreceived the Acatelncentives cortectlyand 3o Doy Geysen succuss
covat respondied with an HITP 200 status
actvate the expected
consumption profle
Pron P ECOVAT UC1 26 _02_2019 logs @ 26/02/2019 16:4223
The Ecovat has followed the
UCL7  activated consumption profile NA (control signals are blocked) NA (control signals are blocked)
s logged correcly
« «
o Frodutisenice 1 NA (control signals are blocked) NA (control signals are blocked)
? The i g recth The 1t full cycle of fully execu a: n u
Uc111 DACycle e firstcycle of UC1 was correcty executed  The 15t full cycle of UCI was successfully executed  26/02/2019 16n42 Davy Geyser Success ecovar uca 25, 02,201 oge @ 251/ 164223
The second cycle of UC1 was correctly
UCL12 1D Cycle-6/72h The 2nd ful eycle of UCT was successfully executed  26/02/2019 22h38 Davy Geysen Success
yele-6/7 executed 3 v 102/ e ECOVAT UC1 26_02_2019 logs @ 26/02/2019 22:38:40
UCL13 1D Cycle - 12/720 The third cycle of UC1 was comrectly executed The 3rd full cycle of UCL was successfully executed  27/02/2019 04h17 Davy Geysen Success
vele 12/ e v el v 102/  Gers ECOVAT UC1 26_02. 2010 logs @ 27/02/2019 04:1757
The fourth eycle of UCT was correctly
114 1D Cycle - 18/72h The ath full cycle of UC1 full 27/02/2019 10025 n
UC11.4 1D Cycle - 18/7. o e ath ull cycle of UCL was successfully executed 102/2019 10025 Davy Geyse Success ecovar uca 25,02, 201 oge @ 27/ 1025
UCLLS 1D Cycle - 24/720 The fifthcycle of UC1 was correctly exeuted  The Sth full cycle of UCL was successfully executed  27/02/2019 16h25 Davy Geysen Success
vele-24/ o Hly execut i fleve I execut 102/ i Gers ECOVAT UC1 26_02_2019 logs @ 27/02/2019 162521
UCL16 1D Cycle - 30/720 The sixth cycle of UC1 was corractly executed The 6th full cycle of UCL was successfully executed  27/02/2019 22h32 Davy Geysen Success
vee 30/ i v el v 102/  Gers ECOVAT UCT 26_02_ 2010 logs @ 27/02/2019 22:32:07
The seventh cyele of UC1 was correctly
UCL17 1D Cycle - 36/720 The 74h full cycle of UC1 fully executed  26/02/2019 04h17 Davy Geysen s
yele - 36/ e e  7th fullcycle of UCL was successfully execute 02/ avy Geyser uccess ecovar uct 26,02, 2019 logs @ 28/02/2015 oaszss
UCL1E 1D Cycle - 42/720 The eight cycle of UC1 was correctly executed The 8th full cycle of UCL was successfully executed  28/02/2019 10h27 Davy Geysen Success
vee - 42/ aten I exect i fl eve I execut 102/ i Gers ECOVAT UC1 26_02_2019 logs @ 28/02/2019 102720
119 1D Cycle - 48/72h The ninth cycle of UC1 uted The 9th full cycle of UCL full 28/02/2019 16h28 D n cc
UC119 1D Cycle - 48/7. e inth cycle of UC1 was correctly executed The 9th ful cyle of UCT was successfully executed  28/02/2019 16028 Dawy Geyser Success ecovar uca 25, 02,201 oge @ 281/ 162836
UCLLICID Cyele - 54/720 The tenth cyele of UCH was correctly executed The 10th full cyle of UCT was successfuly executed  28/02/2019 22h27 Davy Geysen Success
yele - 54/ ¥ y ¥ I 02/ vy Ge ECOVAT UC1 26_02_2019 logs @ 28/02/2019 22:27:41
The eleventh cycle of UC1 was comectly
UCLLI1ID Cycle - 60/720 The L1th fullcycle of UC1 was successfully executed  01/03/2019 04h13 Davy Geysen Success
vele -0/ executed il eve v 103/ W Gers ECOVAT UC1 26 02 2019 logs @ 01/03/2019 04:13:58
The telftheycle of UC1 was correctly
111210 Cycle - 66/72h The 12th ful UCE was successful 1/03/2019 10633 D n cc
UC11.121D Cycle - 66/ Jba e 12th full cyle of UC1 was successfully executed  01/03/2019 10033 Davy Geyser Success ecovar uca 25, 02,201 oge @ oy 103314
The thirtheenth cycle of UC1 was correctly
UCLL13ID Cycle - 72/720 The 13th fullcycle of UC1 was successfully executed  01/03/2019 16h23 Davy Geysen Success
vele 72/ executed i 4 103/ v Gers ECOVAT UC1 26_02_2019 logs @ 01/03/2019 16:2353

Table 35: Test with tag "ECOVAT UC1 26_

Result

02_

Success. Cycle 1 through 13 were successfully executed.

2019”
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7 Heat Pump Characterization Tests

In this series of tests, data is collected in order to be able to make a heating
signature model for indirect control of heat pumps by overriding the outdoor
temperature sensor.

The purpose of these tests is to find the relation between a simulated outdoor
temperature and the amount of electric power consumed by the heat pump. This
is done by applying control signals (i.e. sensor override values) and observing the
heatpump’s reaction (i.e. changes in electricity consumption) to these control
signals.

7.1 Air Water Heat Pump

7.1.1 Test with tag “"2019_10_03_01_awhp_steps”
Goal

To observe a relation between the value used to override the outdoor temperature
sensor and the electric power consumed by the air water heat pump.

Method

Override the outdoor temperature sensor and wait for the heat pump to stabilize.
Override the outdoor temperature sensor again and monitor the electric power
consumption of the heat pump.

Test

e 11h00: Test starts by overriding the outdoor temperature sensor.

e 12h15: Heat pump reacts and increases electric power consumption.

e 15h00: The value with which the outdoor temperature sensor is overwritten
is changed.

e 17h30: A small increase in electric power consumption can be observed.

e 19h00: The test is ended by overwriting the value of the outdoor temperature

sensor.
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Figure 12: Test with tag “2019_10_03_01_awhp_steps”
Result

This test and other tests indicated that a clear relation between the simulated
outdoor temperature and the power consumption could not be observed. The real
outdoor temperature has a more significant influence on the electric power
consumption. However, it is not possible to control the real outdoor temperature.
Therefore, we concluded it would be more beneficial to proceed testing with the
water-water heat pump instead of continuing testing with the air-water heat pump.
The power consumption of the water-water heat pump does not depend on the real
outdoor temperature.
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7.2 Water Water Heat Pump

7.2.1 Test with tag “"2019_09_25_03_wwhp”
Goal

Goal of this test is to observe ramping as a result of an override of the outdoor
temperature sensor.

Method

Override outdoor temperature sensor and measure consumed electric power of the
heat pump.

Test

11h00: Test starts by overriding the outdoor temperature sensor.

e 11h20: The electric power consumption of the water-water heat pump
increases.

e 14h00: Desired supply temperature is reached. WWHP ramps down.

e 15h00: Override of outdoor temperature sensor.

e 15h05: WWHP seems to react to the new override and ramps up. Desired
supply temperature will not be reached.

e 19h00: Test stopped by overriding the outdoor temperature sensor.

e 19h30: WWHP ramps down to O.
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Figure 13: Test with tag “2019_09_25_03_wwhp”
Result

Ramping was observed (15h15) as a result of an override of the outside temperature
(15h00). Ramping was observed at the begin and end the test.
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.2.2 Test with tag “"2019_09_25_04_wwhp”

7.2.
Goa

Goal of this test is to observe ramping as a result of an override of the outdoor
temperature sensor. In this test a smaller temperature increase is applied.

Method

Override outdoor temperature sensor and measure consumed electric power of the
heat pump.

Test

22h00: Test starts by overriding the outside temperature sensor.

23h20: The WWHP reacts. The WWHP increases its power almost instantly.
And at the same time the desired supply temperature is reached.
23h20-01h30: A continuous cycle can be observed in which the supply
temperature overshoots after which the heat pump turns of. Once the supply
temperature has been decreased, the heat pump starts again. This oscillating
behaviour continues until approximately 02h00.

02h00: The outdoor temperature value is overwritten with a new value.
03h00-04h30: The electric power consumption of the WWHP ramps up.
04h30: The desired supply temperature is reached after which the WWHP
ramps down slowly.

05h20: Steep increase of supply temperature after which the WWHP turns
off.

05h30: Heat pump turns on again, after which the supply temperature
remains stable.

06h00: Outside temperature value is overwritten to end the test.

06h10: Heat pumps stops.
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Figure 14: Test with tag “2019_09_25_04_wwhp”

Result

Ramping observed (03h00-04h30) as a result of simulated outside temperature
adjustment 02h00. Ramping observed at begin and end of test.
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7.2.3 Test with tag “"2019_09_26_01_wwhp_stabalize”
Goal

To measure the amount of time required for the WWHP to stabilize after being
turned on and to determine if the increase in power is constant over time or if the
WWHP overshoots first.

Method

First overwrite the value of the outdoor temperature sensor with a value which turns
the WWHP off, then overwrite the sensor with a value that turns the HP on.

Test

e 09h10: WWHP is off. Value of outdoor temperature sensor is overwritten to
turn on heat pump.

e 10h30: Heat pump reacts and ramps up after small spike.

e 12h00: Supply temperature overshoots and power consumption ramps down.

e 13h20: Heat pump turns off for a few minutes, turns on again and ramps up
to required power.

e 15h10: Heat pump power consumption is stabalized.

Figure 15: Test with tag “"2019_09_26_01_wwhp_stabalize”

Result

Given the initial conditions and control settings, the heat pump requires 6 hours to
stabilize.
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7.2.4 Test with tag “2019_09_26_03_wwhp_max”
Goal

To determine the maximum electric power capacity of the water-water heat pump.
Method

Overwrite the outdoor temperature sensor with a value to obtain a maximum supply
temperature.

Test

e 12h00: Value of outdoor temperature sensor is overwritten.

e 12h30: Heat pump reacts and ramps up.

e 14h05: WWHP reaches near maximum supply temperature and maximum
electrical power consumption in this test.

e 19h30: WWHP reaches maximum supply temperature and maximum electric
power consumption.

e 20h00: Control signal is sent to turn the heat pump off.

e 20h50: Heat pump turns off.

Figure 16: Test with tag “"2019_09_26_03_wwhp_max”
Result

The maximum amount of power the WWHP can consume is almost 4200 [W]. The
heat pump requires a little over 2 hours to reach that power. After those 2 hours a
very small increase in power consumption can be observed.
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7.2.5 Test with tag “"2019_10_03_02_wwhp_steps”
Goal

To determine the relation between the overwritten outdoor temperature value and
the electrical power consumption of the heat pump.

Method

In this test the value of the overwritten outdoor temperature value is a step
function. Every 4 hours the value is increased by 5 degrees Celsius.

Test

e 13h00: After stabilization of the heat pump the simulated outdoor
temperature sensor value is increased by 5 degrees every 4 hours.

e 13h00-08h00: The amount of electric power consumed is erratic. During this
period the power drops to 0 at 3 moments after which the heat pump
increases its power consumption again. Every 4 hours the control signal is
changed. In this period only 2 levels of power consumption can be observed
(3800 Watts and 4400 Watts).

e 08h00-06h00: Every 4 hours the control signal decreases with 5 degrees
Celsius. The electric power consumption of the heat pump decreases,
however a step function is difficult to observe.
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Figure 17: Test with tag “"2019_10_03_02_wwhp_steps”
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Result

The water-water heat pump reacts to the control signal. It turns on when the control
signal goes up and it turns off when the control signal goes down. Also, different
levels of power consumption can be observed. It is not possible however to relate
the exact value of the control signal with the amount of electricity consumed by the
heat pump.
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7.2.6 Test with tag

Goal

“2019_10_08_01_wwhp_manual_pump_speed_heating”

The goal of this test is to observe a relation between the simulated outdoor
temperature and the electric power consumed by the water-water heat pump.

Method

In this test the value of the overwritten outdoor temperature value is a step
function. Every hour the value is increased and decreased by 1 degrees Celsius.
Also, the pump speed for the heating medium is set to manual and at a speed of
70%. This decreases the number of unknowns and therefore it will be more
straightforward to control the electric power consumption of the water-water heat

pump.

Test

10h00: The heat pump is turned off. The value of the outdoor temperature
sensor is overwritten.

12h00: Control signal step function starts; the simulated outdoor
temperature is increased by 1 degree Celsius every 30 minutes. The heat
pump is still turned off.

13h00: The heat pump turns on and peaks. Power consumption is reduced
immediately, however no stabilization occurs.

14h00: Electric power consumption increases by approximately 1 [kW] to
approximately 1,7 [kW]

16h00: Electric power consumption increases by approximately 1 [kW] to
approximately 2,8 [kW]

18h00: Electric power consumption increases by approximately 1 [kW] to
approximately 3,9 [kW]

21h30: From this time on the simulated outdoor temperature is reduced by
1 degree Celsius every 30 minutes.

22h00: Although the electric power consumption decreases, it shows erratic
behaviour.

08h00: End of test.
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Figure 18: Test with tag “2019_10_08_01_wwhp_manual_pump_speed_heating”

Result

At the start of the test the heat pump only reacts after a long period of time (3
hours). No relation can be observed between the control signal and the power
consumption of the heat pump, other than the heat pump increasing its power when
the simulated outdoor temperature increases. This result cannot be used to control
a heat pump with the outdoor temperature sensor.
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.2.7 Test with tag "2019_10_11_01_wwhp_interval_2hr_1c_complete”

7.2.
Goal

To observe a clear relation between the simulated outdoor temperature and the
power electric power consumed by the heat pump.

Method

In order to observe a clear relation the duration of the time steps were increased
from 1 hour to 2 hours. The assumption is that 2 hours would be plenty of time for
the heat pump to stabilize after the control signal changes.

Test

e 20h00: Heat is stabilized. Test start by settings the value of the simulated
outdoor temperature at -1 degrees Celsius.

e 20h19: The heat pump reacts and starts ramping up.

e 8/10 20h00 - 10/10 06h00: The simulated outdoor temperature increases 1
degree Celsius every 2 hours.

e 8/10 20h00 - 9/10 23h00: The heat pumps increases it electrical power
consumption to meet the requested supply temperature. The increase in
supply temperature and consumed electric power is somewhat linear.

e 10/1010h00 - 12/10 04h00: The simulated outdoor temperature steps down
by 1 degree Celsius every 2 hours.

e 10/10 20h00 - 12/10 02h00: The supply temperature and the amount of
electric power consumed decreases during this period. Many dips can be
observed, both in the supply temperature as in the amount of consumed
electric power. The dips are followed by peaks. Both the dips and the peaks
are probably a result over overshooting and overcompensation.
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Figure 19: Test with tag “"2019_10_11_01_wwhp_interval_2hr_1c_complete”
Result

A clear relation between the control signal and the electric power consumption of
the heat pump is not observed. However, the power consumption increases when
the control signal goes up. Also, many peaks and dips are observed when the control
signal steps down. In order to obtain better results the length of the steps of the
control function should be increased.
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7.2.8 Test with tag
“2019_10_21_01_wwhp_long_interval_1c_incomplete”

Goal

To observe a clear relation between the simulated outdoor temperature and the
power electric power consumed by the heat pump.

Method

In the previous test the step function overwriting the value of the outdoor
temperature sensor had a fixed horizontal (time) length. This did not enable the
heat pump to stabilize. In this test the duration of the steps is determined on the
fly by manually increasing the value with which the outdoor temperature sensor is
overwritten. The value will be updated once the heat pump is stabilized.

Test

e 12/10 8h38: Test starts by setting the simulated outdoor temperature at -5
[°C]. The electric power consumed by the heat pump remains almost 0.

e 12/10 16h19: Simulated outdoor temperature is increased to -4 [°C].

e 12/10 19h15: Heat pump turns on.

e 12/10 19h15 - 13/10 15h00: During this period the simulated outdoor
temperature is increased after stabilization of the heat pump. During this
period the heat pump does not stabilize, i.e. electric power consumption is
never constant. Instead the electric power consumption of the heat pump
resembles a square wave, however it is not perfectly square. The high period
of the square wave starts with a peak with a magnitude of 1,2 [kW] after
which it ramps down to 0,5 [kW].

e Idem: During this period the simulated outdoor temperature is increased
several times and therefore the heat pump consumes more electric energy.
Instead of increasing the power, in this stage the duty cycle of the square
wave is increased. The duty cycle increases from 0,25 to +0,50 to +0,75.

e 13/10 15h00: After increasing the simulated outdoor temperature to -1 [°C].
The duty cycles increases to 1, i.e. power consumption becomes continuous.

e 14/100h00 - 15/10 0h0O: Simulated outdoor temperature is increased after
heat pump stabilization. Heat pump starts ramping up within 30 minutes.

e 15/10 06h00 - 16/10 18h00: Electric power consumption is not continuous,
instead a square wave can be observed.

e 16/10 18h00 - 18/10 12h00: The simulated outdoor temperature is increases
each time after stabilization of the heat pump occurs. A dip and peak can be
observed around 16/10 04h00. The reason for this is unknown.

e 18/10 10h00 - 18/10 23h00: After increasing the control signal (simulated
outdoor temperature) erratic behaviour of the heat pump is observed. The
heat pump oscilates between zero and full power. After increasing the
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simulated outdoor temperature again, at 18/10 23h00, this behaviour
disappears.

e 19/10 0h00 - 21/10 08h00: The simulated outdoor temperature is increased
each time after stabilization of the heat pump. The heat pumps reacts by
starting to ramp up within half an hour.
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Figure 20: Test with tag “"2019_10_21_01_wwhp_long_interval_1c_incomplete”

Result

Electric power consumption of the heat pump responds well to control signals. Heat
pump reacts within a reasonable amount of time and the delay between control
action and heat pump response seems to be the same throughout the test.

A square wave can be observed when the heat pump is at low power. The duty cycle
increases when the required power increases. Halfway during the test another
square wave was observed. The reason for this square wave is unknown.

At two thirds of the test oscillating behaviour was observed. The reason for this
behaviour is also unknown.
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8 Summary and Outlook

This deliverable gives on overview of the pilot testing and validation activities that
were performed by Ecovat at the Ecovat pilot site in Uden in cooperation with mainly
VITO.

The first series of tests involved unit testing of the sensors, the actuators, the Ecovat
SCADA system (STREAM), and the communication in between them. Due to some
last minute changes in hardware design, the lists against Ecovat compared
functionality contained hardware that would not be used anymore in future tests.

The second series of tests involved testing of the so called control vectors in which
combination of actuators were activated in order to perform a certain task, e.g.
charge layer two with the water-water heat pump. During these tests no unexpected
events occurred.

In the third series of tests the full-chain integration of and communication between
the DSO, the DCM and the Ecovat was tested. Some iterations and SW fixes were
required to pass all criteria. E.g. during one of the tests the amount of flexibility
available was not communicated correctly, and therefore the DCM was not able to
allocate an energy profile to Ecovat. Another problem that Ecovat encountered was
related to the database from which Ecovat extracts the most optimal energy profile.
This database was slow causing time-outs in communication (up to 30’ for one
iteration). Changing the database design solved this.

The last series of tests were dedicated to characterizing the heatpumps to create
their heat signature model to be used in the indirect control strategy. Two heat
pumps were available. After some initial test with the air-water heat pump, it was
concluded this heat pump was less suitable because of the dependency on the
outdoor temperature which complicates the heat signature model creation. The
outdoor temperature caused fluctuation in the amount of electric power consumed.
Therefore, these heatpump characterization tests have been focussed on the water-
water heat pump.

From the tests to characterize the Heatpump (i.e. create a heat sighature model to
be used for the indirect control paradigm) it was concluded that with the available
heatpumps, it was not possible to create a good enough model to achieve
deterministic profile-following control. As was concluded from the experiments done
in T2.4, the extent to which indirect control can yield satisfactorily results, is very
much depending on the specific heatpump brand and model. And even though
excellent support was provided by NIBE to interpret and improve the measurements
that were feeding the signature model creation, and advice on heatpump settings,
the results that could be obtained by the heatpumps that were installed in the
ECOVAT system were inferior to ‘the best’ model that was achieved in T2.4. The
very large behavioural changes that are observed between different heatpump
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brands and models relates to the functionality and behaviour of the heatpump’s
internal controller, that has not been designed with flexibility in mind. Learnings
from the pilot testing activities, as well as T2.4, will be the basis for further
engagements with HP manufacturers to improve the fitness for offering flexibility of
their internal controller.
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