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Preface
EnergyLab Nordhavn — New Urban Energy Infrastructures is an exciting project which will continue

until the year of 2019. The project will use Copenhagen’s Nordhavn as a full-scale smart city
energy lab, which main purpose is to do research and to develop and demonstrate future energy
solutions of renewable energy.

The goal is to identify the most cost-effective smart energy system, which can contribute to the

major climate challenges the world are facing.

Budget: The project has a total budget of DKK 143 m (€ 19 m), of this DKK84 m (€ 11 m) funded in
two rounds by the Danish Energy Technology Development and Demonstration Programme
(EUDP).

Forord
EnergyLab Nordhavn er et spaendende projekt der lgber til og med 2019. Projektet vil forega i

Kgbenhavns Nordhavn, og vil fungere som et fuldskala storbylaboratorium, der skal undersgge,
udvikle og demonstrerer Igsninger for fremtidens energisystem.
Malet er at finde fremtidens mest omkostningseffektive energisystem, der desuden kan bidrage til

en lgsning pa de store klimaudfordringer verden star overfor nu og i fremtiden.

Budget: Projektets totale budget er DKK 143 mio. (EUR 19 mio.), hvoraf DKK 84 mio. (EUR 11

mio.) er blevet finansieret af Energiteknologisk Udviklings- og Demonstrationsprogram, EUDP.
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Executive Summary

HOFOR is for the EnergyLab Nordhavn project (ELN) providing measurements/data from
the relevant areas and customers in the district heating system in Nordhavn.
Measurement/data is collected from the district heating energy meters in every single
building via HOFOR’s remote metering system, and transferred to HOFOR’s energy
management system, called EnergyKey. The measurements/data is made available for the
Data Management System (DMS) at DTU via a secure file transfer protocol (sFTP-) server
at HOFOR. The measurements/data is monitored and validated during the whole project
period.

This document describes the System Acceptance Test (SAT) of the automated
measurements/data delivery from HOFOR’s EnergyKey system to DTU’s DMS in ELN.
The SAT report documents that the automated meter readings are validated, and
approved according to the requirements of ELN.

If (or when) you find a mismatch between what you observe and what is described, please
notify Morten Skov, mosk@hofor.dk from HOFOR.
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1. Test of data from HOFOR server to DTU DMS for data from Nordhavn
This document describes the data flow from the district heating energy meters in Nordhavn
obtained from the remote metering system into HOFOR'’s energy management system,
EnergyKey, and sent to a sFTP server at HOFOR. From this server DTU access data (by

username and password) to their DMS (Data management system).

Datasets are defined according to the specifications defined in the documents
“Energydata.dk — data model” and “Datastructure for data in EnergyLab Nordhavn” to be

found on www.energylabnordhavn.dk.

2. Datain the HOFOR domain

Data from HOFOR is available in HOFOR'’s energy management system called
EnergyKey. Data for energy consumption the previous day is made available the next day.
Data is available from 1th. January 2017. The energy meters are read every hour and the

following data is available:

Date and time

Time for reading (UTC time)

Installation number

The id number for installation

Meter number

The id number for the meter, will change if
the meter is replaced

Energy MWh
Volume m3
Duration h
inlet temperature °C
return temperature °C
temperature difference °C
actual power kW
actual flow I/h

forwarded energy*

m>*°C (volume * temperature)

returned energy*

m>*°C (volume * temperature)

Table 1 HOFOR energy meter reading data

*Forwarded and returned energy are only available on some energy meters.
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3. TEST

The test consists of the following: Out of 43 currently active energy meters HOFOR has
selected 5 meters from which DTU must extract data from DMS.

EJENDOMME MED DATAEKSPORT TIL DTU — version: 12. juni 2018

Fra medio juni eksporteres data for
felgende ejendomme tilbage fra 1.
januar 2018 (i det omfang der er

- fjernaflaeste data):

3

- Omrade 2 sendes kun delvis for 7
ejendomme pt, da ikke modtages
stabile data fra alle ejendomme

- Omrade 3A sendes ikke pt, da de
ikke er fjernaflast eller planlagt
fjernaflaest

! ‘.‘ o rd
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- @50kt 2018
““TESTCASE 1, 28. August 2018
Derudover ckap w3, der data for felp milere
faigende udenfor Nordhawn:
——

) & 28 aug. 2018

HOFOR has the 21th of November 2018 chosen 5 different dates for the 5 different
meters:

TESTCASE 1, 28" august 2018
TESTCASE 2, 5th of October 2018
TESTCASE 3, 10th of August 2018
TESTCASE 4, 15th of September 2018
TESTCASE 5, 7th of November 2018
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It is possible to find the 5 test cases specific addresses in a confidential appendix. If you
got approval to see it, you can get access to this document by contacting HOFOR or DTU.

DTU has the 22th of November 2018 returned data in comma-separated values (CSV)
files from the 5 meters on the specific dates.

It must be noted, that “time stamp” in the data export from DMS (energydata.dk) is in
Universal Time Coordinated (UTC), equal to Greenwich Mean Time (GMT) and Zulu time
(2).

The “time stamp” in the data export from EnergyKey is local Danish time, Central
European Time (CET) / Central European Summer Time (CEST), i.e. with daylight offset.
This means that during the summer period, the time in EnergyKey is 2 hours ahead and in
the winter period 1 hour ahead of DMS / energydata.dk time stamp.

TEST CASE 1:
Test case 1, 28" August 2018:

The data below is data from the DTU DMS. The 28™ of August 2018 time stamp 28-08-2018
00:00. 000Z(GMT+00) is the same as HOFOR EnergyKey 28-08-2018 02:00 local time.

Check example: 28-08-2018 01:00 (GMT), Energy:18.494,80 MWh, volumen: 477.015 m3,
inlet temp.: 71,50, return temp.: 38,57, flow 9.000 I/h

timestamp postal code duration energy actual flow temperature difference return temperature actual power wolume inlet temperature
2018-08-28T00:00:00.000Z 18.494,40 9.000 36,12 477.005 71,66
2018-08-28T01:00:00.000Z 16.454 18.494,80 9.000 32,93 38,57 340 477.015 71,50
2018-08-28T02:00:00.000Z 16.455 18.495,30 18.900 28,84 41,43 620 477.027 70,27
2018-08-28T03:00:00.000Z 16.456 18.495,80 19.800 28,92 41,48 660 477.043 70,4
2018-08-28T04:00:00.000Z 16.457 18.496,30 11.700 30,05 40,3 400 477.057 70,35
2018-08-28T05:00:00.000Z 16.458 18.496,70 13.500 28,36 42,63 440 477.071 70,99
2018-08-28T06:00:00.000Z 16.459 18.497,20 21.600 27,37 43,62 670 477.087 70,99
2018-08-28T07:00:00.000Z 16.460 18.498,00 18.900 32,37 37,97 700 477.109 70,34
2018-08-28T08:00:00.000Z 16.461 18.498,50 13.500 33,12 37,34 510 477.123 70,46
2018-08-28T09:00:00.000Z 16.462 18.499,10 9.900 33,22 37,1 370 477.137 70,32
2018-08-28T10:00:00.000Z 16.463 18.499,60 9.900 29,56 40,26 330 477.152 69,82
2018-08-28T11:00:00.000Z 16.464 18.499,90 11.700 30,28 39,45 400 477.159 69,73
2018-08-28T12:00:00.000Z 16.465 18.500,30 10.800 30,89 38,89 380 477.172 69,78
2018-08-28T13:00:00.000Z 16.466 18.500,70 10.800 29,35 40,2 360 477.182 69,55
2018-08-28T14:00:00.000Z 16.467 18.501,00 12.600 28,06 41,59 400 477.193 69,65
2018-08-28T15:00:00.000Z 16.468 18.501,50 13.500 29,06 40,26 450 477.206 69,32
2018-08-28T16:00:00.000Z 16.469 18.501,90 13.500 32,08 41,85 500 477.217 73,93
2018-08-28T17:00:00.000Z 16.470 18.502,30 14.400 30,88 41,4 510 477.228 72,28
2018-08-28T18:00:00.000Z 16.471 18.502,80 12.600 39,99 42,17 580 477.241 82,16
2018-08-28T19:00:00.000Z 16.472 18.503,40 10.800 41,47 42,11 510 477.253 83,58
2018-08-28T20:00:00.000Z 16.473 18.503,90 10.800 41,84 40,22 520 477.265 82,06
2018-08-28T21:00:00.000Z 16.474 18.504,40 9.900 42,6 38,46 480 477.274 81,06
2018-08-28T22:00:00.000Z 16.475 18.504,70 5.400 42,15 38,26 260 477.281 80,41

2018-08-28T23:00:00.000Z 16.476 18.505,10 8.100 41,59 38,59 390 477.288 80,18



EN=RGYLAB
NDRDHAVN

TEST CASE 1:
Test case 1, 28" August 2018:

N
HOFOR

Data from HOFOR EnergyKey — time stamp in EnergyKey is the actual time in Denmark the 28"
of August 2018.

Check example: 28-08-2018 01:00 (GMT), 03:00 (local time), Energy:18.494,80 MWh,

Flow: 477.015,00 m3, inlet temp.: 71,50, return temp.: 38,57, flow 9.000 I/h)

ANsiningadats | Eniipgi  Forvetibet Flowi  Afwaling Timer  Fremlsh  Returlab  Temp. forskel  Aktuel effekt Aktuel Now

26-08-2018 00:00  16.4%1.70 MWk - -~ AT6.986.00 m? ML T 16451000 72,31 *C ¥5.67 *C 36,64 *C A30.00 ki 11.T00.00 Uy
28-08-J018 01:00  16.454,10 MWk - -~ AT5.996,00 m3 43,0 °C 16,452,001 7343 35,66 °C 37,47 *C 430,00 bW 5.500,00 11
28-08-2018 02:00 1549440 MWR - ~= AT7.005,00 m? 18,7 C Bog 71,66 °C 36,12 *C S S 2.000.00 1t
J6-06-2018 03:00  1A.4%4,00 MWk === ATT.015,00 m? HIC 16454001 71,50 °C 38.57 *C 83" HE00 kW #.000,00 11
J8-08-2018 04:00  1A.495.30 MWk - -~ ATT.027,00 m? 158 °C 16455001 T,2T 5C 11,43 *C 38,84 °C 620,00 kW 18.500,00 V1
26-08-2018 05:00 1649560 MWh === A77.043,00 m? 25,9 °C 16,455,001 70,40 °C 41,48 °C 38,92 °C 650,00 ki 1%.800,00 vt
E-06-2018 0600 164520 Mh === ATT.067,00 m? W07 0 16457000 0,35 %0 0,00 "G W05 "C AQE00 kW PE 00,00 1
A6-08-2018 07:00  18.496.70 MWk - == AT7.071.00 m? M6 C 16,458,001 099 5C 42,63 *C 38,36 *C 440,00 kW 13.500,00 i1
26-08-2018 08:00  15.497.20 MWk - -~ ATT.087.00 m? 26,9 °C 16.459.001 70,99 %C i3.62 *C 17,37 *C ET0.00 ki A1.600.00 U
28-08-J018 09:00  16.498,00 MWk = -~ 477.109.00 m3 3,3 °C 16,460,001 70,34 5C 387 C 32,37 *C 700,00 bW 18.800,00 vt
28-08-2018 10:00  16.4%8,50 MWn - «a A77,123.00 m? 1,7 °C 16,461,001 70,46 *C 37,34 °C 13,12 °C 510,00 kW 13,500,00 Lt
28-08-2018 11:00  16.4599,10 MWR - == A477.137,00 m? 3,8 C 16.462,001 7032 % 37,10 *C 13,22 70,00 kW 8.500.00 1
J8-08-7018 12:00  16.4599,.60 MWR - «= ATT.3152,00 m? 87T *C 16463001 69,82 °C 0,76 *C 9,56 °C 330,00 kW 5.500,00 1
A6-08-J018 12:00  16.499,90 MWR === A77.358.00 m? 37,0 *C 16,464,001 £8,71 °C 19,45 °C 30,28 °C 400,00 kW 11.700,00 bt
26-08-3018 14:00  15.500,30 MWh - «= ATT.AT2.00 m? 6,4 °C 16,465,001 63,78 *C 10,89 *C 30,88 *C 150,00 kW 10.800,00
A6-08-2018 15:00  16.500.70 MWk === ATT.I82.00 m? 344 °C 16,465,001 £9,55°C #0,70 *C 3,35 °C 150,00 kW 10.ED0,00 bt
26-08-2018 16:00  18.501,00 MWk - ee ATT.193.00 m? 135 °C 16.467.001 £9,65 °C 41,58 *C IB.06 °C A00.00 kW 12.500,00 Lt
28-DE-7018 17:00  16.501,50 MWk = == AT7.206.00 m3 33,1 °C 16.468,001 £9,32 *C #0,76 *C 19,06 °C A50,00 kW 13.500,00 Vit
28-06-2018 18:00 1650190 MWR - «a A477.217,00 m? 3,3 °C 16,469,001 7393 °C 41,85 °C 32,08 *C 500,00 kW 13.500,00 Lt
J8-08-2018 19:00  16.502,30 MWr - == 477.228,00 m? 3,2 C 16.470,00 ¢ 73,28 °C #1,40°C 30,88 *C 510,00 kW 14.400,00 Lt
28-08-7018 20:00  16.500,80 Mwn = «a ATT.241,00 m? 33,1 °C 16.471,001 B2,16 °C 42,17 *C 39,99 °C 550,00 kW 12.600,00 i1
A6-08-2018 71:00  16.502,40 MWh = == A77.753,00 m? 13,3 *C 16472001 83,58 °C 42,11 *C 41,47 °C 510,00 bW 10.600,00 VT
26.08-3018 22:00  16.503,50 MWk - «a A77.265.00 m? 35,8 °C 16.473,001 82,06 °C 40,22 *C 41,84 °C 520,00 kW 10.800,00 Lt
A6-08-3018 73:00  16.504,40 MWR === A77.274,00 m3 47,8 °C 16474001 81,06 °C 38,46 °C 42,60 *C ABCO0 bW %.800.00 T

DATA FROM THIS CHECK IS APPROVED.
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TEST CASE 2:
Test case 2, 5™ October 2018:

The data below are data from the DTU DMS. The 5" of October 2018 time stamp 05-10-2018
00:00. 000Z(GMT+00) is the same as HOFOR EnergyKey 05-10-2018 02:00 local time.

Check example: 05-10-2018 04:00 (GMT), Energy:2.186,23 MWh, volumen: 50.443,42

m3, inlet temp.: 82, return temp.: 36, flow 590 I/h)

timestamp

2018-10-05T00:00:00.000Z
2018-10-05T01:00:00.000Z
2018-10-05T02:00:00.000Z
2018-10-05T03:00:00.000Z

2018-10-05T05:00:00.000Z
2018-10-05T06:00:00.000Z
2018-10-05T07:00:00.000Z
2018-10-05T08:00:00.000Z
2018-10-05T09:00:00.000Z
2018-10-05T10:00:00.0002
2018-10-05T11:00:00.000Z
2018-10-05T12:00:00.000Z
2018-10-05T13:00:00.000Z
2018-10-05T14:00:00.000Z
2018-10-05T15:00:00.0002
2018-10-05T16:00:00.000Z
2018-10-05T17:00:00.000Z
2018-10-05T18:00:00.000Z
2018-10-05T19:00:00.0002
2018-10-05T20:00:00.000Z
2018-10-05T21:00:00.000Z
2018-10-05T22:00:00.000Z
2018-10-05T23:00:00.000Z

830.0
850,0

48.1
46,5
46,7
451

516
548
52,0
51,7
513
546
52.6

postal code actual flow actual power temperature difference volume

50.440.15
50.440.88
50.441.63
50.442 66

50.444 38
50.445.80
50.447 16
50.447.99
50.448 .94
50.449.60
50.450.27
50.450,98
50.451.66
5045237
50.453.16
50.454.02
50.454 56
50.455 44
50.456,19
50.456.80
50.457 .58
50.458.26
50.458,92

30.151
30.152
30153
30.154

HOFOR

forwarded energy returned energy duration inlet temperature return temperature energy

35 2.186.05
36 2.186,09
36 2.186.13
38 2.186,19

31 2.186,28
28 2.186,37
31 2.186,45
31 2.186,50
31 2.186,56
29 2.186,60
31 2.186.64
31 2.186,69
31 2.186.73
31 2.186,77
30 2.186,82
31 2.186,87
31 2.186,90
29 2.186,96
28 2.187,00
35 2187,04
28 2.187.09
30 2.187.13
30 218717
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TEST CASE 2:
Test case 2, 5" October 2018:

Data from HOFOR EnergyKey — time stamp in EnergyKey is the actual time in Denmark the 5" of
October 2018.

Check example: 05-10-2018 04:00 (GMT), 05-10-2018 06:00 local time, Energy:2.186,23
MWh, volumen: 50.443,42 m3, inlet temp.: 82, return temp.: 36, flow 590 I/h)

AlEsninosdato 4 Eneraj Eorventet Elgw Afkglipe Timer E=misb Beturlsb Izma. forsiel Akiuel efiekt Aktue] fiow |
05-10-2018 00:00 2.165.56 MWk === 50.438.66 m? E0,3°%C 1014200k 83,00 =C J2.00 =C 50,50 =C F5.30 kW E70.00 Lt
05-10-2048 01:00 218501 MWk - = 5043945 m3 50,1 *C 30.150,00 ¢ 83,00 *C 33,00 *C 48,30 °C 40,60 kW 710,00 Lt
05-10-2018 02:00 2.184.05 MW === 50.440,15 m? 48,2 *C 30.151.000n 83,00 *C 15,00 *C 98,10 *C Ve, 10 kW B30, 00 1
05-10-2016 03:00 16600 MW -« 544068 m? 4F,0°C 30.152.00¢ 83,00 *C 36,00 =*C 46,50 *C 45,90 kKW BS0,00 yx
05+-10-2018 04:00 2_186,11 MWH »=w 5044163 m3 47, 0°*C 3015300t 82,00 *C 36,00 *C 46,70 *C 15,80 kW 550,00 |yt
05-10-2008 03:00 2,186,195 MWk --< 50.442 86 m* 47,9 *C 10153400 ¢ 43,00 *C 38,00 *C 45,10 *C 41,50 kw 840,00 VL
05-10-3016 06:00  2.166.23 MWR -== 044342 m? 47,3 *C 3035500 ¢ 82,00 *C 36.00 *C 45,40 *C 31,70 kW 590,00 Lt
05-10-2018 07:00  2.L1B&.25 MWR === 5044438 m? 47,8 *C 3015500t 82,00 *C 31,00 °C 51,60 °C 81,50 kW 1.400,00 K
05-10-2018 06:00 218637 MWh - -~ 5044580 m? 52,6 *C 30157008 83,00 *C 28,00 *C 54,80 *C 182,60 kW 1.7E0.00 Lt
05-10-201R 0R:00  2.1AG.45 MWE == Q44716 m3 51,6 °C 30.158.00 ¢ 83,00 *C 31,00 °C 52,00 *C AR50 kW E10,00 Ut
05-10-2008 L0:00  2.188,50 MW - - - 50.447,55 m? £3,0 C 30.159,00 ¢ 83,00 *C 31,00 *C £1,70 37,50 kw £30,00 yt
05-10-2018 11:00  2.166.56 MwWE - == G0.448.54 m? 53,7 *C 30.160,00 t #2.00 =C 31,00 *C 51,30 °C 52,60 kW B50,00 Lt
05-10-3038 12:00 2,186,560 MWK s = s 5O0.445,60 m3 53,1 *C 30.161,00t 83,00 *C 29,00 =C 54,60 °C AT AD KW 750,00 It
05-10-2018 13:00 2 15864 MWk ==+ 50450 3% m? 52.5%C 10162000 84,00 *C 31,00 *C 52,80 *C 250 kW 530,00 e
05-10-2016 14:00 2.186.60 MWh === 5045058 m? 53,7 *C 30.163.,00 ¢ 83,00 =C 31,00 =*C 51,40 =C 43,30 kW T10.00
05-10-2018 15:00 2.185.73 MWh === 50.451,66 m? 51,2 *C 30.164,00 ¢ 83,00 *C 31,00 *C 51,30 °C 46,20 kW 780,00 U1
05-10-2018 16:00 2.1848.77 MW --- 50.432.37 m* 50,8 *C 30.145.00 ¢ 82,08 *C 31,00 *C 51,10 *C 44,50 kW 60,00 Ut
C5-10-3016 17:00  2.186.82 MW === HATLLE m? 51,80 30.165,00 % 4,00 =C 30,00 =C 53,50 =C STAD KW 230,00 L
05-10-2018 LE:00  2.186.E7 MWR - =+ 50.454,02 m3 52,5°C 3016700t 83,00 *C 31,00 *C 51,60 °C 40,20 kW 570,00 yt
05-10-2018 159:00 2.186.%0 MWk - - - 50.454 56 m? 50,3 *C 30.168.00 ¢ 82,00 *C 31,00 *C 51,80 *C 42,80 kW 720,00 L
05-10-2018 20:00  7.186.55 MWK <= 5045544 m3 53,1 °C 30.169.00¢ 83,00 =C 29,00 =C 53,80 =*C 16,80 kW 750,00 Kt
05-10-2018 21:00 218700 MWh - =~ 5045619 m? 55,0 %C 30.170,00 ¢ 83,00 *C 28,00 *C 55,10 *C 45,30 kW 770,00 4t
05-10-2018 22:00 2.187.04 MWhR - - - 50.458 80 m? 53,6 "C 30.171.00 ¢ 83.00 *C 35,00 *C 48,90 *C 25,10 kW 440,00 It
05-10=2018 23:00  2.187.09% MWh === 50.457.58 m3¥ 53,9 °C 30.172,00 32,00 °C 28.00 *C 54,30 *C 67.10 kW 1.070,00 Ut

DATA FROM THIS CHECK IS APPROVED.
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TEST CASE 3:

Test case 3, 10" of August 2018

The data below are data from the DTU DMS. The 10™ of August 2018 time stamp 10-08-2018
00:00. 000Z (GMT+00) is the same as HOFOR EnergyKey 28-08-2018 02:00 local time.

Check example: 10-08-2018 08:00 (GMT), Energy: 724,67 MWh, volumen: 25924,1 m3,
inlet temp.: 70,94, return temp.: 43,21, flow 264 I/h)

timestamp

2018-08-10T00:00:00.000Z
2018-08-10701:00:00.0002
2018-08-10T02:00:00.0002
2018-08-10T03:00:00.0002
2018-08-10T04:00:00.0002
2018-08-10T05:00:00.000Z
2018-08-10T06:00:00.000Z
2018-08-10T07:00:00.000Z

2018-08-10T09:00:00.0002
2018-08-10710:00:00.0002
2018-08-10711:00:00.0002
2018-08-10712:00:00.0002
2018-08-10713:00:00.0002
2018-08-10714:00:00.0002
2018-08-10T15:00:00.0002
2018-08-10T16:00:00.0002
2018-08-10T17:00:00.000Z
2018-08-10718:00:00.0002
2018-08-10719:00:00.0002
2018-08-10720:00:00.0002
2018-08-10T21:00:00.0002
2018-08-10T22:00:00.0002
2018-08-10T23:00:00.0002

14515 0
0

4008

0

oo oo

oo oo

3984

3984
1584

120
1632

120

postal code duration actual flow energy

724,58
724,59
724,59
724,60
724,60
724,61
724,62
724,64

724,69
724,70
724,70
724,71
72472
72473
724,73
724,75
724,78
724,78
72480
724,82
724,82
724,83
724,83

volume

25920,90
25921,20
25921,30
2592140
2592170
2592210
25922 50
25923,30

25924.50
2592480
2592510
2592540
2592550
25926,00
25926,00
25926,50
2592730
25927 50
25928,00
2592860
25928.60
25923,00
25929,00

66,07
67,72
68,90
67,35
67,22
70,15
69,17
70,91

70,27
70,27
69,95
70,35
72,20
71,67
68,08
72,35
72,45
68,93
71,33
72,30
68,55
71,30
66,89

147232
147233
147234
147234
147236
147237
147239
147243

147248
147249
147251
147252
147252
147255
147255
147257
147260
147261
147263
147266
147266
147268
147268

210218
210220
210221
210221
210223
210226
210229
210235

210243
210245
210248
210250
210250
210254
210254
210258
210263
210265
210268
210273
210273
210276
210276

HOFOR

0

inlet temperature returned energy forwarded energy actual power return temperature

50,49
52,23
47,36
52,07
52,90
51,70
49,96
50,81

49,87
50,75
50,89
50,81
40,61
51,90
51,15
40,27
39,61
4211
43,50
45,80
4535
48,13
46,40
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TEST CASE 3:
Test case 3, 10" of August 2018

Data from HOFOR EnergyKey — time stamp in EnergyKey is the actual time in Denmark the 10"
of August 2018.

Check example: 10-08-2018 08:00 (GMT), 10-08-2018 10:00 local time, Energy: 724,67
MWh, volumen: 25924,1 m3, inlet temp.: 70,94, return temp.: 43,21, flow 264 I/h)

Aflesningsdato & Encrgl Forventet Volumen Alwoling Timer Eremlaty Returleh Temg. forskel Aktuel cffckt Aktucl flow Eremtort encrgi Titbagetort encrgi
10-08-2016 00:00 724,57 MWh +ss 25.920,30 m3 21,5 °C £5.74 *C 46,91 *C 0,00yt 710.214,00 m3<sg 147.229.00 m3=C
10-08-2016 01:00 774,58 Mwh ==~ 25.920,60 m? 8.6 °C == 65,86 *C 9,79 °C i e .00 wnu 210.216,00 m3=*=C 147.230,00 m3<3C
10-08-2016 02:00 724,58 MWh --- 25.920,%0 m? ==~ 14.515,00 ¢ 86,07 *C 50,49 *C 15,58 *C .00 kv 0,00 W 21021800 m3*=C 147.232,00 m¥=2C
10-08-2018 03:00 724,55 MWh = 2B.GL20 28,6 °C iw &7,72%C 5223 %C =i 7 0,00 Yt 210.220,00 m3**C 147.233,00 m¥=4C
10-08-2018 04:00 724,55 MWk - == 25.921,30 m? 88,90 *C 47,36 °C see 1.00B.00 Ut 210.221,00 m2*eC 147.234.00 m***C
10-08-2016 05:00 724,60 MWh =ws I5.§21 40 m3 B6.4 °C asa &7.35 *C 52,07 *C asnm CER 0,00 e 210.221,00 m3*°C 147.234,00 m?=2C
10-08-2016 06:00 724,60 MWh =we 15.921,70 m3 e .- 67,22 *C 52,90 =C “aa = 0,00 ¥ 210.223,00 m3==C 147.236,00 m¥=*C
10-08-2016 07:00 724,61 Mdh === 2582210 m3 H.2°C - 70,15 5C 51,70 5C - --- 0,00 bt 210.226,00 m3=2C 147.237,00 m¥=+*C
iG-08-3018 OB:00 734,462 Mah === 235823 54 m? 5% - a8,1% *C 45,96 *C .- e 6,04 yt 310,235 00 m3==C 147.238,00 m3¥=*C
10-08-2018 09:00 724,84 MWh -~ - 25.923,30 m? 21,8 % - 70,95 ¢ 50,81 *C P - 0,00yt 210,235,000 m3ssE 147.243,00 m3*ag
19-08-2018 $0:00  734.67 MWK - = 25.924,10 W3 Er --- 70.94 °C A43.21°C e .- 264,00 Ut 210.240,00 m3*tC 147,246.00 m3*aC
12-08-2018 11:00 734,68 Mwm -+« 15.924,50 m3 430°C - 0270 42,87 °C ot paE 2,00 i 210.243.00 m3=og 147.245.00 m3*C
10-06-2016 12:00 724,70 M -~ 15.924,80 m? 26,8 °C --- TO2FC 50,75 °C -e- .- Q00N 10.245,00 mI*eC 147.249,00 m3**C
14-08-2018 13:00 724,70 MWh == 25.925.10 m? S T 88,95 *C 50,85 *C SEE o 5,00 W 210248 00 m2**C 147.251.00 m¥=2C
10-08-2018 14:00 724,71 MWh === 25828 40 m* 28,8 *C = 70,35 °C 50,81 *C o i 0,04 210258, 00 m** 4L 147252 00 m¥=*C
10-08-2018 15:00 724,72 Mwh - == 3592550 m3 84,8 5C - 72,20 *%C 10,61 *C v .. 1584,00 it 210.250,00 m3eag 147.253,00 m3*sC
10-08-2018 16:00 724,73 MWh sxs 25.976,00 m3 17,2 °C 71,67 oC 51,90 °C sau 0,00t 210.254,00 m3sog 147.255.00 ma=aC
10-08-2018 17:00 734,73 Mo === 75.92600m3 e atate 68,08 *C $1,15°C EREE 210.254,00 m3*"C 147.235,00 m3=*C
10-06-2016 18:00 724,75 MWh --- 21592650 m? M2°C £ 228 72,35 °C 0,27 “C L 210.258,00 m3*=C 147.257,00 m¥=+C
10-08-2016 19:00 M --~- 2592730 m¥ 323°C Aot 72,45 %C 38,61 %C e == 1.584,00 21026300 m3**C 147.260,00 m¥=*C
10-08-2018 20:00 B Mwn -~ - 25.927,50 m? £8,93 *C 42,11 *C 0,00yt 21026500 m? 147.261,00 m>*aC
10-08-2018 21:00 MWE - = 25.928,00 m? 34 —an 71.334C 13,50 *C san ae 120,00 Wt 210.268.00 m3*oC 147.263.00 m3*aC
10-08-2016 32:00 « 15.925,60 m3 18,7 °C e 7330 %C 45,80 *C ssa £.632,00 Wt 0.273,00 m3=aL 147.266.00 n
10-08-2016 33:00 774,62 Mwh === 25.928,60 m3 e = 68,55 *C 45,35 =C - .- 0,00 b 210.273,00 m3==C 147.266,00 m3=*C

DATA FROM THIS CHECK IS APPROVED.
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TEST CASE 4:
Test case 4, 15" of September 2018

The data below are data from the DTU DMS. The 15" of September 2018 time stamp 15-09-
2018 00:00. 000Z (GMT+00) is the same as HOFOR EnergyKey 15-09-2018 02:00 local time.

Check example: 15-09-2018 14:00 (GMT), Energy: 4.276,91 MWh, volumen: 254.660,11
m3, inlet temp.: 69,35 return temp.: 39,18 flow 1380 I/h)

timestamp postal code volume inlet temperature energy temperature difference forwarded energy returned energy return temperature actual power actual flow
2018-09-15T00:00:00.0002 254.640,80 63,68 427611 29,29 1380
2018-09-15T01:00:00.0002 2564 642 50 67,95 427618 3817 1860
2018-09-15T02:00-00.000Z 264 644 11 66,05 427624 36,45 1920
2018-09-15T03:00:00.000Z 254.645.70 72,95  4.276.31 3142 1200
2018-09-15T04:00:00.0002 254 647,70 72,25 427639 37,57 2280
2016-09-15T05:00:00.0002 254 64941 72,62 427647 37,65 1620
2018-09-15T06:00:00.0002 254.651,00 7212 427654 30,53 1800
2018-09-15T07:00:00.0002 254.653,00 72,55 427662 35,32 1080
2018-09-15T08:00-:00.000Z 264.654.20 7173 427668 38,6 1500
2018-09-15T09:00:00.000Z 254.655.00 708 4.276.71 29.14 480
2018-09-15T10:00:00.0002 254 655,91 70,57 427674 32,52 540
2018-09-15T11:00:00.0002 254.657,00 6942 427679 36,7 1860
2018-09-15T12:00:00.0002 254.658,30 70,12 427684 34,72 120
2018-09-15T13:00:00.000Z 254 658,91 69,25 427686 31,74 900
2018-09-15T15:00:00.000Z 254 661.11 5983 427695 31,57 1680
2018-09-15T16:00:00.0002 254 664,00 71,22 427702 41,46 2400
2018-09-15T17:00:00.0002 254.665,11 70,06 427707 29.7 840
2018-09-15T18:00:00.0002 254 666,80 .74 427715 37,03 2220
2018-09-15T19:00:00.000Z 254 669,50 71,37 427726 38,57 3240
2018-09-15T20:00:00.0002 254.672.11 7135 427736 35,79 1980
2018-09-15T21:00:00.000Z 254 67441 66,5  4.277.44 37,35 2880
2016-09-15T22:00:00.0002 254.676,91 69,77 427754 35,87 2620

2018-09-15T23:00:00.0002 254.679.70 71,73 4.277,65 33,86 2520
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TEST CASE 4:
Test case 4, 15" of September 2018

Data from HOFOR EnergyKey — time stamp in EnergyKey is the actual time in Denmark the 15"
of September 2018.

Check example: 15-09-2018 14:00 (GMT), 15-09-2018 16:00 local time, Energy: 4.276,91
MWh, volumen: 254.660,11 m3, inlet temp.: 69,35, return temp.: 39,18, flow 1.380 I/h)

15-09-2018 0000 4,376,010 MW ==« 25463820 m? 40,0 =C . 7,48 =C 38,51 =C aaa . 100000 Wit
15-09-2018 01100  A4.276,06 MWh --- 25483041 m? 359 °%C H.51300¢t &5.82 *C 34,80 *C 3502 *C 5340 kW 12320048 1
15-09-2018 02:00 4.27&, 11 MWR - == 25484080 m> 0.8 *C - &8 88 *C 29,39 *C - - 1.380,040 It
15-09-2018 03:00 4.276,18 MWH === 254 842 50 m¥F 353 °=C LR 67,895 *C 38,17 °C =am maw 1.860,00 in
15-09-2018 04100 4.376.24 Mk ss= J54.644.01 m3 3,1 °C aea &6.05 =C 36,45 *C saa saa 1.920.00 W
15-09-2018 0500  4.276.31 Mwh - -~ 254.845.70 m* b AR - 7253 *C 31,42 *C = Bt 1.200.04 ¥
15-09-2018 0600 1.276,35 MR === 254,647,700 m> 3.4 =C - T2,25°C 17,525 - = v 2 28084 1n
15-09-2018 0700 4. ITE,AT MWE === JC4 E4G 41 T 40,2 =C - T3,82 *C 37,65 *C - = 1.620,00 It
15-09-2018 0Ri00 4,276,531 MWk === 254,651,000 m3 17,9 °C s 71,13 *C 30,53 °C “a= s 1.600.00
15-09-2018 0300  A4.2T6.62 Mwh --- 25485300 m* 3.4 *C = 7355 *C 352 C = Bt 1,080,900 W
15-09-2015 10:00 1.276,68 MWh ==+ 154,654, 20 m3 42,6 °C - T 73*C 5,60 *C rww e 1,500,050 Wt
15-09-2018 11:00 4,276,711 MWh = =« JI54.555.00 mT A7 °C CE 70,80 *C 298,14 °C e = ABD, a0 B
15-09-2018 12200 427674 MWk ==~ 254.655.91 m? 18,3 *C — T57 =C 31,52 °C < i 840,00 i
15-09-2018 1300 4276, 79 MWR - == 254 857 00 m2 35,5 *C - 85,42 *C 38,70 *C .- - 106000
15-09-2016 14:00 4.276,84 MR ==+ 254 658,30 m¥ 13,0 *C LEE 7013 *C 34,72 °C rww rew 120,00 ¥t

15-09-2018 15:00 4,376,86 Mivh === 254.656.91 m? 8.3 °C e E9,25 °C 5,74 mC s e #00,00 11

15-09-2018 1700  4.376,55 Mwn --~- 25488111 m? 34,4 °C - 55,83 *C 11,57 oC - - 1,880,080 iyt

15-09-2018 18:00 427702 MWh = = e 254 554,00 m3 30,9 =C e F1,323 *C 41,46 *C nam maw 2.400,00 ¥t
15-09-2018 19:00 A.277,07 MWR === J54.565.11 m7¥ 38,6 =C —ht 70,08 *C 9,70 *C - saa 840,00 ¥
15-09-2008 20:00 4,277,105 MW - - = 154.666.60 m? 40,8 *C = Ti.74 =C 37,00 *C e = 2. 230.04 1
15-09-2018 21:00  4.277,26 Mwh - =~ 354 888 50 m* 35.04%C = 71,37 *C 38,57 *C =i = 322000 1t
15-09-2018 2200 4,277,326 MWR === 25467211 m3 33,0 °C - Fi,3A5 35,79 *C - e 1.880,00 i
15-09-2018 73:00 4,377,414 Miyh === 254,674,481 m3 30,0 °C s=a 68,50 *C FAS°C s saa 2.580.00 ¥t

DATA FROM THIS CHECK IS APPROVED.
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TEST CASE 5:
Test case 5, 7™ of November 2018

The data below are data from the DTU DMS. The 7" of November 2018 time stamp 07-11-2018
00:00. 000Z (GMT+00) is the same as HOFOR EnergyKey 07-15-2018 01:00 local time (winter
time).

Check example: 07-11-2018 18:00 (GMT), Energy: 27,62MWh, volumen: 698,41 m3, inlet
temp.: 62,84 return temp.: 35,75, flow 10 I/h)

timestamp postal code forwarded energy returned energy volume actual flow inlet temperature energy return temperature
2018-11-07T00:00:00.000Z 52911 29007 697,95 28 68,37 2761 34,09
2018-11-07T01:00:00.000Z 697.98 14 65,76 27.61 34.53
2018-11-07T02:00:00.000Z 696.01 18 60,83 2761 34.26
2018-11-07T03:00:00.000Z 698,04 10 65,84 2761 36,68
2018-11-07T04:00:00.000Z 698,08 36 68,91 2761 39,31
2018-11-07T05:00:00.0002 698,12 25 68,89 27.61 32,90
2018-11-07T06:00:00.000Z 696,15 14 6595 2762 3442
2018-11-07T07:00:00.000Z 698.21 61 7053 2762 47,46
2018-11-07T08:00:00.000Z 698,23 18 67,27 27,62 34,92
2018-11-07T09:00:00.000Z 698.26 14 65,53 27.62 33.70
2018-11-07T10:00:00.000Z 698,27 14 66,14 2762 33.86
2018-11-07T11:00:00.000Z 698,30 10 70,00 2762 47.40
2018-11-07T12:00:00.000Z 698,30 18 46,83 27,62 38.73
2018-11-07T13:00:00.000Z 698,31 0 4473 27862 36.58
2018-11-07T14:00:00.0002 698.33 18 64,05 2762 35,53
2018-11-07T15:00:00.000Z 696,35 14 63,01 2762 35,62
2018-11-07T16:00:00.000Z 698,37 36 65,14 2762 46,51
2018-11-07T17:00:00.000Z 698,39 14 60,05 2762 3465
2018-11-07T19:00:00.000Z 696.43 0 6342 2762 35,58
2018-11-07T20:00:00.000Z 696,44 0 64 65 2762 26,41
2018-11-07T21:00:00.000Z 698,46 0 66,91 2763 32,03
2018-11-07T22:00:00.0002 698.49 14 68,19  27.63 32.86
2018-11-07T23:00:00.0002 698,51 28 68,54 27,63 42,27
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TEST CASE 5:
Test case 5, 7™ of November 2018

Data from HOFOR EnergyKey — time stamp in EnergyKey is the actual time in Denmark the 7™ of
November 2018.

Check example: 07-11-2018 18:00 (GMT), 15-09-2018 19:00 local time, Energy: 27,62
MWh, volumen: 698,41m3, inlet temp.: 62,84, return temp.: 35,75, flow 10,00 I/h)

07-11-2018 00:00 37,40 HMwn v 657,92 m* . .. 65,64 *C 47,08 *C - - 18,00 't
07-11-2018 01:00 27,81 HWh == £57,95 m? ERAMC 27.EF1I000E 68,37 oC 34,05 °C 0,00 ¢ 0,00 kW 28,00 it
07-11-2016 02100 27,61 Mwn 657,58 m* 26,6 *C 65,76 *C 34,53 %C —e 14,00 ¥t
07-11-2018 03:00 27,61 Hwn .- &58,01 m* 26,8 *C - £0,83 *C 34,28 *C E -es 18,00 it
07-11-2018 O4:00 3741 Hwn ae 650,04 m* 1A _-- 45,84 oC 36,88 *C - - 10,00
07-11-2018 05:00 27,81 MW .- 56,08 m3 21,5 ¢ - 68,91 *C 35,31 *C e - 35,00 it
07-11-2018 0600 27,81 Mwn .- 458,12 m* 43,1 ¢ .- &8,69 *C 32,80 “C - .- 2E,00 Kt
67-11-2018 67100 27 &1 MW . 50,15 m* L .- &5 55 o 34,42 ¢ - . 14,00 it
07-11-2018 OB:00 27,62 HWwh .- 650,21 m* 8,6 *C .- 70,51 °C 47,48 *C .- .- #1,00 it
07-11-2018 05:00 27,82 MW .- 56,21 m? 43,0 *¢ .- 67,27 *C 3,92 *C .- .- 18,00 it
07-11-2008 10:00 27,42 Mwn 58,28 m* 15,8 *C 45,83 5c 33,70 ¢ - 14,00 it
07-11-2018 11:00 27,62 MW 50,27 m2 - 64,14 °C 11,88 *C - 14,00 Wt
O7-11-2018 12:00 27,82 Hwn .- 50,30 m* 28,8 *C .- 70,00 *C 47,40 *C ... .- 10,00 it
07-11-2018 13:00 27,82 MW .- &58,30 m? .- .- A6, 83 *C 38,73 *C .- - 18,00 it
O7-11-2008 14:00 2742 MWh e &508,31 m* 1. m o 44,73 *C 38,58 *C e .- 4,00 bt
07-11-2018 15:00 27,62 Mwn .- 650,31 m* 43,0 *C .- 84,05 *C 31553 *C .- .- 18,00 it
O7-11-2018 16:00 27,42 Hwn 50,35 m* --- 63,01 *c 35,62 ¢ --- 14,00 it
07-11-2018 17:00 27,82 Mwn .- 28,37 m* 41,2 %¢ .- 65,14 3¢ 48,51 *C .- - 35,00 yt
07-11-2018 16:00 27,62 Mwh .- 58,35 m? 43,0 *C .- 60,05 *C 3,65 C EER .- 14,00 it
[pumsien vawn o esiw o o eme wme oo o wen]
O7-11-2018 20:00 27,62 MWh - &50,47 m? 43,0 *C --- 63,42 ¢ 15,58 *C - .- .00 it
07-11-2018 21:00 27,62 MWwh .- 58,44 m? .- - 64,85 =C 26,41 °C .- - 0,00 Kt
07-11-2018 22:00 27,63 Mwh .- 56,46 m? 43,0 *C .- 66,51 *C 32,03 *C ... .- 0,00 Kt
07-11-2018 23:00 27,83 Mwn .- 58,48 m? 28,8 *C .- 8,18 *C 32,88 =C .- - 14,00 it

DATA FROM THIS CHECK IS APPROVED.
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PRESSURE MEASUREMENTS.

Besides the energy meters HOFOR also deliver data for pressure in the district heating
network. At present HOFOR can not send pressure data automatically via the sFTP
server. HOFOR is therefore delivering data on request via the sFTP server manually. DTU
access the data on the sFTP server and send the data directly to the Master Student or
Ph.D./P.D. directly in the below format:

Aflzesningsdato Vaerdi [bar] Kommentar Status Info Meodtaget Zndret  Gyldig
31-12-2018 23:45 5,02 Godkendt 01-01-2019 01:46 Ja
31-12-2018 23:30 5,27 Godkendt 01-01-2015 01:46 Ja
31-12-2018 23:15 5,27 Godkendt 01-01-2019 01:46 Ja
31-12-2018 23:00 5,15 Godkendt 01-01-2019 01:46 Ja
31-12-2018 22:45 5,15 Godkendt 01-01-2019 01:46 Ja
31-12-2018 22:30 5,15 Godkendt 01-01-2019 01:46 Ja
31-12-2018 22:15 5,39 Godkendt 01-01-2019 01:46 Ja
31-12-2018 22:00 5,15 Godkendt 01-01-2019 01:46 Ja
31-12-2018 21:45 5,15 Godkendt 01-01-2015 01:46 Ja
31-12-2013 21:30 4,9 Godkendt 01-01-2019 01:46 Ja
31-12-2018 21:15 5,15 Godkendt 01-01-2015 01:46 Ja
31-12-2013 21:00 5,15 Godkendt 01-01-2019 01:46 Ja
31-12-2018 20:45 5,02 Godkendt 01-01-2019 01:46 Ja
31-12-2013 20:30 4,9 Godkendt 01-01-2019 01:46 Ja
31-12-2018 20:15 5,15 Godkendt 01-01-2019 01:46 Ja
31-12-2018 20:00 515 Godkendt 01-01-2019 01:46 Ja
31-12-2018 19:45 5,15 Godkendt 01-01-2019 01:46 Ja
31-12-2018 19:30 4,9 Godkendt 01-01-2015 01:46 Ja
31-12-2018 19:15 5,02 Godkendt 01-01-2019 01:46 Ja
31-12-2018 15:00 5,15 Godkendt 01-01-2015 01:46 Ja
31-12-2018 18:45 4,78 Godkendt 01-01-2019 01:46 Ja
31-12-2018 13:30 4,9 Godkendt 01-01-2015 01:46 Ja
31-12-2013 18:15 4,9 Godkendt 01-01-2019 01:46 Ja
31-12-2018 18:00 4,78 Godkendt 01-01-2019 01:46 Ja
31-12-2018 17:45 5,02 Godkendt 01-01-2019 01:46 Ja
31-12-2018 17:30 5,02 Godkendt 01-01-2019 01:46 Ja
31-12-2018 17:15 4,66 Godkendt 01-01-2015 01:46 Ja
31-12-2018 17:00 5,02 Godkendt 01-01-2019 01:46 Ja
31-12-2018 16:45 5,02 Godkendt 01-01-2015 01:46 Ja
31-12-2013 16:30 4,9 Godkendt 01-01-2019 01:46 Ja

In this case there is nothing to test because the data-file is sent directly to the
energy management system server.
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4. Conclusion

For the SAT approximately 10 percent of the HOFOR energy meters in ELN have been
selected and testet with a wide range of measurement points.

The SAT has proven that the automated energy meter readings are validated and that the
data transfer from HOFOR's energy management system to DTU’s DMS is working
according to the requirements of ELN.
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