CHALMERS

UNIVERSITY OF TECHNOLOGY

Energy in supermarkets

-Our current research and a brief outlook

Tommie Mansson

Doctoral Student

Department of Architecture and Civil Engineering
Divison of Building Technology

+46(0)31 7721976



CHALMERS

UNIVERSITY OF TECHNOLOGY

Agenda

* Intro — Tommie
* Intro - What is a supermarket?
* Project — SensorHolder

* Project — Energy Forecasting and
Door openings

AP NN

e

* Outlook, questions and discussion



CHALMERS

UNIVERSITY OF TECHNOLOGY

Energy in supermarkets

-Our current research and a brief outlook

Tommie Mansson

Doctoral Student

Department of Architecture and Civil Engineering
Divison of Building Technology

+46(0)31 7721976



CHALMERS

UNIVERSITY OF TECHNOLOGY

Check out

Produce

Refrigerated / Frozen
Bakery / Café
Delicacies

Drygoods
Other




CHALMERS

UNIVERSITY OF TECHNOLOGY

[KWh/m?]

Energy demand
ol
(-

10/2/17

mHeating,
wmAuxilary
B Lighting

1990

Hot water

Chalmers

2009

mAir conditioning
Fans
W Refrigeration



CHALMERS

UNIVERSITY OF TECHNOLOGY

100 ~
QlowT

80 QMediumT
< Qother
—
® 60 -
=
@)
o
8 40}
©
o
= og L

O | | | | | | | |

0 1000 2000 3000 4000 5000 6000 7000 8000



CHALMERS

UNIVERSITY OF TECHNOLOGY

Electrical power [KW]

100

80

60

40

20

0

= Medium T
Other

Mon Tue Wed Thu Fri Sat  Sun

\/\//\/\’\f\/\f \/«/\w/\\/xﬁ/ M\\_ﬂ/\/ \v«/\/\/ﬂf\w \/M/\\J LA/

WA A N N A AN N A A A

| | | | | | | | |

1780 1800 1820 1840 1860 1880 1900 1920 1940
Time [h]




CHALMERS

UNIVERSITY OF TECHNOLOGY

Cemsres

Bulairg

Crugrn P'lw!l |Mvnqv\ cma.l

IG:n:n h"rc-l

I Ertneon l |&:‘a‘9l‘nul:¢-

or,



CHALMERS

UNIVERSITY OF TECHNOLOGY

v

Centralised

"y

Refrigeration

De-centralised RDC




CHALMERS

UNIVERSITY OF TECHNOLOGY

Descentralized open RDC

.i Conduciian |

| Radiation |

‘m

L%—’@_:

Cass

Cabines walls

[ |

Centralized RDC]

=
Control system

| Refrigeration |

moand



CHALMERS

UNIVERSITY OF TECHNOLOGY

Measured values Computed values Part of control system

—— Signals - =~ Refrigerant



CHALMERS

UNIVERSITY OF TECHNOLOGY

120 v o 280
o %  Carrier
__ 100 O  Armeg
E
E ] * *
:‘g’
o
<. Y —
% Y V
Y —
5 ' 279
 A— 1 ak *g_% a . i ; R
— 0 100 120 140 160 180 200
- Position [mm]

278



« = Tg.¢: Set point temperature

Tra: Return air temperature

= === Tp4: Discharge air temperature

_—
—
| =
- -
| _ .ll&ni'
I3
— tMV'.
%
¥
* il
o
=
ez
r)
| Py -5
-
P
| =2
et
| Iumw
.
= =
I -lqu
L ———
camaTT oW
I -
. e=Aa
——z=
| =335
P —
: Pt
! X
——
==
I — -
-,
. — ST
JMLJlI
| i P
. = -
=23
= —_
S
. “l\l
| . PN
. "‘
s
g =P
| L
. ——slE
0 e S
I
= Ty
iy
! Ill..-...“\lll e
g —
-
| L
l\lll”l[

1464

1098

549

366

>
S
o
'l
o
z
I
[$)
w
-
'S
o
>
E
7]
o
w
2
=z
=]

7))
14
L
p
-
g
L
O

[Do] @amyeradway,

1281

915

183

Time [h]



CHALMERS

0.6
— — Before
0.5
— \ After
E 0.4 \
S 031 \
S \
S 02
& \
0.1} \
AN
0 ' ' = —
7 10 11 12 13
- [kW]

Electricity



CHALMERS

UNIVERSITY OF TECHNOLOGY

Q
@ Climate-KIC

B_TA SERVICES INNOVATIONS ABOUT NEWS & EVENTS DOWNLOADS j \ Bu“ding SOIUtionS SerViceS
Building Technologies Accelerator Engage with us What we do Who we are What's going on Find out More s r Cooling Germany GmbH

News & Events

Latest news

Upcoming events

How some smart guys cool down the energy
consumption in supermarkets

19 April 2017

Refrigeration is one of the main drivers in sup kets energy c Ju almost 50 % of the total.
Almost 10 years ago, 2 guys started to ask q ions about this ¢ ption: How do you deal with
internal heat within a supermarket? How much is this amount of heat? Where is the energy wasted and
how could this be ch. d? This genuine i was the start of a unique relationship between York
0O ver, at that time postdoc at ETH Ziirich, his team and the REWE supermarket chain in Northern
Germany.

10/2/17 Chalmers
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Collaboration with ICT

- Energy forecasting model

» Track the opening of doors
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Collaboration with ICT

- Energy forecasting model

* Track the opening of doors
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’ Bluetooth low energy BLE + Sub-1 GHz 6LOWPAN ZigBee “
- $29 $29 $29 $29 $39

Price

Battery type

Connects to
Internet

BLE Beacon
support

DevPack support

Mesh network

Range

Max number of
devices

Battery lifetime*

User Interface

Coin cell

Smartphone

50m / 150ft

1 year (1 second report
interval)

App

Buy now

Coin cell

Smartphone

100m/300ft(Bluetooth), 2
km(Sub-1GHz)

1 year (1 second report
interval)

App

Buy now

Coin cell

BeagleBone gateway

100m / 300ft
(extended with mesh
network)

200

1 year (1 second report
interval)

App, Web

Coin cell

BeagleBone gateway

100m / 300ft
(extended with mesh
network)

200

1 year (1 second report
interval)

App, Web

Buy now

AAA

Directly

100m / 300ft

64, varies by Wi-Fi router

3 months (1 minute update
interval)

App
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Message

= : fF2 Meetin =, O . s f e ¥
= mdt‘f o e e e S =" a0 & e . F
= Bl FUaC.odta Trom Oqf,?,?,en"?,g‘f,f’ Y ward IL' Attachment Move Junk Rules Read/Unread Categorize Follow
‘;:_, o All Up
-F e ®e Firstdata from door opening study ilders. Thes
~
8 4. O Christiat
[ Tuesdav R ATTANEFIOTT AP D730
i X A To: O
- Cc: @
o
c Hej Adones.
= ky !uploaded all data that | copied manually at the store to the . You will find some unnamed pictures in the folders. These are screenshots to show the original “last edit dates” of the files on the
N beaglebones. f the beagl
=8
[  Tosummarize my observations: able to ch;
i - Beaglebone nr. 3 was very slow ... losing connection all the time. The paloadad d OX) is not complete due to that.

- Beaglebone nr. 13 showed up, but connection could not be establishgld. No data.

= - Beaglebone nr. 6 and nr. 12 did not show up at all, saying they lost connection to the route

= RE - __Loushed the ON button on some sensors. One LED started blinkine, manv of them did not ual downlc
L
2 | -I 3 sensors that we placed on the entrance doors are missing. (I have not had the chance to talk to the market manager to check if he removed them.) I ta of 2 me:
= Re - Most data files had the “last edit date” August 5“, but all at different fimes (hh:mm, check screenshots) which indicates to me it was not a power loss of the beaglebones that made them stop reporting.
» 5 Te - It could be the battery of the sensor itself. If so, it worked for approx. 2 days ... we definitely need another (more power saving) setting since | will not be able to change batteries that often ... especially if we then have to run the same attery.
= m registration process we had to do on 31 of July — it took more than 4 hours.
= - |l could not measure the batteries since | did not bring a voltmeter. | hope you can read out a potential voltage drop in the log files.
i - Intotal the approx. 2 days of measuring created about 1,900 files with a total size of 1.4 GB which would lead to approx. 21 GB per month.
= - The remote access to the routers and from there to the beaglebones still seems to be a problem that does not allow remote download of data. The manual download at the store took 1.5 h due to connection problems to some of the 12
ot beaglebones. If the connection can be established fast, it will take approx. 6 min per beaglebone to download data of 2 measurement days.
= Sen

= Arkiv  Please check the data and let us then decide how to move on. First thing to do might be to look into a “wake up when moved function” for the sensors to save battery.
Who will buy new batteries in case | have to replace them?

Utka¢  Best regards,
Christian

Laser Zentrum Hannover e.V.
o o
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Revise and collect new data

- Save energy...

« Communication
« ZigBee®/6LoWPAN /Bluetooth

« What to measure?
« Lost sensors...
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Outlook

* Forecast the energy demand
 Time
- Sales
- Parking lot

. 227



CHALMERS

UNIVERSITY OF TECHNOLOGY

SOLD REFRIGERATED GOODS

2000
1800
1600
1400

1200

sold items
® o
o (e ]
o o

400

O I Y \.l_ DD BB OB D G ] I

KI =3 ' Hl -------- cER2R&N ’ -------
J o oo v J
= B 13 =] S = y

16-08-16  16-08-17  16-08-18  16-08-19  16-08-20

'l |




CHALMERS

UNIVERSITY OF TECHNOLOGY

GRAPHIC | TABLE | TRACKALLOCATIONS |

FRIGODATA

ONLINE DEVICE  Addr.- DOB - HKS (FRICOTAKT+ TK KST.1)
SIGNALS' 4 2.14.15 TK-Schrank 3 Yeldndo AF S0-390.ABL ecub piiot module (3)

gk rodiae (3] wclusl vl [CFTIPE]
cilet medule (31 Misc. To 1€

W G2 pilcn ke (] dekoRing

15/09/2017

KW

Month  CM

it modute (3) - dhatront it €1
pilct moduin 13)- To wft £

M (0 pilck b [0]- cartenl wiatm

16/09/2017

17/09/2017

et mocie (3] aupely wit 6]
wetooint P'C)

1 061 co0m A60F OPANIGNA 165ati0h 0t

18/09/2017

19/09/2017

20/09/2017

— ot modube [3)- reboars wh PCY
$1: 060t madule 13)  ecaling

21/09/2017

10/2/17

Chalmers

37



CHALMERS

UNIVERSITY OF TECHNOLOGY

FRIGODATA

OAGNCSTICS | CHARACTERIST)

ONLINE L et oo dotsof o dvicos [ Disolay i o wiow | owadvew®

REWE WETTBERGEN WRG/WP & KLIMA UNIT FA. TSCHRITTER (MVL, ADR.16)

DAGNOSTICS

ifecmnEEOCOOCOR:innEpEDEEE

MULTIGATE: R Hatcmse Worormen
RCE (FT+ NICTANK2 KST 1)

S (FRIGOTAKT « NK2 KST.2)

1G5 (FRIGOTAKT« NK1 KST2)

K5 (FRIGOTAKT+ NK2 KST.3)

K5 (FRIGOTAKT TK KST 1)

K5 (FRIGOTAKTs TKKST2)

MYV (NKI-VERBUND FT+)

V1 (NK24 TK-VERBUND FT+)

HVV (WPIAC-VERBUND)

DIN-XP Dighaien Eingangamendul, N<-Ackage, 18fach
OIN-XP Digrales Engangamodul ACMWP - Aclego 18lach
VL (WROANP & KLIMA UNIT)

DOCXP Con-Truhen 14

DOCKE Pras-Truhen 14

COC-XP Prsn Trohen $48 1112

OGP Pigs-Truan 7:10

0OC-XP Kisekinchank

AHC XP-Karierhez BHardaut TK

camox

1K Daiding eqvsment)

1S (Eremy maragement)

PICEXP Eekoro gesan, Wasser FF

PICEXP Massung Wassor Wirme

Munterer REWE Manmover Wernesgon

CIN-XP S12e- una Barwdsmeizungen

PROTOCOL FROM 21/00:2017 06:29:43 (210872017 01:03:14) =5

REOELISTWES  GELSOLLWES

Ta OK zum ASsaupen. @

222R1Te 91°C  Ta Ok 2um Absaupen.  20°C

Frigecata Oriine

222K1_10.2.9_OWV VF1

222K2 1032 AV VF1 Mysrese: 40K 22202 V103225 222K2 V1032 schbe
22263_10.4.1_8V VF1 NK Vertuna OK. )
UnznkvBoe @
Ta O 2um Azeaugen. bl
Orusse 2y hoeh: L
22281 _Pe V1 550 bar
Sodwort. 200 bar
VERPLOSSIGER W BED. V1032V BED. V1034 2V W5 BED.VIOAZAUP W STORUNG -
2231 1033 DLV VF2: V1036 mett A V0332w 2301V 20 22361 V10.3.) sehie:
Q1034 FLVVF: 22201V 1 2w 22302VI034 20 223K2 V1034 sohie
2233 _1042 8V VP2 22202V1032 20 NK Veorbund OK
Ohitz NS VB OK

Sdwet  00°C 22201 V1021 2u 22261 V1021 achie:

12 OK Jum Atasugen
Orux 2u hoch
231 PV 54 bar

Sodwon: 200 bar

00ee

S

22771 Schab POWP. Q.00 %
2771 $W e °
206 SN WRG

22961 SW WRG WP

M 91°C Zmim 90°C kere AL WP, @ 72701 Art Hetzmn
P fara 150K

rT———

2

2241 V1025 Avetau: 100,00 %

Z2481_Pe VI 5400 SV 650%ar
SW obare. Begr. 850 bar

P TIT T —r—

72781 PV 540000 Sotwwrt 11,00 8¢ oukok @
Myssoss: 1,00 bor 22401 At Wezan

IRV Q0%
2262 Litae WPY
22001 i WPT. B00%

o m GELSOLLWERT 5% D, FREXG = D . BE GED. 1 AWK WP S GED. LOFTERGW  SE STORUNG
)

Oteetezug Gowerng 60K Torporecht. @ kews Frug W1
Moe MOP 100K  NKWPWDdOK @ Tranem To dule
220RA Austias Otahzung min: 05K Ablaueng WP1 inaka o Teanam. Ta Gatess
220R2 Avsavy 22684 Austias: 400 °C 1, At WP1 o Osorhizzung min
22781 To WP Actmogtze WPt atge: @
226R1 Ta WP EEV. 22702 Ant. WP
2602L0mee 0K Q

226(1 Abmusn WP
Aty s
Umitabtauung.

2

22301 V1033 U
2002 V1034 v

T W Vergampsor
2 WO Verdamgler

Frog WPt
Urbisttanng
202 L% Q@

IGELISTWE m""" 2 WS BED. ABTAUEN WS BED. ABTAU AUS. W BED. 226K) ABTAUENW B8 STORUNG 2

Irtorat 4n Abops WP2otgem: @ maxZotHeages
260 Abau. 80°C mieevat (zerchre Tomo, emeich:
Eostaung: 20 min Zex Ut abgsaut

Nmin
Agroplzet 3 min

AL

RTZEEVWPZ 000 %

21 Lt WP 000%

Aneaaurg s
Ekroozuing

W BED. 1 AN WP2
e

1 WP Verdomgler
2 WP Verdamplor

22741 Attausn W2
Abtidang sk

Umistabruung

UNGAUS SE  BED. 227KI AUTAVEN)

Oborbizung 115K (o er—— Terpovocht @ e Frog WP
MOP 39°C WP 100 VBWPUotund OK @ Teaes. To dolekt
TR Asstios. 85°C Oberterurg min 05K AawngW?eaise @ Tracs. T3 cotenc
TRz Ay TEC 20Ra Antiss 200°C 3. At WE on Otermerung mn
M W 39°C Asogeren WEatge. @
2R A WP2EEY.  78°C 22702 At WP
Z2000 Luter OK. @
o

Irtorvat &h Attopted WP1 abge
A 80°C
Ecooauung: 70 me

20t Dekroatiaving

Addaurg s
Clekroatiauiny

Aztazer Goerserer

W% BED. LOFTEREN W
. WP2.

Urbsbtaarg
o3 Lok @

Astanzer Goarechv

Lifer W1

Lifer WP2.

10/2/17

Chalmers

38



CHALMERS

UNIVERSITY OF TECHNOLOGY

Conclusion

« “Humongous” amounts of data

* Forecast energy demand.
* Predict what?

e Need of ICT collaborations
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What to do with all this?
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Questions? —fes) | L Bl




