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1. Determining the theoretical number of batteries for the flowmeter and its impact in two years

a) Obtaining the maximal size of the LoRa packet
By considering a spreading factor of 7, a bandwidth of 125 kHz, a preamble of 8 symbols (), a maximal frame payload () of 242 Bytes of sensor data application (according to the unfavorable scenario for the case study, presented in section 3), and all the additional headers and footers of a typical LoRa frame (including the Headers and Footers in the physical layer (), the MAC layer () and the Header of the application layer ()), the maximal size of a LoRa packet is 282 bytes[footnoteRef:1], as showed below. [1:  Based on a typical LoRa frame format as that one illustrated by Montagny, S. [1]] 

	


b) Obtaining  and  (LoRa module)
By considering equation 2, the maximal size of a LoRa packet (282 bytes or 2256 bits), one transmission event every 3 minutes (or 180 seconds) and the maximal bitrate capacity of the LoRa transceiver (in bits per second) of the flowmeter in a bandwidth of 125 kHz and a spreading factor of 7, the value of  is 0,41 seconds (or 1,14  10-4 hours), and the value of  is 179,59 seconds (or 4,98  10-2 hours) as it is showed below.
		;	

c) Obtaining the battery depletion factors for the transmission and sleeping modes (, )
By considering the nominal capacity of a 9V PP3-typed battery (1200 mAh), a performance rate of the battery of 95%, the current consumption of the LoRa transceiver in transmission mode (44,5 mA) and in sleeping mode (0,0016 mA), the value of  and  is 1 battery/25,6 hours and 1 battery/712500 hours respectively, as it is showed below.



d) Obtaining the theoretical number of batteries for the flowmeter in two years ()
By considering equation 1, the values of  and  obtained above (in hours), and a total LoRa transmission events () of 350333 (in two years), the theoretical number of batteries used by the flowmeter in two years is 2 as it is showed below.


e) Obtaining the environmental impact of the reference flow of the flowmeter
If producing 1 kg of 9V 3PP-type sized batteries generates 6,7576 Kg CO2-eq[footnoteRef:2], the impact of producing one 6-cell-typed 9V battery (whose typical weights around 33,9 grams or 3,39 × 10-2 Kg) is 0,229 Kg CO2-eq. Consequently, the impact of the reference flow of the flowmeter (2 batteries) is 0,458 Kg CO2-eq. [2:  According to the Global Warming impact for the process “battery cell production, Li-ion, RoW”, provided by the CML-IA 2001 (a100) LCIA methodology.] 


2. Determining the theoretical data volume, reference flows, and associated impact of the internet and cloud infrastructures

a) Determining the packet size of a HTTP POST request
By assuming a maximal payload of 1410 Bytes (which is equivalent to 5 LoRa packets accumulated in 15 minutes), a maximal 802.11 header format of 30 bytes[footnoteRef:3]; and a maximal IP header format of 20 bytes and a maximal TCP header format of 20 bytes[footnoteRef:4], the packet size of a HTTP POST request (for the regular operational mode) is 1480 bytes as it is showed below [3:  Based on a typical 802.11 header format as that one illustrated by Gast, M. [2]]  [4:  Based on a typical IP and TCP header formats as those ones illustrated by Sanders, C. [3]] 



b) Determining the packet traffic of the case study
By considering a connection-oriented communication (TCP/IP) between the gateway and the cloud server, and between the smartphone and the gateway, figure A1 shows the assumed packet traffic for the regular and consultation operational modes.
[image: ]
Fig. A1 TCP/IP packets (horizontal arrows) flowing in a single transmission between an edge device (flowmeter or smartphone) and the cloud server.
At the top of figure A1, the TCP/IP three-way handshake mechanism is showed (composed of 3 empty TCP/IP packets, each of 70 bytes including only respective flags in headers; and TCP, IP and 802.11 protocol overheads). In the middle, one observes the packets sent to the cloud server (a typical HTTP POST request, within the regular operation mode of the IoT system; or a HTTP GET request from a smartphone to the cloud server, within the consultation operational mode). At the bottom, the TCP teardown mechanism is showed (composed of 4 empty TCP/IP packets, each of 70 bytes including only respective flags in headers and TCP, IP and 802.11 protocol overheads). We assumed a minimal payload of one byte for the HTTP GET requests and respectively responses, with a maximal protocol overhead (70 bytes). Vertical arrows show the sequence for stablishing and closing connections.

c) Determining the data volume circulating in the internet and cloud infrastructures
By taking into account the packet traffic showed and described in the part b above, a total number of transmission events of 70066 for the regular operational mode, a total number of transmission events of 17520 for the consultation operational mode, and the hypothetical size of every type of packets (see table A1 below), the total internet traffic of the case study amounts to 0,1434 GB in two years.




	Operational mode
	Packet type
	Packets
	Size packet
(bytes)
	in 70066 
transmissions (bytes)
	in 17520
transmissions (bytes)
	Total (GB)

	Regular
	TCP (three-way handshake)
	3
	70
	14713860
	 
	0,1331

	
	HTTP post request
	1
	1480
	103697680
	
	

	
	TCP Ack
	1
	70
	4904620
	
	

	
	TCP (teardown) 
	4
	70
	19618480
	
	

	Consultation
	TCP (three-way handshake)
	3
	70
	 
	3679200
	0,0103

	
	HTTP GET request
	1
	71
	
	1243920
	

	
	HTTP reponse
	1
	71
	
	1243920
	

	
	TCP (teardown) 
	4
	70
	
	4905600
	

	
	
	
	
	
	
	0,1434


Table A1 Data volume circulating in the internet and cloud infrastructures

d) Obtaining the reference flow and the associated impact of the data volume circulating in the internet and cloud resources 
by considering the data volume in table A1, and the electricity intensity of 0,15 kWh/GB[footnoteRef:5] for the internet use and 0,14 kWh/GB[footnoteRef:6] for the clod server use, the reference flow of the internet networks and cloud server (in terms of energy) is 0,0215 kWh and 0,02 kWh respectively, as it is showed below. [5:  The median between the proposed energy intensity ratios found in Malmodin, J. et al. [4] and Krug, L. et al. [5].]  [6:  Proposed by Andrae, A. S., & Edler, T. [6], who collected and analyzed several works oriented to estimate the energy needs of data centers.] 

		

In this way, the impact of the internet infrastructure is 0,017 Kg CO2-eq and the impact of the cloud server is 0,016 Kg CO2-eq (assuming that 1 kWh in a global electricity mix generates 0,7749 Kg CO2-eq[footnoteRef:7]). [7:  According to the Global Warming impact for the process “market group for electricity, medium voltage, GLO”, provided by the CML-IA (a100) LCIA methodology.] 


3. Determining the reference flow and impact of the smartphone during two years
By assuming that the user turns on the WiFi module during one minute to execute a online consultation hourly (which amount to 292 hours in two years), and by considering the power consumption of the WiFi module in transmission mode (1,62 × 10-3 kW), in receiving mode (1,375 × 10-3 kW), and a performance rate of the battery of 95%; the total energy consumption of the smartphone for sending HTTP GET request to the cloud server is 0,501 kWh and for receiving water consumptions stats is 0,423 kWh, as it is showed below.
		;	
In this way, the aggregated impact of the smartphone in two years is 0,045 Kg CO2-eq (assuming that 1 kWh in a French electricity mix generates 4,89 × 10-2 Kg CO2-eq[footnoteRef:8]). [8:  According to the Global Warming impact for the process “market group for electricity, medium voltage, FR”, provided by the CML-IA (a100) LCIA methodology.] 


4. Packet analysis of sniffer A (local data traffic between the flowmeter and the gateway)
Figure A2 shows a sample of the local data traffic between the flowmeter and the gateway, captured by the sniffer A during 1 hour (from 21h06 to 22h06, in minute resolution).
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Fig. A2 LoRa traffic between the flowmeter and the gateway (excluding UDP headers). Each point represents the aggregated data size of LoRa transmissions in one minute.
The table A2 shows the LoRa transmissions tracked for the sample of figure A2. The data traffic happens in the 868.1 frequency channel. The IP source 172.17.0.2 correspond to the Docker instance that runs our GNU-radio implementation and the IP destination 172.17.0.1 correspond to the IP addresses of the localhost that runs the Wireshark instance. For facilitating the visualization, a filter in the latter is applied, so that only UDP packets containing the data application of the case study are showed. The actual data application (the LoRa packet without the UDP headers) is show in the “Info” column (Len = X bytes). The total size of LoRa packets is obtained from the sum of the individual transmissions in minute resolution. For example, the first two packets happening on 21:06:18 and 21:06:18 are consider a complete LoRa packet whose size is 57 Bytes (28 Bytes + 29 Bytes). In this sense, the complete LoRa packets are highlighted in alternate tones. 
	[bookmark: RANGE!A1:F42]capture
time
	Source
	Destination
	Protocol
	Length
	Info

	21:06:18
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:06:18
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:09:14
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:09:14
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:12:12
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:12:12
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:15:17
	172.17.0.2
	172.17.0.1
	UDP
	72
	34537  >  40868 Len=30

	21:15:17
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:15:17
	172.17.0.2
	172.17.0.1
	UDP
	85
	34537  >  40868 Len=43

	21:15:17
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:18:15
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:18:15
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:21:19
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:24:21
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:24:21
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:30:19
	172.17.0.2
	172.17.0.1
	UDP
	72
	34537  >  40868 Len=30

	21:30:19
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:30:19
	172.17.0.2
	172.17.0.1
	UDP
	74
	34537  >  40868 Len=32

	21:30:19
	172.17.0.2
	172.17.0.1
	UDP
	85
	34537  >  40868 Len=43

	21:30:20
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:33:23
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:33:23
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:36:19
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:42:23
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:45:20
	172.17.0.2
	172.17.0.1
	UDP
	72
	34537  >  40868 Len=30

	21:45:20
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:45:21
	172.17.0.2
	172.17.0.1
	UDP
	85
	34537  >  40868 Len=43

	21:45:21
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:48:18
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:51:18
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:51:18
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:54:16
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	21:54:16
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	21:57:11
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	22:00:08
	172.17.0.2
	172.17.0.1
	UDP
	72
	34537  >  40868 Len=30

	22:00:08
	172.17.0.2
	172.17.0.1
	UDP
	78
	34537  >  40868 Len=36

	22:00:09
	172.17.0.2
	172.17.0.1
	UDP
	85
	34537  >  40868 Len=43

	22:03:05
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	22:03:05
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29

	22:06:03
	172.17.0.2
	172.17.0.1
	UDP
	70
	34537  >  40868 Len=28

	22:06:03
	172.17.0.2
	172.17.0.1
	UDP
	71
	34537  >  40868 Len=29


Table A2 LoRa transmissions tracked for the sample of figure A4

5. Packet analysis of sniffer B (internet traffic between the gateway and the cloud server)
Figure A3 shows a sample of the WiFi traffic of the IoT system (for the regular and the consultation operational modes), occurred in approximately two minutes (from 21h58m03s to 21h59m51s, in second resolution).
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Fig. A3 Data flow within the internet network and cloud server. Each point represent the aggregated data size of DNS, TCP and HTTP packets occurred in one second.
The table A3 shows the packets tracked for the sample of figure A3. The traffic type identified was DNS requests from the gateway (IP address 192.168.137.47) to the IAP device (IP address 192.168.137.1) and roundtrip TCP and HTTP packets between the gateway and the cloud server (www.mySolem.com). The green cells shows an instance of a regular transmission event for uploading the counts of the flowmeter in the cloud server (HTTP post message in bold text). It start by a DNS request to obtain the IP address of the cloud server (www.mySolem.com) and finish by a TCP teardown routine (the table shows red frames to highlight this behavior). The orange cells show the mechanisms that are activated in the gateway and the cloud server when the user consults his or her water consumption (the three orange alternate sections show the three high peaks seen in figure A3). It is assumed that the gateway send this information by the HTTP post messages (showed by the red bold text). Sometimes the IP source changes as the gateway reassign a new IP in the local network. 
	capture
time
	Source
	Destination
	Protocol
	Length
	Info

	21:58:03
	mysolem.com
	192.168.137.47
	HTTP
	466
	HTTP/1.1 408 Request Timeout 

	21:58:03
	192.168.137.47
	mysolem.com
	TCP
	54
	33626  >  80 [ACK] Seq=147 Ack=413 Win=2508 Len=0

	21:58:03
	192.168.137.47
	mysolem.com
	TCP
	54
	33626  >  80 [FIN, ACK] Seq=147 Ack=413 Win=2508 Len=0

	21:58:03
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  33626 [FIN, ACK] Seq=413 Ack=148 Win=30016 Len=0

	21:58:03
	192.168.137.47
	mysolem.com
	TCP
	54
	33626  >  80 [RST, ACK] Seq=148 Ack=414 Win=2920 Len=0

	21:58:04
	192.168.137.47
	192.168.137.1
	DNS
	71
	Standard query 0xf6c7 A mysolem.com

	21:58:04
	192.168.137.1
	192.168.137.47
	DNS
	87
	Standard query response 0xf6c7 A mysolem.com A 51.159.17.150

	21:58:04
	192.168.137.47
	mysolem.com
	TCP
	58
	9167  >  80 [SYN] Seq=0 Win=2920 Len=0 MSS=1460

	21:58:04
	mysolem.com
	192.168.137.47
	TCP
	58
	80  >  9167 [SYN, ACK] Seq=0 Ack=1 Win=29200 Len=0 MSS=1460

	21:58:04
	192.168.137.47
	mysolem.com
	TCP
	54
	9167  >  80 [ACK] Seq=1 Ack=1 Win=2920 Len=0

	21:58:04
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:58:04
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  9167 [ACK] Seq=1 Ack=147 Win=30016 Len=0

	21:58:22
	mysolem.com
	192.168.137.47
	HTTP
	466
	HTTP/1.1 408 Request Timeout 

	21:58:22
	192.168.137.47
	mysolem.com
	TCP
	54
	9167  >  80 [ACK] Seq=147 Ack=413 Win=2508 Len=0

	21:58:22
	192.168.137.47
	mysolem.com
	TCP
	54
	9167  >  80 [FIN, ACK] Seq=147 Ack=413 Win=2508 Len=0

	21:58:22
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  9167 [FIN, ACK] Seq=413 Ack=148 Win=30016 Len=0

	21:58:22
	192.168.137.47
	mysolem.com
	TCP
	54
	9167  >  80 [ACK] Seq=148 Ack=414 Win=2507 Len=0

	21:58:23
	192.168.137.47
	192.168.137.1
	DNS
	71
	Standard query 0x2555 A mysolem.com

	21:58:23
	192.168.137.1
	192.168.137.47
	DNS
	87
	Standard query response 0x2555 A mysolem.com A 51.159.17.150

	21:58:23
	192.168.137.47
	mysolem.com
	TCP
	58
	12306  >  80 [SYN] Seq=0 Win=2920 Len=0 MSS=1460

	21:58:24
	192.168.137.47
	mysolem.com
	TCP
	58
	[TCP Retransmission] 12306  >  80 [SYN] Seq=0 Win=2920 Len=0 MSS=1460

	21:58:24
	mysolem.com
	192.168.137.47
	TCP
	58
	80  >  12306 [SYN, ACK] Seq=0 Ack=1 Win=29200 Len=0 MSS=1460

	21:58:24
	192.168.137.47
	mysolem.com
	TCP
	54
	12306  >  80 [ACK] Seq=1 Ack=1 Win=2920 Len=0

	21:58:24
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:58:24
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  12306 [ACK] Seq=1 Ack=147 Win=30016 Len=0

	21:58:42
	mysolem.com
	192.168.137.47
	HTTP
	468
	HTTP/1.1 408 Request Timeout 

	21:58:42
	192.168.137.47
	mysolem.com
	TCP
	54
	12306  >  80 [FIN, ACK] Seq=147 Ack=415 Win=2506 Len=0

	21:58:42
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  12306 [FIN, ACK] Seq=415 Ack=148 Win=30016 Len=0

	21:58:42
	192.168.137.47
	mysolem.com
	TCP
	54
	12306  >  80 [ACK] Seq=148 Ack=416 Win=2505 Len=0

	21:58:43
	192.168.137.47
	192.168.137.1
	DNS
	71
	Standard query 0x21d5 A mysolem.com

	21:58:43
	192.168.137.1
	192.168.137.47
	DNS
	87
	Standard query response 0x21d5 A mysolem.com A 51.159.17.150

	21:58:43
	192.168.137.47
	mysolem.com
	TCP
	58
	9468  >  80 [SYN] Seq=0 Win=2920 Len=0 MSS=1460

	21:58:43
	mysolem.com
	192.168.137.47
	TCP
	58
	80  >  9468 [SYN, ACK] Seq=0 Ack=1 Win=29200 Len=0 MSS=1460

	21:58:43
	192.168.137.47
	mysolem.com
	TCP
	54
	9468  >  80 [ACK] Seq=1 Ack=1 Win=2920 Len=0

	21:58:43
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:58:43
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  9468 [ACK] Seq=1 Ack=147 Win=30016 Len=0

	21:59:01
	mysolem.com
	192.168.137.47
	HTTP
	466
	HTTP/1.1 408 Request Timeout 

	21:59:01
	192.168.137.47
	mysolem.com
	TCP
	54
	9468  >  80 [FIN, ACK] Seq=147 Ack=413 Win=2508 Len=0

	21:59:01
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  9468 [FIN, ACK] Seq=413 Ack=148 Win=30016 Len=0

	21:59:01
	192.168.137.47
	mysolem.com
	TCP
	54
	9468  >  80 [ACK] Seq=148 Ack=414 Win=2507 Len=0

	21:59:02
	192.168.137.47
	192.168.137.1
	DNS
	71
	Standard query 0xfa18 A mysolem.com

	21:59:02
	192.168.137.1
	192.168.137.47
	DNS
	87
	Standard query response 0xfa18 A mysolem.com A 51.159.17.150

	21:59:02
	192.168.137.47
	mysolem.com
	TCP
	58
	7695  >  80 [SYN] Seq=0 Win=2920 Len=0 MSS=1460

	21:59:03
	192.168.137.47
	mysolem.com
	TCP
	58
	[TCP Retransmission] 7695  >  80 [SYN] Seq=0 Win=2920 Len=0 MSS=1460

	21:59:03
	mysolem.com
	192.168.137.47
	TCP
	58
	80  >  7695 [SYN, ACK] Seq=0 Ack=1 Win=29200 Len=0 MSS=1460

	21:59:03
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=1 Ack=1 Win=2920 Len=0

	21:59:03
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:03
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=1 Ack=147 Win=30016 Len=0

	21:59:13
	mysolem.com
	192.168.137.47
	HTTP
	551
	HTTP/1.1 200 OK  (application/json)

	21:59:13
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=147 Ack=498 Win=2423 Len=0

	21:59:13
	192.168.137.47
	mysolem.com
	HTTP
	390
	POST /v2/response/0500000506F80001/B0ACD6FAE59147DFBDE8ECD2B34085BB HTTP/1.1  (application/json)

	21:59:13
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=498 Ack=483 Win=31088 Len=0

	21:59:13
	mysolem.com
	192.168.137.47
	HTTP
	420
	HTTP/1.1 200 OK 

	21:59:13
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:13
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=864 Ack=629 Win=32160 Len=0

	21:59:16
	mysolem.com
	192.168.137.47
	HTTP
	570
	HTTP/1.1 200 OK  (application/json)

	21:59:17
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=629 Ack=1380 Win=1541 Len=0

	21:59:17
	192.168.137.47
	mysolem.com
	HTTP
	346
	POST /v2/response/0500000506F80001/CF5856A5567A4AA7B2E7DB0A9CAC8A60 HTTP/1.1  (application/json)

	21:59:17
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=1380 Ack=921 Win=33232 Len=0

	21:59:17
	mysolem.com
	192.168.137.47
	HTTP
	420
	HTTP/1.1 200 OK 

	21:59:17
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=921 Ack=1746 Win=2920 Len=0

	21:59:17
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:17
	mysolem.com
	192.168.137.47
	HTTP
	572
	HTTP/1.1 200 OK  (application/json)

	21:59:17
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=1067 Ack=2264 Win=2402 Len=0

	21:59:17
	192.168.137.47
	mysolem.com
	HTTP
	787
	POST /v2/response/0500000506F80001/74F9D612DF944AE3A97A6139602EBA7E HTTP/1.1  (application/json)

	21:59:17
	mysolem.com
	192.168.137.47
	HTTP
	420
	HTTP/1.1 200 OK 

	21:59:17
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=1800 Ack=2630 Win=2036 Len=0

	21:59:17
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:17
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=2630 Ack=1946 Win=37383 Len=0

	21:59:17
	mysolem.com
	192.168.137.47
	HTTP
	563
	HTTP/1.1 200 OK  (application/json)

	21:59:17
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=1946 Ack=3139 Win=1527 Len=0

	21:59:17
	192.168.137.47
	mysolem.com
	HTTP
	398
	POST /v2/response/0500000506F80001/50F7A8B8433F4EC6A4FF8ECE619233DA HTTP/1.1  (application/json)

	21:59:17
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=3139 Ack=2290 Win=38849 Len=0

	21:59:17
	mysolem.com
	192.168.137.47
	HTTP
	420
	HTTP/1.1 200 OK 

	21:59:17
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=2290 Ack=3505 Win=2920 Len=0

	21:59:17
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:18
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=3505 Ack=2436 Win=40315 Len=0

	21:59:30
	mysolem.com
	192.168.137.47
	HTTP
	570
	HTTP/1.1 200 OK  (application/json)

	21:59:30
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=2436 Ack=4021 Win=2404 Len=0

	21:59:30
	192.168.137.47
	mysolem.com
	HTTP
	346
	POST /v2/response/0500000506F80001/57218E3CBDC74FDEA213E444A1BDE558 HTTP/1.1  (application/json)

	21:59:30
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=4021 Ack=2728 Win=41781 Len=0

	21:59:30
	mysolem.com
	192.168.137.47
	HTTP
	424
	HTTP/1.1 200 OK 

	21:59:31
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:31
	mysolem.com
	192.168.137.47
	HTTP
	574
	HTTP/1.1 200 OK  (application/json)

	21:59:31
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=2874 Ack=4911 Win=1514 Len=0

	21:59:31
	192.168.137.47
	mysolem.com
	HTTP
	787
	POST /v2/response/0500000506F80001/0C572E37CA0148BA82BE9D4BD62BA48D HTTP/1.1  (application/json)

	21:59:31
	mysolem.com
	192.168.137.47
	HTTP
	420
	HTTP/1.1 200 OK 

	21:59:31
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=3607 Ack=5277 Win=2920 Len=0

	21:59:31
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:31
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=5277 Ack=3753 Win=46179 Len=0

	21:59:31
	mysolem.com
	192.168.137.47
	HTTP
	565
	HTTP/1.1 200 OK  (application/json)

	21:59:31
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=3753 Ack=5788 Win=2409 Len=0

	21:59:31
	192.168.137.47
	mysolem.com
	HTTP
	398
	POST /v2/response/0500000506F80001/618B4FB6FFA845F7A815CB3F095168FC HTTP/1.1  (application/json)

	21:59:31
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=5788 Ack=4097 Win=47645 Len=0

	21:59:31
	mysolem.com
	192.168.137.47
	HTTP
	422
	HTTP/1.1 200 OK 

	21:59:31
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=4097 Ack=6156 Win=2041 Len=0

	21:59:31
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:31
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [ACK] Seq=6156 Ack=4243 Win=49111 Len=0

	21:59:49
	mysolem.com
	192.168.137.47
	HTTP
	464
	HTTP/1.1 408 Request Timeout 

	21:59:50
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=4243 Ack=6566 Win=1631 Len=0

	21:59:50
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [FIN, ACK] Seq=4243 Ack=6566 Win=1631 Len=0

	21:59:50
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  7695 [FIN, ACK] Seq=6566 Ack=4244 Win=49111 Len=0

	21:59:50
	192.168.137.47
	mysolem.com
	TCP
	54
	7695  >  80 [ACK] Seq=4244 Ack=6567 Win=1630 Len=0

	21:59:50
	192.168.137.47
	192.168.137.1
	DNS
	71
	Standard query 0x4a0e A mysolem.com

	21:59:50
	192.168.137.1
	192.168.137.47
	DNS
	87
	Standard query response 0x4a0e A mysolem.com A 51.159.17.150

	21:59:50
	192.168.137.47
	mysolem.com
	TCP
	58
	47749  >  80 [SYN] Seq=0 Win=2920 Len=0 MSS=1460

	21:59:50
	mysolem.com
	192.168.137.47
	TCP
	58
	80  >  47749 [SYN, ACK] Seq=0 Ack=1 Win=29200 Len=0 MSS=1460

	21:59:50
	192.168.137.47
	mysolem.com
	TCP
	54
	47749  >  80 [ACK] Seq=1 Ack=1 Win=2920 Len=0

	21:59:50
	192.168.137.47
	mysolem.com
	HTTP
	200
	POST /v2/periodic/0500000506F80001/ HTTP/1.1  (application/json)Continuation

	21:59:50
	mysolem.com
	192.168.137.47
	TCP
	54
	80  >  47749 [ACK] Seq=1 Ack=147 Win=30016 Len=0

	22:00:08
	mysolem.com
	192.168.137.47
	HTTP
	468
	HTTP/1.1 408 Request Timeout 


Table A3 packets tracked for the sample of figure A3

6. Determining the real number of batteries for the flowmeter and its impact in two years

a) Obtaining  and  (LoRa module)
By considering equation 2, the real size of a LoRa packet (57 bytes) in bits (456 bits), a LoRa transmission every 3 minutes (180 seconds), and the maximal bitrate capacity of the LoRa transceiver in a bandwidth of 125 kHz and a spreading factor of 7 (5470 bps), the value of  is 0,083 seconds (according to equation 1) and the value of  is 179,92 seconds (as it is showed below).
		;	

b)  Computing the number of the batteries for the flowmeter in two years ()
By considering equation 1, the real values of  and  above (in hours), the same values for  (1 battery for 25,6 hours in continuous transmission state) and for  (1 battery for712500 hours in sleeping state) of the flowmeter’s LoRa module (as obtained in the part c of the first section) and a total LoRa transmission events () of 350333 transmission over two years, the real number batteries used by the flowmeter is 1 as is showed below.


c) Obtaining the environmental impact of the reference flow of the flowmeter
By considering that producing 1 kg of 9V 3PP-type sized batteries generates 6,7576 Kg CO2-eq, the impact of producing one 6-cell-typed 9V battery (whose typical weights around 33,9 grams or 3,39 × 10-2 Kg) is 0,229 Kg CO2-eq. 

7. Determining the real data volume flowing in the internet and cloud server from the packet traffic analysis
Table A4 calculates the real data volume flowing in the mutualized infrastructure, by taken into account the new traffic behavior (gray cells), the real packet size of TCP and HTTP packets (blue text); and the real number of transmission events (red text), all identified by the packet traffic analysis focused on the gateway and the cloud server interactions.
	Operational mode
	Packet type
	Packets
	Size packet
(bytes)
	In 3503888 
transmissions (bytes)
	In 17520
transmissions (bytes)
	Total (GB)

	Regular
	DNS Request
	1
	71
	248776048
	
	4,197

	
	DNS Response
	1
	87
	304838256
	
	

	
	TCP (three-way handshake)
	3
	58
	609676512
	
	

	
	HTTP post request
	1
	200
	700777600
	
	

	
	TCP Ack
	1
	54
	189209952
	
	

	
	HTTP Request timeout
	1
	468
	1639819584
	
	

	
	TCP (teardown)
	4
	58
	812902016
	
	

	Consultation
	TCP (three-way handshake)
	3
	58
	
	3048480
	0,108

	
	HTTP post request
	7
	787
	
	96517680
	

	
	HTTP OK
	1
	572
	
	10021440
	

	
	HTTP GET request
	1
	71
	
	1243920
	

	
	HTTP reponse
	1
	71
	
	1243920
	

	
	TCP (teardown)
	4
	58
	
	4064640
	

	
	
	
	
	
	
	4,305


Table A4. Real data volume flowing in the mutualized infrastructure

8. Determining the maximal lifetime span of one flowmeter’s battery under different conditions
By considering the real number of batteries required by the flowmeter in two years (0,34 batteries for 2 years, as it was obtained in the part b of section 6), the number of years that the flowmeter can operates with only one battery is 5,9 years (according to a rule of three), as it is showed below

The rightest column of Table A5 below shows the number of years that the flowmeter can operates with only one battery, according to different bitrates, under different operational contexts (bandwidths, distance ranges and Spreading factors).
	Range
	SF
	Bandwidth
	bitrate
in bits / s 
	In a transmission event
	(in 2 years)
	Lifetime 1
battery (in years) 

	
	
	
	
	 (s)
	 (s)
	
	

	2 Km
	SF7
	250 kHz
	11000
	0,041
	179,959
	0,182
	11,0

	2 Km
	SF7
	125 kHz
	5470
	0,083
	179,917
	0,341
	5,9

	4 Km
	SF8
	125 kHz
	3125
	0,146
	179,854
	0,579
	3,5

	6 Km
	SF9
	125 kHz
	1760
	0,259
	179,741
	1,009
	2,0

	8 Km
	SF10
	125 kHz
	980
	0,465
	179,535
	1,793
	1,1

	11 Km
	SF11
	125 kHz
	440
	1,036
	178,964
	3,964
	0,5

	14 Km
	SF12
	125 kHz
	290
	1,572
	178,428
	6,002
	0,3


Table A5. Maximal lifetime span of one battery under different operational contexts

9. Summary of the electronic components, functions and capacities considered to estimate theoretically the reference flow and impact of the case study
Table A6 summaries the electronic components, functions and capacities considered to estimated theoretically the reference flow and the impact of the case study (a simplified version is available in table 2 of the main article).





	Device
	Electronic
components
	Functions
	Capacity
	Reference
flow
	Impact
(Kg CO2-eq)

	
	
	
	Feature
	Value
	
	

	Pulse emitter
	Capacitors & inductors
	Generating pulses
	Sampling rate
	10 Pulses/sec
	1 Li-ion 
battery
	0,038

	
	Li-ion Battery
	Power supply
	Nominal capacity
	1650 mAh
	
	

	Flowmeter
	LoRa module
	Counting pulses
	Current consumption sleep mode
	0,0016 mA
	2 Li-ion 9V 
batteries
	0,458

	
	
	Sending count
	Bitrate (SF7, 125 kHz)
	5470 bps
	
	

	
	
	
	Current consumption (Tx mode)
	44,5 mA
	
	

	
	Li-ion 9V Battery
	Power supply
	Nominal capacity
	1200 mAh
	
	

	Gateway
	LoRa module
	Receiving counts
	Power consumption
	0,006 kW
	105,12 kWh
	5,150

	
	WiFi module
	Preparing packet
	
	
	
	

	
	
	Resending counts
	
	
	
	

	Smartphone
	WiFi module
	Hourly consultation
	Power consumption (sending)
	1629 mW
	0,501 kWh
	0,045

	
	
	
	Power consumption (Receiving)
	1375 mW
	0,423 kWh
	

	Internet networks
	
	Electricity consumption
	0,15 kWh/GB
	0,0215 kWh
	0,017

	Cloud server
	
	Electricity consumption
	0,14 kWh/GB
	0,020 kWh
	0,016

	
	
	
	
	
	Total
	5,723


Table A6 Summary of the electronic components, functions and capacities considered to estimated theoretically the reference flow and the impact of the case study.
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LoRa traffic between the LRFL flow meter and the LRMB Gateway
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Internet traffic of the LRMB relay (ESP8266 WiFi Module)
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