
 

 

 

 

 

 

 

STOVE USE MONITORS - DESIGN DETAILS 
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SYSTEM OVERVIEW 
 

Stove Use Monitors (SUM) are designed to measure temperature profile within and outside a 
clay cookstove with the aim to 

1. Compare and contrast cooking temperature profiles with the existing literature. 
2. Evaluate stove use pattern to answer manufacturer specific questions relating to 

frequency, incidence and duration of stove use. 
 
For the purpose of this study, the SUM are deployed on clay stoves using briquettes (biomass), 
which is the fuel provided in the camps by UNHCR. The key constituents of SUM are listed in 
Table 1. The total cost of a monitor is £210. 

TABLE 1: Constituents of SUM  

COMPONENT  DESCRIPTION  LINK 

Arduino MKR 
GSM 1400  

Microprocessor  https://uk.rs-online.com/web/p/processor-
microcontroller-development-kits/1711860/  

Arduino MKR 
Mem Shield  

To integrate the memory card  https://uk.rs-online.com/web/p/processor-
microcontroller-development-kits/1763644/  

Thermocouple  To measure inside temp  https://www.omega.co.uk/pptst/XC.html 

MAX31850 
breakout 
board  

Amplifier to connect 
thermocouple to Arduino  

https://www.adafruit.com/product/1727 

Sparkfun 
Si7021 sensor  

To measure surface temp and 
hum  

https://www.digikey.co.uk/product-
detail/en/sparkfun-electronics/SEN-13763/1568-
1395-ND/6023505  

GSM Antenna  To allow GSM communication  https://www.amazon.co.uk/Adafruit-Sticker-type-
Cellular-Quad-Band-
Antenna/dp/B00N4YMMTG/ref=sr_1_1?ie=UTF8&qi
d=1545318668&sr=8-1&keywords=Slim+Sticker-
type+GSM%2FCellular+Quad-Band+Antenna+-
+3dBi+uFL  

3.7V Battery  To power the device  https://uk.farnell.com/bak/103456a-1s-3m/battery-
lithium-ion-3-7v-2050mah/dp/2401856?MER=AT-
MER-ALL-BT-HIST-ALL-0 

IP65 casing  To package the device for 
deploying on CS  

https://uk.farnell.com/hammond/1594bwbk/box-
abs-ip65-black/dp/722856 

 

The most integral part of SUM is the Thermocouple and Si7021 temperature and humidity 
sensor connected to an Arduino MKR GSM 1400 micro-processor board. While the 
thermocouple is used to measure temperature (up to 1000ºC) within the stove enclosure by 
placing it inside the pit/cavity, the Si7021 sensor is used to measure temperature (up to 85ºC) 
outside the clay stove. Data collected by the two sensors is processed by the Arduino board to 
detect instances of stove-use, in which case the updated temperature values along with 
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timestamp are stored locally in an SD card fitted in an Arduino MKR mem shield. A packet 
containing the updated values is also sent to the heed-data server hosted at Coventry University 
for remote monitoring of the devices. GSM communication is used, despite its higher energy 
consumption, owing to lack of Wi-Fi connectivity in the camps. The SUM is powered by a re-
chargeable Li-Ion battery of 3.7V and a rating of 7.59Wh. The expected battery life of SUM is ~1 
week (considering 2-3 instances of use per day), after which the battery must be replaced and 
recharged. The SUM along with the battery is packaged inside an IP65 casing and screwed 
tightly. A layer of silicon padding was used on all sides inside the casing to provide a layer of 
protection from heat to the device and battery. An insulation tape around the Si7021 is also used 
to add a layer of protection. Fig. 1 illustrated the design of SUM. 
 

 
Fig. 1: Constituents of a SUM  

SOFTWARE IMPLEMENTATION 
 

SUM are programmed to sense temperature (from the thermocouple and Si7021 sensor) and 
humidity values in 1-minute intervals. The sensed values are compared with the last recorded 
values and stored only if a change in temperature >= 5ºC or in humidity >=10%RH is observed. 
Event-based data collection is implemented to reduce the number of packets stored and 
transmitted to the server to optimize the resource usage for these monitors. The battery voltage 
level and timestamp corresponding to the current readings are also recorded. The scripts for 
software implementation can be found on GitHub here. 

 

https://github.com/jbrusey/HEED-Monitoring/tree/master/Cookstove/SUM
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DEPLOYMENT DETAILS 
 

PHASE 1 DEPLOYMENT 

 

For the first phase of study, 15 SUM were deployed on clay stoves during the 1st week of July 
2019 in Kigeme refugee camp, Rwanda. The monitors were deployed on the clay stoves using 
metallic clamps that went around the inside cavity of the stove to hold the devices in a fixed 
position on the outside as shown in fig. 2. An additional layer of silicon padding was placed 
between the device and stove to prevent damage through heat dissipation. Based on the design 
and use of stove, the thermocouple was either inserted in the cavity at the bottom of the stove 
or placed in the pit on top and fixed in the clamp to secure in a fixed position. Due to the clay 
surface, the Si7021 sensor could not be taped to the stove itself. Instead it was taped to the top 
of the device casing and placed close to the surface. 
 

 
Fig. 2: Cookstove monitor deployed on a clay stove  

 

CHALLENGES FACED POST PHASE 1 DEPLOYMENT 

 

Two key challenges were faced post deployment of the monitors  
1. GSM connectivity - Issues with poor network connectivity were observed throughout the 

first 3 months of study. This led to gaps in data (due to missing timestamps), poor yield 
(actual data packets received on the server as a percentage of expected data packets) 
and rapid battery loss due to numerous attempts for re-transmission. 

2. Insufficient and inconsistent use of briquettes - It was noted that a number of changes 
were made to UNHCR policy for distribution of money for fuel, thereby, leading to delays 
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and irregular payment to beneficiaries. This resulted in beneficiaries resorting to the use 
of alternative sources of fuels such as charcoal and firewood. These fuels evidently burn 
at temperatures above 1000 degree Celsius and led to damage to the devices. By end of 
Sep, only 6 out of 15 devices were left working in the camp. 
 

PHASE 2 DEPLOYMENT 

 

Considering the above GSM and MQTT failures due to poor MTN reception in the camps and its 
adverse effect on the quality of data and battery life of devices, a change in the design of SUM 
was realized for the second phase of study. Two key changes were made to the design: 

1. The use of GSM was discontinued, and the data is stored locally on the SD card. 
2. An external RTC module is used to collect timestamps (see fig. 3).  

The above changes were made to ensure no gaps in data and significantly improve yield as well 
as battery life of devices.  
 

 
Fig. 3: Modified clay stove monitoring system with RTC module 

 
For phase 2 of study, the devices were collected from the camp on 1st of Oct 2019 and modified 
as above. A total of 9 SUM were then deployed on clay stoves on the 2nd of Oct 2019. The 
devices were checked for health and data collection between 3rd and 4th of Oct to ensure 
proper functioning. Moreover, to ensure consistent use of stove using briquettes only, 53Kg of 
briquettes were provided to each beneficiary for use during this month. Data collection was 
performed continuously up to the 14th/15th of Oct 2019 when devices were taken off from the 
stoves briefly to check the battery levels. The devices were finally removed from the stoves on 
early morning of 18th Oct 2019 marking the end of this study. The GPS location for these devices 
can be found here. 
 

https://www.google.com/maps/d/u/0/edit?mid=1KpJgk_PpBbKZvbV6-Wc6y356BBCk4FZ8&ll=-2.486121916581303%2C29.52193590014656&z=16
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DATA ANALYSIS 
 

Table 2 contains the description of data collected by SUM.  
 
TABLE 2: Data collected by a SUM 

DATA FIELD  VARIABLE NAME  UNITS  DESCRIPTION  

Time stamp  Unixtime  Unix time  Real time when data is collected  

Thermocouple 

temperature  

Thermocouple 

temperature  

ºC  Temperature inside the stove  

Si7021 

temperature  

Si7021 temperature  ºC  Temperature outside the stove  

Humidity  Si7021 humidity  %RH  Humidity outside the stove  

Device battery 

level  

Device voltage  Integer 

units  

Voltage level of the battery for Arduino MKR 

board. A raw integer value of 1023 

corresponds to 4.2V  

Error code  Error  Decimal 

format  

Error code indicating specific failure in device 

functionality.  

ERR_GSM_CONNECTION_FAILED = 2  

ERR_MQTT_CONNECTION_FAILED = 3  

ERR_MQTT_TRANSMISSION_FAILED=5  

ERR_CSV_OPEN = 7  

ERR_CSV_WRITE = 11  

ERR_GSM_ATTACH_FAILED = 13  

Sequence no.  Seq no.  Decimal 

format  

Sequence number of the packet  

 

A sample of data collected by SUM 17 is shown in Table 3. 

 

TABLE 3: Sample data for SUM 

UNIXTIME THERMOCOUPLE 
TEMPERATURE 

Si7021 
TEMPERATURE 

Si7021 
HUMIDITY 

DEVICE 
VOLTAGE 

ERROR SEQ NO. 

1570019596 22.25 23.36 59.36 869 0 0 

1570019846 56.75 24.75 59.54 870 0 1 

1570019907 167.5 25.46 61.49 870 0 2 

1570019968 195.5 27.58 63.09 870 0 3 

1570020090 216.25 27.12 60.96 870 0 4 

1570020151 203.75 25.52 59.38 870 0 5 

Using the data above, following analysis is intended to be performed.  

1. Evaluate the temperature profile within and outside clay stoves using briquettes.  

2. Evaluate usage pattern – frequency, incidence and duration of stove use.  
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