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ICT helpful for many uses…
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But, at the same time …

Source : IPCC 2018 report, SPM

we are here

target

Huge challenge : very few trials to get it right + short period 

of time (30 years) → today’s actions are critical

Source : IPBES 2019
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However, this DOES NOT include the carbon footprint of IoT !



What about IoT ?

Global growth 
rate 2018-2023:

+ 10 % / year
IoT
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Source: Pirson T.,  JCP, 2021



What are the 

environmental impacts 
of a massive deployment of

IoT devices ?
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 Life Cycle Thinking aims at considering 
the (environmental) impacts of a device or 
service over its whole life cycle. 

 Life Cycle Assessment (LCA) is a well-
known methodology (ISO14040-4) supporting 
this goal in practice.

Life Cycle Thinking



Why do we need 

life cycle thinking 

in the context of IoT ?



❑ Introduction & context

❑ Modeling the environmental impacts of IoT devices

▪ The carbon footprint of IoT production [JCP-2021]

▪ A multi-indicators cradle-to-grave LCA of wireless power transfer (WPT) [In writing]

❑ Conclusions and perspectives

❑ Open discussions, Q&A

Outline
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LCA of IoT



Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

OUR CONTRIBUTION

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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Main question :

◼ How to model the embodied carbon footprint for a wide 
range of IoT edge devices while preserving precision ?

Our contribution :

◼ Framework (quantitative) to streamline the carbon 
footprint of IoT edge devices production

◼ Addresses directly the heterogeneity of the IoT and 
the lack of work in this field

◼ Transparency to foster the use of the framework

◼ Benchmarked with existing results (sparse)

◼ Applied on 4 use-cases

https://doi.org/10.1016/j.jclepro.2021.128966

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices

16

https://doi.org/10.1016/j.jclepro.2021.128966

IoT hardware profiles :

◼ High level of details for each hardware 
specification level.

◼ Based on data sheets, review of literature 
and reports, teardowns and expertise. 

◼ Not exhaustive but covers already a wide 
range of IoT hardware. 

◼ Main gaps: sensing and actuation could 
be improved, energy harvesting was not 
considered

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

LCI LCA modeling

in GaBi

LCA 

Results

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

Results :
◼ Values are given for each hardware specification level.

◼ The framework can be easily used to streamline the carbon footprint of other IoT edge devices thanks to the 
hardware profiles.

◼ The carbon footprint of simple and complex devices can vary by a factor more than 150× according to our 
framework

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

Applying the framework on 4 use-cases :
◼ (1) an occupancy sensor; (2) a smart watch; (3) a home-connected assistant (Google Home MINI); 

and (4) a drone (Mavick MINI)

◼ Less specific than a dedicated LCA but already provides a detailed modeling

◼ Different hot-spots depending on the hardware profile : all IoT devices are not equal !

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

Limitations

◼ Truncation error due to the bottom-up approach (well-known issue)

◼ Strong lack of details in other studies to enable a fair and detailed comparison

◼ Focuses only on the production + a single indicator (GWP) → not sufficient

◼ GaBi (Sphera) databases are not open source

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

Second question :
◼ How coherent is the massive deployment of devices with the Paris Agreement (PA) objectives ?

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

Second question :
◼ How coherent is the massive deployment of devices with the Paris Agreement (PA) objectives ?

Results :
◼ Conflicting paths with PA (scenarios) → critical need to integrate LCA for IoT: trade-off between the type of 

profile and the number of devices

https://doi.org/10.1016/j.jclepro.2021.128966


Carbon footprint of IoT edge devices
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https://doi.org/10.1016/j.jclepro.2021.128966

Second question :
◼ How coherent is the massive deployment of devices with the Paris Agreement (PA) objectives ?

Results :
◼ Conflicting paths with PA (scenarios) → critical need to integrate LCA for IoT: trade-off between the type of 

profile and the number of devices

Top-down Bottum-up

Top-down

https://doi.org/10.1016/j.jclepro.2021.128966


LCA of WPT
(wireless power transfer)



LCA of wireless power transfer (WPT)
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In writing

OUR CONTRIBUTION



LCA of wireless power transfer (WPT)
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Main question :
◼ How does a state-of-the-art WPT system compare to a 

battery-powered system in terms of environmental impacts ?

Our contribution :
◼ Comparative LCA (cradle-to-grave). Specific modeling of the 

two setups. 

◼ LCA needed for 4 indicators : PED, GWP, EcoTox, Water.

[core of the paper: Marco Gonzalez et al.]

◼ PIR sensor for room occupancy monitoring consuming 4 µW

◼ Sensor supplied with 2.45-GHz WPT at 3.5m from the RPH 
(cold-start)

In writing



LCA of wireless power transfer (WPT)
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In writing

LCI LCA modeling

in GaBi

LCA 

Results



LCA of wireless power transfer (WPT)
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In writing

Results :
◼ Environmental impacts of WPT are 

significantly higher compared to the 
equivalent setup using a battery 
(coin cell). Lifetime is assumed to 
be 10 years.

◼ WPT system yields higher absolute 
impacts, i.e. from 5.6× to 6.7×.

     
      1x1x



LCA of wireless power transfer (WPT)
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Results :
◼ Environmental impacts of WPT are 

significantly higher compared to the 
equivalent setup using a battery 
(coin cell). Lifetime is assumed to 
be 10 years.

◼ WPT system yields higher absolute 
impacts, i.e. from 5.6× to 6.7×.

◼ Increasing the number of smart 
sensors (up to 8) generally 
strengthen the previous 
conclusions, with impacts up to 
10.9× higher.

In writing

     
      8x1x



Conclusions



Conclusions
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Why do we need life cycle thinking in the context of IoT ?

 IoT is a fast growing subpart of ICT and implies a massive deployment of electronics: the 
environmental impacts generated must be better understood.

 There is a high degree of heterogeneity in IoT devices: all IoT devices are not equal.

 LCA for electronics also embeds limitations and blind spots: current modeling only 
provides a downgraded picture of the reality. More expertise and research is needed in this 
field. Carbon footprint is only one (dark) side of environmental impacts (e.g. the total 
amount of WEEE keeps increasing every year (>10 Mt in 2019 for IT [GEM, 2020]))

 Take home message for IoT designers: include environmental considerations during the 
development of your technical solution and investigate further than the use phase.



Conclusions

What LCA also looks like in practice:
◼ Teardowns (including IC desoldering)

◼ In-house die inspection (destructive + microscopes) for very specific LCA (while low latency/cost)

◼ PCB design on EAGLE

◼ Power measurements in WELCOME (AC and DC)
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Perspectives: one step at a time …
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Perspectives
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 How to integrate LCA during the design of IoT systems ? What about eco-design ? Could we 
imagine the IoT to be fully designed-for-reuse or designed-for-X ?

 What about the end-of-life of IoT devices ? What will be the impact on WEEE management ?

 There is a trend towards edge-computing: what will be the impacts from a life cycle 
thinking analysis ?

 Technology development and rebound effects : how do they interact ?

 … 



Thank you

This work was supported by the Walloon Region and EU region under FEDER project 
IDEES, the Brussels region under COPINE-IoT project, the F.R.S.-FNRS of Belgium.
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