
Make France the first
country in the world to
measure its CO₂ emissions 

Moving from estimating to
measuring the emissions
generated by cities.



Introduction
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Figure 1 - Evolution of greenhouse gas emissions from human activity

The Paris Agreement calls for global warming to be contained "well below
2°C above pre-industrial levels" by 2100 and, if possible, to aim to
"continue efforts to limit the temperature increase to 1.5°C" (Article 2). 

In the August 2015 law on the energy transition for green growth, France
committed to reducing its greenhouse gas emissions by 40% between
1990 and 2030 and to achieving carbon neutrality (zero net emissions) by
2050.

Human involvement in climate change... 

The conclusions of the scientific community, and in particular of the
Intergovernmental Panel on Climate Change (IPCC), now lead to a
consensus on the causes of climate change.

The key point of the 6th IPCC report is that there can no longer be any
doubt about the human influence on global warming.
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From national strategy to
city climate plans 

Figure 2 - Evolution of GHG emissions and sinks on the national territory between 2005 and 2050.

This reduction target is broken down by sector and industry in various
national strategies and programmes such as the National Low-Carbon
Strategy (SNBC) or the Multiannual Energy Programme (PPE), which are
revised regularly.

The National Low-Carbon Strategy (SNBC) is France's roadmap for
combating climate change. It provides guidelines for implementing the
transition to a low-carbon, circular and sustainable economy in all sectors
of activity. It defines a trajectory for reducing greenhouse gas emissions
up to 2050 and sets short- and medium-term targets. 

By 2050, the goal of carbon neutrality requires reducing emissions from
the building sector by 95%, transport by 97% and waste by 66% compared
to 2015. All sectors combined, emissions will have to be reduced by 83%.



The role of cities
In 2020, total urban emissions (including
consumption) were estimated at 28.5 GtCO₂ -eq, or
between 67% and 72% of global CO₂ and CH₄
emissions. By 2050, in the absence of mitigation
efforts or with moderate efforts, urban emissions
are expected to reach 34-65 GtCO₂ -eq, due to
population growth, urban land expansion and
demand for infrastructure and services.

Cities can only achieve net zero or near-zero GHG
emissions through deep decarbonisation and a
systemic transformation that involves reducing
urban energy consumption in all sectors.

The Territorial Climate Air Energy Plan (PCAET), a
tool to ensure the reduction of emissions from
urban areas? 

The Territorial Climate Air and Energy Plan (PCAET)
is a planning tool that aims to mitigate climate
change, develop renewable energy and control
energy consumption. It is compulsory for all inter-
municipalities with more than 20,000 inhabitants
since 1 January 2019. The PCAET is updated every 6
years. In addition to this compulsory revision, the
PCAETs are subject to an environmental
assessment after 3 years of application. 

The regulatory framework thus requires local
authorities to assess the emissions generated by
their territory at least every 3 years. 

But is this sufficient? 
How and how often do cities evaluate the effects
of their Climate Plan?
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EMISSIONS OF
GHG (TCO2EQ) = ACTIVITY DATA (KWH,

KM TRAVELLED, .. .)
EMISSION FACTOR

(TCO2EQ/ QUANTITY)
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The result of this operation for all the activities of a territory corresponds to the
territory's GHG balance. It covers the direct emissions produced by the different
sectors of activity, distinguishing the respective contribution of each sector of
activity: residential, tertiary, road transport, other transport, agriculture, waste,
manufacturing industry, energy branch excluding electricity, heat and cold
production.

Assessment of greenhouse
gas emissions
The greenhouse gas emissions generated by a territory are estimated from
its activities: businesses, industries, waste, housing, transport, etc. To
obtain this result, available activity data is used: number of heated and/or
air-conditioned infrastructures, cars on the road or factories. In France,
access to activity data is facilitated by the existence of open access
databases such as IGN or INSEE. These activity data are then multiplied by
their respective emission factor, which depends on the energy used for
the activity in question. For example, two infrastructures, one heated by
gas and the other by electricity, will have two different emission factors
applied.

X

What is an emission factor? 
An emission factor is a coefficient used to convert
activity data into GHG emissions. It is the average
emission rate of a given source, relative to the units of
activity or processes. 
For example: natural gas emits 0.244 kg CO₂eq / kWh
ICV (European average) with an uncertainty of 5%. It
corresponds to the sum of combustion (0.205 kg CO₂eq
/ kWh LCI) and upstream (i.e. gas production and
transport) (0.0389 kg CO₂eq / kWh LCI).
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The State has entrusted local
authorities with the task of drawing up
a Climate Plan (PCAET) aimed at
reducing CO₂ emissions on their
territory. The action plan of these
documents is based on an assessment
of emissions carried out at a moment T.
If we take into account the time it takes
to draw up and validate these
documents, we observe a significant
time gap between the diagnosis of a
territory's emissions and the start of
the action. 
This gap can be observed in the 100

climate plans we studied:

Going beyond
the three-yearly
assessment of
emissions

Technical
limitations of
this method
The reliability of this assessment
method is dependent on the
availability of activity data from
which the emission estimates are
produced. Carrying out a GHG
diagnosis for a territory also
represents a certain cost for local
authorities because of the expertise
and time required to carry out these
studies. 
Changes in the methodologies used
over time also represent an obstacle
to temporal comparisons of
emissions data, without re-evaluation
of previous data.

From 5 to 7
years

+ 10 years

From 8 to 10
years

17% 20%

63%

While more than 60% of the

communities analysed used data dating

from 2013 to 2015 to draw up their LCAP,

20% did not have access to data that

was less than 10 years old.

Age of the diagnosis when the action

plan for the PCAET was drawn up
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From one intermunicipality to another, the years of accounting for the

emissions indicated in their climate plans can be very different. This is due to

the fact that greenhouse gas assessments are not regularly renewed.

Our observation... 
A return to a continuous assessment of territorial emissions in climate

strategies seems necessary. Following the example of CITEPA, which updates

the national emissions inventory every month and publishes it every quarter,

local authorities should be able to access their emissions data regularly.

How can we meet our targets without
regularly assessing our emissions?
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Measuring greenhouse gas
emissions 

Today... 

Until now, the evaluation of GHG emissions from cities has been based
mainly on estimates made from data on activities available in the territory.
The biases and limitations of this method call for new mechanisms to
assess the impact of human activities on the climate.

And tomorrow?

New methods for assessing GHG emissions have emerged. Unlike traditional
estimation methods, these methods mobilise physical data of GHG
concentrations directly measured in the atmosphere in order to assess the
levels of emissions generated by cities. Measuring GHG emissions at the
city level requires the installation of a network of sensors to assess the
concentration of GHGs in the atmosphere.
 

Concentration measurement and 
measuring emissions, what is the difference? 

Sensors used to measure GHG emissions are already used in many areas
such as local air quality monitoring or to measure the concentration of
GHGs in the atmosphere at a global level. They have not yet been used to
measure GHG emissions generated by cities because the transition from a
localized GHG concentration in the atmosphere to the knowledge of the
sources explaining this data represents a considerable technical
challenge.



Avantages d'un réseau de
mesure des émissions 

 
Avoir accès à des données d’émissions en quasi-temps réel,

Obtenir un référentiel unique et immuable pour la
comparaison des émissions dans le temps : celui des
concentrations de CO2 dans l’atmosphère,  

Augmenter la rentabilité d’un euro investi dans la réduction
des émissions en permettant des réorientations de stratégie,

Accélérer la transition bas-carbone des territoire par un
ciblage accru des actions et un retour plus précis sur leur
efficacité, 

Sensibiliser la population et la mobiliser sur les axes
prioritaires de réduction des émissions de gaz à effet de serre.
 

Benefits of an emissions
measurement network

To have access to emissions data in near real time,

Obtain a single, unchanging reference for comparing
emissions over time: that of CO2 concentrations in the
atmosphere,

Increase the profitability of a euro invested in emissions
reduction by allowing strategy reorientations,

Accelerate the low-carbon transition of the territories
through an increased targeting of actions and a quick return
on their effectiveness,

Raise awareness and mobilise the population on the priority
areas for reducing greenhouse gas emissions.
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What is it about? 
The MétéoCarbone® is the first network
to measure urban GHG emissions. It was
designed in Paris through a collaboration
between the City of Paris, SUEZ and the
Laboratoire des Sciences du Climat et de
l'Environnement. This unique emissions
measurement network has been active
since 2020 in an area with over 12 million
inhabitants. 

The result?    
A constantly updated map of CO₂
emissions, by sector of activity, by area
and by time. This real-time inventory
offers a very precise diagnosis of
emissions and their origins.

This high-resolution dynamic map makes
it possible to follow the trajectory of
emissions at any time, to the hour and to
the km₂ and thus certify that they are
decreasing.
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MeteoCarbone® : example of a
network for measuring urban
greenhouse gas emissions



Atmospheric modelling : 
We use meteorological modelling methods
to reconstruct the spatio-temporal
distribution of emissions. This allows us to
significantly reduce the uncertainty of our
results.

Residential Industry Tertiary Transport Waste

Data processing : 
Our algorithms automatically generate an emissions

inventory for the entire French territory, based on
millions of freely available data.

Measurement of GHG
concentrations:
We measure the concentration of
CO₂ continuously through measuring
stations. The concentration data is
updated every hour and directly
transmitted to the system.
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An innovative network for measuring CO₂ in urban environments,  
An atmospheric model, 
State-of-the-art data assimilation algorithms.

How does it work? 
The measurement of greenhouse gas emissions is only possible through
the combination of three types of data: measured GHG concentration data,
activity data and atmospheric data. MeteoCarbon® uses a scientific chain
combining : 



Deploying our expertise
Our measurement system is applicable in every
city. Indeed, the atmospheric model we use has
been designed to be applicable to any territory.
Moreover, the experience and technical
competence of our partner Suez ensures that we
can implement our sensors in any territory.

To operate, our technology collects data available
throughout the country, from open access
databases or satellite data. This independence
from the heterogeneity of local data allows us to
act everywhere. Indeed, we are able to produce a
territorialized estimate of emissions for any
geographical area without requiring the
intervention of local actors to obtain data. The
automated operation of our algorithms allows us to
carry out an inventory of emissions for the entire
French territory since 2020. 

The deployment of our know-how in new territories
is a major challenge for our teams and our
technological chain. At the same time, it gives local
authorities access to cutting-edge technology,
providing them with essential resources to drive
the low-carbon transition of their territory and
understand their current sources of emissions. Our
objective is to provide all French actors in the
ecological transition with a common reference
framework for assessing our greenhouse gas
emissions. 

Methane, the second most important greenhouse
gas, can be measured in the same way.
Origins.earth has begun R&D work to design a
measurement system combining ground stations
and satellite observation, targeting large livestock
areas and emissions from major industrial sites.
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3 questions to David Duccini, CEO of Origins.earth

MEASURING OUR EMISSIONS /  PAGE 13

But above all, by measuring our emissions, we
change the paradigm. Measurement offers a
unique and unchanging frame of reference,
which does not vary according to the
methodologies used: that of concentrations
in the atmosphere. Introducing measurement
into a context that does not use it therefore
requires humility. Why is this so? Because
measurement can give results that are not
expected. This is both its strength and its
weakness: transparency. Measurement is the
same for everyone, from decision-makers to
citizens. Measurement goes hand in hand
with transparency: at a time when the
efforts required of citizens are increasing, we
need to communicate the results of our
actions and efforts.  

Your conviction?  
I am convinced that measurement is a
fundamental element in the improvement of
human activities. We are not talking about a
gadget here: the use of measurement tools is
truly indispensable. Without measurement,
you cannot improve, and weight loss is a
perfect example. Without regularly checking
your weight, it is impossible to know whether
your action plan, your diet, has worked. It is
impossible to know if our efforts are paying
off without using a scale regularly. Today we
have the CO2 scale, so let's use it.

What are the issues surrounding the measurement of GHG emissions?  
To measure, we need data. These data are not the same everywhere, and above all
they are of different types and precision. The major challenge of our work is to
make heterogeneous data sources interoperable, to adapt to different contexts,
in order to create coherence, a comparable measurement of emissions over time
but also between territories.

What challenges can you face? 
Measuring emissions is not only about optimising our actions. Of course, by
measuring we gain in financial, material or human profitability.



Origins.earth is a start-up company developed by SUEZ
whose aim is to provide local authorities with new
generation tools to facilitate their decision-making and
accelerate low-carbon transition strategies.  

Origins.earth is firmly convinced of the contribution of
science to inform public policy. It was created through a
partnership with the Laboratoire des Sciences du Climat
et de l'Environnement (LSE), a joint research unit that is
internationally recognised in the field of atmospheric
modelling, monitoring of greenhouse gas concentrations
and analysis of climate impacts.

Find us

https://www.linkedin.com/company/origins-earth
https://twitter.com/OriginsEarth
https://www.origins.earth/

