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• IPCC, WG III, april 2022 
• 2900 pages 
• Transition : 2780 occurrences 
• Sufficiency : 188 
• Degrowth : 26  
• 3131 scénarios submitted. « scenarios 

that  include economic degrowth are not 
fully represented, as these scenarios, 
were not submitted to the database » 
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years it declined again. When measuring MI in terms of real GDP (at
constant prices of 2011) instead of purchasing power parities (Fig. S5),
we even observe a considerable increase in MI (0.4%/yr) in the last 13
years.

3.2. Material use

In Fig. 2b we show global material extraction by main use types. On
a very principal level we can distinguish two main types of material use:
Firstly, materials that are used in a dissipative way, that is, they are
consumed typically within a year after extraction. This use type com-
prises materials that are used as food for humans or feed for livestock,
as technical energy carriers for thermal conversion (fossil and biomass
materials) and other dissipative use (e.g. salt or fertilizer materials,
lubricants). Secondly, materials which accumulate in in-use stocks of
manufactured capital, such as in infrastructures, buildings, machinery
or other durable goods. These materials typically remain within the
system for more than a year up to several decades or more. We denote
these materials as stock-building materials which are used either for
building up or renewal of stocks of manufactured capital. Fig. 2b shows

that in the early 20th century the largest share of all extracted materials
has been used in a dissipative way. In 1900 these were 6 Gt/yr or 72%
of DE. Feed for livestock, mainly grazed biomass, accounted for the
largest share, followed by energy carriers, food and other dissipative
use. The share of materials used in a dissipative way continuously de-
clined and since 1993 stock-building materials dominate the global
socioeconomic metabolism. Until 2015 their share in global DE rose to
59% or 52 Gt/yr; however, roughly 9% of these stock building materials
(4.8 Gt/yr) are discarded shortly after extraction as tailings from ore
processing (Fig.2b). In 2015 the fraction of dissipative use had dimin-
ished to 41% of global DE: A material flow of 15.1 Gt/yr was used to
provide technical energy, 11.1 Gt/yr were used to feed animals and
4.3 Gt/yr to produce plant based food for humans; other dissipative use
amounted to 6.1 Gt/yr, the largest part being utilized in agriculture,
e.g., crop residues used as bedding material, seeds and mineral mate-
rials used as fertilizers. Per capita of population on average 0.6 t of
primary raw materials were used to provide food, 1.5 tons to feed li-
vestock, 2 tons to provide energy, 0.9 t for other dissipative use and
7.1 tons as primary inputs to stocks in 2015 (Table 5). In 1900 the
corresponding per capita flows were 0.4 t of food, 2 tons of feed,

Fig. 2. Global material flows in Gt/yr and stocks in Gt from 1900 to 2015. A: material extraction by main material group; B: share of major use types in total
extraction; C: yearly net additions to stock (NAS); D: stocks of humans, livestock and manufactured capital in Gt; E: the fraction of domestic processed output that
actually originates from DE (DPO*) separate from balancing oxygen and water F: DPO by main type including balancing oxygen and water.

Table 4
Average yearly growth rates of material extraction (DE) of main material groups, metabolic rate (DE/cap), material intensity (DE/GDP) and domestic processed
output (DPO*) for the periods 1900–1945, 1945–1973, 1973–2002, 2002-2015. GDP in international $ at constant prices of 1990, sourced from Maddison (2013) and
the World Bank (2017).

DE Biomass DE Fossils DE Ores DE Minerals DE Total DE/cap DE/GDP DPO*

1900-1945 0.9% 1.7% 2.1% 2.1% 1.2% 0.3% −0.9% 1.2%
1945-1973 1.6% 4.5% 5.5% 6.7% 3.7% 2.0% −0.5% 2.7%
1973-2002 1.2% 1.4% 2.1% 2.4% 1.8% 0.1% −1.3% 1.7%
2002-2015 2.1% 2.6% 5.7% 4.0% 3.3% 2.1% −0.5% 3.0%

F. Krausmann et al. Global Environmental Change 52 (2018) 131–140
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Histoire des techniques ≠ histoire 
de la matière





Part du charbon dans la consommation totale d’énergie. In 
Kander, Malamina et Warde, Power to the people, p. 137. 
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This geography of coal use is in stark contrast to the widespread but 
limited accessibility of energy derived from organic matter. The shift from 
an “organic economy” that is “areal” to a fossil fuel economy that is “punc-
tiform” thus permitted much greater concentration of economic activity 
in urban centers and around industries that developed on the coal!elds. 
But where transport remained relatively expensive, those coal!elds could 
also remain isolated, as little islands of transition among a sea of tradition. 
Equally, there was little incentive to develop coal!elds if they remained dis-
tant from sources of demand.

Unsurprisingly then, the advance of coal across Europe was thus very un-
even (!gure 5.3). We can distinguish three groups of countries, or more ac-
curately, Britain and two other groups of “latecomers.” Britain was already 
a coal economy by 1800; its transition was long and drawn-out, as we have 
seen in chapter 4. A cluster of western European nations comprising France, 
Germany, and a little later the Netherlands saw a slowly rising trend in coal 
use turn into a dramatic transition in the middle of the century. In both 
France and Germany, coal became a greater provider of thermal energy than 
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Figure 5.3. Share of coal in total energy consumption, 1820–1900
Note: The values on the vertical axis refer to the percentage of coal in  
total energy consumption. On the horizontal axis you !nd the total  
energy consumption in Petajoules (PJ).
Sources: See www.energyhistory.org.









Symbioses énergétiques



Anthony Wrigley Energy and the Industrial Revolution 
(based on the data collected by Paul Warde)

Energy and transport 95

beginning to be a signi!cant source of heat energy in England though 
its contribution was still dwarfed by that of !rewood.

Suf!cient is already known about other European countries to leave 
little room for doubt that with only minor modi!cations the level 
and pattern of energy use found in England and Italy would be rep-
licated elsewhere in Europe before the nineteenth century. There are 
occasional exceptions to this generalisation. In the Netherlands, for 
example, the abundant and accessible reserves of peat played a role 
similar to coal in England. As a result, the Netherlands in the seven-
teenth century was an ‘energy-rich’ economy when compared to her 
neighbours, favouring the growth of energy-intensive industries such 
as brewing, brickmaking, sugar re!ning, bleaching and dyeing, and 
the production of salt. Similarities, however, were much more con-
spicuous than differences. The odd man out, of course, was England, 
which during the seventeenth and eighteenth centuries drifted slowly 
but steadily away from the European norm, as will be clear from 
considering table 4.2. The scale of the change taking place in England 
and the extent of the contrast between England and Italy which was 
brought about by this change is visible in !gure 4.1, which depicts 
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Figure 4.1 Annual energy consumption per head (megajoules) in England 
and Wales 1561–70 to 1850–9 and in Italy 1861–70. 
Source. Tables 4.1 and 4.2.
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Transition énergétique : une généalogie



6 LEON P. GAUCHER 

,?.= 
en 

0 
I 

E ,?,= 
g 
o 

Lid 

260 

240 

220 

200 

180 

~60 

140 

t 20 

I 0 0  

80  

60  

40  

20 

0 
1800 

Wood,wind, batteries, 
fuel cells, radioisotlapes 
and geothettnal 

pasPtresentut 

Wood wind and ..... .:..'." .::.:.'~i~:" , Solar energy fus' 
water wheels ~ ~ ' : , " . ' i ' ? : " / . ~ : . .  .. ~ / ~ , ,  , I " | 

1850 1900 1950 2 0 0 0  2050 2 IC)O 21.50 2200  

Year 

Fig. I .  Energy sources in the United Stale~ 

It was pointed out that all the energy that was being consumed in the United States 
at the time could be collected from the sun with a single satellite only 21.5 miles in 
diameter. 

This graph has been widely used during the last six y e a r s -  in textbooks, in several 
technical articles, and in the popular press. It has been used not only by those con- 
cerned with solar energy but also by those concerned with energy in general and by 
proponents of  synthetic liquid and gaseous fuels which are also dated and quantified 
in this graph. 

CHRONOI.OGICAL DEVELOPMENT OF ENERGY SOIJRCES 

I, too, have used this graph in lecture tours which I have made for the American 
Chemical Society,  for RESA,  and for the American Institute of Chemical Engineers. 
For this purpose I have found it convenient and informative to use a modification of  
this same g r a p h - o n e  where the various segments are replotted, still to scale and in 
proportion with each other, but in a horizontal position as shown in Fig. 2 [% 

In Fig. 2 the various sources of  energy are arranged in the order in which they were 
developed chronologically and this graph shows very clearly that this country has 
developed a new source of  energy every 30 or 40 yr. 

First, after wood,  wind, and waterwheels,  it was coal. Although coal started being 
used in 1780 or so, it was not until 1870 after the development of several of  the more 
modern energy consuming machines such as steam engines, locomotives,  cotton gins. 
lathes, etc., that coal became important. 

Gas came next, in 1816, but this too did not become important until many years 
later when in 1930, natural gas began being piped long distances to market. 

Oil was discovered in 1859, but it did not become an important item of commerce 
until 1919 when the self-starter was invented and the mass production of  internal 
combustion engines began. 

Leon P. Gaucher, « Energy Requirements of the future », Solar Energy, 1972, vol. 14, p. 5-10.



Harrison Brown



Marion K. Hubbert, « Nuclear 
Energy and the Fossil Fuels », 
Shell Development Company, 
n°95, 1956. 





US National Energy Plan,1977
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Energy Production by Primary Energy Type 
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Source: Bureau of Mines and Energy Information Administration. 

During 1947-1972, total U.S. energy production increased at an annual 
rate of 2.4 percent to a peak of 62.8 quadrillion Btu. From 1973 to 1975, 
production declined 1.4 percent per year, then leveled off during 1976 
and 1977. 

Petroleum production peaked at 20.4 quadrillion Btu in 1970, growing at 
an annual rate of 2.8 percent from 1947 through 1970. Between 1971 and 
1976, petroleum production declined annually by 2.9 percent. This trend 
reversed again in 1977 when production increased 0.8 percent, primarily 
due to the startup of Alaskan North Slope oil production. Natural gas 
production increased from 5.0 quadrillion Btu in 1947 to the 1971-1973 

Total 
Energy Production 

1962 1967 1972 

period when it reached 24.8 quadrillion Btu. Production has declined 
since at a rate of 3 .1 percent per year. 

U.S. coal production declined from 18.0 quadrillion Btu in 1947 to 10.8 
quadrillion Btu in 1961, or an average drop of 3.6 percent per year. From 
1962 through 1977, coal production increased at a 2.5 percent annual 
rate. 

Although the combined production of energy form hydropower, nuclear 
power, and geothermal increased more than 300 percent between 1947 
and 1977, it accounted for only 8.4 percent of total production in 1977. 

1977 

Energy Information Administration report to the Congress, 1978 



William D. Nordhaus, « The Allocation of  Energy Resources »,, Brookings Papers on Economic Activity,  
vol. 3, 1973, p. 529-576

William Nordhaus, « Can We Control Carbon Dioxide? », IIASA Working Paper, WP-75-63, 1975, p. 34. 

Alan S. Manne, « waiting for the breeder », IIASA Research Report, RR-74-5, 1974.

Robert White, « Climate at the Millenium », World Climate Conference, 1979, p. 5.

« We have to think climate as a resource »
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AND SCIENTIFIC RESOURCES REQUIRED TO CONTEND WITH THE PROBLEM-

THE SAME POINT IS EMPHASIZED IN THE ENERGY STUDY 

PUBLISHED LAST YEAR BY THE INTERNATIONAL INSTITUTE FOR APPLIED 

SYSTEMS ANALYSIS, OR 11 ASA - THE STUDY INVOLVED SOME 150 TOP 

SCIENTISTS AT ONE TIME OR ANOTHER AND REPRESENTS ONE OF THE MOST 

COMPREHENSIVE ASSESSMENTS OF THE OUTLOOK FOR THE NEXT 50 CRITICAL 

YEARS OF WHAT MAY WELL BE IN ABSOLUTE TERMS THE WORLD'S PERIOD OF 

GREATEST POPULATION GROWTH-

THE IIASA STUDY CONCLUDES THAT TO MAKE A SUCCESSFUL 

TRANSITION FROM FOSSIL FUELS TO AN ENERGY SYSTEM BASED ON 

RENEWABLE RESOURCES. THE WORLD ECONOMY MUST EXPAND ITS PRODUCTIVE 

POWERS- IT MUST EXPAND IN ALL DIMENSIONS. BUT. MOST IMPORTANTLY. 

IN THE NEW KNOWLEDGE AND HUMAN SKILL THAT ENLARGE THE 

TECHNOLOGICAL BASE- FoR SUCH KNOWLEDGE AND SKILL. MORE THAN 

BRUTE CAPITAL. IS WHAT ENABLES SOCIETIES IN THIS AGE TO USE THE 

SAME OR EVEN FEWER RESOURCES TO PRODUCE MORE-

THE IIASA STRATEGY FOR INVENTING THAT FUTURE RESEMBLES 

THE ONE I HAVE SUGGESTED: A STRATEGY FIRST. OF GRADUAL 

TRANSITION FROM CLEAN. HIGH QUALITY RESOURCES"NATURAL GAS AND 

OIL--TO DIRTIER UNCONVENTIONAL FOSSIL RESOURCES- THE STUDY ALSO 

TAKES NOTE OF THE C0 2 ISSUE. RECOMMENDING THAT SOCIETY 

INCORPORATE SUFFICIENT NON-FOSSIL OPTIONS IN THE ENERGY SUPPLY 

SYSTEM SO AS TO ALLOW EXPANSION OF THAT BASE. IF NECESSARY. AS 

THE EFFECTS OF CARBON DIOXIDE BECOME BETTER QUANTIFIABLE THROUGH 

FURTHER RESEARCH. 

Source: https://www.industrydocuments.ucsf.edu/docs/zxfl0228
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WHY WE AND OTHERS IN THE PETROLEUM INDUSTRY HAVE TAKEN A STRONG 

INTEREST IN THE ISSUE OF THE GREENHOUSE EFFECT AND YOUR WORK- IT 

IS WHY WE HAVE PARTICIPATED IN SEVERAL INITIATIVES TO PROMOTE 

YOUR RESEARCH; IT IS WHY WE ARE PLEASED TO CONTRIBUTE TO THE 

HOLDING OF THIS SYMPOSIUM AND TO PARTICIPATE IN IT- AND IT IS 

WHY WE HAVE BEGUN OUR OWN MODEST RESEARCH EFFORT IN THE FIELD. 

MOTIVATED ALSO BY THE BELIEF THAT PERHAPS THE ONLY WAY TO 

UNDERSTAND A FIELD IS TO DO RESEARCH IN IT. YOU HAVE SEEN SOME 

OF THE RESULTS IN A PAPER DELIVERED YESTERDAY AFTERNOON- WE ARE 

ALSO IN THE PROCESS OF EVALUATING THE DATA ON C02 CONCENTRATIONS 

COLLECTED OVER TWO YEARS BY AN EXXON TANKER PLYING BETWEEN THE 

GULF OF MEXICO AND THE GULF OF ARABIA-

ORGANIZATION 

FEW PEOPLE DOUBT THAT THE WORLD HAS ENTERED AN ENERGY 

TRANSITION AWAY FROM DEPENDENCE UPON FOSSIL FUELS AND TOWARD SOME 

MIX OF RENEWABLE RESOURCES THAT WILL NOT POSE PROBLEMS OF C02 

ACCUMULATION- THE QUESTION IS HOW DO WE GET FROM HERE TO THERE 

WHILE PRESERVING THE HEALTH OF OUR POLITICAL. ECONOMIC. AND 

ENVIRONMENTAL SUPPORT SYSTEMS. WHAT I WILL DO IN THE REMAINDER 

OF THIS TALK IS INDICATE HOW THE WORLD MAY INVENT A SUCCESSFUL 

ENERGY FUTURE. USING THE SORT OF CORRECTIVE FEEDBACK SYSTEM I 

HAVE DESCRIBED. MY PERSPECTIVE IS OF COURSE AN EXXON 

PERSPECTIVE. REFLECTING OUR OWN ASSUMPTIONS ABOUT THE ECONOMIC 

AND SOCIAL PATHS SOCIETIES WILL PREFER- AND SINCE FOSSIL FUELS. 

AND LIQUID CHEMICAL FUELS. ARE REALLY THE HEART OF THE ENERGY AND 

THE C0 2 PROBLEM. I WILL FOCUS ON THOSE. 

Source: https://www.industrydocuments.ucsf.edu/docs/zxfl0228
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SUMMARY AND CONCLUSION 

TO SUM UP. THE WORLD'S BEST HOPE FOR INVENTING AN 

ACCEPTABLE ENERGY TRANSITION IS ONE THAT FAVORS MULTIPLE 

TECHNICAL APPROACHES SUBJECT TO CORRECT I ON"F£EDBACK FROM 

MARKETS. SOCIETIES. AND POLITICS. AND SCIENTIFIC FEEDBACK ABOUT 

EXTERNAL COSTS TO HEALTH AND THE ENVIRONMENT- THIS APPROACH IS 

NOT EASY. OR COMFORTING TO THE UNINITIATED. BECAUSE THERE IS NO 

OVERALL NEAT AND UNDERSTANDABLE PLAN- BUT PROPHECIES LEADING TO 

MASTERMINDED SOLUTIONS THAT COMMIT A SOCIETY UNALTERABLY TO A 

SINGLE COURSE ARE LIKELY TO BE DANGEROUS AND FUTILE- A GOOD SIGN 

IS THAT. WITHOUT ANY CENTRAL PLAN. THE WORLD ECONOMY HAS ALREADY 

ADOPTED CONSERVATION TECHNOLOGIES THAT ARE REDUCING THE RATE OF 

C02 BUILDUP. 

IN SHAPING STRATEGIES FOR ENERGY RESEARCH AND 

DEVELOPMENT. WE MUST RECOGNIZE THAT. GENERALLY. SOCIETIES WILL 

GIVE PRIMACY TO ECONOMIC GROWTH. TO LEAST'COST ENERGY 

ALTERNATIVES. AND. IN MOST TRANSPORTATION USES. TO LIQUID 

FUELS- FORTUNATELY, THESE CONDITIONS GIVE SCIENCE AND 

ENGINEERING A LOT OF ROOM TO MANEUVER- IT APPEARS WE STILL HAVE 

TIME TO GENERATE THE WEALTH AND KNOWLEDGE WE WILL NEED TO INVENT 

THE TRANSITION TO A STABLE ENERGY SYSTEM. 

I HOPE I DO NOT APPEAR TOO SANGUINE ABOUT THE 

COLLECTIVE WISDOM OF OUR SPECIES- HISTORY BEARS AMPLE TESTIMONY 

TO THE HUMAN CAPACITY FOR GRIEVOUS FOLLY. AS WELL AS ACHIEVEMENT 

AND EXCELLENCE- CLEARLY. THERE IS VAST OPPORTUNITY FOR 

CONFLICT. FOR EXAMPLE. IT IS MORE THAN A LITTLE DISCONCERTING 

Source: https://www.industrydocuments.ucsf.edu/docs/zxfl0228

Edward David 
« Inventing the future, 
Energy and the CO2 
problem », 
Exxon, 1982.



John Sununu

Robert Reinstein

1991 : play the technology card!
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c) Global methane (CH4) emissions

net zero

net zero

Nationally Determined 
Contributions (NDCs) 
range in 2030

net zero

a) Net global greenhouse 
gas (GHG) emissions

Key

Past emissions (2000–2015)

Model range for 2015 emissions

Past GHG emissions and uncertainty for 
2015 and 2019 (dot indicates the median) 

Implemented policies 
(median, with percentiles 25-75% and 5-95%)

Limit warming to 2°C (>67%)

Limit warming to 1.5°C (>50%)
with no or limited overshoot

Key

Transport, industry and buildings
Non-CO2  emissions 

Land-use change and forestry
Energy supply (including electricity)

these are di!erent 
ways to achieve 
net-zero CO2

b) Net global CO2 emissions e) Greenhouse gas emissions by 
sector at the time of net zero 
CO2, compared to 2019

Limiting warming to 1.5°C and 2°C involves rapid, deep and 
in most cases immediate greenhouse gas emission reductions
Net zero  CO2 and net zero GHG emissions can be achieved through strong reductions across all sectors

Implemented policies result in projected 
emissions that lead to warming of 3.2°C, with 
a range of 2.2°C to 3.5°C (medium confidence)

2019 emissions were 
12% higher than 2010

Illustrative Mitigation 
Pathways (IMPs)



Un livre excellent, à lire absolument !

• Impressionnante recherche historique
• Démontre l’empilement des énergies et 

l’imbrication matériaux-énergies
• Explique comment est on arrivé là

• Vibrant plaidoyer pour la sobriété


• Alerte sur l’illusion d’une transition facile et 
confortable


• Pose la question du rôle des ingénieurs


• Mais le bandeau de l’éditeur est fortement 
questionnable !

1



Inconscience béate

Conscience mais

•climatoscepticisme

• temporisation

• résignation

Ça commence à bouger

2



Dernier rapport du GIEC :

Si nous voulons respecter l’Accord de Paris et limiter le 
réchauffement planétaire à 1,5°C, les émissions de GES 
doivent atteindre leur pic entre 2020 et 2025 au plus tard, 
et décroître jusqu’à atteindre la neutralité carbone en 2050.

3

Dernier rapport du GIEC :

Si nous voulons respecter l’Accord de Paris et limiter le 
réchauffement planétaire à 1,5°C, les émissions de GES 
doivent atteindre leur pic entre 2020 et 2025 au plus tard, 
et décroître jusqu’à atteindre la neutralité carbone en 
2050.



Scénarios du GIEC : Les émissions de gaz à effet de serre doivent être réduites de près de 
50% d’ici 2030 et de 80% d’ici 2040 par rapport à 2019 pour limiter la hausse des 
températures à 1,5°C, et l’ensemble des gaz à effet de serre sont à prendre en compte. 

4



Les ingénieurs dans tout çà ?
(page 205) « Le radicalisme énergétique est une idéologie des 
scientifiques et ingénieurs frappés par la 2eme loi de la 
thermodynamique »

(2eme loi : « Dans un système isolé, l'entropie est une fonction qui ne diminue pas avec le 
temps » )

(page 332) « Il est de bon ton de moquer le technosolutionnisme des 
ingénieurs mais les postures normatives qui règnent en sciences sociales 
sur le climat sont bien plus ridicules encore »

Je pense que les ingénieurs joueront un rôle clé dans le futur énergétique

Ils détiennent une partie de la solution.

5



L’impact des renouvelables ? 
Sans Transition (page 289) : 

« Si la transition énergétique commençait aussi tard qu’en 2010, pour ne 
pas dépasser le seul considéré comme dangereux de 600 ppm de CO2 
dans l’atmosphère, il faudrait installer 1 600 GW par an (nucléaire, 
panneaux solaires, peu importe) durant les deux décennies suivantes. 

A titre de comparaison, toutes les entreprises énergétiques américaines 
disposaient en 1980 d’une capacité  d’installation de 30 GW par an. »

COP28 (2023): 

«  To achieve the COP28 goal of tripling renewables in order to stay below 
1.5°C, we need addition of 1000 GW each year from 2024 to 2030 »

6



To achieve the COP28 goal of tripling renewables in order to stay below 
1.5°C, we need addition of 1000 GW each year from 2024 to 2030

Installed Renewable Capacity Worldwide 
(GW) Bioenergies

Wind

Hydro

Solar

• We are not there yet, but much above the 30 GW of the 
1980s

record growth in 2023 : + 473 
GW
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Impact des 
renouvelables si objectif 
COP28  atteint en 2030 :

24000 TWh
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Quelques innovations impactantes près de chez vous
Plasmalyse du méthane (Spark Cleantech) : 

• CH4 = C(s) + 2 H2


• 4x moins d’énergie que l’hydrogène vert, pas de CO2 émis

• Potentiel : Marché H2 global : 80 Mt/an => 0.8 GtCO2eq évités (2% des émissions mondiales)


Pompe à chaleur haute température (250°C à 550°C) : 

• Gaz chauds pour industrie alimentaire  

• Potentiel : 1 GT CO2eq évités (2% des émissions mondiales)


Combustion de l’hydrogène, des SAF, de l’ammoniaque (Laboratoire EM2C)

• Production d’électricité : 3 Gt CO2eq évités (6% des émissions mondiales)

• Transports : 1 Gt CO2eq évités (2%) dans l’aviation

• Chauffage
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Un appel à l’engagement des ingénieures et 
ingénieurs
• Chaque degré compte : la 2ème loi (mais pas que) offre des 

opportunités


• S’éduquer et éduquer pour convaincre sur le discernement et la 
sobriété


• Se confronter aux réalités industrielles : on a la chance d’avoir en 
France des industries dans tous les secteurs de production et 
d’utilisation de l’énergie


• Faire le choix de projets impactants et ambitieux


 => C’est porteur de sens !
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Heat pump capable of providing high 
temperature heat (250 to 550°C for 
food industry


Goal : 1 Gt CO2 avoided per year
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Source : Carbon4  
https://www.carbone4.com/article-giec-groupe3-points-cles


