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Summary 

 The issue of global warming has led to the development of 
geoengineering techniques in an attempt to modify the climate. 

 Solar radiation management typically involves injecting aerosols into 
the stratosphere. Uncertainties remain about these methods, and they 
have been criticised for their impacts and risks. 

 Carbon dioxide (CO2) capture and storage techniques present 
interesting opportunities but they are not all fully developed and 
affordable yet. 

 These techniques are the subject of research that should be controlled 
in view of their inherent risks. 

Maxime Laisney, Member of the National Assembly Stéphane Piednoir, Senator 

 

Since the 20th century, the Earth has been experiencing 

major climate change that threatens ecosystems and 

human societies.1  The average global temperature has 

risen by more than 1°C since the pre-industrial era, and 

all the evidence suggests that this trend will continue.2 

The signatory countries of the 2015 Paris Climate Accords 

agreed to keep the increase in average temperature “well 

below 2°C” and try to limit it to 1.5°C above pre-industrial 

levels. The current scientific consensus is that the 1.5°C 

threshold will very probably be reached or exceeded 

soon.3 

The causes of climate change are mainly anthropogenic. 

The main cause is actually the emission of greenhouse 

gases (GHGs) such as carbon dioxide and methane, which 

are produced by human activities (energy production, 

transport, industry, housing, agriculture, etc.). 4  The 

principal method for mitigating climate change is to 

reduce these emissions.5 The amount of GHGs emitted in 

the coming years will be key to determining whether the 

commitments of the Paris Accords can be achieved or not. 

Geoengineering6 is an umbrella term that encompasses a 

number of techniques said to complement efforts to 

reduce GHG emissions and slow the process of climate 

change. 

According to one prevailing definition of geoengineering, 

it is the “deliberate large-scale intervention in the Earth’s 

climate system, in order to thwart anthropogenic global 

warming”.7  Our societies have unintentionally8  modified 

the climate and should take action to limit the 

consequences. Geoengineering proposes an alternative 

approach to climate change mitigation besides reduction, 

restraint and moderation. It aims to produce large-scale 

impacts and therefore does not include localised 

techniques. Lastly, although weather-modification 

techniques have long been the subject of dreams and 

experiments,9  their main aim is not to mitigate climate 

change and therefore they are not within the scope of this 

briefing. 

The growth of geoengineering within the scientific field 

has been made possible by massive investments from 

multinational organisations in the fossil fuel, technology 

and finance sectors.10 

Geoengineering techniques are generally grouped into 

two categories: firstly, those aiming to reduce the amount 

of solar energy absorbed by the Earth system in order to 

adjust the balance of the earth’s radiation budget, which 

is referred to as “solar radiation management” (SRM); 

secondly, those aiming to capture the GHGs present in 

the Earth’s atmosphere and reduce the greenhouse effect, 

known as “carbon dioxide removal” (CDR).11 

 Solar radiation management: an example of 

maladaptation? 

Solar radiation management (SRM) 12  refers to all 

techniques that aim to adjust the radiation budget13  of 

the Earth system by using alternative methods to those 

that aim to reduce the concentration of greenhouse gases 

in the atmosphere. SRM techniques are the most 

controversial because they do not address the causes of 

climate change and do not aim to restore levels to those 

of the early 20th century. Instead, they aim to create a new 

physical state of the Earth that is governed by different 

parameters. However, the Earth is a complex system in 

which modifications to a single parameter can have 

unexpected side-effects.14  Hence why SRM proponents 

are sometimes accused of “playing god” 15  with the 

climate by their opponents. 
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It is important to note that SRM techniques do not reduce 

atmospheric CO2 concentration, 16  but their advocates 

defend them as being last-resort methods. The bigger the 

discrepancies between the recorded temperatures and 

the desired pathways, the stronger this argument will 

seem, particularly in countries that are most affected by 

global warming. 

SRM methods are numerous and the possibilities are 

limited only by researchers’ imaginations. Some 

techniques, such as space mirrors, seem to belong more 

to science fiction than to reality but have sometimes 

enjoyed media attention and been the object of a few 

isolated research programmes. The present briefing lays 

out the two most commonly proposed techniques.17 

 Stratospheric aerosol injection 

Stratospheric aerosol injection (SAI) is an oft-endorsed 

SRM technique that involves dispersing aerosols in the 

atmosphere at an altitude of between 15 and 25 km. In a 

similar way to the phenomena observed during volcanic 

eruptions,18 the dispersed particles are expected to reflect 

solar radiation and produce a cooling effect. The standard 

method proposes to use sulphates, whose chemical 

characteristics are relatively well understood. 

The lifespan of the sulphates in the stratosphere would be 

no more than two to three years, so the process must be 

repeated in order to maintain a constant cooling effect. 

This would require large fleets of stratospheric aircraft 

capable of regularly carrying several tonnes of sulphate 

to the desired altitude. SAI advocates highlight the 

technique’s relative ease of deployment and affordability 

compared with other methods. However, these 

arguments have been challenged by the latest 

estimations, which tend to show that the cost of this 

technique has been underestimated and that it would 

more likely cost between several dozen and some one 

hundred billion dollars per year and per degree of 

cooling.19 

There are also several major issues with SAI. Firstly, the 

prolonged use of sulphates may cause acid rain 20  and 

damage the ozone layer. Secondly, the aerosols may have 

an uneven effect on global warming across the Earth’s 

surface and deregulate the planet’s hydrological system, 

with serious impacts on the Asian monsoon, for example. 

This technique therefore carries risks for food supply.21 

 Marine cloud brightening 

Another SRM technique involves diffusing seawater into 

tropospheric clouds from boats to increase the clouds’ 

reflectiveness and thereby impede part of the incoming 

solar radiation. This method is based on markedly less-

well-developed scientific foundations than with SAI but 

several experiments have already been carried out, 

particularly at the Great Barrier Reef. 22  The potential 

impacts following large-scale deployment of marine 

cloud brightening are similar to those of SAI,23  and its 

effectiveness is far from proven. Notably, its effect would 

be limited to no more than a few days and would be 

relatively localised, unless even more substantial 

resources were employed than those required for SAI. 

 Risks outweighing the potential benefits 

If these technologies were to see large-scale deployment, 

they threaten to place human societies in a socio-

technical impasse that requires their constant use 

because, after venturing along the SRM path, it is difficult 

to turn back quickly without causing a terminal shock. 

Since CO2 has a much longer lifespan in the atmosphere 

than the aerosols used to counter its effects, the sudden 

stoppage 24  of SRM could lead to a rapid and record-

breaking rise in global temperature. 

In the light of these arguments, SRM seems to be an 

example of maladaptation to climate change: instead of 

increasing resilience to the climate crisis, it would weaken 

the Earth system. By contributing to the creation of a new 

and unstable global climate in a context of already critical 

levels of warming, it would serve to accentuate problems 

rather than resolve them. The fact that the biggest 

investors in SRM25 are also the countries with the most 

substantial CO2 emissions suggests that they may see it 

as a way to continue using fossil fuels. 

These methods are little developed in Europe, particularly 

in France. In a recent opinion paper, the CNRS Ethics 

Committee26  concluded that SRM is a high-risk science 

and recommended focusing research on monitoring and 

assessing the impacts of SRM rather than on its effective 

deployment.27 

 Carbon dioxide removal (CDR) 

Human activities emit between 50 and 55 Gt of CO2 

equivalent per year.28 These emissions are continuing to 

rise, albeit at a lesser rate than during previous decades. 

Each year, approximately half the CO2 emitted is captured 

by natural carbon sinks in the form of oceans, forests and 

soil.29 The remaining half contributes to the atmospheric 

concentration of this greenhouse gas. CDR techniques 

aim to improve or complement natural CO2 capture.30 

 The main CO2 capture and removal techniques 

 Forest management 

Using forests to capture more carbon might seem to be 

one of the simplest solutions. However, this approach 

brings up a number of difficulties.31 

In 2024, 6.7 Mha of primary forest were destroyed, 

leading to the emission of 4.1 Gt of CO2.32 The prevention 

of deforestation is therefore essential to maintaining CO2 

absorption at significant levels. This also applies to forest 

management in general and its two branches: 

reforestation, which aims to plant trees in areas where 

there used to be a forest, and afforestation, which aims to 

create new forests.33 

The nearly natural34  nature of these techniques stands 

them in good light. However, to be effective, they require 

much larger scale deployment than is currently the case, 
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but this would create competition for land use with 

agriculture, for example. One study 35  aggregated the 

pledges of 194 countries and demonstrated the need for 

a change in land use involving an area of 3.7 million km² 

being dedicated to reforestation between 2020 and 

2060.36 Since the CO2-capture capacity in tropical regions 

is significantly higher per hectare than in other areas, 

questions of optimal location and international fairness 

must be taken into consideration. 

At the same time, forests can be negatively impacted by 

global warming and their capture potential can be 

reduced.37 The care taken when trees are planted can also 

have a major impact on their capture potential, a fact that 

calls for close monitoring of the quantities of CO2 that are 

actually absorbed.38 

Lastly, forests do not offer unlimited CO2 capture because 

their capacity for CO2 removal diminishes with age, 

meaning that they reach a point of equilibrium at which 

the quantities of CO2 that are emitted and captured 

balance out, despite having stored a net amount of 

carbon during their life cycle.39 While forest management 

can contribute to climate change mitigation, forests alone 

cannot absorb the totality of anthropogenic emissions.40 

 Hybrid or technological capture and storage 

Today, one of the main avenues explored for industrial 

decarbonisation is direct CO2 capture and storage (CCS) 

at industrial plants , 41  which may offer a solution for 

decarbonising unavoidable emissions. However, ADEME 

(the French Agency for Ecological Transition) stresses that 

CCS must remain the final option after restrained use, 

improved efficiency, input modification and recycling, 

and calls for a “merit order” for solutions. 

CCS uses filters and solvents to absorb and capture CO2 

before it leaves factory flues.42 It is then taken away for 

long-term storage – ideally for several millennia – or 

reuse.43 Current avenues being explored for carbon reuse 

include the development of e-fuels and chemical 

processes.44  But this is not without cost, particularly in 

terms of energy. In addition, the rest of the CCS chain 

must also be considered, namely transport and storage 

which have a high economic cost and can lead to other 

risks,45  such as CO2 leakages.46  The EVASTOCO2 study47 

estimated France’s underground storage capacity at 

4.8 Gt of CO2. 

CCS is still little developed, but a number of stakeholders 

are starting to position themselves, including in France 

since the country recently removed an obstacle to 

exporting CO2.48 

Strictly speaking, CCS is not actually a geoengineering 

technique because it does not produce negative 

emissions. However, it is the basis of several CDR 

techniques including bioenergy with carbon capture 

and storage (BECCS), which involves linking biomass-

fuelled power plants to a CCS system. Emissions are 

captured and stored using the decarbonised energy 

produced by the plant. BECCS emissions are thus negative 

overall, on the condition that the CO2 storage is durable. 

Although this method seems promising, it carries a 

downside in the substantial land area required for 

biomass production.49 

An alternative technique could avoid these problems: 

direct air capture and storage (DACS). Instead of using 

photosynthesis to capture carbon, DACS uses chemical 

processes with similar filters and solvents to those used 

in flue-exit CCS. However, capture is trickier because it is 

carried out directly from the atmosphere, where the CO2 

concentration is lower by several orders of magnitude 

compared with flue exits. 

DACS offers two main advantages. Like BECCS, it can 

produce negative emissions when combined with long-

term storage, ideally for several thousand years. 50  In 

addition, these facilities do not need to be installed in 

precise locations (i.e. near forests or industrial areas) and 

can therefore be built near storage sites, which removes 

the issue of transport. 

The technology for this technique is still 

underdeveloped.51 Direct air capture requires substantial 

facilities and quantities of energy and water. The cost per 

tonne of CO2 captured is estimated at several times the 

current price of the tonne in the carbon market52 and will 

likely be a long time in becoming competitive. An 

increasing number of start-ups53 are trying to innovate to 

improve the efficiency of these techniques, especially in 

the USA, where there is both public- and private-sector 

funding. In France, this field is just beginning to take 

shape. 54  Estimated trajectories for technical 

developments and price increases on the carbon market 

suggest that these technologies will not see significant 

deployment before 2050. The International Energy 

Agency’s net-zero scenario projects DACS at 1 Gt of CO2 

per year in 2050.55 

 The place of CDR in climate policies 

The negative emissions allowed by carbon removal are 

already part of the fight against climate change and the 

approach features to a greater or lesser extent in almost 

all IPCC scenarios in which the 2°C threshold is respected. 

The aim is to use it first during the transition and then to 

absorb residual emissions. 56  If the global temperature 

limits are exceeded, the negative emissions could even 

bring warming down to an acceptable level.57 

Forest management and BECCS are the most frequently 

advanced solutions, sometimes to extremely ambitious 

levels. On the other hand, DACS is still underrepresented 

in these strategies. Although it does not present the same 

challenges as BECCS, it can only really be of use if it is 

powered by decarbonised energy, and if it would not be 

more beneficial to use it to replace fossil fuels in another 

sector. It therefore only truly makes sense in a world that 

has already been largely decarbonised, where it could 

serve to reduce residual emissions or allow net negative 



OPECST Science & Technology Briefings – n° 48 – Geoengineering – October 2025 page 4 

emissions. However, this method offers the greatest 

scale-up potential.58 

 International governance is still in its infancy 

Geoengineering experiments can have global 

consequences that are difficult to predict, but 

international law is very fragmented in this area. Although 

the use of geoengineering for military purposes has been 

banned,59  there is nothing to prevent civil experiments. 

Some of these technologies are easily accessible and 

large-scale deployment by a single state outside of any 

cooperation agreements is a possibility that must not be 

excluded. 60  This makes geoengineering a matter of 

national defence and it is possible that negatively 

impacted countries could retaliate with “counter-

geoengineering”. In addition, it is difficult to locate the 

source of SRM experiments. Part of the modelling 

research aims to remove this obstacle. 

The absence of regulation leaves private or academic 

stakeholders free to carry out geoengineering 

experiments unchecked,61  despite the opposition often 

raised. A few attempts at self-regulation have emerged, 

but without great success.62 

CDR is not exempt from these problems either. Ocean 

fertilisation 63  is one of the rare techniques that is 

regulated by international law, and is currently the subject 

of a moratorium.64 

The impacts of geoengineering research are potentially 

dangerous and difficult to predict, and establishing the 

origins of potential damages is equally complicated. The 

absence of an international legal framework creates a 

vacuum vis-à-vis the general principle of responsibility. 

 Conclusions 

As global warming continues, the possibilities opened up 

by geoengineering may seem appealing. Initiatives have 

already been launched and initial progress has been 

made. However, extreme caution is required.65 

Scientifically, neither SRM nor CDR techniques are free 

from undesirable consequences or repercussions, 

particularly for the environment. Their true effectiveness 

remains to be proven, either because it depends on 

physical, chemical and biological mechanisms that only 

operate in the short or medium term, or because the 

technique must be combined with a process capable of 

durably isolating the carbon removed from the 

atmosphere for at least several millennia, without the risk 

of it being re-released. 

Politically, both SRM and CDR present a major moral 

hazard because they may deter from restraint and 

reduction in the use of fossil fuels. In addition, SRM carries 

the risk of leading to a socio-technical impasse, as 

mentioned above, which is one of the reasons requests 

are made for experiments to be banned, particularly in 

Europe.66 

Nonetheless, CDR offers interesting potential and seems 

likely to be developed further, but it must be ensured that 

it remains a last resort. Moreover, stakeholders in the 

sector stress the importance maintaining two distinct 

aims in order to avoid creating any conflict between the 

two approaches: reducing raw GHG emissions on the one 

hand and introducing negative emissions on the other 

hand. CDR innovation must stay on a narrow path: 

maintaining government control because realistic and 

feasible CDR is a limited resource and a common good; 

providing significant resources because many scientific 

and technical unknowns remain; being yet very selective 

and agile because some new avenues explored will likely 

turn out to be dead ends, as with any research; ensuring 

that all the planetary boundaries are taken into account; 

constantly assessing the real effectiveness of each 

technique studied; 67  ensuring that potential business 

models are robust, including the potential inclusion of 

these techniques in carbon markets. 

At this stage, it is illusionary to see geoengineering as the 

perfect remedy to the worldwide problem of global 

warming. Nevertheless, some techniques may, under 

certain conditions, serve to complement efforts to 

achieve “net zero”, which requires, first and foremost, the 

reduction of raw greenhouse gas emissions. 

 

OPECST websites: 
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1 See IPCC Goup 2 report on impacts, adaptation and vulnerability: IPCC, 2022: Summary for Policymakers [H.-O. Pörtner, D.C. Roberts, E.S. 

Poloczanska, K. Mintenbeck, M. Tignor, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem (eds.)]. In: Climate Change 2022: 

Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on 

Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. 

Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 3–33, 

doi:10.1017/9781009325844.001. 

2 See the summary of the 6th IPCC report: IPCC, 2023: Summary for Policymakers. In: Climate Change 2023: Synthesis Report. Contribution of 

Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and 

J. Romero (eds.)]. IPCC, Geneva, Switzerland, pp. 1-34, doi: 10.59327/IPCC/AR6-9789291691647.001. 

3 As shown by a recent study based on data from 2024: Forster, P. M. et al. (2025). Indicators of Global Climate Change 2024: annual update 

of key indicators of the state of the climate system and human influence. Earth System Science Data, 17, 2641-2680. 

https://doi.org/10.5194/essd-17-2641-2025  

4 More details on the distribution of greenhouse gas emissions per sector can be found in Key Figures on Climate: France, Europe and 

Worldwide, 2024 edition. French Ministries for Territories, Ecology and Housing. https://www.statistiques.developpement-

durable.gouv.fr/chiffres-cles-du-climat-france-europe-et-monde-edition-2024. 

5 This is the aim of France’s national low-carbon strategy (SNBC, March 2020, Ministry for the Ecological and Solidarity Transition). 

6 Others prefer to use the expression “climate engineering”, particularly in order to avoid the prefix “geo-”, which may lead to confusion or 

fears over the scale of climate manipulation. In French, the plural is also used to represent the multiplicity of approaches (Xavier Landes, La 

Géoingénierie. Que sais-je ?, October 2024). 

7  This definition was proposed by the Royal Society in 2009 (J. Shepherd et al, Geoengineering the Climate: Science, Governance and 

Uncertainty) and has been widely adopted. It is very similar to the one produced by the REAGIR forward-looking reflection panel at the ANR 

in 2014 (O. Boucher et al, Réflexion systémique sur les enjeux et méthodes de la géo-ingénierie de l'environnement): “environmental 

geoengineering means all techniques and practices that are implemented or planned with the aim of large-scale correction of the effects of 
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the UKESM1 climate model. Atmospheric Chemistry & Physics, 23(24), 15305-15324. https://doi.org/10.5194/acp-23-15305-2023). 

24 Potential stoppage due to conflict, geopolitical tensions or unsupportable aerosol pollution. 

25 Primarily the USA, which withdrew from the Paris Agreement in 2025 for the second time. 

26 CNRS Ethic Committee (COMETS), opinion no. 2025-47: “Virus manipulation, geoengineering… how can the ‘responsible’ aspect of research 

be assessed?”, 10 June 2025. 

27 The French Academy of Science recently published a report on the subject, in which it called for caution over these technologies (Report 

by the Academy of Science of 2 October 2025: Climate geoengineering: a call for caution and rigorous supervision). 

28 CO2 equivalent is a metric used to keep account of all greenhouse gas emissions, by weighting the quantities emitted by their global 

warming potential (for example, methane is emitted in smaller quantities than CO2, but has a much greater warming effect per kilogramme). 

https://doi.org/10.5194/acp-23-15305-2023


 

                                                                                                                                                                                           
In 2022, 53.8 Gt of CO2 equivalent were emitted according to Key Figures on Climate: France, Europe and Worldwide, 2024 edition. French 

Ministries for Territories, Ecology and Housing. 

29 Approximately 30% by the biosphere (land and forests) and 25% by oceans. These sinks are fragile and sensitive to global warming. In 

addition, if all anthropogenic emissions ceased, they would not allow a rapid reduction of GHG concentrations in the atmosphere by 

themselves, because they maintain a constant equilibrium between the CO2 present in the air and the CO2 they store. 

30 The present briefing only mentions techniques for CO2 capture, but research – albeit much less advanced – has also been carried out on 

methane capture, which could offer interesting potential. The National Academy of Science in the USA has explored this potential with a view 

to developing research in a report published in 2024: A Research Agenda Toward Atmospheric Methane Removal. 

31 Approaches based on improving the storage capacity of land also exist, such as enhanced weathering which involves spreading rock 

powder over land. However, questions remain vis-à-vis soil pollution and the deterioration of its fertility, while serious doubts as to the real 

efficacity of this technique persist. 

32 2024 was a particularly bad year due to numerous forest fires and drought, https://www.wri.org/news/release-global-forest-loss-shatters-

records-2024-fueled-massive-fires. 

33 Between 2000 and 2020, new forests provided a total of 130.9 Mha of new tree cover, but deforestation destroyed 231.5 Mha; as a result, 

global forest area decreased by 100.6 Mha. Figures taken from Katie Reytar, Elizabeth Goldman, Darby Levin, Sarah Carter: Forest Gain (6 

September 2024), World Resources Institute, Global Forest Review  

(https://gfr.wri.org/forest-extent-indicators/forest-gain?_gl=1%2Apz1zxa%2A_gcl_au%2AMjYxNDMwMzM1LjE3NjA2MTkwNTM.#how-did-

tree-cover-gain-compare-to-loss-between-2000-and-2020). 

34 Forest management techniques cannot be considered entirely natural because the nature of the species planted is determined by decisions 

made based on their cost, CO2 storage capacity, adaptation to the local environment, etc. Afforestation equates to a change in the initial land 

use through the creation of a new forest. 

35 Dooley, K., et al (2024). Over-reliance on land for carbon dioxide removal in net-zero climate pledges. Nature communications, 15(1), 9118. 

https://doi.org/10.1038/s41467-024-53466-0. The Land Gap Report (landgap.org) provides detailed information on land use for different CDR 

techniques. 

36 Which equates to approximately one quarter of global arable land. 

37 In France, forests cover nearly 20% of land area and it would be very difficult to increase this percentage. Its carbon capture capacity is 

also diminishing year-on-year, in particular due to global warming. Ecoforestry methods could preserve part of its CO2 capture capacity. 

38  Doubts have been cast over the real benefits of large tree-planting projects https://www.carbone4.com/analyse-credits-carbone-

evitement-deforestation. 

39 The Amazon rainforest is almost carbon neutral (https://www.onf.fr/vivre-la-foret/%2B/1ba8::la-foret-un-indispensable-pour-une-planete-

decarbonee.html). 

40 https://www.onf.fr/vivre-la-foret/%2B/1ba8::la-foret-un-indispensable-pour-une-planete-decarbonee.html. 

41 Also called CCUS for carbon capture, usage and storage. 

42 This is the aim, for example, of the DMX technology demonstrator at the Arcelor Mittal site in Dunkerque, which IFPEN and Axens contribute 

to. 

43 This is the aim of the Carbon Capture, Utilisation and Storage (CCUS) approach. 

44  CO2 can currently be reused in greenhouse agriculture or as a refrigerant gas, but in relatively small quantities. However, long-term 

development could see its substantial use in e-fuels, chemical products such as ethylene and polycarbonates, and high-carbon products such 

as precast concrete. These uses were listed by ADEME in its 2021 opinion paper titled Valorisation du CO2. 

45 The most direct storage process involves injecting CO2 into former oil or gas reservoirs, which offers the advantage of using existing 

facilities. Stakeholders in the fossil fuel sector are very active in this area. Projects being developed in Europe sometimes face concerns about 

the durability of the storage and requests for greater transparency. Such is the case, for example, of the Callisto project, which aims to store 

4 Mt of CO2 by 2030 in the Adriatic Sea but may be hindered by seismic or weather-related risks. 

46 In 1986, between 100,000 and 300,000 tonnes of naturally dissolved CO2 in the depths of Lake Nyos (Cameroon) were released for an 

unknown reason, causing the suffocation of nearly 2,000 people in nearby villages. 

47 This study was commissioned by ADEME and was published in February 2025. It estimates that French storage capacities represent 1.1 Gt 

in closed geologic structures and 3.6 Gt in saline aquifers. In contrast, France’s annual CO2 emissions are estimated at approximately 0.4 Gt 

of CO2. Some countries are already actively exploiting their storage capacities. In Norway, for example, the Northern Lights project launched 

in 2024 has a storage capacity of 1.5 Mt per year. A delegation from OPECST visited the Northern Lights facilities in October 2024. 

48 On 24 June 2025, France ratified the amendment to Article 6 of the 1996 London Protocol to the 1972 Convention on the prevention of 

marine pollution through the dumping of waste and other matter. It authorises cross-border CO2 trading for marine geological sequestration. 

This opens the door for France to access Norwegian storage capacities. (See https://www.vie-publique.fr/loi/294850-loi-23-juin-2025-

ratification-resolution-prevention-pollution-des-mers). 

49 In this respect, BECCS is very similar to forest management, which it is inspired by, but it allegedly offers much more long-lasting storage. 

The area required to produce sufficient biomass is of the same order of magnitude as for forest management, i.e. one to two times the 

surface of India, in order to have a significant global impact. The sustainability issues linked to certain constraints are detailed in the study 

by Deprez, A., et al (2024): Sustainability limits needed for CO2 removal. Science, 383(6682), 484-486. https://doi.org/10.1126/science.adj6171. 

https://www.wri.org/news/release-global-forest-loss-shatters-records-2024-fueled-massive-fires
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50 Storage durability is a crucial factor for the credibility and the pertinence of solutions based on CO2 removal. The challenge lies in isolating 

it and preventing it from returning into the atmosphere on a geological timescale, especially if it undergoes no chemical transformation and 

remains stored in the form of CO2. Needless to say, CO2 leaks could be very dangerous for human populations, without mentioning that they 

would destroy all the efforts made to cleanse the atmosphere and would become a factor of global warming themselves. 

51 ClimeWorks and the first generation of demonstrators are currently still unable to compensate for their own emissions (Jean-Baptiste 

Fressoz, 21 May 2025, “Les entreprises de capture du CO2 dans l’air émettent plus de carbone qu’elles n’en éliminent”. Le Monde). 

52 Emissions Trading Schemes (ETS) are trading systems that enable the sale or purchase of carbon emission allowances. EU ETS 1 was set up 

in the European Union in 2005 and concerns approximately 40% of EU emissions. It established a cap of emissions allowances and made it 

possible to trade them on the market. Its scope will be extended to other sectors in 2027. The cap decreases each year to oblige industries 

to decarbonise. The exchange price per tonne of CO2 is an important indicator. Since 2022, it has fluctuated between €60 and €100. The EU 

ETS does not currently include the possibility to take account of negative emissions, but discussions in this respect are underway. Voluntary 

carbon markets have been put in place to allow the growth of private companies, especially in the USA. 

53 In France, the start-up Yama intends to develop a demonstrator capable of capturing 5,000 t of CO2 per year by 2028 and hopes to increase 

its capture capacities in the following years. 

54  Particularly within the Association Française pour les Émissions Négatives (French Association for Negative Emissions), a professional 

association created in 2024. 

55 The International Energy Agency (2022). Direct Air Capture. A key technology for net zero. 

56  Residual, or unavoidable, emissions are those emitted by sectors that cannot be completely decarbonised. In its 2023 summary for 

policymakers, the IPCC stated that CDR methods will be necessary to remove these emissions (point B.6.2). It also highlights (point B.6.4) that 

some CDR techniques can have negative socio-economic and environmental impacts. IPCC, 2023: Summary for Policymakers. In: Climate 

Change 2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel 

on Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva, Switzerland, pp. 1-34, doi: 10.59327/IPCC/AR6-

9789291691647.001. 

57 The IPCC provides details on the use of CDR to this end at the end of part B.7 of its 2023 summary for policymakers, but stresses (point B.7.3) 

that it is still better to avoid overshoot than use CDR for this purpose, given the associated risks (IPCC, 2023: Summary for Policymakers). 

58 A study by Carbon Gap evaluated the theoretical maximum potential of electrochemical DACCS in Fance at 549 MtCO2/year, compared 

with 66 for BECCS (Carbon Gap, Deployment potential of carbon dioxide removal methods in France. March 2024). 

59 Since the ENMOD convention. 

60  The USA is by far the biggest investor in these technologies. In doing so, they give themselves option of choosing for large-scale 

deployment in a few years’ time to avoid have to extract fossil fuels, which they are particularly dependent on. 

61 Like the stratospheric aerosol injections carried out by the start-up Make Sunsets in Mexico in 2022. 

62 In 2013, Steve Rayner and other scientists proposed to apply a list of criteria called “The Oxford Principles” to solar radiation management 

(S. Rayner, C. Heyward, T. Kruger, N. Pidgeon, C. Redgwell, J. Savulescu, « The Oxford Principles », Climatic Change, Springer, vol. 121(3), 

2013). They recommend transparency and concertation upstream of any experiments and call for geoengineering to be regulated as a public 

good. However, these principles have limited scope and are not often respected. 

63 This CDR method aims to enhance CO2 capture potential through the ocean by adding iron to stimulate the growth of phytoplankton, 

which can capture more CO2. Since the phytoplankton sink to the bottom of the ocean when they die, the surface layer is not contaminated 

by acidification by the dissolved CO2. The method was the subject of 13 experiments starting from the 1990s, mainly in the Southern Ocean 

(Yoon, J.-E. et al, 2018. Reviews and syntheses: Ocean iron fertilization experiments – past, present, and future looking to a future Korean Iron 

Fertilization Experiment in the Southern Ocean – KIFES - project, Biogeosciences, 15, 5847–5889) but proved ineffective. Above all, it caused 

several major problems including oxygen and nutriment depletion in certain regions, which were exhausted by the phytoplankton growth, 

and the appearance of consequences far from the experiment’s location. 

64 More generally, all marine geoengineering methods have been the subject of a moratorium since 2010 for countries that are part of the 

1992 Convention on Biological Diversity and also those part of the 1982 United Nations Convention on the Law of the Sea. It is important to 

note that these moratoria are non-binding. 

65 A characteristic example is polar geoengineering, of which the different techniques aim to protect the polar regions, which are among the 

most vulnerable to climate change. However, an article published in Frontiers in Science this year shows that many of the techniques envisaged 

and defended by their advocates as necessary, such as aerosol injection and albedo modification at the poles using reflective beads, are in 

fact unlikely to protect the poles in the long term: Siegert, M., et al (2025). Safeguarding the polar regions from dangerous geoengineering: 

a critical assessment of proposed concepts and future prospects. Frontiers in Science, 3(1527393). https://doi.org/10.3389/fsci.2025.1527393. 

66 This was the case of the report on SRM published in 2025 by the Scientific Advice Mechanism of the European Commission, which calls for 

a moratorium on experiments as well as heightened research on modelling the adverse effects of SRM techniques and questions of 

international governance. 

67 Negative-emissions monitoring must be developed in the framework of international climate governance to better measure each country’s 

efforts. One possibility would be to improve monitoring of the increase or decrease of capture linked with forest management through 

satellite measurements. 

https://doi.org/10.3389/fsci.2025.1527393

