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The Earth is heating up – and fast. This year is set to be-
come the warmest on record, with global surface tem-
peratures exceeding 1.5°C each of the past 12 months (1). 
In fact, the United Nations Secretary-General Antonio 
Guterres recently warned that the world is on track to 
reach a ‘hellish’ 3°C of global warming by the end of 
the century (2).

While CO2 emissions reductions are well underway as 
part of the energy transition process this may prove in-
sufficient to forestall the worst consequences of global 
warming. Therefore, geoengineering – a deliberate, 
large-scale intervention in the Earth’s natural systems 
– has been increasingly floated as a potential solution 
to the climate crisis. So far, the EU has excluded certain 
geoengineering approaches from its climate agenda due 
to their controversial nature. However, as global tem-
peratures continue to rise and societies become pain-
fully aware of the sweltering future that awaits, the EU 
must take a more active role in the debate over wheth-
er geoengineering could provide deliverance from our 
climate woes.

Summary

	› Despite accelerating energy transition ef-
forts, the world is well on track to over-
shoot the warming targets of the Paris 
Agreement. This could potentially lead to 
cascading and irreversible climate impacts.

	› Geoengineering is increasingly floated as 
one of the solutions that could forestall the 
worst consequences of global warming. 

	› While in recent years carbon dioxide re-
moval (CDR) technologies have gone 
mainstream by gaining political and finan-
cial support, solar radiation management 
(SRM) approaches such as stratospheric 
aerosol injection, marine cloud bright-
ening, and cirrus cloud thinning remain 
highly controversial.

	› To prevent rogue SRM deployment and 
evaluate the potential of this technology as 
a climate fix of last resort, the EU needs to 
establish a code of practice for solar geoen-
gineering experiments, support solar geo-
engineering research, and initiate interna-
tional talks on solar radiation management 
governance.
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GEOENGINEERING 101
Geoengineering refers to a set of approaches that ma-
nipulate the environment to mitigate the impacts of 
climate change. These approaches come in two forms: 
carbon dioxide removal (CDR) and solar radiation man-
agement (SRM). CDR extracts CO2 from the atmosphere 
and stores it, while SRM cools the Earth by reflecting 
solar radiation.

While CDR and SRM fall under the same geoengineer-
ing umbrella, they differ significantly. CDR involves 
fewer uncertainties and risks, making it a viable tool, 
alongside energy transition efforts, for tackling cli-
mate change. However, the main drawback of CDR is 
its high cost and slow pace in reducing CO2 emissions. 
Conversely, SRM offers a theoretically quick and inex-
pensive solution to rising temperatures but carries the 
risk of unintended consequences and does not reduce 
greenhouse gas emissions, thus failing to address the 
underlying cause of global warming.

CARBON DIOXIDE REMOVAL
CDR solutions can be grouped in two broad categories: 
nature and technology-based. Both remove CO2 emis-
sions from the atmosphere (or sequester them, to use 
the industry’s parlance) and store them in different 
carbon sinks.

Forest management and soil carbon sequestration are 
some of the best-known nature-based CDR solutions. 
Planted trees absorb CO2 during photosynthesis and 
store it as carbon in their trunks and roots. Meanwhile, 
soil carbon sequestration involves transferring CO2 from 
the atmosphere into the soil primarily through plant 
residues, thereby ‘locking away’ the CO2 in the form of 
organic carbon.

While easy to implement, these solutions are not with-
out limitations. Chief among them is the temporary na-
ture of carbon storage. Trees, for instance, store carbon 
only as long as they live, which can be up to a century 
or more, depending on the species. Once a tree dies 
and decomposes, the carbon it absorbed is released back 
into the atmosphere. Similarly, soil carbon is subject to 
decomposition by microbes, which eventually release 
the stored CO2 back into the atmosphere.

Direct air capture (DAC) and bioenergy with carbon cap-
ture and storage (BECCS) are among the best-known 
technology-based CDR solutions. DAC technology uses 
large fans to draw ambient air through a chemical sub-
stance that binds with the CO2 molecules. The CO2 is 
later separated from the chemical substance using 
heat, purified, and finally either stored underground or 
used for industrial purposes. Meanwhile, BECCS gen-
erally involves capturing and storing CO2 that is pro-
duced during the process of generating energy using 
biomass. Because plants absorb CO2 as they grow, this 
offers a way of removing CO2 from the atmosphere.

Despite their great potential, both technologies face 
several hurdles. Due to immense low-carbon electric-
ity demand, DAC offers a prohibitively expensive way of 
sequestering carbon. By contrast, BECCS struggles with 
issues of feedstock availability and biomass sustain-
ability. Although investments and learning curves may 
reduce costs, developers will also have to deal with a 
lack of carbon handling and storage infrastructure.

SOLAR RADIATION 
MANAGEMENT
Although never tested on a large scale, there is no 
shortage of ideas on how SRM could work. In principle, 
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these proposals focus on increasing the reflectance of 
incoming solar radiation (a concept also known as the 
albedo effect), thereby reducing the warming impact of 
sunlight on the Earth’s surface and lower atmosphere.

Stratospheric aerosol injection (SAI) is the most stud-
ied SRM method for planetary-scale global warming 
reduction. It involves injecting reflective aerosols (mi-
croscopic solid or liquid particles) into the stratosphere, 
which would reflect a portion of sunlight, mimicking 
the cooling effects of volcanic eruptions. For context, 
the 1991 eruption of Mount Pinatubo caused a tempo-
rary 0.5°C drop in global temperatures (3). Therefore, SAI 
is considered one of the quickest and cheapest climate 
fixes, with effects felt within months and annual costs 
estimated in billions of euros, compared to the trillions 
needed for the global energy transition (4).

However, SAI is mired in controversy due to its scien-
tific uncertainties. Studies suggest SAI could disrupt 
weather patterns, reduce precipitation, deplete the 
ozone layer, and cause acid rain (5). There is also a risk of 
‘termination shock’, where abruptly stopping SAI prac-
tices could suddenly cause a rapid rebound in tempera-
tures, potentially wreaking havoc on the environment (6).

Marine cloud brightening (MCB) and cirrus cloud 
thinning (CCT) are two other approaches that could 
help cool the planet. MCB involves spraying seawater 

aerosols into marine clouds to brighten them, increas-
ing sunlight reflection and reducing heat absorption. 
Meanwhile, CCT would work by making high-altitude 
cirrus clouds, which are made of ice crystals, less ef-
fective at trapping heat. Scientists would achieve this 
by injecting bismuth triiodide or silver-iodide particles 
into the clouds to form bigger ice crystals, which fall 
faster. This makes clouds thinner and less frequent, al-
lowing more heat to escape.

Compared to SAI, MCB and CCT are less controversial. 
Although untested, early models suggest they may pose 
fewer environmental risks (7). Moreover, although their 
deployment costs are unknown, scientists generally be-
lieve these techniques would likely be inexpensive for 
mitigating global warming, especially considering the 
costs of inaction (8). Yet, given the lack of research into 
MCB and CCT, it is difficult to predict their effectiveness 
compared to SAI in reducing global temperatures.

THE EU AND GEOENGINEERING
The EU holds contrasting views on CDR and SRM. The 
Commission’s long-term strategy to achieve climate 
neutrality by 2050 partially relies on technology-based 
CDR approaches like DAC or BECCS (9). Meanwhile, ini-
tiatives like the Net-Zero Industry Act, which aims 
to support the scaling of clean technologies, have the 
goal for the EU to develop C02 storage capacity of at 
least 50 million tonnes per year by 2030 (10). More re-
cently, in 2024, the EU released its Industrial Carbon 
Management Strategy, which aims to promote invest-
ments and support the development of a carbon man-
agement ecosystem (11).

Conversely, the EU is less enthusiastic about SRM. 
Brussels maintains that the only way to halt global 
warming is by bringing greenhouse gas emissions to 
net-zero (12). Furthermore, it argues that SRM, in the 
current state of development, poses ‘an unaccepta-
ble level of risk for humans and the environment’ (13). 
However, the EU also admits that as there is no clear 
scientific knowledge on the impact and consequenc-
es of such actions, a comprehensive review process is 
essential (14).

TIME FOR ACTION
While the EU has so far been reluctant to assume a 
greater role in the debate over SRM, it is time for this to 
change. The fact is that the world is on course to over-
shoot the Paris Agreement goals, meaning that it is im-
perative for the EU to act. It would be irrational to ignore 
a potential climate solution, even if the odds are low.
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This view, however, is not universally shared. Since 
2022, some 500 scientists have signed an appeal for a 
solar geoengineering non-use agreement, stipulating 
‘no public funding, no deployment, no patents, no ex-
periments, and no support in international forums’ (15). 
This was partly driven by the concern that introducing 
SRM into policy debates would establish it as a viable 
climate policy option, disincentivising broader energy 
transition efforts.

While there are legitimate concerns about SRM, there 
is a clear need to understand the science behind it and 
the rules of international engagement. As global tem-
peratures rise and frustration over the lack of climate 
progress grows, it is likely that individual actors will 
unilaterally proceed with SRM experiments and deploy-
ments without any international oversight or account-
ability. In fact, SRM has already piqued the interest of a 
growing number of billionaires, tech leaders and private 
foundations, including some driven by the ethos that 
neat engineering fixes are the solution for most of life’s 
ills and that the private sector can be more effective in 
delivering solutions than governments (16).

To address this, the EU should adopt a 
three-pronged approach:

	› Establish a code of practice for SRM experiments. 
The good news is that the EU does not have to re-
invent the wheel. The national scientific academies 
of partners such as the United Kingdom and the 
United States have already made significant pro-
gress in this area. The task would be to build on 
their and others’ findings and develop a unified 
approach that could gain broader support from the 
international scientific community.

	› Support scientific research into SRM approaches. 
Currently, there is little understanding of how dif-
ferent SRM methods work. This gap creates fertile 
ground for speculation and makes it difficult, if 
not impossible, to have meaningful conversations 
about their potential utility or lack thereof. Most 
data on SRM approaches comes from computer 
models, which, while useful, cannot completely re-
place practical field experiments.

	› Initiate high-level international discussions on 
SRM governance. It is crucial to comprehensively 
assess the risks and uncertainties of major climate 
interventions while ensuring this process is inclu-
sive. There is a risk that certain SRM approaches 
might have unequal global consequences, benefit-
ing some while disadvantaging others, thereby en-
couraging the use of these technologies for geopo-
litical purposes.

In the end, it is important to stress that climate fixes, 
whether in the form of CDR or the more controversial 

SRM, cannot substitute for cutting emissions. However, 
as emissions grow and temperatures continue to break 
records, it is crucial to know if there is a plan B, C or 
even F on the table. This is not about playing God but 
ensuring that if the time comes, we will not need to 
pray for one.
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