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Introduction

The Bank of Evidence is a collection of articles, investigations, and reports relating the impacts  

of false climate solutions on communities and ecosystems across the world and their failure  

to meet their promised benefits for the climate. Friends of the Earth International hopes this  

can be an effective tool for campaigning, advocacy, and communications efforts to resist  

the advance of false climate solutions.

Introduction
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Note: some of the sources and investigations in this 

bank of evidence were only available in English, 

wherever possible we have shared versions or related 

and similar stories in other languages throughout the 

document. In addition, please bear in mind that not 

all resources or publications included here reflect 

Friends of the Earth International’s positions but were 

included nevertheless because they contain useful 

information for the purpose of this document. 

In 2023 we published the first part of this Bank of 

Evidence, focusing on the disastrous impacts of 

so-called ‘Nature-Based Solutions’. In this second 

part, we explore and relate the negative impacts and 

growing threats posed by geoengineering technologies 

and processes. 

This work would not have been possible without the 

crucial data available on the Geoengineering Monitor 

Map. We are grateful for its existence and invite readers 

to consult the interactive map for further information.

Global Day of Action for 
Climate Justice. 100,000 
people joined the Climate 
March in Glasgow at 
COP26. © Hanae Takahashi /

Friends of the Earth Japan

https://www.foei.org/wp-content/uploads/2023/11/Bank-of-evidence-climate-false-solutions_EN_Nov-2023.pdf
https://map.geoengineeringmonitor.org/
https://map.geoengineeringmonitor.org/
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Carbon Dioxide Removals (CDR) is the talk of the decade, propped up by the fossil industry  

and carbon markets proponents as the magical fix that can enable big polluters to carry  

on with business as usual, wrecking our communities and our climate for their own profit.

Geoengineering 01

Carbon Dioxide Removals, or removals, originally 

designate naturally occurring processes, for example 

when plants absorb carbon from the atmosphere.  

In the past years the term has been widely used  

in climate policy spheres and in climate models  

relying heavily on these processes that include  

both land-based ‘nature-based solutions’,  

and technofixes such as geoengineering.

The problem is that removals are inherently hard  

to measure, impermanent and uncertain if ‘nature 

based’, and unproven, risky, and dangerous if 

technology based. Furthermore, the anticipated 

impacts on human and environmental systems are  

not acceptable. All removal schemes entail significant 

risk for the peoples who live on land that might be 

grabbed for large-scale sequestration projects1.
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Geoengineering refers to large-scale and deliberate 

manipulations or interventions into the earth’s climate 

systems with the aim of removing and storing carbon 

from the atmosphere, increasing ecosystems’ capacity 

to absorb carbon, or reducing the amount of incoming 

sunlight. They encompass a wide array of practices 

and processes that are risky, unproven, costly, and 

dangerous. Geoengineering processes also represent 

a dangerous distraction from the urgent and drastic 

emission reductions needed to address the climate 

crisis, instead intending to continue the fossil fuel 

economy that has consistently wreaked havoc over  

our communities and nature2.

 

"Geoengineering, whether on land,  

in the oceans or in the atmosphere,  

puts ecosystems, biodiversity and 

human communities at risk of 

potentially devastating impacts  

and side effects. We reject any further 

entrenchment of fossil fuel economies. 

We reject geoengineering as an  

attempt to uphold a failed status  

quo and divert attention from 

emissions reductions and the real 

solutions to the climate crisis3." 

Hands Off Mother Earth

Because of the risks inherently linked to 

geoengineering processes, the United Nations 

Convention on Biological Diversity has established 

a moratorium on the practices, and the London 

Convention and Protocol on the Prevention of  

Marine Pollution have adopted de facto bans  

on marine geoengineering processes. 

Geoengineering processes can be classified  

in various ways, here we will highlight examples  

of such technofixes along the following categories:

 • Carbon Capture (Utilisation) and Storage  

(CCS/CCUS)4

 • Bioenergy and Carbon Capture and Storage 

(BECCS)5

 • Direct Air (Carbon) Capture (and Storage)  

(DAC/DACCS)

 • Solar Radiation Management

 • Marine Geoengineering

More examples and case studies on geoengineering 

can be found on the Geoengineering Monitor map.

St. Ives protest to Protect 
the Bay against Ocean 
Alkalinity Enhancement. 
© KOSCF 

https://www.handsoffmotherearth.org/
https://map.geoengineeringmonitor.org/


An action initiated by the 
Otway Climate Emergency 
Action Network (OCEAN) 
at the CO2CRC AGM and 
Symposium (Carbon Capture 
and Storage Conference) in 
Torquay. © Matt Hrkac
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Carbon Capture and Storage (CCS) and Carbon Capture, Utilisation and Storage (CCUS) are  

the - unproven - idea that CO₂ emissions can somehow be stored underground or reused once  

they’ve been removed from the atmosphere. The process would involve capturing CO₂, compressing  

it into liquid form to be transported and then stored underground into geological formations or used  

in other means of production (such as Enhanced Oil Recovery, a process involving the injection  

of CO₂ into oil reservoirs to extract remaining deposits and inaccessible oil). 

Carbon Capture (Utilisation)  
and Storage

Di�erent methods are being proposed to capture 

the CO₂, including DACCS (see below) and post-

combustion technology which intends to capture the 

CO₂ from exhaust gas after combustion processes. 

These processes are highly energy intensive and 

expensive, rendering them ine�icient and furthering 

the fossil economy responsible for the climate impacts 

ravaging communities and the environment.  

CCS/CCUS processes also carry serious environmental 

and social risks, including the high risk of leakage  

of highly concentrated CO₂ which is extremely toxic  

and could result in aquifer pollution or increase  

ocean acidification.

For more information see the Geoengineering Map 

update on Carbon Capture Use and Storage.
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Africa 

Carbon capture project unveiled  

in South Africa

Source: 

• South Africa aims to bring pilot carbon capture 

project online in 2023, Reuters, August 2021.

This article unveils plans in South Africa to develop 

a CCS project targeting areas of high emissions in 

the Mpumalanga province, home to Eksom’s power 

stations and Sasol’s coal-to-liquids fuel plant - the 

largest in the world, emitting 470 million tonnes of  

CO₂ per year. At the time of the story, the project was 

backed by a $23 million grant from the World Bank 

and set to start in 2023. However, a later report from 

the South African National Energy Development 

Institute states that the pilot project implemented 

by the Council for Geoscience (CGS) will aim to start 

injections in 2024. It also reveals that the pilot project 

aims to store 10 000 tonnes of CO₂ at the site. The 

financing of several damaging projects by the World 

Bank across South Africa has brought about resistance 

from several groups in the country.

In another article, Sasol itself brought into question 

the economic viability of CCS for its operations, 

adding the “limited knowledge of geological structure 

of the southern African continent” as barriers to the 

feasibility of CCS. The company however stated 

it will nevertheless collaborate with CGS on the 

Mpumalanga site, to assist in its assessment of the 

technical feasibility of CCS. In April 2024, a third article 

revealed the project completed in February of the 

same year, and reports were being compiled before 

the project would proceed to its next stage.

Asia/Pacific
 

Carbon Capture and Storage in Japan

Sources: 

• Japan Bets on Carbon Capture and Storage 

Technology, The Diplomat, February 2024.

• Japan, Oil Majors Tout CCS Tomakomai Project 

as Flagship of Asia’s Energy Future, DeSmog,  

June 2024.

The first article reveals that Japan’s government took 

decisions in February 2024 to provide subsidies to 

hydrogen and CCS industries and technologies6. It 

relates that the newly agreed CCS Business Bill7 will 

facilitate the implementation of CCS businesses by 

2030 with new permission systems. In June 2023, 

the Japanese government had already picked seven 

CCS projects to support through commercialisation in 

view of meeting its 6-12 million tonnes of CO₂ storage 

capacity per year by 2030. Among the projects are 

five domestic projects, one in Malaysia, and one in the 

Oceania region. 

Other sources have revealed that “at least 15 

agreements have been signed by Japanese 

government entities and corporations to explore the 

feasibility of exporting CO₂ to be stored in Indonesia, 

Malaysia, Australia, and other unspecified countries 

in the region” and called out the strategy as posing 

a dangerous distraction to the urgent and drastic 

emission cuts needed.

The article further reveals that part of the CCS strategy 

promoted by the Japanese government is intended 

to feed the blue hydrogen frenzy the government is 

pursuing. It highlights the unproven nature of CCS 

as a technology as CO₂ can leak in the CCS process, 

leading the government of the Australian state of 

Victoria to reject Japan’s Suiso Frontier-run blue 

hydrogen project.

A later DeSmog article looks more specifically into 

the Tomakomai CCS project, which has been branded 

by the Japanese government as a model project for 

Asia and the world, saying it has captured 300,000 

tonnes of CO₂ between 2016 and 2019 to be stored 

in an o�shore rock bed. The article relates concerns 

as Asia witnesses a boom in CCS projects from China 

to Indonesia, India, and Malaysia, that the technology 

would bring technological and financial problems, 

https://www.geoengineeringmonitor.org/cat/technologies/carbon-dioxide-demoval/carbon-capture-storage-ccs/
https://www.geoengineeringmonitor.org/cat/technologies/carbon-dioxide-demoval/carbon-capture-storage-ccs/
https://www.reuters.com/world/africa/south-africa-aims-bring-pilot-carbon-capture-project-online-2023-2021-08-23/
https://www.reuters.com/world/africa/south-africa-aims-bring-pilot-carbon-capture-project-online-2023-2021-08-23/
https://www.sanedi.org.za/news/Sanedi%20Report%20Final%20Rev%201%2031032022.pdf
https://www.sanedi.org.za/news/Sanedi%20Report%20Final%20Rev%201%2031032022.pdf
https://www.sanedi.org.za/news/Sanedi%20Report%20Final%20Rev%201%2031032022.pdf
https://www.cadtm.org/In-South-Africa-resistance-rises-to-the-World-Bank-s-climate-killing-mega
https://www.news24.com/fin24/economy/pilot-site-for-carbon-capture-project-due-to-be-up-and-running-in-2024-20210824
https://oxpeckers.org/2024/04/mpumalanga-carbon-capture/
https://thediplomat.com/2024/02/japan-bets-on-carbon-capture-and-storage-technology/
https://thediplomat.com/2024/02/japan-bets-on-carbon-capture-and-storage-technology/
https://www.desmog.com/2024/06/13/japan-oil-majors-tout-tomakomai-project-as-flagship-of-asias-carbon-capture-storage-energy-future/
https://www.desmog.com/2024/06/13/japan-oil-majors-tout-tomakomai-project-as-flagship-of-asias-carbon-capture-storage-energy-future/
https://www.reuters.com/business/energy/japans-jogmec-picks-7-ccs-projects-support-commercialisation-2023-06-13/
https://www.reuters.com/business/energy/japans-jogmec-picks-7-ccs-projects-support-commercialisation-2023-06-13/
https://www.geoengineeringmonitor.org/2024/05/japan-ccs/
https://foejapan.org/wpcms/wp-content/uploads/240321_OpenLetter_CCS_en.pdf
https://www.desmog.com/2024/06/13/japan-oil-majors-tout-tomakomai-project-as-flagship-of-asias-carbon-capture-storage-energy-future/
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carrying risks for the climate as it provides a distraction 

from the urgent and real emission reductions needed.

The article also looks into the flock of CCS projects 

that form part of the Japanese government’s 2023 

strategy, and notes that all the projects that are part 

of it are large scale. It highlights that concerns remain 

regarding the transportation processes attached to 

these projects, as the infrastructure needed - whether 

pipelines or ships - either doesn’t exist or will be 

challenging to build. 

The story highlights once more the long history of 

CCS’s failure to deliver on its promises, its ine�iciency, 

disproportionate costs, and inadequacy in addressing 

the climate crisis. It shows that Japan’s flagship 

Tomakomai’s project is no exception, following a similar 

2008 ‘low-carbon plan’ which projected the costs by 

2020 to be ten times lower than they turned out to be.

 

Carbon capture project fails to meet  

promises in the UAE

Source: 

• Carbon capture is in the climate deal. But the 

UAE’s only plant traps just 28% of emissions,   

E&E News, December 2023.

This article highlights that whilst the outcome of 

COP28 in Dubai, UAE, largely promoted CCS and other 

negative emission technologies as climate solutions, 

the failure of projects in the region is showing the risks of 

relying on such technologies. In 2016, Emirati company 

ADNOC started the Al Reyadah CCS project at its Abu 

Dhabi Steel facility, aiming to capture up to 800,000 

tonnes of CO₂ per year. However, as the article shows, 

the project prevented less than a third of the plant’s 

emissions from escaping into the atmosphere in 2022. 

Analysis from Oil Change International8 reveals that 

the CCS plant is in fact designed to capture around 

only 17% of the steel plant’s total CO₂ emissions at 

full capacity. It further shows these estimates could 

be optimistic if the parasitic emissions of the process 

are taken into account as well as further emissions 

from practising Enhanced Oil Recovery (EOC) with the 

captured CO₂.

 

Chevron’s carbon capture failure  

in Australia 

Source: 

• Gas giant Chevron falls further behind on carbon 

capture targets for Gorgon gasfield,  

The Guardian, July 2022.

This story reports the failure of Chevron-owned 

Gorgon CCS project in Western Australia to meet its 

carbon capture targets. The project is supposedly 

capable of storing up to 4 million tonnes of CO₂ 

produced each year from o�shore gas reservoirs into a 

formation deep under the Barrow Island, and is legally 

bound to capture 80% of its emissions. Yet the article 

reports that Chevron bought and surrendered 5.23 

mega-tonnes of CO₂ o�sets to make up for the failure 

to meet its 2021 target.

The article also highlights that the 3 billion dollar 

Australian flagship project has been flawed by 

technical issues from the very start, with CO₂ injection 

starting three years later than planned and legally 

agreed, and underperforming ever since. An IEEFA 

study also found the project to have failed its storage 

and emission targets by about 50% in the first five years 

of its operation9. 

The article further relates concerns over the very model 

adopted by Chevron and many others, and enabled 

by the Australian government, whereby carbon o�set 

projects are allowed to break government contracts, 

leading to a fall in Australian Carbon Credit Units 

(ACCU) which then benefits buyers of such credits like 

Chevron. 
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technique called Enhanced Oil Recovery (EOR), that 

would be used to extract more North Sea oil and 

prolong the life of the controversial industry, under the 

cover of carbon capture.

Looking into the UK’s CCS strategy, the article shows 

that several projects have been approved across 

England and Scotland, including Shell-owned Acorn 

project that aims to inject up to five million tonnes of 

CO₂ captured from the St Fergus gas terminal each 

year into partially depleted oil and gas fields more than 

100 kilometres o�shore. The Viking project in England 

is also aiming to capture and transport about 10 

million tonnes of CO₂ per year from the Humber region 

through pipelines, where the Drax biomass-burning 

power complex operates, to be stored in the Southern 

North Sea Viking gas fields.

Aside from concerns regarding the use of the captured 

carbon and whether it will lead to more extractivism 

via EOR, the story also highlights that despite the UK 

government’s attempts to implement CCS since 2003, 

no carbon capture capacity has successfully been built 

so far. It shows that the disproportionate costs of such 

infrastructure have led to projects being cancelled. The 

CCS industry, including Scottish Carbon Capture and 

Storage and Shell-led Energy Research Partnership, 

have therefore promoted the implementation of EOR to 

render CCS more profitable through the continuation 

of the extractive economy in the North Sea. 

The article shows that despite statements from oil 

giants including Shell, BP, Equinor and others denying 

intentions to use EOR, the links between the North 

Sea oil industry and the UK CCS projects, and the 

companies’ heavy promotion of the technique, sheds 

doubts on their true intentions.

 

Ongoing CCS projects in Norway 

Sources: 

• Norway’s Sleipner and Snøhvit CCS: Industry 

models or cautionary tales?, IEEFA, June 2023. 

• Problems at two CCS “success stories” cast fresh 

doubt on the technology, Renew Economy, June 

2023. 

The report from IEEFA finds that the Norwegian Sleipner 

and Snøhvit CCS projects cast doubt on the technical 

feasibility of keeping carbon dioxide sequestered below 

the sea permanently. The two projects have for a long 

time been branded as proofs of the viability of CCS by 

Europe
 

‘Net zero’ cement plant in Belgium 

Source: 

• Holcim To Invest €500 Million In New Plant For 

Net Zero Cement, Carbon Herald, May 2024.

This story reveals that the Holcim Group, the world’s 

largest producer of cement and building materials, 

started construction on its new GO4ZERO plant 

in Belgium, aiming to produce so-called net-zero 

cement. According to the article, the company will 

invest €500 million in the project, in view of producing 

2 million tonnes of cement per year by 2029. One of 

the phases of the project intends to capture CO₂ and 

store it underground in the North Sea. The project also 

benefited from €230 million in funding from the EU 

Emission Trading Scheme-funded Innovation Fund.

In 2023, Holcim also partnered with and invested in 

Neustark to deploy its CCS technology worldwide. 

With this partnership Holcim intends to significantly 

contribute to Neustark’s goal of removing 1 million 

tonnes of CO₂ from the atmosphere in 2030. In May 

2023, Holcim started operating a mobile storage plant 

built by Neustark at its Oberdorf site in Switzerland. In 

January 2024, Geoengineering Monitor looked into the 

Life Cycle Analysis (LCA) of Neustark’s CCUS process, 

and found it could lead to more CO₂ emissions, rather 

than the promised negative emissions. The article found 

that the LCA failed to account for the emissions of the 

high energy intensive process of capturing the CO₂, 

underestimated emissions related to transport, and 

failed to properly account for the energy required to 

crush the demolished concrete. The article also raised 

additional remaining uncertainties from the analysis.

 

CCS: a lifeline for fossil fuel companies  

in the UK 

Source: 

• Will The UK’s Flagship Climate ‘Solution’ Be Used 

to Pump More North Sea Oil?, DeSmog, March 

2024. 

This article covers UK government plans that go hand 

in hand with fossil fuel companies such as Shell, Exxon, 

and BP’s CCS projects at power plants and industrial 

sites that intend to capture and store CO₂ under the 

North Sea. It uncovers that the plans could involve a 

https://www.eenews.net/articles/carbon-capture-is-in-the-climate-deal-but-the-uaes-only-plant-traps-just-28-of-emissions/
https://www.eenews.net/articles/carbon-capture-is-in-the-climate-deal-but-the-uaes-only-plant-traps-just-28-of-emissions/
https://www.theguardian.com/environment/2022/jul/16/gas-giant-chevron-falls-further-behind-on-carbon-capture-targets-for-gorgon-gasfield
https://www.theguardian.com/environment/2022/jul/16/gas-giant-chevron-falls-further-behind-on-carbon-capture-targets-for-gorgon-gasfield
https://ieefa.org/resources/norways-sleipner-and-snohvit-ccs-industry-models-or-cautionary-tales
https://ieefa.org/resources/norways-sleipner-and-snohvit-ccs-industry-models-or-cautionary-tales
https://reneweconomy.com.au/problems-at-two-ccs-success-stories-cast-fresh-doubt-on-the-technology/
https://reneweconomy.com.au/problems-at-two-ccs-success-stories-cast-fresh-doubt-on-the-technology/
https://news.sky.com/story/congolese-farmers-barred-from-own-land-for-tree-planting-project-by-french-oil-giant-total-energies-12766904
https://carbonherald.com/holcim-to-invest-e500-million-in-new-plant-for-net-zero-cement/
https://carbonherald.com/holcim-to-invest-e500-million-in-new-plant-for-net-zero-cement/
https://www.neustark.com/en/news/neustark-and-holcim-launch-landmark-investment-and-strategic-collaboration-agreement-to-scale-up-permanent-carbon-removal-2-2
https://www.geoengineeringmonitor.org/2024/01/geo-map-ccus-jan-2024/
https://www.desmog.com/2024/03/19/uk-north-sea-oil-carbon-capture-enhanced-oil-recovery-eor-rishi-sunak-shell-exxonmobil-bp/
https://www.desmog.com/2024/03/19/uk-north-sea-oil-carbon-capture-enhanced-oil-recovery-eor-rishi-sunak-shell-exxonmobil-bp/
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Finally, the article raises concerns about Equinor’s 

CO₂ terminal plans at its Northern Lights project near 

Oslo, in partnership with fossil giants Shell and Total. 

The project aims to provide CO₂ storage for European 

companies under the North Sea. But the article begs 

the question - why would Equinor keep on pushing the 

project forward if the company doesn’t believe in the 

viability of CCS?.

 
North America
 

CO₂ pipeline leakage in the United States

Source: 

• The Gassing Of Satartia, Hu�ington Post,  

April 2021.

This investigation looks into incidents of the winter 

of 2021 when a CO₂ pipeline in proximity of Satartia, 

Mississippi, USA ruptured and caused dozens to be 

hospitalised. After the pipeline ruptured, CO₂ leaking 

engulfed the nearby area and town of Satartia in a 

cloud of foul-smelling greenish fog which left people 

nauseous and gasping for air. The investigation finds 

that the gas escaped from a ruptured CO₂ pipeline 

operated by Denbury Inc., which runs a network of such 

pipelines in the Gulf Coast area to use CO₂ from CCS 

in Enhanced Oil Recovery (EOR) processes intended 

to extract more oil from depleted fields. The story also 

notes that anxious residents continued, months later, 

to report mental fogginess, lung dysfunction, chronic 

fatigue and stomach disorders.

The investigation looks into the wider risks of 

expanding the network of CO₂ pipelines for the CCS 

industry, with Denbury Inc’s entire business resting 

on EOR at oil fields in the Mississippi. It highlights 

the concerns associated with the asphyxiant and 

intoxicant properties of CO₂ and highlights other 

incidents associated with CCS and EOR. One being a 

CO₂ blowout at the Denbury-owned Tinsley project in 

2011 where injected CO₂ exploded out of the ground, 

injured a worker and killed wildlife in the area.

Despite these risks, the story reports plans for mass 

expansion of the CCS industry with federal support to 

bring about the huge network of pipelines needed to 

sustain the industry. 

 

its proponents. The o�shore fields have been operating 

since 1996 and 2008 respectively, separating CO₂ from 

produced gas to then compress it, pipe it and reinject it 

underground. In total, an average of 1.8 million metric 

tonnes per year of CO₂ are disposed of, accumulating 

22 million tonnes in storage so far across both projects. 

Despite numerous geological studies, by 1999 CO₂ 

had already escaped and accumulated from Sleipner’s 

injection point into a previously unidentified shallow 

layer. If that layer hadn’t been fortunately geologically 

bound, the CO₂ would have been released into the 

atmosphere.

At Snøhvit, problems started 18 months into 

injection operations with acute signs of CO₂ rejection,  

jeopardising the viability of more than $7 billion of 

investment in field development and ‘natural’ gas 

liquefaction infrastructure and with more investment 

poured into finding alternatives. 

The report states that what the Norwegian projects 

demonstrate is that each CCS project has unique 

geology; that geologic storage performance for each 

site can change over time; and that a high-quality 

monitoring and engineering response is a constant, 

ongoing requirement. These represent a huge cost 

and resources drain for CCS projects, putting into 

question their economic viability especially as the two 

Norwegian projects are far smaller in scale than most 

CCS projects globally.

The report also covers the lack of and inconsistency of 

regulation for the method from one country to another, 

putting communities and ecosystems at greater risk.

A later article questions the viability of these projects and 

CCS more broadly from the very perspective of those 

who run them. It reveals that Equinor decided to favour 

electrification over implementing CCS at its Hammerfest 

LNG plant due to the disproportionately high price 

of avoiding one ton of carbon dioxide on Melkøya via 

CCS. This decision was approved by the Norwegian 

government in 2023. The story also reveals that one of 

the reasons why CCS may not be viable on Melkøya and 

other similar projects is due to the concentration of CO₂ 

in the flue gas of the plant. Contrary to the conditions at 

Sleipner and Snøhvit, the concentrations of CO₂ in the 

flue gas on Melkøya are very low, meaning the company 

must extract the CO₂ via a process called amine washing. 

This process is not only extremely expensive - rendering 

CCS implementation in these conditions economically 

non-viable - it also poses health concerns. 
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CCS project cancelled in Canada

Source: 

• Cancelled Canadian CCS Project Deemed ‘Not 

Economically Feasible’, DeSmog, May 2024.

This story relates the cancellation of Capital Power 

Generation’s Genesee Generating Station’s CCS project. 

The $2.4 billion project aimed to capture 3 million tonnes 

of CO₂ emissions from the company’s power plant in 

Alberta, Canada. Capital Power Generation stated the 

project was “technically viable but not economically 

feasible” but the article finds that the company was 

awaiting additional public money to be invested into the 

project and had failed to come to an agreement with the 

government to provide revenue certainty. The article also 

covers the failures of the SaskPower owned Boundary 

Dam coal plant’s CCS project. The 9-year long and $1 

billion project never delivered on the promised 90% 

capture rate which was found to be below 60% by the 

end of 2023. The story also notes that all of the carbon 

captured by the CCS project was then used for Enhanced 

Oil Recovery (EOR) which leads to more oil extraction and 

therefore cancels out the claimed benefits of capturing 

carbon in the first place.

A later article reveals that the trend is not limited to 

only a few projects, as it relates the findings of a report 

commissioned by the Alberta government in relation to a 

proposed emissions cap. The report finds that Canadian 

companies will be unlikely to resort to CCS to comply 

with the cap, as “Curtailing production would be a more 

cost-e�ective option compared to investing in CCS.” 

Despite heavy investments into CCS from the oil and gas 

industry in Canada - with the oil sand industry proposing 

a $16.5-billion massive CCS network for northern Alberta 

- the report highlights that the technology is, in many 

cases, “economically unviable” as even this latter project 

is awaiting government funding to get the financial 

green light.

https://www.huffingtonpost.co.uk/entry/gassing-satartia-mississippi-co2-pipeline_n_60ddea9fe4b0ddef8b0ddc8f
https://industrydecarbonization.com/news/is-carbon-capture-and-storage-more-expensive-than-we-thought.html
https://www.desmog.com/2024/05/06/capital-power-generation-genesee-power-plant-canceled-canadian-ccs-project-not-economically-feasible/
https://www.desmog.com/2024/05/06/capital-power-generation-genesee-power-plant-canceled-canadian-ccs-project-not-economically-feasible/
https://www.nationalobserver.com/2024/06/18/news/emissions-cap-means-cut-oil-gas-production-says-report


Bioenergy and Carbon Capture and Storage (BECCS) is the process of burning biomass to produce  

energy, whilst the CO₂ released is somehow captured and stored underground. 

Bioenergy and Carbon  
Capture and Storage

Harvesting cereal grain 
monoculture © Unsplash / 

Getty Images
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BECCS is a risky, unproven, costly, and dangerous 

distraction from the urgent and drastic emissions cuts 

needed to prevent catastrophic climate change. Yet 

the fossil fuel industry has been keen to present it as 

a long-awaited magical climate fix, simply because 

it would enable them to keep on profiting from the 

destruction of our communities and ecosystems. 

BECCS also carries unimaginable social and ecological 

impacts as the amount of biomass needed to roll it 

out at scale would inevitably create competition for 

land among food producers as more and more land 

would be grabbed for the production of fuel, therefore 

threatening food sovereignty worldwide.

See Friends of the Earth’s report A Leap in the Dark: 

The Dangers of Bioenergy with Carbon Capture and 

Storage (BECCS) for more information on BECCS.
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from several billion pounds in subsidies over the past 

twelve years, leading to an 84% increase in its annual 

profits in 2022 whilst energy bills soared for the public. 

Whilst the company has made bold claims about 

the prospected carbon neutrality, and even negative 

emissions potential of its BECCS project, it has 

repeatedly come under fire by climate scientists, experts, 

and campaigners. In 2022 for example, an investigation 

found that some of Drax’s imported wood pellets had 

been sourced from the clearcutting of primary and old-

growth forests in British Columbia, with significant and 

irreversible impacts on biodiversity. In March 2024, it 

was also revealed that some of Drax’s pellets had been 

sourced from a nature reserve in Portugal.

Note that Biofuel Watch is taking the UK government 

to court for its decision to allow Drax’s BECCS project, 

on the basis of its failure to assess or account for likely 

harmful environmental e�ects. 

 
 
North America
 

Corn-to-ethanol and BECCS in the United States

Source: 

• Carbon Capture: Billions of Federal Dollars Poured 

Into Failure, Food and Water Watch, September 

2022.

Among others, this investigation looks into the Archer 

Daniels Midland’s Illinois Industrial CCS Project - 

previously the Decatur project - in the United States. 

The project intends to capture CO₂ at ADM’s corn-to-

ethanol plant. Whilst in its first iteration (2011-2014), 

the Project carried out small-scale tests and later (from 

2017) added a new CO₂ capture facility to the plant with 

the aim of capturing 1 million tonnes of CO₂ annually. The 

investigation shows that the latter iteration of the project 

received $141 million from the Department of Energy.

It also highlights that, far from reaching its carbon capture 

goals, the project “only sequesters 521,000 metric tonnes 

of CO₂ annually, about half of what its permit allows and 

a slim fraction of the reported 4.4 million metric tonnes of 

total facility emissions.” The case study also remarks that in 

addition to the project’s failure to meet the majority of its 

CO₂ sequestration goals, ethanol “has life cycle emissions 

up to 24 percent higher than fossil fuel-derived gasoline”, 

and the CO₂ capture process is highly energy intensive, 

further discrediting the climate benefits of the project.

Asia/Pacific 

BECCS relies on heavy imports in Japan

Source: 

• Delay, Distract and Deceive: BECCS Developments 

in South America, Africa and Asia, Global Forest 

Coalition, December 2023. 

Global Forest Coalition and partners look into BECCS 

development in Asia, and notably in Japan with the 

flagship Mikawa Demonstration Plant. Japan has 

been promoting CCS and developing a roadmap to 

support the commercial deployment of the technology. 

Among Japan’s CCS facilities is the BECCS Mikawa 

Demonstration Plant which benefits from public 

subsidies. The Mikawa power plant has been operated 

by Toshiba ESS’s subsidiary, SIGMA POWER Ariake 

Corporation since 2020 when it was operationalised, 

and burns biomass (fueled by palm kernel shells) and 

coal.The article reveals that the palm kernel shells (PKS) 

used at the Mikawa power plant are heavily imported 

in Japan broadly, with about 2.5 million MT of PKS and 

other palm residues imported in 2019 alone with 70%, 

coming from Indonesia and 30% sourced from Malaysia. 

It unveils that the boom in these imports in Japan has 

led to “harrowing environmental, political, and social 

impacts in SouthEast Asia”, fueling forest destruction 

in Indonesia and Malaysia, and leading to human rights 

abuses, including violations of Indigenous rights and 

labour rights at these plantations.

 
 
Europe
 
BECCS in the UK

Source: 

• Drax gets go-ahead for carbon capture project  

at estimated £40bn cost to bill-payers,   

The Guardian, January 2024. 

This article reports that the energy company Drax 

received the UK government’s go ahead for a BECCS 

project intended to fit CCS technology into its wood-

burning power plant. It reports that the project could 

cost bill-payers about £1.7 billion every year, or more 

than £40 billion overall, rendering it one of the world’s 

most expensive energy projects. It highlights that 

Britain’s biggest power station has already benefited 
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Direct Air Capture10 (DAC, which becomes DACCS when coupled with CCS) approaches use chemical 

reactions to extract CO₂ directly from the atmosphere, using substances which act as a selective CO₂ 

filter. DAC processes range from the use of liquid solvents and solid sorbents coupled with giant fans 

and filters to enhance the CO₂ capture toCO₂ capture with battery-type devices, electrochemical 

reduction of CO₂, and the use of  sorbents with humidity based release processes.

Direct Air (Carbon) Capture  
(and Storage)

DAC processes represent another dangerous 

distraction from the urgent and drastic emission 

reductions needed to address the climate crisis. 

These processes are also highly energy intensive and 

expensive, with some processes carrying huge land 

and water usage. This also brings up the question 

of how to dispose of the large amounts of chemical 

sorbents used. The capacity for the CO₂ to then be 

stored e�ectively and without leakage also remains 

unproven. The alternative pushed by the industry, 

using the CO₂ captured for Enhanced Oil Recovery, 

only furthers the fossil fuel economy and its wrecking 

of communities and the environment.

For more information, see CIEL’s report ‘Direct Air 

Capture - Big Oil’s Latest Smokescreen’

 

 

.Africa
 

The ‘Great Carbon Valley’ and DACCS  

in Kenya

Source: 

• Kenya gears up for direct air capture push in 

‘Great Carbon Valley’, Reuters, November 2023.

Startups Octavia Carbon and Cella Mineral Storage 

are partnering on Project Hummingbird, the world’s 

second largest pilot project for direct air capture (DAC). 

The project, due to start operating in 2024 in the East 

African Rift Valley in Kenya intends to suck carbon 

directly from the atmosphere with a hundred DAC 

machines, inject the compressed and mineralised CO₂ 

into water and then pump it into the Rift Valley’s porous 

basaltic rock. The project claims to maximise water 

e�iciency, but research11 has shown that DAC processes 

are highly water intensive, resulting in concerns over 

their implementation in water-scarce areas like Kenya. 

The project location was chosen due to the geological 

conditions in the Rift Valley as well as its sources of 

geothermal energy that will power the project. 

The project will generate profits through the selling of 

carbon credits, and the story explains that these credits 

will be sold at much higher costs than those generated 

by so-called nature-based o�sets. Whilst the project 

is moving ahead and pre-purchase credits are already 

being put on the market, the article highlights that 

“the 1,000 tonnes a year [Project Hummingbird] will 

remove when it begins operating are but a tiny drop 

in the great ocean of carbon that continues to pour 

into the atmosphere.” In comparison, the story states 

that estimates of the quantity of CO₂ needing to be 

removed from the atmosphere to achieve so-called 

net-zero runs into the billions of tonnes each year. 

Note that a later article indicates Cella is partnering 

with Israeli RepAir for the DAC aspect of the process.

Climeworks, which operates the world’s only running 

DAC facility, also expressed in 2023 its intention to look 

into developing DACCS in Kenya.

 
Asia/Pacific 
 
New and unproven DAC in Israel

Source: 

• Startup capturing carbon from air unveils field 

prototype, Israel21c, November 2023.

This article relates that Israeli company RepAir unveiled 

in November 2023 its first field prototype for Direct Air 

Capture. The project claims to deliver DAC in an energy 
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intensive carbon sequestration part of the process. 

Ocean Care highlights that the process would have 

significant impacts on the oceans, with “knock on e�ects 

throughout the food chain, likely negatively impact 

fisheries and threatening marine life.” The statement 

highlights additional concerns regarding the noise 

pollution involved with pipeline construction, seismic 

risks brought by the injection process, and environmental 

risks associated with inevitable pipeline leakage. 

 

 

Latin America
 

DAC and synthetic fuels in Chile

Source: 

• HIF Global, Porsche and Volkswagen Group 

Unveil New Direct Air Capture Unit, PR Newswire, 

September 2023.

This article reveals that synthetic fuel producer HIF 

Global is partnering with big automobile corporations 

Porsche and Volkswagen in a project to fit a Direct Air 

Capture unit to its eFuels plant Haru Oni in Chile. The 

unit, which is intended to be operationalised in 2024, 

would filter up to 600 tonnes of CO₂ per year to then 

be used in combination with hydrogen in the synthetic 

fuel production process.

 
North America
 

Nuclear-powered DAC in the United States

Source: 

• Northwestern University to lead testing of nuclear-

powered direct air capture, Power Engineering,  

May 2024.

This article relates that Northwestern University is to 

lead a Direct Air Capture hub in the US, benefiting from 

$4 million in funding from the Department of Energy, 

and intending to use nuclear energy to power its DAC 

units. The story also unveils that this Midwest Nuclear 

DAC Hub (MINDAC) is one of only two regional DAC 

hubs which together benefit from $100 million of 

investments from the Department of Energy. 

The University is collaborating in the project with 

and cost e�icient manner, via a new electrochemical 

process. However there seems to be no independent 

review of the process and its feasibility or e�icacy. 

There is also no information available on whether 

the CO₂ would then be used for furthering the fossil 

fuel economy via Enhanced Oil Recovery processes, 

or whether it will be stored. Even so, a 2022 article 

revealed that RePair had successfully completed a 

$10 million funding round for its project with major 

oil producers including Equinor and Shell among the 

main funders. 

 
Europe
 

DAC in Iceland

Source: 

• The ‘world’s largest’ vacuum to suck climate 

pollution out of the air just opened. Here’s how  

it works, CNN, May 2024. 

This article reports on the entry into operation of the 

world’s largest DAC facility in Iceland, the Mammoth 

project. The project is run by Climeworks who are 

involved in several DAC projects worldwide, including 

Mammoth’s predecessor Orca, also situated in 

Iceland. Climeworks intends to power the facility using 

geothermal energy and is partnered with Carbfix for the 

sequestration part of the project, intending to inject the 

carbon underground.

The story specifies concerns regarding DAC and other 

carbon removal technologies as these are expensive, 

energy-intensive, and unproven at scale. 

According to Climeworks, Mammoth’s carbon removal 

capacity is intended to reach 36,000 tonnes of CO₂ a 

year at full capacity, although the story indicates it could 

operate at up to ten times the cost widely accepted as 

financially viable.

Whilst reports have shed doubts on the viability and 

e�icacy at scale of DAC as a technology, its energy 

and water intensity, as well as its use of public money, 

others have also raised additional environmental risks 

associated with Climeworks and Carbfix’s projects. 

Othershave flagged concerns over the associated 

risks of the Mammoth project for marine ecosystems. 

A statement from Ocean Care revealed that Carbfix is 

looking into the potential use of seawater for the water-
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various partners, including Israeli DAC company 

RepAir, US energy company Constellation Energy, and 

multinational corporation Siemens.

 

Nuclear-powered DAC in the United States

Source: 

• US sparks controversy by backing oil company’s 

carbon-sucking plans, Climate Home News, 

August 2023.

This article reveals that the Biden administration 

committed in 2021 $1.2 billion of funding in public 

money for two DAC projects in the US, situated in Texas 

and Louisiana. Whilst Climeworks, which operates 

a DAC facility in Iceland, is set to run the Louisiana 

project, the Texas project sparked controversy as it is 

run by oil giant Occidental Petroleum (Oxy), whose 

CEO made her intentions clear with DAC as a tool to 

further the fossil economy. The project would benefit 

from $500 million from the Biden administration, and 

together with its Louisiana counterpart is intended to 

remove more than two million tonnes of CO₂ a year. 

However the article highlights concerns regarding the 

e�icacy of the technology, as it relates the findings 

of an International Energy Agency report that the 27 

worldwide DAC facilities combined capture less than 

a mere 10,000 tonnes of CO₂ annually. Moreover, the 

article reveals that Oxy has already come under fire for 

inflating projections regarding CO₂ removal capacities. 

A report from the Center for International Environmental 

Law (CIEL) also unveiled that another of Oxy’s DAC 

projects, Oxy Stratos, is intending to use the CO₂ for 

Enhanced Oil Recovery (EOR), furthering the fossil 

economy whilst being propelled by public subsidies. 

Annually, the project “would add around 350,000 

tonnes of greenhouse gas emissions to the atmosphere 

if it uses all the captured carbon for EOR.” In addition, 

Oxy could claim tax money from multiple sources at 

once, e�ectively enabling the project to earn “up to 

nearly $100 million per year in subsidies.” 

Geoengineering
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Solar Radiation Management (SRM) describes an array of proposed and entirely speculative 

technologies that aim to limit or reflect back into space incoming sunlight, supposedly minimising 

the warming of the planet. In addition to its contribution to the broader geoengineering narrative, 

dangerously distracting from the urgent and drastic action needed to reduce emissions,  

solar geoengineering encompasses unacceptable and potentially irreversible risks for  

our planet and communities. 

Solar Radiation Management  
or Modification

These processes claiming to ‘dim the sun’, although 

controversial, have been gaining increasing traction in 

the past years, with tests carried out in open air and 

a push to fund more research and deployment of the 

technologies. These worrying developments have led 

many organisations, scientists, and academics to call 

for an International Non-Use Agreement on Solar 

Geoengineering. 

Proposed solar geoengineering technologies include: 

 • Stratospheric aerosol injection: the injection 

of reflective particles into the stratosphere to 

replicate natural phenomena after volcanic 

eruptions and their cooling e�ect.

 • Marine cloud brightening: the injections of 

particles of saltwater into clouds to make them 

brighter and therefore reflect more sunlight.

 • Cirrus cloud thinning: making cirrus clouds 

thinner, which on average trap more heat  

than they reflect back into space.

 • Surface albedo modification: array of 

techniques aiming to increase the earth  

or ocean’s surface albedo and therefore  

reflect more sunlight back into space.

Stratospheric Aerosol Injection (SAI)

Global day of action for climate 
justice, 9 December 2023. Friends 
of the Earth International join 
the march at COP28, in solidarity 
with Palestinian peoples and 
communities on the frontlines of 
the climate crisis. © Hanae Takahashi, 

Friends of the Earth Japan

North America
 

Startups and SAI in the United States

Source: 

• Startups want to cool Earth by reflecting sunlight. 

There are few rules and big risks, NPR, April 2024.

This article looks into the experiments in Stratospheric 

aerosol injection of US company Make Sunsets (covered 

further below), but also mentions new US-Israeli startup 

Stardust, which has raised $15 million for its SAI project. 

It notes that the company’s investors include Israeli-

Canadian venture Awz Ventures which partners with 

the Ministry of Defense of Israel and that Stardust’s CEO 

formerly worked for Israel’s atomic energy commission.
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communities or authorities in decision-making bodies 

of the project. The letter also brought to light the 

project’s decision to not answer questions surrounding 

ethics or safeguarding as a requirement to it being 

carried out.

Another open letter to the Advisory Board of SCoPEx 

highlighted concerns that such technologies, if 

developed, could be used as weapons of war. It also 

questioned whether SCoPEx could be in violation of the 

UN Convention on Biological Diversity’s moratorium 

on geoengineering activities, as well as its failures to 

collect Free, Prior, and Informed Consent in line with 

legal, moral and Indigenous-rights obligations.

Harvard’s research into solar geoengineering is 

supported by Bill Gates, and the SCoPEx project’s 

mission scientist David Keith is financially linked to 

several fossil fuel companies including Chevron 

through his startup Carbon Engineering.

In March 2024, Harvard University announced the 

eventual cancellation of the SCoPEx project. The 

cancellation was celebrated by many, from civil society 

to the Saami Council who opposed the project at every 

stage, as a victory for people and the preservation of 

the planet’s ecosystems.

 
Latin America
 

Solar geoengineering banned in Mexico

Source: 

• Mexico plans to ban solar geoengineering after 

rogue experiment, Climate Change News, January 

2023 (see statement from Mexican government  

in Spanish here).

In 2022, US startup Make Sunsets launched 

unauthorised SRM experiments in the Northern 

Mexican state of Baja California. Make Sunsets focuses 

its e�orts in Stratospheric Aerosol Injection (SAI) using 

sulphates, the most studied option, which is likely to 

cause ozone layer depletion and may disrupt rain and 

wind patterns across the tropics and subtropics. SO₂ 

can also cause respiratory problems and is toxic in high 

concentrations. The article explains that Make Sunsets 

moved ahead with launching an SAI experiment in 

Mexico, without any prior notice or consent, public 

engagement, or scientific scrutiny. It shows that the 

Europe
 

SAI tests launch in the UK

Source: 

• Researchers launched a solar geoengineering test 

flight in the UK last fall, Technology Review,  

March 2023.

In September 2022, independent researcher 

Andrew Lockley worked with European Astrotech 

Ltd to conduct two open-air experiments of Solar 

Radiation Management (SRM). Under project SATAN 

(Stratospheric Aerosol Transport And Nucleation), the 

tests consisted of launching a high altitude weather 

balloon out of Aylesbury, United Kingdom that released 

sulphur dioxide (SO₂) into the stratosphere. According to 

Lockley the aim was to evaluate a low-cost, controllable, 

recoverable balloon system for geoengineering 

purposes. Worryingly and contrary to the tests that 

led to the SRM ban in Mexico, Lockley obtained flight 

permits for the experiment - meaning the test could be 

seen as a more ‘legitimate’ iteration of SRM.

SAI project fails in Sweden

Source: 

• Why a landmark experiment into dimming the sun 

got cancelled, Grist, April 202112.

The Stratospheric Controlled Perturbation Experiment 

(SCoPEx) project, led by Harvard University, intended 

to conduct stratospheric aerosol injection (SAI) tests, 

originally in the US then in Sweden, for the purposes 

of modelling to predict larger scale e�ects of the 

technology. The tests proposed in Sweden were halted 

due to strong opposition by Saami communities 

and the project was on hold, in search of a testing 

site. An open letter from Swedish environmental 

organisations and the Saami Council highlighted 

that the technology “entails risks of catastrophic 

consequences, including the impact of uncontrolled 

termination, and irreversible sociopolitical effects 

that could compromise the world’s necessary e�orts 

to achieve zero-carbon societies.” It also brought 

governance and decision making regarding the 

project into question, including the lack of permits and 

consultation with authorities or local communities as 

well as the absence of representatives from Swedish 
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company rapidly moved to selling o� ‘cooling credits’ 

for potential future launches. The highly controversial 

unauthorised experiment attracted numerous 

criticisms from the scientific community, including 

those researching SRM.

An open letter from Professor Frank Biermann also 

pointed out the neocolonial approach of the US 

startup, emboldened to carry out experiments on 

Mexican territory without any form of authorisation. 

The article also brings into question the very business 

model of Make Sunsets which sells carbon credits for 

its e�orts to dim the sun over the space of a year - 

when carbon dioxide emissions will remain in the 

atmosphere for centuries. This shows the inadequacy 

of carbon o�setting as a principle and its failure to 

reduce carbon emissions at source. 

Mexico’s government rapidly responded by announcing 

and implementing a ban on solar geoengineering in 

the country. It will be interesting to see if this can set a 

precedent for banning solar geoengineering (including 

for an International non-use agreement).

Following the outcry, Make Sunsets moved further 

experiments to the US, in Reno, Nevada and in the 

San Francisco Bay, Berkeley and Half Moon Bay in 

California, and it continues to sell carbon credits on 

its website.
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Marine Cloud Brightening

MCB and the Great Barrier Reef in Australia

Sources: 

• Scientists Are Tinkering With Clouds to Save the 

Great Barrier Reef,  Wired, January 2022.

• Marine Cloud Brightening Project: Geoengineering 

Experiment Briefing, Geoengineering Monitor, 

April 2018.

The Marine Cloud Brightening Project (MCBP) - 

previously SilverLining - is looking to implement a form 

of Solar Radiation Management to alter the physical 

properties of clouds by spraying a fine mist of sea water 

into them to make them whiter, therefore reflecting 

more sunlight back into space. The project, initially 

partly funded by Bill Gates, has had outdoor tests and 

field trials systematically “postponed due to lack of 

funding and public opposition over the experiment’s 

possible environmental impact14.” Note that some of 

the proposed tests were to take place on Indigenous 

territories in California’s central coast region.

This interference with the Earth’s climate carries 

huge risks for the global climate systems as it “could 

a�ect rainfall in the immediate area, as well as create 

unpredictable changes to regional weather patterns at 

a distance15.” This could in turn a�ect local communities 

and agriculture in the area as well as have much larger 

impacts at a planetary level.

Australian researchers, supported by the US MCBP, 

have been exploring the potential to carry out Marine 

Cloud Brightening (MCB) to protect the Great Barrier 

Reef from bleaching. In 2020 and 2021 the researchers 

tested the concept at a small scale over the Great 

Barrier Reef but the experiment was “too small to 

significantly alter the clouds”. Further, larger scale 

trials were announced shortly after but no further 

information has been shared since. At this date the 

project has still not been able to produce peer-

reviewed empirical evidence that the technology could 

reduce sea temperatures and protect the Great Barrier 

Reef. Further, the impacts of MCB remain unclear, 

and unrolling it over a complex and fragile ecosystem 

like the Great Barrier Reef could lead to disastrous 

consequences, alter water movements, and harm or 

disrupt marine life.

First outdoor MCB tests in the United States 

cancelled

Sources: 

• Warming Is Getting Worse. So They Just Tested a 

Way to Deflect the Sun, New York Times, April 2024.

• A secret climate experiment in Alameda, Politico, 

April 2024.

These stories relate that the Coastal Atmospheric 

Aerosol Research and Engagement (CAARE) project 

secretly carried out Marine Cloud Brightening (MCB) 

tests in the San Francisco Bay in April 2024, when 

“scientists launched a stream of microscopic salt 

particles into the sky o� the deck of a decommissioned 

aircraft carrier in Alameda”. This represents the first 

outdoor MCB test to be carried out in the US and was 

kept secret by its proponents amid fears of opposition. 

The story also uncovers that SilverLining13 is somewhat 

involved in and funding the $1 million per year 

project, whilst the White House released a statement 

distancing itself from the project. The experiment was 

due to be carried until the end of May 2024 aboard 

the USS Hornet Sea, Air & Space Museum, meaning 

visitors could witness the tests. A second phase is then 

planned to take place at an undisclosed location o� 

the coast.

The articles explain the risks of the technology and 

the concerns expressed by civil society, as the process’ 

potential impacts on ecosystems and weather patterns 

remain widely unknown. Developed at scale, such 

projects’ impacts on ocean circulation and weather 

patterns (including rainfall) and temperatures are to 

predict and would have disastrous repercussions on 

communities and ecosystems.

A later article reveals that the City of Alameda 

released a public notice on 4th May 2024 saying that 

it had stopped the experiment on the grounds that it 

was in violation of the City’s lease with the USS Hornet, 

and stated that it was also evaluating the health and 

environmental safety impacts of the experiment. On 

June 4th the City of Alameda unanimously voted to 

stop the experiment.
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Cirrus Cloud Thinning

Cirrus cloud thinning research is currently 

limited to modelling and studies and therefore 

examples are few and minimally developed. 

CCT research in Switzerland

Source: 

• Climate Change and Geoengineering: Artificially 

Cooling Planet Earth by Thinning Cirrus Clouds, 

New York Times, April 2024.

This article relates the research carried out by ETH Zurich 

in Switzerland on Cirrus Cloud Thinning (CCT). The idea 

of CCT is that cirrus clouds, wispy and found at high 

altitude, often absorb more sunlight than they reflect 

back into space and therefore can have a greenhouse 

e�ect of trapping solar radiation in the atmosphere. 

By thinning out the cirrus clouds, this geoengineering 

process would reduce their greenhouse warming 

e�ect. However, the article highlights major concerns 

about the technique, including its potential to result 

in the opposite e�ect with unintended cirrus clouds 

formation, which would then accelerate warming. 

Studies16 have also found that there are numerous 

additional unknown potential side e�ects of such 

intervention into the atmosphere’s weather system, 

including a�ecting precipitation patterns.

Surface Albedo Modification

Testing surface albedo modification  

in Canada and the US

Source: 

• Research project aims to spread reflective beads 

on Arctic ice to slow climate warming, Anchorage 

Daily News, May 2022.

The Arctic Ice Project, previously Ice 911 Project, was 

launched in 2008 and aims to increase the surface 

albedo (ie. the reflectivity) of Arctic sea ice by covering 

it with millions of reflective glass microspheres made 

of silica. Studies17 have found that questions and 

concerns remain regarding the microbeads and the 

harms they could present for human health, wildlife 

and ecosystems. Whilst the Arctic Ice Project claims 

a conservative approach with safe laboratory testing 

before conducting further tests in the field, the article 

reveals that several tests have already been conducted 

in parts of Canada and Alaska (US). It further shows that 

tests were conducted without appropriate consultation 

of relevant authorities and Indigenous communities, 

as raised in a letter from Alaska Native Organisations. 

The letter highlights concerns regarding the toxicity 

of the silica beads when inhaled or when they break 

down over time and points out the lack of transparency, 

consultation, and accountability of the project. There 

are also concerns over the e�ectiveness of the method, 

as a study18 published in 2022 found that the silica 

microspheres could actually result in lower albedo and 

accelerate the melting of sea ice. 

Note that the project founder, Leslie Field, left the 

Arctic Ice Project in 2022 to work on a similar project to 

apply the method on glaciers, the Bright Ice Initiative.

 

Urban albedo enhancement

Source: 

• Urban Heat: Can White Roofs Help Cool World’s 

Warming Cities?, Yale Environment 360, March 2018.

This article looks into surface albedo modification 

through both urban albedo enhancement and high 

albedo crops, both aiming to increase the reflectivity 

of urban or rural surfaces to reflect more sunlight 

into space. It relates research and implementation 

projects for urban albedo enhancement including in 

New York where rules on white roofs were introduced 

in 2012. Other cities including Chicago (US), Los 

Angeles (US), and Melbourne (Australia) are also said 

to be looking into and implementing urban albedo 

enhancement strategies. The article also relates 

propositions for encouraging farmers to use higher 
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albedo crops to similarly increase the reflectivity of 

cropland and supposedly cool the earth. The article 

however highlights that studies19 have shown that the 

implementation of such techniques at a large scale 

would lead to reduced evaporation and therefore 

impact rainfall patterns, which at a global scale would 

have disastrous consequences. Another study20 also 

shed doubts on the e�ectiveness of urban albedo 

enhancement through painting roofs, as “covering an 

area of 1% of the land surface would cost about US$300 

billion / year, making this one of the least e�ective and 

most expensive methods considered.”

Marine Geoengineering

Marine geoengineering21, according to the International Maritime Organization, is defined by  

“a deliberate intervention in the marine environment to manipulate natural processes, including  

to counteract anthropogenic climate change and/or its impacts, and that has the potential to result  

in deleterious effects, especially where those effects may be widespread, long-lasting or severe22”. 

As defined in the London Convention and Protocol23, 

marine geoengineering covers 4 techniques involving 

either carbon dioxide removal (CDR) or solar radiation 

modification (SRM) as follows:

 • Ocean Alkalinity Enhancement (CDR)

 • Macroalgae cultivation and other biomass for 

sequestration including artificial upwelling 

(CDR)

 • Marine cloud brightening (SRM)

 • Microbubbles/reflective particles/material 

(SRM). 

Because of the risks posed on marine ecosystems, 

the London Convention on the Prevention of Marine 

Pollution and the London Protocol prohibit on the 

commercial deployment of ocean fertilisation24. 

Statements made by the Parties in 202325 indicate that 

more restrictions may be brought forward to apply to 

other marine geoengineering processes.

Because SRM techniques have been covered above, 

in this section we will cover the remaining marine 

geoengineering techniques involving CDR. 

For more information, see the HOME Alliance’s 

Statement on marine geoengineering experiments.

Ocean Alkalinity Enhancement

Ocean alkalinity enhancement (OAE)26, or ocean 

fertilisation is a geoengineering process aiming  

to increase the carbon sequestration capacity of 

the oceans by increasing the alkalinity of seawater  

so that surface water can absorb more CO₂. This 

can be sought through adding alkaline minerals  

into the water, via electrochemical processes, or via 

photochemical processes. 

Whichever the approach to ocean fertilisation, 

these processes carry important challenges in their 

implementation as well as high risks for the fragile 

balance of marine ecosystems. These include risks of 

disrupting phytoplankton, the basis of the marine food 

chain, or risks of temporarily increasing the pH of the 

oceans with significant impacts for ecosystems.
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Testing OAE in the United States

Source: 

• A new carbon removal startup is powered by 

sunlight and seawater, Yahoo! Tech, May 2024.

Seattle (US) based Banyu Carbon is planning to use 

a photoacid (a synthetic molecule) to extract carbon 

from seawater. The process relies on the photoacid  

that becomes acidic when exposed to sunlight. 

The molecule then, when in contact with seawater, 

dissolves CO₂ enabling decarbonised seawater to then 

be released back into the ocean whilst the molecule 

can be returned to its original form for reuse once 

back in the dark. Banyu Carbon plans to then use 

the captured CO₂ gas as feedstock for the industry 

(CCUS) or for injection in geological formations (CCS). 

The composition or potential toxicity of the molecule 

Banyu Carbon is planning to use hasn’t been revealed, 

but the company plans to carry out a pilot project in 

2024 at a site in Washington state, and a commercial 

demonstration project in 2026.

 

Testing and commercialising OAE

Source: 

• UAE: Possible testing ground for climate’s  

next big thing?, Enterprise, October 2023.

San Francisco (US) based company Vesta is testing and 

commercialising OAE with crushed olivine, a soft, green 

volcanic rock, along beaches, in a tidal wetland and in 

nearshore waters with ongoing testing experiments 

in various sites across the US and in the Dominican 

Republic. The company is also investigating further 

testing sites in the Persian Gulf and Canada.

The process involves mining olivine to be ground into 

small pebbles to spread on beaches and dump into 

seawater for them to be weathered by waves. It is that 

weathering that creates a chemical reaction capturing 

CO₂ from the air.  

The process requires large amounts of the mineral to 

be easily accessible as 1 tonne of olivine is required 

for the ‘removal’ of 1 tonne of CO₂, and so the scale of 

mining required to meet the company’s ambition would 

compare to that of mining industries such as coal and 

limestone aggregate.

The article also brings into question the CO₂ 

sequestration capacity of olivine which has a half-life 

of 70 years, meaning it would take 70 years for half of 

the olivine deposited to dissolve and remove carbon 

dioxide in the process. Vesta is planning on a half-life 

of 10 to 20 years. The article also points to uncertainties 

around the ability to accurately measure how much 

carbon is removed from the atmosphere in the process.

Finally, the article highlights concerns regarding 

the impacts of such large amounts of olivine being 

introduced to marine and coastal ecosystems, as the 

mineral often contains toxic metals such as nickel 

and chromium. If the mineral was to a�ect smaller 

organisms at the bottom of the food chain, the 

consequences could ripple upward in uncertain ways.

 

Backlash against OAE in the UK and Canada

Source: 

• Protesters urge caution over St Ives climate trial 

amid chemical plans for bay, The Guardian, April 

2023.

Canadian company Planetary Technologies plans 

to add magnesium hydroxide to a wastewater pipe 

stretching out to sea on the Cornish coast of the UK, 

in a bid to increase the ocean’s carbon sequestration 

capacity. The experiment is part of the company’s 

development of its SeaOH2 technology - the process 

involves splitting water into hydrogen and oxygen by 

electrolysis, a highly energy-intensive process. The 

company plans to add a mineral salt to the process 

to produce alkaline magnesium hydroxide as a 

by-product. It is this by-product that would then be 

released into the ocean to increase CO₂ absorption.

The company carried out a test in St Ives Bay in 

September 2022 in tandem with South West Water, 

where it dumped 4 tonnes of magnesium hydroxide 

in the Cornish coastal waters without widespread 

public knowledge. Following the experiment local 

communities have been mobilising to oppose 

the project that could bear disastrous impacts on 

marine ecosystems. The analysis from this initial 

trial failed to assess impact on local biology. Further 

tests were planned in the Bay in the spring of 2023 

and cancelled following widespread protests, but 

Planetary Technology’s plans to continue to evolve 

as further tests are currently being considered by the 

Environmental Agency. The company is proposing to 

introduce the alkaline substance into a wastewater 

outlet pipe that would transport the substance 2.4km 

into the sea outside St Ives Bay.
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Planetary Technology also carried out tests in the 

Halifax harbour in Canada in 2023, releasing up to 300 

tonnes of magnesium hydroxide into the harbour. The 

company may carry out further tests at sites in Canada 

once an analysis of the results of the Halifax harbour 

experiment has been completed. The company is also 

participating in a NOAA-funded OAE research project 

to enhance the alkalinity of coastal waters by adding 

alkaline substances to treated wastewater at the 

mouth of the Elizabeth River in Virginia (US). Field tests 

are planned for the project throughout 2024 and 2025.

 

New OAE process in the United States

Source: 

• An L.A. Startup Aims To Turn The Oceans Into A 

CO₂ Sponge And ‘Green’ Hydrogen Machine,   

Forbes, April 2023.

Los Angeles startup Equatic is planning to use a new 

OAE process that supposedly would enhance the 

alkalinity of seawater whilst producing hydrogen at the 

same time as a by-product for use as a fuel. There is 

no clarity on the environmental impact of the process 

as the results of environmental assessments remain 

unshared. However, it is clear that it would be energy 

intensive. The article declares that this is ‘o�set’ by the 

production of hydrogen but the process remains energy 

intensive nonetheless, and could result in the redirecting 

of renewable energy that should be supplying the 

local communities where it is produced. Hydrogen also 

comes with its own array of issues and risks27.

The article also points to uncertainties about the 

feasibility, cost and e�iciency of the process when 

developed at commercial scale, with pilot projects 

being carried out in Singapore and Los Angeles.

 

Pushing CC(U)S through OAE

Source: 

• A sea change for carbon capture, Green Biz, 

February 2023.

California Institute of Technology spin-o� Captura 

Corp. is commercialising an electrochemical OAE 

process. They plan to then reuse the captured CO₂ as 

feedstock for other companies (CCUS), or to sequester 

it at a storage site (CCS). Captura’s partners in CCUS 

include the Norwegian Northern Lights CCS project, 

and Equinor with whom the company plans to install a 

unit at its Kårstø natural gas processing plant in Norway. 

In January 2023 Captura Corp. raised $12 million for the 

project in a funding round led by the venture arm of 

oil company Equinor, and in early 2024 Captura raised 

US$ 21.5 million. The company is also backed by the US 

Department of Energy. Running two pilot projects in 

California, and plans to conduct an additional pilot in 

Quebec, Canada.

Ocean Visions, who has partnered with Captura, 

highlights on its website the need to address challenges 

regarding site selection, social and environmental 

impact of the technology at scale, and building scalable 

o�shore operations.

Macroalgae cultivation and other biomass  
for sequestration

Macroalgae cultivation and other biomass for 

sequestration includes:

 • Artificial upwelling28: artificially transporting 

nutrient-rich deep ocean water to the surface 

to stimulate the growth of phytoplankton and 

increase carbon sequestration. The technique 

is unproven and could pose threats to fisheries, 

ecological cycles, and the climate.

 • Macroalgae cultivation and biomass sinking29: 

growing macroalgae (or seaweed), often at large 

scale, and dumping it into the ocean so that it 

and the carbon it contains sinks to the ocean 

floor. The technique carries important risks 

regarding ocean ecosystems, biogeochemistry, 

and marine food webs. Note that biomass 

sinking can also be done by sinking other types 

of biomass (eg. wood).
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Artificial upwelling

Source: 

• GEOMAR Helmholtz Centre for Ocean Research,   

Geoengineering Monitor, February 2023.

The German GEOMAR Helmholtz Centre for Ocean 

Research has been carrying out several artificial 

upwelling - or “ocean mixing” - experiments. These have 

included a five year project from 2017 to 2021 funded 

by the European research project, Ocean artUp, which 

studied the feasibility, e�ectiveness, and potential 

impacts of the method with trials in Gran Canarias’ 

Taliarte harbour. It also included the Coastal Upwelling 

in a Changing Ocean (CUSCO) project carried out 

in 2020 o� the coast of Peru. The experiment aimed 

to test the impacts of artificial upwelling in various 

scenarios on plankton communities and biomass 

production. The findings of these tests were published 

in March 202330 and showed that the technique has 

impacts on marine ecosystems including negative 

impacts on the reproduction of small crustaceans, 

which could further a�ect the wider food chain as well 

as global fisheries. The GEOMAR Helmholtz Centre for 

Ocean Research is carrying further tests under its Test-

ArtUp project, including open-ocean tests south of the 

Canary Islands.

 

Macroalgae cultivation and biomass sinking

Source: 

• The startup that plans to farm Sargassum in the 

mid-Atlantic, The Fish Site, May 2023. 

This article relates UK-based company Seafields 

Solutions’ project to grow thousands of square 

kilometres of sargassum seaweed into the open ocean 

to then sink it with aims to achieve carbon savings in the 

process. The company plans to couple the sargassum 

cultivation with artificial upwelling to bring nutrients 

from the deep waters via pipes to fertilise the seaweed. 

Seafields has been carrying out tests since 2021 

including o� the coast of Mexico, the UK, St Vincent 

and the Grenadines, and in the Fram Strait. More tests 

are being planned for 2024 in the Caribbean with aims 

to have three commercial farms by 2025 and a “Giga 

Farm” of approximately 95,000 square kilometres in 

the South Atlantic Gyre by 2026.

The article highlights concerns around the feasibility of 

the method. There are also important concerns regarding 

the impacts of such projects, as highlighted by a recent 

report31. These concerns include the impacts such large 

seaweed farms could have on marine ecosystems by 

altering light levels, and air and ocean chemistry, as 

well as impacts to the food chain. The process could 

also bring previously stored CO₂ back to the surface, 

rendering the claimed carbon savings pointless. 

 

Sources: 

• Seaweed is mucking up beaches. This robot could 

stop it — and fight climate change, NPR, October 

2023.

• Testing underway on Scottish company’s 

equipment that is designed to sink Sargassum 

seaweed to the bottom of the sea, Antigua News 

Room, May 2023.

UK-based company Seaweed Generation is testing 

equipment for its project on sinking seaweed and 

ultimately generating carbon credits. According to 

Seaweed Generation, a robot would sink  sargassum 

seaweed (a seaweed increasingly invading Caribbean 

and North Atlantic shores) to a depth of 200 metres, 

at which point it would sink deeper naturally, taking 

carbon to the bottom of the ocean with it. 

The articles show that tests were conducted in Antigua 

and Barbuda in 2023, with the government having 

granted the company a 49-year licence for trials. 

However no information or details on the number, 

duration, or scale of these tests is provided. The 

articles also reveal that there is a lot of uncertainty 

surrounding the projects and the technology they rely 

on. This relates to the feasibility at scale and whether 

the carbon savings the project would supposedly 

generate would actually be additional, as sargassum 

blooms have been increasing in intensity only recently 

and little is known regarding how much of it sinks on its 

own before it decays on the surface.

There are also concerns regarding the impacts of the 

projects on marine ecosystems, as no research seems 

to have been done on this aspect and especially given 

that, as one of the articles reveals, the algae may 

contain quantities of heavy metals like arsenic32.
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Sources: 

• Running Tide is facing scientist departures and 

growing concerns over seaweed sinking for 

carbon removal, Technology Review, June 2022.

• Could Sinking Tons of Seaweed to the Ocean Floor 

Help Combat Climate Change?, Smithsonian 

Magazine, January 2024.

These articles relate the experiments of US-based 

company Running Tide, which sells carbon credits from 

its macroalgae cultivation projects. The company aims 

to release billions of biomass buoys (wood) that are 

coated with calcium carbonate (CaCO₃) and seeded 

with seaweed (eg. kelp). Once the seaweed has grown 

enough and absorbed CO₂ in the process, the buoy 

becomes heavy enough to sink to the bottom of the 

ocean, whilst the CaCO₃ has dissolved into the ocean, 

increasing its alkalinity. Running Tide is conducting 

tests in Canada, the US, Iceland, and in the Arctic (in 

collaboration with Seafields Solutions Ltd). These tests 

have already included the release of an array of buoys 

o� the coast of Iceland.

According to the first article, in 2022 several of the 

scientists left over concerns regarding the ecological 

impacts of the process and prospects of new projects 

to release iron oxide into the water - which would 

result in potentially damaging ocean fertilisation. The 

article relates several concerns brought by scientists 

and researchers33 over the company’s projects. It shows 

that Running Tide’s macroalgae cultivation prospects 

could have disastrous impacts on “highly complex, 

interconnected, and delicate ecosystems”, including 

overtaking phytoplankton communities which are at the 

basis of all marine food chains and could therefore have 

ripple e�ects on global ecosystems and fisheries, as 

well as potentially resulting in increased CO₂ emissions. 

The scientists also expressed concerns over the impacts 

of sinking large quantities of wood, as research34 

indicates it could result in significant stretches of the 

deep sea becoming oxygen-depleted with significantly 

decreased biodiversity. 

Other concerns are also expressed  in the article, 

including over the impact on natural ocean mixing 

patterns which could replace a significant amount of 

the dissolved inorganic carbon through the release of 

carbon by blades of kelp being shed and beached or 

broken down before reaching the deep ocean. There is 

also uncertainty around how long the carbon that does 

reach the ocean bed would be stored for.

The latter article also brings to light research35 that 

sheds doubt on the feasibility of the technique at 

scale - as a belt of kelp 100 metres-wide running 

along 63% of the world’s coastlines would be needed 

to remove 100 million tonnes of CO₂ annually. Further 

research presented in the article also finds that only 

certain parts of the ocean have the nutrients needed to 

support robust seaweed growth - meaning macroalgae 

cultivation would need to be coupled with artificial 

upwelling to be realistic. 

In addition, the current distributed approach of the 

project - releasing buoys that are then floating along 

various ocean currents - means that it is especially 

di�icult to track the progress and impacts of the buoys.

Note that in June 2024 Running Tide declared they 

were shutting down their activities and laying o� their 

sta�. The company named an inability to secure the 

necessary finance as the cause of its closure, despite a 

huge deal struck with Microsoft. 

Note that there are also projects aiming to sink other 

types of biomass for carbon dioxide removal, not just 

seaweed. See for example Israeli company Rewind’s 

plans to dump agricultural and forestry biomass onto 

the Back Sea seabed.
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Glossary

Albedo: The proportion of the incident light or radiation 

that is reflected by a surface. Can be understood as 

reflectivity. A high albedo surface is highly reflective,  

for example.

Alkaline: A material that has the properties of an alkali, 

ie. that has a pH greater than 7. Marine geoengineering 

techniques and processes such as ocean fertilisation 

aim to increase the carbon sequestration capacity of the 

oceans by increasing the alkalinity of seawater through 

the introduction of alkaline materials.

Artificial upwelling: Artificially transporting nutrient-

rich deep ocean water to the surface to stimulate 

the growth of phytoplankton and increase carbon 

sequestration. The technique is unproven  

and could pose threats to fisheries, ecological  

cycles, and the climate.

Bioenergy and Carbon Capture and Storage 

(BECCS): Process of burning biomass to produce 

energy, whilst the CO₂ released is somehow captured 

and stored underground.  BECCS is a risky, unproven, 

costly, and dangerous distraction from the urgent  

and drastic emissions cuts needed to prevent 

catastrophic climate change.

Biomass: Originally biomass designates a renewable 

organic material that comes from plants or animals. 

In the context of energy production, it designates an 

organic matter used as a fuel, eg. in a power station for 

the generation of electricity. It can for example  

be wood, wood residues, crops etc.

Biorefinery: Facility that converts biomass  

into energy and other byproducts. 

Blue Hydrogen: Blue hydrogen is grey hydrogen 

(or fossil hydrogen) coupled with Carbon Capture 

(Utilisation) and Storage (CCS/CCUS). Blue hydrogen 

is doubly problematic because it amounts to stacking 

a false solution onto a fossil fuel. In addition to the 

concerns around the origin of blue hydrogen –  

ie. fossil gas – it relies on and promotes CCS. 

Carbon Capture and Storage (CCS) and Carbon 

Capture, Utilisation and Storage (CCUS):  

Unproven idea that CO₂ emissions can somehow  

be stored underground or reused once they’ve been 

removed from the atmosphere. The process would 

involve capturing CO₂, compressing it into liquid  

form to be transported and then stored underground 

into geological formations or used in other means  

of production (such as Enhanced Oil Recovery, a process 

involving the injection of CO₂ into oil reservoirs to extract 

remaining deposits and inaccessible oil).

Carbon Dioxide Removal (CDR): Originally, a 

removal designates a naturally occurring process, such 

as land and marine plants absorbing carbon from the 

atmosphere. However, the term is becoming increasingly 

problematic as it is used in climate models that heavily 

rely on assumptions around ‘net zero’ and ‘rebalancing’ 

with removals once temperature targets have been 

overshot. In this context, removals designate both 

so-called ‘Nature-Based Solutions’ and geoengineering 

processes. 

Cirrus cloud thinning: SRM technique aiming to 

make cirrus clouds thinner, which on average trap more 

heat than they reflect back into space.

Direct Air Capture (DAC, which becomes DACCS 

when coupled with CCS): These approaches use 

chemical reactions to extract CO₂ directly from the 

atmosphere, using substances which act as a selective 

CO₂ filter. DAC processes range from the use of liquid 

solvents and solid sorbents coupled with giant fans 

and filters to enhance the CO₂ capture toCO₂ capture 

with battery-type devices, electrochemical reduction 

of CO₂, and the use of  sorbents with humidity based 

release processes. DAC processes represent another 

dangerous distraction from the urgent and drastic 

emission reductions needed to address the climate crisis. 

These processes are also highly energy intensive and 

expensive, with some processes carrying huge land  

and water usage.

Electrolysis: Chemical decomposition produced  

by passing an electric current through a liquid or solution 

containing ions. In chemistry and manufacturing,  

it designates a technique that uses a direct electric 

current to drive an otherwise non-spontaneous  

chemical reaction, for example to separate elements 

from naturally occurring sources. 

Electrification: The conversion of a power plant  

or facility, to run on electricity.
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Enhanced Oil Recovery: Process by which captured 

CO₂ is compressed and pumped into oil reservoirs  

to extract the remaining deposits from ageing oil fields 

or otherwise inaccessible oil. This enables CCS  

to be used to extract more fossil fuels. 

Free, Prior, and Informed Consent: The Declaration 

on the Rights of Indigenous Peoples requires States to 

consult and cooperate in good faith with the Indigenous 

peoples concerned through their own representative 

institutions in order to obtain their free, prior and 

informed consent before adopting and implementing 

legislative or administrative measures that may a�ect 

them (article 19). This includes the adoption of policies  

as well as the undertaking of projects that could a�ect 

their rights to land, territory, and resources. 

Geoengineering: Refers to large-scale and deliberate 

manipulations or interventions into the earth’s climate 

systems with the aim of removing and storing carbon 

from the atmosphere, increasing ecosystems’ capacity 

to absorb carbon, or reducing the amount of incoming 

sunlight. They encompass a wide array of practices  

and processes that are risky, unproven, costly,  

and dangerous.

Life cycle analysis (or assessment): Tool used for 

assessing the environmental impacts associated with 

all the stages of the life cycle of a commercial product, 

process, or service.

Macroalgae cultivation and biomass sinking: 

Growing macroalgae (or seaweed), often at large scale, 

and dumping it into the ocean so that it and the carbon 

it contains sinks to the ocean floor. The technique 

carries important risks regarding ocean ecosystems, 

biogeochemistry, and marine food webs. Note that 

biomass sinking can also be done by sinking other  

types of biomass (eg. wood).

Marine cloud brightening: SRM process consisting 

in the injections of particles of saltwater into clouds to 

make them brighter and therefore reflect more sunlight.

Marine geoengineering: A deliberate intervention 

in the marine environment to manipulate natural 

processes, including to counteract anthropogenic 

climate change and/or its impacts, and that has the 

potential to result in deleterious e�ects, especially where 

those e�ects may be widespread, long-lasting or severe. 

Ocean alkalinity enhancement (OAE), or ocean 

fertilisation: Process aiming to increase the carbon 

sequestration capacity of the oceans by increasing the 

alkalinity of seawater so that surface water can absorb 

more CO₂. This can be sought through adding alkaline 

minerals into the water, via electrochemical processes,  

or via photochemical processes. Whichever the approach 

to ocean fertilisation, these processes carry important 

challenges in their implementation as well as high  

risks for the fragile balance of marine ecosystems. 

Parasitic Emissions: Emissions from the fuel used  

to run a CCS capture facility and CO₂ compression.

Solar Radiation Management (SRM): Array 

of proposed and entirely speculative technologies 

that aim to limit or reflect back into space incoming 

sunlight, supposedly minimising the warming of the 

planet. In addition to its contribution to the broader 

geoengineering narrative, dangerously distracting 

from the urgent and drastic action needed to reduce 

emissions, solar geoengineering encompasses 

unacceptable and potentially irreversible risks  

for our planet and communities. 

Stratospheric aerosol injection: SRM technique 

consisting in the injection of reflective particles into  

the stratosphere to replicate natural phenomena  

after volcanic eruptions and their cooling e�ect.

Sulphur Dioxide (SO₂): Gaseous air pollutant 

composed of sulfur and oxygen and that forms  

when sulfur-containing fuels such as coal,  

petroleum oil, or diesel, are burnt.

Surface albedo modification: SRM processes that 

encompass an array of techniques aiming to increase  

the earth or ocean’s surface albedo and therefore  

reflect more sunlight back into space.

Synthetic fuels: Liquid fuels that basically have 

the same properties as fossil fuels but are produced 

artificially. 

Uncontrolled termination or termination shock: 

Situation where solar geoengineering methods were  

to be implemented and then suddenly stopped due  

to war, geopolitical disputes, devastating impacts  

on weather systems, or societal collapse, leading  

to the sudden spiralling of global temperatures.
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