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Carbon dioxide removal and why it is needed
Carbon dioxide removal (CDR), also known as negative emission technologies (NETs), refers to a range of methods for
removing CO2 from the atmosphere and permanently storing it elsewhere. CDR is a key feature of the IPCC reports[1],
which highlight the need to sequester 10 to 20 Gt/year of CO2 by 2050 to meet the goal of limiting the atmospheric
temperature rise to no more than 1.5°C. This is an enormous task.
The Economist newspaper presented four charts based on IPCC data that illustrate the need for CDR and how the scale
of the required CDR increases by delaying implementation. It shows that with early action plants and soils can deliver
most of the necessary CDR. If we delay, then much more must be achieved industrially.

Figure 1. Chart of IPCC CDR requirements. Delayed action means new and larger CDR technologies will be needed.1

The IPCC states: “C.3 All pathways that limit global warming to 1.5°C with limited or no overshoot project the
use of carbon dioxide removal (CDR) on the order of 100–1000 Gt CO2 over the 21st century. CDR would be
used to compensate for residual emissions and, in most cases, achieve net negative emissions to return
global warming to 1.5°C following a peak.”

1

https://www.economist.com/briefing/2019/09/21/the-past-present-and-future-of-climate-change
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There is clearly an urgent need to build a massive new negative-emissions industry to meet this enormous need for CDR
to permanently lock away many Gigatonnes of CO2 each year[2][3][4][5][6][7]. Despite this need, very few large-scale
CDR solutions are being researched, developed, or applied, and none of them are yet at large enough scale to create a
noticeable reduction in the overall atmospheric concentration of CO2.
Surprisingly, CDR is not currently on the COP26 agenda.
We think it should be.

2

COP26 Themes and why CDR should be added to the COP26 agenda
Five main themes that have been agreed for COP26:


Transition to clean energy



Clean transport



Nature-based solutions



Adaptation and resilience



Finance

Of course, it is essential for nations to focus on reducing emissions quickly2 and to consider their adaptation needs.
However, this does not alter the fact that CDR is still urgently needed. Despite this relative importance, CDR is not among
the themes. The IPCC negative emission targets are huge and the level of effort to achieve the required CDR is massive.
CDR could be included within other main themes such as clean energy, nature-based solutions, and adaptation. However,
having CDR as a subset of other themes will not provide the required focus to deliver the massive CDR processes that
are required.

2

https://www.linkedin.com/posts/nigel-topping-14633b6_cop26-climateaction-climatechange-activity-6722483027970138112-MxWK
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Why CDR is not on the COP26 agenda
Is there an elephant in the room?
There are only a few years of carbon budget remaining to stay within a 1.5°C temperature rise, and CDR is urgently
required to avoid exceeding this limit. However, we are not yet talking about how to rapidly implement CDR at a large
enough scale despite knowing that we need to do so.
There are many reasons for this. We think that two prominent, but misplaced, concerns may have a lot to do with it, and
these need to be addressed: moral hazard, and geoengineering risks.
In summary:


Moral hazard. The concern is that if we provide effective tools to capture CO2 then emitters will continue to
emit and make no effort to curtail their emissions. Today, this position has a rapidly declining relevance.
Renewable energy (RE) has already reached cost-parity with fossil-fuel power generation. 90% of the global
investment in new power systems is going towards RE, and the life cycle costs of battery electric vehicles (BEV)
is now lower than for internal combustion engine vehicles. Legislation is used to regulate all aspects of human
activity, and there is no case for applying CDR without also placing restrictions on further CO2 emissions, for
example by insisting that emitters provide the equipment to capture the CO2 from their own exhausts for safe
disposal. Border tariffs can counter the tendency to move emissions operations to jurisdictions that do not
regulate CO2 emissions. The lower LCC of RE and BEV’s makes these legislative choices very much easier for
politicians.



Geoengineering risks. The concern here is that humanity embarks on a path of changes to improve the climate
which have unforeseen negative consequences. This completely overlooks the fact that we are already
geoengineering with negative outcomes in many areas and yet failing to address the damage, including in
relation to fossil-fuel emissions; intensive agriculture denuding topsoils; fertiliser runoff polluting the oceans;
collapse of insect populations from excessive pesticides use; plastics spilling into the oceans; deforestation
driven by intensive animal farming; and much more. All of these are examples of huge industrial activities that
been approved by individual countries, which have allowed them to take place for profit, with very little regard
to the geoengineering consequences. Applying technologies that are primarily focused on placing excess CO2 in
safe places is the opposite, focusing on benefits of the global scale activities as the primary goal. Existing
examples include huge numbers of environmental restoration activities, all small in scale compared to the size
of the problem, but which collectively are large enough to be considered positive geoengineering.
One vitally important point to note is that CDR has been wrongly conflated with solar radiation management
(SRM). SRM covers methods of deflecting solar radiation which does nothing to reduce the CO2 in the
atmosphere. The concerns about implementing SRM are therefore very different from those relating to CDR.

This topic is being discussed in the UNEA3, to agree rules to govern the use of geoengineering. Indeed, it is necessary to
develop such rules so that CDR can then be applied in the right way. However, progress is slow and emotive language
from detractors is not constructive4,5.
Our counterarguments addressing moral hazard and geoengineering risks are discussed in detail in Appendix 1.

https://environmentassembly.unenvironment.org/
http://ceassessment.org/geoengineering-on-the-agenda-at-the-united-nations-environment-assembly/
5 https://uk.reuters.com/article/environment-climatechange-geoengineering/proposal-for-un-to-study-climate-cooling-technologiesrejected-idUKL8N21153C
3
4
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Benefits of making CDR a theme at COP26
We will not reach our goals if we only focus on curtailing the production of CO2 - we also need to reduce the concentration
of CO2 in the atmosphere. However, CDR development is decades behind renewables. An urgent focused effort is needed
to catch up and increase the number of available potential CDR solutions that could be applied around the world.
COP26 is the ideal forum to address carbon disposal, and there are several key reasons to debate CDR as a separate COP26
theme:

5



It makes CDR an explicit goal, rather than the implicit goal it is today. What gets measured gets done.



It provides hope that society can keep temperatures under control by eventually drawing down enough CO2 to
return to acceptable levels.



It establishes direction and accelerates progress towards delivery of the required climate recovery processes,
providing a key breakthrough for COP26 that will help make the event a resounding success.



Countries, industries, and businesses can identify their own bold CDR goals which will encourage rapid progress
across a broad front.



If CDR is not included, it sends the message to society that we have given up trying to fix the problem and
resigned ourselves to living with an ever-deteriorating situation.

Country-focused opportunities
A Country-based focus on CDR will be one of the main benefits of adding a CDR theme to COP26.
Previously much focus has been placed on how much and how quickly each country should cut its own CO2 emissions,
and whether those who have produced the greatest historical emissions should do more than more recently developed
countries. This type of debate is unhelpful and limits progress.
Each country, industry, and business can better focus on solutions that are best suited to their own specific opportunities.
These must all be discussed together so that the most promising can be developed, supported, and delivered quickly. For
example, in tropical countries CDR could include:


Large scale biochar manufacture from both plantation and smallholding wastes, which is used to upgrade the
local soils.



Artificial reef-building and rejuvenation of a broad spectrum of native ocean species.



Large scale algae oil production.



Adaptation of existing oil extraction systems for new CDR processes.



Localised ocean nutrification to counter eutrophication.



Developing methods to effectively extinguish of peat fires to prevent GHG releases and reduce regional haze.



Several mineral based solutions to produce carbonates and bicarbonates.

A public tally of the potential in each negative emissions sector and the amount delivered so far is necessary to illustrate
the size of the opportunities. Countries can lay out their specific opportunities and ask for international backing and
funding for demonstration sites. This will allow progress to be made on a wide front quickly and to establish which of the
systems can evolve into functional options to be shared across the globe.
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Where the necessary CDR will come from
Some negative emissions techniques6 are being discussed, but they are together not enough, and a proportion of them
appear to be focused on saving established industries rather than first saving the planet.
Solutions fall into two key categories: biological and chemical/mechanical. There are some potential solutions that may
be applied7,8,9 many of which have been described in the press. However, it is crucial to recognise that most are at a very
small scale and many are not yet being implemented. A massive, dare we say herculean, effort will be needed to get these
opportunities and more to the point where they can usefully be deployed, quickly and widely. Without this focus, society
will remain behind the curve on GHG emissions control.

.
Figure 2 -Various CDR opportunities[5]
There are land-based, mainly biological CDR solutions including afforestation, reforestation, forestry management,
regeneration of soils and improved agricultural practices, wetland restoration and application of biochar. There are also
many ocean-based biological solutions including ocean fertilization from the surface, artificial upwelling of nutrients,
macroalgal cultivation, fishing bans, ‘blue carbon’, and more.
Chemical-based solutions include enhanced weathering of alkali minerals and ocean alkalinity enhancement. Mechanical
to chemical-based solutions include the concentration of industrial CO2 effluent streams and direct air capture, for
injection deep underground into either basalts or sedimentary formations. The growing of trees to generate electricity
followed by injection of the CO2 underground (BECCS) is an example of a hybrid solution. CCS gets a great deal of attention,
which is unhelpful – global CCS capacity alone will be far short of the 10-20 Gt C/year of CDR that is required.
The above solutions, which together does not form a comprehensive list, are provided to illustrate the fact that there are
already a significant number of opportunities – we are not starting from zero.
In a recent webinar on CO2 sequestration, an impact investor seeking to support emerging CDR solutions asked: ‘Where
are all the other opportunities?’. A good question indeed.

https://unfccc.int/sites/default/files/resource/28_EASAC%20Report%20on%20Negative%20Emission%20Technologies.pdf
https://en.wikipedia.org/wiki/Carbon_dioxide_removal
8 https://oceancdr.net/resources
9 https://drawdown.org/solutions/table-of-solutions
6
7
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In conclusion
It is often said that society has the money and the technology to solve the problem, it just lacks the political will. This
statement is incomplete. What is missing is for society to accept that the cost of inaction is far greater than the cost of
solving the problem.
Potential CDR pilot-scale solutions are starting to appear, but none exist at the necessary global scale, and the gap
between the two is many orders of magnitude. It is essential that as many solutions as possible are identified and
developed in the first instance to reach at least 1,000 tonne CO2/year capacity. This will allow industry to develop and
deliver full-scale operating plants of at least 1 million tonne CO2/year – which will then need to be replicated 10,000 times
or more.
This will replace the damaging extractive coal, oil, and gas industries with equally large restorative industries, offering
more employment than before. Covid-19 has shown that society can mobilise massive financial resources when needed.
If the same level of investment were to be applied to CDR, society could regain control of the climate.
If this path is not taken, perilous times are ahead.
At the risk of ourselves appearing too optimistic, the potential of the negative emissions methods listed above could
together provide enough capacity to deliver the IPCC requirement of 10-20 GT/year.
But that will only happen if we focus on getting it done.

8
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Appendix 1 – Brakes on CDR
1

Moral Hazard
The CDR moral hazard argument is that if CDR is affordable and available at global scale this will encourage the continued
burning of fossil fuels and delay the eventual replacement by other energy sources that do not emit CO2.
The typical argument against CDR is presented in the following example:
“Removing carbon dioxide emissions from the atmosphere to prevent global warming from becoming catastrophic
may be a fool’s game amounting to a “moral hazard par excellence,” [because] nobody knows if atmospheric carbon
removal will work, and it could delay critical cuts to emissions while tacitly giving people license to pollute. Negativeemission technologies are not an insurance policy, but rather an unjust and high-stakes gamble,” according to the
paper’s authors10
The news article which reported the above position (October 2016) did also present the counter view, pointing out that
taking a strong stance against CDR undermines research into CDR, and also notes that both “negative emissions and
drastic greenhouse gas pollution cuts are necessary to keep climate change in check.”
Given the position we have in 2020, even if we decrease the use of fossil fuels as fast as industry can scale up11, we will
still have too much CO2 in the atmosphere and in the oceans, and we must reduce these quantities as quickly as we can
to avoid excessive planetary changes occurring. Doing one without the other does not solve our problems, and this is
spelt out very clearly in recent IPCC reports.
The above arguments against CDR are both simplistic and wrong. Taking each argument in turn:
“nobody knows if atmospheric carbon removal will work”
This implies that we should not consider something because we haven’t tried it and proved it yet. That goes against our
entire existence – everything we do starts with investigations to establish what may be practically achievable, followed
by investigations into the impacts and effective ways to deliver that something. A great deal of solid research work has
already been done to find potential methods of securely sequestering CO2. For example, we already know that CO2 will
react with silicates to form carbonates that are stable for thousands of years, and that creating carbon-rich biochar from
wood and other plant wastes creates a soil enhancer that remains stable for centuries. Other potential methods are being
investigated.
“[CDR] could delay critical cuts to emissions while tacitly giving people license to pollute”
In recent decades capturing the CO2 from fossil fuel burning processes such as coal power generation plants for disposal
in underground reservoirs – so-called carbon capture and storage (CCS) has been studied extensively. The conclusion is
obvious: that adding CCS requires investment and consumes power. So much so in fact that the cost of coal-fired
electricity would increase by 10 to 30%. This increase becomes the opposite of a licence to pollute.
Thankfully also in the last two years the costs of renewable energy from solar PV panels, wind turbines, and storage using
batteries (often grouped as SWB) has fallen so far that SWB electricity is now cheaper than fossil fuel-derived power in
most countries, and the SWB cost trend continues downwards whilst fossil-fuelled generation capital costs increase in
line with inflation (the fuel costs fluctuate according to supply and demand). Implementing CDR by capturing the exhaust
of fossil-fuelled power generators only serves to increase their operating costs and, like a carbon tax, improves the relative
economics of SWB further accelerating the change towards SWB electricity supplies. This change is reflected in the fact
that 90% of new capital investments in power generation are being directed to SWB.

https://www.climatecentral.org/news/scientists-warn-negative-emissions-moral-hazard-20785
Wind and solar PV generating capacities are already scaling up exponentially, adding around 15% and 25% per year respectively. Electric
vehicle production is on a similar growth trajectory.
10
11
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The added cost of implementing CDR on fossil fuel power generators means that there is no commercial incentive to do
so. Industry efforts to implement CDR will be fully focused on sequestering CO2 from processes for which there is no
alternative to the creation of CO2-containing effluents, such as in the manufacture of Portland cement and steel
production.
“Negative-emission technologies are ... an unjust and high-stakes gamble”
This statement is simply an emotional appeal and only makes sense if the preceding arguments are valid, and they are
evidently false.
The case for not applying CDR may be compared to safety features in cars. Improved car safety encourages some people
to drive faster thereby negating part of the benefits. However, no one would argue that we should make cars less safe to
encourage people to slow down. The right course of action is to apply other targeted restrictions to deal with the new
problem – in this case by applying training, education, speed limits, improved monitoring, and fines for excessive
speeding12. So too with CO2 emissions. We need to apply CDR to address the problem of too much CO2 already in the
environment, and at the same time, we need to put in place disincentives for emitting CO2 including emissions taxes, and
outright bans. Fortunately, these are already starting to be applied in many countries.

2

Geoengineering Risks
Geoengineering to combat global warming falls into two categories:


Sequestering CO2 (and potentially other prominent greenhouse gases).



Solar radiation management (SRM)13,14 - reflecting a proportion of the sun’s radiation away from the Earth, for
example by deploying aerosols in the high atmosphere.

The impact and issues of each are different and should not be conflated. This article discusses CO2 sequestration.
The phrase ‘Geoengineering’ has frightened many people who are worried about as-yet unforeseen, significant potential
negative consequences – the concern that geoengineering may improve conditions in some regions, but risks creating
disastrous changes in other regions, for example through reduced rainfall and rivers drying up. Then there is the question
of who decides what schemes are to be implemented and how they will be implemented.
We are right to be concerned. Unfortunately, worry about the consequences is misplaced. We should be far more worried
about the large number of existing negative geoengineering activities taking place and the ongoing deterioration because
of already elevated and still rising concentrations of CO2 and methane. We need to strive to deliver geoengineering
solutions that have a positive impact.
The website, Geoengineering Monitor15, expresses a negative view of geoengineering:
“There have not been many real-world geoengineering experiments, because of the problem with scale. Testing on
small scales does not necessarily reflect what will happen if done on a much larger scale. Testing on large scale is de
facto geoengineering.”
This is clearly not representative of what is happening. The reality is a huge number of companies around the world have
been geoengineering for decades, and they continue to do so on a massive scale with little regard to the negative
consequences. Society has been geoengineering for 250 years in several fields with the sole focus of providing benefit to
The introduction of speed monitoring cameras and increased fines has produced a dramatic increase in observance of the speed limits
within many European countries.
13 https://www.project-syndicate.org/commentary/solar-geoengineering-global-climate-debate-by-david-keith-2019-03
14 https://pod.link/theezrakleinshow/episode/Y2ZlODUxMTYtZmE3My0xMWU4LTkyN2EtNDM5ZjJjYzUxNzg3
15 http://www.geoengineeringmonitor.org/reasons-to-oppose/
12
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subsets of humanity. The most prominent negative geoengineering examples include burning fossil fuels and dumping
the waste CO2 into the atmosphere; mass deforestation; mass mono-crop agriculture; the use of synthetic fertilisers and
pesticides on these monoculture crops; and the trawling of the oceans for wild fish. There are positive outcomes from
each of these activities for many, but the negative climate impact is now collectively too great for the earth to manage
alone and is causing harm to far more people than the groups gaining the benefits. We must now cut back heavily on
these negative geoengineering activities.
That does not mean we should stop geoengineering. Rather these ongoing geoengineering activities prove that we can
geoengineer in many fields. It also demonstrates that we can see the effects slowly building up over time, and we are
able to adjust course. We were able to build sewage works to treat the effluent of several billions of people that was
being discharged as raw sewage into the oceans; we detected the ozone damage from CFC’s and agreed to use other
chemicals; we saw the damage caused by sulphur in fossil fuels and have successfully reduced the sulphur content in coal,
HFO and road fuels across the globe; we see the damage from widespread trawling of the oceans, and some nations have
agreed to create massive no-trawl zones (more is required); some nations are replanting billions of trees (although too
much reforestation is currently in the form of commercial monoculture and others continue to destroy ancient forests);
we are transitioning away from coal and towards SWB, replacing internal combustion engine transport with battery
electric vehicles; and increasing efforts in restorative agriculture. There are many other examples of positive
geoengineering which have been achieved. However, these are not enough to keep global temperatures under control.
Sadly, there are too many examples of where we know of the damage being caused but continue anyway. We knew 50
years ago that burning fossil fuels was creating a global warming problem, and yet too many of us we were unwilling to
change course as soon as we were aware. The problem is not that geoengineering is bad, rather than unfettered
geoengineering for profit is bad. And so, whether to ‘do’ or ‘not do’ geoengineering for good is the wrong question.
The right question is:
How can we reduce the current negative geoengineering activities and at the same time replace them with neutral to
positive geoengineering activities as fast as possible to reverse the damage already done?
It is high time we implement CO2 sequestration schemes. It is imperative that we conduct trials over long enough periods
on all methods that may have positive outcomes to understand and quantify the impacts and learn how to do so
effectively over the long term. Wired.com also makes the case for geoengineering eloquently16.
Not applying beneficial geoengineering is to accept that the world cannot be saved from excessive warming.
Not trying means we will never learn, and we will not keep temperatures under control.

16

https://www.wired.com/story/geoengineering-is-the-only-solution-to-our-climate-calamities/

Herculean Climate Solutions© | www.hcs1000.org | Rev-iii: 8 January 2021

Page 11 | 12

Herculean Climate Solutions

HERCULEAN CLIMATE SOLUTIONS

A thousand ways to do a million tonnes

Appendix 2 – The CDR agenda for COP26
Objective
Ensure that CDR is properly addressed to ensure we can deliver enough capacity to meet our net-zero climate goals.

Activities
i.

Working backwards, develop a meaningful technology delivery schedule, or Gantt chart, to show what is required to
reach net-zero by 2050 (assuming for now that the required technologies will be made available when needed). This will
clearly demonstrate why we need to ramp up efforts today, not in 10 years.

Figure 3 – A simplified example capacity ramp-up rate to achieve 20 Gt/y CDR by 2050, assuming a current capacity of 200,000 t/year

ii.

Map out the current delivery schedule of all known CDR technologies and compare with the results of item i.

iii. Identify the regulations and controls that will be required for successful CDR, and plan how to do so within the next 2
years.
iv. Identify CDR approaches that lend themselves to particular countries or climates and seek volunteers form the
international community to develop these.
v.

Agree voluntary CDR commitments for every country, parallel to the NDCs, to be reviewed at similar sessions every year.

vi. Establish a committee for CDR to support and fund the growth of global CDR capacity at the required rate, with a remit
to monitor, record, and publicly report progress.
There will be much more needing to be discussed, and we leave it to the COP26 participants to expand on this outline set of
activities.
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