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Annex

Technological component and additional information

1. The annex provides additional information on the technological components relevant
to the study of the impact of NTCPs on the enjoyment of human rights. Some of the
information from the main report is reproduced here in order to provide for a standalone
reading.

2. Easing the climate crisis adequately requires immediate carbon dioxide emission cuts.
Progress towards this goal has been very slow — global emissions keep rising and fossil fuel
corporations have recorded historically highest profits in 2022. According to IPCC reports
and UN Secretary General mitigating the crisis requires limiting temperature rise to 1.5
degrees by achieving global net-zero emissions by 2050.

3. Cutting emissions is the only scientifically and logically certain way of coming close
to achieving real zero emissions — a term advocated for by several civil society organizations
— since methods and technologies to remove carbon dioxide from the planetary system are
currently not only insufficiently developed, inefficient and financially unsustainable but may
also be used as excuse not to cut emissions.»2 NTCPs present a moral hazard and dangerous
distraction from emissions reductions and quite notably are regularly advanced by the fossil
fuel industry to justify continued exploration and exploitation of fossil fuels.

5. The offset carbon market, however, allows states and companies to balance
unchanged or only slightly reduced emissions with purchasing carbon offsets, that is
investment in emission reduction projects. As a result of these tendencies the need for
emission reduction technologies has been growing. All the more so that, increasingly, carbon
dioxide removal (CDR) technologies have become the focus of states’ policies to reach the
so called “net zero emissions,” while still continuing to emit. New private actors, or public-
private partnerships, are involved in development and implementation of these technologies.
In the near future CDR technologies will most likely expand the carbon market and become
a major source of carbon credits, which in turn will provide more funding for these
technologies’ expansion.

6. If emissions are not cut and some of the worst future scenarios are to be realized,
another cluster of technologies of the solar radiation modification (SRM) kind is being
researched. In its most advanced currently form in research and the most controversial in
terms of effects on the environment and human rights it envisages stratospheric aerosol
injection (SAI): in essence a continuous spray of aerosols in the upper atmosphere to partially
block sunlight.®

Carbon dioxide removal

7. CDR technologies durably store carbon dioxide on land, in the ocean or in geological
formations.* They can be grouped into artificial and natural methods. Currently, natural
methods,® which primarily include reforestation, afforestation, improved forest management,
agroforestry and soil carbon sequestration as the most popular ones, make up 99.9% of all
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The term “net zero emissions,” defined as emissions achieved when anthropogenic carbon dioxide
emissions are balanced globally by anthropogenic carbon dioxide removals over a specific period,
implies a two-fold action: cutting emissions and removing carbon dioxide.

Statement, Real Zero Europe, https://www.realsolutions-not-netzero.org/real-zero-europe.

Several private initiatives already propagate including SAl and other SRMs in international strategies
for the future.

“Products” are another kind of storage. However, the definition of a “product” is broad and unclear for
a human-rights based perspective.

The Fifth Session of the UN Environment Assembly defined nature-based solutions as “actions to
protect, conserve, restore, sustainably use and manage natural or modified terrestrial, freshwater,
coastal and marine ecosystems, which address social, economic and environmental challenges
effectively and adaptively, while simultaneously providing human well-being, ecosystem services and
resilience and biodiversity benefits”.
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carbon dioxide removed. These technologies are not new, however, and even if they are
currently the cheapest and most prevalent ones, they fall outside the scope of the study.®

8. Artificial methods include pre- and post-combustion Carbon Capture and Storage,
Bioenergy with CCS (BECCS), Direct Air Capture (DAC), Enhanced Weathering (EW) and
Ocean Fertilization (OF). With the exception of the first two, which are also either an energy
production method or play a supplemental role to the production of other goods, the latter
three kinds of artificial CDR technologies (DAC, EW, OF), satisfy the definition of NTCPs.

9. Direct air capture (DAC). Out of artificial CDRs, DACs in particular have recently
developed rapidly without equal consideration of their human rights implications, which
needs to be attributed to the small scale of implementation and relatively narrower spectrum
of possible risks to human rights that certain DACs pose as opposed to other CDR
technologies. In Europe, the United States and Canada 18 DAC plants are now operational,
although they are small scale, and capture carbon dioxide for utilisation, including enhanced
oil recovery (EOR), except for two plants storing the captured carbon dioxide in geological
formations for removal. DACs under consideration in this report are not paired with EOR-a
method of using DAC to extract the remaining oil from oil wells — because such a technology
is a fossil fuel producing technique, which is used by fossil fuel companies and cannot be
considered a NTCP. Apart from being currently very expensive at the moment, DACs face
biophysical constraints subject to geological storage underground, environmental side effects
(see table 1) and surface area.”

10. DAC case study. The largest DAC facility of this kind, operating since 2021, consists
of CO;, collectors that capture it from the atmosphere with a low carbon footprint and nominal
capacity of 4000 tCO; per year, powered by 100% geothermal energy, with carbon dioxide
being permanently stored underground through mineralization.? The facility is said to be
almost 1000 times more efficient than trees on the same land area, yet the current amount of
carbon dioxide captured annually amounts to less than five return transatlantic flights
emissions. The developers of the technology claim they advance it in order to defossilize in
the vain of conventional mitigation, neutralize unavoidable emissions, and realize negative
emissions. In the initial phase of research, it was publicly funded (through EU research
funds).® New DAC installations are being built in the Middle East, where there are
potentially good conditions for mineralization and large abundant supply of renewable
energy. The human rights implications from current DAC projects, apart from land and water
usage (although unintense in relation to other CDR methods) also include production of
chemicals in the process and waste utilization, industrialization of the landscape, which is
connected with identity of communities living in areas that had previously been untouched
by industrial buildings and facilities.

11.  Enhanced weathering (EW). The process, both terrestrial and oceanic, aims to
simulate natural weathering (rock decomposition via chemical and physical processes) in an
artificial way to speed up chemical reactions that permanently sequester carbon dioxide in
carbonate minerals or ocean alkalinity. Rock material is ground into powder to maximize the
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When it comes to direct impacts on human rights special consideration should be given to land-related
CDR that does not qualify as a nature-based solution, esp. biomass-reliant CDR at large scale such as
BECCS. Those approaches can increase land usage conflicts and lead to a reduction of food supply and
loss of biodiversity and ecosystem services thereby increasing global injustice and inequality and
creating resource based civil conflict potential. Unsustainable production and transport of biomass
could even result in additional net emissions instead of carbon dioxide removal.

The potential is estimated at 0.5-5GtCO2 annually by 2050, or 40GtCO2 by 2100, but there are
doubts about its scalability. Unlike other CCSs DAC facilities can be located close to storage facilities
and sources of renewable energy.

Mineralization into calcite, argonite, magnesite, depending on local circumstances in the reservoir.
The storage is to be permanent, counting in thousands of years.

Later, private investors joined in, including large international corporations, while recently again
large public investment was made into the project (US Department of Energy invested $3.5bin in
Climeworks projects in US). Local regulations in the United States theoretically require that DAC
sites are safe and suitable for storage. The Safe Drinking Water Act stipulates that injecting CO2
underground requires monitoring and characterization of the site. It needs to be a Class VI well,
which there are few.
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reactive surface area and applied to soils, open ocean and coastal zones. It has the potential
to improve soil quality in tropical regions but field experiments at scale are missing in order
to evaluate EW impact on biogeochemical circles, biomass and carbon stocks in soils and
plants.’ Side effects are enumerated in table 1 below. EW is permanent meaning geological
residence times. EW can be simultaneously used with other land-based technologies —
afforestation, soil carbon sequestration and bioenergy — because of its effect on additional
biomass production. The main carbon penalty of EW is created by the energy demand for
rock grinding.

12.  Ocean fertilization (OF). London Convention and London Protocol defines ocean
fertilization as any activity undertaken by humans with the principal intention of stimulating
primary productivity in the oceans, not including conventional aquaculture, or mariculture,
or the creation of artificial reefs. It entails deliberately adding nutrients (often iron) to the
upper ocean waters to increase biological production (mostly algal bloom) or upwelling of
nutrient-rich deep ocean water. It requires acting upon large surfaces and velocities. Side
effects are discussed in table 1. OF is considered a low efficiency technology given wide
impact on ecosystems, logistical costs, uncertain permanence of CO; storage and side effects.
Marine geoengineering activities are banned (see paragraph 33 of the report above).

Solar radiation modification

13. SRM attempts to modify the reflectivity of the Earth system (albedo) to reduce
incoming solar radiation. Unlike CDR, it does not act on the causes of climate change
(concentration of carbon dioxide in the atmosphere) but on its impacts. It needs to be
adequately stressed that SRM is a unique technology that has to be analysed in separation as
it “contrasts with climate change mitigation activities, such as emissions reductions and
carbon dioxide removal (CDR), as it introduces a ‘mask’ to the climate change problem by
altering the Earth’s radiation budget, rather than attempting to address the root cause of the
problem, which is the increase in greenhouse gases in the atmosphere.”*

14.  Some forms of SRM, notably stratospheric aerosol injection (SAI), may result in
regionally and globally unpredictable changes in hydrological patterns, harm to the ozone
layer, dimming, reduced photosynthesis, crop growth changes and associated with the
aforementioned further cascading risks in the social and political systems and relations.
Despite the presumed average global temperature decrease, all these risks would be amplified
by the fact that, once applied at scale, SAI could be irreversible and cause geographically
uneven, potentially international conflict provoking consequences and would have to be
continued to avoid the rapid and extensive warming after cessation (“termination shock™).
There are other forms of SRM currently tested. The first field experiment of marine cloud
brightening was conducted over the coral reef in Australia in 2021. Nano-sized droplets
engineered to brighten clouds and block sunlight were dispersed over the reef.!> Another
method is used by the Arctic Ice project, which aims to improve the Arctic’s ice cap
reflectivity by dispersing silica microbeads over the ice sheet. The project is criticized by
indigenous communities.’* SRM marine engineering technologies (as well as CDR marine
technologies: ocean alkalinity enhancement and electrochemical CDR or biomass cultivation
for carbon removal) have the potential to cause deleterious effects that are widespread, long-
lasting or severe.

15.  SAl case study. In 2021 Harvard’s Solar Geoengineering Research Program, the most
advanced in stratospheric aerosol injection (SAI) technology research group, attempted to
conduct a stratospheric controlled perturbation experiment (SCoPEX) test at the Swedish

GE.23-13616

10

11
12
13

The highest sequestration potential is reported to be ca. 88 GtCO2 yr* when spreading pulverized
rock over large areas in the tropics, although depending on place, rock kind, and methods employed
the potential varies greatly, as does the global cost assessment (US$50-200/tCO>). Median future
sequestration potential is set at 2-4GtCO yr* from 2050.

IPCC AR6 WGII.

https://www.nature.com/articles/d41586-021-02290-3.

One of the test sites is in North Meadow Lake, on Indigenous Ifupiat territories near Utgiagvik, Alaska.
https://www.geoengineeringmonitor.org/2022/05/support-alaska-native-delegation-to-stop-arctic-ice-
project/.
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Space Corporation in Kiruna, northern Sweden. It would entail dispersing a small amount
(100g-2kg) of calcium carbonate or sulfates, material to “make quantitative measurements of
aspects of the aerosol microphysics and atmospheric chemistry that are currently highly
uncertain in the simulations” and, according to the testers, would “pose no significant hazard
to people or the environment”.'* However, there had not been any consultations with
Indigenous Peoples conducted prior to the experiment, nor had they been informed if it.

16.  The Saami Council learned in February 2021 of the plans for the experiment in Sapmi,
Sani land, and previous unrealized SCoPEx attempts in the United States from indigenous
contacts from north America. In 2018 there was a field test to be conducted in Tucson,
Arizona, which did not materialize. Communities of Indigenous Peoples opposed to it.? In
February 2021, the Saami Council together with Swedish environmental organizations sent
an open letter to the SCoPEXx advisory committee, copying the Swedish Space Corporation
and three ministers in the Swedish government, saying that “SAI is a technology that entails
risks of catastrophic consequences, including the impact of uncontrolled termination, and
irreversible sociopolitical effects that could compromise the world’s necessary efforts to
achieve zero-carbon societies. There are therefore no acceptable reasons for allowing the
SCoPEx project to be conducted either in Sweden or elsewhere.”*® The letter focused on the
physical risks of SRM and on the problematic ethics, responsibility and decision making, and
— predominantly on the risk of deterring the necessary climate action.t” The Swedish Space
Corporation contacted the Saami Council after receiving the letter, wanting to know more of
the Saami Council position. Later the Swedish Space Corporation informed the Saami
Council of the Corporation’s withdrawal from the experiment. After the cancellation of the
test in Kiruna, the Saami Council initiated a letter to Harvard University reiterating the
position of opposing to the development of solar geoengineering technology and invited other
Indigenous Peoples organizations to sign the letter showing their support for the position.
The letter gained the support of 36 Indigenous Peoples organizations from different regions
of the world.

17.  The case study shows lack of consideration for Indigenous Peoples rights in SRM
field tests, the need for free prior and informed consent of Indigenous Peoples, lack of broader
consultations with the government, local authorities, civil and scientific society and local
communities.

Table 1
Positive and negative side effects of NTCPs

CDR Technology Positive side effects Negative side effects

DACCS certain applications CO; penalty if high (thermal) energy
P 4 canimprove indoor  demand satisfied by fossil fuels (not

Potential: 0.5-5 GtCOz yr air quality NTCP); currently high front-up

Cost: 100-300 US$/tCO, capital costs; insufficiently studied,;

material/waste implications (the
chemical footprint of the processes:
production of chemicals, production
of waste, and for hydroxide-based

14 https://www.keutschgroup.com/scopex.

15 From TONATIERRA input: “Upon learning of the SCoPEx project in Tucson, we communicated with
our networks of kinship and traditional cultural alliances as Indigenous Peoples of the territory to
inquire what they knew of the project. There was a complete lack of information. We then
communicated with the traditional ancestral leadership of the O’otham Nations upon whose land the
city of Tucson is situated and asked for a consultation. We accompanied the Nukutham (Traditional
O’otham guardians of the Sacred Sites) to visit the compound where the project was to be launched.
Afterwards, the Nukutham stated that not only were they not informed of the nature and scope of the
experiment, but they could not consent to such a project on any O’otham lands.”

16 https://static1.squarespace.com/static/5dfb35a66f00d54ab0729b75/t/603e2167a9c0b96fh027c8d/
1614684519754/ etter+to+Scopex+Advisory+Committee+24+February.pdf.

7 Ibid.
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CDR Technology

Positive side effects

Negative side effects

Ocean fertilization

Potential: extremely
limited

Enhanced weathering
Potential: 2-4 GtCO, yr*
Cost: 50-200 US$/tCO;

Potential increase in
fish catches, enhanced
biological production

Increase in crop
yields; improved plant
nutrition, soil fertility,
nutrient and moisture;
increase in soil pH

DAC, the amount of chlorine
produced); spacial requirements

Limited potential; possible adverse
impacts on marine biology and food
web structure; deep water oxygen
decline; changes to nutrient balance;
anoxia in surface ocean; probable
enhanced N2O and CH4 production

Human health risks from fine grained
material (it may contain asbestos-
related minerals); ecological impacts
of mineral extraction and transport on
a massive scale; direct and indirect
land use change if biomass sourced
from dedicated crops, potential heavy
metal release (e.g. Ni and Cr) in case
of inappropriate material use;
changes in soil hydraulic properties

Table based on Jan C Minx et al 2018 Environ. Res. Lett. 13 063001, amended.
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