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Abstract. Several terrestrial Negative Emission Technolo-
gies (tNETs), like Bioenergy with Carbon Capture and Stor-
age (BECCS), Afforestation/Reforestation (AR) and En-
hanced Weathering (EW), rely on natural processes and
could therefore be designated as “green” forms of geoengi-
neering. However, even those “green” tNETs may lead to un-
desirable side effects and thereby provoke moral concerns
and conflicts. In this paper, I investigated whether BECCS,
AR and EW would cause moral conflicts regarding the hu-
man right to adequate food if implemented on a scale suffi-
cient to limit global warming “to well below 2 ◦C”. Review-
ing recent publications concerning BECCS, AR and EW, I
found that EW would not conflict with the human right to ad-
equate food but would likely even promote agricultural food
production due to a higher nutrient provision. However, EW
does not provide a feasible solution to limit global warming
“to well below 2 ◦C”, since a large-scale deployment of EW
would require large investments and considerable amounts of
energy to grind suitable rock-material. In regard of BECCS
and AR, I found that even under the optimistic Represen-
tative Concentration Pathway 2.6 (RCP2.6), as assessed by
the Intergovernmental Panel on Climate Change (IPCC) in its
latest assessment report from 2013, a large-scale deployment
of BECCS and/or AR would cause moral conflicts regarding
the human right to adequate food for present and future gen-
erations. Due to this, I advocate for more and stronger miti-
gation efforts in line with efficient land management actions
concerning, e.g. peats and soils, designated as “natural cli-
mate solutions” (NCS) and a deployment of multiple tNETs
in near future.

1 Introduction

Since the beginning of the industrial revolution at the end of
the 18th century, manifold anthropogenic activities have al-
tered various ecological systems (ecosystems) of the Earth,
including inter alia, biodiversity loss (IPBES, 2019) and cli-
mate change (IPCC, 2014, 2018), as well as related ocean
acidification and ocean warming (Böhm and Ott, 2019). Even
though the impacts of these alterations have been known for
decades (United Nations, 1992a, b; IPCC, 1992), current ef-
forts to mitigate them are mostly insufficient (IPBES, 2019,
UNEP, 2018). On 12 December 2015, the members of the
21st Conference of the Parties (COP21) under the United Na-
tion Framework Convention on Climate Change (UNFCCC)
adopted the Paris Agreement (UNFCCC, 2015a). Ipso facto,
195 nations of the world agreed to “[h]olding the increase
in the global average temperature to well below 2 ◦C above
pre-industrial levels and to pursue efforts to limit the temper-
ature increase to 1.5 ◦C above pre-industrial levels, recogniz-
ing that this would significantly reduce the risks and impacts
of climate change” (UNFCCC, 2015a: Art. 2). They also
agreed to foster sustainable development, thus to improve
climate resilience and lower greenhouse gas (GHG) emis-
sions, while thereby not threatening food production (UN-
FCCC, 2017). The Paris Agreement is based on the Nation-
ally Determined Contributions (NDCs), which were submit-
ted by the members of the UNFCCC until COP21 (Rogelj
et al., 2016). The NDCs are national pledges that should ex-
pound how climate change should be addressed on the na-
tional level. They encompass several strategies how to avoid,
to adapt to or to cope with climate change. Recent findings,
however, suggest that current pledges made by the parties of
the Paris Agreement would result in a global average warm-
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ing of about 3 ◦C by the end of the 21st century (UNEP,
2018; UNFCCC, 2015b). Such a warming would threaten
many ecosystems (IPBES, 2019; IPCC, 2018) and agricul-
tural food production (FAO, 2018). In its latest assessment
report from 2013, the Intergovernmental Panel on Climate
Change (IPCC) has considered roughly 300 baseline scenar-
ios and 900 mitigation scenarios from about 30 integrated
assessment models (IAMs) (Anderson and Peters, 2016).
From all scenarios assessed by the IPCC, 116 scenarios were
consistent with the representative concentration pathway 2.6
(RCP2.6) according to which global average warming could
be limited with a more than 66 % chance to 2 ◦C above pre-
industrial levels by 2100. Besides RCP2.6, two intermediate
scenarios (RCP4.5, RCP6.0) and a ‘business-as-usual” sce-
nario (RCP8.5) exist. 101 scenarios of those that are consis-
tent with RCP2.6 rely upon the large-scale deployment of
terrestrial negative emissions technologies (tNETs) from the
second half of the 21st century (Fuss et al., 2014). Sanderson
et al. (2016: 7137) argue that because since 2005, the world
has moved along “an unmitigated emission pathway closely
approximating RCP8.5 [. . .] the exact trajectory described in
RCP2.6 is now impossible.” Given the degree of mitigation
assumed in RCP2.6 and starting those actions in 2015 or even
later, reduces the probability of limiting global warming to
2 ◦C by the end of the 21st century to less than 66 % (Sander-
son et al., 2016). Thus, to reach the 2 ◦C target notwithstand-
ing, substantially greater net negative emissions in the second
half of the 21st century are indispensable as already assumed
in RCP2.6 (IPCC, 2014; Gasser et al., 2015; Haszeldine et
al., 2018). Several tNETs, e.g. Bioenergy with Carbon Cap-
ture and Storage (BECCS) Afforestation/Reforestation (AR)
or Enhanced Weathering (EW), rely on natural processes and
could therefore be designated as “green” forms of geoengi-
neering. “Green” tNETs are intended to sustainably mitigate
global warming and thus adverse consequences for life on
Earth. However, even those “green” forms of geoengineer-
ing might have undesirable side-effects. In this paper, which
is an updated short version of my Master Thesis, I investi-
gated whether the deployment of BECCS, AR and EW on a
scale sufficient to limit global warming “to well below 2 ◦C”
would lead to moral conflicts regarding the human right to
adequate food. This paper can be positioned at the intersec-
tion between climate ethics, the discourse about NETs and
food security.

2 “Green” forms of geoengineering

Negative Emission Technologies (NETs) aim to reduce the
concentration of atmospheric carbon dioxide (CO2). In the
context of geoengineering they are thus also designated as
Carbon Dioxide Removal (CDR) technologies (cf. Shepherd
et al., 2009; Rickels et al., 2011; Caldeira et al., 2013). Geo-
engineering is commonly defined as “the deliberate large-
scale manipulation of the planetary environment to counter-

act anthropogenic climate change” (Shepherd et al., 2009:
1). It can be divided into two broad categories: CDR and
Solar Radiation Management (SRM). SRM, however, does
not lead to negative emissions but only reduces the radia-
tive forcing by “reflecting some sunlight away from Earth”
(Caldeira et al., 2013: 233). Thus, SRM does not address
the root cause of climate change, which are anthropogenic
GHG emissions. Due to this, several ethical arguments ex-
ist against SRM, e.g. the “moral hazard” argument (Mor-
row, 2014; Baatz, 2016) or the “slippery slope” argument
(Ott, 2012). The term “moral hazard” has its origin in the
insurance-economy and designates a behaviour that becomes
less risk-averse if an insurance will incur the cost of a pos-
sible risk. This in turn may cause more financial claims on
the insurer (Shepherd et al., 2009). In case of geoengineer-
ing and particularly SRM, “moral hazard” may occur as a
reduction of efforts for mitigation and/or adaptation. Since
SRM will limit global warming even if annual emissions of
GHGs continue to remain on a high level or rise even further,
people might care less about abating emissions, which might
result in catastrophic events due to a rapid increase of temper-
ature if the respective SRM measures are abruptly terminated
(Gardiner, 2011; Morrow, 2014; Baatz, 2016). According to
the “slippery slope” argument, the deployment of an expen-
sive technology becomes even more likely, the more effort
and money to develop it has been invested. It might even be
the case that we are already on a “slippery slope” regarding
SRM because in 2017 the Harvard University has launched
a USD 20 million solar geoengineering study to research the
effects of Stratospheric Aerosol Injection (SAI), which is a
form of SRM (Neslen, 2017). And it seems not too unlikely
that this study is only the beginning. That is quite worrisome,
because once we have started SRM as a means against global
warming, we are forced to stick to it continuously as long as
the atmospheric CO2 concentration does not decrease below
a certain level. CDR technologies, instead, are in general less
controversially discussed. That is because most CDR tech-
nologies, e.g. BECCS, AR, EW, rely on enhanced natural
processes to sequester CO2 (Rickels et al., 2011). Therefore,
I call these technologies “green” forms of geoengineering.

2.1 Bioenergy with carbon capture and storage

BECCS combines the use of biomass to produce bioenergy
(BE) with the subsequent sequestration and permanent stor-
age of carbon dioxide via carbon capture and storage (CCS)
technology (cf. Canadell and Schulze, 2014; Caldeira et al.,
2013; Rickels et al., 2011). During the growth of biomass,
CO2 is naturally removed from the atmosphere by photosyn-
thesis and stored as organic carbon in crops, plants and trees.
Subsequently, the harvested biomass gets processed either
by combustion, fermentation, aerobic digestion or gasifica-
tion, to result in corresponding bioenergy products, such as
heat, biomethane or electricity. The CO2 emissions that occur
during the processing of the biomass are being sequestered
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and permanently stored in geological formations, e.g. saline
aquifers (Canadell and Schulze, 2014). A large-scale imple-
mentation of BECCS is assumed in most of the scenarios
consistent with the 2 ◦C target as assessed by the IPCC in its
latest assessment report (Anderson and Peters, 2016). How-
ever, achieving the level of BECCS that would be necessary
to achieve the 2 ◦C target comprises vast challenges and un-
certainties (Fuss et al., 2014). Moreover, it has been ques-
tioned whether BECCS is really a “green” form of geoengi-
neering (Heck et al., 2016). Even though the technology is
basically ready, more research is needed to address all CO2
emissions and to better understand chemical processes that
occur due to the injection and long-term storage of CO2 in
geological formations (Smit, 2016).

2.2 Afforestation and reforestation

Following the definitions from the United Nations Frame-
work Convention on Climate Change (UNFCCC) Clean De-
velopment Mechanism (CDM) Afforestation is defined as
“the direct human-induced conversion of land that has not
been forested for a period of at least 50 years to forested land
through planting, seeding and/or the human-induced promo-
tion of natural seed sources” (Parker et al., 2009: 131). Re-
forestation is defined as “the direct human-induced conver-
sion of non-forested land to forested land through planting,
seeding and/or the human-induced promotion of natural seed
sources, on land that was forested but that has been converted
to non-forested land” (Parker et al., 2009: 132). Afforestation
and thus Reforestation is, along with BECCS, the second
CDR strategy that is assumed to be a potential and widely
available means against climate change from the second half
of the 21st century in most of the scenarios of the latest IPCC
assessment report (Fuss et al., 2014).

2.3 Enhanced weathering

The chemical processes that underlie EW are grounded on
the natural dissolution of silicate minerals (Hartmann et al.,
2013). During the dissolution, several cations (Ca2+, Mg2+,
Na+, K+) are released from the silicate and brought into so-
lution. This transfer increases total alkalinity (TA) and hence
the pH of the solution and produces carbonate ions (CO2−

3 )
and bicarbonate (HCO−3 ) by consuming CO2. The dissolu-
tion products are transported over geological time scales into
the oceans and thereby counteracting ocean acidification,
too. However, natural weathering is very slow and the respec-
tive annual CO2 consumption rates of weathering silicate as
well as carbonate minerals are assumed to be ∼ 0.25 Gt C
(∼ 0.92 Gt CO2), which is only about 2.5 % of emissions
from fossil fuels and industry (Hartmann et al., 2013; Taylor
et al., 2015; Le Quere et al., 2018). Thus, to be an effective
means against global warming, natural weathering rates need
to be increased significantly. EW aims to increase the dis-
solution kinetics of silicate minerals which can be achieved

“by (1) increasing mineral surface area (e.g., by grinding),
(2) changing the pH of reacting solutions, (3) increasing tem-
perature, (4) increasing pressure, (5) choosing appropriate
rocks with highly reactive minerals, (6) changing the flow
regime [of the dissolution], and (7) making use of biological
metabolism (e.g., certain plant species remove selectively re-
leased elements and change thus the saturation state of aque-
ous solutions close to their root system).” (Hartmann et al.,
2013: 117) Olivine (chemically (Mg,Fe)2SiO4) and more
particularly forsterite (Mg2SiO4), which is the Mg-rich end-
member of the mineral olivine, is supposed to be the most
suitable silicate mineral for EW due to its comparably high
reactivity and its broad availability. Therefore, mafic and ul-
tramafic rocks are of special interest, since they contain high
shares of Mg-olivine and are widely abundant. Moreover,
they contain other suitable minerals, such as pyroxene, as
well (Hartmann et al., 2013; Moosdorf et al., 2014 and refer-
ences in there). Even though EW is not assumed as a means
against climate change in the latest assessment report of the
IPCC, it might be a potent means against climate change.

3 Moral conflicts regarding the human right to
adequate food

The human right to adequate food should guarantee “the
availability of food in a quantity and quality sufficient to sat-
isfy the dietary needs of individuals” (CESCR, 1999: para-
graph 8) for both present and future generations. However,
even though there is a broadly agreed human right to ade-
quate food, the number of undernourished1 people globally
has increased since 2014 from 775 million to 777 million in
2015, 815 million in 2016 and 821 million (equal to about
11 % of global population) in 2017 (FAO et al., 2018). Of
these, an estimated 515 million people were undernourished
in Asia (equal to 11.4 % of Asian population), more than 256
million people in Africa (more than 21 % of African popu-
lation; the share of undernourished people in eastern Africa
is even at 31.4 % of the population) and more than 39.3 mil-
lion in Latin America and the Caribbean (more than 6.1 % of
population). Thus, almost all people suffering from chronic
food deprivation live in economically poorer regions of the
world. If we do not take immediate action to stop undernour-
ishment especially in those regions, even more people will
likely suffer from chronic food deprivation in the future be-
cause of global population growth. According to the recent
medium variant projection of the UN, global population will
increase up to 9.7 billion in 2050 and up to 10.9 billion in

1According to the recent publication of FAO et al. (2018: 161),
“[u]ndernourishment is defined as the condition in which an indi-
vidual’s habitual food consumption is insufficient to provide the
amount of dietary energy required to maintain a normal, active,
healthy life.” This is sufficient for and in line with the Right to Ade-
quate Food as defined above. However, other forms of malnutrition,
e.g. overweight, obesity, or undernutrition are not regarded.
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2100. A large part of this expected 2 billion growth in pop-
ulation between 2019 and 2050 will occur in Sub-Saharan
Africa (1.05 billion) and Central and Southern Asia (505 mil-
lion) (UN DESA, 2019). After 2050, further substantial pop-
ulation growth is expected only for Africa. This development
will change Africa’s share of global population from about
17 % in 2019 to about 26 % by 2050 and up to about 40 % by
2100. Independent of the scenario or variant used to project
the future development of global population, “Sub-Saharan
Africa will account for most of the growth of the world’s
population over the coming decades” (UN DESA, 2019: 6).
Moreover, a large share in population growth until 2050 and
until 2100 will occur in the least developed countries (LDCs)
– a group of 47 countries defined by the United Nations Gen-
eral Assembly of which 33 are located in Africa (UN DESA,
2019). The total population of these countries is presently
(2019) about 1 billion, but will almost double to about 1.9
billion in 2050 and might even increase up to 3 billion in
2100. According to calculations of the FAO (2017), global
agricultural production needs to increase by about 50 % un-
til 2050 (compared to 2013) to meet the global demand for
food, feed and biofuel. This increase is mainly driven by Sub-
Saharan Africa and South Asia, where demand of agricul-
tural products in 2050 will almost double. Agricultural de-
mand in the rest of the world will increase by about 1/3 until
2050. Although even bigger increases in agricultural produc-
tion than that necessary has been achieved in the past, re-
cent trends, however, are alarming. Average annual yield in-
creases of maize, rice and wheat have been slightly more than
1 % since the 1990s and those of soybeans and sugarcane
have even been below 1 %. And it is not clear whether these
growth rates can be maintained over the coming decades.
Assuming that about 80 % of the increase in food produc-
tion in developing countries until 2050 would be achieved
via higher yields, an average annual growth rate of 0.9 % is
required. Thus, “cereal yield growth rates below 1 percent a
year would be a worrying signal” (FAO, 2017: 47). However,
substantial yield gaps (compared to potential yields) of more
than 50 % in major crops, such as cereals, roots and tubers,
pulses, sugar crops, oil crops and vegetables, occur in many
low-income countries (FAO, 2017). Closing these yield gaps
in a sustainable manner would be a large step towards the
achievement of the second Sustainable Development Goal
(SDG 2) of the United Nations. SDG 2, designated as “End
hunger, achieve food security and improved nutrition and
promote sustainable agriculture” aims to end hunger and all
forms of malnutrition by 2030 (UN, 2015). Whether all these
aims or at least some of them will be achieved by 2030, how-
ever, is questionable. This holds especially in regard of the re-
cent upward trend of people suffering globally from chronic
food deprivation. But it also holds in regard of the recent in-
crease of conflicts around the globe, which in turn increase
the prevalence of undernourishment in the respective regions
(FAO et al., 2018). Moreover, climate change will dispropor-
tionately affect the poorer regions of the world (IPCC, 2014,

2018). A higher variability of precipitation combined with
more and longer droughts and stronger floods are predicted
to be a result of global warming in low-latitude countries.
Those events would reduce yields significantly in the long
run, as has been shown by a meta-analysis of 1090 studies on
major crops such as wheat, maize, rice and soybeans (FAO,
2017). Thus, to fulfil our moral obligations in regard of the
right to adequate food and hence achieve the aims of SDG 2
at least in near future, climate change needs to be mitigated.

As already stated, the large-scale implementation of
BECCS and AR from the second half of the 21st century is
assumed in most of the scenarios assessed by the IPCC that
are consistent with limiting global warming with a chance
of more than 66 % “to well below 2 ◦C”. Yet, it is not clear
whether such an implementation is feasible in the real world
or how it should be governed (Rickels et al., 2011). How-
ever, given that these problems may be solved somehow and
a large-scale implementation would be technically and eco-
nomically feasible, moral conflicts regarding the right to ad-
equate food would unavoidably emerge. Most important for
that is the area that would be required to implement either
BECCS or AR or even both on a scale sufficient to meet the
negative emissions necessary to limit global warming. In re-
gard of BECCS, Smith et al. (2016) argue that, according to
the assumptions made in most of the IAMs which “likely”
limit global warming “to well below 2 ◦C” an area between
320 and 700 Mha of biomass plantations would be neces-
sary by 2100, depending on the material used to produce
bioenergy. Following a particular RCP2.6 scenario, Boysen
et al. (2017) assume an area of 441 Mha (almost the size of
the European Union) that needs to be converted into biomass
plantations until 2100. These conversions would mainly be
realised at the cost of highly productive agricultural land,
which is predominantly located in tropical regions and in
parts of Northern America. If agricultural areas are con-
verted that are less productive than those mentioned, then
even more area would be necessary. Moreover, if we fol-
low only a partially mitigated pathway (equal to RCP4.5 and
therefore almost equal to the current pledges made by the
parties of the Paris Agreement in their NDCs), which would
result in an average warming of about 2.5 ◦C by 2100 and
if the conversion into biomass plantations begins as early as
2050, it would be necessary to convert even more than 1/4
of the most productive agricultural land globally (more than
1.1 Gha) to reach the 2 ◦C target by 2100. Humpenöder et
al. (2014) project an increase of bioenergy area to 508 Mha
until 2095 depending on the introduction of a carbon price
and driven mainly at the cost of agricultural land. In this con-
text, it is noteworthy that without the introduction of a price
on carbon the area used to grow food crops is projected to
increase by about 300 Mha until 2095. Yet, this projection
depends on economic assumptions and does not reflect ac-
tual future food demands as can be seen from the projec-
tion of the FAO (2017), which states that globally agricul-
tural area needs to increase by about 490 Mha already until
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2050 to meet the expected growth in global food demand.
Since global population will even increase further until 2100
and beyond, it seems almost implausible that the total agri-
cultural area that would be needed to meet the demands in
2095 will decrease again by about 200 Mha. Moreover, all
these figures about land requirements for BECCS are ide-
alised projections, which rely on many uncertain assump-
tions about future yield improvements, conversion efficien-
cies, levels of irrigation and use of fertilizer. Kato and Ya-
magata (2014) has shown that only the most productive sec-
ond generation bioenergy crops (switchgrass and “Miscant-
hus x gigantheus”) could achieve the yields required in most
of the IAMs that limit global warming “to well below 2 ◦C”.
The land requirements mentioned above already rely on these
crops and on substantial yield improvements. High quantities
of water for irrigation are also taken for granted as well as ad-
ditional input of fertilizer. According to Smith et al. (2016),
not using irrigation for biomass plantations would increase
land demands by about 40 %. Boysen et al. (2017) argue
that without irrigation, high input of fertilizer and a compa-
rably high conversion efficiency it would be impossible to
achieve the 2 ◦C target, if biomass plantations are deployed
on 441 Mha. Moreover, Creutzig (2016) explicitly argues that
without substantial yield improvements severe land-use con-
flicts threatening food production would occur.

In regard of AR, the demand for land to limit global warm-
ing “to well below 2 ◦C” is even higher. Smith et al. (2016)
state that about 970 Mha need to be converted into forests to
meet the needed negative emissions under a pathway compa-
rable to RCP2.6. Again, the conversion would mainly come
at the cost of agricultural land. This holds as well for the
scenarios of Kreidenweis et al. (2016), who argue that the in-
troduction of a price on carbon provides an incentive to grow
forests. Depending on the area allowed to grow forests, more
than 2500 Mha could be converted until 2100. This figure is
similar to those of Humpenöder et al. (2014), who project a
conversion of 2773 Mha globally until 2095. However, AR as
a means against climate change is predominantly useful only
in low latitudes. That is because not only the natural carbon
uptake is affected by AR but the local albedo as well. Due
to biogeophysical changes of the Earth surface, less sunlight
is reflected and hence the positive biogeochemical effects of
AR are lowered, if not even reversed (Arora and Montene-
gro, 2011). Therefore, large-scale AR should only be imple-
mented in tropical regions. Yet, this would disproportionately
affect people living in the poorer regions of the world be-
cause due to the competition for suitable land food prices
would rise particularly in the respective regions (Kreiden-
weis et al., 2016). Other possibilities to use forests as a means
against climate change that are less land-intensive than AR
and thus less threatening in view of food security are the ces-
sation of Deforestation and the natural regeneration of de-
graded forests, both especially in tropical regions. Deforesta-
tion as well as degradation of tropical forest areas account
for about 8 %–15 % of total annual carbon emissions (equal

to about 2.9–5.4 Gt CO2) (Houghton et al., 2015). Moreover,
allowing second growth forests to regenerate naturally could
sequester up to 6.48 Gt CO2 annually in the coming decades
(Chazdon et al., 2016). The role of Brazil is crucial in both
contexts, since it has by far the largest potentials in avoiding
further Deforestation as well as for second growth forests to
regenerate. According to the recent FAO Global Forest Re-
source Assessment from 2015, the annual net loss rate of nat-
ural forests in tropical regions has declined from annually
10.4 Mha in the 1990s to 6.4 Mha between 2010 and 2015.
The annual net loss rate of Brazil has even declined by about
60 % compared to the 1990s to 0.98 Mha yr−1. Moreover,
several initiatives like the REDD+ programme of the UN,
the Bonn Challenge or the New York Declaration on Forests
are first steps to end Deforestation and to restore degraded
forest areas. Yet, ending Deforestation and allowing the nat-
ural regrowth of secondary forests would not be sufficient
to meet the required negative emissions. However, in regard
of BECCS and AR, what is at stake is a classical dilemma:
implementing either BECCS or AR or even both on a scale
sufficient to limit global warming necessitates cropland area
to grow some sort of biomass (e.g. bioenergy crops, trees).
Yet, an increasing global population also needs additional
cropland to meet future food demands. Availability of suit-
able land, however, is limited. If we do not limit climate
change, future yields would be reduced inter alia in those re-
gions where local populations already suffer the most from
chronic food deprivation and, moreover, where population
growth will be highest in the future. This would most likely
lead to even more people suffering from undernourishment
in those regions for three reasons. First, because local farm-
ers living in rural areas, who depend on locally grown food,
would not be able to harvest enough food for their own sup-
ply anymore. This in turn would force more and particularly
young people to migrate into urban areas, which means that,
second, relative food availability in urban areas would be
lowered and therefore result in higher food prices. This again
would disproportionately disadvantage the poor because they
could not afford to pay these higher prices. Finally, since less
food would be grown locally, more food needs to be im-
ported from foreign countries, which would likely result in
both higher food prices as well as even more GHG emissions
and therefore aggravate climate change even more. Hence,
given our obligations to future generations to secure their hu-
man right to adequate food, we should limit climate change
from a moral perspective. But, if we do limit climate change
by implementing either BECCS or AR or even both on a
scale sufficient to limit global warming “to well below 2 ◦C”,
we would need to convert large areas of cropland presently
used to produce food crops into dedicated biomass planta-
tions or use them for Afforestation and Reforestation. This
conversion would obviously reduce food availability in gen-
eral and, moreover, especially disadvantage people in the
poorer regions of the world for two reasons. First, because
large parts of the most productive agricultural areas regarded
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for conversion would be in exactly those regions and, sec-
ond, because food prices in general would increase due to
less available food. This increase would again be especially
significant in the poorer regions of the world. Moreover, ad-
ditional demand of water for irrigation and high input of fer-
tilizer would stress local ecosystems and could thus nega-
tively impact food production and quality. Particularly ad-
ditional water withdrawals would aggravate water scarcity
in the poorer regions of the world and therefore disadvan-
tage people living in the respective regions and jeopardize
their right to adequate food even more. Thus, seen from a
moral perspective and in regard of the human right of ade-
quate food, we should not implement BECCS and/or AR on
a large scale. We should rather end Deforestation and restore
degraded tropical forest areas to mitigate climate change at
least a few. Nevertheless, limiting climate change is a neces-
sary precondition to fulfil our obligations to present and fu-
ture generations in regard of their right to adequate food. Yet,
the implementation of BECCS or AR or even both on a scale
sufficient to meet the required negative emissions would im-
ply several moral conflicts regarding this right.

Another possibility to meet climate change and to limit
global warming is to reduce atmospheric CO2 through EW.
In contrast to both BECCS and AR, a deployment of EW
would not compete with other forms of land-use and thereby
not threatening food production. Several studies (cf. Moos-
dorf et al., 2014; Kantola et al., 2017; Smith et al., 2016) even
argue that terrestrial EW might benefit the respective soils
through the release of dissolution products, e.g. cations, and a
pH adjustment. Moreover, water demands for EW are consid-
erably lower than for BECCS or AR. Smith et al. (2016) state
that the sequestration of 1 Gt C eq. (3.664 Gt CO2 eq.) (which
is assumed to be the annual maximum sequestration potential
of EW) requires only 1.5 km3 water, compared to 240 km3

for BECCS and ∼ 347 km3 for AR. On the other side, EW
is assumed to require large amounts of energy that needs to
be produced. Given the present share of emissions from the
energy sector, which are decisive for climate change, imple-
menting EW on a large scale would likely offset the nega-
tive emissions that would occur due to its deployment. This
holds particularly for open ocean EW but for terrestrial and
coastal EW, too. Using renewable sources of energy, like so-
lar power or wind power might be a feasible way to produce
the required energy in a sustainable manner, but the expan-
sion of those “green” energy sources on a global scale is at
least at present not sufficient to meet the demand (Walsh et
al., 2016). Relying on bioenergy from BECCS is also not a
feasible option, since it would conflict with the human right
to adequate food, as described above. Nuclear power might
be a feasible option but should be excluded for reasons of
security, too. Therefore, EW does not seem to be a feasible
means to limit global warming “to well below 2 ◦C” by the
end of the 21st century.

4 Conclusions

In this paper, I investigated whether moral conflicts regard-
ing the human right to adequate food would occur due to
the large-scale deployment of BECCS, AR and EW suffi-
cient to limit global warming “to well below 2 ◦C”. To this
end, I reviewed several recent articles regarding BECCS, AR
and EW. Each of these technologies relies on natural pro-
cesses and aims to sustainably reduce atmospheric CO2 con-
centrations. Therefore, I designate them as “green” forms of
geoengineering. However, even those “green” forms of geo-
engineering have negative side effects. I found that BECCS
as well as AR would likely provoke moral conflicts regard-
ing the human right to adequate food, since large areas cur-
rently used to produce food crops would need to be converted
into biomass plantations and/or forests to achieve the neg-
ative emissions necessary to limit global warming “to well
below 2 ◦C” by 2100 even in a strong mitigation scenario.
Moreover, a large part of these conversions would likely oc-
cur in tropical regions and therefore in regions, which are
predominantly located in the poorer parts of the world. High
shares of the population in these regions, especially in Africa
and Asia, already suffer from undernourishment and wa-
ter scarcity. Converting large areas of productive land into
biomass plantations or use them for AR would likely aggra-
vate the prevalence of chronic food deprivation. Additional
water demands for irrigation would further reduce availabil-
ity of water for other purposes, like freshwater supply. The
consequences of a large-scale deployment of BECCS and/or
AR would especially affect future generations because sub-
stantial population growth until 2050 is expected to occur
predominantly in Asia and Africa and after 2050 almost only
in Africa. Due to these reasons, I argue that we should not
rely on BECCS and/or AR as single CDR strategies to limit
global warming. In regard of EW, I found that a large-scale
deployment would not conflict with the human right to ade-
quate food but would rather even be beneficial to agricultural
production, since extra nutrients would be added to the re-
spective soils. Another positive side-effect of EW would be
a reduction of ocean acidification. Yet, a large-scale deploy-
ment of EW would require considerable amounts of energy,
since suitable rocks were needed to be grinded into small-
size particles. This would likely offset the negative emis-
sions from EW, which are assumed to be at max 1 Gt C eq.
(3.664 Gt CO2 eq.) annually. Due to this, I conclude that EW
would also not be a suitable means to limit global warming
“to well below 2 ◦C” if used as a single CDR strategy. How-
ever, every CDR strategy considered in this paper could con-
tribute to a more comprehensive strategy to achieve the main
goal of the Paris Agreement (Fuss et al., 2018; Werner et al.,
2018; Minx et al., 2017). Such a strategy needs to encompass
further other natural climate solutions, such as the protection
and proper management of peats and soils, as well as more
and stronger mitigation efforts, such as a global carbon trade
system to efficiently reduce carbon dioxide emissions, a tax
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on kerosene, a large-scale roll-out of renewable energies and
a stronger awareness of everyone for climate change and its
causes. Because we – as individuals of the developed world –
could do a lot more to help mitigate climate change, e.g. use
energy more efficient, rather use bikes or public transport,
than private cars or plains, change our own diets (less meat,
more local foods), buy less new things but re- and upcycle
more. The Paris Agreement addresses not only governments
but private actors, too. Every one of us, either as a private
person or as part of a company, is able to do something. It
is not sufficient for us to just lay back, do as always, rely
on others to do something and wait for changes. Every one
of us needs to act now to make a change and to limit global
warming to a level which will not threaten the well-being of
present and future generations.
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