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Abstract

To limit global warming to well below 2 �C, as agreed upon in the Paris
Agreement, a fundamental transformation of all central areas of our societies is
necessary. Such a transformation includes energy supply, industry, digital infra-
structure, buildings, transport, land use and our general lifestyles. The most
important part of such a transformation, however, is a near-term phase-out of
fossil fuels. Bioeconomy—an economy based on renewable resources and circu-
lation—suggests a possible solution to the question of how such a transformation
can be realised. Using biofuels to produce energy is expected to become a key
element of every bioeconomy. Yet, using (food) crops to produce biofuels might
conflict with food security—particularly in regard of climate change and population
growth. In this essay, I question whether the implementation of a bioeconomy will
cause moral conflicts concerning food security in regards of climate change and
population growth. Based on a literature review of recent articles, I argue that due to
climate change and the anticipated population growth, moral conflicts will very
likely arise regarding food security by implementing a bioeconomy based on
biofuels. To succeed in transforming our societies and to limit global warming to
well below 2 �C, the implementation of a bioeconomy is not enough—even though
the idea behind is basically right. What it takes, however, is also a change in our
personal behaviour. We need to live and consume in a far more sustainable
manner since our consumption patterns are the key drivers of climate change.
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1 Introduction

A fundamental transformation of central areas of our societies, namely energy
supply, industry, digital infrastructure, the building stock, transport, land use and
our lifestyles—is inevitable in order to limit global warming to well below 2 �C.1

This is particularly true of the massive consumption of fossil fuels.2 For some years
now, great hopes have been pinned on the so-called bioeconomy in order to
successfully implement the necessary transformation within the coming decades.3

Basically, bioeconomy is concerned with the “Aufbau einer Kreislaufwirtschaft, die
im Sinne von Ressourceneffizienz und Nachhaltigkeit eine bestmögliche
Verwertung sowie Mehrfachnutzung von Rohstoffen und Stoffströmen [. . .]
ermöglicht”.4 A key objective of bioeconomy is to reconcile food security with the
sustainable use of renewable resources for industrial purposes, while at the same
time ensuring environmental protection.5 According to a 2018 study, some
50 nations have defined bioeconomy as part of their policies.6 However, particularly
with regard to the production of bioenergy and biofuels, the question arises as to
what extent the agricultural production of food could be affected.7 Although it is
stressed that the goal of food security is an essential component of the concept of
bioeconomy, it is doubtful whether this goal can be achieved in the near future—
especially considering the background of climate change8, the associated impacts on
agriculture9, and a further increase in the world population, especially in
sub-Saharan Africa.10

In this essay, I want to show that we as the present generation (a) have a moral
obligation to ensure food security both intra- and intergenerationally, that we
(b) have recognised and accepted this responsibility, but that we (c) do not currently
fulfil this obligation, and that our current behaviour at the global level even leads us
to (d) reduce, if not destroy, the conditions of possibility to achieve the goal of food
security for future generations. Against this background, it is ultimately doubtful that
bioeconomy, although basically pointing in the right direction, can achieve the goal
of food security on a global level. In the following section, I will first explain where
our moral obligation to ensure food security derives from. I will then show that we

1Cf. Falk et al. (2019).
2Cf. Rogelj et al. (2015).
3Cf. Federal Ministry of Education and Research (2014).
4Ibid., 5, “establishment of a circular economy which, in terms of resource efficiency and
sustainability, enables the best possible recycling and multiple use of raw materials and material
flows [. . .]” (own translation).
5Cf. European Commission (2012).
6Cf. Von Braun (2018).
7Cf. Tilman et al. (2009), Sheppard et al. (2011) and Lewandowski (2015).
8Cf. Intergovernmental Panel on Climate Change (2018).
9Cf. Intergovernmental Panel on Climate Change (2019a).
10Cf. United Nations, Department of Economic and Social Affairs, Population Division (2019).
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have accepted this moral obligation and are working to fulfil it, but that our efforts
are not yet sufficient. After that I will explain and justify my doubts that bioeconomy
can achieve the objective of food security. Lastly, I shall identify some of the
measures that are needed to ensure that the objective of food security can be
achieved in the near future.

2 The Human Right to Adequate Food

According to Article 11, paragraph 1 of the International Covenant on Economic,
Social and Cultural Rights (ICESCR), everyone has the right “to an adequate
standard of living for himself and his family, including adequate food, clothing
and housing, and to the continuous improvement of living conditions”.11 The
ICESCR was adopted by the United Nations in 1966 and has been ratified by
170 states since its entry into force in 1976.12 It can therefore be seen as a binding
normative basis. The Committee on Economic, Social and Cultural Rights (CESCR)
monitors and comments on the implementation of the rights established in the
ICESCR. In 1999, the CESCR published a commentary on Article 11 of the
ICESCR, further expounding the human right to an adequate standard of living. In
this note, the CESCR stresses that

the right to adequate food is indivisibly linked to the inherent dignity of the human person
and is indispensable for the fulfilment of other human rights enshrined in the International
Bill of Human Rights. It is also inseparable from social justice [. . .].13

It also follows from Article 6 of the CESCR comment that

[t]he right to adequate food is realized when every man, woman and child, alone or in
community with others, have physical and economic access at all times to adequate food or
means for its procurement. The right to adequate food shall therefore not be interpreted in a
narrow or restrictive sense which equates it with a minimum package of calories, proteins
and other specific nutrients.14

The concept of adequacy is particularly emphasised by the CESCR and, remark-
ably, is linked to sustainable development in the field of food security, which should
be guaranteed not only for present generations but also for future ones. Thus, Article
7 of the CESCR’s comment states that

[t]he concept of adequacy is particularly significant in relation to the right to food since it
serves to underline a number of factors which must be taken into account in determining
whether particular foods or diets that are accessible can be considered the most appropriate

11United Nations (1967).
12Cf. United Nations Human Rights Office of the High Commissioner (2020).
13Committee on Economic, Social and Cultural Rights (1999), Art. 4.
14Ibid., Art. 6.
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under given circumstances for the purposes of article 11 of the Covenant. The notion of
sustainability is intrinsically linked to the notion of adequate food or food security, implying
food being accessible for both present and future generations. The precise meaning of
“adequacy” is to a large extent determined by prevailing social, economic, cultural, climatic,
ecological and other conditions, while “sustainability” incorporates the notion of long-term
availability and accessibility.15

The question of whether we as the present generation also have obligations to
future generations is, however, a controversial ethical issue.16 Irrespective of the
discussion on this question, it follows from the CESCR’s remark that such
obligations exist insofar as human rights are used as an ethical basis. If we now
take this as a moral yardstick and refer specifically to Article 11 of the ICESCR, this
implies that we have a moral duty to end hunger in the world and to ensure that future
generations have the possibility of sufficient and adequate food as well. Since human
rights are egalitarian in nature and are to be applied equally to all people, the subject
“we” in this essay refers to all people living at present. It remains to be noted,
however, that societies of rich industrial nations should bear a special responsibility
since they have the necessary (financial) resources and, furthermore, because of their
economic power, are largely responsible for the current distribution of the world’s
resources and thus of food.17 Nevertheless, the responsibility of rich industrial nations
does not exempt other nations from their own responsibility. This is especially true
with regard to the establishment of stable political conditions, which are a necessary,
though not sufficient, prerequisite to the fulfilment of human rights.

However, if we look at the current situation in the world, it is clear that we are not
fulfilling our moral obligation to provide adequate food for all people. According to
the latest estimate of the Food and Agriculture Organization of the United Nations
(FAO), between 720 and 811 million people were suffering from hunger in 2020,
mainly in Asia and sub-Saharan Africa. In addition, more than 2.3 billion people did
not have permanent access to safe and adequate food.18 In many cases, this situation
constitutes a considerable injustice,19 which is morally reprehensible, in particular
because there is de facto sufficient and adequate food for all currently living people.20

This means that hunger in the world could be eliminated, at least at present, through
a more just distribution. Adding to the moral guilt for this global injustice is the fact
that our current behaviour is leading to a steady deterioration of the ecological state
of the Earth, which could permanently change and even destroy the conditions for

15Committee on Economic, Social and Cultural Rights (1999), Art. 7.
16Cf. for example Ott (2004), Meyer (2012) and Caney (2018).
17Cf. Pogge (2005).
18Cf. FAO, IFAD, UNICEF, WFP and WHO (2021).
19An injustice and thus a moral guilt of the present generation exists when those affected do not
themselves bear responsibility for the lack of adequate food, but when this lack is caused by external
circumstances, especially poverty. This means that the free choice of an unbalanced diet, which can
also lead to malnutrition, is not understood as injustice.
20Cf. Wood et al. (2018).
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human life.21 This is mainly caused by climate change and its impacts,22 but also by
the massive loss of biodiversity.23 In this manner, our current behaviours lead to a
reduction of opportunities for future generations to develop. This particularly affects
the human right to adequate food since climate change will increase the intensity and
frequency of extreme weather events—for example in the form of severe droughts or
floods, especially in tropical regions such as sub-Saharan Africa—and thus severely
impair agricultural food production. It follows, however, that not only are we failing
to meet our moral obligation to our own generation, but we are also disregarding
those we have to future generations.

The fact that we have recognised and accepted our moral obligation is
demonstrated above all by the United Nations Sustainable Development Goals
(SDGs).

3 The United Nations Sustainable Development Goals

In order to meet the diverse challenges facing humanity at the beginning of the
twenty-first century, the United Nations has adopted the Agenda 2030 for Sustain-
able Development in 2015.24 The overarching goal of this agenda is “to realize the
human rights of all [. . .].”25 Accordingly, among other goals, it seeks “to end
poverty and hunger, in all their forms and dimensions”26 and to take “urgent action
on climate change”.27 Central to the Agenda 2030 are 17 SDGs which comprise
169 targets. Although all SDGs are “integrated and indivisible”,28 in this essay I will
focus on only two SDGs that are particularly relevant for ensuring food security:
SDG 2 Zero Hunger and SDG 13 Climate Action. The first and most important target
of SDG 2 is to “end hunger and ensure access by all people, in particular the poor and
people in vulnerable situations [. . .] to safe, nutritious and sufficient food all year
round.”29 Even though the term “adequacy” is not explicitly used, it can be
concluded that if SDG 2 is successfully achieved by 2030, the human right to
adequate food would be fulfilled for the 2030 present generation. Thus, the above-
mentioned injustice concerning the intragenerational moral obligation would be
solved as well.

21Cf. Rockström et al. (2009), Steffen et al. (2015) and Steffen et al. (2018).
22Cf. Intergovernmental Panel on Climate Change (2018, 2019a, 2019b).
23Cf. Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (2019).
24Cf. United Nations (2015a).
25Ibid., 3.
26Ibid.
27Cf. ibid.
28Ibid.
29Ibid., 17.
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Actions to achieve SDG 2 include doubling of agricultural productivity and
facilitating access to various production factors, especially for disadvantaged groups
such as women or indigenous people.30 In addition, investments in various areas of
agriculture, such as infrastructure and research, shall be increased and interventions
in free trade, especially through agricultural subsidies, shall be ceased.

However, another, yet essential, condition to achieve SDG 2 and other SDGs is to
stop climate change. This applies equally to the fulfilment of the human right to
adequate food. Aware of the dangers of climate change, the United Nations has
formulated SDG 13 as a further part of the Agenda 2030. According to this goal,
“urgent action to combat climate change and its impacts”31 shall be taken. The key
objective of SDG 13 is to limit climate change in accordance with the 1992 United
Nations Framework Convention on Climate Change (UNFCCC).32 In this respect,
SDG 13 is also in accordance with the 2015 Paris Agreement and its main objective
of “[h]olding the increase in the global average temperature to well below 2 �C
above pre-industrial levels and pursuing efforts to limit the temperature increase to
1.5 �C above pre-industrial levels, recognizing that this would significantly reduce
the risks and impacts of climate change.”33

The SDGs demonstrate the insight and declared will of the community of states to
initiate and implement the necessary changes. They demonstrate that we have
recognised and accepted our moral responsibility towards the securement of well-
being of our own generation and towards future generations. Against the background
of climate change, which has been progressing largely unabated to date, and a further
increase in the world population, the question arises as to whether the SDGs can be
achieved by 2030 and beyond. These doubts become particularly clear in the light of
two current United Nations reports, the so-called Emissions Gap Report and the
World Population Prospects, both of which are briefly presented in the following
section.

4 The United Nations Reports

4.1 The Emissions Gap Report

Every year, the United Nations Environmental Programme (UNEP) publishes the
Emissions Gap Report. Based on the so-called Nationally Determined Contributions
(NDCs)—current pledges by the member states of the Paris Agreement to reduce
annual greenhouse gas emissions—the gap discussed in this report addresses the
amount of greenhouse gas emissions that the global community is about to overshoot

30Ibid.
31Ibid., 25.
32Cf. United Nations (1992).
33Cf. United Nations (2015b), Art. 2.
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in 2030. UNEP finds that according to current NDCs there is a gap of 11 gigatons
CO2-equivalents

34 (Gt CO2e) to the 2 �C target and a gap of 25 Gt CO2e to the 1.5 �C
target for 2030.35 If, in addition, commitments linked to several conditions—mostly
financial aid—are not met, the gap will increase by a further 2 Gt CO2e for the 2 �C
target and 3 Gt CO2e for the 1.5 �C target. To compare: global greenhouse gas
emissions in 2019 (the last available year) were 58,1 Gt CO2e. If the 1.5 �C target of
the Paris Agreement shall still be achieved, annual greenhouse gas emissions will
have to be reduced by more than 50% until 2030. Such a significant decarbonisation
is possible, but requires the fastest economic transformation in the history of
mankind.36 Even the 2 �C target is severely threatened in view of current efforts.
Accordingly, there are considerable doubts as to whether SDG 13 and thus also other
SDGs, such as SDG 2, can be met.

Based on current climate policies, global average temperature is likely to increase
by 2.8 �C until 2100. Such a warming is highly likely to result in devastating
consequences both for the environment and for mankind.37

4.2 World Population Prospects

Another report related to the issue of food security is the biennial report on the
expected world population growth by the United Nations Department of Economic
and Social Affairs (UN DESA). The last edition of the World Population Prospects
was published in 2019.38 It has confirmed the findings and forecasts of previous
reports39 that the world population will continue to grow and will also become older
on average. According to current estimates, the world population will grow by about
2 billion to 9.7 billion people by 2050. By 2100, it is estimated that another 1.2
billion people will be added. Much of the projected growth by 2050—more than
1 billion—will take place in sub-Saharan Africa. From 2050 onwards, further growth
will be concentrated almost exclusively on this region, which is already affected by
recurring hunger periods.40 If the world population develops in line with the United
Nations forecast, this will very likely increase the number of people suffering from
hunger in sub-Saharan Africa, thereby fundamentally jeopardising the fulfilment of
SDG 2 and other SDGs.

34One gigatonne equals 109 tonnes. CO2 equivalents are an artificial unit that also takes into account
the effect of other greenhouse gases, such as methane (CH4) or nitrogen oxide (NO2), on the basis of
CO2’s harmfulness to the climate.
35Cf. United Nations Environment Programme (2021).
36Cf. Falk et al. (2019).
37Cf. Steffen et al. (2018) and Lenton et al. (2019).
38Cf. United Nations, Department of Economic and Social Affairs, Population Division (2019).
39Cf. United Nations, Department of Economic and Social Affairs, Population Division (2015,
2017).
40Cf. Food and Agriculture Organization of the United Nations et al. (2021).
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5 Possible Solutions

5.1 Climate Engineering

One possibility of counteracting climate change and its impacts that has been widely
discussed for some years is the so-called climate engineering (sometimes also called
geoengineering).41 It is commonly defined as “the deliberate large-scale manipula-
tion of the planetary environment [. . .].”42 Due to the insufficient efforts to date to
limit climate change, the use of climate engineering methods appears to be very
likely, if not necessary, in the near future in order to achieve the 2 �C/the 1.5 �C
target agreed upon in the Paris Agreement.43

Climate engineering can basically be divided into two categories: Solar Radiation
Management (SRM) and Carbon Dioxide Removal (CDR).44 SRM methods aim to
manipulate the Earth’s radiation budget by either reducing the proportion of sunlight
incident or increasing the proportion of sunlight reflected by the Earth. This will
counteract global warming, but not the actual cause of anthropogenic climate
change, i.e. the sharp increase of atmospheric CO2-concentration compared to the
pre-industrial period. In contrast to that, CDR methods aim to reduce the CO2-
concentration in the atmosphere. In this way not only global warming would be
counteracted, but also some of its impacts, e.g. ocean acidification.

SRM methods are evaluated very critically, especially from an ethical point of
view, as they are associated with high environmental risks.45 In contrast, CDR
methods tend to be assessed more positively because they are (a) mostly based on
natural processes, such as photosynthesis or the natural weathering of rocks, and
because (b) they fight the root cause of climate change. Nevertheless, there are also
various ethical reservations against CDR.46 In principle, the best solution to climate
change is a significant and immediate reduction in anthropogenic greenhouse gas
emissions.47

Currently, the most frequently discussed CDR method is Bioenergy with Carbon
Capture and Storage (BECCS).48 This method combines the use of biomass to
produce bioenergy (BE) with the use of Carbon Capture and Storage (CCS) technol-
ogy to subsequently store the emissions generated during the production of
bioenergy.49 In addition to afforestation, the use of BECCS is assumed in most
scenarios assessed by the Intergovernmental Panel on Climate Change (IPCC) in its

41Cf. The Royal Society (2009), Rickels et al. (2011) and Caldeira et al. (2013).
42Cf. The Royal Society (2009, p. 1).
43Cf. Mace et al. (2018).
44Cf. Rickels et al. (2011).
45Cf. Preston (2013).
46Cf. ibid.
47Cf. Intergovernmental Panel on Climate Change (2018).
48Cf. Fuss et al. (2018).
49Cf. Canadell and Schulze (2014).
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last Assessment Report of 2013, in which global warming could be limited to below
2 �C by 2100 with a probability of more than 66%.50 However, the area used for
BECCS in these scenarios is so vast that conflicts in land use, especially in tropical
regions, would be virtually unavoidable. The same applies to those scenarios in
which large-scale afforestation was assumed.51

5.2 Sustainable Intensification of Agriculture

In view of a growing world population and a growing demand, especially for animal
food, an expansion and intensification of agriculture seems almost inevitable.52

However, an expansion of conventional agriculture, for example through extensive
deforestation or the drainage of peatlands, would further intensify climate change, as
additional CO2 would be released into the atmosphere.53 This in turn would have
negative impacts on agriculture, as extreme weather events would increase. Against
the background of this dilemma, the concept of sustainable intensification of agri-
culture has been discussed for several years now.54 The idea behind it is to increase
crop yields without increasing the ecological footprint of agricultural production
and, if possible, even reducing it.55 Essential for a sustainably intensified agriculture
is that the concept of sustainability is at its core and is not just understood as an
attribute to an otherwise conventional production method.56 Accordingly, a sustain-
ably intensified agriculture also encompasses several aspects, such as reducing food
waste, adjusting subsidies for agricultural products in industrialised countries, end-
ing the agricultural use of individual areas, using fertilisers more efficiently, using
new technologies, better education, especially for women in rural regions of
sub-Saharan Africa, and a strategy adapted to local conditions.57 The use of geneti-
cally modified seeds is also not excluded in principle in the context of sustainably
intensified agriculture.58

50Cf. Intergovernmental Panel on Climate Change (2014).
51Other CDR methods, such as Enhanced Weathering or Direct Air Capture, were not considered
in the last IPCC Assessment Report and are also not discussed any further in this essay.
52Cf. Food and Agriculture Organization of the United Nations (2018).
53Cf. Ramankutty et al. (2018).
54Cf. Pretty and Bharucha (2014), Godfray and Garnett (2014) and Rockström et al. (2017).
55Cf. Sonnino et al. (2014).
56Cf. Rockström et al. (2017).
57Cf. ibid.
58Cf. ibid.
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6 Bioeconomy

The sustainable intensification of agriculture is one way of meeting the growing
demand for food in the future and at the same time counteracting the problem of
hunger, especially in sub-Saharan Africa. However, this only marginally addresses
the fundamental problem of climate change, as the majority of anthropogenic
greenhouse gas emissions are caused by the burning of fossil fuels.59 In order to
fulfil the objectives of the Paris Agreement and to limit global warming to well
below 2 �C above pre-industrial levels, a comprehensive and far-reaching transfor-
mation of all areas of life is required, especially in industrialised societies.

The concept of bioeconomy is an important part of this transformation as it aims
to achieve sustainable economic growth in harmony with nature.60 Essential for this
is the renunciation of fossil fuels in favour of renewable resources. However, using
plants to produce bioenergy or biofuels is controversial from an ethical point of view
in regard to the human right to adequate food, as edible plant varieties such as sugar
cane, corn or soya are used, too.61 And the more these plants are used for the
production of bioenergy, the smaller the proportion of agricultural land used for
the production of food, which was recently only about 18%,62 compared to 71% for
the production of animal feed for livestock.63 A further reduction of agricultural land
used to produce food would very likely contribute to increasing hunger in the
world—what, in turn, would be in clear contradiction to the United Nations SDGs
and to our moral obligation to realise food security. Although non-edible plants, such
as miscanthus or switchgrass, have been discussed as potential energy sources, too,
this does not significantly change the conflict over arable land, as non-edible plants
also need land to grow.64

Nevertheless, the topic of food security is defined as a key objective of
bioeconomy.65 In order to guarantee this, the cultivation of food should be given
priority on the one hand, and food waste should be reduced on the other.66 In
principle, existing resources should be used more efficiently. However, the answer
to the question of how comprehensively a changeover to renewable resources can
actually be achieved by using bioeconomic methods and whether food security will
in fact always be a priority remains uncertain, at least for the time being.

59Cf. Le Quéré et al. (2018).
60Cf. Federal Ministry of Education and Research (2014).
61Cf. Thompson (2012) and Gamborg et al. (2012).
62Cf. German Environment Agency (2013).
63Cf. ibid.
64Cf. Murphy et al. (2011).
65Cf. Federal Ministry of Education and Research (2014).
66Cf. ibid.
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7 Discussion

Both climate change and projected population growth will have a major impact on
agricultural food production in the near future. Both factors will make SDG 2 and
other SDGs more difficult to achieve. Furthermore, the use of climate engineering
will become almost unavoidable in the near future. According to current models, this
will also have a strong impact on agricultural food production, especially in tropical
regions. This will make it even more difficult to meet our moral obligation to provide
adequate food for all people.

Bioeconomic processes aim at a sustainable production, in which fossil fuels are
to be dispensed with. In view of climate change and its associated impacts, this is
also urgently required, since a large proportion of anthropogenic greenhouse gas
emissions are caused by the use of fossil fuels. To this extent, bioeconomy represents
a plausible approach to limit climate change. However, there are justified doubts as
to whether bioeconomy can also guarantee the goal of food security. Although
currently there would be enough food available to feed all people adequately, it is
realistically unlikely that there will be a change in global food distribution in the near
future. For this reason, and in view of the expected population growth, an intensifi-
cation and expansion of (conventional) agriculture, especially in sub-Saharan Africa,
will hardly be avoidable in order to stop hunger in the world in the sense of SDG 2.

Even though there are various ways of counteracting hunger without expanding
and intensifying conventional agriculture—including new technologies for manag-
ing agricultural land, more efficient use of fertilisers and more education, a reduction
in food waste and an adjustment of agricultural subsidies in developed countries—it
remains doubtful whether the goal of food security can actually be achieved through
bioeconomy. The abandonment of fossil fuels will increase the demand for biomass.
Although biomass can be obtained in part from organic waste and agricultural
residues, these sources alone will hardly be able to meet the entire demand. To
this extent, bioeconomy will lead to increased competition for arable land, which
will result in an expansion and more intensive use of such land. This in turn will
intensify climate change, which will have a negative impact on agriculture as
extreme weather events will increase. However, the use of climate engineering is
also likely to lead to competition for agricultural land, as very large areas of land are
required both for the use of BECCS and afforestation. A portfolio solution that
includes various CDR methods would also increase the competition for agricultural
land, as both, BECCS and afforestation, would very likely be part of such a solution.
In this respect, moral conflicts in land use as a result of climate change and
population growth will hardly be avoidable in the near future.

Since we have a moral obligation to fight hunger, we will have to increase the
amount of agricultural land available for food production. However, this will
exacerbate climate change. In order to limit global warming it will very likely require
the use of climate engineering in the near future, given our current efforts. Now, if
the two methods mentioned above are used, this will limit the amount of land
available to agriculture. The conflict of goals between food production and climate
protection will also give rise to various moral conflicts. People in tropical regions of
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the world will have to decide whether they want to continue to grow food on their
land or whether they want to grow special plants or trees for climate protection. They
will have to decide whether they want to sell and migrate their land in the face of
climate change or continue to live in their familiar surroundings under much worse
conditions.

But inhabitants of industrial nations will have to ask themselves, too, whether
they are willing to pay more for sustainably produced food. Whether they are willing
to use their wealth and technical capabilities to combat the impacts of climate change
particularly in tropical regions, which have been caused by burning large amounts of
fossil fuels. If we do not fundamentally change our way of life until 2030 and fulfil
our moral obligations, we will neither achieve the United Nations SDGs nor
continue to live in a world as we know it today.

Even if the approach of bioeconomy is basically convincing: In order to actually
be able to achieve the goal of food security and also to limit climate change, more
than just a change in the economy is needed. It requires a fundamental change in our
way of life. Our enormous appetite for consumption is a driving force behind climate
change and global injustice, and thus also for the unfair distribution of food in the
world. If industrialised societies manage to make their consumption more sustain-
able and conscious, there is hope that the SDGs can actually be achieved by 2030.
Sustainable and conscious consumption means, for example, that a new T-shirt
cannot be bought for €3.00 if it is supposed to have been produced under fair and
climate-neutral conditions. Sustainable consumption also implies higher prices for
animal food, especially meat, as such food is very emission-intensive to produce and
thus have a negative impact on the climate. Another important aspect of sustainable
and conscious consumption concerns the way we travel. Instead of travelling by
plane, in many cases we could use a train. Instead of owning and using a private car,
we could use a bicycle, car-sharing or even public transport. These are just a few
aspects of a whole range of possibilities for tackling climate change and hunger on a
small scale. Sustainable and conscious consumption does not necessarily mean
renunciation. But it does mean that we are prepared to recognise the true value of
things and are accordingly willing to pay for them. In the rich societies of the West,
sustainable and conscious consumption would not mean existential cuts, but it would
do much more justice to our moral obligation to global food security, which has
already been accepted in principle.

References

Caldeira, K., Bala, G., & Cao, L. (2013). The science of geoengineering. Annual Review of Earth
and Planetary Science, 41, 231–256.

Canadell, J. G., & Schulze, E. D. (2014). Global potential of biospheric carbon management for
climate mitigation. Nature Communications, 5(5282).

Caney, S. (2018). Justice and future generations. Annual Review of Political Science, 21, 475–493.
Committee on Economic, Social and Cultural Rights (CESCR). (1999). General comment no. 12:

The right to adequate food (Art. 11).

72 P. Hohlwegler



European Commission. (2012). Innovating for sustainable growth: A bioeconomy for Europe.
European Commission.

Falk, J., Gaffney, O., Bhowmik, A. K., Bergmark, P., Galaz, V., Gaskell, N., Henningsson, S.,
Höjer, M., Jacobson, L., Jónás, T., Kåberger, T., Klingenfeld, D., Lenhard, J., Loken, B.,
Lundén, D., Malmodin, J., Malmqvist, T., Olausson, V., Otto, I., . . ., Shalit, T. (2019). Expo-
nential Roadmap 1.5. Scaling 36 Solutions to Halve Emmissions by 2030. Retrived July 6, 2020
https://exponentialroadmap.org/wpcontent/uploads/2020/03/ExponentialRoadmap_1.5.1_
216x279_08_AW_Download_Singles_Small.pdf

Federal Ministry of Education and Research, Federal Ministry of Food and Agriculture. (2014).
Bioökonomie in Deutschland. Chancen für eine biobasierte und nachhaltige Zukunft. Federal
Ministry of Education and Research, Federal Ministry of Food and Agriculture.

Food and Agriculture Organization of the United Nations (FAO). (2018). The future of food and
agriculture – Alternative pathways to 2050.

Food and Agriculture Organization of the United Nations (FAO), International Fund for Agricul-
tural Developement (IFAD), United Nations Childrens’s Fund (UNICEF), World Food
Programme (WFP) and World Health Organization (WHO). (2021): The State of Food Security
and Nutrition in the World 2021. Transforming food systems for food security, improved
nutrition and affordable healthy diets for all. Rome, FAO. doi: https://doi.org/10.4060/
cb4474en

Fuss, S., Lamb, W. F., Callaghan, M. W., Hilaire, J., Creutzig, F., Amann, T., Beringer, T., de
Oliveira Garcia, W., Hartmann, J., Khanna, T., Luderer, G., Nemet, G. F., Rogelj, J., Smith, P.,
Vicente, J. L. V., Wilcox, J., del Mar Zamora Domingues, M., & Minx, J. C. (2018). Negative
emisions–part 2: Costs, potentials and side effects. Environmental Research Letters,
13(063002).

Gamborg, C., Millar, K., Shortall, O., & Sandøe, P. (2012). Bioenergy and land use: Framing the
ethical debate. Journal of Agricultural and Environmental Ethics, 25(6), 909–925.

German Environment Agency. (2013). Globale Landflächen und Biomasse nachhaltig und
ressoucenschonend nutzen. Retrieved June 30, 2020, from, https://www.umweltbundesamt.de/
sites/default/files/medien/479/publikationen/globale_landflaechen_biomasse_bf_klein.pdf

Godfray, H. C. J., & Garnett, T. (2014). Food security and sustainable intensification. Philosophical
Transactions of the Royal Society B, 369(1639).

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES).
(2019). Summary for policymakers of the global assessment report on biodiversity and ecosys-
tem services of the intergovernmental science-policy platform on biodiversity and ecosystem
services. Retrieved June 30, 2020, from, https://ipbes.net/sites/default/files/ipbes_7_10_add.1_
en_1.pdf

Intergovernmental Panel on Climate Change (IPCC) (2014). Climate change 2014: Synthesis
report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Geneva, Switzerland. Retrieved June 30, 2020,
from, https://www.ipcc.ch/site/assets/uploads/2018/05/SYR_AR5_FINAL_full_wcover.pdf

Intergovernmental Panel on Climate Change (IPCC). (2018). Summary for policymakers. In Global
warming of 1.5�C. An IPCC special report on the impacts of global warming of 1.5�C above
pre-industrial levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable development, and
efforts to eradicate poverty. Retrieved June 30, 2020, from, https://www.ipcc.ch/site/assets/
uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf

Intergovernmental Panel on Climate Change (IPCC). (2019a). Summary for policymakers. In
Climate change and land. An IPCC special report on climate change, desertification, land
degradation, sustainable land management, food security, and greenhouse gas fluxes in terres-
trial ecosystems. Retrieved June 30, 2020, from, https://www.ipcc.ch/site/assets/uploads/sites/4/
2020/02/SPM_Updated-Jan20.pdf

5 Bioeconomy and Food Security 73

https://exponentialroadmap.org/wpcontent/uploads/2020/03/ExponentialRoadmap_1.5.1_216x279_08_AW_Download_Singles_Small.pdf
https://exponentialroadmap.org/wpcontent/uploads/2020/03/ExponentialRoadmap_1.5.1_216x279_08_AW_Download_Singles_Small.pdf
https://doi.org/10.4060/cb4474en
https://doi.org/10.4060/cb4474en
https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/globale_landflaechen_biomasse_bf_klein.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/globale_landflaechen_biomasse_bf_klein.pdf
https://ipbes.net/sites/default/files/ipbes_7_10_add.1_en_1.pdf
https://ipbes.net/sites/default/files/ipbes_7_10_add.1_en_1.pdf
https://www.ipcc.ch/site/assets/uploads/2018/05/SYR_AR5_FINAL_full_wcover.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2020/02/SPM_Updated-Jan20.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2020/02/SPM_Updated-Jan20.pdf


Intergovernmental Panel on Climate Change (IPCC). (2019b). Summary for policymakers. In IPCC
special report on the ocean and cryosphere in a changing climate. Retrieved June 30, 2020,
from, https://www.ipcc.ch/site/assets/uploads/sites/3/2019/11/03_SROCC_SPM_FINAL.pdf

Lenton, T. M., Rockström, J., Gaffney, O., Rahmstorf, S., Richardson, K., Steffen, W., &
Schellnhuber, H. J. (2019). Climate tipping points – Too risky to bet against. Nature, 575,
592–595.

Le Quéré, C., Andrew, R. M., Friedlingstein, P., Sitch, S., Hauck, J., Pongratz, J., Pickers, P. A.,
Korsbakken, J. I., Peters, G. P., Canadell, J. G., Arneth, A., Arora, V. K., Barbero, L., Bastos,
A., Bopp, L., Chevallier, F., Chini, L. P., Ciais, P., Doney, S. C., . . . Zheng, B. (2018). Global
carbon budget 2018. Earth System Science Data, 10(4), 2141–2194.

Lewandowski, I. (2015). Securing a sustainable biomass supply in a growing bioeconomy. Global
Food Security, 6, 34–42.

Mace, M. J., Fyson, C. L., Schaeffer, M., & Hare, W. L. (2018). Governing large-scale carbon
dioxide removal: Are we ready? Carnegie Climate Geoengineering Governance Initiative
(C2G2).

Meyer, L. H. (2012). Intergenerational justice. Routledge.
Murphy, R., Woods, J., Black, M., & McManus, M. (2011). Global developments in the competi-

tion for land from biofuels. Food Policy, 36(1), 52–61.
Ott, K. (2004). Essential components of future ethics. In R. Döring &M. Rühs (Eds.),Ökonomische

rationalität und praktische vernunft: Gerechtigkeit, ökologische ökonomie und naturschutz.
eine festschrift anlässlich des 60. geburtstags von prof. Dr. Ulrich Hampicke (pp. 83–110).
K&N.

Pogge, T. (2005). Recognized and violated by international law: The human rights of the global
poor. Leiden Journal of International Law, 18(4), 717–745.

Preston, C. J. (2013). Ethics and geoengineering: Reviewing the moral issues raised by solar
radiation management and carbon dioxide removal. WIREs Climate Change, 4(1), 23–37.

Pretty, J., & Bharucha, Z. P. (2014). Sustainable intensification in agricultural systems. Annals of
Botany, 114(8), 1571–1596.

Ramankutty, N., Mehrabi, Z., Waha, K., Jarvis, L., Kremen, C., Herrero, M., & Rieseberg, L. H.
(2018). Trends in agricultural land use: Implications for environmental health and food security.
Annual Review of Plant Biology, 69, 789–815.

Rickels, W., Klepper, G., Dovern, J., Betz, G., Brachatzek, N., Cacean, S., Güssow, K.,
Heintzenberg, J., Hiller, S., Hoose, C., Leisner, T., Oschlies, A., Platt, U., Proelß, A., Renn,
O., Schäfer, S., & Zürn, M. (2011).Gezielte Eingriffe in das Klima?Eine Bestandsaufnahme der
Debatte zu climate engineering. Sondierungsstudie für das Bundesministerium für Bildung und
Forschung. Kiel Earth Institute.

Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., III, Lambin, E., Lenton, T. M.,
Scheffer, M., Folke, C., Schellnhuber, H. J., Nykvist, B., de Wit, C. A., Hughes, T., van der
Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P. K., Costanza, R., Svedin, U., . . . Foley, J. (2009).
Planetary boundaries: Exploring the safe operating space for humanity. Ecology and Society,
14(22), 32.

Rockström, J., Williams, J., Daily, G., Noble, A., Matthews, N., Gordon, L., Wetterstrand, H.,
DeClerck, F., Shah, M., Steduto, P., de Fraiture, C., Hatibu, N., Unver, O., Bird, J., Sibanda, L.,
& Smith, J. (2017). Sustainable intensification of agriculture for human prosperity and global
sustainability. Ambio: A Journal of the Human Environment, 46(1), 4–17.

Rogelj, J., Luderer, G., Pietzcker, R. C., Kriegler, E., Schaeffer, M., Krey, V., & Riahi, K. (2015).
Energy system transformations for limiting end-of-century warming to below 1.5 �C. Nature
Climate Change, 5(6), 519–527.

Sheppard, A. W., Gillespie, I., Hirsch, M., & Begley, C. (2011). Biosecurity and sustainability
within the growing global bioeconomy. Current Opinion in Environmental Sustainability, 3(1),
4–10.

74 P. Hohlwegler

https://www.ipcc.ch/site/assets/uploads/sites/3/2019/11/03_SROCC_SPM_FINAL.pdf


Sonnino, R., Moragues-Faus, A., & Maggio, A. (2014). Sustainable food security: An emerging
research and policy agenda. International Journal of Sociology of Agriculture and Food, 21(1),
173–188.

Steffen, W., Richardson, K., Rockström, J., Cornell, S. E., Fetzer, I., Bennett, E. M., Biggs, R.,
Carpenter, S. R., de Vries, W., de Wit, C. A., Folke, C., Gerten, D., Heinke, J., Mace, G. M.,
Persson, L. M., Ramanathan, V., Reyers, B., & Sörlin, S. (2015). Planetary boundaries: Guiding
human development on a changing planet. Science, 347(6223), 736–746.

Steffen, W., Rockström, J., Richardson, K., Lenton, T. M., Folke, C., Livermann, D.,
Summerhayes, C. P., Barnosky, A. D., Cornell, S. E., Crucifix, M., Donges, J. F., Fetzer, I.,
Lade, S. J., Scheffer, M., Winkelmann, R., & Schellnhuber, H. J. (2018). Trajectories of the
earth system in the Anthropocene. Proceedings of the National Academy of Sciences of the
United States of America, 115(33), 8252–8259.

The Royal Society. (2009).Geoengineering the climate: Science, governance, and uncertainty. The
Royal Society.

Thompson, P. B. (2012). The agricultural ethics of biofuels: The food vs. fuel debate. Agriculture,
2(4), 339–358.

Tilman, D., Socolow, R., Foley, J. A., Hill, J., Larson, E., Lynd, L., Pacala, S., Reilly, J.,
Searchinger, T., Somerville, C., & Williams, R. (2009). Beneficial biofuels – The food, energy,
and environment trilemma. Science, 325(5938), 270–271.

United Nations, Department of Economic and Social Affairs, Population Division (UN DESA).
(2015). World Population Prospects: The 2015 Revision, Key Findings and Advance Tables.
Working Paper No. ESA/P/WP.241. Retrieved July 6, 2020, from, https://population.un.org/
wpp/publications/files/key_findings_wpp_2015.pdf

United Nations, Department of Economic and Social Affairs, Population Division (UN DESA).
(2017). World population prospects: The 2017 revision, key findings and advance tables.
Working Paper No. ESA/P/WP.248. Retrieved July 6, 2020, from, https://population.un.org/
wpp/Publications/Files/WPP2017_KeyFindings.pdf

United Nations, Department of Economic and Social Affairs, Population Division (UN DESA).
(2019). World population prospects 2019: Highlights (ST/ESA/SER.A/423). Retrieved July
6, 2020, from, https://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf

United Nations Environment Programme (2021). Emissions Gap Report 2021: The Heat Is On – A
World of Climate Promises Not Yet Delivered. Nairobi.

United Nations Human Rights Office of the High Commissioner. (2020). Status of Ratification
Interactive Dashboard. Treaty: International Covenant on Economic, Social and Cultural
Rights. Retrieved June 20, 2020, from, https://indicators.ohchr.org/

United Nations. (1967): International covenant of economic, social and cultural rights (ICESCR).
Retrieved July 6, 2020, from, https://treaties.un.org/doc/Treaties/1976/01/19760103%2009-
57%20PM/Ch_IV_03.pdf

United Nations. (1992). United nations framework convention on climate change. Retrieved July
13, 2020, from, https://unfccc.int/resource/docs/convkp/conveng.pdf

United Nations. (2015a). Transforming our world: The 2030 agenda for sustainable development
(A/RES/70/1*). Retrieved July 6, 2020, from, https://www.un.org/ga/search/view_doc.asp?
symbol¼A/RES/70/1&Lang¼E

United Nations. (2015b). Paris agreement. Retrieved July 6, 2020, from, https://unfccc.int/files/
essential_background/convention/application/pdf/english_paris_agreement.pdf

Von Braun, J. (2018). Bioeconomy – The global trend and its implications for sustainability and
food security. Global Food Security, 19, 81–83.

Wood, S. A., Smith, M. R., Fanzo, J., Remans, R., & DeFries, R. S. (2018). Trade and the
equitability of global food nutrient distribution. Nature Sustainability, 1, 34–37.

5 Bioeconomy and Food Security 75

https://population.un.org/wpp/publications/files/key_findings_wpp_2015.pdf
https://population.un.org/wpp/publications/files/key_findings_wpp_2015.pdf
https://population.un.org/wpp/Publications/Files/WPP2017_KeyFindings.pdf
https://population.un.org/wpp/Publications/Files/WPP2017_KeyFindings.pdf
https://population.un.org/wpp/Publications/Files/WPP2019_Highlights.pdf
https://indicators.ohchr.org/
https://treaties.un.org/doc/Treaties/1976/01/19760103%2009-57%20PM/Ch_IV_03.pdf
https://treaties.un.org/doc/Treaties/1976/01/19760103%2009-57%20PM/Ch_IV_03.pdf
https://unfccc.int/resource/docs/convkp/conveng.pdf
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf

	5: Bioeconomy and Food Security
	1 Introduction
	2 The Human Right to Adequate Food
	3 The United Nations Sustainable Development Goals
	4 The United Nations Reports
	4.1 The Emissions Gap Report
	4.2 World Population Prospects

	5 Possible Solutions
	5.1 Climate Engineering
	5.2 Sustainable Intensification of Agriculture

	6 Bioeconomy
	7 Discussion
	References


