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Abstract: In politics and society, organic farming is widely seen as the ideal way to address the many
challenges facing agriculture and food security. In order to examine the extent to which this view is
realistic, the impact of organic and conventional farming is compared on the basis of relevant criteria
such as land requirements, greenhouse gas emissions, biodiversity, food quality, production and
environmental costs, reduced meat consumption, the need for agricultural imports and the global
expansion of arable land. Land is considered to be a central factor. Such a comprehensive analysis is
necessary to assess the impact of different influencing factors and to provide important suggestions
for targeted decision making. Although organic farming has a positive impact on land use in many
ways, it quickly reaches its limits. The low yields and high production costs resulting from the limited
choice of means of production make organic farming an unsuitable model for the future in a world
with limited arable land, a high and growing demand for food, and low incomes for large sections of
the population. It can, however, provide significant impetus and contribute important technological
knowledge for the further development of agriculture as a whole to meet the complex objectives of
sustainability, greenhouse gas mitigation, biodiversity and global food security by incorporating all
available technologies. Based on this, a model for responsible, sustainable intensive agriculture is
outlined and proposals for an eco-social framework to support this model are put forward.

Keywords: organic farming; food security; green house gas emission; biodiversity; production costs;
environmental costs; opportunity costs; land use; deforestation; virtual import of land; sustainability;
meat consumption; pesticide residues; pesticide toxicity

1. How Can Responsible Agriculture Be Achieved?

“growing less food per acre is leaving less land for nature”

Nobel Peace Prize laureate Norman Borlaug (1970) [1]

In politics, in society and in agricultural research, organic farming is often seen as the
ideal way to meet numerous challenges facing agriculture: to provide sufficient food for a
growing world population on a limited amount of available agricultural land, and at the
same time to minimise the negative effects of agricultural production on the climate and
the environment, without significantly increasing the financial and social costs of food.

However, it is too easy to draw a simple contrast between ‘organic’ and ‘conven-
tional’ agriculture. At the heart of the matter, the questions of which aspects need to be
scientifically evaluated for a solution-oriented approach and which promising approaches
can be identified for the development of sustainable agriculture arise. To do this, we
need to move away from black-and-white thinking. Analysis and discourse need to be
applied accordingly.

A comprehensive analysis in the context of scarce resources leads to the conclusion
that a responsible and technologically open development of conventional agriculture,
coupled with a moderate reduction in meat consumption, is a more efficient concept for
achieving the key objectives of responsible agriculture: to minimise land use, greenhouse
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gas emissions, biodiversity loss and other negative impacts on the global environment
in a sustainable manner, while at the same time providing the world’s population with
healthy and affordable food and other agricultural goods in a cost-effective and socially
responsible way.

What criteria are important for the assessment of responsible agriculture?

The value of land is central to these considerations. The starting point is the fact that,
compared with natural vegetation or near-natural use of the same area, growing crops
results in significantly less biodiversity and much higher atmospheric greenhouse gas
emissions, irrespective of which system of cultivation is applied. The cultivation of crops
suppresses about 70–90% of species and causes a net emission of significant amounts of
greenhouse gases through ploughing, sowing, fertilising, pesticides and harvesting, since
only about as much greenhouse gas is bound in the biomass during the growth of the crop
as is subsequently released by the digestion of food and feed and by rotting in the field.
Both the reduction in biodiversity and the increase in greenhouse gas emissions are caused
by the production of food and feed and should therefore be considered lost benefits, i.e.,
opportunity costs or lost opportunities.

The level of these opportunity costs depends largely on the amount of land required
for agricultural production. The higher the yield per hectare and the lower the amount
of land needed to achieve the required production goal, the lower the opportunity costs.
Land needed for production is no longer available for natural vegetation or near-natural
use. Comparisons of environmental impacts must therefore include opportunity costs and
have to be made in terms of tons of yield rather than per hectares of land. The objective is
to produce the required quantity of agricultural goods at the lowest possible environmental
cost and thus in an environmentally friendly manner. This is particularly true at a time
when the expansion of farmland is threatening natural vegetation worldwide, and when
the sequestration and avoidance of greenhouse gases is becoming increasingly important in
the face of climate change. Food security and its costs also play an increasingly important
role in issues of global justice and security. Relevant criteria include yields per hectare and
thus land requirements, impacts on greenhouse gas emissions and biodiversity, as well as
production costs and external costs of agricultural production.

Issues such as nitrogen fertilisation, crop protection and food quality also play a role.
The type of food (e.g., meat consumption) that people consume to meet their calorie needs
also has an impact. Impacts on national self-sufficiency, net agricultural imports and
global land-use change are also relevant. Finally, the assessment includes social aspects of
the discourse, such as public perception of agricultural systems.

The objective of assessing responsible farming must therefore take all these factors
into account.

2. How Do Yields and Area Requirements Differ?

Individual crops in organic farming produce about 40 to 80% of the yield per hectare
of conventional crops. However, when crop rotations are compared, the high proportion of
low-yielding legumes and the need to grow green manure plants reduces the average yield
to around 50%, meaning that organic farming requires twice as much land to produce the
same volume. According to statistics from the Agrarmarkt Informationsgesellschaft (AMI),
cereal yields on organic farms amount to only 47.4% of those on conventional farms (see
Figure 1).

It should also be noted that in organic farming part of the arable land is used for
green manuring, which, together with a minimum of legumes, is necessary to ensure the
nutrient supply of the whole crop rotation, in particular by binding atmospheric nitrogen.
On average, green manuring crops cover about one-sixth of the arable land on organic
farms. This means that the area cultivated with winter wheat, for example, is smaller than
the area utilised for winter wheat if the area required for green manure crops is included.
If one hectare is used for the production of winter wheat, 0.833 hectares are used for its
cultivation and 0.167 hectares for green manuring crops. Consequently, the yield figures



Sustainability 2024, 16, 4114 3 of 28

per hectare of crop have to be adjusted by a factor of 0.833 in order to obtain the yield for
the area actually used. The effects of this yield correction are illustrated by some examples
in Table 1. This adjustment is not necessary if the total yields of the holdings in grain units
(GU) are divided by the area of the holdings to obtain the average yield per hectare. Green
manure crops are then included in the area of each holding.
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Grain Unit (GU) = unit for calculating the production of a farm or agriculture in
an area. The use of the GU makes it possible to summarise individual products into a
total value. The animal products are not valued according to their own energy content but
according to the energy content of the feed that is required on average for production [3].

Fodder barley is used as the base unit for the calculation: 1 dt of fodder barley =
1.00 GU. All other plant or animal products are converted into GU according to a fixed key.
For example, 1 dt of potatoes = 0.22 GU, 1 dt of rapeseed = 2.46 GU, 1 dt of pork = 3.50 GU,
1 dt of eggs = 2.57 GU, and 1 dt of whole milk = 0.86 GU.

As Table 1 shows, according to data from the Bavarian State Research Centre for
Agriculture (LfL) [4], the yields of organic farming per hectare of land use for all types
of cereals and also for table potatoes are mostly below 50% of the yields achieved in
conventional farming. Only in the case of legumes, which generally have low yields and
are rarely grown in conventional agriculture, do the yields achieved in organic farming
reach around 60% or more. According to data from Janinhoff [5], organic dairy farming
achieves the highest relative yield per hectare compared to conventional farming, with 71%.
For pig fattening, on the other hand, the figure is less than 50% if a green manuring crop
is also included in the cost calculation as pig feed consists almost exclusively of market
crops. When interpreting Table 1, it should also be noted that the LfL data used for organic



Sustainability 2024, 16, 4114 4 of 28

farming show yields that are around 10% higher than other sources, such as AMI (see
Figure 1, e.g., yields of organic winter wheat and organic spelt).

In a comprehensive long-term study, Hülsbergen et al. (2023) [6] analysed the yields
and environmental impacts of 32 organically managed farms and 33 conventionally man-
aged farms from a German network of pilot farms. Some results are summarised in Table 2.
According to this study, the organic market crop farms achieve 42% and the organic dairy
farms 60% of the yields of the conventional pilot farms, measured in grain units (GU)
per hectare (see Table 2). The average yield of both organic farming systems is 49.7%, so
according to the study by Hülsbergen et al. (2023) [6] it can also be deduced that organic
farming requires about twice the area for the same yield.

The results from these three sources clearly show that organic farming achieves only
about 50% of the yield per hectare of conventional farming, confirming that twice as much
land is needed for organic farming to achieve the same yield.

Table 1. Comparison of yields from organic and conventional cultivation, taking into account the
area required for green fallow.

Production
Process

Mounting
System

Yield in dt Per ha
of Crop

Cultivation

Correction
Factor Due to

Green
Manuring

Yield in dt per ha of
Utilised Area

(Incl. Land Used for
Green Manuring)

Yield of Organic
Farming in %
of the Yield

of Conventional
Farming

Organic 41.4 0.833 34.5
46.1%Winter wheat

Conv. 74.8 - 74.8
Organic 37.9 0.833 31.6

47.2%Winter barley
Conv. 66.9 - 66.9

Organic 35.5 0.833 29.6
43.9%Spelt

Conv. 67.4 - 67.4
Organic 62.5 0.833 52.1

50.7%Grain maize
Conv. 102.7 - 102.7

Organic 23.5 0.833 18.8
61.2%Forage peas

Conv. 30.7 - 30.7
Organic 22.1 0.833 19.6

66.4%Field beans
Conv. 29.5 - 29.5

Organic 229.4 0.833 191.1
47.1%Table potatoes

Conv. 406.0 - 406.0
Organic 64.6 - 64.9

71.0%
Dairy cows per ha

(dt milk) * Conv. 91.4 - 91.4
Organic 8.0 0.833 6.7

41.9%
Fattening pigs
per ha (dt SG) * Conv. 16.0 - 16.0

Sources: [4] and * [5]. (Note: data refer to the entire animal husbandry system including parent animals and
rearing of young animals to supplement the herd); SG = slaughter weight.
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Table 2. Yield data and environmental costs from 32 organically and 33 conventionally managed
farms of a Germany-wide network.

Farming System Market Crops Dairy “Middle”
Figures

Production System Organic Conv. Organic Conv. Organic Conv.
Yield in GU per hectare GU 37 89 43 72 40 80.5
Relative yield of organic farming % 42% 100% 60% 100% 49.7% 100%

Application of nitrogen (N) kg per ha 141 245 172 280 157 263
Environmental costs per kg of N € per kgN 6.3 6.3 6.3 6.3 6.3 6.3
Environmental costs of nitrogen € per ha 888 1544 1084 1764 986 1654
GHG emissions by cultivation kg CO2eq 557 1117 583 1162 570 1140
Environm. costs per ton of CO2eq € per t 195 195 195 195 195 195
Envirom. cost of GHG emissions € per ha 106 212 111 221 108 217
Total environmental costs per ha € per ha 994 1756 1194 1985 1094 1870
Savings of environm. costs per ha € per ha 762 791 776 ≈ 800
Environmental costs per GU € per GU 27 20 28 28 27.3 23.2

Sources: own compilation of data from [6].

3. How Does the Higher Land Requirement Affect Greenhouse Gas Emissions?

The additional agricultural land required for organic farming is prevented from poten-
tially more ecologically valuable use with higher Greenhouse Gas (GHG) sequestration and
higher biodiversity (forest, nature conservation). The resulting loss of GHG sequestration
and biodiversity is an opportunity cost that must be attributed to organic farming. Table 3
shows how GHG emissions and GHG sequestration differ for different types of land use,
providing examples of opportunity losses.

Table 3. GHG sequestration and GHG emissions from different types of land use.

Types of Land Use
GHG Sequestration (−)

GHG Emission (+)
in kg CO2eq per ha and Year

Bavarian state forests on average −11,000 [7]
Short rotation plantation (SRP) (energy forest): wood chips −9740 [8]
Short rotation plantation (SRP) (energy forest):
ORC-technology −13,000 [8]

Avoiding deforestation of rain forests −10,000 to −18,000 *
Biogas (fuels) −6600 [8]
Biogas (electricity) −6200 [8]
Nature reserves or groves −4000 *
Cultivation of cereals (conventional with a yield of 80 GU) +2720 [9]
Cultivation of cereals (organic with a yield of about 40 GU) +1240 [9]

Note: 1 hectare of photovoltaics saves over 150,000 kg CO2eq per year. Sources: own compilation of data on the
basis of: [7–9]. * Estimated figures.

Organic farming, for example, emits 1240 kg CO2eq per hectare per year, while energy
forests sequester or avoid up to 13,000 kg CO2eq per hectare per year. If one additional
hectare is needed for arable crops due to organic farming, this one hectare cannot be used,
e.g., for energy forests and incurs opportunity losses of up to 13,000 kg CO2eq due to the loss
of GHG sequestration, which is not compensated for by the only slightly lower emissions of
organic farming (1 hectare of conventional cultivation with a yield of 80 GE emits 2720 kg
of CO2eq; 2 hectares of organic farming with a yield of 80 GE emit 2 × 1240 kg = 2480 kg of
CO2eq. The production of 80 GE on two hectares of organic farming instead on one hectare
of conventional cultivation results in 240 kg less CO2eq being emitted. The opportunity
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losses, however, amount up to 13,000 kg CO2eq, and are thus significantly higher than the
reduction of 240 kg CO2eq through organic farming). The amount of the opportunity loss is
mainly determined by the type of land use change required to compensate for the lower
yields of organic farming.

The example calculation including such opportunity losses in Figure 2, based on
Wirsenius (2018) [10], shows how conventional farming can reduce the GHG burden on
the atmosphere by 3880 kg CO2eq per hectare. If the lower yields of organic farming
are compensated for by additional imports, the necessary land-use changes take place
abroad and often cause significantly higher GHG emissions there, in particular due to the
decomposition of large amounts of biomass and the transports required as well as the
significantly reduced GHG sequestration due to deforestation.
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This applies particularly if the additional imports of agricultural commodities increase
deforestation. The GHG emissions or lost GHG sequestration resulting from this land-
use change then amount to up to 18,000 kg CO2eq per hectare and more, i.e., very high
opportunity costs in terms of GHG emissions.

On the other hand, if the expansion of organic farming in Germany means that land
is not used as short rotation plantations (SRP), then the opportunity cost of two hectares
of organic farming corresponds to the GHG sequestration of one hectare of SRP, which is
assumed in Figure 2 to be 8000 kg CO2eq.

The calculation in Figure 2 shows that one hectare of a conventional crop combined
with one hectare of SRP results in a GHG avoidance of 7760 kg CO2eq compared to two
hectares of an organic crop with the same total cereal yield. This difference results from
the GHG sequestration of one hectare of SRP of 8000 kg CO2eq minus the GHG emissions
of one hectare of conventional cultivation of 2720 kg CO2eq plus the GHG emissions of
two hectares of organic cultivation of 2480 kg CO2eq. To determine the GHG emissions
per hectare which can be avoided by conventional farming, the resulting figure must be
divided by two.

As shown in the following formula, this results in a reduction of 3880 kg CO2eq
per hectare:

8.000 kg Opportunity losses−2720 kg emissions per ha conv. + 2480 kg emissions of 2 ha organic farming
2 hectare = 3880 kg CO2eq

The avoidance of 3880 kg CO2eq per hectare through conventional cultivation clearly
shows that omitting the opportunity losses when comparing the cultivation systems, as
is still often the case in scientific practice, leads to a highly false-positive assessment of
organic farming with regard to its influence on climate change.
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4. How Does the Higher Land Requirement Affect Biodiversity?

Biodiversity depends to a large extent on the type of land use. In principle, it can be
assumed that natural and semi-natural forms of land use have a higher level of biodiversity
than farming. However, there is no reliable indicator that captures the level and complexity
of biodiversity in a comparable value for all types of land use. Noleppa [9] gives a simplified
estimate that the biodiversity of organic farming is 33% and that of conventional farming
is 14% compared to a protected area. For SRP, an estimate of 80% seems plausible. Based
on these figures, conventional farming in combination with SRP achieves on average 42%
more biodiversity than organic farming (see Figure 3).
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5. How Should Production Costs and Subsidies Be Taken into Account?

Production costs in organic farming are significantly higher than in conventional
farming, mainly due to lower yields. Table 4 shows examples of the cost differences for
some important produce. It compares the costs based on the area cultivated for the crop
(left) and the area actually used, i.e., including the area required for green manuring (right).

As explained in Section 1, it is assumed that in organic farming one-sixth (0.167) of
the arable land is used for green manuring. The full cost of growing green manure is
EUR 1380/ha. As the yields of green manure crops substitute for fertiliser, EUR 885 of these
costs are included as fertiliser costs in the cost calculation for the other crops. Therefore,
only the remaining costs of EUR 495 per hectare or EUR 83 per 0.167 ha need to be included
in the cost calculation in Table 4. In the case of dairy cattle farming with forage and fodder
production, there is generally no need to consider green manuring, as there is manure from
the cattle and the fodder crops grown include sufficient legumes.

Figures in Table 4 show that the impact of green manuring on the production costs
is between 5% and 10%. This means that the additional costs of green manuring are less
significant than its impact on the yields, which is minus 16.7%. The reason for this is that,
although the green manures cause costs and take up land, they also provide fertiliser and
thus reduce fertiliser costs.

Table 4 shows that the production costs of organic cereals and potatoes are up to 100%
higher than in conventional farming. Only in the case of legumes, which in any case have
moderate yields and are rarely grown conventionally, are organic costs only around 30%
higher. For milk production, including the costs of forage and feed, the costs of organic
production are 45% higher, and for pig fattening, including feed production, the additional
costs amount to 70%. Based on the cost figures presented, it seems plausible to assume an
average additional cost of 60–70% for organic farming.
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Table 4. Comparison of the production costs of organic and conventional cultivation with and without
consideration of land requirements and the costs of green manuring.

For Organic Farming: Cost per ha
of Land Cultivated for the Crop

For Organic Farming: Cost per 1 Hectare of Utilised Area (Including Land
Used for Green Manuring)

Production
Process Data Yield

Organic
per ha
in dt

Cultiva-
tion Costs
per ha in

EUR

Cost per
dt in
EUR

Add.
Costs of
Organic
Farming

in %

Yield
0.833 ha

in dt

Cost of
0.833 ha
Cultiva-

tion

Cost of
0.167 ha
Green

Manure

Cost of
Cultiva-

tion Plus
Green

Manure

Cost
per dt

in EUR

Add.
Costs of
Organic
Farming

in %
Organic 41.4 2156 52.1 34.5 1796 83 1879 54.5

Winter wheat
Conv. 74.8 2082 27.8

87.4%
74.8 - - 2082 27.8

96.0%

Organic 37.9 1897 50.1 31.6 1580 83 1663 52.6
Winter barley

Conv. 66.9 1997 29.9
67.6%

66.9 - - 1997 29.9
75.9%

Organic 35.5 2034 57.3 29.6 1694 83 1777 60.0
Spelt

Conv. 67.4 2032 30.1
90.4%

67.4 - - 2032 30.1
99.3%

Organic 62.5 2754 44.1 52.1 2294 83 2377 45.6
Grain maize

Conv. 102.7 2814 27.4
60.9%

102.7 - - 2814 27.4
66.4%

Organic 23.5 1594 67.8 19.6 1328 83 1411 72.0
Forage peas

Conv. 30.7 1640 53.4
27.0%

30.7 - - 1640 53.4
34.8%

Organic 22.1 1593 72.1 18.4 1327 83 1410 76.6
Field beans

Conv. 29.5 1662 56.3
28.1%

29.5 - - 1662 56.3
36.1%

Organic 229.4 5998 26.1 191.1 4996 83 5079 26.6
Table potatoes

Conv. 406.0 5386 13.3
96.2%

406.0 - - 5386 13.3
100%

Organic 64.9 3741 57.7 64.9 - - 3728 57.7Dairy cows
per ha (dt milk) * Conv. 91.4 3634 39.6

45.7%
91.4 - - 3692 39.6

45.7%

Organic 8.0 2288 286.0 6.7 1906 83 1989 298.6Fattening pigs
per ha (dt SG) * Conv. 16.0 2688 168.0

70.2%
16.0 - - 2688 168.0

77.7%

Data Sources: [4] and * [5]. (Note: data refer to the entire animal husbandry system including parent animals and
rearing of young animals to supplement the herd); SG = slaughter weight.

Estimates on this basis suggest that the average production cost is around EUR 50
per GU in organic farming and around EUR 30 per GU in conventional farming. These
significant cost differences are essential in assessing the preference for either farming
system. It is therefore inapprehensible that the significantly different production costs are
often not even mentioned in scientific comparisons of the two cultivation systems, such as
in the study by Hülsbergen et al. [6].

Here it should also be pointed out that the additional costs of EUR 20 per GU (EUR 50
instead of EUR 30) for organic products refer only to the financial production costs of
farming and do not include the opportunity costs. If these were included, the additional cost
of organic produce would amount to EUR 50 instead of EUR 20 per GU (see Table 5 below).

Currently, the higher production costs of organic farming are partly offset by additional
subsidies. In Germany, in addition to the basic subsidy of around EUR 200 per hectare
for all farms, organic farmers receive an additional subsidy of up to EUR 300 per hectare,
depending on the federal state in which the farm is located. With a total of up to EUR
500 per hectare, organic farms receive about 2.5 times higher subsidies per hectare than
conventional farms as a full income-supporting direct payment.

Additional payments received for the voluntary application of some of the seven new
organic schemes introduced by the EU in 2023 (eco-rules) are not considered. The reason
for this is that the payments received for implementing these eco-rules, such as not using
synthetic pesticides or practising extensive grassland management, hardly compensate for
the costs or yield losses and therefore have only a negligible impact on income.

It should also be noted that payments for the implementation of eco-rules are financed
by reducing direct income support. This means that farmers indirectly pay for the eco-
measures by receiving less direct support.

With 2.5 times the subsidy and half the yield per hectare, organic farming receives five
times the subsidy per ton of yield. The higher subsidies thus compensate on average for
almost half of the additional production costs of organic farming.

The current practice of subsidising organic farming also encourages the phenomenon
of “subsidy optimisation”. The proportion of additional costs covered by the organic
subsidy varies according to location and production method. The subsidy benefits are
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relatively high on low-yielding arable land, making conversion to organic farming par-
ticularly worthwhile. This is even more the case for marginal grassland locations such
as Brandenburg. Their production systems are already low in synthetic inputs, so that
conversion to organic farming is associated with comparatively small yield losses. Even
for dairy farms in some grassland locations, organic farming often results in only 20–30%
higher costs. The additional subsidies and the higher price of organic milk therefore make
conversion to organic farming particularly lucrative. The different economic advantages
are certainly one of the reasons why about 17% of grassland and only 7% of arable land in
Germany is farmed organically, and why organic subsidies are generally used selectively.

Despite the additional government subsidies, organic products are considerably more
expensive at the retail level, since on top of the higher production costs there are usually
much higher trade margins than for conventionally produced products. This hampers the
sale of organic products and burdens consumers and the economy with unnecessarily high
food costs.

The fact that domestic organic produce, with an area share of over 10%, only con-
tributes a volume share of just over 2.5% (as of 2020) to food sales in Germany is also
often overlooked. In addition to the higher prices, this is due to the high import share of
over 40%. The volume share of just over 2.5% is derived from a monetary market share of
organic products in 2020 of 6.8% (Agrarmarkt Informations Gesellschaft mbH (AMI) [2]),
the domestically produced share of around 60% and an estimated average of 1.6 times
higher prices of organic products (6.8% × 0.6:1.6 = 2.55%).

Table 5. Additional production and environmental costs due to 30% or 5 million hectares of organic
farming in Germany.

Cost Item Costs per
Hectare or GU

Number of
Hectares or GU Total Costs (EUR)

Cost savings through 5 million hectares of organic farming:
Savings in environmental costs EUR 800 per ha 5 million ha 4,000,000,000
Savings in production costs see * 200 million GU 2,000,000,000
Total cost savings 6,000,000,000

Additional costs to compensate for reduced production by
2.5 million hectares of conventional cultivation:
Additional production costs EUR 30 per GU 200 million GU 6,000,000,000
Additional environmental costs due to cultivation EUR 1870 per ha 2.5 million ha 4,675,000,000
Lost GHG sequestration due to additional land use EUR 1560 per ha 2.5 million ha 3,900,000,000
Loss of biodiversity due to additional land use EUR 500 per ha 2.5 million ha 1,250,000,000
Sum of additional costs 15,825,000,000

Additional total costs of 30% organic farming in EUR for 5 million ha 9,825,000,000
Additional costs per hectare of organic farming in EUR per hectare 1965
Additional cost per Grain Unit of organic produce in EUR per GU 49.13

* Production costs are approx. EUR 50 per GU for organic farming, and approx. EUR 30 per GU for conventional
farming. With organic farming, only 50% of the GU are produced, so that despite higher production costs per GU
due to half the yield, the total production costs are EUR 2 billion lower than with double the yield in conventional
farming. Calculation: 400,000,000 × EUR 30 = 12 billion. minus 200,000,000 × 50 = EUR 10 billion = difference
(=savings) = EUR 2 billion.

6. Excursus and Sample Calculation
6.1. Excursus: Comments on the Claim That EUR 800 per Hectare in Environmental Costs Can
Be Saved or EUR 4 Billion When Achieving a 30% or 5 Million Hectare Share of Organic
Farming Area

In the study “Umwelt- und Klimawirkungen des ökologischen Landbaus” (2023),
Hülsbergen et al. [6] conclude that organic farming saves around EUR 800 per hectare in
environmental costs. For the political target of an area share of 30% or 5 million hectares
of organic farming in Germany, this would result in savings of EUR 4 billion per year
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(see Table 2). This figure has been readily taken up by the media as evidence that organic
farming is the ideal solution.

However, the study ignores the fact that, as the authors themselves state, organic
farming produces only half the yield per hectare (around 40 GU/ha instead of 80 GU/ha).
Expanding organic farming to 30% would, therefore, entail a yield loss of 200 million GU
(5 million hectares times 40 GU). Compensation for this yield loss would have to be taken
into account in a reliable assessment by deducting both the production and environmental
costs of producing the missing 200 million GU from the savings. A calculation for this is
given in Table 5.

If the missing yield from organic farming of 200 million GU is compensated for by
2.5 million hectares of conventional farming with a yield of 80 GU per hectare, addi-
tional production costs of around EUR 30 per GU and, according to the study, additional
environmental costs of EUR 1870 per hectare of conventional farming are incurred.

In addition, these 2.5 million hectares would not be available for potential alternative
uses, such as forests or short rotation plantations, which have much higher GHG sequestra-
tion and biodiversity than agricultural use. The resulting losses must be taken into account
as opportunity costs. Assuming a loss of GHG sequestration of 8 tonnes per hectare and
valuing this according to the study at an environmental price of EUR 195 per tonne CO2eq,
this results in a further cost of EUR 1560 per hectare. The additional environmental cost of
biodiversity loss is assumed to be EUR 500 per hectare.

Thus, 30% or 5 million hectares of organic farming do not lead to the cost savings
of EUR 4 billion calculated in the study by Hülsbergen et al. [6] The methodological
and practical necessity of compensating for the lower yields leads to costs of almost
EUR 16 billion, so that, after deducting the cost savings, the additional costs of 5 million
hectares of organic farming amount to almost EUR 10 billion in total, or almost EUR
2000 per hectare of organic farming and almost EUR 50 per GU of organic produce. These
additional costs include the difference in production costs between the two farming systems.

It is worth noting that if 5 million hectares of conventional farming are replaced by
organic farming, only about half of the previous conventional yield will be organic and
the other half will continue to be conventional, requiring an additional 2.5 million hectares
of land and EUR 10 billion in additional costs. Compensating for the yield loss through
organic production would double the additional land requirement to 5 million hectares
and increase the additional costs from around EUR 10 billion to almost EUR 20 billion.

Even if the costs of lost greenhouse gas sequestration and biodiversity are halved, the
additional costs of 30% or 5 million hectares of organic farming are still over EUR 7 billion
and EUR 14 billion, respectively. Consequently, the cost savings of EUR 4 billion calculated
in the study are connected with yield losses of 50% or 200 million GE and are therefore
methodologically and practically unacceptable.

6.2. Sample Calculation: Comparison of the Effects of Market Crop Cultivation

The impacts of conventional and organic farming can be compared using a simple
difference calculation. This involves compiling the main parameters that describe the
production of the same amount of yield using the same area of land for each of the two
farming systems and highlighting the differences. Table 6 below shows such a calculation
using cereals as an example.

For a yield of 80 GU, organic cereal production requires two hectares of land, whereas
conventional production needs only one hectare for the same yield, leaving the second
hectare available for other purposes. In the example calculation, a short rotation plantation
(SRP) was chosen to use this second hectare. The choice of land use for the “second hectare”
depends on the objective of the calculation. For example, if the expansion of organic
farming leads to more imports and the expansion of cropland at the expense of rainforest,
the parameters for this type of land use change must be used here. If organic farming leads
to less protected land, then the data for this type of land use are relevant.
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Table 6. Comparison of the effects of conventional and organic cereal production.
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In the example, the use of two hectares of land in conventional farming consists of
one hectare of cereals and one hectare of SRP, and in organic farming both hectares are
required for cereals. The total yield is the same in both cases at 80 GE of cereals. In the case
of conventional cultivation there is an additional yield in the form of bioenergy with an
energy value of 34 MWh.

The cost of producing cereals per hectare in organic farming is roughly the same as in
conventional farming. Since two hectares are needed to produce 80 GU of cereals in organic
farming instead of one, the cost saved in conventional farming amounts to EUR 2020. The
production costs and any subsidies for SRP are not considered, as it is assumed that the
revenue surpasses these costs. The additional economic value of the yield of renewable
energy is not included here. It would further increase the disadvantages of organic farming.

As mentioned above, conventional farming receives a subsidy of around EUR 200 per
hectare of market crops. Organic farming, on the other hand, receives up to EUR 300 per
hectare on top of this subsidy from the respective federal state, giving a total of around EUR
500 per hectare. As organic farming uses two hectares for production, it receives around
EUR 1000 in subsidies for the 80 GU, which is five times the amount of state subsidies per
GU compared to conventional agriculture. Overall, the higher subsidies cover almost 40%
of the additional production costs of organic food crops.

In terms of GHG emissions for the production of 80 GU, it is assumed that conven-
tional cereal production emits about 2720 kg CO2eq per hectare, while organic production
emits only 2480 kg CO2eq for the same yield on two hectares [9]. However, the higher
emissions of conventional crops are more than compensated for by the sequestration of
about 8000 kg CO2eq by SRP, so that conventional grain production together with SRP leads
to a GHG sequestration of 5280 kg CO2eq. Organic farming, on the other hand, requires
two hectares to produce 80 GU and emits two times 1240 kg CO2eq, i.e., a total of 2480 kg
CO2eq. Overall, this means that for the same yield and land use, conventional agriculture
burdens the atmosphere with 7760 kg CO2eq less GHG and is, therefore, far superior to
organic agriculture in terms of climate impact.

The picture is similar for biodiversity. Compared to a protected area with 100%
biodiversity, conventional farming has a much lower biodiversity at only 14% than that of
organic farming, which reaches 33%. With the addition of SRP, which is estimated to have
80% biodiversity, the conventional variant achieves an average of 47% compared to 33%,
i.e., 42% more biodiversity than organic farming (see Figure 4).
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A simplified economic evaluation of the results from Table 5 and Figure 4 arrives at
the following additional costs for organic farming of grain crops per hectare:

1. Additional production costs EUR 2020.00

2. Additional costs due to more GHG emissions: 66 + 31 = 97 kg times 80 GU

= 7760 tonnes of CO2eq per two hectares times EUR 195 per tonne EUR 1513.20

3. Additional costs due to lower biodiversity: only 33% instead of 47%

= 30% less biodiversity on 2 hectares valued at EUR 500 per hectare =

= Sum of additional costs per two hectares of organic farming (80 GU market crop)

EUR 1000.00

EUR 4733.20

Half = sum of additional costs per hectare of organic farming (40 GU market crop) EUR 2366.60

The result of the example calculation shows that the production of cereals in organic
farming incurs EUR 2366.60 higher production and environmental costs per hectare and
EUR 59.15 per GU than in conventional farming. This calculation does not consider the
positive effects of the additional energy yield of SRP on domestic energy supply and
on financial and economic performance. If these aspects were taken into account, the
costs of expanding organic farming would be even greater. The results clearly show
that it was highly irresponsible on the part of the EU and of the German government to
strongly promote organic farming without preceding comprehensive economic and social
cost–benefit analyses.

The “difference calculation method” is a useful system to clearly visualise and assess
the differences between the two types of farming for different scenarios, especially as other
criteria can also be taken into account if necessary. The example calculation for the selected
scenario shows a very stable superiority of conventional over organic crop production.
However, in order to extrapolate this result on a broader basis, it is recommended that as
many scenarios as possible are analysed using this difference calculation method on the
basis of reliable data, e.g., comparing the expansion of organic farming at the expense of
nature conservation areas or of rainforest.
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7. What Is the Role of Agrochemicals and Plant Breeding?

With synthetic fertilisers and pesticides, as well as high-yielding and site-adapted
varieties, agrochemicals and plant breeding provide the technologies that enable higher
yields and lower land requirements for agricultural production. Assuming that the land
not needed is used in an environmentally friendly way, they are therefore the main reasons
for the higher GHG sequestration and biodiversity achieved in conventional agriculture.
In addition, the use of nitrogen fertilisers brings further benefits in terms of energy and
GHG emissions: the extra yield from their use contains many times the energy required to
produce and apply the fertiliser, and the extra yield sequesters far more greenhouse gases
than are released in the production and application of nitrogen fertilisers. These effects
will be further improved if regenerated ammonia is available in the future. In addition,
synthetic nitrogen fertilisers make it easier to match the nitrogen dose to the crop’s needs
than is the case with organic fertilisers. This often results in lower nitrate leaching per ton
of yield in conventional farming (see Figure 5).
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According to a study by the European Parliamentary Research Service (ERPS) [12] the
use of pesticides prevents 30% of global crop losses due to pests and diseases. It would
be irresponsible to abandon the use of all these chemicals without equally effective and
more environmentally friendly substitutes. The resulting yield losses are likely to lead not
only to famines, but also to a massive expansion of arable land at the expense of forests
and other ecologically valuable land uses.

It should also be mentioned that organic farming, even with its lower yields, cannot do
without pesticides. The quantities used, however, are lower than in conventional farming.
But it is by no means the case that the natural substances used in organic farming are less
toxic than the synthetic chemicals used in conventional farming.

In fact, copper sulphate, which is considered natural, is many times more toxic than
glyphosate (see Table 7) and would not be approved if the current exclusion criteria for plant
protection products were strictly applied. However, it has been approved, since otherwise
organic farming would not be possible, particularly in the fruit, wine and hops sectors. For
example, a less toxic and less polluting synthetic fungicide such as Tebuconazole could
replace copper sulphate if there were no ideological barrier to the use of synthetic products
in organic farming.
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Table 7. Toxicity of selected substances.

Substance
Green = Organic
Blue = inorganic

Information on the Substance Lethal Dose per kg
Live Weight in mg
(=LD 50 Value) *

Toxicity Level

Sugar Per capita consumption in Germany ≈ 100 g per day 29,700

Alcohol In alcoholic beverages 7050
Mouse (oral) 3050

Glyphosate Most common crop protection product worldwide 4870
Baking powder Used as a leavening agent in baking 4090
Tebuconazole Fungicide, for example in Folicur 3350
Common salt Men 10 g and women 8.4 g per head per day 3000

Without
health hazard:
>2000 mg per

kg LG

Theobromine In cocoa beans/chocolate, stimulating 1270
Bentazone Contact herbicide against dicotyledonous weeds 1100
Solanine In potatoes and tomatoes 590
Caffeine/Teain In coffee, tea, cola—stimulating 368
Copper sulphate Essential fungicide for organic farming 300

Healthcare
harmful:

2000-200 mg per
kg LG

Pyrethrin II Insecticide in organic farming 200
Nicotine Tobacco ingredient 50

Toxic:
200-20 mg per kg LG

Aflatoxins Toxins from moulds (miscellaneous) from 1.5 ** Very toxic:
<25 mg per kg LG

* Lethal oral dose in mg per kg live weight (LG) for 50% of the test animals (rats) as one time intake Sources: own
compilation of data based on: [13]. With data from: ** [14].

With regard to pesticides, it should also be noted that the amounts of natural toxins
ingested with our food intake are about 1500 times [15] higher than the amounts of residues
of similar toxicity from plant protection products (Table 8).

Table 8. Dietary intake of pesticides and natural toxins.

Toxins Foodstuffs Average Dietary
Intake (in mg per
Capita per Day)

Dose up to Which no
Negative Effects Occur

(in mg per Capita per Day)

Remarks

Pesticides:
Glyphosate cereals 0.05 35
Bentazone cereals 0.05 224
Dimethoate cereals 0.01 17.5
Natural poisons:
Solanine potatoes 12 70
Caffeine coffee 70 2800
Fungi (myco-toxins etc.) cereals, hay, nuts 0.15 70
Alcohol alcoholic drinks 27,397 * 23,800

The (average) toxicity of
pesticides and natural

poisons is about the same.
The daily intake of natural
poisons is about 1500 mg
per capita, while less than

1 mg of pesticides
are ingested.

Source: [15] * Swedish data on alcohol consumption were exchanged with data for average consumption in the
EU = 10 kg of pure alcohol per capita per year = 10,000 g/365 = 27,397 mg per capita per day (Eurostat).

National reporting of pesticide residues analyses about 20,000 product samples each
year, of which about a quarter are randomly selected. However, about three-quarters of the
samples are taken from food products, which are known to frequently exceed the maximum
residue limits.

The method of sampling therefore means that the levels of contamination found are
not representative, and the levels of residues in the foods shown are higher than average.
Nevertheless, the results can be seen as evidence of the lower levels of contamination in
organic products. In organic farming, with 67.6% more than two-thirds of the samples
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are free of residues, whereas in conventional farming with 32.3% it is just under one-third
(Figure 6).

However, in terms of the particularly relevant proportion of samples which were
not only above the limit values (4.00% and 1.35%) but also complained by the analysing
laboratories, the samples of the two farming systems differ only slightly, at 2.25% and
0.45% respectively. This is especially true when considering that these percentages are
inflated due to the sample selection methodology. The fact that the actual percentage of
contaminated samples from both farming systems is lower is confirmed by the results of
the BVL food monitoring programme [16]. In 2021, no contamination above the limit values
was detected in food of animal origin and only 1.3% of food of plant origin could not be
excluded as being harmful to health, i.e. were complained by the investigators.

Sustainability 2024, 16, x FOR PEER REVIEW 16 of 30 
 

the samples are taken from food products, which are known to frequently exceed the max-
imum residue limits. 

The method of sampling therefore means that the levels of contamination found are 
not representative, and the levels of residues in the foods shown are higher than average. 
Nevertheless, the results can be seen as evidence of the lower levels of contamination in 
organic products. In organic farming, with 67.6% more than two-thirds of the samples are 
free of residues, whereas in conventional farming with 32.3% it is just under one-third 
(Figure 6). 

However, in terms of the particularly relevant proportion of samples which were not 
only above the limit values (4.00% and 1.35%) but also complained by the analysing la-
boratories, the samples of the two farming systems differ only slightly, at 2.25% and 0.45% 
respectively. This is especially true when considering that these percentages are inflated 
due to the sample selection methodology. The fact that the actual percentage of contami-
nated samples from both farming systems is lower is confirmed by the results of the BVL 
food monitoring programme [16]. In 2021, no contamination above the limit values was 
detected in food of animal origin and only 1.3% of food of plant origin could not be ex-
cluded as being harmful to health, i.e. were complained by the investigators. 

 
Figure 6. Results of the national reporting on pesticide residues in food on average for the years 
2020 and 2021. Source [17]. 

This means that even in conventional products only about 1 to 2% are contaminated 
with residues above the limit values. In addition, conventional products more often con-
tain extra value-added ingredients and are generally less contaminated with aflatoxins 
and other mycotoxins, which are not included in the above residue testing. The small dif-
ference in harmful contamination is probably the main reason why a number of studies, 
including the particularly comprehensive Stanford University study (Some examples: 
[18,19]), have concluded that organic products are not healthier. The higher exposure to 
pesticides in conventional produce therefore has no effect on health. This means that at 
present the lower levels of pesticide residues in organic food already do not appear to be 
a sufficient reason to forgo the considerable benefits of conventional farming, such as 
lower greenhouse gas emissions and greater biodiversity, as well as lower production 
costs and greater national security of food supply. 

The widespread claim that more organic farming would lead to higher insect popu-
lations is also not very plausible. As organic farming expands, the lower yields will require 
more land to be used for agriculture. This is at the expense of areas of high biodiversity, 
such as nature reserves and forests, so more organic farming leads to less biodiversity and 
insects. In addition, rigorous scientific studies have not confirmed the often-claimed sharp 
decline in insect populations [20,21]. Furthermore, the reduction in the amount, toxicity 
and persistence of pesticides used since 1970 (see Figure 7) and the increase in insect 

Figure 6. Results of the national reporting on pesticide residues in food on average for the years 2020
and 2021. Source [17].

This means that even in conventional products only about 1 to 2% are contaminated
with residues above the limit values. In addition, conventional products more often contain
extra value-added ingredients and are generally less contaminated with aflatoxins and
other mycotoxins, which are not included in the above residue testing. The small difference
in harmful contamination is probably the main reason why a number of studies, including
the particularly comprehensive Stanford University study (Some examples: [18,19]), have
concluded that organic products are not healthier. The higher exposure to pesticides in
conventional produce therefore has no effect on health. This means that at present the lower
levels of pesticide residues in organic food already do not appear to be a sufficient reason
to forgo the considerable benefits of conventional farming, such as lower greenhouse gas
emissions and greater biodiversity, as well as lower production costs and greater national
security of food supply.

The widespread claim that more organic farming would lead to higher insect popula-
tions is also not very plausible. As organic farming expands, the lower yields will require
more land to be used for agriculture. This is at the expense of areas of high biodiversity,
such as nature reserves and forests, so more organic farming leads to less biodiversity and
insects. In addition, rigorous scientific studies have not confirmed the often-claimed sharp
decline in insect populations [20,21]. Furthermore, the reduction in the amount, toxicity
and persistence of pesticides used since 1970 (see Figure 7) and the increase in insect mor-
tality, which has only been observed since 2000, suggest that synthetic pesticides are not
the main cause of the alleged sharp decline in insect populations. Nevertheless, research
into plant protection systems should be intensified to ensure greater safety for humans
and the environment. The progress that can be made with synthetic active ingredients
is demonstrated by the reductions in toxicity, persistence and application rates that have
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already been achieved (see Figure 7). In addition, the potential of biological plant protection,
bio-stimulants, robotics and plant breeding must be exploited to a greater extent.
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8. Can Yields in Organic Farming Simply Be Increased to Reduce the Amount of
Land Required?

Low yields in organic farming are mainly due to a lack of plant nutrients. The key
factor is a poor nitrogen supply and the difficulty of applying organic fertilisers in a timely
manner. This deficiency can partly be reduced by increasing the proportion of nitrogen-
absorbing legumes in the crop rotation and by using more organic fertilisers. However,
this approach requires a higher area of low-yielding legumes and green manures used
exclusively for organic fertilisation. This has a negative impact on average yields per
hectare. In addition, the untimely application of more organic nitrogen fertiliser can be
expected to lead to a comparatively higher nitrate load in groundwater. Also, increasing
organic fertiliser by increasing forage production and stocking rates will not solve the
problem of a lack of plant nutrients. However, one possible way to increase yields would
be to import more organic fertilisers from the surpluses available on conventional farms.
Although some organic labels allow limited nutrient imports, most organic associations
prohibit them.

Yield increases through plant breeding are certainly possible, but require a lot of
time due to the fundamental rejection of modern and rapid breeding methods in organic
farming. In addition, the limiting factor of available plant nutrients is likely to reduce
breeding success in organic farming primarily to increasing yields through greater yield
security such as increased drought tolerance and greater resistance to diseases and pests.

Advances in crop protection through biological methods, robotics and bio-stimulants
are likely to be of less absolute benefit to organic farming than to conventional farming due
to lower yields. In the long term, organic farming is even likely to lead to declining yields
due to the often deficient nutrient balance. This is confirmed, for example, by Kirchmann
et al. with data on yield trends in Sweden [15].

9. Can Reduced Meat Consumption Make Organic Farming a Solution?

In principle, a multiple of feed calories is required to produce one food calorie in an
animal product such as milk or meat. The number of feed calories required per calorie
of animal produce varies depending on the type of animal (cattle, pigs or chickens), the
type of produce, the feeding intensity and the performance of the animals, measured, for
example, as daily weight gain or milk yield per year. The amount of feed calories required
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per calorie of animal product can be expressed by a refining factor. The average refining
factor is about 6 to 7:1.

It should be noted that animals, especially ruminants such as cattle, sheep and goats,
have the ability to convert biomass indigestible to humans into animal produce of high
nutritional value. Livestock production, and consequently the consumption of animal
products, is therefore necessary to enable the use of indigestible plant resources for hu-
man nutrition. For example, Germany has more than 4.7 million hectares of grassland
that can only be used for food production through livestock farming. In addition, large
amounts of non-digestible biomass are leftover products of food processing, especially
in the production of vegan food, so that a minimum consumption of animal products is
necessary in order to utilise this biomass. It remains to be seen to what extent bioreactors
will also be able to convert non-digestible biomass into digestible biomass in the future.
Their higher conversion efficiency would reduce the amount of land required. However,
the processes known to date use a high proportion of biomass that is digestible by humans,
which reduces their environmental impact. In addition, there is a question mark over the
extent to which consumers will be willing to pay for this kind of ‘artificial meat’.

Reducing the consumption of animal calories is of high environmental benefit if
the reduction frees up feed calories that can be used for human consumption. This is
particularly true for the reduced consumption of pork and poultry meat. Both species are
fed almost entirely with feed that can also be used for human consumption.

In Europe and the US, well over 50% of animal food is produced with feed that
competes directly or indirectly (via the arable land used) with human food. Since on
average six to seven times more plant calories are required to produce one calorie of meat,
it is often argued that the higher land requirements of organic farming could be offset by a
substantial reduction in the consumption of animal products and an increase in the direct
consumption of plant foods.

Figure 8 shows that a reduction of 50% in the consumption of animal products, e.g.,
from 1100 kcal to 550 kcal per day, reduces the requirement for primary calories (i.e., those
of plant origin) from 8800 to 6050 per day, i.e., by about 30%.
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If the reduced primary calorie requirement is met by conventional farming, land use
and GHG emissions also decrease by 30%, whereas if the remaining calorie requirement is
met by organic farming, land use increases to 140% due to half the yield and leads to 20%
more GHG emissions than in the baseline situation (Figure 9).
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Reductions in animal-based foods only lead to significant climate and biodiversity
benefits when combined with high-yield agriculture. Figure 9 shows that a 50% reduction in
animal-based products combined with organic farming results in 71% more GHG emissions
than when combined with conventional farming.
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However, when reducing the consumption of animal products, it is important to note
that, for physiological reasons, the amounts of animal protein should cover a minimum
requirement and that large amounts can be expected to be harmful to health. However,
there are very different opinions on the appropriate levels of these quantities. From an
agricultural point of view, a rate of around 40–50% of the current consumption of animal
products can be seen as sufficient to utilise the non-digestible and waste biomass available.

It is also likely that global consumption of animal-based foods will continue to grow
by at least one per cent per year and, unless the potential for efficiency gains in animal
production is sufficiently utilised in many countries, will contribute to a further sharp
increase in the amount of land required for agricultural production.

10. Why Is It So Important to Also Consider the “Virtual Import of Land”?

Germany’s net imports of agricultural goods are equivalent to the yield of almost
seven million hectares of agricultural land in the countries of origin of the imports (see
Figure 10). This means that on a net basis, i.e., after deducting exports, Germany “virtually”
imports almost 40% of the agricultural land available within the country to meet its own
demand on agricultural goods. Just to cover Germany’s food consumption needs, the net
imports required correspond to the yields of around five million hectares abroad.

According to the Statistical Yearbook 2019/20, Germany is 88% self-sufficient in food.
However, this includes 8% of animal food produced from imported animal feed. Due to
refining losses in the production of these 8% animal calories, the import requirement for
feed calories is about five to six times higher than these 8% and contributes significantly to
the high virtual net import of agricultural land.

A very worrying fact is that this virtual land import has increased by almost one
million hectares between 2010 and 2017, suggesting that self-sufficiency in food supply
is indeed declining at a disturbing rate. In a world of increasingly frequent crises and
declining yields in general due to climate change, this growing dependence of Germany’s



Sustainability 2024, 16, 4114 19 of 28

food supply on foreign countries poses a considerable risk, which is further enhanced by
the expansion of organic farming due to its higher land requirements.
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Figure 10. Land use in Germany and abroad to cover the demand for food and other agricultural
goods in total in Germany. Source: [25].

In addition, these high imports put pressure on international markets, increase global
hunger through rising food prices on the world markets, and increase not only greenhouse
gas emissions through additional land use changes, but also the loss of biodiversity. To
be responsible and sustainable, Germany and also the EU must not act at the expense
of others.

The fact that expanding organic farming leads to more virtual land imports and more
GHG emissions was confirmed by a detailed study of the conversion to organic farming
in England and Wales [26]. According to this study, a full transition to organic farming in
these two countries would increase virtual land imports from 1.8 to 7.6 million hectares
and GHG emissions by more than 80% from 42 million tons to 76 million tons of CO2eq
when taking into account lost opportunities (see Figure 11).
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11. Can Virtual Land Imports Be Reduced through Lower Meat Consumption?

By reducing the consumption of animal products by 50%, conventional agriculture
in Germany could not only completely cover the net domestic food demand and thus
eliminate net imports, but also free up 1.3 million hectares for more ecologically valuable
uses such as nature conservation or bioenergy. If the same reduction in animal-based food
were achieved in conjunction with a complete shift to organic farming, 10 million more
hectares would be needed for agricultural production. This means that not only would no
land be released for nature conservation or bioenergy, but some 8.7 million hectares would
have to be virtually imported. A transition to organic farming without a reduction in the
consumption of animal produce would even increase Germany’s land imports to almost
20 million hectares [27].

12. Why Is the Expansion of Agricultural Land a Global Problem?

Between 2000 and 2018, the gross area of arable land worldwide increased by about
217.5 million hectares at the expense of forests, grasslands, natural vegetation and drylands
(see Figure 12).

Part of the expansion served to compensate for the abandonment or conversion of
some 60 million hectares of arable land into grassland and fallow land and almost 20 million
hectares into settlement and infrastructure areas. However, about 35 million hectares of the
gross loss were afforested or put to another ecologically valuable use, so that ‘only’ about
180 million hectares of the gross expansion of 217.5 million hectares were actually at the
expense of ecologically more valuable areas.

Since this total does not include the expansion of tree crops such as fruit plantations,
coffee, cocoa, oil palm and rubber, the actual loss of ecologically valuable land per year
exceeds 10 million hectares and is likely to be more than 1% of global arable land per year.

A particularly serious fact is that the high losses of tropical rainforests, having declined
for three decades (see Figure 13), have been increasing again from 2020 onwards. With net
losses of around five million hectares of forest per year, large areas of particularly species-
rich and greenhouse gas-absorbing ecosystems are being permanently destroyed. The part
of the loss that regrows, for example, after harvesting of wood or shifting cultivation, also
causes considerable damage as large quantities of biomass decompose and it takes decades
for the forest to return to its original state.
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Since the expansion of arable land is highly detrimental to the climate and biodiversity,
it is therefore essential to decouple agricultural production from the conversion of valuable
ecosystems. To achieve this, existing arable land must be used as efficiently as possible.
Organic farming with its low yields increases the amount of land needed and, if it continues
to expand, will be a key contributor to deforestation, accelerating climate change and
damaging biodiversity. Consequently, it is absurd that representatives of the German
government and many environmental organisations, such as Greenpeace, BUND and
WWF, complain about the loss of global forest cover while at the same time vehemently
advocating the expansion of organic farming.

13. Why Is the National Greenhouse Gas Balance Misleading with Regard to
Organic Farming?

In the national greenhouse gas balance, only domestic greenhouse gas emissions
are recorded. These are more than 50% lower per hectare in organic farming than in
conventional farming. However, yields are also about 50% lower, so that when organic
farming is expanded, the lower yields often have to be compensated for by additional
imports. The agricultural goods produced abroad to compensate for the lower yields cause
additional greenhouse gas emissions due to cultivation, lost opportunities and transport.
These are much higher than the emissions saved domestically by organic farming, but are
not recorded in the system of national greenhouse gas statistics.

The expansion of organic farming therefore leads to a reduction in greenhouse gas
emissions in national statistics, and thus helps the German government to meet its interna-
tional climate commitments. On a global scale, however, the situation is reversed. For this
reason, national emissions statistics are unsuitable as a basis for responsible government
action. It would be useful to have a database that includes all greenhouse gas emissions
from domestically consumed agricultural goods, including imported goods. Then, in the
interests of climate protection, it would not be “organic” farming that should be promoted,
but sustainable cultivation with high land productivity within Germany.

14. How Does Society View Organic Farming?

The perception of organic farming is generally very positive. Many believe that near-
natural production is automatically good for health, the climate and the environment.
Consumers rarely question this simple narrative, especially as parts of the scientific com-
munity confirm the positive assessment of ‘organic’ farming and often ignore the negative
aspects. Many media outlets also lack their usual critical stance on this issue.
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In food retailing, the much higher retail margins (e.g., EUR 4.08 instead of EUR 1.44
for a kilo of butter cheese or 41 cents instead of 24 cents for a kilo of potatoes [31]
based on rounded data of the Leibniz-Institut für Wirtschaftsforschung an der Universität
München e. V. (Ifo-Institut)) also encourage the promotion of organic products. The fact
that the high trade margins are enforceable indicates an overestimation of organic quality
and a lack of consumer information about the real facts.

It is positive that today many people want to support environmental and climate
protection and global justice, but at the same time all the more regrettable that more
differentiated and comprehensive arguments and information are not provided to promote
truly responsible behaviour.

15. What Is the Role of Agricultural Research Today?

The overall impression is that large parts of German agricultural research take a
positive view of organic farming. This view is perfectly understandable if its effects are
solely related to the area under organic cultivation. However, given the significantly lower
yields per hectare and the average 60–70% higher production costs, this assessment changes
fundamentally when one considers that we live in a world with limited arable land, high
and rapidly growing food demand and low incomes for large parts of the population. Low
yields and high prices threaten food security, burden poor populations with high food
prices and lead to deforestation.

Even reputable scientific institutions base the alleged superiority of organic farming
primarily on a comparison of environmental impacts per hectare rather than per ton
of yield, which would be the relevant figure for minimising the environmental costs of
meeting demand.

Even more seriously, the scientific case for expanding organic farming is often made
without considering the higher land requirements and the associated loss of opportunities
in terms of greenhouse gas sequestration and biodiversity. In addition, the 60–70% higher
production costs of organic products and the resulting social and economic consequences
are rarely discussed. A likely link between the increasing expansion of organic farming and
deforestation is also largely overlooked. Furthermore, the impact of synthetic fertilisers
and pesticides on food and the environment is mostly seen as negative and is widely
exaggerated; robust scientific studies on the subject are often ignored [32].

Such a one-sided judgement is also illustrated by a study by Hülsbergen et al. [6],
whose main shortcomings are briefly explained in the above excursus. Such an approach is
difficult to reconcile with scientific standards. But this is not an isolated case. Studies seem
to be conducted in the interest of a desired result, and the impression of a “result-oriented
study design” cannot always be ignored.

In addition, very low levels of pesticide residues, well below the limit values, are
sometimes used to launch highly exaggerated and misleading media campaigns. Such
exaggerations are then used as evidence of the environmental concern of the publishing in-
stitution. However, the frequent combination of such campaigns with appeals for donations
raise doubts as to the real interests of those promoting the ban on pesticides.

16. Summary

A responsible and technologically open development of conventional agriculture,
together with a moderate reduction in meat consumption, is a more efficient future model
for sustainable and responsible agriculture.

1. Due to its high land requirements, organic farming causes significantly higher pro-
duction costs, far more greenhouse gas emissions and higher biodiversity losses
than conventional agriculture; more organic farming is therefore not an appropriate
strategy for the future of agriculture.

2. Technologies need to be assessed comprehensively; simple per-hectare comparisons
are inadequate and incorrect; and production and opportunity costs also need to be
taken into account.
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3. For the development of agriculture, the technologies of all forms of farming should
not be seen as opposites, but as a spectrum from which the best can be selected.

4. The media should be more critical of statements and research results on farming
systems before publishing them, and should also face up to the highly complex
interrelationships.

5. High and area-based subsidies for organic farming combined with high food prices
are inefficient and economically and socially highly questionable instruments by
means of which to support sustainable agriculture.

6. The reduced consumption of food of animal origin cannot compensate for the higher
land requirements of organic farming and only has a significant positive effect on the
climate and biodiversity in combination with high-yield agriculture.

7. A more intelligent support policy must provide lucrative incentives for goal-
oriented behaviour and not be based on ecological improvements at the expense of
farmers’ incomes.

17. An Appeal for Sustainably Intensive Agriculture
17.1. The Goal: Conservation, Justice, Technology—A Model for Responsible Agriculture

We need to view land use as a central factor and manage it consciously. Responsible
land use is the way in which the best economic and social use of the resource of land can
be made—back to the core of the word agriculture. In terms of yield, production costs
and land requirements, organic farming performs significantly worse than conventional
farming. However, if this potential is to be realised, the idea of freeing up land for the
benefit of climate protection and biodiversity must be consistently supported by society
and politicians.

In the interests of global justice, the “import of land” must also be considered. Climate
change, soil degradation and the limiting factor of usable land make it imperative to
conserve and possibly even expand ecologically valuable areas for climate and biodiversity
and to promote the productive use of available arable land to feed the world’s population.

All technological possibilities must be employed to this end, and the undesirable
developments of the past must be avoided through incentives and regulatory policies. The
findings of organic farming must also be explicitly used to achieve a greening of agriculture
as a whole.

17.2. The Starting Point: Addressing the Entire Agricultural Sector

As a starting point, conventional agriculture offers significant advantages. Conven-
tional agriculture is not only the dominant form of land use, still producing well over 90% of
agricultural commodities, but it is also largely practised by highly skilled and responsible
farmers, who are open to and capable of responsibly implementing all those technolo-
gies which improve the climate, the environment, biodiversity, yields and profitability.
It is the task of policy-makers to set the framework conditions according to eco-social
criteria in such a way that all available technologies are used and further developed to
create innovative, environmentally friendly, sustainable and profitable agriculture. The
objective must be to create an efficient, cost-effective and environmentally responsible
agricultural sector.

17.3. The Path: Creating the Right Framework Conditions
17.3.1. Promotion of Environment Friendly Technologies

The research, development and use of technologies to improve environmental perfor-
mance and increase yields in agriculture as a whole should be actively supported. This
includes the promotion of “green” nitrogen fertilisers, the breeding of disease, pest and
drought tolerant varieties by applying modern techniques. Furthermore, crop protection
should be improved by developing more environmentally friendly active ingredients in-
cluding biological systems, as well as robotics and bio-stimulants. The technologies of all
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forms of agriculture should not be seen as opposites, but rather as a spectrum from which
the best can be selected.

17.3.2. Equal Subsidies for Organic and Conventional Agriculture

The evidence of lower biodiversity and higher greenhouse gas emissions in organic
farming compared to conventional farming shows that external costs increase rather than
decrease with the expansion of organic farming. This undermines a key argument for
the special support for organic farming practised at present. In addition, area-based
support leads to windfall gains and inefficient financing. The disproportionately high
level of public support for organic farming is therefore not justifiable—it should be put
on an equal footing with the rest of agriculture. At the same time, the political target
of 30% organic farming in Germany and 25% in the EU is demystified, as it leads to the
undesirable effects mentioned. Without special subsidies, the volume of organic farming
would only be determined by those consumers prepared to pay higher prices for a purely
subjective added value. The deliberate misleading of consumers in the interest of high
sales volumes and the enforcement of high trade margins for organic products should be
specifically counteracted.

17.3.3. Approval of Crop Protection Products Based Solely on Environmental Criteria

The approval of plant protection products should be strictly based on toxicity and
impact on flora, fauna and food quality. Exceptions, such as the highly toxic copper
compounds required for organic farming, should be avoided. Over time, increasingly
stringent approval and application criteria would make it possible to reduce negative
effects without significant yield losses. A reduction in the use of pesticides by half or
even more does not make sense for several reasons. Rigorous scientific studies show
that the negative effects of chemical pesticides on flora, fauna and food quality are much
smaller than is generally assumed. In particular, they are too small to justify the higher
production costs of organic farming and the associated lower yields, as well as the negative
environmental impacts of additional land use and relocation of production abroad.

17.3.4. Targeted Promotion of Measures with Positive Environmental Impacts for
All Farms

Improving the environmental performance of agriculture as a whole can be achieved
in a more targeted and effective way by promoting measures with concrete, verifiable
effects than the current area-based support for organic farming. For example, activities
rewarded with zone-specific eco-points would be applicable to all farms and thus allow for
targeted improvements across the board. To achieve this, the rules should be designed to
ensure that payments only encourage substantial and sustainable positive environmental
impacts and provide real income incentives. For effective implementation, the instrument
should follow the following principles:

• Strictly focus support on effectiveness—preferably improving the environment
without reducing yields: Effective measures include the use of environmentally
friendly and yield-enhancing inputs, such as regeneratively produced nitrogen and
more environmentally friendly pesticides, as well as multiple crop rotations and
increased humus formation. Particularly in the case of yield-reducing measures, care
must be taken to ensure that opportunity costs are also taken into account.

• Make environmental measures economically attractive: Subsidy amounts should
be set at about half of the costs or yield losses of the measures in order to achieve an
income effect of at least one-third or at least one-quarter of the subsidy amount. If the
take-up is too high, adjustments can be made by reducing the income-increasing part
or by setting upper limits.

• Compensation for additional costs from public funds: The costs associated with
the environmental measures should be covered by reallocating the existing support
for organic farming and, if necessary, by additional state funding. Only the income-
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increasing part of the support should come from the reallocation of former income-
increasing payments, so that the measures do not reduce farmers’ incomes.

• Incorporate existing eco-regulations: Where existing eco-labels are in line with the
principles of the new scheme, they should be adapted and adopted; the others should
be repealed.

• Reducing premium skimming by landowners: The subsidy organised in this way
would also be financially attractive to tenants and would counteract premium skim-
ming by landowners.

• Targeted support for specific farm types: Differentiated support for ecological services
according to farm type would make it possible to give preferential support to particu-
larly eligible farm types, for example, in certain size classes or in disadvantaged areas.

17.3.5. Debureaucratisation of the Agricultural Subsidy System

Farmers are burdened by excessive bureaucracy and often overly detailed, impractical
and sometimes contradictory regulations. Too many incomprehensible forms, inadequate
and sometimes unprofessional digitisation, and in some cases divided responsibilities
between authorities have also been criticised for complicating procedures and having a
negative impact on farming. A growing number of farmers are even foregoing support,
because the amounts paid are not worth the effort and risks involved [33]. The fact that
many skilled personnel are tied up for hours in unproductive or even counterproductive
bureaucracy and the resulting financial and economic costs should not be overlooked.

The following principles, for example, should be followed when reducing bureaucracy:

• Fewer detailed rules and more decisions in the hands of farmers, who are well-
trained and interested in environmentally friendly farming practices that maintain
and improve the natural production base of their farms. After all, they are the first to
be affected by any damage to flora and fauna.

• Reducing the number of support measures and simplifying documentation require-
ments to the necessary minimum and eliminating minor controls altogether.

• Harmonising the rules of different authorities and reducing responsibilities to as few
offices as possible.

• Requiring public authorities to provide timely, written and legally binding information
on specifications and supporting measures in response to specific written requests. To
reduce misinformation and high staff costs, a legally binding information system on
‘artificial intelligence’ should be pursued.

• Collecting innovative ideas for bureaucracy reduction centrally and encouraging all
stakeholders, from science to ministries, offices and farmers, to make proposals for
bureaucracy reduction, for example by awarding incentives. Setting up advisory
boards at the level of the ministries, representing all those involved, would also
help here.

17.3.6. Promotion of a Broad and Critical Discourse in Professional Circles and Society

German and EU agricultural policy decisions are currently strongly influenced by se-
lected studies, such as the Thünen Report 65 [34] and the Zukunftsstudie Landwirtschaft [35],
which give a very favourable assessment of organic farming. This positive assessment
is mainly due to the fact that the environmental benefits of organic farming compared
to conventional farming are mainly considered on a per-hectare basis. Environmental
impacts per unit of volume and production costs play only a minor role. In addition, the
opportunity costs of organic farming due to higher land requirements are largely ignored.
Recommendations are therefore not always based on a sufficiently broad consideration of
the relevant factors and impacts that are crucial for responsible agriculture.

It is, therefore, time to consider how to reopen the way for broad, critical and open-
minded discussion and reporting in the media on the politically and emotionally charged
issues of organic farming and the greening of agriculture. The current one-sidedness not
only prevents real discourse and consequently rational decisions but is also detrimental to
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environmental sustainability, global justice and ultimately social and economic prosperity.
It is highly surprising that there are only a few active German agricultural researchers who
publicly criticise the methodologically narrow research approaches. It is also remarkable
that the few German critics and the many international publications critical of organic
farming, for example by British, Swedish or American authors, are scarcely recognised
in the academic exchange of views in the media and in the social and political debate.
This hinders a rational and goal-oriented debate on a responsible and future-oriented
agricultural policy.

The use of yield-enhancing technologies to save agricultural land in favour of more
environmentally friendly forms of land use needs to be brought back to the forefront of
the debate. High yields are needed to preserve the world’s forests and grasslands and
thus limit climate change, species loss and freshwater shortages on our planet to tolerable
levels. Nobel laureate Norman Borlaug and Christopher Dowswell summed up this simple
insight at the end of the last century, recognising the value of high yields when they wrote:
“Growing less food per acre means leaving less land for nature” [1]. Borlaug commented
on the growing criticism of increasing yields by applying mineral fertilisers in Africa as
follows: “Some of the environmental lobbyists of the Western nations are the salt of the
earth, but many of them are elitists. They’ve never experienced the physical sensation of
hunger. They do their lobbying from comfortable office suites in Washington or Brussels.
If they lived just one month amid the misery of the developing world, as I have for fifty
years, they’d be crying out for tractors and fertiliser and irrigation canals and be outraged
that fashionable elitists back home were trying to deny them these things. (Referring to
Mr. Borlaug [36])”.

With today’s knowledge, there are also high demands on the yield-enhancing inputs
themselves in terms of their impact on the environment, and this aspect must be at the
centre of the debate, alongside yield increase and efficiency in the use of these inputs. In
any case, the use of all yield-increasing and land-saving fertilisers and pesticides, as well
as modern plant breeding combined with a strong commitment to minimising harmful
effects on the environment, is a better solution than the rejection of the highly effective and
efficient synthetic substances, as propagated by organic farming.

Nevertheless, it is to the credit of organic farming that it has raised awareness for
ecological problems in conventional agriculture. This was particularly the case in the late
1980s, when income subsidies through high produce prices made it highly attractive for
agriculture to use large amounts of chemical inputs, leading to excessive use of pesticides,
overfertilisation and one-sided crop rotation. Organic practices have contributed to im-
proved technologies, particularly in fertilisation, soil preparation and crop protection. As
a result, it has brought about timely corrections and thus limited environmental damage.
This shows that organic farming is valuable in terms of a technology-open optimisation
of agriculture as a whole, and that the knowledge gained from this form of land use must
be part of this rational approach to sustainable, intensive agriculture. The responsible
ecological reorganisation of our agriculture must be carried out in such a way that its
productivity and efficiency are maintained and, as far as possible, increased.
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