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Live “sustainability”

� Hans Carl von Carlowitz in Saxony (1713): "sustainable" use of wood
� "live in such a way that other and future people 

(living beings) can also live well“
� Club of Rome (Meadows et al. 1972): "Limits to Growth“

� “…establish a condition of ecological and economic stability 
that is sustainable far into the future.”

� Brundtland Commission report (WCED 1987):
� “Sustainable development is development that meets the 

needs of the present without compromising the ability of
future generations to meet their own needs 

1. Environmental and climate protection
2. Social & economic systems for the benefit of all people
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Sustainable livestock farming is important for many SDGs!



What are the most urgent environmental 
problems? (according to Steffen et al. 2015)
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Nitrogen-flows from and to EU-27 
(according to Leip et al., 2015)



Environmental problems along the nitrogen-
cascade (Leip et al., 2015)

� Nitrogen (N) use with many effects
1. Greenhouse gas N2O
2. Air pollutants (mainly NH3)
3. Terrestrial Acidification
4. Biodiversity losses
5. Marine Eutrophication
Æ Assessed with Life Cycle Analysis

� Further indicators inter alia for… 
� Freshwater (P-) Eutrophication
� Energy- and mineral ressources use
� Land use- or human edible food conversion-efficiency
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Specific sustainability aspects of animal 
husbandry
� Climate-friendly animal husbandry
� Livestock, air & water pollution
� Livestock and biodiversity loss
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Climate impacts of livestock – globally and in 
Europe

� Livestock globally: 16.5% of anthropogenic CO2-eq (Twine, 2021)
� 32% of global CH4 emissions from livestock (UNEP, 2021)
� 53% of global N2O emissions related to livestock (Gerber et al., 2013)

� Europa: 10% of anthropogenic CO2-eq from sector agriculture (Leip u.a., 2015)
� 20% if associated CO2-eq from other sectors and continents are taken into account 
� 39% of all agricultural CO2-eq imported into Europe
� Livestock: 81% of agricultural CO2-eq
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Global warming potential of European livestock 
products (according to Leip et al., 2010, updated)
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Top 10%                                EU-Average

Medium to high efficiency, but…
…high proportion of on-farm / domestic feed

Æ Low CO2 from land use change



Options to reduce greenhouse gas emissions 
from livestock production

� Substitution of critical feedstuffs
� Feed additives and diet optimization
� Breeding – e.g. through dairy cows with equal performance 

but lower body mass (Hörtenhuber & Zollitsch, 2016)
� 5 – 10 % emission reduction Æ Average life day performance

� Site-adapted intensity
� Ruminants: Increased forage quality (Hörtenhuber et al., 2010)

� -1.5 % CO2-eq per 0,5 MJ NEL / kg DM

� Ruminants: Pasture (Hörtenhuber u.a., 2010)
� -2 % CO2-eq per 10 % grazing time (as annual budget)

� Low-emission livestock housing systems, manure treatment
� Manure for biogas production (Hörtenhuber et al., 2010)

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

Emission reduction through feed additives (example 
of plant-based active ingredients in "Phytopass")
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Hörtenhuber et al. (2021)

-7% CO2-eq along value chain
through increased outputs & 

reduced CH4 emissions.
(partly compensated by slightly 
higher environmental impacts of 
feed production or farm manure 

management)

Æ Active ingredients: mainly 
tannins, saponins, essential oils 

-7 %
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Enteric CH4
Manure N2O (slurry)
Feed supply (incl. LUC)

Manure CH4 (slurry)
Indirect N2O 
Electricity

Comparable results can also be 
expected for similar additives 

such as "Agolin" (see Belanche
et al., 2020)



Comparison of livestock products‘ global 
warming potentials per kg protein

Black dots:
From international studies
(de Vries & de Boer, 2010)
Red dots: Results for Austria, 
GWP100 (IPCC 2007)
Blue dots: Updated results for
Austria, GWP100 (IPCC 2013)

Protein from
plant-based food
(cereals, grain legumes,…)

Pork Chicken Beef             Milk            Eggs

Golden dots: new results
for GWP* for Austria 
assuming constant
emissions (equal to GTP)
(CO2-warming-eq)

The continuous
reduction of CH4-
emissions, 
especially from dairy
and pig production, 
lead to declining
warming instead of
just reduced
emissions.

Æ Achieved through 
increased breeding 
and fattening 
performances, 
together with declining 
animal numbers.
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GWP* according to Hörtenhuber et al. (2022)

Yield reductions & soil losses

� Forecast of climate change yield decline until 2050: 30% on Austria's arable land
� Soil loss as another risk Æ Forecast Federal Environment Agency Austria: 

another 7.5% of agricultural area built up with infrastructure by 2050
� Efficient use of limited areas!

� Especially of arable land
Æ Efficient use of feed!
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Ertragsprognose für 2050
(Haslmayr u.a., 2018)

EEA (2019)



Soil carbon

� Many measures possible to enrich soil carbon to increase resilience (EEA, 
2019), among others…
� Reduced tillage, no-till
� Cover crops
� Diversification of crops and crop rotations
� Medium management intensity in 

grassland (Bohner et al., 2016)
� Prevent erosion (windbreaks,...)

� Carbon sink: 1 ha of permanent grassland
stores about as much C as 1 ha of forest 
and significantly more than arable land
(according to Houghton & Hackler, 2001, 
for temperate climate in Europe)
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NH3 & nitrogen-deposition

� Ammonia (NH3) & particulate matter: most important air pollutant from livestock
� 82% of NH3 from livestock (Leip et al., 2015); Æ Slurry store cover, band spreading,...
� 50% NH3-reduction in agriculture: -50.000 deaths in Europe
� Air pollution (partly) responsible 

for 16% of deaths in Europe
(reduction of life expectancy 
by 2.4 years; Lelieveld u.a., 2019)

� Connection with covid-deaths
(air pollutant-related pre-diseases)

� With NH3 also N-deposition 
from animal husbandry
Æ Causes acidification, eutrophi-
cation (nitrate), indirect greenhouse 
gases (N2O), loss of biodiversity
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Lelieveld
u.a., 2019)



Nitrogen losses, eutrophication & drinking 
water supply

� Eutrophication of water bodies: costs of 3.8 - 4.4 billion euros per year in the 
Baltic Sea region (HELCOM, 2018)

� Cost of drinking water nitrate removal: up to + 62% of the cost of water 
(Oelmann et al., 2017)

� Significant advantage of permanent grassland-based production! 
(Eder et al., 2015; Kolbe, 2002)

� Advantage of organic production, especially on arable land! (Kolbe, 2002)

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

Kolbe (2002): % N leaching / N-input
Grassland Arable land

Conventional (integrated) 11.0% 24.7% - 26.6%
organic 10.2% 17.5%

Biodiversity Conservation

� Terrestrial biodiversity: 34% of biodiversity lost to agriculture (livestock, cropland, 
N and GHG emissions; Leip et al., 2015)
� 76% of losses due to livestock

� 50% of global GDP (€40 trillion) depend
on services provided by intact nature 
(EU, 2020)

� Assessed costs: 3% of the annual
EU-GDP due to biodiversity losses
(EU, 2020)

� Provide opportunities for conservation
� Goal: 30% of EU-areas
� High Nature Value Farmland (HNVF)
� Organic agriculture
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Livestock, HNVF 
and plant diversity
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Knudsen et al. (2019)

STATatlas.atLivestock density

� High proportion of biodiversity-
relevant areas due to "extensive" to 
"medium-intensive" livestock farming 
(especially cattle)

Milk production in…

Denmark UK Austria

Specific sustainability aspects of animal 
husbandry
� Ecosystem Services
� Human-edible feed conversion efficiency
� Animal health and welfare
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Sustainable livestock farming has a future!

Important:
Low negative 
climate and 
environmental 
impacts 
plus high 
positive 
ecosystem
services!
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Sadhu et al. (2010)

Efficiency: conversion ratio of human-edible 
protein instead of FCR (feed amounts)
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Protein in food per 1 kg human-
edible protein feed for Austrian 
livestock (Ertl et al., 2016)
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Livestock as a basis for value added 
in many rural regions

• >40% of agricultural value added by 
livestock

• 46,- € economic value added per € 100,-
expenditure on foodstuffs
(Sinabell 2021)

STATatlas.at

Population density

Livestock density
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Efficiency vs. animal health and welfare

� Efficiency is important... but also health and animal welfare! Æ Cow-calf systems?!
� Breeding for high performance with an 

increase in genetic diseases
� e.g. Complex Vertebral Malformations (CVM) 

in Holstein Frisian cattle
(van Marle-Köster & Visser, 2021)

� Consideration of functional characteristics as an 
opportunity to reduce illnesses and medications 

• Comparison of ROSS 308 and JA 757 (32 and 31 days) 
Æ ROSS 308 with sign. higher gross margin, but......
…34% instead of 2% animals were clearly lame!

• …8-fold mortality under exaktly similar study conditions (Niebuhr u.a., 2016)
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Ghanem & Nishibori (2008)



Higher animal welfare = higher efficiency

� Example fattening pigs:
� Animals in animal welfare-optimized houses with straw & more space: ∅ 3% better feed 

conversion, consistently lower environmental impacts! (Hörtenhuber, 2014, in: Schodl, 2017)

� Additional costs: + 6,- € to + 48,5 € for houses (space), bedding and additional work 
Æ 40% to 70% compensated by public funds Æ rest by product price 
Æ High satisfaction of farmers (Kirner & Stürmer, 2021)
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Hörtenhuber, 2014

Specific sustainability aspects of animal 
husbandry
� 3 aspects of sustainability: efficiency, 

consistency, sufficiency
� Trade-offs and synergies
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Where are efficiency gains still possible?

� Do not evaluate livestock (husbandry & feeding) isolated, but in connection with 
its surrounding (e.g. feed production)!

� In animals and on (arable) land 
in Central and Western Europe,
efficiency largely realised?!

� Productivity increases i.a. in 
Eastern Europe
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Source: according to Taube (2012)

Realised average wheat yields (kg/ha) 2003-2007
Difference (kg/ha) to the agro-ecologically achievable yield

Feed/
-areas

Housing-/
manure management systems
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Trade-offs of „sustainable intensification“

� Yield increases through "sustainable intensification" 
in crop production? Æ Biodiversity and soil 
protection potentially reduced!

� Schiefer et al. (2015): Analysis, which areas 
in Germany could be intensified
� 6 soil quality indicators:
Æ organic C, clay & silt content, pH, cation 
exchange capacity, soil depth, slope gradient

� Results:
� 39% of arable land still allow some 

intensification - partly with restrictions
� 61% NOT! Æ partly reduction of intensity suggested
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Schiefer et al. (2015)



Trade-offs of intensification

� Intensification shows declines in species diversity 
(in plants, beetles, or birds; Geiger et al., 2010)

� Intensification causes nitrate losses to increase linearly, 
but crop yields do not (Greer & Pittelkow, 2018)
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Geiger et al. (2010)

Sustainability: consistency complementing 
efficiency

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

Food losses & waste:
>30% of food lost along value chain

(FAO 2011)
Approx. 300 kg per person & year in 

developed countries (FAO 2011)
Approx. 50 kg food per person & year

in households in Austria  
Æ 300 € per household & year 
(European Commission 2018)

Follow-up costs of US$1.7 trillion per year
(FAO 2011)

Nature does not 
know waste and 
landfills, but 
cascading use!
Æ Recyclable 
resources instead 
of food-grade feed 
in animal 
husbandry
Æ Excrements in 
biogas plants



Sustainability: Consistency and sufficiency 
complementing efficiency
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Consumption of oilseeds worldwide 2018/19Consumption cereals worldwide 2018/19

UFOP (2020)

• Often no cascading & animal needs-based use of co-products as feed
Æ e.g. waste bread in biogas plant instead of animal feed (i.a. for pigs)
Æ Austrian grain consumption: 17% food, 31% industrial use, 52% feed

Sustainability: Sufficiency complementing 
efficiency Æ Healthy diet, protein requirement 
recommendation and actual consumption
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Protein recommendation for person
with 75 kg: 

22 kg per year

67 % plant-based, 33 % animal-based

Protein consumption for average
Austrian person with 75 kg: 

33 kg per year

40 % plant-based, 60 % animal-based

plant-based

animal-based

Sources: Gesellschaft für 
Ernährung (2013) and

Austrian nutrition reports
(2009, 2017) 



Sustainability: Sufficiency complementing 
efficiency Æ Healthy diet / NUTRI-Score

� Too much animal protein Æ Risk factor (red) meat consumption
� Meat provides 40% of the crude protein (CP) in Austria
� Protein alternative: legumes

(fiber, vitamin B1, B6, 
folic acid, 
magnesium, 
zinc) 

Meat products (40% CP)Cereal products (23% CP)

Dairy products (20% CP)

Legumes (0.2% CP)
Vegetables & 

Potatoes (9% CP)

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

Sustainability & Health combined

Vegetables: 4 times 
more than currently 
eaten in Austria!

Plant protein/oils: many times the quantities 
currently eaten in Austria!

Lancet Commission, Willett et al. (2019)

Health for humans, 
animals, planet 

(resources like soils, 
water, air,...)
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Animal products: about 1 
third of the amount 

currently eaten in Austria!



„One Health“: Merging human health, animal health 
& ecology (Paris et al., 2022)
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„One Welfare“: Social balance of life/work 
time * Quality of people & animals (1)

� Case study: 3 Austrian dairy family farms 
(Hörtenhuber & Zollitsch, 2019)

� Farm 1: Intensive / "integrated", favorable 
location, specialized on dairy cattle 
(+cash crops), high milk yield

� Farm 2: Automatic milking system (AMS), 
favorable location, specialized, highly 
technical (also feeding partially automated)

� Farm 3: Ecological, mountain location, 
sideline, hardly any concentrate feeds
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Working time per kg milk & satisfaction with
activities (grading scale 1 = good to 5 = bad)

0

0,2

0,4

0,6

0,8

1

1,2

1,4

Intensiv AMS Öko

M
in

ut
es

pe
r k

g 
m

ilk Satisfaction
2.6           2.7             2.1

Hörtenhuber & Zollitsch, 2019)



„One Welfare“: Social balance of life/work time * 
Quality of people (& animals) (2)
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Zukauffuttermittel - Summe neg. AZ (Zwangscharakter, Kinderarbeit,…)
Zukauffuttermittel - Summe pos. AZ
Zeit mit Krankenstand
AZ mit (gewünschter) Aus- und Weiterbildung
verminderte Lebenszeit - Umweltwirkungen (LCA; DALY)
durch Milcherlöse potenziell finanzierte Freizeit
negativ erlebte AZ*
positiv erlebte AZ*

Use of the social hotspot database (SHDB)
and expert assessments

?

?

?

?

?

?

Positive time
Negative time

Neutral time

Purchased feed – negative time
Purchased feed – posiive time
Time with sick leave
Time with training
Reduced lifetime due to environmental damage (DALY)
Potentially financed leisure time
Negative working time on-farm
Positive working time on-farm                             Time of animal?

Hörtenhuber & Zollitsch, 2019)

Hörtenhuber & Zollitsch, 2019)

Conclusions (1)

� GHG per kg protein: animal products comparable, but plant products much better

� Livestock causes relevant amounts of greenhouse gases, but...

� ... "Good" animal husbandry: low (GHG-,…) emissions (-25%) than EU average

� ...important mitigation measures can still be realised

� ...continuous CH4 reduction with important contribution against global warming

� ...important contribution to economic value added

� ...soil, water and biodiversity protection of (permanent) grassland-based (rather 
extensive) animal husbandry
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Conclusions (2)

� Goals of sustainable agriculture: Optimization of...
� …Efficiency:

� Low environmental impact and at the same time as high as possible positive ecosystem 
services

� Utilization of (scarce) resources: arable land, food-grade feed

� …Consistency and sufficiency
� Utilization of by-products and wastes

� Nutrition aligned with (protein) recommendations

� ...Animal health and welfare
� ...Last but not least: Welfare of the farmers
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Synergies / Vision
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The vision for 2050: "Livestock production oriented toward ONE WELFARE: healthy 
nutrition, animal health & welfare, ecosystem services and low environmental impact."

Co-products!

Reduction in animal numbers & partly 
performances? Æ oriented to 

recommended food/feed needs and
(scarce) resources

Ecosystem servicesAnimal health/welfare

Higher remuneration of services, 
also for protection of soils, 
water, atmosphere, biodiversity 
Æ for food with high process 
quality (animal welfare, socio-
economic balance,...) and 
product quality (nutrient-rich and 
pollutant-poor)

€ Efficiency: low
env. impacts



Thank you... for your attention!
... to Prof. Werner Zollitsch and colleagues

Questions?
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Hauptgebäude Universität für Bodenkultur Wien

References (1)
� Belanche, A., Newbold, C., Morgavi, D., Bach, A., Zweifel, B., Yáñez-Ruiz, 

D. (2020) A Meta-analysis Describing the Effects of the Essential oils Blend 

Agolin Ruminant on Performance, Rumen Fermentation and Methane 

Emissions in Dairy Cows. Animals, 10(4), 620. 

https://doi.org/10.3390/ani10040620

� Bohner, A., Foldal, C.B., Jandl, R., 2016. Kohlenstoffspeicherung in 

Grünlandökosystemen - eine Fallstudie aus dem österreichischen

Berggebiet / Carbon storage in grassland ecosystems – A case study from a  

mountainous region of Austria. Die Bodenkultur: Journal of Land 

Management, Food and  Environment 67, 225–237. 

https://doi.org/10.1515/boku-2016-0018

� Brundtland, G.H. (1987) Our common future: ("The Brundtland Report"): 

World Commission on Environment and Development; United nations: Oslo, 

Norway.

� Cederberg, C., Meyer, D., & Flysjö, A. (2009) Life cycle inventory of 

greenhouse gas emissions and use of land and energy in Brazilian beef 

production. SIK Report No 792.

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

� Cederberg, C., Persson, U.M., Neovius, K., Molander, S., & Clift, R. (2011) 

Including carbon emissions from deforestation in the carbon footprint of 

Brazilian beef. Environ Sci Technol. 45(5)- 1773-9. doi: 10.1021/es103240z

� Deutsche Gesellschaft für Ernährung (DGE, 2013, 2017). Wie viel Protein 

brauchen wir? Referenzwerte. https://www.dge.de/uploads/media/DGE-

Pressemeldung-aktuell-08-2017-Referenzwert-Protein.pdf 

� Eder, A., Blöschl, G., Feichtinger, F., Herndl, M., Klammler, G., Hösch, J., 

Erhart, E., & Strauss, P. (2015). Indirect nitrogen losses of managed soils 

contributing to greenhouse emissions of agricultural areas in Austria: results 

from lysimeter studies. Nutrient Cycling in Agroecosystems, 101(3), 351–

364. https://doi.org/10.1007/s10705-015-9682-9

� EEA (European Environment Agency, 2019) Climate change adaptation in 

the agriculture sector in Europe. EEA Report No 04/2019. ISSN 1977-8449.



References (2)
� Elmadfa, I., Freisling, H., Nowak, V., Hofstädter, D., et al. (2009). 

Österreichischer Ernährungsbericht 2008. 1. Auflage, Wien. 

https://ernaehrungsbericht.univie.ac.at/fileadmin/user_upload/dep_ernaehrun

g/forschung/ernaehrungsberichte/oesterr_ernaehrungsbericht_2008.pdf 

� Ertl, P., Steinwidder, A., Schönauer, M., Krimberger, K., Knaus, W., & 

Zollitsch, W. (2016). Net food production of different livestock: A national 

analysis for Austria including relative occupation of different land categories / 

Netto-Lebensmittelproduktion der Nutztierhaltung: Eine nationale Analyse für

Österreich inklusive relativer Flächenbeanspruchung. Die Bodenkultur: 

Journal of Land Management, Food and Environment, 67(2), 91–103. 

https://doi.org/https://doi.org/10.1515/boku-2016-0009

� Europäische Kommission (2020) Bringing nature back into our lives. EU 

2030 Biodiversity strategy.

� Europäische Kommission (2018) The fight against Food waste: Where are 

we now? Questions & Answers (Memo). 

https://ec.europa.eu/food/sites/food/files/safety/docs/fs_eu-actions_fwm_qa-

fight-food-waste.pdf 

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

� FAO (Food and Agriculture Organsiation of the United Nations, 2011). Global 

food losses and food waste – Extent, causes and prevention. Rome. 

https://www.fao.org/3/i2697e/i2697e.pdf 

� Geiger, F., Bengtsson, J., et al. (2010) Persistent negative effects of 

pesticides on biodiversity and biological control potential on European 

farmland. Basic and Applied Ecology 11, 97-105.

� Gerber, P. J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., 

Falucci, A., & Tempio, G. (2013). Tackling climate change through livestock: 

a global assessment of emissions and mitigation opportunities (p. 115). Food 

and Agriculture Organization of the United Nations. 

https://www.fao.org/3/i3437e/i3437e.pdf

� Ghanem, M.E., & Nishibori, M. (2008) Autosomal recesssive genes in dairy 

cow's reproduction: incidence, consequences and future perspectives. The 

Journal of Animal Genetics (2008) 36, 53-61.

References (3)

� Greer KD and Pittelkow CM (2018) Linking Nitrogen Losses With Crop 

Productivity in Maize Agroecosystems. Front. Sustain. Food Syst. 2:29. doi: 

10.3389/fsufs.2018.00029

� Haslmayr, H-P, Baumgarten, A, Schwarz, M, Huber, S, Prokop, G, Sedy, K, 

Krammer, C, Murer, E, Pock, H, Rodlauer, C, Schaumberger, A, Nadeem, I, 

Formayer, H (2018). BEAT – Bodenbedarf für die Ernährungssicherung in 

Österreich. Forschungsprojekts Nr. 100975 des BMNT, Wien.

� HELCOM (2018) Economic and social analyses in the Baltic Sea region –

HELCOM Thematic assessment 2011-2016. Available at: 

http://www.helcom.fi/baltic-sea-trends/holistic-assessments/state-of-the-

baltic-sea-2018/reports-and-materials/

� Hörtenhuber, S., Größbacher, V., Weißensteiner, R., Veit, M., & Zollitsch, W. 

(2021) Mitigation potential for greenhouse gases and ammonia of a 

commercial phytogenic feed additive for dairy cows. Proceedings of the 

Conference "19. BOKU Symposium Tierernährung 2021", 4 p.

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

� Hörtenhuber, S., & Zollitsch, W. (2016) Modellierung der Effekte der 

unterschiedlichen Produktionseffizienz auf der Ebene Einzeltier auf die 

Treibhausgas-Emissionen relevanter Milchproduktionssysteme. Arbeitspaket

7. In: Egger-Danner C, Fürst-Waltl B, Fürst C, Gruber L, Hörtenhuber S, 

Koeck A, Ledinek M, Pfeiffer C, Steininger F, Weißensteiner R, Willam A, 

Zollitsch W, Zottl K (2016) EFFICIENT COW. Analyse und Optimierung der 

Produktionseffizienz und der Umweltwirkung in der österreichischen

Rinderwirtschaft. Wien: Zentrale Arbeitsgemeinschaft österreichischer

Rinderzüchter ZAR.

� Hörtenhuber, S., Seiringer-Gaubinger, M.,  Theurl, M. C., Größbacher, V., 

Piringer, G., Kral, I.,Zollitsch, W. (2022) Implementing an appropriate metric 

for the assessment of GHG emissions from livestock production: A case 

study for Austria. MANUSCRIPT SUBMITTED TO JOURNAL ANIMAL.



References (4)
� Hörtenhuber, S., Lindenthal, T., Amon, B., Markut, T., Kirner, L., & Zollitsch, 

W. (2010). Greenhouse gas emissions from selected Austrian dairy 

production systems—model calculations considering the effects of land use 

change. Renewable Agriculture and Food Systems, 25(4), 316–329. 

https://doi.org/10.1017/S1742170510000025 

� Hörtenhuber, S., & Zollitsch, W. (2019) Bewertung der sozialen

Nachhaltigkeit von Lebensmittel-Bereitstellungsketten – Überlegungen zur

Eignung von LCA-Ansätzen. In: D. Mühlrath, J. Albrecht, M. R. Finckh, U. 

Hamm, J. Heß, U. Knierim, D. Möller (Hrsg.), Beiträge zur 15. 

Wissenschaftstagung Ökologischer Landbau - Innovatives Denken für eine

nachhaltige Land- und Ernährungswirtschaft, p. 596-599; ISBN: 

9783895749551 [15. Wissenschaftstagung Ökologischer Landbau, Kassel, 

Germany, MAR 6-9, 2019]

� Hörtenhuber, S. (2014) Analyse von Umweltwirkungen für die ProPlanet-

Schweinefleischerzeugung. Dissertationsprojekt K. Schodl, 2017: Animal 

welfare as part of sustainability in pig farming. Mapping research and 

investigating improvement measures in commercial farms, 105 p. Universität

für Bodenkultur Wien.
SVT-Tagung | 13. April 2022 | S. Hörtenhuber

� Houghton, R. A., Hackler, J. L. (2001) Carbon Flux to the Atmosphere from 

Land-Use Changes: 1850 to 1990. Carbon Dioxide Information Analysis 

Center, U.S. Department of Energy, Oak Ridge National Laboratory, Oak 

Ridge, Tennessee, U.S.A.

� Kirner, L., & Stürmer, B. (2021) Mehrkosten von und Erfahrungen mit

höheren Tierwohlstandards in der österreichischen Schweinemast. Berichte

über die Landwirtschaft, Band 99, Ausgabe 1. ISSN 2196-5099

� Knudsen, M.T., Dorca-Preda, T., Djomo, S.N., Pena, N., Padel, S., Smith, 

L.G., Zollitsch, W., Hörtenhuber, S., Hermansen, J.E. (2019): The 

importance of including soil carbon changes, ecotoxicity and biodiversity 

impacts in environmental life cycle assessments of organic and conventional 

milk in Western Europe. J CLEAN PROD. 215, 433-443. 

https://doi.org/10.1016/j.jclepro.2018.12.273

References (5)
� Kolbe, H. (2002) Wasserbelastung in Abhängigkeit von der Landnutzung. 

Ökologie & Landbau 122(2), 34-35.

� Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., Vermeulen, 

S., Garnett, T., Tilman, D., DeClerck, F., Wood, A., Jonell, M., Clark, M., 

Gordon, L. J., Fanzo, J., Hawkes, C., Zurayk, R., Rivera, J. A., De Vries, W., 

Majele Sibanda, L., … Murray, C. J. L. (2019) Food in the Anthropocene: the 

EAT–Lancet Commission on healthy diets from sustainable food systems. 

The Lancet, 393(10170), 447–492. https://doi.org/10.1016/S0140-

6736(18)31788-4

� Leip, A., et al. (2015) Impacts of European livestock production: nitrogen, 

sulphur, phosphorus and greenhouse gas emissions, land-use, water 

eutrophication and biodiversity. Environ. Res. Lett. 10, 115004.

� Leip, A., Weiss, F., Wassenaar, T., Perez, I., Fellmann, T., Loudjani, P., 

Tubiello, F., Grandgirard, D., Monni, S., & Biala, K. (2010). Evaluation of the 

livestock sector’s contribution to the EU greenhouse gas emissions 

(GGELS). European Commission, Joint Research Centre. 

https://agritrop.cirad.fr/558780/1/document_558780.pdf

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

� Lelieveld, J., Klingmüller, K., Pozzer, A., Pöschl, U., Fnais, M., Daiber, A., 

Münzel, T. (2019) Cardiovascular disease burden from ambient air pollution 

in Europe reassessed using novel hazard ratio functions. European Heart 

Journal, Volume 40, Issue 20, 1590–1596. 

https://doi.org/10.1093/eurheartj/ehz135

� Meadows, D.H., et al. (1972) The Limits to growth. A report for the Club of 

Rome's project on the predicament of mankind. Universe Books, New York.

� Niebuhr, K., et al. (2016) Evaluierung langsamer wachsender genetischer

Herkünfte bei Masthühnern im Hinblick auf Tierwohlparameter, 

Produktqualität, Ökobilanz und Wirtschaftlichkeit (Pilotprojekt). Interner

Endbericht an Auftraggeber REWE Group.

� Oelmann, M., Czichy, C., Hormann, L. (2017) Gutachten zur Berechnung der 

Kosten der Nitratbelastung in Wasserkörpern für die Wasserwirtschaft. 

https://www.bdew.de/media/documents/170113-bdew-gutachten-nitrat-

kurzfassung.pdf



References (6)
� Paris, J.M.G., Falkenberg, T., Nöthlings, U., Heinzel, C., Borgemeister, C., 

Escobar, N. (2022) Changing dietary patterns is necessary to improve the 

sustainability of Western diets from a One Health perspective. Science of 

The Total Environment 811, 151437. 

https://doi.org/10.1016/j.scitotenv.2021.151437

� Rust, P., Hasenegger, & V. König, J. (2017)Österreichischer

Ernährungsbericht 2017. 

https://broschuerenservice.sozialministerium.at/Home/Download?publicationI

d=528

� Sandhu, H.S.,Wratten, S.D., Cullen, R. (2010) Organic agriculture and 

ecosystem services. Environ. Sci. Pol. 13, 1–7. 

https://doi.org/10.1016/j.envsci.2009.11.002

� Schiefer, J., Lair, G.L., & Blum, W.E.H. (2015) Indicators for the definition of 

land quality as a basis for the sustainable intensification of agricultural 

production. International Soil and Water Conservation Research, Volume 3, 

Issue 1, 42-49. https://doi.org/10.1016/j.iswcr.2015.03.003

SVT-Tagung | 13. April 2022 | S. Hörtenhuber

� Sinabell, F., Reschenhofer, P., & Sommer, M. (2021) Die Entwicklung der 

Wertschöpfungsanteile der österreichischen Landwirtschaft. 

https://www.lko.at/media.php?filename=download%3D%2F2021.09.02%2F1

630567509776329.pdf&rn=Die%20Entwicklung%20der%20Wertsch%C3%B

6pfungsanteile%20der%20%C3%B6sterreichischen%20Landwirtschaft%200

2.09.2021.pdf

� Steffen, W., Richardson, K., Rockstrom, 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., & Sorlin, S. (2015). Planetary boundaries: Guiding human 

development on a changing planet. Science, 347(6223), 1259855–1259855. 

https://doi.org/10.1126/science.1259855

� Taube, F. (2012) Folien vom DLG Kolloquium. 

https://www.dlg.org/de/landwirtschaft/veranstaltungen/dlg-kolloquium/archiv-

tagungsunterlagen/2012

References (7)
� Twine, R. (2021) Emissions from Animal Agriculture—16.5% Is the New 

Minimum Figure. Sustainability, 13(11), 6276. 

https://doi.org/10.3390/su13116276

� UFOP (Union zur Förderung von Öl- und Proteinpflanzen, 2020). Bericht zur

globalen Marktversorgung. https://www.ufop.de/medien/downloads/ 

� UN (s.a.) SDGs - Sustainable Development Goals. 

https://www.un.org/sustainabledevelopment/

� United Nations Environment Programme and Climate and Clean Air 

Coalition. (UNEP; 2021) Global Methane Assessment: Benefits and Costs of 

Mitigating Methane Emissions (p. 170). 

https://www.unep.org/resources/report/global-methane-assessment-benefits-

and-costs-mitigating-methane-emissions

� van Marle-Köster, E. & Visser, C. (2021) Unintended consequences of 

selection for increased production on the health and welfare of livestock. 

Arch. Anim. Breed. 64, 177–185. https://doi.org/10.5194/aab-64-177-2021

SVT-Tagung | 13. April 2022 | S. Hörtenhuber



Universität für Bodenkultur Wien
Department für Nachhaltige Agrarsysteme, 
Institut für Nutztierwissenschaften
Dr. Stefan J. Hörtenhuber

Gregor Mendel-Straße 33, A-1180 Wien
Tel.: +43 1 47654 0
E-Mail: stefan.hoertenhuber@boku.ac.at
Website: www.boku.ac.at

SVT-Tagung | 13. April 2022 | S. Hörtenhuber


