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Milieukip versus welzijnskip?
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De ecologische footprint van dierlijke productie
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Voederconversie
Life Cycle Analysis
Voedsel-systeembenadering
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Voederconversie

kg/kg
Vleeskuiken

1.71

Leghen

1.98

Vleesvarken

2.9

Melkkoe

2.93

Rosé kalf

7.58

§
§
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kg/kg
Efficiëntie op niveau dier
Geen keteneffecten

* uitgedrukt per kg product (vlees, ei, melk).
Data: Feedprint (versie 2020).

4

Life Cycle Analysis
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Ecologische footprint/kg
Verschillende aspecten
Over de hele keten
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determined by land use for production of feed ingredients
(Thomassen et al., 2008b).
The amount of on-farm land generally was estimated
based on farm visits or statistical databases. The amount of
off-farm land was estimated based on the amount of purchased feeds (or feed conversion in case of model calculations), the composition of these feeds, the yield per hectare of
different feed ingredients, the production process of different
feed ingredients and economic allocation values. The amount
of purchased concentrates was estimated from farm visits or
national data bases. Average composition of purchased feed

world, and, therefore, required more energy for transport.
Because of the relatively high water content of eggs and
milk, energy use per kg of eggs and, especially, of milk, were
lower compared with meat (Fig. 3).
When we expressed energy use in terms of protein (Fig. 4),
production of milk required 37–144 MJ/kg, pork 95–236 MJ/
kg, chicken 80–152 MJ/kg, and eggs 87–107 MJ/kg, whereas
beef production required 177–273 MJ/kg. Williams et al.
(2006) showed that production of 1 kg chicken protein
required less energy (80–96 MJ) than 1 kg of pork protein
(119–129 MJ). In addition, they showed that production of

Life Cycle Analyses (Land use)

Fig. 2. Land use for livestock products, in m2 per kg of protein or per average daily intake of each product.

De Vries & De Boer 2010
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and chicken (Fig. 3). Emission of CO2 was directly related to
combustion of fossil energy because CO2 emission from
changes in land use or from the carbon stock in the soil was
not included.
Second, CH4 emission per kg meat from ruminants was
higher than from monogastric animals. Emission of CH4 from
monogastrics originated mainly from manure, whereas CH4
emission from ruminants originated from manure and from
enteric fermentation processes in the rumen. Enteric methane emission in ruminants explains about 75% of the CH4

(2002), who studied a single farm in Sweden that fattened
Holstein bull calves bred by dairy cows. These calves were
raised without grazing and nearly all fodder, except for
concentrates (9% of the total dry matter), was produced onfarm.
Relatively little variation was observed among GWP
values for production of pork, chicken and milk. Differences
in GWP assessments among LCA studies for pork or chicken
resulted mainly from differences in estimates of N2O. N2O is
formed during denitriﬁcation of nitrate in the soil. This

Life Cycle Analyses (Energy use)

Fig. 4. Energy use for livestock products, in MJ per kg of protein or per average daily intake of each product.

De Vries & De Boer 2010

7

Life Cycle Analyses (GWP)
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M. de Vries, I.J.M. de Boer / Livestock Science 128 (2010) 1–11

Fig. 6. Global warming potential for livestock products, in CO2-e per kg of protein or per average daily intake of each product.

process of denitriﬁcation highly depends on soil conditions,
such as soil type and groundwater level and, therefore, differs
among and within countries (Schils et al., 2007). Differences
in estimates of N2O resulted from the fact that some studies
used N2O emission factors that depended on soil conditions,
whereas other studies used generic N2O emission factors
from IPCC (2006).
Because of the relative high water content of milk and eggs,
GWP of milk (0.84–1.3 CO2-e) and of eggs (3.9–4.9 CO2-e) was
lower compared with meat (Fig. 5). When we expressed GWP

differences in NH3. Emission of NH3 results from manure in the
housing and storage facilities, during grazing, and during
application of fertilizer on the ﬁeld. Emission of NH3 emission
is determined by feed ration, type of housing, manure storage
De Vries & De Boer 2010
facility and manure application
technique, and climatic
conditions, such as temperature and air velocity (Monteny
et al., 2002; De Boer et al., 2002). In contrast with emission of
NH3, emission of CH4 is affected mainly by feed ration, and not
by type of housing, manure storage facility or climatic
conditions (Tamminga et al., 2007). Therefore, estimates of
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To assess the impact of production of a speciﬁc product on
acidiﬁcation, the studies we reviewed quantiﬁed emission of
acidifying gases ammonia (NH3), sulfur dioxide (SO2), and
nitrogen oxide (NOx). Estimates for acidiﬁcation potential
(AP) showed larger variation among LCA studies of the same
livestock product than estimates for land use, energy use, and
GWP (Fig. 7). The AP of pork, for example, varied from 43 to
741 g SO2/kg, with a coefﬁcient of variation of 80%, whereas
the coefﬁcient of variation of pork for land use was 10%, for
energy use 31% and for climate change 30%.
All studies showed that acidiﬁcation was caused mainly by
emission of NH3, so that differences in AP can be explained by

3−
and run-off of NO−
are difﬁcult to quantify and
3 and PO4
actually unknown for many situations. Leaching/run-off of
3−
NO−
have been quantiﬁed as percentage of N or P
3 and PO4
fertilizer applied, as a ﬁxed value per ha or based on a ﬁeld
nutrient balance. These differences in methodology also
contributed to differences in LCA results observed.

Life Cycle Analyses (AP/EP)
3.5. General discussion

For land use, energy use and climate change, we can conclude that production of 1 kg of beef protein had the highest
impact, followed by pork, whereas chicken had the lowest
impact. This conclusion is based on results of the life cycle of

Fig. 7. Acidiﬁcation potential (AP, in kg SO2-e) and eutrophication potential (EP, in kg PO3−
4 -e) for livestock products, per kg of product.

De Vries & De Boer 2010
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Voedselsysteembenadering
Wat is wereldwijd beschikbaar
(aan land en hulpbronnen) en
hoe kunnen we daarmee zoveel
mogelijk mensen voeden?

Figure 1
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Visualisation of a circular food system (from: Van Zanten et al., 2019).

Ruminants, furthermore, can create nutritional value from grasslands by converting
grass products into milk, meat and manure. Hence, the role of farm animals in the

De Boer & Van Ittersum 2018
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UPCYCLING BIOMASS IN A CIRCULAR FOOD SYSTEM

UPCYCLING BIOMASS
IN A CIRCULAR FOOD SYSTEM
the role of livestock and fish

Ollie van Hal
2020

Ollie van Hal
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Van Hal 2020

General introduction

igure 1 Framework to assess the potential of animals to upcycle available low-opportunity-cost feed into human food; Adapted from van Zanten et al. (2019).
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Figure 1. Definition of the livestock systems (pig, laying hen, broiler, dairy cattle & beef cattle) varying in
productivity (low, mid, and high), including their inputs (low-opportunity-cost feeds; food waste, food by-products
& grass resources) and outputs (animal products; milk, meat & eggs).
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Excluding managed grasslands, the most nutritious grass resource, reduced the number of dairy
Van Hal 2020
co s ith

to

million. The dairy cattle compensated the lo er availability of grass resources

and its lo er nutritional value by consuming relatively more by-products ( igure c). These byproducts

ere, therefore, to a lesser extend available for pigs and laying hens ( igure 2) resulting
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Van Hal 2020:

“The proposed optimal conversion of available LCF in the EU requires
56 million low-productive pigs, 9.5 million high-productive laying hens,
and 30 million low-productive dairy cows, across all EU countries.
Compared to current EU livestock numbers, an optimal LCF conversion
would, therefore, require 78% less pigs and 98% less laying hens, but
9% more dairy cattle besides a complete abolishment of beef cattle
and broilers.”

LCF = low-opportunity-cost feeds
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Relativeringen
§

Voedselsysteembenadering optimaliseert op beschikbaar land en
beschikbare grondstoffen die niet concurreren met humaan
(feed/food)

§

Balans kan anders uitvallen als we bv. ook meewegen:

● Bijdrage aan biodiversiteit / landschapsbeheer
● Klimaatimpact
● N- en P-verliezen
● Religieuze en culturele verschillen
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Kortom
§

Als de vraag naar dierlijke eiwitten centraal staat, dan is het
vleeskuiken per kg product tamelijk concurrerend met eieren en
zuivel (VC; LCA’s)

§

Als feed/food competitie (om land en grondstoffen) moet worden
vermeden, dan valt het vleeskuiken, net als het vleesrund af in de
optimalisatie (Voedselsysteembenadering; Van Hal), en blijven er
daarnaast erg weinig leghennen over.
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Dank voor uw
aandacht
Bram Bos, bram.bos@wur.nl
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