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Summary 
This document is the result of an exploratory study into the greenhouse gas (GHG) emissions of animal 
products, especially meat products, for the Dutch Foundation for Sustainability in the Food Chain. The 
goal of the study was threefold: 
 

• To provide insights into calculating the GHG emissions and scores for meat products 
• To identify methodological issues that affect the outcome of GHG calculations 
• To define a follow-up process for collecting and disseminating GHG emissions data on meat 

production 
 
The study resulted in several quantitative insights into the contribution made by animal production to 
the total GHG emissions of production and consumption in the Netherlands. The contribution made by 
the GHG emissions of animal production on Dutch territory to the total GHG emissions on Dutch territory 
is 9.8%. When the production abroad of feed and the land occupation for feed and fertilizer production 
is included, Dutch animal production accounts for 15.8% of total Dutch emissions. The dairy sector 
accounts for more than 50% of the GHG emissions of Dutch animal production and processing. 
 
Since the volume of the Dutch animal production system exceeds Dutch consumption of animal 
products and some of the animal products consumed in the Netherlands are produced abroad, an 
additional analysis is required to determine the contribution made by meat and dairy products to total 
GHG emissions due to the consumption of end products by households in the Netherlands. This analysis 
resulted in a contribution of 8-9%. Animal products have a rather high GHG emission score per kg. 
However, there is a great range in the GHG scores per kg, chicken meat is at the lower end and beef at 
the upper end. Per euro spent, the GHG emissions of meat products are comparable to other food 
products. 
 
Calculating the GHG scores of animal products using an LCA approach like the PAS 2050 standard 
currently in development in England involves considerable uncertainty due to the methodological 
choices that have to be made. For animal products the main methodological issues are the allocation 
and the modelling of GHG emissions due to land use and land conversion and allocation at the 
slaughterhouse. The latter appears to have a particularly important influence on the GHG results for 
meat production. Further research and consensus building is needed on both issues to develop 
acceptable standards. The meat processing industry can make significant progress towards resolving 
the allocation question by creating transparency on slaughtering processes and the social or 
macroeconomic value of slaughter by-products. 
 
It is estimated that with the current freedom in the choice of methods and data, calculated GHG 
scores for meat products can vary by about 20%. This range can be narrowed by improving and 
standardizing LCA methods and the data to be used. The actual need for this will depend on the use to 
be made of the resulting GHG emission scores. If, for instance, GHG scores are expressed in absolute 
figures and used for labelling on consumer product packaging, the range in GHG scores is a serious 
problem. However, if the scores are expressed as categories, the range in results may be less of a 
problem. In future GHG product calculations will most probably be used to obtain GHG scores for 
animal products as part of sustainable chain management, in which case the range in outcomes due 
to the methods and data used will generally be of little importance. These differences will only be 
important if they affect the definition of improvement options and the actions to be taken. 
 
The analysis of the contribution made by animal production to the GHG effect and the exploration of 
methodological issues are discussed in Chapters 2, 3 and 4. Chapter 5 deals with issue management 
relating to GHG emission data. Animal products, especially meat products, are subject to criticism and 
close public scrutiny because of the high environmental impacts of production worldwide. This is a real 
and serious challenge to the Dutch meat and dairy industry.  
 



 
 

It is important to ensure that the debate on possible and desirable actions is fed by common shared 
information on the environmental implications. With regard to GHG emissions there is a need for more 
realistic and reliable data on animal production systems. The meat and dairy industry can learn from 
earlier industrial initiatives for collecting and disseminating data, but the way these data information 
services were set up may not be entirely appropriate at this time. The dissemination of information and 
the evolution of public opinion and consumer action are now dominated by open sources like the 
internet. We therefore recommend a threefold approach.  
 
First, the formal approach of standardizing the calculation of GHG emissions must be initiated by 
assembling an international forum of experts and industries to acquire data and develop methods. This 
work should be embedded in the process of developing formal GHG product standards like the BSI 
standard PAS 2050 and the European standard that will probably be based on it. Linkage with the 
development of LCA methodology in general is also important. The aim is to draw up international 
guidelines and basic data for calculating the GHG emissions of animal products. 
 
Second, in the meantime, the meat and dairy industry can already take the lead in collecting and 
disseminating the data required to make GHG calculations. It can also develop specific 
methodological solutions to feed into the formal standardization procedure. This pro-active approach is 
needed because managing the environmental effects of animal production systems is now moving into 
the policy arena in different European countries. Realistic and adequate data on animal production 
systems are crucial for ensuring that the right policies are adopted and carried through. This should start 
with a thorough and public assessment of the animal production chains. 
 
Third, a strategy must be developed to make the industry a serious partner in the open source 
information network on the internet. This could be achieved by developing interactive websites that 
provide genuine information and benchmarks for animal and vegetable products. These websites 
would invite comment and discussion by presenting detailed comparisons between animal and 
vegetable based products. The site should encourage interactive participation by allowing visitors to 
perform recalculations using standard data and their own data and make suggestions and comments 
on underlying assumptions and data. It would be essential to respond rapidly and accurately to these 
reactions, for instance by revising the results in the light of new information.  
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1 Introduction 

 
In summer 2007 the Foundation for Sustainability in the Food Chain (DuVo)1 established a working group 
on meat products and sustainability issues. 2 The participants in this group are: VION Food Group, Van 
Drie Group, Nutreco, Cehave, Albert Hein, ZLTO, Unilever and CBL (the Dutch food retail trade 
organization) 
 
This group launched a study on the greenhouse gas (GHG) emissions of meat products with the 
following aims: 
 

• To provide insights into calculating the GHG emissions and scores for meat products 
• To identify methodological issues that affect the outcome of GHG calculations 
• To define a follow-up process for collecting and disseminating GHG emissions data on meat 

production 
 
This report presents the results of an explorative study with some recommendations for the follow-up 
process. 
 
Chapter 2 gives an overview of the GHG scores for Dutch animal production and Dutch consumption of 
meat and dairy products. Chapter 3 discusses the methodological framework and main issues to 
consider when calculating GHG scores for meat products. Allocation appears to be of special 
importance for the results for meat production, particularly allocation at the slaughterhouse. The 
inclusion of land-use-related GHG emissions in feed production can also have a major impact. Further 
research is needed on both issues to achieve acceptable standards. The meat processing industry can 
make significant progress towards resolving the allocation question by ensuring transparency on 
slaughtering processes and the social or macroeconomic value of slaughter by-products. 
 
In Chapter 4 we illustrate the breakdown of GHG scores for several meat products in more detail. The 
allocation question is explored for pork and veal and the land use question is elaborated for beef and 
chicken meat. 
 
These technical chapters give insights into the compilation of the GHG effect scores for meat products 
and the relevant issues in calculating them. Chapter 5 looks at the process itself. it examines the 
management of environmental information by industries that have had to deal with emerging social 
concerns about the environmental performance of their products. Lessons can be learned from other 
industries that have dealt adequately with these challenges in the past, like the plastics and metals 
industries. The calculation and evaluation the environmental performance of one-way and multiple use 
packaging developed during the mid 1990s in the Netherlands is also informative. Chapter 5 ends with 
some recommendations on building an industrial information infrastructure for compiling and 
disseminating environmental data, starting with GHG data. 
 

                                                            
1 The members of the foundation are: Albert Heijn, Avebe, Campina, Cehave Landbouwbelang, Cosun, CSM, DSM, 
The Greenery, Heineken, Heinz, McDonald’s, Numico, Nutreco, SaraLee/DE and Unilever. 
2 The dairy industry was also invited to take part in the project, but has not yet taken up the invitation.  
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2 Greenhouse gas emissions of Dutch production and 
consumption of animal products 

2.1 GHG emissions from the Dutch ‘animal production system’  
 
Figure 2.1 is a schematic representation of the Dutch animal production system and associated GHG 
emissions. Eight production stages can be identified, each with its own volume and import and export 
characteristics. The Dutch production system can be characterized as an extremely open system. The 
animal husbandry and closely related sectors, such as the slaughter and feed processing industries, 
produce and process more meat than is consumed in the Netherlands. To estimate the GHG emissions 
from the Dutch animal production system we therefore have to define the boundaries of the system. 
The values of the CO2 equivalents (in Million tonnes) given in the area enclosed by the green line in 
Figure 2.1 are for production that takes place in the Netherlands, based on Dutch production volumes. 
The values outside this area are for the inputs of feed raw materials supplied to the Dutch animal 
production system. More than 90% of these inputs are imported. 
 

 
 
Figure 2.1 GHG score for Dutch animal production systems 
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Although most of the GHG score of 2.7 Mt CO2-eq. for manure/fertilizer application is due to the 
application of manure on arable land, no GHG emissions have been allocated to arable production 
and no account has been taken of avoided fertilizer use.3 The score for land occupation is the sum of 
the estimated loss of organic matter from arable land and an estimation of the reduction in the carbon-
sink function of the land compared with natural carbon sequestration. This value must be considered as 
a first attempt to quantify these effects.  
 
Table 2.1 Breakdown of the GHG score for Dutch animal production (GHG emissions in the grey area 
occur mainly abroad) 

  

Mt CO2‐eq. related to animal production in the Netherlands 

Dairy cattle 

Veal and 
fattening 
cattle Pigs Poultry Total 

Land use for feed (abroad) 0.9 0.2 2.8 0.7 4.6 
Feed raw material production (mainly abroad) 0.8 0.7 2.1 2.0 5.6 
Fertilizer production (mainly abroad) 2.1 0.1 0.0 0.0 2.2 
Land use Netherlands (grass on peat) 4.0 0.2 n/a n/a 4.2 
Feed processing          0.5 
Husbandry: energy use 0.6 0.1 0.4 0.1 1.2 
Husbandry: manure storage and stables 1.6 0.2 1.1 0.5 3.3 
Husbandry: manure in pastures  0.7 0.1     0.8 
Husbandry: enteric fermentation 4.7 0.8 0.4 0.0 5.8 
Application of manure 1.4 0.2 0.7 0.4 2.7 
Slaughtering and meat processing n/a 0.2 0.4 0.1 0.7 
Processing of co‐products not defined not defined not defined not defined <0.3 
Dairy processing 1.0 n/a n/a n/a 1.0 
Production of packaging 0.1       0.2 
Transportation from husbandry to retail 0.1 not defined not defined not defined 0.1 
Retail (allocated electricity use)         0.2 
Energy production (Rendac products)          ‐0.3 
  18.1 2.8 7.8 3.7 32.9 

 
A closer look at the scores for the different animal types shows that the dairy sector accounts for 55% 
(18.1/32.9) of the greenhouse effect caused by the Dutch animal production system, including feed 
and fertilizer supply. If these supply systems are excluded from the calculations, the dairy production 
system accounts for nearly 70% (14.3/20.5) of the total greenhouse effect. If the oxidation of peat soils is 
also excluded, the dairy sector’s contribution falls to 50% (10.3/20.5).4 Regardless of these different 
options for delineating the system, it can be concluded that dairy production is the main contributor to 
the GHG effect due to animal production in the Netherlands. The pig production system accounts for 
nearly 24% of the total GHG score if the inputs of feed raw materials is included in the calculation. The 
beef and veal category consists of several production systems, mostly based on outputs from dairy 
cattle, such as calves for the production of veal. 
 
The total contribution of the Dutch animal production system to the Dutch greenhouse effect (related 
to the Dutch territory) is 15.8% including feed inputs and 9.8% excluding feed inputs. 
 

2.2 GHG emissions from the consumption of animal products in the Netherlands 
 
Another way of estimating the importance of the animal production system is to relate the production 
of meat and dairy products to the total consumption of goods in the Netherlands. The starting point is 
the final consumption of goods by Dutch consumers. The consumed goods are produced all over the 

                                                            
3 Dividing the GHG scores for manure application between animal or crop production would reduce the GHG score 
by approx. 1 Mt.  
4 Peat soils in the Netherlands are mainly used for dairy farming. 
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world and the GHG emissions from the production of these goods is included in the calculations, 
regardless of where production takes place.5 
 
The total GHG score for Dutch consumption of animal products is estimated at between 10 and 12 Mt 
CO2 equivalents, depending on the consumption figures used. Table 2.2 presents an overview of the 
GHG emissions due to meat and dairy product consumption in the Netherlands. These figures are 
derived from the food consumption statistics for meat and dairy consumption per kg product per 
person in the Netherlands in 1998 (Blonk 2008).  
 
Table 2.2 GHG emissions from the consumption of meat and dairy products in the Netherlands (based 
on Blonk et al. 2008  

 Mt CO2‐eq. 

Beef South America 1.1 
Beef dairy cattle 0.9 
Beef fattening bulls 1.1 
Pig  1.7 
Veal 0.1 
Lamb 0.1 
Chicken  0.4 
Cheese 1.4 
Milk 2.7 
Eggs 0.2 
Total 9.8 

 
The score of almost 10 Mt CO2 equivalents means that meat and dairy products make a significant 
contribution to the total GHG emissions from food consumption in the Netherlands. The actual share 
depends on the data source used. Recent calculations by Blonk Milieu Advies put the contribution by 
meat and dairy products to the total GHG emissions from food consumption at 62%, while an older 
study by the Netherlands Environmental Assessment Agency (Nijdam & Wilting 2003) gives a contribution 
of about 36%. An important difference between the Blonk and Nijdam & Wilting studies is the GHG 
accounting methods used. Blonk et al. use process analysis, whereas Nijdam & Wilting use input/output 
analysis. Nevertheless, this difference does not fully explain the different outcomes. A good estimation 
for the time being would be a 40–50% share of GHG emissions from total food consumption. 
 
Table 2.3 GHG emissions from consumption of food (in Mt CO2-eq.) in 1998–2000 

 Blonk et al. (2008) % Nijdam & Wilting (2003) % 
Meat 5.4 35% 7.2 19% 
Fish 0.2 1% 1.7 5% 
Dairy products (excl. butter) 4.1 27% 6.6 17% 
Eggs 0.2 1% 0.0 0% 
Other 5.5 36% 22.1 59% 
Total production of food 15.5 100% 37.6 100% 
Preparation and conservation at home 4.2  8.7  
Total food consumption at home 19.7  46.4  

The production of consumed meat and dairy products accounts for approx. 8–9% of the total GHG 
emissions due to the final consumption of goods in the Netherlands.  

                                                            
5 However, Dutch consumption of meat and dairy products is still strongly related to Dutch animal production 
systems. 
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2.3 GHG intensity of meat and dairy products 
 
Although the study by Nijdam & Wilting may no longer be accurate, it does give some interesting 
information about the GHG intensity of food products. Expressing the GHG score per unit of money 
shows that on a product group level there are only slight differences between products. The GHG effect 
related to the production of food products consumed by Dutch consumers around the year 2000 is 
probably in the range of 1.6 to 2.1 kg CO2-eq./euro. Meat is a rather average product in this respect. 
 
Table 2.4 The GHG intensity of food products 

 Consumer 
expenditure  

  Climate 
score 

    

  euro    kg CO2-
eq.  

  kg CO2-
eq./euro  

Grain products 221  11%  408  13%  1.85  
Potatoes, vegetables, fruit 195  10%  331  10%  1.70  
Jams en confectionery  75  4%  153  5%  2.04  
Coffee, tea, caocao  43  2%  85  3%  1.98  
Non-alcoholic drinks 75  4%  115  4%  1.53  
Beer, wine and other alcoholic drinks 139  7%  78  2%  0.56  
Fat and oils 23  1%  47  1%  2.04  
Meat and meat products 242  12%  451  14%  1.86  
Fish products 30  2%  107  3%  3.57  
Dairy products 201  10%  411  13%  2.04  
Other 83  4%  165  5%  1.99  
Hotel and catering industry  412  21%  294  9%  0.71  
Kitchen equipment 179  9%  163  5%  0.91  
Direct energy use (gas en electricity)  62  3%  383  12%  6.18  

 

The average GHG score per kg product or per kg dry matter of meat and dairy products is higher than 
for other food products. However, as Table 2.5 shows, some vegetables also have a high GHG score. 

Table 2.5 Comparison of the GHG intensity of some products 

 kg CO2-eq./  
kg product 

kg CO2-eq./ 
kg dry matter 

Dutch chicken meat 2.6 8.7 

Dutch pork 4.5 15.0 

Dutch veal 6.3 21.0 

Dutch beef dairy cattle 8.9 29.7 

Dutch beef fattening bulls 15.9 53.0 

Vegetables/fruit field 0.2–0.4 0.8–1.8 

Vegetables greenhouse 1.2-6 20-50 

Meat substitutes (veggie burger) 1.6 4.6 

Bread 0.8 2.3 
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3 Calculation of the greenhouse gas emission score for meat and 
other animal products 

3.1 Framework  
 
In the UK a protocol is currently being developed by BSI British Standards to calculate GHG emissions for 
products. In this study we used the draft BSI standard PAS 2050 of February 2008 (BSI 2008) as a general 
framework for some case studies of Dutch meat products and for identifying methodological issues. PAS 
2050 can be seen as a focused LCA (Life Cycle Assessment) protocol for GHG calculations over the life 
cycle of a product to produce a score which can be used for labelling purposes. The absolute outcome 
of the calculations are therefore of special importance. This means that some freedom in the choice of 
methodology allowed by the ISO LCA standards has to be limited and some further elaboration is 
required. 
 
Some aspects of the draft PAS 2050 may be disputed, such as the choice for economic allocation6, the 
proposed method for including the greenhouse effect of land conversion and the choice of data 
sources. However, such choices have to be made if the uncertainties in the outcome need to be kept 
within a certain range. Most of the guidelines contained in the draft PAS 2050 were followed when 
making the initial calculations for this study. The results provided the baseline for exploring the sensitivity 
of applying other choices in the calculations. However, the draft is not very specific on how to deal with 
some dilemmas relevant to meat production and agricultural production in general. Additional 
assumptions therefore had to be made when using PAS 2050 for calculating the GHG scores for animal 
products. 
 

3.2 Overview of methodological issues and effect on the results and proposed 
solutions 
 
By performing case studies and exploring specific methodological issues in GHG calculations, we 
developed a matrix which summarizes the issues and sensitivity of the results to different methodological 
choices (Table 3.1). The identification of issues is based on the literature and standards on GHG 
calculations (IPCC methodology for national inventory reports and elaborations of those in several 
countries). In addition, use was made of in-depth studies on calculating and measuring GHG effects for 
animal and vegetable production systems and recent work by Blonk Milieu Advies that explores GHG 
methodological issues in vegetable production (Blonk et al. 2007, Blonk et al. 2008b). 
 
It is important to note that in the absence of further specifications for calculating the GHG emissions of 
meat products, absolute results can only be compared with other (meat) products if exactly the same 
methodology is applied. We estimate that at this stage in the development of PAS 2050 the GHG scores 
for meat products obtained using this standard will have a variability of about 20%. The relative 
contribution by production processes is not as sensitive to methodological assumptions. This means that 
calculating GHG scores over the life cycle of a meat product is very useful for drawing up potential 
improvement options because the main contributing processes can be identified with a high degree of 
certainty. The appendix contains a discussion of methodological issues. 

                                                            
6 In the final version of PAS2050 the common’ used sequence in LCA of allocation types was applied, which 
means that system expansion is also acceptable and even preferable 
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Table 3.1 Overview of methodological issues and the effects on the GHG scores. 

 Methodological issues in 
calculating GHG scores 

Irish 
beef 

Beef 
from 
dairy 
cows 

Veal Pork Chicken 
meat 

General issues (1) Allocation rules for co-production      
(2) System boundaries for animal and 
vegetable production 

     

(3) Selection of (background) data       
(4) Cut-off criteria: which processes 
need to be included  

     

(5) Land use and land conversion      
(6) Background GHG emissions      

Feed (crop growing 
and (co-)processing 
of crops 

Contribution to GHG effect of meat 
product 

8% 11% 20% 30% 40% 

(7) Allocation of fertilizing in rotation 
scheme 

0 0 + + + 

(8) Including/excluding manure 
application 

+ + + + + 

(9) Modelling of N2O emissions ++ ++ ++ ++ ++ 
(10) Organic matter in soil (losses) + + + ++ ++ 

Farm Contribution to GHG effect of meat 
product 

87% 75%  42% 30% 

(11) CH4 enteric fermentation +++ +++ ++ + + 
(12) CH4 and N2O emissions from 
manure storage 

+ + ++ ++ ++ 

(13) CH4 and N2O from manure 
processing 

+ + + + + 

(14) N2O emissions from manure 
application 

++ ++ ++ ++ ++ 

Slaughterhouse Contribution to GHG effect of meat 
product 

0.5% 2.5%  4% 6% 

(15) Allocation rules ++++ ++++ ++++ ++++ ++++ 
Meat processing Contribution to GHG effect of meat 

product 
Not 
defined 

Not 
defined 

Not 
defined 

Not 
defined 

Not 
defined 

(15) Allocation rules ++ ++ ++ ++ ++ 
Transport Contribution to GHG effect of meat 

product 
3.5% 5.5%  16% 14% 

(16) Transport data and modelling 0 0 0 + + 
DC/Retail Contribution to GHG effect of meat 

product 
1% 6%  8% 10% 

(17) Allocation of energy use 0 + + + + 
Estimation of the effect of the issues on the end results 
0  = 0–5%  
+  = 5–10% 
++ = 10%–15% 
+++ = 15–25% 
++++ = > 25% 
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3.3 Main methodological issues 
 
The most significant methodological issues for animal production chains are allocation and GHG 
emissions from land use. 

3.3.2 The allocation issue 
Many processes in the meat and dairy production chain produce more than one product. Examples 
include crop growing (wheat and straw), crop processing (oil and meal, flour and bran, etc.), 
husbandry (milk and cows and calves for fattening ) and slaughtering (carcass and a whole package 
of by-products, organs, hide, blood, etc.). 
 
When the resource flow of a raw material is split into several flows, of which only one becomes part of 
the product under study, an allocation rule is required to determine which part of the environmental 
burden of the upstream flow has to be accounted for. In this study we followed the recommendations 
in the draft PAS 2050 and divided the environmental burden between the outgoing flows according to 
their relative economic value.7 An alternative method for dealing with this problem is system expansion: 
instead of dividing the environmental burdens, the production system is expanded to determine which 
type of production is avoided by the co-product. If a co-product were not available, another type of 
production would be needed to achieve the same functionality of the system. Both allocation methods 
have there pros and cons and their own field of application (see section 4.2 and 4.3 for further details). 
 
In animal product production chains the allocation issues can be clustered as follows: 
 

1 Allocation of manure application to animal and vegetable production 
2 Allocation of GHG emissions to a feed crop in a rotation scheme 
3 Allocation of GHG emissions from growth to the main crop product and co-products 
4 Allocation of GHG emissions from processing to different co-products 
5 Allocation at husbandry to the animal at slaughter and the other animal products harvested from 

the living animal (wool, milk) 
6 Allocation at the slaughterhouse to meat and other co-products 
7 Allocation in dairy processing to fat and proteins 

 
Economic allocation was applied in all situations, except for the problem of dividing manure 
application between animal and vegetable production (point 1). Here system expansion is proposed as 
one of the options for the problem of dividing the GHG effects of manure application between animal 
and vegetable production (see the appendix for further details). The GHG emissions from crop rotation 
have not yet been allocated because of the need for large amounts of data.  
 
The economic allocation at the slaughterhouse has a major impact on the GHG scores for meat 
products. Figure 3.1 and 3.2 illustrate this for pork and beef from dairy cows. The GHG scores for the live 
weight animal leaving husbandry were increased by a factor of 1.5 to 2.5 due to the division between 
meat and co-products.8 The problem is that the economic value at the slaughterhouse does not 
adequately reflect the economic and social value of the slaughter by-products. This allocation step 
therefore needs special attention. The question of applying a more appropriate economic allocation at 
the slaughterhouse is described in more detail in section 4.3. 

                                                            
7 If an oil crusher earns 65% of its income from selling soybean meal and 35% from selling soybean oil, the 
environmental burden of growing, transporting and crushing soybeans is divided accordingly. If 1.25 kg soybeans are 
required to produce 1 kg soybean meal, the proportion of this environmental burden that is allocated to the 
soybean meal is 1.25 x 0.65 = 0.81. (For crude soy bean oil it is 5 x 0.35 = 1.75.) 
8 This is because the saleable meat obtained from a carcass accounts for only part of the live weight of the animal. 
This live weight to meat ratio varies between 1.5 for chicken to 2.5 for beef. 
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Figure 3.1 Effect of economic allocation on the CO2 score for beef from dairy cattle after slaughter. 
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Figure 3.2 Effect of economic allocation on the CO2 score for pork after slaughter.  

3.3.3 The land use issue 
In the FAO report ‘Livestock’s Long Shadow’ (Steinfeld et al. 2006) the researchers attributed a major 
part of deforestation and the related CO2 emissions to meat production. When an area of land is 
cultivated, three different kinds of GHG emissions can be accounted for: 
 

1 The above ground biomass is removed, which causes an emission of greenhouse gases. The 
amount and types of GHG emitted depends on the standing biomass and the clearance 
method (forestry, burning, etc.) The IPCC has formulated calculation rules for this as part of the 
national inventory protocol. This protocol does not give any direction on how to divide the 
emissions due to clearance between the causes of the clearance and subsequent activities. The 
one-time event of clearance is caused by several factors, including the low economic value of 
natural vegetation, accessibility and the demand for feed, food, fuel and wood products. When 
calculating the GHG scores for products, the contribution from the clearance of land should be 
divided between the activities leading to and following from the clearance. The question is which 
activities need to be included and what time period should be taken into account when 
allocating the GHG emissions due to clearance. Both the IPCC rules and the PAS 2050 
methodology include suggestions, but here it is only necessary to take the GHG emissions due to 
clearance into account when it takes place in direct relation of the production activities, like 
forestry or cropping. In practice this will rarely be the case. This means that there are no sound 
directions available in the LCA and PAS 2050 for allocating the GHG effects of clearing natural 
vegetation to provide grazing for meat production.9 

2 When land is converted to agriculture soil may be fertilized with manure or artificial fertilizer. The 
soil organisms will continue the process of mineralization and decomposition, which causes a slow 
but steady decrease in the organic matter content of the soil towards a new equilibrium.  

                                                            
9 The final version of PAS2050 recommends accounting for the direct land conversion of an land related activity over 
a period of twenty years. In a current study Blonk Milieu Advies is estimating the consequences of the GHG score for 
soybean cultivation. 
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3 The natural vegetation is removed and therefore the possibility of natural sequestration of carbon 
in the soil is blocked. 

 
Allocating the GHG effects of deforestation and land use change to a certain product when 
performing a Life Cycle Assessment therefore poses several problems. These problems arise because the 
function of an area of land may change over time. For instance, it may be used to grow crops and later 
used as a building site. Moreover, the timber may be sold and the financial benefits may not accrue to 
the next use of the land. The environmental effects of cultivation should be divided between these two 
(or three) uses. The two main problems encountered in doing this are: 
 

• Which time frame should be used?  
• Which distribution key should be used when the land has been used for a sequence of different 

purposes? 
 
To avoid these problems, an alternative approach can be followed in line with the LCA directions on 
quantifying biodiversity loss due to land use. One of these methods, which is not accepted yet, does not 
take the natural situation in the past as a reference, but the potential natural situation. In natural 
terrestrial ecosystems the plants sequester carbon and this may eventually be stored in the soil.10 This 
carbon sequestration potential of an area of land is removed when it is brought into cultivation. The lost 
potential carbon sequestration of the potential natural situation may therefore be used as a measure of 
the annual GHG emissions due to land occupation. This approach is further elaborated by Blonk et al. 
(2008b). 

                                                            
10 When plants or crops sequester carbon by photosynthesis, the carbon is sequestered solely in the living biomass. 
This however, only prevents the greenhouse effect if the dead plant biomass is stored in the soil. 
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4.  Breakdown of greenhouse gas emission scores for animal 
products 

 

4.1 A closer look at the GHG effect of animal products  
 
As described in Chapter 3, greenhouse gases are emitted during several stages in the production chain 
of meat products. In this chapter we take a closer look at the GHG effect of several processes. As can 
be seen in Figure 4.1, a main source of GHG emissions is enteric fermentation. It is responsible for the 
majority of the GHG score for meat products, especially for ruminants in extensive animal husbandry 
systems with a low growth rate and a high feed conversion rate.11 The main factors that determine the 
GHG score for the other (monogastric) animals, which are mostly kept in intensive animal husbandry 
systems, are the feed conversion rate, manure storage and manure application.  
 
An important factor in all animal production systems is feed production, largely due to nitrogen 
fertilization. The production of nitrogen fertilizers involves considerable GHG emissions (N2O as well as 
CO2) and after application soil bacteria produce nitrous oxide (N2O). The feed crops themselves are 
also processed and transported. The higher the feed conversion rate, the more feed is needed and 
therefore the share of emissions related to the production of feed crops is greater. The feed conversion 
rate of an animal also determines the amount of nitrogen excreted and the share of total emissions 
attributable to manure management. During storage and application of manure, greenhouse gases 
like methane and nitrous oxide are emitted. Although the type of feed can influence the GHG score of 
meat products, reducing GHG emissions by optimizing the raw material composition of feed is not as 
easy as it seems (Blonk & Hellinga 2006). 
 

 
Figure 4.1 Sources of GHG emissions for several meat products. 

 

                                                            
11 Ruminants live in symbiosis with bacteria that produce methane during enteric fermentation. 
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4.2 Modelling of GHG emission scores: attributional and consequential approach 
 
There are two main approaches to allocating the environmental burden to co-products in a production 
system: 
 

• the attributional approach, which aims to calculate the environmental burden of an existing 
situation under current market and regulatory conditions; 

• the consequential approach, which aims to calculate the environmental effects of a change in 
the system.  

 
The difference between these two approaches can be illustrated by making calculations of the GHG 
scores of feed. Feed is composed of many different raw materials. Generally speaking, these are whole 
grains and many co-products like oilseed meals, wet and dry milling products, etc. In an attributional 
approach the environmental burden of the co-products can be calculated by economic allocation.12 
When examining the environmental effects of a change in feed composition (consequential 
approach), one has to keep in mind what is actually changing in the production system. Excluding raw 
materials with a relatively high environmental burden from feed can diminish its attributed 
environmental impact, but may not change the total environmental impact in the wider global system. 
To study an actual change in GHG emissions not only does the allocated environmental burden have to 
be calculated, but also the actual change induced in the world production system. For example, if 
soybean meal is excluded from a feed, leading to a lower GHG score for the feed, you need to 
investigate whether this is likely to alter the world production of soybean meal and oil – as well as the 
substitute raw materials, of course. Insight into the world vegetable oil market is therefore required. In this 
case it is doubtful that anything would change other than a shift in end products. The attributed GHG 
scores would be reduced, but this will be offset somewhere else.  
 
This does not mean that lowering the attributed scores is not sensible. It can be useful in a situation in 
which you and your competitors have to account for your GHG scores, for instance for product 
labelling purposes. In this case you can argue that a change really has been made, at least for the 
group who are part of the labelling system. If this is not the case, and you want to contribute to a real 
reduction in the worldwide production systems, other options may be more interesting. To identify these 
options a consequential approach must be followed. 
 
Section 4.3 contains further details about the attributional approach that is likely to be used in a 
labelling situation. This question is dealt with for pork and veal. Section 4.4 examines the modelling of the 
greenhouse effect of pig production when the main goal is to define improvement options. 

4.3 Allocation at the slaughterhouse: the case of pork and veal 
 
Most people are not aware of all the applications and technical uses of co-products from animals, such 
as gelatine, pet food, porcelain, hair, leather, glue and animal fat as a feed ingredient. All these co-
products have an economic value. This means that when an attributional Life Cycle Analysis is 
performed, the environmental burdens of the whole preceding animal production chain are divided 
between the meat and its co-products according to the relative value of the products. In the case of 
pork, the economic allocation is based on the derived commodity prices of pig slaughter products. 
These are not the prices paid at the slaughterhouse, but the prices of the products as raw materials in 
the upgrading processes. These prices are not publicly available and were derived from an in company 
input/output analysis by the VION Food Group (Figure 4.2). The general impression is that in this case 
these derived commodity prices are a more accurate reflection of the social value than allocation at 
the slaughterhouse. 
 
                                                            
12 Other options are using a physical parameter like energy, protein content or mass, but because these allocation 
rules are mostly unsatisfactory economic allocation is usually used in practice. 
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Figure 4.2 Economic allocation between pig products after slaughtering 

 
Alternative allocation methods are using mass balances, caloric value balances and protein balances, 
which all allocate less of the total GHG score to meat than the economic allocation. Using the protein 
content as an allocation key may also deserve further consideration. In many final applications the 
protein content determines the product properties and final uses, examples being gelatine, hides, bone 
meal and blood meal. This is not the case for fat products. 
 
Table 4.1 Effects of different allocation methods on the GHG score for pork 

 kg CO2-eq./1000 kg 
Pig at slaughterhouse gate 2600 
100% allocation to meat fraction 4230 
System expansion (70% feed, 30% fuel) 3980 
Economic allocation: slaughterhouse based (98%) 4150 
Economic allocation: commodity based (89%) 3770 
Allocation by caloric value of components 2610 
Allocation by protein content of components 3010 
Allocation by mass of components 2600 

 
The economic allocation parameters for veal are presented in Table 4.2. The corresponding CO2 scores 
per kg of veal product are presented in Figure 4.3 (upper graph). If these parameters are not used and 
an equal value is used for all co-products of veal, the CO2 score decreases from about 6 to about 5 kg 
CO2/kg fresh meat (middle graph) and all the co-products will have the same score. If all the 
environmental burdens are allocated to fresh meat this results in a CO2 score of about 7 kg CO2/kg 
(lower graph). These examples show that the choice of the allocation method can have a large impact 
on the environmental scores for meat products. 
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Table 4.2 Allocation parameters for veal and its co-products after slaughter 

  kg/kg LW Euro/kg product kg x value 
     
Total 0.94   3.19 
Fresh meat 0.64 4 2.56 
Food-grade products 0.1 6 0.6 
Non-food-grade products 0.2 0.15 0.03 
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Figure 4.3 Effects of allocation parameters for veal and its co-products on the CO2 score (upper graph: 
economic allocation; middle graph: equal values; lower graph: only fresh meat has a value). 

 

4.4 Modelling improvement options for pig farming 
 
Calculating GHG effects for the purpose of identifying improvement options requires a more dynamic 
modelling approach. As stated earlier, the PAS 2050 method of calculating GHG scores takes an 
accounting approach. Looking for possibilities for improvement, though, requires insight into the 
causalities of changes, which in turn requires a more causal type of modelling. This has not been worked 
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out in detail, but to illustrate this approach we have broken down the GHG scores for the pork chain 
into parameters which determine the GHG score. 
 
 

 
Figure 4.4 Modelling improvement options for pork. 

 
 
The next step is to define and explore improvement options. For example, the excretion of nitrogen in 
manure determines about 15% of the GHG score due to the emission of N2O, which is related to the 
nitrogen flow in the production system after excretion. N excretion can be lowered by reducing the N 
input in feed and decreasing the feed conversion ratio. The N2O emissions due to N excretion can be 
reduced by taking measures at the pig sheds and manure storage facilities and altering manure 
application methods.  
 

4.5 GHG effect of land occupation: the case of beef production 
 
Brazil has become one of the main beef producing countries. Not only is the Brazilian beef industry 
expanding very rapidly, the production systems are changing as well. Most of the cattle husbandry is 
free range on extensive pastures without any supplementary feed. Some of these pastures are natural 
grasslands, but much of the pasture land are converted savannas or tropical forest lands. In 1996 there 
were about 178 million ha of pastures, of which about 100 million ha were cultivated. In 1970 cultivated 
pastures covered 25 million ha. The current area of cultivated pastures has been estimated at 130 
million ha and natural grasslands at about 70 million ha (César de Faccio Carvalho 2006). Although the 
production systems are intensifying at the moment, the productivity of the Brazilian beef production 
system is still very low in comparison with beef production systems in other countries. The average 
production per ha is 64 kg live weight. In comparison, productivity in Ireland is 450 kg LW per ha (Figure 
4.5 illustrates the differences in land occupation for Brazilian, Irish and Dutch beef production). This low 
growth rate of Brazilian beef is due to the low fertility of the soil, the climate and the management of 
the pastures. 
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Figure 4.5 Land occupation per tonne for different beef production systems 

 
In the case of Brazilian beef, land occupation and the allocated GHG emissions are therefore very 
relevant issues. However, the complexity underlying developments in this sector and in other global 
production chains make it very difficult to allocate emissions. It is too easy to argue that all deforestation 
in Brazil is due to meat production systems. Global demands for other commodities influence the 
development as well. 
Recent global trading statistics show that the prices of all kinds of commodities have been rising rapidly 
and the demand for vegetable oils and commodities for biofuel production, among others, is rising. In 
Argentina this development has caused a steep rise in demands for cropland, resulting in competition 
for land between crops and beef producers. It may now be more lucrative for many beef producers to 
grow crops instead (Deblitz 2004). Many beef producers in Brazil have sold their land to soy producing 
companies, not only in response to an increase in the demand for soy, but also to outbreaks of 
infectious animal diseases (e.g. foot and mouth disease) in the existing cultivated beef producing 
regions (Sabirovic 2005). Former pastures have therefore been converted into croplands as beef 
producers move to new areas with a smaller risk of animal diseases (Woods Hole Research Center 2007).  
 
To illustrate the effects of land occupation on the CO2 score for meat products under the proposed 
methods (see section 3.3.3) we must first quantify the emission factors (Table 4.3). These values were 
derived from the literature (Nabuurs 2002, Bos 2007). Note that these figures are not accepted yet. The 
degree to which these parameters affect the CO2 score can differ per meat type. This is illustrated by 
calculating the effects for beef from Dutch dairy cows and for chicken meat (Figure 4.6). Adding in the 
two defined emissions (blockage of carbon sink function and loss of soil organic matter) increases the 
GHG score for chicken meat by 65% and for beef by 13%. The difference is explained by the fact that 
only arable land is needed for producing chicken meat, while dairy cows also use grasslands, which 
were assumed to have a stable soil organic matter content. 
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Table 4.3 Proposed emission factors due to land occupation 

 Emission due to 
cultivation (above 
ground biomass) 

Emission due to 
blockage of sink 
function in cropland 

Emission due to soil 
carbon loss  

Kg CO2/ha/y Not defined 403 1650 
 

 

Figure 4.6 Impact of emissions due to land occupation on beef from dairy cows and on chicken meat 
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5 The development of an information network on greenhouse 
gas data 

 

5.1 Purpose and need for an information network 
 
The meat processing industry wants to respond to growing concerns about the environmental impacts 
of its products. These concerns can be clustered into two main topics. 
 
First, the production of meat protein is inefficient compared with the production of vegetable protein, 
which leads to an unnecessary high burden on the environment. The production of meat has major 
impacts on land use, land degradation, biodiversity loss, water use and the greenhouse effect. These 
can be alleviated by replacing meat with vegetable alternatives, increasing production efficiency and 
reducing environmental outputs. The growing worldwide demand for meat products implies the need 
for a major step forward in increasing the environmental efficiency of meat.  
 
Second, labelling products with their GHG score is seen by several parties in different countries as a way 
to stimulate consumers and producers to improve the performance of the GHG profile of products. 
Since meat has on average a relatively high score per kg of product, greater improvements will be 
required for meat products than for products with a relatively low score. 
 
Labelling products with their GHG scores may not be feasible in the short term. However, the GHG 
scores for animal products are becoming more widely known, which feeds concern about the 
environmental impact of meat production. Recently the Dutch government commissioned a study on 
the environmental aspects of replacing animal protein products with substitutes. This study may initiate 
further policy development on this subject, which in turn may lead to government action to alter Dutch 
consumption patterns. 
 
The concern about the GHG emissions from meat production should be dealt with in an appropriate 
way. Other industries have shown that an effective strategy may be to become a direct or indirect 
provider of trustworthy information. As has been shown in this study, calculating GHG emissions of meat 
products is rather complex and the results are heavily influenced by allocation and system boundary 
issues. Moreover, many incorrect and misinterpreted data are used not only by some critics but also in 
scientific publications. A striking example of this was the ‘scientific’ fact sheet on meat production 
compiled for the Dutch Party for the Animals (Partij voor de Dieren) by the Nicolaas G. Pierson 
Foundation. This stated that excluding meat from our menu would lead to a reduction of 2.3 kg CO2-eq. 
per person per day. On the national scale that would mean a reduction of 14 Mt CO2 equivalents per 
year. This estimate appeared to be way too high. Blonk et al. (2008) showed that a diet with one meat-
free day a week would result in a maximum reduction of 1.2 Mt per year. However, when the Piersen 
Foundation study was published at the end of 2007 the Dutch scientific community hardly responded 
and was not able to demonstrate the inaccuracy of this estimate. Neither did the Dutch meat industry 
have the figures at hand to show that the conclusions were not right. 
 
To put the discussion about GHG emissions and inefficient protein production in the right perspective it is 
necessary to create a common shared knowledge base. In the past this has been done rather 
successful by several industries which had to counter claims based on wrong or incomplete information. 
In the case of meat it is especially important that the industry takes the lead in defining the complexity 
of the production chain and the many allocation options. At the moment information about meat 
production is not clear to outsiders because of a lack of transparency. 
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5.2 Lessons learned from other sectors 

5.2.1 In general 
Several other industries have countered deceptive environmental claims by providing trustworthy data 
backed by informative case studies. In this section we briefly examine three such examples. 
 

• The European plastics industry 
• The worldwide aluminium industry 
• The worldwide steel industry  

5.2.2 The European plastics industry  
The use of plastics was a major concern in the late 1980s and early 1990s. The longevity of plastics in the 
environment after disposal was seen as a threat and the ‘natural’ alternatives paper and cardboard 
were deemed to have a much better environmental impact. Paper is degradable in natural conditions 
and in the public opinion it must therefore be environmental friendly. Besides, the public became 
irritated by the apparently excessive use of plastic packaging. The plastic ‘throwaway’ shopping bag 
became the symbol for the wasteful society. Specific concerns were raised about toxic emissions during 
production and waste incineration of some plastics, especially the chlorinated plastics like PVC and 
PVDC, and about the use of highly toxic chemicals in the production of plastics like polycarbonate.  
 
After the usual period of denial, the plastics industry responded in four ways.  
First, they produced eco-profiles for the most important plastics produced in Europe.13 These profiles 
contain representative average environmental figures for the European industry and were compiled by 
an expert consultant, Ian Boustead.14 The methodology and the compilation of the figures is well 
documented and sufficiently authoritative for the scientific community. For example, the figures have 
been included in the ecoinvent LCA database, which is the most consulted dataset for LCA in the 
world. This is remarkable since the allocation rules applied in the dataset provided by the plastics 
industry is not fully consistent with the other data in the ecoinvent database. Despite this, the data are 
considered to be the best and most reliable for plastics production. 
 
Second, the plastics industry commissioned several studies that compared the environmental impacts 
of plastics and alternative materials over their total life cycle. These studies showed that, from a life 
cycle point of view, many plastics applications were preferable to alternatives. This helped to alter the 
way plastic packaging and plastic bags are viewed, at least among experts and decision makers.15 This 
does not mean that the debate about plastic grocery bags is now over. For instance, in spring 2007 the 
Board of Supervisors of San Francisco intended to ban plastic bags in favour of paper alternatives. In 
reaction to this, the American Plastics Council commissioned a review of recent studies on this topic. 
Almost all the environmental information used in these studies was obtained directly from the European 
plastics manufacturers or indirectly via the Boustead study. The conclusions were quite clear: banning 
plastic bags was not the way to improve the environmental performance of shopping.16 
 
Third, they built a website where the curious investigator or stakeholder can find environmental 
information about plastics. Most environmental scores are freely accessible and the methodology 

                                                            
13 (http://www.plasticseurope.org/Content/Default.asp?PageID=1170) 

14 (http://www.boustead-consulting.co.uk/) 

15 However, preventing wastage is always beneficial from an environmental point of view. 

16 See http://cygnus-group.com/use-less-stuff/Paper-and-Plastic-Grocery-Bag-LCA-Summary-3-21-08.pdf. In the same 
period the European trade organization Eurosac released the results of an LCA which showed that paper bags were 
preferable to plastic bags from an environmental point of view.  



23 
 

applied is well documented and downloadable. Data and background documents are regularly 
updated.  
 
As a result of these efforts, in many countries plastic production and consumption as such is no longer 
an environmental issue. The plastics industry is pro-active in the dissemination of environmental data 
and has ensured that its data are included in the most widely used LCA database, backed by an 
authoritative consultancy on the subject. We may therefore conclude that they have adequately dealt 
with the issue.  

5.2.3 The worldwide aluminium industry (International Aluminium Institute) 
The International Aluminium Institute (IAI) has 25 member companies worldwide. At present the 
membership is responsible for more than 80% of world primary aluminium production and a significant 
proportion of the world's recycling production.17  
 
In the late 1980s and early 1990s the aluminium industry had to deal with public concern about its 
negative environmental performance during production, in particular the land take for bauxite mining 
and the high electricity consumption in primary aluminium production. Compared with other materials, 
primary energy use and the GHG effect per kg material is very high. Moreover, in the late 1990s GHG 
emission targets were imposed on the industry since aluminium production plants are large facilities that 
often make a significant contribution to national GHG emissions.  
 
During the 1990s the aluminium industry supported research which showed that using aluminium is often 
a part of the solution for reducing energy use and GHG emissions. Independent researchers came to 
the same conclusion. Aluminium can be preferable to other materials when weight is an important 
factor for the energy use of a product (transportation, packaging) and when the recycling rate is high 
(the energy input for the production of secondary aluminium is a fraction of the use for primary 
production from bauxite). A life cycle perspective was necessary to draw these conclusions. In the mid 
1990s the industry started to provide public statistics on energy use and recycling rates per country and 
per continent and provided life cycle information on the environmental aspects of aluminium 
production. This information has now also been incorporated into the ecoinvent database. 
 
he share of hydropower in the electricity mix has a great effect on the fossil energy and GHG scores for 
aluminium.  The aluminium industry claims that most of the hydroelectricity has been developed 
exclusively for its own use and should be allocated accordingly in their electricity mix. This is debatable 
though, especially for countries where electricity demand is growing and rainwater is in short supply. In 
several countries metal production is hampered by insufficient rainfall, which has led to lower 
hydropower production and competition with residential use. Allocating hydropower to aluminium 
production leads to a higher GHG emission profile for other purposes in the same country.  
 
Without going further into the details of the allocation problem, we can conclude that the aluminium 
industry has succeeded in disseminating their data and managing the discussions on energy use. Now 
there is hardly any discussion on the energy content and embodied GHG emissions (carbon footprint) of 
aluminium.18 

5.2.4 The worldwide steel industry 
The International Iron and Steel Institute (IISI) is an important representative body for the global steel 
industry. IISI represents approximately 180 steel producers (including 19 of the world's 20 largest steel 
companies), national and regional steel industry associations and steel research institutes. IISI members 
produce around 75% of the world's steel (excluding China) and the growing membership in China now 
accounts for over 20% of Chinese production.19  
                                                            
17 (http://www.world-aluminium.org/About+IAI/Our+work) 

18 For further information on their communication on sustainability, see http://www.world-aluminium.org/Sustainability. 

19 http://www.worldsteel.org/?action=storypages&id=13. 
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Since steel is one of the most used materials in the world and its production is relatively energy intensive, 
the sector is quite prominent in world energy and GHG statistics.20 It is noted for implementing a number 
of efficiency improvements in production processes and has a long history of studying options for 
reducing energy inputs and GHG emissions. Like aluminium, there is a huge difference in energy use 
and GHG emissions between primary and secondary (from scrap metal) production. 
 
The steel industry provides custom-made LCA data in which recycling rates are linked to applications 
and production countries. It uses its own specific methods for determining recycling rates and allocating 
primary and secondary production and has conducted and published scientific research on this topic. 
To obtain LCA data applicants must fill in a form indicating the purpose for which the data will be used. 
 
The steel industry’s data have not yet been incorporated into the ecoinvent database, but are often 
used in LCA studies. 

5.2.5 Conclusions 
A striking example of the success of the management of environmental LCA information by industries is 
the recent study by Sevenster at al. on a CO2 tax for packaging materials in the Netherlands (Sevenster 
2007). Industry data were used in nearly all cases, despite the fact that these data were not always 
consistent and that some data sources were not publicly available.21 
 
Providing LCA information on the production of commodities and on relevant case studies is a 
successful strategy in situations where the public may come to conclusions and make negative 
decisions about products. It is better to take part in the decision-making process and to be part of the 
solution. 
 
Two conditions are important: there must be a central organization, a platform for information 
management like a trade association, and the data and studies provided must be of sufficient quality 
to be accepted by the scientific community and LCA practitioners. This makes it important to call on 
external expertise from universities or consultancies, or at least to commission external reviews. 
 
 

5.3 Lessons learned from the Dutch packaging covenant 
 
The previous section explored how to become a recognized source of environmental data. However, it 
is not unthinkable that a situation will arise in which the government proposes a policy of substituting 
vegetable products for meat and dairy products. A similar situation arose in the early 1990s around one-
way and multiple packaging systems. The ‘packaging covenant studies’ carried out between 1992 and 
1994 provide much useful information on how such policies may be developed and why they may 
succeed or fail in practice.  
 
If a multiple-use packaging system (like returnable bottles) is preferable to a one-way packaging option 
from an environmental point of view, the industry must use this system unless there are serious 
commercial barriers. This was the starting point for 14 LCA studies for several products like soaps and 
detergents, oils, fats, milk and conserved products. These studies were performed by universities and 
consultants and peer reviewed by scientists. NGOs were invited to participate, but only the Dutch 
consumer organization Consumentenbond was involved in the process.  
 
The conclusions of most of these studies were that the environmental impacts of multiple-use packaging 
were favourable. However, the commercial implications were too great to make the switch. But as a 

                                                            
20 The steel industry is the largest energy consuming industry in the world. 
21 Which is questionable for a study like this.  
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result of the process the packaging industry accelerated its efforts to increase recycling rates and 
develop innovative ways to diminish material use per functional unit22.  
 
An interesting outcome of the process was that the value of the output from the various LCA studies was 
not proportional to the amount of time and effort put into them (the biggest cost about 20 times as 
much as the smallest). It was even often the case that the larger and less interactive studies produced 
fewer scenarios, whereas the number of scenarios is an important factor in reaching a consensus. 
Interactivity in performing comparative studies is very important for obtaining an accepted result that 
commands broad support in an efficient way. If comparative studies of environmental aspects of 
animal products and vegetable alternatives are part of a future transition process initiated by the Dutch 
government – which is not inconceivable – sufficient interactivity and consensus building during the 
research stage will be at least as important as the quality of the data and methods used.  
 

5.4 Environmental data communication in issue management 
 
The meat industry must effectively manage its environmental data if it is to be involved in research and 
policy making on environmental innovations in meat and protein consumption. This strategy is part of 
issue management. 
 
Every organization will have to manage a range of issues arising outside the organization that affect in 
some way the strategic direction, business or mandate of the organization. Issue management is about 
facing up to the unpalatable, addressing issues at an early stage, building the networks which will 
deliver information and influence, understanding exactly where the opposition is coming from and 
doing something about it early enough to make a difference. In the absence of effective 
communication, many issues will either not be resolved or perceptions that they have not been 
remedied will linger long after the situation has changed or been resolved. Unmanaged issues, whether 
external or internal, can make life very difficult for an organization (see Figure 5.1). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5.1 Issue development life cycle with and without purposeful issue management (Van Mil 2007) 
 
The inefficiency of meat protein production is a major public concern. This issue is currently in the growth 
phase and is linked to the widespread public disquiet about animal welfare and the loss of natural 
habitats and species in the world. The current attention to GHG emissions and meat production may be 
temporarily, but it should be seen as an entry point to managing the licence to produce in relation to 
these major topics. Although the focus on the GHG effects of meat production and consumption may 
                                                            
22 However, this does not mean that use of packaging materials is minimized.  
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not be as logical as Dutch figures suggest (see Chapter 2), not managing the issue may lead to growing 
public concern about the environmental impacts of meat. 
 
As studies on the environmental benefits of meat substitution are also to be expected in other countries, 
the issue should preferably be managed at the European level. The logical party to organize and 
implement a strategy would be a European trade organization on meat production and processing. If 
no organization is ready for this task, the initiative could be taken by a coalition of several meat 
processing industries. 
 
An initial database of environmental data on meat products for the Netherlands has been compiled by 
Blonk Milieu Advies as part of a comparative study of protein products for the Dutch government. These 
data are collected from public and industrial sources. The database is based on a customized Life 
Cycle model. The results, an extensive Excel spreadsheet have been made available to the Netherlands 
Environmental Assessment Agency (PBL) and the members of the Foundation for Sustainability in the 
Food Chain (DuVo) working group on meat. 
This is therefore a source of data on meat for both the industry and policy makers, which is a good 
starting point for developing an information network.  
 

5.5 Recommendations for an information infrastructure 

5.5.1 Elements of the design of an information infrastructure  
Setting up, launching and maintaining an infrastructure for providing environmental information involves 
several activities. In this section we briefly describe these elementary activities. The next section looks at 
possible ways of managing information exchange and dissemination. 
 
1. Defining a protocol for calculating GHG scores 
First it is necessary to draw up a protocol which enjoys sufficient support from the scientific community 
and stakeholders. A useful starting point could be the BSI PAS 2050 protocol. This is a specific elaboration 
of the LCA methodology, which is the subject of several ISO standards. The BSI 2050 standard is meant 
for the UK, but will probably be upgraded to a European standard.  
 
Some additions will have to be made to PAS 2050 for it to be used as a standard for meat products. 
These additions are: 
 

• Applied data sources, both from industry and national statistics 
• A more detailed allocation methodology 
• System boundaries 
• Applied IPPC GHG emission models (country specific or general principals)  
• Mandatory and optional GHG calculations (how to deal with land use and land conversion ) 

 
This study provides many ideas and suggestions for developing a supplement to the protocol for meat 
products. 
 
2. Validation of the protocol 
The methodological suggestions (or prescriptions) in the meat-specific protocol should be validated by 
scientific and industrial experts; it must be sound and practical. A possible option is to incorporate the 
method as a case study for further development of the standard, but that will be of later concern. As a 
start, it will be enough that validation is done by an expert team. 
 
3. Acquisition of data 
Calculating the GHG score of a meat product requires a combination of public and industrial data. 
Many generic data on background processes like energy and packaging data can be acquired from 
public sources. Specific data about the meat industry itself, such as slaughterhouse data, are only 
available from the industry. Between these two extremes are two types of relevant data sources: 
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• Representative data on husbandry used for making model calculations of the greenhouse effect. 

These include data on feed conversion rate, type of livestock shed, feed type, animals per 
hectare, N excretion per animal, methane emissions per animal and so on. They have to be 
collected from several sources, often national animal husbandry statistics and national inventory 
reports on the greenhouse effect compiled for the IPCC. 

• Data on feed raw materials production. These data are compiled by combining country statistics 
on crop yields, fertilizer use (several FAO statistics) and GHG emission factors (NIRs), with specific 
data on average processing of these raw materials, like oil crushing, dry milling and wet milling.  

 
Both these categories of data take time to collect and compile. During the last four years Blonk Milieu 
Advies has developed a model and a database on animal husbandry and feed raw materials 
production. This provides a starting point for making calculations for average meat products, as in the 
comparative study of animal and plant proteins (Blonk et al. 2008). To perform more specific 
calculations, the database will have to be improved and expanded by combining it with other 
databases, such as that held by Wageningen University and Research Centre (WUR), and filling in 
missing data. 
 
4. Validation of data  
The industry data and the data on husbandry and feed raw materials listed above should be validated 
before being made public. As the data on husbandry and the industry allocation data (slaughtering) 
will in many cases largely determine the outcome, the validation process can be streamlined. This 
validation will initially take some effort, but once the system is running and the core data have been 
validated, only the specific data from the producers will need to be validated, which will not be a very 
time-consuming job. 
 
5. Calculation of GHG scores 
Methods and data need to be combined in a calculation tool. The calculations in this study were made 
with a tool which was also used for the study by the Dutch environment and agriculture ministries. The 
results of this study are available in an Excel spreadsheet. The tool needs further validation for labelling 
purposes and needs to be adapted for use by non-experts, if desired. 
 
Although this study is a good starting point for calculating GHG scores for meat products, the underlying 
methodology, the data used and the model will have to be validated if the results are to be accepted 
by European industries. This means that activities 1 to 4 will probably lead to adaptation of the existing 
tool. Nevertheless, the adaptations are likely to be minor and the overall structure and content of the 
calculation tool will probably not change much. However, making the tool more user friendly and 
linking it to periodically updated background data will be more difficult. The need to do this will depend 
on how and for how long the data and GHG scores are to be disseminated. As the plastics, aluminium 
and steel examples show, environmental data on products will probably need to be disseminated for a 
period of at least ten years. Investing in a user and maintenance friendly data tool might therefore be 
worth the effort. 
 
6. Validation of calculations 
When the tool and the protocol have been validated, the results should automatically be correct. 
However it may be useful to have the first calculations validated by external experts. This can be done 
for some important core products produced in different countries, such as pork, chicken and beef at 
the carcass level. Once these products have been validated and the outcomes are correct, they can 
be made publicly available and will provide a thorough basis for further calculations of processed and 
composite products. 
 
7. Disseminating GHG scores 
The three examples of environmental data dissemination by trade organizations described above are 
very similar and the approaches they took could be followed. These organizations made their 
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environmental LCA data and LCA studies available via a website and directly to experts who compile 
and maintain databases like the ecoinvent database. They also provide information on the methods 
used. As an additional service the steel industry provides customized information according to 
specifications provided by the applicant. The examples of the plastics, aluminium or steel industries 
could simply be copied, but the dissemination of GHG data by the meat industry may need a different 
approach. Some ideas are explored in the next section. Whatever the approach taken, it is important 
that activities 1 to 6 are incorporated into the strategy. Moreover, these activities may need to be 
adapted if a more static, one-way data exchange process is used instead of a more interactive system 
of information exchange. 
 
8. Maintenance of the information system 
Several attempts to develop environmental information systems for food products have stranded 
because there was no real owner of the system, maintenance was too expensive or too little use was 
made of it. To avoid these problems, a business plan should be made in which the development and 
maintenance costs and the revenues are thoroughly analysed. One of the pitfalls is to try to develop a 
system that can deliver everything on demand.  
 
9. Involving parties in development 
Ideally, the meat industry should take the lead in developing the system, but the involvement of other 
industrial partners like the feed producers and feed raw material producers (e.g. oil crushers and milling 
industry) would be desirable, or even necessary, because data on feed production are a major input to 
calculating the GHG scores of meat. 
 
An information system can be built for each type of animal or for groups of animals. The latter option is 
better for obtaining consistent results. A practical solution might be to start with the main animal meat 
types (beef, pork and chicken meat) and arrange to include information on the other animals at a later 
date. This also applies to the countries involved. A European system is the ultimate goal, but it may be 
more practical to start with four or five countries. Denmark, the UK and Germany may be logical 
partners to launch such an initiative. 
 
The first step in making a business plan is to assemble a coalition of the main industrial partners who will 
develop the information system and also arrange for the necessary scientific backup from universities 
and expert consultants.  

5.5.2  Some ideas for information dissemination 
Opinions on environmental issues and public concern about the sustainability of animal production will 
not be changed by protocols and the methods for disseminating environmental information described 
above. Although it is important to develop formal routes for compiling and disseminating environmental 
data, this in itself will not have an effect on public opinion in the short term.  

An informal environmental information structure can be created efficiently and effectively by using 
internet and the possibilities for interaction it offers. Wikipedia is an inspiring example of how a less 
formalized information gathering process can result in an enormous repository of information. But would 
a Wikipedia-like option be useful for gathering and exchanging environmental data on animal 
production? The key question is whether the information in Wikipedia is accurate. Information that the 
majority of users take to be correct may be only partly objective and partly an interpretation of facts. 
Wikipedia currently contains a page on the environmental aspects of meat production.23 The second 
paragraph contains the following statements: In tracking food animal production from the feed through to the dinner table, the inefficiencies of meat, milk and egg production range from a 4:1 energy input to protein output ratio up to 54:1.[4] The result is that producing animal‐based food is typically much less efficient than the harvesting of grains, vegetables, legumes, seeds and fruits, though 
                                                            
23 http://en.wikipedia.org/wiki/Environmental_effects_of_meat_production 
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this might not be largely true for animal husbandry in the developing world where factory farming is almost non existent, making animal based food much more sustainable.[citation needed]. 
Let us look at these ‘facts’. The energy to protein ratio is taken from a fact sheet by Pimentel from 1997, 
which makes the data at least 11 years old. In the same fact sheet Pimentel mentions that the energy to 
protein conversion ratio for chicken is 4 : 1 and for grain production is on average 3.3 : 1. This is 
important information since it would imply that there is a great range in the energy input / protein 
output ratio, and at the lower end of animal production the ratio overlaps with arable production. This 
overlapping range in animal and vegetable products was also found in the study for the Dutch 
environment ministry (Blonk et al. 2008). 

The next sentence reveals a preconception of the writer: in the developing world animal production 
may be more sustainable since there is no factory farming. The studies by Blonk et al. (2008) and by 
Steinfeld et al. (2006) show that the GHG scores for several beef and dairy farming systems are lower if 
production per hectare increases. However, the Wikipedia author still has to supply a reference to 
evidence that supports his or her claim.  

This passage clearly illustrates that the Wikipedia article on the environmental effects of meat 
production is not entirely accurate and up to date. It is probably safer to consider the facts and figures 
on environmental issues in Wikipedia to be more a reflection of the commonly held beliefs and 
understanding about the topic. In other words, the correctness of the information on Wikipedia might 
be an indicator of the effectiveness of information provision and dissemination on environmental topics. 

Developing a more controlled but still highly interactive environment for compiling and disseminating 
information may still be an interesting possibility. One option could be to create an environmental 
benchmark on animal and vegetable production which challenges users to share their knowledge of 
the subject. 

5.5.3 Recommendations 
It is important to ensure that the debate on possible and desirable actions is fed by common shared 
information on the environmental implications. With regard to GHG emissions there is a need for more 
realistic and reliable data on animal production systems. The meat and dairy industry can learn from 
earlier industrial initiatives for collecting and disseminating data, but the way these data information 
services were set up may not be entirely appropriate at this time. The dissemination of information and 
the evolution of public opinion and consumer action are now dominated by open sources like the 
internet. We therefore recommend a threefold approach. 
 
First, the formal approach of standardizing the calculation of GHG emissions must be initiated by 
assembling an international forum of experts and industries to acquire data and develop methods. This 
work should be embedded in the process of developing formal GHG product standards like the BSI 
standard PAS 2050 and the European standard that will probably be based on it. Linkage with the 
development of LCA methodology in general is also important. The aim is to draw up international 
guidelines and basic data for calculating the GHG emissions of animal products. We recommend 
taking the necessary follow-up actions to assess support for developing an environmental data 
infrastructure with possible international coalition partners. The further development of methods should 
include case studies on pork, beef, veal and chicken meat should be conducted with an international 
expert team to further develop and harmonize methods. 
 
Second, in the meantime, the meat and dairy industry can already take the lead in collecting and 
disseminating the data required to make GHG calculations. It can also develop specific 
methodological solutions to feed into the formal standardization procedure. This pro-active approach is 
needed because managing the environmental effects of animal production systems is now moving into 
the policy arena in different European countries. Realistic and adequate data on animal production 
systems are crucial for ensuring that the right policies are adopted and carried through. This should start 
with a thorough and public assessment of the animal production chains. 
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Third, a strategy must be developed to make the industry a serious partner in the open source 
information network on the internet. This could be achieved by developing interactive websites that 
provide genuine information and benchmarks for animal and vegetable products. These websites 
would invite comment and discussion by presenting detailed comparisons between animal and 
vegetable based products. The site should encourage interactive participation by allowing visitors to 
perform recalculations using standard data and their own data and make suggestions and comments 
on underlying assumptions and data. It would be essential to respond rapidly and accurately to these 
reactions, for instance by revising the results in the light of new information.  
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Appendix 1 

 
Methodological issues and proposed solutions for calculating the greenhouse 
gas scores for meat  
 
 
1.  Introduction  
 
In summer 2007 the Foundation for Sustainability in the Food Chain24 set up a working group on meat 
and sustainability issues. The Foundation members participating in this group are: 
 

• VION Food Group (producer of beef, pork, animal based food, feed and technical ingredients) 
• Van Drie Group (producer of veal and calf-related products ) 
• Nutreco (feed) 
• Cehave (feed) 
• Unilever (processed meat products)  
• Albert Hein (retailer) 
• CBL (Dutch retailers trade organization) 
• ZLTO (Dutch farmers organization) 

 
A study was launched on the greenhouse gas (GHG) emissions of meat products with the following 
aims: 
 

• To provide insights into calculating the GHG emissions and scores for meat products 
• To identify methodological issues that affect the outcome of GHG calculations 
• To propose some solutions for the main methodological issues  
• To define a follow-up process for collecting and disseminating GHG emissions data on meat 

production 
 
We want to test our ideas about the proposed methods for use in this project by asking some experts for 
their opinions. We would therefore like to ask you the following questions: 
 

1. Do you agree with the methods used and the identified methodological issues? 
2. Have we omitted any issues, and if so, which ones? 
3. Which alternative methods do you propose? 
4. Are the results familiar or do they surprise you (and why)? 

 
We aim to proceed with an international coalition of researchers and industries and would like to know 
if you are interested in joining this project and whether you are involved in a similar process. We would 
also like to know which other initiatives in your own country (or other European countries) might be 
relevant. 
 
This paper presents the results for some meat products obtained using the proposed working methods 
and a discussion of the effects of the main methodological issues. The results for beef, veal, pork and 
chicken meat are presented and compared with results from previous studies. Finally, a proposal is 
made for the follow-up process to develop an environmental data infrastructure for some European 
meat producing countries. 

                                                            
24 The members of the Foundation are: Albert Heijn, Avebe, Campina, Cehave Landbouwbelang, Cosun, CSM, DSM, 
The Greenery, Heineken, Heinz, McDonald’s, Numico, Nutreco, SaraLee/DE, Unilever. 
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2. Results: outcome of the calculations and effect of methodological issues 
 

 
Figure A.1 Breakdown of GHG scores for Dutch meat products 



35 
 

 
Table A.1 Effect of methodological issues on the results  

 Methodological issues in 
calculating GHG scores 

Irish 
beef 

Beef 
from 
dairy 
cows 

Veal Pork Chicken 
meat 

General issues (1) Allocation rules for co-production      
(2) System boundaries for animal and 
vegetable production 

     

(3) Selection of (background) data       
(4) Cut-off criteria: which processes 
need to be included  

     

(5) Land use and land conversion      
(6) Background GHG emissions      

Feed (crop growing 
and (co-)processing 
of crops 

Contribution to GHG effect of meat 
product 

8% 11% 20% 30% 40% 

(7) Allocation of fertilizing in rotation 
scheme 

0 0 + + + 

(8) Including/excluding manure 
application 

+ + + + + 

(9) Modelling of N2O emissions ++ ++ ++ ++ ++ 
(10) Organic matter in soil (losses) + + + ++ ++ 

Farm Contribution to GHG effect of meat 
product 

87% 75%  42% 30% 

(11) CH4 enteric fermentation +++ +++ ++ + + 
(12) CH4 and N2O emissions from 
manure storage 

+ + ++ ++ ++ 

(13) CH4 and N2O from manure 
processing 

+ + + + + 

(14) N2O emissions from manure 
application 

++ ++ ++ ++ ++ 

Slaughterhouse Contribution to GHG effect of meat 
product 

0.5% 2.5%  4% 6% 

(15) Allocation rules ++++ ++++ ++++ ++++ ++++ 
Meat processing Contribution to GHG effect of meat 

product 
Not 
defined 

Not 
defined 

Not 
defined 

Not 
defined 

Not 
defined 

(15) Allocation rules ++ ++ ++ ++ ++ 
Transport Contribution to GHG effect of meat 

product 
3.5% 5.5%  16% 14% 

(16) Transport data and modelling 0 0 0 + + 
DC/Retail Contribution to GHG effect of meat 

product 
1% 6%  8% 10% 

(17) Allocation of energy use 0 + + + + 

 
3. Description of methods, issues and solutions 
 
3.1  General approach 
 
The draft BSI standard PAS 2050 (February 2008) was used as general framework for performing the case 
studies. PAS 2050 can be seen as a focused LCA protocol for GHG calculations over the life cycle of a 
product to produce a score which can be used for labelling purposes. The absolute values are 
therefore relevant, which means that some freedom of choice in the methods contained in the LCA 
guidelines has been restricted and the ISO standards have been elaborated. 
 
The choice for economic allocation, the proposed method for including the greenhouse effect of land 
conversion and the choice of data sources could be disputed. However, the draft PAS 2050 is not very 
specific on how to deal with some dilemmas relevant to meat production and agricultural production in 
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general. Additional assumptions therefore need to be made when using the PAS 2050 for calculating 
the GHG scores for meat products. 
 
We explain the method used in our study by discussing the methodological issues in the order in which 
they are listed in Table A.1. 
 
1. Allocation at co-production  
Many processes in the meat and dairy production chain produce more than one product, for example: 
 

• Crop growing (wheat and straw) 
• Crop processing (oil and meal, flour and bran, etc.) 
• Husbandry (milk, cows and calves for fattening ) 
• Slaughtering (carcass and a whole package of by-products, organs, hide, blood, etc.) 

 
When the resource flow of a raw material is split into several flows, of which only one becomes part of 
the product under study, an allocation rule is required to determine which part of the environmental 
burden of the upstream flow has to be accounted for. In this study we followed the recommendations 
of PAS 2050 and divided the environmental burden between the outgoing flows according to their 
relative economic value. If an oil crusher earns 65% of its income from selling soybean meal and 35% 
from selling soybean oil, the environmental burden of growing, transporting and crushing soybeans is 
divided accordingly. If 1.25 kg soybeans are required to produce 1 kg soybean meal, the proportion of 
this environmental burden that is allocated to the soybean meal is 1.25 x 0.65 = 0.81. (For crude soy 
bean oil it is 5 x 0.35 = 1.75.) 
 
An alternative method for dealing with this problem is system expansion. For soybean meal production, 
this means that the total environmental burden of cropping, transportation and crushing is taken into 
account, but for the crude soybean oil production the alternative production that would otherwise 
have taken place is calculated. This alternative production may have been rapeseed oil, for example.25  
 
Economic allocation is the most common method in attributional LCA, which aims to calculate scores 
for an existing situation. System expansion is the most appropriate method in consequential LCA, which 
aims to calculate the impacts of changes in the system. In this study we used the economic allocation 
method, except for the problem of dividing the effects of manure application between animal and 
vegetable production (point 2). Allocation was based on commodity values or accounted commodity 
values. This is further explained in point 14. 
 
2. System boundaries of animal and vegetable production (allocation of the benefits and costs of 
manure application (also see point 8)  
Manure is applied in vegetable production. Manure arising from livestock husbandry for meat 
production may be: 
 

• used in on-farm feed production, 
• transported to arable farmers where the manure is used in another production system (off-farm 

application of manure), or 
• both of the above. 

 
We tried to formulate an allocation rule which does not make a distinction between these manure 
management situations and defined the following two solutions: 
 

                                                            
25 In turn, this is co-produced with rapeseed meal, for which an alternative production also has to be defined, and so 
on. This implies that this method involves an endless iteration, but some cases have been compiled which show that 
there are mathematical solutions to this problem. 
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1. Avoiding allocation by using the N fertilizer working coefficient. This was done by determining 
which part of the nitrogen in the manure is effectively used and which part can be considered 
as ‘waste treatment’. 

2. System expansion which includes all the effects of manure application minus the avoided 
fertilizer production and application. 

 
Economic allocation was not an option due to the negative economic value of manure in the 
Netherlands. 
 
To avoid allocation we used the ‘official’ N fertilizer working coefficient of 60%, which means that 40% of 
the application of manure originating from the animal system under study was attributed to the meat 
production system. Therefore, 40% of the energy used for manure application and 40% of the N2O 
emissions during manure application were included in the calculations. However, when manure is used 
during feed cropping, 100% – 40% = 60% of the emissions caused by manure application were 
accounted for. This means that for husbandry systems in which feed is grown on the farmer’s own land, 
100% of the effects were included in the calculations. 
 
In the system expansion method we allocated all GHG emissions due to manure application to the 
animal production system under study and subtracted the avoided production and application of N 
fertilizer. This latter amount was determined by also using the ‘official’ N fertilizer working coefficient. 
Where the manure produced was used as a fertilizer for other agricultural production, 40% was included 
in the calculations; where the manure was used for feed production, 60% was calculated for fertilizer 
avoidance.  
 
The differences between the system expansion and avoiding allocation methods appeared to be 
rather small (average about 5%). However, the effect on the outcome will be larger if the nitrogen 
efficiency of manure application is greater. 
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3. Selection of data sources for ‘background’ processes 
Energy, fertilizers and packaging materials are the main inputs into the production system which make a 
visible contribution to the results. The choice of data source for these processes can therefore have an 
effect on the outcome. In an earlier study to develop a protocol and GHG calculation tool for 
vegetable products, we screened and compared several data sources: 
 

• ecoinvent 2008 for electricity, fertilizers, fuels, plastics, paperboard, steel and aluminium 
• APME data for plastics (Boustead) 
• several industry sources (Kongshaug) and sector reports (Davis and Hagelund) for fertilizer data 
• OECD data on electricity production  
• industrial data from the global trade association for steel 

 
For the time being we have compiled some average values from the different sources, fitting best for 
the represented countries or the estimated materials recycling rate . This will need to be reconsidered at 
a later stage. 
 
4. Cut-off criteria 
At this stage we did not perform an in-depth analysis to define which processes and activities need to 
be included or excluded because they were expected to make a relatively small contribution. The 
table below shows the processes that were included in and excluded from the standard calculations. It 
is estimated that the excluded processes amount on average to 5% of the GHG score per kg of end 
product and that therefore the final score is about 5% lower than the actual effect. 
 
Table A.2 Cut-off criteria 

 Included  Excluded 
Crop growing Use and production of N, P, K fertilizers 

Use of manure (see 2) 
Use and production of energy 
Direct and indirect soil emissions from N 
Soil emissions of histosols 

Use and production of lime 
Capital goods (sheds, roads, etc.) 
Production of machinery, tools 
Costs of living (farmer) and labour 
Loss of refrigerants  

Processing of crops Energy use (production incl.) 
Use of fossil materials 

GHG production cost for other 
materials use than crops 
GHG from production of capital goods 
Loss of refrigerants 

Husbandry Energy use (production incl.)  
All IPCC sources for N2O en CH4 

emissions 

Capital goods (sheds, roads, etc.) 
Production of machinery, tools 
Costs of living (farmer) and labour 
Loss of refrigerants 

Slaughterhouse Energy use (production incl.)  
Packaging use 

GHG production cost for other 
materials use than animals 
GHG from production of capital goods 
Loss of refrigerants 

Meat processing Energy use (production incl.) 
Packaging use 

GHG from production of capital goods 
Loss of refrigerants 
Other inputs of raw materials 

DC and Retail Allocated energy use for meat 
department in retail 

GHG from production of capital goods 
Loss of refrigerants 

Transportation (between all 
stages) 

Energy use (production incl.)  GHG production from transportation 
Loss of refrigerants 

Product losses Crop growing, processing of crops, 
Husbandry, slaughterhouse, meat 
processing 

DC Retail 
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5. Land conversion and land use 
Converting land under natural vegetation to agricultural land causes considerable GHG emissions due 
to clearing the natural vegetation (releasing CO2 and CH4) and reducing the carbon sequestering of 
the vegetation to a much lower level (CO2). This one-time event is often attributed to multiple factors 
like the low economic value of natural vegetation, accessibility and the demand for feed, food, fuel 
and wood products. When calculating the GHG scores for products, the contribution from the 
clearance of land should be divided between the activities leading to and following from the 
clearance. The question is which activities need to be included and what time period should be taken 
into account when allocating the GHG emissions due to clearance. Both the IPCC rules and the PAS 
2050 methodology include suggestions, but here it is only necessary to take the GHG emissions due to 
clearance into account when it takes place during production activities, like forestry. In practice this will 
rarely be the case. 
 
Another way of dealing with this type of GHG effect is to focus on the potential natural carbon 
sequestering (or sink) which is blocked by the agricultural land use being studied. For this study we have 
not worked this out in detail, but have used a generic value for all biomes in the world.  
 
6. Background ‘natural’ emissions of methane and N2O 
In natural systems there can be some releases of CH4 and N2O due to biological activity. Some LCAs 
take this into account. In this study we have neglected these ‘background’ emissions because most of 
the land uses involved are rather intensive production systems. In beef production systems with a very 
low cattle density one can question whether the N2O emissions from excretion and CH4 from enteric 
fermentation are much above the natural level.  
 
Feed-specific issues 
 
7. Allocating GHG emissions in crop rotation  
Many feed crops are grown in a crop rotation scheme. Emissions of N2O are related, among other 
things, to the N application, N binding by legumes and N losses due to crop residues after harvest. In a 
sound farming system the farmer takes account of all N sources when deciding the amount of N fertilizer 
to apply, including the N binding and available N due to crop residues. For legumes the question of 
how to divide the N binding between the crops in the rotation is particularly relevant. For crops with a 
relatively high amount of crop residues the increased nitrate leaching requires careful consideration. A 
parallel project carried out for the Commodity Board for Horticulture (Productschap Tuinbouw) and the 
Dutch agriculture ministry proposes some different solutions for allocating N2O emissions due to the N 
balance in the rotation scheme, which had a considerable effect on the results for green bean 
cultivation. In this study, however, we did not include calculations for crop rotations because of the 
priority given to providing additional information for feed crops. For intensive livestock husbandry 
systems this may have an effect of about 5–10% on the results. 
 
 
7. Dividing manure application between animal and vegetable production 
See 2 
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8. Modelling the releases of N2O in relation to the N balance of cropping systems 
Besides the amount of available and applied nitrogen, the formation of N2O through nitrification and 
denitrification by soil bacteria is related to many other factors, such as soil humidity, temperature and 
organic matter content. The IPCC gives standard calculation rules and emission factors for national 
GHG inventory reporting. A choice can be made between Tier 1 and Tier 2 calculations, the latter being 
the more detailed. Countries may also include their own parameters, such as N excretion per animal 
per year. In this study the Tier 2 method is followed and husbandry-specific parameters were derived 
from the national inventory methods of the Netherlands, Ireland and Brazil. Besides the IPCC calculation 
rules and those used in the National Inventory Reports, other models are available which were not used 
in this study, but which may be important for the future development of our methodology because of 
the estimated effect of around 10% on the results. 
 
9. Organic matter differences in soil 
Arable land and pasture land have different organic matter contents and the rate at which organic 
matter is oxidized is also different. There are some models available for European farming systems that 
calculate the loss of organic matter as a function of the farming system, soil characteristics and climate 
conditions.  The question is whether this loss of organic matter should be included in the GHG 
calculations of agricultural products or considered as a background emission of farming and 
groundwater management as a whole, which can be allocated to countries but need not be 
allocated to specific agricultural products. This problem also arose in the project on vegetable products 
mentioned above. There are several arguments for taking the loss or increase in organic matter per 
crop or forage into account. The losses differ for grassland and arable land and also per management 
regime.  
In this study we have used the following parameters for all crops and forage, but calculated the results 
separately from the baseline calculations. This gives an indication of the order of magnitude of the 
contribution made by the change in organic matter to the GHG score for meat products. Inclusion of 
the change in organic matter content can have a considerable effect on the scores for pork and 
chicken due to the relatively high amount of arable land used to produce feed for these production 
systems. 
 
 Proposed emission factors due to land occupation 

 Emission due to 
cultivation (above 
ground biomass) 

Emission due to 
blockage of sink 
function in cropland 

Emission due to soil 
carbon loss  

Kg CO2/ha/y Not defined 403 1650 
 
 
10. Methane from enteric fermentation 
Methane from enteric fermentation is an important factor for sheep and cows (ruminants) because of 
the digestion of grasses in their rumen. Non-ruminants like pigs also emit some methane from digestion, 
but at a much lower level. In this study methane emission data were acquired from the relevant 
national inventories of greenhouse gases, which are based on the IPPC guidelines. We did not check 
whether the calculations used in the national reports are correct and consistent with each other, but 
because these methane emissions are a significant component in the scores for ruminants this point 
needs further attention in future. An alternative approach would be to use model calculations for 
methane emission based on feed (composition, quantities, etc.) and animal parameters (type of 
animal, age, growth, etc.). There are several models available (like the Dutch BBPR method for dairy 
cattle). For the future we recommend developing a calculation model that can be applied to all 
relevant production systems.  
 
11. Manure storage (N2O and CH4) 
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The emissions of CH4 and N2O during manure storage depend on the type of manure (animal type, 
liquid or solid) and storage conditions (temperature, duration, etc.). In this study we used animal-specific 
data for average storage situations in the Netherlands. The assumptions about the average storage with 
regard to duration and temperature can have a significant effect on the results. In this study we relied 
on several expert judgements to interpret the incomplete statistics on this topic. Both the model and the 
data acquisition will need to be adapted before production abroad can be included in the 
calculations. 
 
12. Manure processing (N2O and CH4)  
Manure processing can lead to direct emissions of CH4 (e.g. leakage during digestion of manure ) and 
N2O (dentrification during composting of manure) and indirect (avoided) emissions when producing 
biogas or electricity. In this study we only included incineration of chicken meat in the calculation, since 
this occurs on a significant scale. The contribution from the digestion and composting of manure is not 
very important in the Dutch situation and has been left out for the time being. This will need further 
consideration before a more European-based calculation method can be developed. 
 
13. Manure application (N2O) 
The N2O emissions of manure application are related to the type of manure (liquid, solid), the 
application technique and local conditions like soil organic matter content and humidity. In this study 
we used average data for the application technique and average data per animal for manure type. 
 
14. Allocation at the slaughterhouse  
About 30–60% of the live weight of an animal does not become a fresh meat product but a co-product 
used for other purposes. Because the majority of the GHG releases take place at feed production and 
during husbandry, the division of these emissions between meat and other products is of major 
importance for the results for meat. In this study we used an economic allocation rule based on 
(derived) commodity prices. The actual prices of slaughterhouse by-products at the slaughter house are 
often not a sound reflection of the economic value of the product: these prices are low or negative, 
but some minor operations can raise the value of the product considerably. Also, the close interrelation 
between the meat processing and co-products processing industries makes it difficult to obtain data on 
the economic value of products. 
 
The Dutch pig meat ‘co-production’ problem was resolved by calculating values of by-products from 
an input/output table compiled by Sonac, the Dutch processor of co-products. As a result of using this 
table, which provides information on the market value of freely tradable products, 89% of the GHG 
score was allocated to 62 kg of meat production and 11% allocated to the 46 kg of co-products (2 kg is 
lost as waste). This elaboration of the economic allocation is more appropriate than using the 
slaughterhouse balance, which would result in 98% being allocated to meat. On a macro level the 
turnover of the VION Food Group for meat and for ingredients (based on co-products) would lead to a 
division of 87.5% and 12.5%. Although these figures also include animals other than pigs and they are 
‘contaminated’ by imports and exports, the general impression is that in this case derived commodity 
prices are a more accurate reflection of the social value of the products than allocation at the 
slaughterhouse. Alternative allocation methods are using mass balances, caloric value balances and 
protein balances, which all give lower values than the economic allocation using derived commodity 
prices. Further consideration could also be given to using the protein content as an allocation key. In 
many final applications the protein content determines the product properties and their final uses, 
examples being gelatine, hides, bone meal and blood meal. This does not apply to fat products. 
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Table A.3. Effects of different allocation methods on the GHG score for pork 

 kg CO2-eq./1000 kg 
Pig at gate slaughterhouse 2600 
100% allocation to meat fraction 4230 
System expansion (70% feed, 30% fuel) 3980 
Economic allocation: slaughterhouse based (98%) 4150 
Economic allocation: commodity based (89%) 3770 
Caloric value of components 2610 
Protein content of components 3010 
Mass of components 2600 

 
System expansion is calculated by assuming that 30% of co-products are used as a fuel application, 
avoiding electricity production, and 70% feed application avoiding the production of soy bean meal. 
This is a huge simplification of reality, in which more than a hundred products are derived from pigs, but 
the figure gives an indication of the results obtained when applying a system expansion approach. 
 
The allocation at the slaughterhouse is of great importance and a commodity-based economic 
allocation approach seems to give satisfying results for the time being. More research on this topic is 
needed, especially for the development of an international protocol and calculation tool. 
 
15. Modelling of transport and transport data  
The main transportation component in the meat production chain is the supply of feed raw materials, 
followed by the transport of manure and live animals. Using sound transportation data is important. In 
this study we used a model developed by ourselves which includes load factors and kilometres of ship 
and road transport. The results will be published soon.  
 

  

 


