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Abstract  
In Quebec, as in several regions of the world, many researchers attempted to quantify gas and 
odour emissions from swine barns. However, even if some results do exist, they are not always 
reported with the same units, and the uncertainties associated to these emissions are seldom 
specified. In the context of environmental performance evaluation, whether that is to assess the 
implementation of a new technology or a new management practice, the choice of units will have 
significant impacts on the results. The present study, as part of a global project aiming at 
defining an environmental performance measure for the Quebec swine production model, aimed 
at defining the functional unit that must be used in the Quebec pig production context for all the 
gas and odour subjected to mitigation measures at the barn level. If the review carried out under 
this study highlighted that product-oriented and area-oriented units are generally discussed 
when environmental impacts of agriculture are assessed, the analysis performed showed that 
they are both unsuitable in a sustainable development perspective if used as the unique way of 
expressing the units. It is therefore recommended to express all compounds subjected to 
mitigation measures as absolute units (i.e. unit of mass) as long as they are supplemented with 
some specific key-parameters. The necessity to provide the uncertainty when reporting a 
measure susceptible to serve as an indicator of performance was also discussed.   

Keywords : environmental performance measure, swine barn, functional unit, life cycle 
assessment, sustainable development. 
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Introduction 
Over the last decades, the Quebec pig sector, as in many other parts of the world, has 
become very dynamic and innovative to address the environmental problems generated 
from swine production. In fact, various research works and technologies aiming at 
reducing the environmental impact of this production have been implemented in barns. 
 
In that context of dynamism, the main stakeholders of the pig production in Quebec 
expressed the need to establish a measure of performance in order to evaluate the 
efficiency, the synergy and the actual environmental gain in gas and odour emissions 
resulting from the developed innovations. 
 
Such a tool is required to ease the technological orientation to be given to the pig sector, 
and to determine the kind of innovation that must be prioritized in terms of sustainability. 
This kind of tool is also necessary to make sure that long term perspective solutions will 
be privileged rather than short term ones, as highlighted by the Sustainable 
Development Commissioner of the Quebec’s General Auditor (VGQ, 2007). 
 
The approach selected to establish this measure of performance is similar to the one 
required in the framework of international agreements on the environment, wherein the 
gains (or losses) achieved over a given period of time will be compared to a baseline 
period. The determination of a baseline scenario is also required by the ISO standard on 
greenhouse gases (GHG) (ISO, 2006). Conformingly to the work done by the 
Environment Canada on GHG credits (Government of Canada, 2008), the baseline year 
chosen for this project is 2006. The performances for the years to come will thus be 
compared to the situation prevailing on Quebec’s pig farms in 2006. 
 
In the current project, the swine building will constitute the system boundary to establish 
the performance measure (i.e. fertilisation activities and crop system are not included). 
In fact, the livestock unit constitutes the primary source of emission and therefore 
constitutes the basic unit of action of a farm (Payraudeau and van der Werf, 2005; 
Dalgaard, 2007). 
 
One of the main challenges that can be anticipated from the development of this 
performance measure is the variety of measurement units published in the different 
research works carried out in Quebec and world-wide. Another challenge is the lack of 
information on the specific conditions (ventilation flow, temperature setting, animal 
density, type of floor, etc.) prevailing during these different experiments. These 
challenges thus highlight the need for a standardisation in the expression of gas and 
odour measurements related to pig production. The present study, which is a part of a 
global project aiming at defining an environmental performance measure for the Quebec 
swine production model, will therefore focus on the unit challenge in the context of the 
development of an environmental performance measure. 
 
The overall objective of this project is to determine the functional unit that must be used 
in the Quebec pig production context for all various gas and odour subjected to 
mitigation measures at the barn level. 
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Environmental Assessment Tools 
 
Overview 
Given the extent of agri-environmental issues world-wide, several high-level research 
groups have focused on developing comprehensive analysis tools to assess the impact 
of current production practices (Payraudeau and van der Werf, 2005). Pig production, as 
the provider of the world most produced and consumed meat (OECD-FAO, 2006; for the 
2000-2004 period), is one of the sector being analysed. In fact, a variety of methods 
have been proposed to assess the environmental impacts caused by the operation of 
farms (von Wirén-Lehr, 2001; van der Werf et al., 2007; Dalgaard et al., 2006; Galan et 
al., 2007). These tools are also increasingly used by producers (Goodlass et al., 2003), 
researchers (De Koeijer et al., 2002) and political decision makers (Schröder et al., 
2004). In the context of developing an effective performance measure for the swine 
sector mitigation technologies, these tools play a vital role in identifying hot spots and in 
determining performance indicators that must be prioritized. 
 
Among all existing tools, life cycle analysis (LCA) is generally recognized as an 
appropriate methodology to investigate the environmental impact of products, because it 
takes into account all relevant impacts occurring for the entire production system 
(Bentrup et al., 2004; Halberg et al., 2005). Life cycle analysis is a tool, which was 
developed to estimate and evaluate all the environmental impacts occurring during the 
production, the use, and the disposal of a product or a service (Rebitzer et al., 2004). It 
is also one of the few environmental assessment tools, which considers a sufficient 
number of objectives to avoid bias and cases of “problem shifting” (Payraudeau and van 
der Werf, 2005; Hermann et al, 2007). This standardized methodology (ISO, 1997) is 
increasingly gaining in popularity at the international level and is supported by the United 
Nations Environment Programme (UNEP) (UNEP, 2004). Several authors have adapted 
the LCA methodology to obtain a comprehensive evaluation of the environmental impact 
of a farm (Cederberg and Mattsson, 2000; Haas et al., 2000; De Boer, 2003; Dalgaard et 
al., 2004; Basset-Mens, 2005).  
 
Functional Unit Concept 
The LCA is a product-oriented assessment, since it proposes to define a functional unit 
which expresses resources used and emissions produced by unit of product (for 
example, GHG emission per kilogram of pig produced). The ISO 14040 (ISO, 1997) 
defines the functional unit as the reference from which input and output data are 
mathematically normalized. Such a functional unit common to all scenarios is necessary 
for scenario comparison and shall represent the main function of the system. Table 1 
shows the functional unit used for different agricultural-related LCA studies. This table 
also presents some examples of functional units from non-agricultural products. 
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Table 1. Examples of functional units for different LCA published in the literature 
Authors Purpose of LCA Functional Unit Location / Details 

A. Agricultural-related LCA 
Basset-Mens, 
2005 

Comparison of three wean-
to-finish contrasting pig 
production systems  

Emissions per 1,000 kg of 
pig produced 

AND 
Emissions per ha of land 
used 

In France 

Eriksson et al., 
2005 

Comparison of three 
alternative scenarios of 
protein supply in feed for  
growing-finishing pig 
production 

Emissions produced by kg 
of pig growth 
 

In Sweden 

Sandars et al., 
2003 

Comparison of manure 
management techniques for 
finishing pig production 

1,000 kg of pork dead 
weight 

In the United 
Kingdom 

Cederberg and 
Mattsson, 2000 

Comparison of organic and 
conventional milk production 
at the farm level 

1,000 kg of energy 
corrected milk 

In Sweden 

Casey and 
Holden, 2005 

Comparison of the dairy, the 
beef and the sheep 
production systems  

Dairy :  
production of 1 kg of energy 
corrected milk over a time 
frame of one year 
Beef and sheep : 
production of 1 kg of live 
weight over one year 

In Ireland 

Cederberg et al., 
2005 

Comparison of two scenarios 
for pig feed provenance 
(cereals and protein) : 
entirely local vs local and 
imported 

1 kg of bone and fat-free 
meat 

In Sweden 

Haas et al., 2000 Comparison of the functional 
unit used in the LCA applied 
to milk production 

Four units are analyzed : 
• 
• 
• 
• 

Farm (absolute unit) 
Surface (ha) 
Livestock (LU[1]) 
Product (milk) 

In Germany 

Brentrup et al., 
2004 

Comparison of seven N 
fertilizer rate for winter wheat 
production 

1 ton of grain In Germany 

B. Non agricultural-related LCA 
ISO, 2000 Comparison of two types of 

paints 
Coloration of 20 m2 for a 
specific wall with a 98 % 
opacity and a durability of 5 
years. 

Fictive example 

ISO, 2000 Comparison of an electric 
hand dryer to the paper 
towel 

1,000 pairs of hand dried. Fictive example 

[1] LU = Livestock Unit, which in this case corresponds to 500 kg of live-weight of cattle 
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As shown in Table 1, agricultural LCA published in the literature used a variety of 
functional unit, depending on the environmental impact and aim of the investigation. 
However, different figures may be obtained depending on the chosen functional unit 
(Haas et al., 2000). This was shown by Basset-Mens and van der Werf (2005), who 
used two different functional units for a LCA performed on three contrasting wean-to-
finish pig production systems (traditional, organic and French quality label). In their 
study, these authors reported their results in both kilogram of pork produced and hectare 
of land used. In general, the system corresponding to the traditional production model 
(the most intensive one) was the one where the lowest emissions were observed when 
expressed in kg of pig produced. However, this same system also resulted in the highest 
emissions when expressed in ha of land used. Pelletier et al. (2007) also obtained 
similar contrasting results when comparing the greenhouse gas (GHG) emissions for 
five different scenarios of manure management on pig farms with “pig produced” and “ha 
of land used” as functional units. 
 
 

Challenge of Units 
 
Specificity of Agricultural Systems 
According to Giampietro (1997), agriculture can be defined as a human activity aimed at 
altering, within a defined area, the natural distribution of plants and animals. This author 
explains that in order to increase (or reduce) the density of certain flows of biomass 
which are considered more (or less) valuable for a society, humans alter the natural 
pattern of matter and energy that is flowing in a defined ecosystem. However, the 
environmental impacts associated with such an alteration are the expressions of 
complex phenomena where several factors (weather, farmer management practices, 
geographical location, etc.) interact with each other. The complexity of these interactions 
makes it very difficult to describe and quantify these environmental impacts. As reported 
by Halberg et al. (2005), the relation between agricultural activities and their 
environment is not simple and it is usually not possible to directly measure the 
environmental impact caused by a farm because most of the emissions are diffuse. 
 
Basset-Mens (2005) reported that one of the major methodological problems associated 
with the application of a LCA for an agricultural production system is the choice of the 
functional unit. Thus, the author mentioned that the uncertainty linked to the choice of 
the functional unit reflects a variability of the socio-economic context by which the 
analysis is carried out. In fact, a specific benefit defined on one level, on one space-time 
scale and perceived by one social group, becomes a cost when viewed from another 
level, on a different space-time scale and/or a different group distant from the first one in 
geographical terms or in a power-ranking terms (Giampietro, 1997), and this must be 
taken into account in the choice of the functional unit. 
 
Van der Werf et al. (2007) explained the particularity of agricultural production systems 
emphasizing that in the past, farms only had one main function: the production of food 
and fibres for the market. Yet, they have today a second main function, which is the 
production of goods that are not intended for the market (van der Werf et al., 2007; 
Basset-Mens, 2005). In fact, agriculture is increasingly viewed as a multifunctional 
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activity and notably represents a tool for both plant and animal productions and a way of 
managing the countryside (OECD, 2001; CAAAQ, 2008; Smith and McDonald, 1998; 
Giampietro, 1997). 
 
According to Payraudeau and van der Werf (2005), the different functions of agriculture 
must be taken into consideration when expressing results of an environmental 
assessment. This allows providing different, but complementary, insights of 
environmental problems related to agricultural production. Consequently, one of the 
main recommendations of these authors consists of privileging assessment methods 
which allow the expression of environmental impacts according to several reference 
units. Other authors abound in this direction, specifying it is essential to present the 
results of a LCA applied to the pig production in both emissions per ha of land used and 
per kg of pork produced (van der Werf et al., 2007; Basset-Mens, 2005; Halberg et al., 
2005). 
 
 
Orientation of Units 
Two types of units are mainly discussed when environmental impacts of agriculture are 
assessed: product-oriented and area-oriented units. Product-oriented unit expresses the 
impacts per unit of product produced while area-oriented unit expresses the impacts per 
unit of area used. 
 
In fact, when the main function of the analysed system consists of producing a given 
product, it might appear relevant for stakeholders to express environmental impacts as a 
function of the amount of products produced over a given timescale. This approach is 
particularly used in the LCA application since it proposes to define a functional unit 
which expresses resources used and emissions produced by unit of product. 
 
However, other authors considered more appropriate to express environmental impacts 
as a function of the surface of land used when producing a good or a service. In the 
case of livestock production, this usually includes all the area used for both livestock and 
crop productions. De Koeijer et al. (2002), for example, indicated that it is better to 
express the impacts per unit of land used to take into account the limit capacity of the 
environment. 
 
From the LCA point of view, impacts should be expressed per unit of product when the 
function of the system is the production of commodities, and per unit of area for a non-
market function (Guinée et al., 2002). This simple rule, however, is not so simple to 
apply practically, and especially for a multifunctional system such as agriculture. 
 
According to Olsthoorn et al. (2001), expressing environmental impacts as a function of 
the production combines an environmental criterion with a production criterion, which 
thus consists more in a measure of effectiveness than in a measure of environmental 
performance. Tamminga (2003) expresses similar concerns highlighting that a study 
based on the ratio “impact / production unit” could favour, in the interpretation of the 
results, systems having “high input - high output”, which, when concentrated in a same 
region, can cause severe environmental impacts. Along these lines, Payraudeau and 
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van der Werf (2005) stressed that a given farm might produce different types of product 
(livestock and crops) and that these different productions are generally interlinked one 
with another. Yet, in a product-oriented system, the choice of a common unit involves 
favouring one of the functions of agriculture at the expense of others and will not 
represent the overall picture of the swine farm. Moreover, in the case of animal 
production, it is not the whole product that is used for consumption, since only some 
parts of an animal are suitable for human consumption. Head, skin, legs to first limb, 
heart, lungs, liver, intestine and blood are removed in the slaughter process. This implies 
that for the production of 1 kg of consumable meat, more than 1 kg of animal has to be 
raised (Elferink and Nonhebel, 2007). Expressing the environmental impacts in kg of 
animal produced is thus not appropriate according to these authors, since the total 
weight is not representative of the product actually consumed. 
 
Van der Werf et al. (2007) explain that having the analysis based solely on “impact / 
area unit” could lead to support systems such as “low input - low products”. Although this 
could certainly reduce the impacts at the regional level, it might also create additional 
requirements for land use in another location, thus generating other impacts. 
Furthermore, promoting units that generate the use of larger areas of land could be 
problematic on a long term perspective as the world demand for meat and cereals is 
anticipated to rise with future population growth and increase in consumption. Thus, for 
the next 20 years, the Food and Agriculture Organization of the United Nations (FAO) 
projects an increase in world demand for cereals of 50 % and of 30% for meat (CAAAQ, 
2008). Given these facts, competition for land use can be anticipated, and encouraging 
solutions that require larger land areas for pig production could appear unwise on a long 
term scale. 
 
Halberg et al. (2005) summarized the challenge posed by units stating that the choice 
between product-based and area-based assessment of production systems is a political 
or normative one. Some implications of such a choice is that some environmental 
issues, whether local or global, will be implicitly prioritized and some functions of the 
production system will be given more weight. 
 
Consideration of the Scale 
Environmental impacts will have different significance depending on the geographical 
scale that is studied (Hermann et al., 2007). According to these authors, three types of 
scale can be distinguished: local, regional and global. If, in a LCA, each impact is 
associated with a scale (Table 2), there is no fixed definition for these three types of 
scale in the literature, so they can be defined according to the specific system studied. 
 
Gaillard et al. (1997) suggest to determine local, regional and global impacts according 
to the distance between the emission source and the point affected by each type of 
impacts. According to this concept, odour and noise would be local impacts as they are 
perceptible a few kilometres from the source. Eutrophication and acidification would be 
both local and regional impacts as they have the potential to affect both the immediate 
and the far environment from the emission source (Payraudeau and van der Werf, 
2005). Climate change and use of non-renewable energy sources would be classified as 
global impacts.  
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Table 2. LCA impacts and scale generally associated to them (adapted from Ménard and Margni, 2005). 
Global scale Regional scale Local scale 
Climate change Acidification Ecotoxicity 

Stratospheric ozone depletion Eutrophication Human toxicity 

Depletion of abiotic resources  Noise and odour[a] 

Depletion of biotic resources   

Land use   
[a] According to Payraudeau and van der Werf (2005) 
 
Hermann et al. (2007) propose to assign an impact hierarchy depending on the scale 
that is studied, in order to give more weight to some impacts. Table 3 presents the 
ranking of impacts suggested by the authors. 
 
Table 3. Ranking of impacts according to the scale under study, adapted from Hermann et al. (2007) 
Rank  Global scale Regional scale Local scale 
1 Climate change Acidification, Eutrophication Human health 

2 Acidification Photochemical oxidant 
formation, Human health  

Photochemical 
oxidant formation 

3 Eutrophication Climate change Eutrophication 

4 Photochemical 
oxidant formation  

 Acidification 

5 Human health  Climate change 
 
 
As for the time period over which emissions are considered, it must be sufficient to cover 
the cycle of farming practices. A yearly time step is therefore usually chosen 
(Payraudeau and van der Werf, 2005). These authors also mentioned that the duration 
for which the fate of pollutants and their effects are considered must be long enough to 
be representative. 
 
Recommendations for the Quebec’s hog industry 
It has been highlighted that the choice of units used to express the environmental 
impacts of a production system in a perspective of environmental performances 
assessment is complex and require an in-depth evaluation. 
 
In addition, a similar discussion was addressed in the framework context of the United 
Nations Framework Convention on Climate Change (UNFCCC). Indeed, when 
elaborating the Kyoto Protocol, several options have been proposed regarding the 
choice of the type of target to adopt. The Parties have agreed, under the first phase of 
the Protocol, to adopt absolute targets, which set, over a given period of time, an 
absolute quantity of GHG to be reduced (IHQEDS, 2005). However, some industrialized 
countries argue that intensity targets would have been preferable, where emissions are 
expressed as a function of the country production (GDP). This intensity approach is 
similar to the product-oriented approach of the environmental analysis as in both cases, 
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environmental performance can be enhanced by a greater production (greater divider, 
therefore lower emissions). 
 
Under the present project, the objective is to determine the functional unit that must be 
used for all compounds that are subjected to mitigation measures, at the barn level, for 
the Quebec pig production model. To do this, some options like expressing emissions in 
both hectare of land used and kg of pork produced, have been suggested in the 
literature. However, this option involves a sizeable workload that could discourage the 
main actors of the pig production of applying such a measure of performance. An 
approach calculated for the pig sector and based on the strategy adopted under the 
Kyoto Protocol is believed to be an interesting option to be developed. Gases and 
contaminants of interest for which it appears relevant and appropriate to define a 
performance measure must be identified. Then, as in the Kyoto Protocol, they can be 
expressed as absolute targets, so the reductions can be tracked for the total emissions 
of the farm over a given period of time. Moreover, all sensitive parameters that are 
identified as having an influence on the emission of the targeted compounds must be 
specified along with the emission itself (e.g. number of pigs, size of the building, type of 
ventilation, area of slatted floor, etc.). These sensitive parameters would have to be 
chosen in accordance with emission phenomena of the compound targeted. It is 
therefore proposed, for each compound of interest, to target all sensitive parameters to 
be absolutely known in order to (i) assess the environmental performance of a given pig 
production system and (ii) express each selected compound in a standardized manner 
in order to provide all the necessary information needed for comparison between 
references. Such data could then be used for subsequent environmental analysis. 
 

Challenge of Uncertainties 
Basset-Mens (2005) carried out an analysis of the various LCA studies applied to 
agricultural production systems published in the literature. This analysis revealed that 
uncertainties are rarely taken into account. Basset-Mens (2005) explains this by the lack 
of references on the diversity of the existing systems, their flux in the environment and 
the uncertainty associated with this flux. Other explanation given by the author is the 
complexity of the interactions between all key-variables at the scale of the farm. When a 
reference value is available for the variables of the system under study, their statistical 
parameters (mean, standard deviation, median, etc.) and their probability distribution are 
generally not provided. The author also points out that mathematical relation expressing 
the interactions between these variables are rarely available. In this context, the 
implementation of conventional or probabilistic statistical methods, such as Monte Carlo 
simulations, appear very delicate and compromised. 
 
In the six environmental impact assessment approaches reviewed by Payraudeau and 
van der Werf (2005), uncertainty is dependent on both the input data and the models 
used. In the case of input data derived from experiments, uncertainty is a function of the 
spatial and temporal variability of the variable considered, of the analytical protocol, and 
of the errors on measurements (Dubus et al., 2003). In a LCA of three pig production 
systems, Basset-Mens and van der Werf (2005) identified four issues for which 
uncertainties seemed considerable. Among them are the emissions of NH3 and N2O 
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from barns. Basset-Mens et al. (2007) explained that uncertainty intervals are large 
because of the climate and farmers’ practices variability.  
 
The interpretation of the results of an environmental impact assessment requires 
knowledge of the uncertainty associated with these results, in order to ensure the 
transparency and the objectivity of the assessment (Payraudeau and van der Werf, 
2005). The development of the environmental performance measure for swine 
production must therefore take into account the uncertainties inherent to the different 
compounds targeted. A standardized procedure to integrate them with the results must 
also be developed. 
 

Conclusion 
The need to ensure that the technological development of the pig production is 
sustainable creates a significant challenge for the stakeholders of the pig sector. If 
performance indicators are essential tools to ensure such a transition, their 
establishment is rather complex and must be carefully planned. 
 
This review clearly demonstrates that the selection of appropriate functional units is a 
complex step due to the multifunctionality of agriculture. It has also been shown that 
opposite conclusions may emerge when comparing contrasting production systems 
depending on the functional unit chosen. The literature review conducted indicates that 
two types of units are generally discussed when environmental impacts of agriculture 
are assessed: product-oriented and area-oriented units. The analysis performed shows 
that both of them, if used as the unique way of reporting the units in an environmental 
assessment, might advocate solutions that are not sustainable on a long-term 
perspective. It is therefore concluded that the units that must be used in the Quebec pig 
production context for all compounds that are subjected to mitigation measures must be 
expressed as absolute units (i.e. unit of mass), but complemented with some key-
parameters. These parameters should include all those sensitive factors that can have 
an influence on the emission of the targeted compounds (e.g. number of pigs, size of the 
barn, type of ventilation, slatted floor area, etc.). These sensitive parameters would have 
to be chosen in accordance with the emission phenomena of the targeted compound. It 
is also recommended, when reporting any measure susceptible to serve as an indicator 
of performance, to provide the uncertainty associated with it, since this information is 
essential to ensure the transparency and the objectivity of the performance indicator to 
be built from these data. 
 
In order to be suitable, the environmental performance of a farming system such as the 
one discussed in this review should also be completed with social equity and economic 
viability aspects, since these are the two other main components of sustainable 
development. These aspects are out of the framework of this work but are nonetheless 
essential in addressing sustainability of a swine farm. 
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