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Abstract 

Environmental sustainability and animal welfare in animal production systems has reached an 

increased concern among e.g. the public, politics and research. However, in sustainability 

assessments of animal production systems, animal welfare is rarely taken into consideration. 

Incorporated animal welfare in sustainability assessments would be beneficial for a holistic 

perspective. Life Cycle Assessment (LCA) is a commonly used sustainability assessment to map 

and analyse the environmental impact. A version of the method is a social LCA, suitable to apply 

on social-related impacts such as the animal welfare impact in animal production. 

The target groups of this study are professionals and people interested in animal welfare, LCA of 

food products or sustainability in food production. 

A literature review was conducted to investigate how animal welfare aspects could be 

incorporated into a social LCA. The result of the literature review was applied on a case study, 

with the purpose to compare conventional pig production in Sweden and Denmark. Social 

Hotspot Index and Social Risk Time were used as metrics in the case study. The results of the 

case study show that Danish pig production have a higher animal welfare loss than Swedish pig 

production. 

This study found that social LCA is suitable for assessing animal welfare impact but further 

research is needed to develop the method. The method could be used to address animal welfare 

issues and prioritise measures for an improved animal welfare in animal production systems.  

 

Key words: Life Cycle Assessment (LCA), Social Life Cycle Assessment (S-LCA), 

Sustainability, Sustainability Assessment, Animal welfare, Pig production. 
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Populärvetenskaplig sammanfattning 

Hållbarhetsbedömningar behöver bli mer omfattande för att de ska visa en mer 

överensstämmande bild av livsmedelskedjan. Denna studie visar att det går att inkludera 

djurvälfärd för en mer omfattande hållbarhetsbedömning. 

För att vi ska ha mat på bordet i framtiden är det viktigt med en hållbar livsmedelskedja. Det 

innebär bland annat att vi behöver tillgodose världens befolkning med mat utan att äventyra 

kommande generationers tillgång. Intresset för en hållbar livsmedelskedja har ökat de senaste 

åren och det finns flera hållbarhetsbedömningar kopplade till livsmedelskedjan. Animaliska 

produkter har fått stort fokus, eftersom de generellt sett har en större påverkan på miljö och 

klimat. 

Intresset för djurvälfärd och hållbara livsmedel ökar bland konsumenter, men det finns klyftor 

mellan konsumentens kunskap och djurens faktiska livsförhållanden. Ofta baserar konsumenten 

sina val av animaliska livsmedel på vad hen anser vara ett ”naturligt” produktionssätt (så som 

möjlighet till utevistelse och en lång diperiod), snarare än på produktens faktiska påverkan på 

djurvälfärden. Det finns med andra ord ett behov av att kommunicera vilken påverkan en produkt 

har, med syfte att få både konsumenter och handel att göra mer medvetna val. 

Hållbarhet består av tre aspekter: ekologisk, social och ekonomisk hållbarhet, där djurvälfärd 

ingår i social hållbarhet. De hållbarhetsbedömningar som vi gör av vår livsmedelskedja omfattar 

oftast endast den ekologiska aspekten av hållbarhet. Genom att inkludera fler aspekter kan 

hållbarhetsbedömningar bli mer omfattande och visa en mer överensstämmande bild av vår 

livsmedelskedja. Livscykelanalys är en vanlig metod för att kartlägga och analysera en produkts 

påverkan på den ekologiska aspekten av hållbarhet men metoden kan även appliceras på social 

hållbarhet. För att undersöka hur en livscykelanalys kan omfatta djurvälfärdsaspekter utfördes en 

litteraturstudie där resultatet applicerades på en fallstudie. Syftet med fallstudien var att 

undersöka djurvälfärden i konventionell grisproduktion i Sverige respektive Danmark.  

Denna studie visar att:  

 Få hållbarhetsbedömningar omfattar djurvälfärd. 

 Det finns lämpliga metoder som kan omfatta djurvälfärdsaspekter för en bredare 

hållbarhetsbedömning. Dessa metoder kan utvecklas och standardiseras. 

 Livscykelanalys kan användas för att belysa djurvälfärdsproblem i livsmedelskedjan och 

som hjälp för att prioritera vilka åtgärder som bör vidtas.  

 Livscykelanalys kan också underlätta kommunikation till konsumenter angående en 

produkts påverkan på djurvälfärden och därmed bidra till konsumentens möjlighet att göra 

hållbara val av livsmedel. 

 Ett stort problem är att data som behövs för att kunna göra dessa bedömningar saknas 

eller är otillgänglig.  

 Tillämpning av metoden kan leda till en förbättrad djurvälfärd för djur inom 

animalieproduktionen på en global nivå. 

Resultatet av fallstudien visar på skillnader i konventionell grisproduktion i Sverige och 

Danmark, där Sverige har en lägre negativ påverkan på djurvälfärden än vad Danmark har. De 

problem som bidrar mest till en nedsatt djurvälfärd i konventionell grisproduktion i Sverige är 

kirurgisk kastrering och smågrisdödlighet. Även i Danmark är kirurgisk kastrering och 

smågrisdödlighet två av de problem som bidrar mest till en nedsatt djurvälfärd, tillsammans med 

svanskupering, fixering av suggor och dödlighet efter avvänjning. Genom att belysa dessa 

problem kan grisproducenter, konsumenter och lagstiftare vidta åtgärder för att öka djurvälfärden 

för grisar i konventionell grisproduktion i Sverige och Danmark. 
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Abbreviations 

E-LCA  Environmental Life Cycle Assessment  

LCA  Life Cycle Assessment  

S-LCA  Social Life Cycle Assessment  
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1. Introduction 

A sustainable food supply chain is essential for life (Scherer et al., 2019). It is achieved when it 

delivers food security and nutrition where the economic, social and environmental aspects of the 

future generations are not compromised (Food and Agriculture Organization, 2018). Products of 

animal origin have in general higher environmental impacts (Wirsenius et al., 2010; KC et al., 

2018), which may have led to the increased interest in sustainability in animal production with 

several mitigation strategies to achieve a sustainable production (Shields and Orme-Evans, 2015).  

Sustainability assessments of animal production often consider the environmentally sustainable 

perspective (Shields and Orme-Evans, 2015), but animal welfare is rarely taken into 

consideration (Lindgren et al., 2014; Shields and Orme-Evans, 2015; Scherer et al., 2019). 

Sustainability does however consist of three aspects, where fundamental importance of the social 

sustainability is when food system activities contribute to the advancement of important socio-

cultural outcomes, such as nutrition and health, traditions, labour conditions and animal welfare 

(Food and Agriculture Organization, 2018). 

Along with an increased awareness of sustainability, there is also an increased interest and 

concern regarding animal welfare (Smulders et al., 2006; Millman, 2009; Evans and Miele, 2012; 

European Commission, 2016) and is an important factor in the international market (Algers, 

2011; Sørensen and Schrader, 2019). Despite the increased interest and concern, people are 

relatively disconnected from animal production (Evans and Miele, 2012) and do not have the 

knowledge of the actual conditions in animal production (Algers, 2011). Most EU citizens do 

however consider it important with a good animal welfare and an increased number would like 

more information about the conditions in animal production (European Commission, 2016). 

A commonly used method for sustainability assessments is Life Cycle Assessment (LCA) 

(Baumann and Tillman, 2004; Hellweg and Canals, 2014). It can also be applied to map and 

analyse the social-related impacts in supply chains, a so called Social Life Cycle Assessment (S-

LCA) (Benoit-Norris et al., 2012), suitable to investigate the animal welfare impact in animal 

production (Tallentire et al., 2019; Zira et al., 2020). Animal welfare impact incorporated in 

sustainability assessments is important and would be beneficial to understand the impacts of our 

choices and identify actions required to achieve sustainability (Hellweg and Canals, 2014; Fan et 

al., 2015; Shields and Orme-Evans, 2015).  

Incorporating animal welfare in an S-LCA is a novel method with very limited research on the 

topic, but there has however been an increased number of studies in recent years. The aim of this 

study was to conduct a literature review to gain a better understanding of how animal welfare 

aspects could be incorporated into an S-LCA perspective. The target groups of this study are 

professionals in the field of and people interested in animal welfare, LCA of food products and a 

sustainable food production.  

The goal of the study was to investigate how animal welfare aspects have been incorporated into 

S-LCAs based on the literature review. The results of the literature review was applied on a case 

study, with the purpose to investigate the animal welfare impact in conventional pig production in 

Sweden and Denmark. Denmark is the biggest exporter of pork to Sweden (Swedish Board of 

Agriculture, 2011), which is the reason to select this country to compare with. The following 

research questions were answered: 

1. How has animal welfare been treated in S-LCAs so far, regarding use of indicators, 

metrics, system boundaries, etc.? 

2. What animal welfare indicators are relevant to use when evaluating conventional pig 

production? 

3. How does Swedish conventional pig production perform regarding animal welfare in 

comparison to Denmark and what are the hotspots in the production system? 
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2. Materials and methods 

A literature review was carried out in order to get a comprehensive picture of the current research 

on the topic. The literature was searched through Gothenburg University’s database SuperSök 

with the key words ‘LCA’ or ‘S-LCA’ in combination with ‘animal welfare’ or ‘pig’, in a total of 

four searches. The literature search resulted in eight scientific papers. Additional literature from 

the reference lists of the selected literature and a recently published study on the topic were also 

collected. 

Literature in other languages than Swedish or English or deemed to be irrelevant were 

deliberately delimited. The literature search resulted in in ten scientific studies (Appendix I).  

 

3. Background 

3.1.Definition of animal welfare 

To be able to understand how animal welfare could be incorporated in an LCA perspective, it 

must be concluded what animal welfare is, and thereafter investigate how animal welfare could 

be assessed suitable for an S-LCA.  

Animal welfare is, in a scientific context, the state of an animal and the quality of life related to 

animal health, feelings and behaviour (Keeling et al., 2019). Animal welfare is widely used and 

the definition could depend on epistemic considerations, where for example veterinarians tend to 

focus on diseases, growth rates and health (Keeling et al., 2019). Research on the topic is ongoing 

and development might lead to an improved definition of animal welfare (Keeling et al., 2019). 

The most commonly known definition is the Five Freedoms (Keeling et al., 2019): 

 freedom from hunger and thirst,  

 freedom from discomfort,  

 freedom from pain, injury and disease,  

 freedom from fear and distress, and  

 freedom to express natural behaviour.  

 

The World Organisation for Animal Health (OIE) defines animal welfare as “the physical and 

mental state of an animal in relation to the conditions in which it lives and dies” (OIE, 2021). 

The OIE further states that the definition include the Five Freedoms, as previously explained. The 

definition used in this study was the Five Freedoms, also used by Tallentire et al. (2019).  

3.2.Social Lifecycle Assessment as a method 

Social Lifecycle Assessment (S-LCA) is a method to map and analyse the potential social impact 

related to a product or organisation (UNEP, 2020). The method has been developed to quantify 

impacts on human well-being, however it could also be used for quantifying impacts on animal 

welfare (Tallentire et al., 2019; Zira et al., 2020). The social assessment of products is relatively 

new and currently under development (Fan et al., 2015). It is not as advanced as an 

environmental life cycle assessment (E-LCA) and unified rules for S-LCA do not exist (Fan et 

al., 2015; UNEP, 2020). The most important decision of an S-LCA is what relevant and 

quantifiable social impacts to include in the assessment (Fan et al., 2015).  

LCA consists of four steps (Figure 1): define the goal and scope of the study, life cycle inventory 

(LCI), life cycle impact assessment (LCIA) and interpretation of the study (Baumann and 

Tillman, 2004; Hellweg and Canals, 2014). These are the same for both S-LCA and E-LCA. 
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Figure 1. The four steps of an LCA and how they interact with each other 

 

The first step, to define the goal and scope, refers to defining the studied product, the aim of the 

study and the overall planning of the study (Baumann and Tillman, 2004). The expression of the 

goal and scope affect how the LCA should be carried out (Baumann and Tillman, 2004).  

The second part is the life cycle inventory analysis (LCI), where the system is mapped as a model 

based on the goal and scope, often shown as a flow from “cradle to grave” (Baumann and 

Tillman, 2004; Hellweg and Canals, 2014). Thereafter, data is collected and the calculations ends 

the LCI (Baumann and Tillman, 2004).  

The life cycle impact assessment (LCIA) is the third step of an LCA, where the impacts are 

described through the production chain (Baumann and Tillman, 2004; Hellweg and Canals, 

2014). The impacts are classified and sorted based on the relevant parameters into fewer, which 

depends on the impact they contribute to (Baumann and Tillman, 2004; Hellweg and Canals, 

2014).  

The final step of the LCA is the interpretation of the study, where the results are analysed in 

relation to systems and surroundings (Baumann and Tillman, 2004; Landquist et al., 2020). 

 

4. Literature review 

4.1.Quantitative assessments of animal welfare 

A wide range of methodologies to quantitatively measure animal welfare was found in the 

literature review, from simple to detailed collection of data and assessment methodologies. A 

risk-based approach was commonly used in the animal welfare assessments. 

Difficulties to measure animal welfare has been widely discussed. To assess animal welfare, a 

risk-based approach is commonly used (EFSA, 2012), which could result in losing the 

significance of animal welfare. Animal welfare is more than just the lack of risks of poor health, 

environment, etc., such as signs of positive emotional states (EFSA, 2012). Examples of positive 

emotional states are exploratory behaviours (EFSA, 2012) and play (Silerová et al., 2010; Held 

and Spinka, 2011). Animal-based measures should be used whenever possible, as they are 

important indicators of animal welfare (Smulders et al., 2006; EFSA, 2012; Sørensen and 

Schrader, 2019). It could however be difficult and expensive to collect this kind of data (EFSA, 

2012; Sørensen and Schrader, 2019; UNEP, 2020).  

Another issue is that animal welfare in a scientific context is based on the individual (Keeling et 

al., 2019), affected by the personality of the pig (O’Malley et al., 2019). This indicates different 

states of animal welfare within a group (Figure 2), solely affected by the personality of the 

animal. Animal welfare also tend to vary between different breeds (EFSA, 2012; Camerlink et 

al., 2018; Rydhmer, 2021), different farms (Müller-Lindenlauf et al., 2010; Mas et al., 2016) and 

different production systems (Müller-Lindenlauf et al., 2010; Shields and Orme-Evans, 2015), 

which must be taken into consideration in animal welfare impact assessments and to understand 

the result. 
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Figure 2. Animal welfare is affected by the personality of the animal and could vary within a 

group (Source: Edman, 2014) 

 

The unit when assessing animal welfare impact could either be specific for the indicator, for 

example as used by Geß et al. (2020), or addressed as animal welfare or loss of animal welfare, 

for example where Müller-Lindenlauf et al. (2010) used animal welfare and Tallentire et al. 

(2019) and Zira et al. (2020) used loss of animal welfare. The units of animal welfare and the loss 

of animal welfare enable an assessment included with several animal welfare issues and related 

inventory indicators, aggregated into the unit of animal welfare impact. The use of several animal 

welfare issues and related inventory indicators is favourable when assessing animal welfare, since 

a higher number of indicators reduces the risk of few indicators affecting the results (Tallentire et 

al., 2019). This indicates that animal welfare or loss of animal welfare should be used in animal 

welfare assessments as a unit. 

Since a risk-based approach is commonly used in animal welfare assessments, it might be 

considered as more appropriate to assess the potential loss of animal welfare rather than the 

potential animal welfare. The risk-based approach indicates a risk of decreased animal welfare 

due to risk-based indicators, rather than the actual animal welfare. The same reasoning could be 

applied on the decision to use animal welfare or animal welfare loss as a unit, i.e. it seems more 

appropriate to use animal welfare loss instead of animal welfare since the assessment indicates a 

risk of decreased animal welfare rather than the actual animal welfare. It would also enable an 

easier understanding for when the production system is at its best, i.e. when the animal welfare 

loss is zero compared to the animal welfare which should be as high as possible. 

There is a large variation of animal welfare issues and related inventory indicators used in the 

studies. The animal welfare issues are presented in Appendix II. The system boundaries of the 

studies affect what animal welfare issues to include. All studies in the literature review 

investigated the animal welfare on farms and in some studies the animal welfare at 

slaughterhouses were included. For a holistic assessment of the animal welfare, the slaughter 

conditions should be included (Scherer et al., 2018; EFSA, 2020). 

The animal welfare issues and related inventory indicators included in a study should be relevant 

and be selected so the animal welfare impact can be properly assessed (Tallentire et al., 2019). 

The most important animal welfare issues to investigate for the animal welfare impact are 

stereotypies, skin lesions, body condition, piglet mortality, signs of diseases and the practice of 

tail docking (EFSA, 2012), which are further explained in Appendices III and IV. To decide what 

animal welfare issues and related inventory indicators to include in the assessment, selection must 
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be done cautiously and only include those which are likely to reveal the animal welfare. For 

example, Mas et al. (2016) used milk yield as an indicator. The yield is highly affected by genetic 

selection (Ekesbo, 2011), which indicates that a poor yield is not necessarily affected by the 

animal welfare impact and should not be included in an animal welfare assessment. The same 

reasoning could be applied on indicators such as organic vs. conventional production, with the 

implication of higher animal welfare in organic production systems as in Müller-Lindenlauf et al. 

(2010). Organic production has in general a better animal welfare, but there are animal welfare 

issues where organic production has a higher animal welfare loss than conventional production, 

such as a higher prevalence of the parasitic large roundworm Ascaris suum (Zira et al., 2020). In 

other words, the selection of proper animal welfare issues and related inventory indicators must 

be selected cautiously and is connected to the goal and scope of the study. 

An interesting factor when assessing animal welfare is the amount of animals affected by the 

production and the age of the animals at the time of slaughter. This has not always been taken 

into consideration in animal welfare assessments, but recent studies (Scherer et al., 2018; 

Tallentire et al., 2019; Zira et al., 2020) include this factor. Scherer et al. (2018) considered it as 

crucial in animal welfare assessments, where their results could be explained by the amount of 

animals affected in different production systems, i.e. a larger quantity of products per animal in a 

comparison of cattle (beef and milk) and broiler production.  

The inclusion of the amount of animals affected in the production system could be compared to 

the 3R, replace, reduce and refine, which is applied when using animals for scientific purposes 

(Swedish Board of Agriculture, 2021). The purpose is to minimise the animals affected and the 

animal suffering (Swedish Board of Agriculture, 2021) and could also be considered as 

appropriate to apply on animal production in an assessment on the potential animal welfare loss. 

The amount of animals affected in the production (indicated by slaughter age and carcass weight) 

does not affect the animal welfare of the individuals, but does affect the general potential loss of 

animal welfare in production systems seen a whole. 

Scherer et al. (2018) further investigated the animal welfare impact based on the loss of morally 

adjusted animal lives. It enables to add the moral value denoting the intelligence and self-

awareness of different species, signified by the amount of neurons (Scherer et al., 2018). This 

could however be questioned and thorough consideration should be done before applying aspects 

of morally adjusted animal lives into practice, since it might contradict the current opinion of 

animals as sentient beings (Treaty of Lisbon Amending the Treaty on European Union and the 

Treaty Establishing the European Community, 13 December 2007, 2007/C 306/01) where all 

animals should be protected from unnecessary suffering (Council Directive 98/58/EC of 20 July 

1998 concerning the protection of animals kept for farming purposes). 

4.2.Animal welfare in Life Cycle Assessments  

Animal welfare has so far been incorporated in two S-LCAs (Tallentire et al., 2019; Zira et al., 

2020).  

4.2.1. The goal and scope  

The goal of the S-LCA carried out by Tallentire et al. (2019) was to investigate the animal 

welfare impact in European broiler production. The goal of the S-LCA carried out by Zira et al. 

(2020) was to compare Swedish conventional and organic pig production, where social issues of 

several stakeholders through the whole production chain were included. 

System boundaries 

System boundaries have so far only considered the farm and the slaughterhouse (Tallentire et al., 

2019; Zira et al., 2020), not including animals in feed production, grandparent animals, etc, even 

though animals are affected in those parts as well (Tallentire et al., 2019; Zira et al., 2020).  
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Functional unit 

Functional units (FU) of the studies has been 1000 kg of pork for consumption (i.e. “on the fork”, 

excluding bones and waste at the consumer level) (Zira et al., 2020) and 1 kg of chicken meat 

(Tallentire et al., 2019). In Scherer et al. (2018) 1 Mcal was used as a product unit. 

Data collection 

Data could be collected in different ways, either site-specific or generic data (Fan et al., 2015; 

UNEP, 2020). Generic data could be considered as more accurate than site-specific data when 

comparing two countries, since generic data provides larger data sets (Fan et al., 2015). Large 

data sets appear to improve the accuracy of the estimation process in S-LCA (Fan et al., 2015). 

Tallentire et al. (2019) collected data from 358 farms participating in the study. Zira et al. (2020) 

collected data from scientific papers (case-specific data), generic data from databases and from 

organisations.  

4.2.2. Methods for impact assessments 

Methods for impact assessment were carried out as follows: 

 Zira et al. (2020) used the Social Hotspot Index methodology and Social Risk Time 

methodology.  

 Tallentire et al. (2019) used Medium Risk Hour equivalent methodology and Social 

Hotspot Index methodology.  

Social Risk is the base of Social Hotspot Index methodology and Social Risk Time methodology 

(Figure 3) (Zira et al., 2020). Zira et al. (2020) investigated the differences between conventional 

and organic pig production systems and calculated the Social Risk of each inventory indicator 

used in the study. The Social Risk is an index used as a normalisation score for calculating the 

risk of negative impacts relative to the worst case scenario for the pigs and the subsystem. It 

varies from 0 to 1, where 0 indicates no animal welfare loss and 1 indicates the highest possible 

animal welfare loss. Social Risk is not corrected for the functional unit. 

 

Figure 3. Flow chart of Social Hotspot Index and Social Risk Time methodologies 

 

The Social Risk is calculated in two ways. When a higher value of the indicator indicates a more 

negative animal welfare impact, the formula 1-EXP(Loge(0.5)*(IND/REF)) is used. When a 

lower value of the indicator indicates a more negative animal welfare impact, the formula 

EXP(Loge0.5)*(IND/REF)) is used. IND is the value of the indicator and REF is the reference 

value. Zira et al., (2020) used the average for pig production in EU as the reference value.  
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Social Risk Time methodology is used to calculate the exposure to the Social Risk in relation to 

the functional unit (Fan et al., 2015; UNEP, 2020; Zira et al., 2020). To do this, an activity 

variable (T) is used. It is retrieved by the reference flow (the amount needed to produce one 

functional unit) multiplied by days at the farm or at the slaughterhouse. Tallentire et al. (2019) 

called it “collective hours of life associated with the functional unit”. The activity variable does 

not represent an impact but represent an elementary flow used to compare the intensity of the 

processes and to aggregate impact assessment results (UNEP, 2020). The formula used in the 

Social Risk Time methodology is SRT = T * SR * W, where T is the activity variable and W is 

the weighting factor. 

Social Hotspot Index methodology indicates the risk of negative social impacts in relation to the 

worst possible risk of negative social impacts in different parts of the production chain (Benoit-

Norris et al., 2012; Zira et al., 2020). Since Social Hotspot Index describes the risk in a specific 

subsystem of the chain, it could be considered as preferably used when analysing production with 

several subsystems. The formula used in the Social Hotspot Index methodology is SHI = 

∑SR/∑SRmax. Social Hotspot Index range between 0 and 1, where a low value indicates a low 

risk and 1 indicates the highest risk. 

Medium Risk Hour equivalent methodology is used to describe the potential risk of a negative 

impact on the animal welfare in the production (Tallentire et al., 2019). It is based on site-specific 

data, characterised into the quantitative risk of each welfare indicator (Tallentire et al., 2019). 

The data collected from 358 farms participating in the study were divided into quartiles, where 

each quartile were given a risk weighting factor (Ri) representing the relative probability of a low, 

medium, high and very high risk of a negative impact on the animal welfare. The risk weighting 

factors were 0.1, 1, 5 and 10, respectively, also used as a normalisation score.  

An issue when having this kind of risk weighting factors is that the differences between the risk 

quartiles are not in proportion to the data. It could be considered as more suitable to have a 

floating scale, as used in Zira et al. (2020), instead of four risk categories representing each 

quartile. Additionally, when there is no animal welfare loss the risk should be zero, but with this 

methodology it results in 0.1.  

Since the Medium Risk Hour equivalents methodology is based on site-specific data, this method 

is not applicable to this study. 

Weighting factors 

Weighting factors are required to aggregate several animal welfare issues into one impact 

category (UNEP, 2020). Weighting factors could be applied in four ways: equal weight, most 

robust and relevant indicators are granted a higher weight, weighting factors based on expert or 

stakeholder values or weighting factors based on the worst performance (UNEP, 2020). In the 

weighting step of the assessment, the practitioner applies weighting factors to inventory 

indicators, impact subcategory or stakeholder category results, with the purpose to reflect their 

relative importance to the overall contribution to the animal welfare impact so their associated 

results show a higher contribution in the final results (UNEP, 2020). The weighting factors could 

be decided by the stakeholders affected by the social issues (UNEP, 2020). However, in an 

animal welfare assessment, this is not possible since pigs do not talk.  

Tallentire et al. (2019) and Castellini et al. (2012) weighted the animal welfare issues equally 

(weighting factor 1). Müller-Lindelauf et al. (2010) applied weighting factors on the impact 

subcategory, with the weighting factors of 1 for housing system, 5 for feeding and 2.5 for health.  

Zira et al. (2020) weighted the animal welfare issues by weighting factors applied on the impact 

subcategory based on an expert survey, and corrected the weighting factor for the amount of 

animal welfare issues related to the subcategory. A high amount of related animal welfare issues 

results in a lower weighting factor of the inventory indicator (Zira et al., 2020). 
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5. Case study 

To investigate the advantages and disadvantages of the methodologies found in the literature 

review, a case study was carried out. It could be considered as a suitable complement to the 

recently published LCAs on pig production (Landquist et al., 2020; Wirsenius et al., 2020).  

Another reason to use conventional pig production to apply the results of the literature review is 

the radical change for an intensified production during the 20th century (Ekesbo, 2011). Since the 

domestication of the pig, Sus scrofa, morphology and physiology has been changed in some ways 

while the behaviour has mostly not been changed (Ekesbo, 2011). The intensification of pig 

production has led to animal health and welfare issues (EFSA, 2007) and the breeding selection 

has been changed toward growth, size, litter size and carcass characteristics (Ekesbo, 2011).  

5.1.The Goal  

The goal of this case study was to calculate animal welfare impact in Swedish conventional pig 

production using S-LCA and to analyse how Swedish conventional pig production perform 

regarding animal welfare in comparison to Denmark.  

The results of this case study could be communicated to professionals in the field of and people 

interested in animal welfare, LCA of food products and a sustainable food production.   

5.2.The Scope 

System boundaries 

The system boundaries were defined by the farm, the transportation and the slaughterhouse, such 

as “from birth to bullet”. No allocation was made.  

Stakeholder category 

Stakeholder categories in an S-LCA is categories of people who are affected by the analysed 

product or process, for example workers, society and consumers (UNEP, 2020).  

The stakeholder category was pigs.  

Functional unit 

The functional unit is a unit of reference to which all impacts of the analysed flow can be put into 

relation (Baumann and Tillman, 2004).  

The functional unit was 1 kg pork meat in carcass weight.  

Data collection 

Data was collected from databases, reports and scientific literature. The sources used are found in 

Table 1 and Table 2 (see chapter 5.5). Whenever possible to distinguish data on conventional 

production from other production systems, this was done to only consider conventional 

production.  

The case study had to rely on different sources for different countries which could be a concern, 

but it is unlikely to substantially change the results and conclusions of the case study since the 

data consider the same indicators and are from comparable years. Data was divided into high 

quality and low quality data (Table 1), where low quality data consider old data which might not 

be accurate or consider data which could be affected by other factors than the animal welfare. 

This is further explained in Appendix III for each inventory indicator. This enabled two separate 

calculations, with the purpose to distinguish any effects on the results by poor quality of data.    

Impact category 

The impact category was loss of animal welfare.   
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5.3.Method for impact assessment 

The method for impact assessment was Social Risk Time methodology and Social Hotspot Index 

methodology, both methodologies based on the Social Risk of each inventory indicator. Figure 3 

shows a flow chart of the process (see chapter 4.2). 

The results will be presented as Social Risk Time and Social Hotspot Index, where the following 

comparisons will be made: 

 Comparison of the animal welfare impact of Swedish and Danish conventional pig 

production.  

 Comparison of this case study and the study by Zira et al. (2020).  

 Comparison of the two methodologies. 

Weighting factors 

Weighting factors were applied in two different ways: equally weighted and with differentiated 

weighting factors in accordance with the methodology used in Zira et al. (2020) (see chapter 4.2). 

The weighting factors in the later scenario are found in Appendix IX, Table 8. 

5.4.Inventory indicators 

The inventory indicators included in the case study are found in Appendix III. They were 

included based on the relevance of the animal welfare impact and data availability. Inventory 

indicators which should be included but where there is no available data are found in Appendix 

IV. Inventory indicators which were deliberately excluded are found in Appendix V. 

The inventory indicators included in the case study were divided into two categories based on the 

quality of data (Table 1). This enabled two separate calculations, with the purpose to investigate 

any effect on the results from data of poor quality. The result in which both high and low quality 

data is included is found in Appendix VII, and enables comparison with the results in chapter 5.6.    
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5.5.Life cycle inventory analysis 

Details on animal welfare issues and inventory indicators are found in Appendices II and III. 

Table 1. Data collected of the inventory indicators included in the assessment 

Animal welfare issue Inventory indicator Sweden Denmark EU 

Early weaning Weaning age* 32.6 daysa 31.0 daysa 27.3 daysb 

Piglet mortality Piglet mortality* 17.7 %a 14.8 %a 13.2 %b 

Late mortality (post-

weaning) 

Late mortality (post-

weaning)* 

3.8 %b 6.5 %b 6.1 %b 

     

Fully slatted floors Prevalence of farms with 

fully slatted floors for 

fattening pigs* 

0 %c 0 %d,e 45 %f 

Space to move and to avoid 

conspecifics, pregnant sows 

Space allowance, pregnant 

sows* 

2.25 m2 c 2.25 m2 e,g 2.25 m2 g 

Space to move and to avoid 

conspecifics, lactating sows 

Space allowance, lactating 

sows* 

6.0 m2 c 1.2 m2 e,h 1.2 m2 g,h 

Space to move and to avoid 

conspecifics, post-weaning 

Space allowance, post-

weaning* 

0.94 m2 c 0.65 m2 e 0.65 m2 g 

The use of gestation crates Percentage of time sows 

spend in gestation crates* 

0 %c,i 23.5 %a,b 21.5 %b 

Absence of feed Prevalence of straw as feed* 97.3 %j 97.0 %j 67.0 %j 

Unenriched environment Prevalence of manipulable 

material* 

97.3 %j 97.0 %j 67.0 %j 

Tail biting Percentage of pigs with bitten 

tails* 

3.1 %k 1.3 %l 7.5 %m 

The practice of tail docking Percentage of tail docked 

pigs* 

0 %i,j 98 %j 77 %j 

Pain and stress during and 

after surgical castration 

Percentage of surgical 

castrated pigs* 

90 %n 97 %n 63 %n 

Injured animals Percentage of injured animals 

at the time of slaughter 

0.2 %o 

 

8.9 %p 13.4 %q 

Respiratory disorders Percentage with respiratory 

disorders* 

3.5 %p 27.9 %p 37.8 %q 

Ascaris suum infection Percentage of pigs with 

Ascaris suum infection (large 

roundworm) 

4.8 %k 1.0 %p 

 

30 %q 

 

Osteochondrosis Percentage of animals with 

osteochondrosis 

17.0 %r 17.0 %s 35.5 %t 

Arthritis Percentage of animals with 

arthritis 

5 %u 30 %v 6 %t 

Dysentery Percentage of herds with 

dysentery 

1 %u 0 %w 10 %s 

Post-weaning diarrhoea Percentage of herds/litters 

with post-weaning diarrhoea 

10 %u (herds) 6 %x (litters) 20 %s 

Stress during transportation  Transportation time* 4 hy 3 hz 24 hå 

* High quality data 
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Sources: (a) I. Eriksson, Gård & Djurhälsan (personal message, 9 April 2021); (b) Agriculture Horticulture 

Development Board (2020); (c) Statens jordbruksverks föreskrifter och allmänna råd (SJVFS 2019:20) om 

grishållning inom lantbruket m.m.; (d) Animal Sciences Group (2009); (e) Danish Agriculture & Food Council 

(2018); (f) Bonneau et al. (2011); (g) Council Directive 2008/120/EC of 18 December 2008 laying down minimum 

standards for the protection of pigs; (h) Ringgenberg et al. (2012); (i) Djurskyddslag (2018:1192); (j) De Briyne et 

al. (2018); (k) I. Clemensson Lindell, Gård & Djurhälsan (personal message, 5 April 2019, reference in Zira et al., 

2020); (l) Petersen et al. (2008); (m) EFSA (2007); (n) Kress et al. (2019); (o) A. Lindgren, Swedish Food Agency 

(personal message, 18 December 2020); (p) Lindgren et al. (2014); (q) Zira et al. (2020); (r) Etterlin (2016); (s) 

qualified estimation; (t) Turner et al. (1991); (u) P. Wallgren, National Veterinary Institute (personal message, 8 

April 2021); (v) Buttenschon et al. (1995); (w) Danish Agriculture & Food Council (2014); (x) Svensmark et al. 

(1989); (y) Uno Wennergren, Linköping University (personal message, 9 April 2021); (z) A. L. Trier Kreutzfeldt, 

Danish Crown (personal message, 26 March 2021); (å) Council Regulation (EC) No 1/2005 of 22 December 2004 on 

the protection of animals during transport and related operations and amending Directives 64/432/EEC and 

93/119/EC and Regulation (EC) No 1255/97, Chapter V, 1.4.b. 

 

Table 2. Data collected of pig production in Sweden, Denmark and EU and calculations of the 

reference flow and activity variable 

 Sweden  Denmark EU 

Slaughtered pigs, million pigs 2.6a 17.3a 245.5a 

Total slaughtered weight, Mkg 247a 1595a 23 036a 

Carcass weight, kg 93.9b 92.3b 93.8b 

Slaughter age, days 177c 180d 192e 

Reference flow*, pigs/FU 0.0106b 0.0108b 0.0107b 

Activity variable**, days/FU 1.88b 1.95b 2.05b 

* Reference flow is the number of pigs needed to produce one functional unit (FU)  

**Activity variable is the number of days needed to produce one functional unit (FU) 

Sources: (a) Eurostat (2021); (b) own analyse of data; (c) Landquist et al. (2020); (d) A. L. Trier Kreutzfeldt, Danish 

Crown (personal message, 26 March 2021); (e) Agriculture Horticulture Development Board (2020). 

 

5.6.Impact assessment 

5.6.1. Comparison of Swedish and Danish conventional pig production  

The Social Risk Time in conventional pig production was calculated to 7.9 in Sweden and 11.9 in 

Denmark (Figure 4). The Social Hotspot Index was calculated to 0.28 in Sweden and 0.41 in 

Denmark. The two methodologies are based on calculations on the Social Risk (Appendix VI, 

table 4). Raw data on the results in Social Risk Time is found in Table 6 in Appendix VIII. 

 

Figure 4. Comparison of Social Risk Time for Sweden and Denmark  
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Figure 5. Contribution of Social Risk Time for each inventory indicator in conventional pig 

production in Sweden and Denmark where data is considered to be of high quality 

 

In Swedish conventional pig production, the animal welfare issues with the highest contributions 

to the loss of animal welfare are surgical castration and piglet mortality, where the related 

inventory indicators are prevalence of surgical castration and piglet mortality (Figure 5). 

In Danish pig production, the inventory indicators show the highest contributions to the loss of 

animal welfare are prevalence of surgical castration, prevalence of tail docked pigs, piglet 

mortality, percentage of time sows spend in gestation crates and late mortality (Figure 5). 

The inventory indicators with a higher animal welfare loss in conventional pig production in 

Sweden compared to Denmark are piglet mortality, prevalence of tail biting and transportation 

duration, as shown in Figure 5.  

The inventory indicators with a higher animal welfare loss in conventional pig production in 

Denmark compared to Sweden are percentage of time sows spend in gestation crates, late 

mortality, prevalence of respiratory disorders, weaning age, prevalence of tail docked pigs, space 

allowance for lactating sows and pigs after weaning, and prevalence of surgical castration , as 

shown in Figure 5. 

There is no impact on Swedish conventional pig production from the following inventory 

indicators: percentage of time sows spend in gestation crates, prevalence of tail docked pigs and 
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prevalence of farms with fully slatted floors (Figure 5). Prevalence of farms with fully slatted 

floors does not have an impact on Danish conventional pig production either (Figure 5).  

5.6.2. Comparison of Social Risk Time in Swedish conventional pig production 

The result shows that the share of contribution of each inventory indicator differs when weighting 

factors are differentiated weighted. Figure 6 shows two different scenarios of Social Risk Time 

methodology, where the animal welfare issues are equally and differentiated weighted. The 

differentiated weighting factors are applied in accordance with the methodology used in Zira et 

al. (2020), where weighting factors are applied on the subcategories of the animal welfare issues 

(management, housing system and natural behaviour [Appendix IX, Table 8]).  

The inventory indicators included in this analyse are those which are included in this case study, 

except transportation duration. The reason for this is that the animal welfare issue of stress during 

transportation were not included in the study from Zira et al. (2020), which results in no 

weighting factor of the subcategory “transportation”. 

The amount of related animal welfare issues are five for subcategories “animal health” and 

“housing system”, but only two for “management” and “natural behaviour”. This affects the 

differentiated weighting factors where a high amount of related animal welfare issues results in a 

lower weighting factor of the inventory indicator.  

 

Figure 6. Comparison of Social Risk Time in Sweden for two different scenarios 

 

The share of contribution to the total animal welfare impact of animal welfare issues related to 

the subcategory “housing system” (inventory indicators: space allowance for lactating sows, 

pregnant sows and pigs after weaning) decrease when differentiated weighting factors are 

applied. The share of impact of animal welfare issues related to “natural behaviour” (inventory 

indicators: prevalence of straw as feed and prevalence of manipulable material) and 

“management” (inventory indicators: prevalence of tail docked pigs and prevalence of surgical 

castration) increase. Differentiated weighting factors have no significant impact on the share of 
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“animal health” (inventory indicators: piglet mortality, late mortality, prevalence of tail biting, 

prevalence of respiratory disorders and weaning age).  

 

6. Discussion and interpretation of the case study   

6.1.Comparison of Swedish and Danish pig production 

The result of this case study shows that Denmark have a higher animal welfare loss compared to 

Sweden. The Social Hotspot Index in conventional pig production is 0.41 in Denmark and 0.28 in 

Sweden. The Social Risk Time is 11.9 in Denmark and 7.9 in Sweden (Figure 4). In other words, 

the animal welfare loss is about 50% higher in conventional pig production in Denmark 

compared to Sweden. 

As previously explained, animal welfare could vary between different animals (O’Malley et al., 

2019), different breeds (EFSA, 2012; Camerlink et al., 2018; Rydhmer, 2021), different farms 

(Müller-Lindenlauf et al., 2010; Mas et al., 2016) and different production systems (Müller-

Lindenlauf et al., 2010; Shields and Orme-Evans, 2015), which must be taken into consideration 

when analysing the results. 

In Swedish conventional pig production, the animal welfare issues with the highest contributions 

to the loss of animal welfare are surgical castration and piglet mortality, where the related 

inventory indicators are prevalence of surgical castration and piglet mortality (Figure 5). Both are 

above the EU average (Appendix VI, table 4).  

The animal welfare issues with the highest contributions to the loss of animal welfare in Danish 

pig production are surgical castration, the practice of tail docking (Figure 7), piglet mortality, the 

use of gestation crates and late mortality, all above the EU average (Appendix VI, table 4). The 

practice of tail docking and the use of gestation crates have zero impact on animal welfare in 

Swedish conventional pig production (Figure 5) since those practices are not used (De Briyne et 

al., 2018; Djurskyddslag 2018:1192; SJVFS 2019:20). These two animal welfare issues 

contribute to 2.2 Social Risk Time in Danish pig production (Figure 5), corresponding to 18 % of 

the total animal welfare loss. 

 

Figure 7. The practice of tail docking is the second largest contributor to the total loss of animal 

welfare in conventional pig production in Denmark (Source: Staaf Larsson, 2007) 

 

The activity variables (i.e. the amount of days needed to produce the functional unit) only differ 

to a lesser extent between conventional production in Sweden and Denmark (1.88 and 1.95, 
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respectively) and arguably do not affect the outcome of the case study. The lack of major 

differences in activity variables indicates that the animal welfare issues are key factors when 

understanding differences in the animal welfare impact between the two countries. 

The results of Social Hotspot Index in this case study (0.41 in Danish and 0.28 in Swedish 

conventional pig production) is not directly comparable to the result from Zira et al. (2020) (0.35 

for Swedish conventional pig production), mainly due to differences in the goal and scope of the 

studies. Zira et al. (2020) compared Swedish conventional and organic production while this case 

study compare Danish and Swedish conventional production. This difference affects the results 

since the reference values in Zira et al. (2020) also include organic production, which tend to 

have a lower impact on the animal welfare (Zira et al., 2020). This results in lower reference 

values and therefore a higher Social Risk in Swedish conventional pig production in Zira et al. 

(2020), compared to only using reference values reflecting conventional production, as used in 

this case study.  

The assessment of the animal welfare impact in Zira et al. (2020) compared to this case study 

differ in the amount of animal welfare issues and related inventory indicators included in the 

assessment. Since the Social Hotspot Index enables a comparison of two scenarios even if 

different amounts of indicators are included (see chapter 6.2), this enables a comparison anyhow. 

A higher amount of included animal welfare issues and related inventory indicators could 

however lead to a higher certainty of the result. 

Other differences between this case study and the study carried out by Zira et al. (2020) are the 

sources used for data collection and interpretations of the data. For example, the legal 

requirement for groups from 6 up to 40 individuals is 2.25 m2 per sow, both in EU (Council 

Directive 2008/120/EC, Article 3 [1b]) and in Sweden (5 Ch. 6 § SJVFS 2019:20). This can 

either be decreased by 10 % when keeping groups of 40 or more or should be increased by 10 % 

if keeping less than 6 individuals in the group (Council Directive 2008/120/EC, Article 3 [1b]), 

which results in 2.03 m2 and 2.48 m2, respectively. This data could be compared to the legal 

requirements in Sweden, 2.05 m2 and 2.48 m2 (5 Ch. 6 § SJVFS 2019:20). Zira et al. (2020) used 

2.25 m2 as a reference value, indicating an assumption of groups of 6 up to 40 individuals, while 

the Swedish data were 2.48 m2, indicating an assumption of groups of less than 6 individuals. 

This results in a Social Risk less than the reference value, even though the Swedish requirements 

are similar to the EU requirement.  

6.2.Comparison of Social Risk Time and Social Hotspot Index  

The result of this study shows that the differences between Social Risk Time and Social Hotspot 

Index are the activity variable and the weighting factors, which are both applied in the Social 

Risk Time methodology but not in the Social Hotspot Index methodology. In this case study, the 

animal welfare issues have equal activity variables and weighting factors in the Social Risk Time 

methodology. This results in no differences in the shares of the animal welfare issues between the 

two methodologies. The results of the two methodologies are however reported in two different 

ways, where Social Hotspot Index is presented as a number between 0 and 1 while Social Risk 

Time does not have a maximum.  

The weighting factors are beneficial to use since they enable an accurate effect to the total animal 

welfare impact which each animal welfare issue contributes to. For example, injured animals is 

an animal welfare issue where the prevalence of injured animals is considered as one of the most 

important indicators of animal welfare (EFSA, 2012). This indicates that this animal welfare 

issue should have a higher weighting factor in relation to other animal welfare issues. The effect 

of the weighting factors is displayed in Figure 6. 

The activity variable also affects the result when using the Social Risk Time methodology. Social 

Risk Time is indicating the exposure of the potential risk of animal welfare loss in relation to the 
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functional unit. The longer an animal is being exposed (i.e. a higher activity variable), the higher 

risk of animal welfare loss. If animals grow fast and are slaughtered at an early age, fewer 

animals are needed to produce the same amount of meat to the consumers. Recent studies 

highlight the importance of including the amount of animals affected in the production system in 

relation to the functional unit when assessing the animal welfare impact (Scherer et al., 2018; 

Tallentire et al., 2019).  

When assessing the animal welfare impact of two products and the amount of indicators differ for 

the two products, the Social Hotspot Index methodology is beneficial since the result is presented 

as the average Social Risk (the sum of Social Risk divided by the amount of inventory 

indicators). The Social Risk Time is affected by the amount of indicators, where a higher amount 

of indicators results in a higher score. This indicates that there should be a standardised amount 

of indicators if Social Risk Time is used as a method, and if the amount of indicators used in the 

assessment differ between two countries, production systems or other comparisons, Social 

Hotspot Index is more suitable to use.  

Both Social Risk Time and Social Hotspot Index could be used to investigate what improvements 

should be made in the production chain. The issue with Social Risk Time is that a high score, 

which indicates a high loss of animal welfare, could be concealed by a low activity variable. This 

indicates that the Social Hotspot Index should be used in addition to the Social Risk Time, to 

minimise the risk of concealing valuable information on potential improvements of the 

production system.  

To sum up this chapter, both Social Risk Time and Social Hotspot Index could be used to address 

animal welfare issues in animal production systems and to prioritise measures for improvement, 

which would result in an improved animal welfare on a global scale. Social Risk Time should be 

used as the main methodology, since it takes the exposure and severity of the animal welfare 

issues into consideration. Social Hotspot Index could be used in addition to the Social Risk Time 

to highlight the animal welfare impact in subsystems of the production chain without the time or 

weighting factors affecting the result.  

6.3.Comparison with environmental Life Cycle Assessments 

The result of this study shows that Denmark have a higher potential risk of animal welfare loss 

(Figure 4). The environmental impact from the average pork production is 3.04 carbon dioxide 

equivalents per kg carcass weight in Sweden and 2.89 carbon dioxide equivalents per kg carcass 

weight in Denmark (Wirsenius et al., 2020). In other words, Sweden has a higher environmental 

impact (Wirsenius et al., 2020) but a lower animal welfare impact compared to Denmark (Figure 

4). This release that there could be trade-off between environmental impact and animal welfare. 

Animal welfare loss can also be seen as a contributor to environmental impact; unhealthy animals 

can have a lower production which makes the environmental impact higher. Another E-LCA 

shows that four of the most common diseases (arthritis, dysentery, post-weaning diarrhoea and 

respiratory disorders) contribute to 3.4 % of the environmental impact (Landquist et al., 2020). 

As a comparison, these diseases contributed to 15 % of the total animal welfare loss in the present 

study (Appendix VII, Figure 10).  

In E-LCAs, the system boundaries does often cover several parts of the production than in this 

case study and other studies on animal welfare. The reason for this is that environmental impacts 

occur in earlier and later parts of the production chain, impacts from such as the extraction and 

production of raw material, energy production in feed production and manufacturing of the final 

product (Landquist et al., 2020). 
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6.4.Benefits and disadvantages of Life Cycle Assessments  

This case study shows that S-LCA as a method and Social Risk Time and Social Hotspot Index 

methodologies are suitable for assessing animal welfare impact. The benefits with an S-LCA are 

as follows: 

 Lifecycle and value chain perspective, which results in a holistic assessment where all 

impacts are included.  

 Systematic. 

 Converts animal welfare issues into a normalisation score for an enabled comparison and 

inclusion of different animal welfare issues. 

 Enables to shift from a system based rating to a product based rating. 

 Identifies issues. 

 Enables communication of issues. 

 Helps to prioritise actions for improvements. 

 Based on a standardised method. 

 

A major benefit with the method is that it enables an assessment where several animal welfare 

issues and related inventory indicators are included, which previously has been highlighted as 

important when assessing animal welfare (Tallentire et al., 2019). A higher number of indicators 

reduces the risk of few indicators affecting the results (Tallentire et al., 2019). When the 

assessment only consider one indicator, for example space allowance for pigs used in the study 

by Scherer et al. (2018) or cortisol accumulated in the wool used in the study by Geß et al. 

(2020), there is an increased risk of a result which does not reflect the signification of animal 

welfare. A high amount of indicators aggregated into an animal welfare index where the animal 

welfare issues are distributed among the Five Freedoms enable a more accurate score of potential 

animal welfare loss.  

A general weakness of LCA as a method is that it is based on simplified models of complex 

systems (Hellweg and Canals, 2014). But, as Scherer et al. (2018) states, “even a simple estimate 

of animal welfare is much better than ignoring the issue, as is the common practice in life cycle 

sustainability assessments”. 

A disadvantage with the method is the risk of inhibited improvements of the production made by 

single producers when the production system or country is analysed. It might result in less 

incentives for innovation and improvement of the production system if the improvement made by 

single producers does not affect the assessed animal welfare impact of their products. However, if 

the need for improvement is applied on a national basis, it might result in enforcement of higher 

animal welfare standards by legislation. This would result in an improvement of all animals in the 

production system, which indicates a higher amount of animals affected by the improvement.  

6.5.Animal welfare – an important factor in sustainability assessments 

This case study shows that animal welfare impact could be incorporated into a sustainability 

assessment by using S-LCA. Animal welfare should be considered as an important factor for a 

holistic sustainability assessment (Geß et al., 2020) but is rarely included in sustainability 

analyses of animal production systems (Lindgren et al., 2014; Shields and Orme-Evans, 2015). If 

only assessing classical environmental impact categories, such as energy consumption and 

climate impact, it could give a deceptive result of a complex system (Müller-Lindenlauf et al., 

2010). By incorporating social sustainability of animal welfare, there would be an improvement 

of sustainability assessments and could result in a more thorough understanding of the impacts of 

our choices and to identify proactive actions required to achieve sustainability (Hellweg and 

Canals, 2014).  
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There are also measures for an improved animal welfare which has beneficial environmental 

impact side effects. For example, immunocastrates has a lower environmental impact than 

barrows (surgical castrated male pigs) (Kress et al., 2019), an increased animal welfare during 

transportation could decrease the condemnation rate of live animals and carcasses at 

slaughterhouses (El Tasse and Molento, 2019) and an improved animal health could reduce the 

environmental impact in pig production (Landquist et al., 2020). 

 

7. Further research 

7.1.Development of the methodologies 

The two methodologies of S-LCA (Social Risk Time and Social Hotspot Index) are suitable as 

assessment methodologies for analysing the animal welfare impact in animal production systems, 

as shown by this case study and by scientific studies (Scherer et al., 2018; Tallentire et al., 2019; 

Zira et al., 2020). It is however a novel area, both regarding the S-LCA as a method and assessing 

the animal welfare impact. Further research is needed to improve the methodologies and to 

enable a standardisation which could be applied systematically when carrying out sustainability 

assessments by LCA. 

Further research could be summarised as the need to:  

 Confirm that the Social Risk Time and Social Hotspot Index methodologies could be used 

to assess animal welfare impact. 

 Enable and improve data collection. 

 Increase the amount of indicators included in the assessment, distributed among the Five 

Freedoms. 

 Investigate indicators of a positive animal welfare, such as positive expressions. 

 Investigate other reference values than the EU average, which could enable a scientific 

approach indicating a reference value of a medium animal welfare impact rather than the 

average of the current production. 

 Investigate weighting factors of each animal welfare issue for a standardisation.  

 Investigate expansion of system boundaries, to cover animal welfare impact in other parts 

of the production chain, such as feed production and the animal welfare of grandparent 

animals. 

 Divide the on-farm system into several subsystems, which enables the possibility to assess 

where in the on-farm production chain the highest animal welfare impact occurs. 

 Divide the stakeholder category into several stakeholder categories or subcategories, such 

as piglets, rearing pigs, fattening pigs, sows and boars.  

 Investigate and standardise the method for applying on a regular basis on food of animal 

origin or food with an impact on animal welfare. 

 Investigate the possibility to apply the method on single farms, different production 

systems and different food products. 

 

The lack of available data is the single most important factor affecting the result. A limited 

amount of data could result in few inventory indicators with a restricted distribution among the 

Five Freedoms, which might result in a lower certainty of the result. The results of the case study 

did however tend to show the same result regardless the amount of included inventory indicators, 

i.e. Denmark have a higher animal welfare loss compared to Sweden (chapter 5.6.1, Figure 4; 

Appendix VII, table 5 and Figure 9). There is a higher contribution to the loss of animal welfare 

from animal welfare issues related to the freedom from pain, injury and disease and the freedom 

to express natural behaviour (Appendix IX, Table 7).  
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The availability of data could be considered as a general issue. In this case study, data from Gård 

& Djurhälsan was not possible to retrieve due to GDPR (K. de Jong, Gård & Djurhälsan, personal 

message, 13 April 2021). Similar data from Gård & Djurhälsan regarding Swedish pig production 

has however been published before, such as the percentage of tail biting among slaughtered pigs 

(Zira et al., 2020). There is a wish for an increased availability of data from slaughter in order to 

improve animal health and welfare (A. Lindgren, Swedish Food Agency, 22 March 2021).  

Generic data could be preferable when using Comparison Reference Scale S-LCA (Fan et al., 

2015) and should be considered as the most suitable data when comparing two countries. Generic 

national data decrease the risk of a site-specific impact on the animal welfare, which could be the 

case since animal welfare differ among farms (Müller-Lindenlauf et al., 2010; Mas et al., 2016). 

On-site data collection is also resource heavy and time-consuming (Sørensen and Schrader, 2019; 

UNEP, 2020), but it might enable data collection of a positive animal welfare impact, such as 

expressions of positive behaviours.  

Data of inventory indicators could either be specific data, such as the actual space for each pig, or 

data from regulations, such as the regulated space allowance (UNEP, 2020). In an assessment 

concerning the animal welfare impact, specific data could be considered an indication of a more 

accurate potential loss of animal welfare while the legislation indicates a potential risk. The 

outcome of the two different approaches should be further investigated, since it might affect the 

result by other factors, such as the legislation process. If the legislation process is slower than the 

actual improvements of the animal welfare, data from regulations as an indicator of the animal 

welfare loss could result in a higher animal welfare loss. The result could also be affected in the 

opposite direction. For example, tail docking has been prohibited to use as a routine practice in 

EU since the 1st of January 1994 (Council Directive 1991/630/EEC, Annex, Chapter II, Specific 

provisions for various categories of pigs III [4]) but is widely used in pig production in EU 

(Edman, 2014; De Briyne et al., 2018). This could result in a lower animal welfare loss if data 

from regulations is used instead of specific data of the current production. 

The methodologies based on Social Risk (Social Risk Time and Social Hotspot Index) indicate 

the production in relation to the average production and not the best practice without any 

potential loss of animal welfare. The EU average might not be considered as good enough as a 

reference value and it could be beneficial to investigate the possibility to have a scientifically 

based reference value. It could for example be an “animal welfare loss average”, an estimated 

average of the worst practice and when there is no animal welfare loss (i.e. Social Risk is zero).  

To use the EU average as the reference value requires a regularly update of the reference value 

along the improvement, or deterioration, of the production systems in EU. There could also be a 

risk of no improvement if there might be a settle among the EU Member States, where a 

production corresponding to the average is considered as good enough. It could however also 

enhance a positive and desired competition among the Member States.  

7.2.Animal welfare loss equivalents 

An issue to communicate the results of an S-LCA with incorporated animal welfare could be to 

understand the results (Scherer et al., 2018). A current challenge is to raise consumers’ awareness 

about the animal welfare impact of their habits for purchasing food products (Algers, 2011). A 

solution to these issues could be to convert the result into an index which enables an easier 

communication to consumers. An example of this is carbon dioxide equivalents (CO2 eq.), which 

is widely used to convert all greenhouse gas (GHG) emissions to an aggregated metric and to 

provide a common scale for measuring climate impact of different gases (Krey et al., 2014; 

Eurostat, 2017; IPCC, 2018).  

An index of the animal welfare impact of a product could be Animal Welfare Loss-equivalents 

(AWL-eq.), equal to the result obtained in the Social Risk Time methodology. It could be used to 



 

25 

 

communicate the animal welfare impact of a product and to enable labelling of products with the 

animal welfare impact, important factors which significantly influence consumers (Toma et al., 

2012). Animal Welfare Loss-equivalents would enable a more thorough understanding of the 

animal welfare impacts and could positively influence retailers and consumers, which are of high 

importance to improve animal production (Scherer et al., 2018). 

Animal Welfare Loss equivalents would also decrease the risk of misleading choices. Consumers 

often face value conflicts about ethical food choices (Scherer et al., 2018) but might not have the 

knowledge of the actual conditions in animal production to be able to estimate the animal welfare 

impact of the product they intend to purchase (Algers, 2011). Generally, consumers tend to focus 

on aspects related to “naturalness”, such as outdoor access, straw and duration of suckling period 

(Sørensen and Schrader, 2019), but other animal welfare issues might contribute even more to the 

animal welfare impact, as shown by the results of this case study. These animal welfare issues 

might not be addressed by the animal welfare labels (Sørensen and Schrader, 2019) or 

communicated in a sufficient way (European Commission, 2016). Animal Welfare Loss 

equivalents could increase the conception of the actual animal welfare impact.  

To improve communication of the results even further, the functional unit should be in retail 

weight instead of carcass weight since the consumers purchase products in retail weight. An 

example of a possible way to communicate the animal welfare impact, beside the environmental 

impact, could be found in Figure 8. 

  

Figure 8. Carbon dioxide equivalents (CO2 eq.) and Animal Welfare Loss equivalents (AWL-eq.) 

per kg Swedish pork in retail weight (Source: Edman, 2021) 

 

8. Conclusions 

As a conclusion, this study found that S-LCA as a method and Social Risk Time and Social 

Hotspot Index methodologies are suitable for assessing animal welfare impact. Further research is 

however needed to develop the method for a standardised assessment of animal welfare impact in 

production systems. The method could be used to address animal welfare issues in animal 

production systems and to prioritise measures for improvement, which would result in an 

improved animal welfare on a global scale.  

The results of the case study show that conventional pig production in Denmark have a higher 

animal welfare loss than conventional pig production in Sweden. The lack of available data is a 

major issue in animal welfare assessments. 
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Appendix II – Table of animal welfare issues  

Table 3. Animal welfare issues  
Animal welfare issue Sub-category Subsystem The Five Freedoms Study Included 

Absence of feed Natural behaviour On-farm Freedom from hunger and thirst; Freedom 
to express natural behaviour 

Müller-Lindelauf et al., 2010; Zira et al., 
2020 

Yes 

Arthritis Animal health On-farm Freedom from pain, injury or disease Landquist et al., 2020; EFSA, 2007; Zira et 
al., 2020 

Yes 

Ascaris suum infection (large roundworm) Animal health On-farm Freedom from pain, injury or disease Zira et al., 2020 Yes 

Chronic stress Management On-farm Freedom from fear and distress Zira et al., 2020 No 

Deep injuries due to fighting at slaughter house Animal health Slaughterho
use 

Freedom from pain, injury or disease Zira et al., 2020 No 

Disturbance of natural circadian rhythm Housing system On-farm Freedom to express natural behaviour Zira et al., 2020 No 

Dysentery  Animal health On-farm Freedom from pain, injury or disease Landquist et al., 2020 Yes 

Early weaning Animal health On-farm Freedom from fear and distress Zira et al., 2020 Yes 

Fully slatted floors Housing system On-farm Freedom from discomfort Zira et al., 2020; Bracke, 2006 Yes 

Injured animals Animal health On-farm; 
Slaughter-
house; 
Transportati
on 

Freedom from pain, injury or disease Zira et al., 2020; Bracke, 2006; EFSA, 2007; 
Castellini et al., 2012 

Yes 

Late mortality (post-weaning) Animal health On-farm Freedom from pain, injury or disease Tallentire et al., 2019; EFSA, 2007 Yes 

Live animal and carcass condemnation rate Animal health Slaughterho
use 

Freedom from pain, injury or disease Tallentire et al., 2019 No 

Osteochondrosis Animal health On-farm Freedom from pain, injury or disease Zira et al., 2020 Yes 

Pain and stress during and after surgical castration Management On-farm Freedom from pain, injury or disease; 
Freedom from fear and distress 

EFSA, 2007; Müller-Lindelauf et al., 2010 Yes 

Piglet mortality (pre-weaning) Animal health On-farm Freedom from pain, injury or disease Zira et al., 2020; Tallentire et al., 2019; 
EFSA, 2007 

Yes 

Poor air quality Housing system On-farm Freedom from pain, injury or disease Zira et al., 2020 No 

Poor growth rate Animal health On-farm Freedom from pain, injury or disease Mas et al., 2016 No 

Poor housing system Housing system On-farm Freedom to express natural behaviour; 
Freedom from discomfort 

Sonesson et al., 2016; Zira et al., 2020 No 

Poor management at slaughterhouse Management Slaughterho
use 

Freedom from fear and distress; Freedom 
to express natural behaviour 

Own thought No 

Poor stunning method Management Slaughterho
use 

Freedom from fear and distress Own thought No 
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Post-weaning diarrhoea Animal health On-farm Freedom from pain, injury or disease Landquist et al., 2020 Yes 

Respiratory disorders  Animal health On-farm Freedom from pain, injury or disease Zira et al., 2020; EFSA, 2007; Landquist et 
al., 2020 

Yes 

Restricted access to fresh water Natural behaviour On-farm Freedom from hunger and thirst; Freedom 
to express natural behaviour 

Zira et al., 2020 No 

Restricted space to move and to avoid 
conspecifics, lactating sows 

Housing system On-farm Freedom to express natural behaviour Scherer et al., 2018; Zira et al., 2020; 
Tallentire et al., 2019; Bracke, 2006 

Yes 

Restricted space to move and to avoid 
conspecifics, pigs after weaning 

Housing system On-farm Freedom to express natural behaviour Scherer et al., 2018; Zira et al., 2020; 
Tallentire et al., 2019; Bracke, 2006 

Yes 

Restricted space to move and to avoid 
conspecifics, pregnant sows 

Housing system On-farm Freedom to express natural behaviour Scherer et al., 2018; Zira et al., 2020; 
Tallentire et al., 2019; Bracke, 2006 

Yes 

Sickness Animal health On-farm Freedom from pain, injury or disease Zira et al., 2020 No 

Stereotypies Management On-farm Freedom to express natural behaviour EFSA, 2007; Bracke, 2006 No 

Stillborn piglets Animal health On-farm Freedom from pain, injury or disease Zira et al., 2020 No 

Stress during transportation Transportation Transportati
on 

Freedom from fear and distress; Freedom 
to express natural behaviour 

Own thought Yes 

Tail biting Animal health On-farm Freedom from pain, injury or disease Zira et al., 2020; EFSA, 2007 Yes 

The absence of positive emotions and expressions Management On-farm Freedom to express natural behaviour Own thought No 

The practice of tail docking Management On-farm Freedom from pain, injury or disease; 
Freedom from fear and distress 

Zira et al., 2020; EFSA, 2007; Müller-
Lindelauf et al., 2010 

Yes 

The practice of teeth clipping Management On-farm Freedom from pain, injury or disease; 
Freedom from fear and distress 

Zira et al., 2020 Yes 

The use of gestation crates Housing system On-farm Freedom from discomfort; Freedom to 
express natural behaviour 

Zira et al., 2020 Yes 

Unenriched environment Natural behaviour On-farm Freedom to express natural behaviour Zira et al., 2020; Sonesson et al., 2016; 
Bracke, 2006; EFSA, 2007 

Yes 

Use of nose rings  Natural behaviour On-farm Freedom to express natural behaviour Zira et al., 2020 No 
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Appendix III – Inventory indicators included in the case study 

Weaning age 

This indicator relates to the animal welfare issue of an early weaning. The separation from the 

sow causes stress and health issues of the piglets, especially when it is done too early (Welfare 

Quality Office, 2009). It also affects the pig in later stages of the life (Jarvis et al., 2018). 

This indicator could be assessed by the regulation in each country, an approach which is often 

used when doing an S-LCA (UNEP, 2020). The regulated weaning age is 28 days in Sweden (3 

Ch. 2 § SJVFS 2019:20) and in EU (Council Directive 2008/120/EC, Annex, Chapter II, Specific 

provisions for various categories of pigs C [3]). According to the same regulation, there are 

however possibilities to have a weaning age of 21 days, as long as some conditions are fulfilled. 

Since the actual weaning age is available for Sweden, Denmark (I. Eriksson, Gård & Djurhälsan, 

personal message, 9 April 2021) and EU (Agriculture Horticulture Development Board, 2020), 

this will be used in this study.  

Mortality (pre-weaning and post-weaning) 

These indicators relates to the animal welfare issue of piglet mortality (pre-weaning) and post-

weaning mortality. Mortality is considered as one of the most important indicators of poor animal 

welfare (EFSA, 2012).  

Prevalence of farms with fully slatted floors 

This indicator relates to the animal welfare issue of fully slatted floors. Slatted floors, with the 

purpose to allow pig manure to pass through, are common in the pig production as they enable an 

efficient management of pig waste (Animal Sciences Group, 2009). An increased area with 

slatted floors increases the risk of (Animal Sciences Group, 2009). Fully slatted floors does 

however lead to a higher risk of leg and feet injuries, bursitis and lameness than other floors 

(Animal Sciences Group, 2009). 

Zira et al. (2020) used the percentage of pig farms with fully slatted floor for fatteners from 

Bonneau et al. (2011).  

Space allowance  

This indicator relates to the animal welfare issue of restricted space to move and to avoid 

conspecifics. When pigs have a reduced freedom of movement, it could lead to stress (De Briyne 

et al., 2018).  

This indicator will be assessed by the minimum regulation in each country, an approach 

commonly used in S-LCA (UNEP, 2020). 

Zira et al. (2020) divided the animal welfare impact of this animal welfare issue as 10% of the 

impact from the space allowance regarding sows and 90% from the space allowance regarding 

rearing and fattening pigs. In order to simplify the calculations and since it could be of 

importance for further research to divide it based on the category of pig, this animal welfare issue 

was divided into three inventory indicators in this study: space allowance for pregnant sows, 

lactating sows and pigs after weaning. 

An assumption was made in this study of a weight of 120 kg of the pigs after rearing. This was 

necessary to collect data since the regulated space allowance differ depending on the weight of 

the pig. This assumption was also made by Zira et al. (2020).  

In this study and the study of Zira et al. (2020) the assumption of standard gestation crates was 

used regarding the space allowance during lactating. The size of the standard gestation crates are 

0.68 x 2.10 m (Ringgenberg et al., 2012). 
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For pregnant sows, the Swedish data was collected as the total area in a scattered lying box was 

used (5 Ch. 6 § SJVFS 2019:20). 

Percentage of time sows spend in gestation crates 

This indicator relates to the animal welfare issue of lack of freedom to move for lactating sows. 

Crated sows is the most important factor for a poor animal welfare of sows (EFSA, 2007).  

The data was calculated by weaning age in days added with seven days, based on an estimated 

assumption that the sows are crated about a week before farrowing. This was multiplied with the 

amount of litters per sow per year divided by 365 days.  

Zira et al. (2020) used the average months per year a sow spends in a crate as an indicator to 

measure the loss of animal welfare of the sows.  

Prevalence of straw as feed 

This indicator relates to the animal welfare issue of absence of feed. An important behaviour of 

the pig is foraging (EFSA, 2007; Ekesbo, 2011; Oostindjer et al., 2011). All pigs must be fed at 

least once a day (Council Directive 2008/120/EC, Annex I, Chapter I [7]). Absence of feed could 

decrease the animal welfare (Boogaard et al., 2011). It could also decrease by dirty troughs 

(Boogaard et al., 2011). Zira et al. (2020) used the access to roughage from a study by De Briyne 

et al. (2018).  

Prevalence of manipulable material 

This indicator relates to the animal welfare issue of an unenriched and poor environment. Lack of 

access to enrichment and manipulable material reduces the animal welfare and may lead to tail 

biting, causing pain and stress in pigs (EFSA, 2007; De Briyne et al. 2018). Important behaviours 

of the pig are foraging, rooting and exploring (EFSA, 2007; Ekesbo, 2011; Oostindjer et al., 

2011), behaviours which are possible to satisfy with manipulable material. All categories of pigs 

must have permanent access to a sufficient quantity of material to enable proper manipulation and 

investigation, such as straw, hay, wood, sawdust, mushroom compost, peat or a mixture of such 

(Council Directive 2008/120/EC, Annex I, Chapter I [4]). 

Prevalence of tail biting 

This indicator relates to the animal welfare issue of tail biting. An overall conclusion is that tail 

biting is a distinct indication of poor animal welfare, both for the pigs which perform the 

behaviour and the pigs which gets bitten (EFSA, 2007; Brunberg et al., 2011; D’Eath et al., 

2014). It causes pain and stress in pigs (EFSA, 2007; Brunberg et al., 2011; D’Eath et al., 2014; 

De Briyne et al., 2018) and has several risk factors (EFSA, 2007; Sutherland et al., 2009; 

Brunberg et al., 2011).  

Prevalence of tail docked pigs 

This indicator relates to the animal welfare issue of the practice of tail docking. Tail docking is 

practised on farms to prevent tail biting and is a procedure where the whole tail or a part of it gets 

mutilated (Sutherland et al., 2009). Tail docking is a painful procedure (Sutherland et al., 2009) 

and has a negative impact on the health of the piglet (Sutherland et al., 2009; Scollo et al., 2013). 

Tail docking should not be carried out by routine (Council Directive 91/630/EEC, Annex, 

Chapter II, Specific provisions for various categories of pigs III [4]).  

Prevalence of surgical castration 

This indicator relates to the animal welfare issue of pain and stress during and after surgical 

castration. To use other methods than surgical castration the animal welfare would increase, for 

example by immunocastration or to raise boars (Kress et al., 2019). 
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Prevalence of injured animals 

This indicator relates to the animal welfare issue of injured animals. Injured animals are 

considered as one of the most important indicators of poor animal welfare (EFSA, 2012). Pigs are 

social animals with a complex social structure, but aggressive behaviours among pigs are rarely 

performed in a well-functioning group (Ekesbo, 2011). Skin lesions appear through the whole life 

of the pig and could be affected by the amount of litter in the pens (Zoric, 2008).  

The study of which data was retrieved in this case study regarding Danish pig production 

included different types of skin lesions, such as wounds, skin irritations, abscesses, auricular 

haematoma and hernia (Lindgren et al., 2014). 

Due to unavailable data regarding the prevalence of skin lesions in Swedish pig production, the 

condemnation rate of animals before and carcasses after the time of slaughter was used. The 

condemnation rate could however be affected by other factors (El Tasse and Molento, 2019), 

which indicates that the use of condemnation rate as data for injured animals is not appropriate to 

use if other data is available.  

Diseases and infections 

These indicators relates to the animal welfare issue of sickness and pain related to each disease or 

infection. Signs of diseases are considered as one of the most important indicators of poor animal 

welfare (EFSA, 2012).  

 Prevalence of respiratory disorders  

Respiratory disorders is a health and animal welfare issue in pig production (Lindgren et al., 2014). 

A vast majority of the pig farms in Sweden suffer from this (Per Wallgren, SVA, personal message 

8th of April) and about 3.5 % of the animals (Lindgren et al., 2014). 

The reference value of 37.82% was calculated by Zira et al. (2020), based on data from Austria, 

Germany and Denmark in Lindgren et al. (2014). 

 Prevalence of Ascaris suum infections (large round worm) 

Ascaris suum is a health and animal welfare issue in pig production (Lindgren et al., 2014). Zira 

et al. (2020) used the percentage of pigs with liver milk spots from slaughter remarks in Sweden 

as an indicator of Ascaris suum infection, which also was used in this study. 

 Prevalence of osteochondrosis 

One of the most important indicators of a poor animal welfare of sows is using a locomotion 

score (EFSA, 2012). Osteochondrosis (OC) is one of the main causes of leg weakness in pigs 

(van Grevenhof et al., 2011; Etterlin, 2016), causing lameness, pain and disorders in the 

locomotion resulting in animal welfare issues and economic losses (van Grevenhof et al., 2011). 

Osteochondrosis is often genetically triggered (Wegner et al., 2020). Based on this and with 

contact on a national expert on the issue, it was assumed to occur on the same prevalence in 

Sweden, Denmark and EU. Housing system and feed could also affect the prevalence of OC (van 

Grevenhof et al., 2011). 

 Prevalence of arthritis 

One of the most important indicators of a poor animal welfare of sows is using a locomotion 

score (EFSA, 2012). The locomotion score could for example be affected by arthritis, which is 

inflammation of the joints (Pig Progress, 2021a). It leads to heat and increased fluids in the joints, 

which leads to pain and a poor animal welfare (Pig Progress, 2021a). This is one of the diseases 

which causes the most impact on environmental impact in Swedish pig production (Landquist et 

al., 2020). A vast majority of pig farms in Sweden is considered to suffer from this (Per 

Wallgren, SVA, personal message 8th of April). 
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Due to difficulties collecting data, the reference value used was from a study carried out in South 

Africa (Turner et al., 1991).  

 Prevalence of dysentery 

Dysentery is a contagious disease caused by Brachyspira hyodysenteriae and causes 

mucohaemorrhagic diarrhoea (Hansen et al., 2011). It mainly affects growing and finishing pigs 

(Hansen et al., 2011). 

Data regarding occurrence of dysentery in Danish pigs (0 %) only consider animals in the Danish 

Specific Pathogen Free (SPF) system (Danish Agriculture & Food Council, 2014), which is 

approximately 75 % of the pigs in Denmark (Food and Agriculture Organization, 2019). Based 

on this information, the data used in this case study (0 %) might be underestimated. 

 Prevalence of post-weaning diarrhoea 

Post-weaning diarrhoea (PWD) is considered to be a multifactorial disease and often occurs 

among newly weaned piglets due to a change in diet, changed housing conditions and a 

psychological and physiological change (Laine et al., 2008).  

The data regarding occurrence of PWD in Denmark is based on data from 1976 to 1982, where 

the weaning age decreased from 42 days to 30 days (Svensmark et al., 1989). The mean weaning 

age today is 31 in Denmark (Ingvar Eriksson, Gård & Djurhälsan, personal message 9 April 

2021), which indicates that the data could give an indication of the current prevalence of PWD. 

Transportation duration 

This indicator relates to the animal welfare issue of stress during transportation. The animal 

welfare is reduced during transports (European Commission, 2002; El Tasse and Molento, 2019; 

Bracke et al., 2020) and depends on the inability to behave naturally (Bracke et al., 2020). During 

transport, the most acute phases of reduced animal welfare are loading and unloading (European 

Commission, 2002; Bracke et al., 2020). After loading, pigs will gradually relax and heart rates 

and cortisol concentrations fall as the journey progresses (European Commission, 2002). This 

indicates that the transportation duration might not be the best indicator of animal welfare loss 

but it could however be concluded that there is a loss of animal welfare compared to not being 

transported.  

General data on transportation duration was unable to retrieve. According to Uno Wennergren, 

Linköping University (personal message, 9 April 2021), the average transportation time to 

slaughter at HK Scan, one of the biggest slaughterhouses in Sweden, has an average 

transportation time of 4 hours. According to A. L. Trier Kreutzfeldt, Danish Crown (personal 

message, 26 March 2021), 95 % of the finishing pigs are transported to slaughter within 3 hours. 

This data was used in this case study. The information could indicate an underestimation of the 

animal welfare impact from stress during transportation.  

The reference value used in this study is the regulated maximum time of transportation of pigs In 

EU, i.e. 24 hours (Council Regulation 1/2005/EC, Chapter V [1.4.b]). A regulated maximum as a 

reference value of an animal welfare issue where specific data has been collected might lead to an 

underestimation of the animal welfare impact from stress during transportation.  
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Appendix IV – Inventory indicators which should be included in animal welfare 

assessments  

These inventory indicators could be important to include in an animal welfare assessment, but 

further investigation and data collection is needed to be able to include them.  

Restricted access to fresh water 

This indicator relates to the animal welfare issue of restricted access to fresh water. Access to 

water is mandatory for a good animal health and welfare (Boogaard et al., 2011). All pigs over 

two weeks of age must have permanent access to a sufficient quantity of fresh water (Council 

Directive 2008/120/EC, Annex I, Chapter I [7]). 

Air quality 

This indicator relates to the animal welfare issue of poor air quality. Good housing conditions are 

mandatory for a good animal health and welfare (Boogaard et al., 2011). Limited ventilation for 

pigs, prevalence of ammonia in the air and dusty air could result in a decreased animal welfare 

(Boogaard et al., 2011). 

Access to daylight 

This indicator relates to the animal welfare issue of disturbance of natural behaviour. Animal 

welfare could be affected by the prevalence of daylight in animal production (Boogaard et al., 

2011). 

Additional diseases 

Additional diseases as indicators relate to the animal welfare issue of sickness and pain. Signs of 

diseases are considered as one of the most important indicators of poor animal welfare (EFSA, 

2012).  

The prevalence of teeth clipping 

This indicator relates to the animal welfare issue of the practice of teeth clipping. Teeth is 

prohibited as a routine practice (Council Directive 2008/120/EC, Annex I, Chapter I [8]) and 

could lead to a decreased animal welfare (Boogaard et al., 2011). 

The use of antibiotics 

This indicator relates to the animal welfare issue of sickness. The use of antibiotics could be an 

indicator of sick animals. There is however no available data on the use of antibiotics for pigs 

(Landquist et al., 2020; Zira et al., 2020). 

Prevalence of positive emotions and expressions 

This indicator relates to the animal welfare issue of the absence of positive emotions and 

expressions. Animal welfare is affected by animal behaviours (EFSA, 2012; Rydhmer, 2021), 

where signs of positive emotional states could indicate a good animal welfare (EFSA, 2012). To 

include the prevalence of animal behaviours could be considered as an important factor in animal 

welfare assessments (Smulders et al., 2006). Data could be collected by on-farm observations and 

should cover a broad range of behaviours related to animal welfare (Smulders et al., 2006). For 

example, play is an indicator of animal welfare (Held and Spinka, 2011) and could also indicate a 

good adaptation to new housing conditions after weaning (Silerová et al., 2010). 

Prevalence of stereotypies 

This indicator relates to the animal welfare issue of stereotypies. Stereotypies are abnormal and 

stress related behaviours and are considered as one of the most important indicators of poor 

animal welfare (EFSA, 2012).  
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Prevalence of housing systems which enable natural behaviours 

This indicator relates to the animal welfare issue of a poor housing system. A housing system 

with the possibility to express natural behaviours reduces stress induced behaviours, reduces the 

frequency of diseases and could lead to a more beneficial handling of stress later in life compared 

to pigs raised indoors (Lindgren et al., 2014).  

Indicators of chronic stress 

These indicators relates to the animal welfare issue of chronic stress. Possible indicators of 

chronic stress could be the following: meat pH (Zira et al., 2020), cortisol level in blood or hair 

(Geß et al., 2020), heterofil/lymphocyte ratio (Castellini et al., 2012), levels of plasma creatine 

kinase or urinary catecholamines (Lindgren et al., 2014). 

Slaughterhouse management 

These indicators relate to the animal welfare issue of a poor management at slaughterhouse. 

Additional animal welfare issues and related inventory indicators at slaughterhouses should be 

used. These could for example be such as use of electric prods, time spent at slaughterhouses, 

time from stunning to sticking, slaughterhouse design, etc.  

Prevalence of carbon dioxide as stunning method 

This indicator relates to the animal welfare issue of a poor stunning method. The use of carbon 

dioxide is a commonly used method for stunning by exposing pigs to it (Atkinson et al., 2012; 

EFSA, 2020). It is considered a serious welfare concern since it is highly aversive and causes 

pain, fear and respiratory distress (EFSA, 2020). 
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Appendix V – Inventory indicators which should not be included in animal welfare 

assessments 

Stillborn piglets 

Stillborn piglets are not alive and are therefore not animals in the production system or covered 

by the system boundaries of the case study. It could also be discussed whether stillborn piglets 

could have an animal welfare impact, since animals which are not alive are not considered to 

have an animal welfare. This indicates that stillborn piglets does not necessarily affect the animal 

welfare impact, which is the reason for why it is not appropriate to include in an animal welfare 

assessment. 

Use of nose rings 

Nose rings are used in outdoor production systems to prevent pigs from causing environmental 

destruction. Nose rings could inhibit the expression of natural behaviours, such as rooting, 

foraging and exploratory behaviours. Since this case study aims to investigate the animal welfare 

impact in conventional production systems, this indicates that the use of nose rings would is not 

appropriate to include in the case study.  

Live animal and carcass condemnation rate 

The condemnation rate is affected by the animal welfare of the pigs, but could also be affected by 

other factors (El Tasse and Molento, 2019). This indicates that condemnation rate is not 

appropriate to include in an animal welfare assessment.  

Poor growth rate 

The yield is, among other factors, affected by genetic selection, since we tend to base the 

selection on growth, size, litter size and carcass characteristics (Ekesbo, 2011). Growth rate could 

also be increased by antibiotics and growth promoters (Pig Progress, 2021b). This indicates that a 

poor growth rate is not necessarily affected by the animal welfare impact, which is the reason for 

why it is not appropriate to include in an animal welfare assessment.  
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Appendix VI – Social Risk table  

Table 4. Social Risk of each animal welfare issue 

Animal welfare issue Sweden Denmark 

Absence of feed 0.366 0.367 

Arthritis 0.433 0.967 

Ascaris suum (large roundworm) infections 0.105 0.023 

Dysentery  0.067 0.000 

Early weaning 0.437 0.455 

Fully slatted floors 0.000 0.000 

Injured animals 0.008 0.369 

Late mortality (post-weaning) 0.349 0.520 

Osteochondrosis 0.500 0.500 

Piglet mortality (pre-weaning) 0.605 0.540 

Post-weaning diarrhoea 0.293 0.188 

Respiratory disorders  0.062 0.400 

Restricted space to move and to avoid conspecifics, 

lactating sows 

0.031 0.500 

Restricted space to move and to avoid conspecifics, 

pigs after weaning 

0.469 0.500 

Restricted space to move and to avoid conspecifics, 

pregnant sows 

0.500 0.500 

Stress during transportation 0.109 0.083 

Surgical castration 0.629 0.656 

Tail biting 0.249 0.110 

The practise of tail docking 0.000 0.586 

The use of gestation crates 0.000 0.531 

Unenriched environment 0.366 0.367 

 

A Social Risk (table 4) higher than 0.5 indicates a higher loss of animal welfare than the EU 

average (reference value). 
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Appendix VII – Results with a higher amount of inventory indicators  

The inventory indicators included in the case study were divided into two categories based on the 

quality of data (chapter 5.5, table 1). This enabled two separate calculations, with the purpose to 

investigate any effect on the results from data of poor quality.  

Higher amount of inventory indicators indicates a higher certainty. The results in chapter 5.6 

include 15 inventory indicators while the results in this appendix include 21 indicators. The result 

shows the same result regardless the amount of included inventory indicators, i.e. Denmark have 

a higher animal welfare loss compared to Sweden.  

 

Table 5. Social Hotspot Index (SHI) in conventional pig production in Sweden and Denmark 

 Sweden Denmark 

All included inventory indicators (21) 0.27 0.39 

Inventory indicators with high quality data (15) 0.28 0.41 

 

 

 

Figure 9. Comparison of Social Risk Time for Sweden and Denmark, including data of low 

quality  

When a higher amount of inventory indicators are included in the assessment, the Social Risk 

Time in conventional pig production is 10.5 in Sweden and 15.9 in Denmark (Figure 9). The 

Social Hotspot Index is 0.27 in conventional pig production in Sweden and 0.39 in Denmark 

(table 5). When a higher amount of inventory indicators are included in the assessment, the 

prevalence of arthritis has the highest contribution to the animal welfare loss in conventional pig 

production in Denmark (Figure 10). 

0

2

4

6

8

10

12

14

16

Sweden Denmark

Social Risk Time



 

46 

 

 

Figure 10. Comparison of Social Risk Time for Sweden and Denmark, including data of low 

quality  
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Appendix VIII – Social Risk Time table  

Table 6. Raw data of Social Risk Time 

Animal welfare issue Inventory Indicator Equal weighting factors Differentiated weighting factors 

  Sweden Denmark Sweden Denmark 

Absence of feed Prevalence of straw as feed 0.689 0.715 0.053 0.055 

Arthritis Prevalence of arthritis 0.817 1.886 - - 

Ascaris suum (large roundworm) infections Prevalence of pigs with Ascaris suum infection 0.198 0.045 - - 

Dysentery  Prevalence of dysentery  0.126 0 - - 

Early weaning Weaning age 0.824 0.888 0.046 0.049 

Fully slatted floors Prevalence of farms with fully slatted floors for fattening pigs 0.000 0.000 0.000 0.000 

Injured animals Prevalence of injured animals 0.015 0.720 - - 

Late mortality (post-weaning) Late mortality (post-weaning) 0.073 0.127 0.004 0.007 

Osteochondrosis Prevalence of osteochondrosis 0.942 0.975 - - 

Piglet mortality (pre-weaning) Piglet mortality (pre-weaning) 1.141 1.054 0.063 0.059 

Post-weaning diarrhoea Prevalence of post-weaning diarrhoea 0.552 0.366 - - 

Respiratory disorders  Prevalence of respiratory disorders  0.117 0.781 0.007 0.043 

Restricted space to move and to avoid conspecifics, 

lactating sows 

Space allowance. lactating sows 0.059 0.975 0.002 0.029 

Restricted space to move and to avoid conspecifics, 

pigs after weaning 

Space allowance. pigs after weaning 0.884 0.975 0.026 0.029 

Restricted space to move and to avoid conspecifics, 

pregnant sows 

Space allowance. pregnant sows 0.942 0.975 0.028 0.029 

Stress during transportation Transportation duration 0.206 0.162 - - 

Surgical castration Prevalence of surgical castration 1.185 1.279 0.081 0.088 

Tail biting Prevalence of tail biting 0.470 0.214 0.026 0.012 

The practise of tail docking Prevalence of tail docked pigs 0.000 1.143 0.000 0.078 

The use of gestation crates Percentage of time sows spend in gestation crates 0.000 1.036 0.000 0.031 

Unenriched environment Prevalence of manipulable material 0.689 0.715 0.053 0.055 

TOTAL  10.514 15.918 0.423 0.614 
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Appendix IX – Supplementary tables  

Table 7. Distribution among the Five Freedoms in the case study 

The Five Freedoms Number of animal welfare 

issues which should be 

included in animal 

welfare assessments 

(Appendix III and IV) 

Number of animal welfare 

issues of the chosen 

indicators (table 1) 

Number of animal welfare 

issues of the indicators of 

high quality data (table 1) 

Freedom from hunger and 

thirst 

2 1 1 

Freedom from discomfort 3 2 2 

Freedom from pain, injury 

and disease 

19 12 6 

Freedom from fear and 

distress 

8 4 4 

Freedom to express 

natural behaviour 

13 7 7 

 

One animal welfare issue could cover more than one of the Five Freedoms (table 7). 

 

Table 8. Differentiated weighting factors in accordance with the methodology used in Zira et al. 

(2020), based on the subcategory of the animal welfare issue 

Animal welfare issue Subcategory Weighting factor of 

subcategorya 

Weighting factor of 

animal welfare issueb 

Early weaning Animal health 0.278 0.056 

Late mortality (post-weaning) Animal health 0.278 0.056 

Piglet mortality (pre-weaning) Animal health 0.278 0.056 

Respiratory disorders Animal health 0.278 0.056 

Tail biting Animal health 0.278 0.056 

Fully slatted floors Housing system 0.149 0.030 

Restricted space to move and to 

avoid conspecifics, lactating 

sows 

Housing system 0.149 0.030 

Restricted space to move and to 

avoid conspecifics, pigs after 

weaning 

Housing system 0.149 0.030 

Restricted space to move and to 

avoid conspecifics, pregnant 

sows 

Housing system 0.149 0.030 

The use of gestation crates Housing system 0.149 0.030 

The practise of tail docking Management 0.137 0.069 

Surgical castration Management 0.137 0.069 

Unenriched environment Natural behaviour 0.155 0.078 

Absence of feed Natural behaviour 0.155 0.078 

Sources: (a) Zira et al., 2020; (b) own analyse. 
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Table 9. Coefficients for conversions of weight 

Meat product Live weight Carcass weight Retail weight (r.w.) Cooked weight 

Pork 1 0.75a 0.585b 0.75 of r.w.c 

Sources: (a) Swedish Meat (2020); (b) OECD (2020); (c) Swedish Food Agency (2020). 

 

 


