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FOREWORD 135 

The methodology developed in these draft guidelines aims to introduce a harmonized international approach 136 

to the assessment of the environmental performance of pig supply chains in a manner that takes account of the 137 

specificity of the various production systems involved. It aims to increase understanding of pig supply chains 138 

and to help improve their environmental performance. The guidelines are a product of the Livestock 139 

Environmental Assessment and Performance (LEAP) Partnership, a multi-stakeholder initiative whose goal is 140 

to improve the environmental sustainability of the livestock sector through better metrics and data.  141 

The livestock sector has expanded rapidly in recent decades and growth is projected to continue as a result of 142 

sustained demand, especially in developing countries. In 2013, nearly 113 million tonnes of pig-meat carcass 143 

was produced globally. Almost 98% of total pig-meat production originated from 3 regions. Asia, Europe and 144 

Americas accounted for 57, 24 and 17%, respectively of global pig-meat production. It is interesting to note 145 

that China contributes about 48% to the total global pig-meat production followed by the USA which accounts 146 

for almost 10% (FAOSTAT, 2015).  Rising population, heightened purchasing power and increasing 147 

urbanization have been strong drivers of that growth. The pig sector continues to be very diverse in structural 148 

terms. Along with large scale commercial operations, there continues to be traditional small-scale, rural, and 149 

family-based pig systems which play a crucial role in sustaining livelihoods. Increasing demand for pig 150 

products is also set to result in additional pressure on natural resources. This is of particular concern since the 151 

livestock sector already has a major impact on natural resources, using about 35 percent of total cropland and 152 

about 20 percent of green water for feed production (Macleod et al., 2013). Globally, pig-related emissions 153 

have been estimated to account for about 700 million tonnes of CO2 equivalent per annum (~9% of the 154 

livestock sector), with about half coming from feed production (Macleod et al., 2013). There is thus growing 155 

interest, including from the pig sector itself, in measuring and improving the environmental performance of 156 

pig supply chains.  157 

In the development of these draft guidelines, the following objectives were regarded as key: 158 

 To develop a harmonized, science-based approach resting on a consensus among the sector’s 159 

stakeholders; 160 

 To recommend a scientific, but at the same time, practical approach that builds on existing or 161 

developing methodologies;  162 

 To promote an approach to assessment suitable for a wide range of pig supply chains;  163 

 To identify the principal areas where ambiguity or differing views exist as to the right approach.  164 

Over the coming months these guidelines will be made available for public review.1 The purpose will be to 165 

strengthen the advice provided and ensure it meets the needs of those seeking to improve performance through 166 

sound assessment practice. Nor is the present document intended to remain static. It will be updated and 167 

improved as the sector evolves and more stakeholders become involved in LEAP, and as new methodological 168 

                                                      
1 The public review period starts on 15 March 2016 and ends on 31 July 2016. 
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frameworks and data become available. The development and inclusion of guidance on the evaluation of 169 

additional environmental impacts is also viewed as a critical next step. 170 

The strength of the guidelines developed within the LEAP Partnership across the various livestock subsectors 171 

stems from the fact that they represent a coordinated cross-sectoral and international effort to harmonize 172 

measurement approaches. Ideally, harmonization will lead to greater understanding, transparent application 173 

and communication of metrics, and, importantly for the sector, real and measurable improvement in 174 

performance. 175 

 176 

 177 

Rogier Schulte, Teagasc; Paul McKiernan, Government of Ireland (2015 LEAP Co-chairs) 178 

Lalji Desai, WAMIP (2014 LEAP chair) 179 

Frank Mitloehner, University of California, Davis (2013 LEAP chair) 180 

 181 

 182 
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Terms relating to feed and food supply chains 

Annual forage 

Forage established annually, usually with annual plants, and generally 

involves soil disturbance, removal of existing vegetation, and other 

cultivation practices.  

Animal by-product 
Livestock production output classified in EU in three categories  mostly 

due to the risk associated to the bovine spongiform encephalopathy.  

Cold chain       

Refers to a system for distributing products in which the goods are 

constantly maintained at low temperatures (e.g. cold or frozen storage 

and transport), as they move from producer to consumer.  

Combined heat and power 

(CHP) 

Simultaneous generation in one process of useable thermal energy 

together with electrical and/or mechanical energy.  

Compound 

feed/concentrate 

Mixtures of feed materials which may contain additives for use as 

animal feed in the form of complete or complementary feedstuffs.  

Conserved forage  

Conserved forage saved for future use. Forage can be conserved in situ 

(e.g. stockpiling) or harvested, preserved and stored (e.g. hay, silage, or 

haylage).  

Cropping 
Land on which the vegetation is dominated by large-scale production of 

crops for sale (e.g. maize, wheat, and soybean production).  

Crop product 
Product from a plant, fungus or algae cultivation system that can either 

be used directly as feed or as raw material in food or feed processing.  

Crop residue 
Materials left in an agricultural field after the crop has been harvested 

(e.g. straw or stover). 

Crop rotation 
Growing of crops in a seasonal sequence to prevent diseases, maintain 

soil conditions and optimize yields.  

Cultivation 
Activities related to the propagation, growing and harvesting of plants 

including activities to create favourable conditions for their growing.  

Retail packaging Containers and packaging that reach consumers.  

Feed  

Any single or multiple materials, whether processed, semi-processed or 

raw, which is intended to be fed directly to food producing animals. 

(FAO/WHO, Codex Alimentarius CAC/RC 54-2004, amended in 

2008).  
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Terms relating to feed and food supply chains 

Specialty feed ingredient 

Any intentionally added ingredient not normally consumed as feed by 

itself, whether or not it has nutritional value, which affects the 

characteristics of feed or animal products.   Note: Micro-organisms, 

enzymes, acidity regulators, trace elements, vitamins and other 

products fall within the scope of this definition depending on the 

purpose of use and method of administration.  (FAO/WHO, Codex 

Alimentarius CAC/RC 54-2004, amended in 2008).  

Feed conversion ratio 

Measure of the efficiency with which an animal converts feed into 

tissue, usually expressed in terms of kg of feed per kg of output (e.g. 

live weight or protein).  

Feed digestibility           

Determines the relative amount of ingested feed that is actually 

absorbed by an animal and therefore the availability of feed energy or 

nutrients for growth, reproduction, etc.   

Feed ingredient 

A component part or constituent of any combination or mixture making 

up a feed, whether or not it has a nutritional value in the animal’s diet, 

including specialty feed ingredient. Ingredients are of plant, animal or 

aquatic origin, or other organic or inorganic substances. (FAO/WHO, 

Codex Alimentarius CAC/RC 54-2004, amended in 2008)  

Fodder  
Harvested forage fed intact to livestock, which can include fresh and 

dried forage.  

Forage crop         
Crops, annual or biennial, grown to be used for grazing or harvested as 

a whole crop for feed.  

Medicated feed 

Any feed which contains veterinary drugs as defined in the Codex 

Alimentarius Commission Procedural Manual2. (FAO/WHO, Codex 

Alimentarius CAC/RC 54-2004, amended in 2008).  

Natural or cross 

ventilation 

Limited use of fans for cooling; frequently a building’s sides can be 

opened to allow air circulation.  

Natural pasture 

Natural ecosystem dominated by indigenous or naturally occurring 

grasses and other herbaceous species used mainly for grazing by 

livestock and wildlife.  

Packing Process of packing products in the production or distribution stages.  

Primary packaging 

materials 
Packaging in direct contact with the product. See also Retail packaging   

Repackaging facility 
A facility where products are repackaged into smaller units without 

additional processing in preparation for retail sale.  

Raw material Primary or secondary material used to produce a product.  

                                                      
2 http://www.codexalimentarius.org/codex-home/en/ 
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Terms relating to feed and food supply chains 

Secondary packaging 

materials 

Additional packaging, not contacting the product, which may be used 

to contain relatively large volumes of primary packaged products or 

transport the product safely to its retail or consumer destination.  

Silage 

Forage harvested and preserved (at high moisture contents generally 

>500 g kg-1) by organic acids produced during partial anaerobic 

fermentation.  

Volatile solids 

Volatile solids (VS) are the organic material in livestock manure and 

consist of both biodegradable and non-biodegradable fractions. VS is 

measured as the fraction of sludge combusted at 550 °C after 2 hours.  
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Terms relating to pig supply chains 

Anaerobic lagoon 

A manure management system in which the animals’ urine and faeces fall 

through a slatted floor to a shallow collection area which is periodically 

(5-10 days) flushed to an outside lagoon designed to anaerobically treat 

the manure. 

Backyard system 

Production that is mainly subsistence-driven or for local markets, 

displaying animal performance lower than in commercial systems and 

mostly relying on swill and locally-sourced materials to feed animals 

(less than 20 percent of purchased concentrate).  Backyard production 

systems are the most basic traditional system of keeping pigs and the 

most common in developing countries, in both urban and rural areas. 

These systems are typically semi-intensive production 

Barrow A castrated male pig intended for slaughter. 

Boar A sexually mature male pig used for breeding. 

Breeding overhead 
Animals dedicated to reproduction rather than to production; i.e. animals 

needed to maintain herd size and for control of population genetics. 

Carcass weight 

(cold vs. hot) 

Hot carcass weight refers to the weight after slaughter before in cold 

storage. During cold storage there may be some drip loss or evaporation 

of water from the carcass resulting in a small decrease in weight to the 

cold carcass weight 

Cooling cell 
System in which ventilation air is passed over a wet mesh medium to 

evaporatively cool the air entering the barn. 

Cull sows 

Sows which are euthanized before the end of the normal productive 

period. (These may include sows that are diseased, injured, defective (ex: 

physical abnormalities, infertile, etc.) or those that do not conform to the 

expected breed or production standards. These animals are disposed of 

after euthanasia and do not enter the human food supply. See also Spent 

Sows 

Dead weight 
Carcass weight which includes head/internal organs. See also Carcass 

weight 
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Deep pit 

A manure management system in which animals live on a slatted floor 

and urine and feces collect in a pit beneath the animals. The pit is 

typically emptied directly to a crop or pasture. 

Dirt floor 
Housing floor which is unimproved, generally associated with a simple 

shelter constructed to provide protection from the elements. 

Dressed carcass 
An eviscerated animal with internal organs, hooves and head removed. 

Sometimes surplus fat is also removed from the carcass. 

Dressed carcass fraction Carcass weight / live weight (sometimes called carcass yield) 

Dressing 
Removal of parts not to be offered as edible products. Cutting up pigs 

into product parts. 

Extensive system 

Also known as 'free range' system. Pigs are entirely kept outdoor in 

paddocks or open pasture. In some systems, may include rooting areas, 

wallows and kennels/huts for shelter. The huts allow the animals to seek 

shelter from environmental extremes. They may also provide additional 

protection for the piglets when very young. 

Farrow To give birth to piglets. 

Farrow-to-Finish An operation that produces piglets and then raises them to market weight.  

Feeder 
An animal, typically approximately 50 kg in weight entering a growing-

finishing barn, coming from a nursery. 

Feed quality 
This refers to the nutritional content of the feed, specifically: (energy, 

amino acid, crude protein, and phosphorus content. 

Gilt 
A female pig that has not farrowed and is intended for slaughter or 

breeding purposes. 

Gutted pig 
A animal whose viscera (excluding kidneys), cloaca, trachea, and 

oesophagus have been removed.  

Hoop barn 

Barn without forced ventilation. Side walls may be lowered in cool/cold 

weather. Typically these systems use deep bedding for manure 

management. 

Intensive (large-scale) 

system 

Pigs are housed indoor permanently in carefully manged and controlled 

environments. Pig are often provided with modern housing   

Intensive (small-

medium scale) 

system 

Pigs are kept in complete confinement. Buildings are provided to keep 

feeders, boars, sows, and sows with their litters separate. In this system 

housing amounts to much more than providing a simple shelter. Pigs are 

often feed on kitchen refuse and agricultural waste products and some 

concentrate feeds 

Litter 
A group of piglets born at the same time from a single sow. Litter sizes 

are usually 8 - 12 piglets. 

Nursery 

A production phase in which weaners are raised from approximately 7kg 

to approximately 25 kg. Animals leaving the nursery are commonly 

called feeders. 

Pigspace 
The area available to house an individual animal. Frequently barns are 

described in terms of the number of pigspaces (the barn's capacity). 

Pork 
The meat that comes from pigs. Pork chops, bacon, ham, sausage and 

pork roast are some examples of pork. 
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Pork meat processing 
A general term for further processing needed after dressing (e.g., cutting, 

selection, cooking, etc.) 

Rendering 
A process that converts animal tissue, bones and blood into stable, value-

added materials. 

Repackaging facility 
A facility where products are repackaged into smaller units without 

additional processing in preparation for retail sale. 

Retail cut fraction Retail cut weight / carcass weight (sometimes called lean yield)  

Retail cuts Cuts of meat for retail sale (e.g., ham, bacon, etc.). 

Scavenging system 

This is a traditional system of rearing pigs in which pigs move freely 

around the homestead and surroundings, scavenging and finding for 

themselves a large part of their feed. Often the food they collect is 

supplemented with kitchen refuse or agricultural waste products. Few or 

no arrangements are made to provide the pigs with shelter, and no money 

is invested in quality feed or veterinary services. 

Semi-intensive system 

In this system pigs are confined during the night and allowed movement 

during the day. Pigs are put up in a kraal during the night and allowed to 

move freely on pasture to feed during the day. Or they are tied up using a 

rope at night and during the day they move freely. Pigs are often 

supplemented with concentrate feeds. 

Sow 

Female parent animal producing piglets for commercial pig meat 

production. Pigs are pregnant for 3 months, 3 weeks and 3 days. (112-115 

days). 

Spent sow 
Adult female sow at the end of their productive life. These animals are 

sent to slaughter and enter the human food chain 

Stocking density 

Area available to animals in housing, normally defined as square meters 

per pigspace. It should be specified whether the overhead area 

(walkways, etc.) are included in the reported value 

System, organic 
In addition to providing free-range conditions, these systems adhere to 

local country standards for organic production.  

System, village 
Village systems allow free-range animals to scavenge for food; they may 

also be fed compound feed/concentrate rations. 

Tunnel ventilation Fans located at the building ends provide axial airflow. 

Weaner 

An animal just weaned and approximately 21-30 days of age and 

weighing 6-8 kg. These animals may be sent to either a nursery or grow-

finish operation. 

 255 

Terms relating to environmental accounting and assessment 

Acidification 

Impact category that addresses impacts due to acidifying substances in 

the environment. Emissions of NOx , NH3 and SOx lead to releases of 

hydrogen ions (H+) when the gases are mineralised. The protons 

contribute to the acidification of soils and water when they are released in 

areas where the buffering capacity is low. Acidification may result to 

forest decline and lake acidification. [Adapted from Product 

Environmental Footprint Guide, European Commission, 2013] 
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Activity data 
Data on the magnitude of human activity resulting in emissions or 

removals taking place during a given period of time [UNFCCC, 2014]  

Allocation 

Partitioning the input or output flows of a process or a product system 

between the product system under study and one or more other product 

systems [ISO 14044:2006, 3.17]   

Anthropogenic Relating to, or resulting from the influence of human beings on nature  

Attributional modelling 

approach 

System modelling approach in which inputs and outputs are attributed to 

the functional unit of a product system by linking and/or partitioning the 

unit processes of the system according to a normative rule 

[UNEP/SETAC Life Cycle Initiative, 2011].  

Background system 

The background system consists of processes on which no or, at best, 

indirect influence may be exercised by the decision-maker for which an 

LCA is carried out. Such processes are called “background processes.” 

[UNEP/SETAC Life Cycle Initiative, 2011].  

Biogenic carbon Carbon derived from biomass [ISO/TS 14067:2013, 3.1.8.2]   

Biomass 

Material of biological origin excluding material embedded in geological 

formations and material transformed to fossilized material, and excluding 

peat [ISO/TS 14067:2013, 3.1.8.1]   

Blue water 
Fresh surface and groundwater, in other words, the water in freshwater 

lakes, rivers and aquifers. 

Capital goods 

Capital goods are final products that have an extended life and are used 

by the company to manufacture a product; provide a service; or sell, 

store, and deliver merchandise. In financial accounting, capital goods are 

treated as fixed assets or as plant, property, and equipment (PP&E). 

Examples of capital goods include equipment, machinery, buildings 

,facilities, and vehicles [GHG Protocol, Technical Guidance for 

Calculating Scope 3 Emissions, Chapter 2, 2013]  

Carbon dioxide 

equivalent (CO2e) 

Unit for comparing the radiative forcing of a greenhouse gas (GHG) to 

that of carbon dioxide [ISO/TS 14067:2013, 3.1.3.2].  

Carbon footprint of a 

product (CFP) 

Sum of greenhouse gas emissions and removals in a product system, 

expressed as CO2equivalents and based on a life cycle assessment using 

the single impact category of climate change [ISO/TS 14067:2013, 

3.1.1.1]  

Carbon storage 
Carbon removed from the atmosphere and stored as carbon [ISO 

16759:2013, 3.1.4]  

Characterization 

Calculation of the magnitude of the contribution of each classified 

input/output to their respective impact categories, and aggregation of 

contributions within each category. This requires a linear multiplication 

of the inventory data with characterisation factors for each substance and 

impact category of concern. For example, with respect to the impact 

category “climate change”, CO2 is chosen as the reference substance and 

kg CO2-equivalents as the reference unit. [Adapted from: Product 

Environmental Footprint Guide, European Commission, 2013]  

Characterization factor 

Factor derived from a characterization model which is applied to convert 

an assigned life cycle inventory analysis result to the common unit of the 

category indicator [ISO 14044:2006, 3.37] 

Classification 

Assigning the material/energy inputs and outputs tabulated in the Life 

Cycle Inventory to impact categories according to each substance’s 

potential to contribute to each of the impact categories 

considered.[Adapted from: Product Environmental Footprint Guide, 

European Commission, 2013]  
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Combined production 

A multifunctional process in which production of the various outputs can 

be independently varied. For example in a backyard system the number of 

poultry and pigs can be set independently.  

Comparative assertion 

Environmental claim regarding the superiority or equivalence of one 

product versus a competing product that performs the same function. 

[ISO 14044:2006, 3.6]  

Comparison 

A comparison of two or more products regarding the results of their life 

cycle assessment as according to these guidelines and not including a 

comparative assertion.  

Consequential data 

modelling 

System modelling approach in which activities in a product system are 

linked so that activities are included in the product system to the extent 

that they are expected to change as a consequence of a change in demand 

for the functional unit [UNEP/SETAC Life Cycle Initiative, 2011].  

Consumable 

Ancillary input that is necessary for a process to occur but that does not 

form a tangible part of the product or co-products arising from the 

process Note 1: Consumables differ from capital goods in that they have 

an expected life of one year or less, or a need to replenish on a one year 

or less basis (e.g. lubricating oil, tools and other rapidly wearing inputs to 

a process). Note 2: Fuel and energy inputs to the life cycle of a product 

are not considered to be consumables. [PAS 2050:2011, 3.10]  

Co-production 
A generic term for multifunctional processes; either combined- or joint-

production.   

Co-products 
Any of two or more products coming from the same unit process or 

product system [ISO 14044:2006, 3.10]   

Cradle-to-gate 

Life-cycle stages from the extraction or acquisition of raw materials 

(cradle) to the point at which the product leaves the organization 

undertaking the assessment [PAS 2050:2011, 3.13]  

Critical review 

Process intended to ensure consistency between a life cycle assessment 

and the principles and requirements of the International Standards on life 

cycle assessment [ISO 14044:2006, 3.45]  

Critical review report 

Documentation of the critical review process and findings, including 

detailed comments from the reviewer(s) or the critical review panel, as 

well as corresponding responses from the practitioner of the LCA study 

[ISO 14044:2006, 3.7]  

Cut off criteria 

Specification of the amount of material or energy flow or the level of 

environmental significance associated with unit processes or product 

system to be excluded from a study [ISO 14044:2006, 3.18]  

Data quality 
Characteristics of data that relate to their ability to satisfy stated 

requirements [ISO 14044:2006, 3.19]   

Dataset (both LCI 

dataset and LCIA 

dataset) 

A document or file with life cycle information of a specified product or 

other reference (e.g., site, process), covering descriptive metadata and 

quantitative life cycle inventory and/or life cycle impact assessment data, 

respectively. [ILCD Handbook, 2010a]  

Delayed emissions 

Emissions that are released over time, e.g. through prolonged use or final 

disposal stages, versus a single, one-time emission. [Adapted from: 

Product Environmental Footprint Guide, European Commission, 2013]  

Direct Land Use 

Change (dLUC) 

Change in human use or management of land within the product system 

being assessed [ISO/TS 14067:2013, 3.1.8.4]  

Direct energy 
Energy used on farms for livestock production activities (e.g. lighting, 

heating).  

Downstream 
Occurring along a product supply chain after the point of referral. 

[Product Environmental Footprint Guide, European Commission, 2013]  
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Drainage basin 

Area from which direct surface runoff from precipitation drains by 

gravity into a stream or other water body.   Note 1 to entry: The terms 

“watershed”, “drainage area”, “catchment”, “catchment area” or “river 

basin” are sometimes used for the concept of “drainage basin”. Note 2 to 

entry: Groundwater drainage basin does not necessarily correspond in 

area to surface drainage basin. Note 3 to entry: The geographical 

resolution of a drainage basin should be determined at the goal and scope 

stage: it may regroup different sub drainage basins. [ISO 14046:2014, 

3.1.8]  

Economic value 

Average market value of a product at the point of production possibly 

over a 5-year time frame [Adapted from PAS 2050:2011, 3.17].  Note 1: 

whereas barter is in place, the economic value of the commodity traded 

can be calculated on the basis of the market value and amount of the 

commodity exchanged.   

Eco-toxicity 

Environmental impact category that addresses the toxic impacts on an 

ecosystem, which damage individual species and change the structure and 

function of the ecosystem. Eco-toxicity is a result of a variety of different 

toxicological mechanisms caused by the release of substances with a 

direct effect on the health of the ecosystem. [Adapted from: Product 

Environmental Footprint Guide, European Commission, 2013]  

Elementary flow 

Material or energy entering the system being studied that has been drawn 

from the environment without previous human transformation, or material 

or energy leaving the system being studied that is released into the 

environment without subsequent human transformation [ISO 14044:2006, 

3.12]  

Emission factor 

Amount of emissions emitted to the environment to soil, air or water expressed 

as equivalents. For example, the amount of greenhouse gases emitted, 

expressed as carbon dioxide equivalent and relative to a unit of activity 

(e.g. kg CO2e per unit input) [Adapted from UNFCCC, 2014]. NOTE: 

Emission factor data is obtained from secondary data sources.  

Emissions Release of substance to air and discharges to water and land.  

Environmental impact 

Any change to the environment, whether adverse or beneficial, wholly or 

partially resulting from an  organization's activities, products or services 

[ISO/TR 14062:2002, 3.6]  

Eutrophication  

Excess of nutrients (mainly nitrogen and phosphorus) in water or soil, 

from sewage outfalls and fertilized farmland. In water, eutrophication 

accelerates the growth of algae and other vegetation in water. The 

degradation of organic material consumes oxygen resulting in oxygen 

deficiency and, in some cases, fish death. Eutrophication translates the 

quantity of substances emitted into a common measure expressed as the 

oxygen required for the degradation of dead biomass. In soil, 

eutrophication favors nitrophilous plant species and modifies the 

composition of the plant communities. [Adapted from: Product 

Environmental Footprint Guide, European Commission, 2013]  

Extrapolated data 

Refers to data from a given process that is used to represent a similar 

process for which data is not available, on the assumption that it is 

reasonably representative. [Product Environmental Footprint Guide, 

European Commission, 2013]  

Final product 

Goods and services that are ultimately consumed by the end user rather 

than used in the production of another good or service. [GHG Protocol, 

Product Life Cycle Accounting and Reporting Standard, 2011].  

Foreground system 

The foreground system consists of processes which are under the control 

of the decision-maker for which an LCA is carried out. They are called 

“foreground processes” [UNEP/SETAC Life Cycle Initiative, 2011]   
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Functional unit 

Quantified performance of a product system for use as a reference unit 

[ISO 14044:2006, 3.20].  It is essential that the functional unit allows 

comparisons that are valid where the compared objects (or time series 

data on the same object, for benchmarking) are comparable.  

GHG removal 
Mass of a greenhouse gas removed from the atmosphere [ISO/TS 

14067:2013, 3.1.3.6]   

Global Warming 

Potential (GWP) 

Characterization factor describing the radiative forcing impact of one 

mass-based unit of a given greenhouse gas relative to that of carbon 

dioxide over a given period of time [ISO/TS 14067:2013, 3.1.3.4]  

Greenhouse gases 

(GHGs) 

Gaseous constituent of the atmosphere, both natural and anthropogenic, 

that absorbs and emits radiation at specific wavelengths within the 

spectrum of infrared radiation emitted by the Earth's surface, the 

atmosphere, and clouds [ISO 14064-1:2006, 2.1].   

Green Water 

The precipitation on land that does not run off or recharge the 

groundwater but is stored in the soil or temporarily stays on top of the soil 

or vegetation. 

Human toxicity – cancer 

Impact category that accounts for the adverse health effects on human 

beings caused by the intake of toxic substances through inhalation of air, 

food/water ingestion, penetration through the skin insofar as they are 

related to cancer.[Product Environmental Footprint Guide, European 

Commission, 2013]  

Human toxicity – non 

cancer 

Impact category that accounts for the adverse health effects on human 

beings caused by the intake of toxic substances through inhalation of air, 

food/water ingestion, penetration through the skin insofar as they are 

related to non-cancer effects that are not caused by particulate 

matter/respiratory inorganics or ionising radiation.[Product 

Environmental Footprint Guide, European Commission, 2013].  

Indirect Land Use 

Change (iLUC) 

Change in the use or management of land which is a consequence of 

direct land use change, but which occurs outside the product system being 

assessed [ISO/TS 14067:2013, 3.1.8.5].   

Impact category 
Class representing environmental issues of concern to which life cycle 

inventory analysis results may be assigned [ISO 14044:2006, 3.39].  

Impact category 

indicator 

Quantifiable representation of an impact category [ISO 14044:2006, 

3.40].  

 Infrastructure  Synonym for capital good.  

Input 
Product, material or energy flow that enters a unit process [ISO 

14044:2006, 3.21].  

Ionizing radiation, 

human health 

Impact category that accounts for the adverse health effects on human 

health caused by radioactive releases. [Product Environmental Footprint 

Guide, European Commission, 2013]  

Intermediate product 
Output from a unit process that is input to other unit processes that 

require further transformation within the system [ISO 14044:2006, 3.23]  

Joint production 

A multifunctional process that produces various outputs such as meat and 

eggs in backyard systems. Production of the different goods cannot be 

independently varied, or only varied within a very narrow range.  

Land occupation 

Impact category related to use (occupation) of land area by activities such 

as agriculture, roads, housing, mining, etc. [Adapted from: Product 

Environmental Footprint Guide, European Commission, 2013]  

Land use change 

Change in the purpose for which land is used by humans (e.g. between 

crop land, grass land, forestland, wetland, industrial land) [PAS 

2050:2011, 3.27]  
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Life cycle 

Consecutive and interlinked stages of a product system, from raw 

material acquisition or generation from natural resources to final disposal 

[ISO 14044:2006, 3.1]  

Life Cycle Assessment 

Compilation and evaluation of the inputs, outputs and the potential 

environmental impacts of a product system throughout its life cycle [ISO 

14044:2006, 3.2]   

Life cycle GHG 

emissions 

Sum of GHG emissions resulting from all stages of the life cycle of a 

product and within the specified system boundaries of the product.[PAS 

2050:2011, 3.30]  

Life Cycle Impact 

Assessment (LCIA) 

Phase of life cycle assessment aimed at understanding and evaluating the 

magnitude and significance of the potential impacts for a product system 

throughout the life cycle of the product [Adapted from: ISO 14044:2006, 

3.4]  

Life Cycle Inventory 

(LCI) 

Phase of life cycle assessment involving the compilation and 

quantification of inputs and outputs for a product throughout its life cycle 

[ISO 14046:2014, 3.3.6]  

Life Cycle 

Interpretation 

Phase of life cycle assessment in which the findings of either the 

inventory analysis or the impact assessment, or both, are evaluated in 

relation to the defined goal and scope in order to reach conclusions and 

recommendations [ISO 14044:2006, 3.5]  

Material contribution 

Contribution from any one source of GHG emissions of more than 1% of 

the anticipated total GHG emissions associated with the product being 

assessed.  Note: A materiality threshold of 1% has been established to 

ensure that very minor sources of life cycle GHG emissions do not 

require the same treatment as more significant sources. [PAS 2050:2011, 

3.31]  

Multi-functionality 

If a process or facility provides more than one function, i.e. it delivers 

several goods and/or services ("co-products"), it is “multifunctional”. In 

these situations, all inputs and emissions linked to the process must be 

partitioned between the product of interest and the other co-products in a 

principled manner. [Product Environmental Footprint Guide, European 

Commission, 2013]  

Normalization 

After the characterisation step, normalisation is an optional step in which 

the impact assessment results are multiplied by normalisation factors that 

represent the overall inventory of a reference unit (e.g. a whole country or 

an average citizen). Normalised impact assessment results express the 

relative shares of the impacts of the analysed system in terms of the total 

contributions to each impact category per reference unit. When displaying 

the normalised impact assessment results of the different impact topics 

next to each other, it becomes evident which impact categories are 

affected most and least by the analysed system. Normalised impact 

assessment results reflect only the contribution of the analysed system to 

the total impact potential, not the severity/relevance of the respective total 

impact. Normalised results are dimensionless, but not additive. [Product 

Environmental Footprint Guide, European Commission, 2013]  

Offsetting 

Mechanism for compensating for all or for a part of the CFP through the 

prevention of the release of, reduction in, or removal of an amount of 

greenhouse gas emissions in a process outside the boundary of the 

product system [ISO/TS 14067:2013, 3.1.1.4]   

Output 
Product, material or energy flow that leaves a unit process [ISO 

14044:2006, 3.25].  

Ozone depletion 
Impact category that accounts for the degradation of stratospheric ozone 

due to emissions of ozone-depleting substances, for example long-lived 
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chlorine and bromine containing gases (e.g. CFCs, HCFCs, Halons). 

[Product Environmental Footprint Guide, European Commission, 2013]  

Particular matter 

Impact category that accounts for the adverse health effects on human 

health caused by emissions of Particulate Matter (PM) and its precursors 

(NOx , SOx , NH3) [Product Environmental Footprint Guide, European 

Commission, 2013]  

Photochemical ozone 

formation 

Impact category that accounts for the formation of ozone at the ground 

level of the troposphere caused by photochemical oxidation of Volatile 

Organic Compounds (VOCs) and carbon monoxide (CO) in the presence 

of nitrogen oxides (NOx) and sunlight. High concentrations of ground-

level tropospheric ozone damage vegetation, human respiratory tracts and 

manmade materials through reaction with organic materials.[Product 

Environmental Footprint Guide, European Commission, 2013]  

Primary data 

Quantified value of a unit process or an activity obtained from a direct 

measurement or a calculation based on direct measurements at its original 

source [ISO 14046:2014, 3.6.1]  

Primary activity data 

Quantitative measurement of activity from a product’s life cycle that, 

when multiplied by the appropriate emission factor, determines the 

emissions arising from a process. Examples of primary activity data 

include the amount of energy used, material produced, service provided 

or area of land affected [PAS 2050:2011, 3.34]   

Product(s) Any goods or service [ISO 14044:2006, 3.9]   

Product category 
Group of products that can fulfil equivalent functions [ISO 14046:2014, 

3.5.9]   

Product category rules 

(PCR) 

Set of specific rules, requirements and guidelines for developing Type III 

environmental declarations for one or more product categories [ISO 

14025:2006, 3.5]   

Product system 

Collection of unit processes with elementary and product flows, 

performing one or more defined functions, and which models the life 

cycle of a product [ISO 14044:2006, 3.28] 

Proxy data 

 Data from a similar activity that is used as a stand-in for the given 

activity. Proxy data can be extrapolated, scaled up, or customized to 

represent the given activity [GHG Protocol, Product Life Cycle 

Accounting and Reporting Standard, 2011]. For example, using a Chinese 

unit process for electricity production in an LCA for a product produced 

in Viet Nam.  

Raw material 
Primary or secondary material that is used to produce a product [ISO 

14044:2006, 3.1.5]  

Reference flow 

Measure of the outputs from processes in a given product system required 

to fulfil the function expressed by the functional unit [ISO 14044:2006, 

3.29]  

Releases Emissions to air and discharges to water and soil [ISO 14044:2006, 3.30]  

Reporting 

Presenting data to internal management or external users such as 

regulators, shareholders, the general public or specific stakeholder groups 

[Adapted from: ENVIFOOD Protocol: 2013]  

Residue or Residual 

Substance that is not the end product (s) that a production process directly 

seeks to produce [Communication from the European Commission 

2010/C 160/02]. More specifically, a residue is any material without 

economic value leaving the product system in the condition as it created 

in the process, but which has a subsequent use. There may be value-added 

steps beyond the system boundary, but these activities do not impact the 

product system calculations.  Note 1: Materials with economic value are 

considered products.  Note 2: Materials whose economic value is both 
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negligible relative to the annual turnover of the organization, and is also 

entirely determined by the production costs necessary not to turn such 

materials in waste streams are to be considered as residues from an 

environmental accounting perspective. Note 3: Those materials whose 

relative economic value volatility is high in the range of positive and 

negative value, and whose average value is negative are residues from an 

environmental accounting perspective. Materials economic value 

volatility is possibly calculated over a 5 year time-frame at the regional 

level.  

Resource depletion 

Impact category that addresses use of natural resources either renewable 

or non-renewable, biotic or abiotic. [Product Environmental Footprint 

Guide, European Commission, 2013]  

Secondary data 

Data obtained from sources other than a direct measurement or a 

calculation based on direct measurements at the original source [ISO 

14046:2014, 3.6.2]. Secondary data are used when primary data are not 

available or it is impractical to obtain primary data. Some emissions, such 

as methane from manure management, are calculated from a model, and 

are therefore considered secondary data.  

Sensitivity analysis 

Systematic procedures for estimating the effects of the choices made 

regarding methods and data on the outcome of a study [ISO 14044:2006, 

3.31]  

Sink 
Physical unit or process that removes a GHG from the atmosphere [ISO 

14064-1:2006, 2.3]   

Soil Organic Matter 

(SOM) 

The measure of the content of organic material in soil. This derives from 

plants and animals and comprises all of the organic matter in the soil 

exclusive of the matter that has not decayed. [Product Environmental 

Footprint Guide, European Commission, 2013]  

System boundary 
Set of criteria specifying which unit processes are part of a product 

system [ISO 14044:2006, 3.32]   

System expansion 
Expanding the product system to include additional functions related to 

co-products.   

Temporary carbon 

storage 

It happens when a product “reduces the GHGs in the atmosphere” or 

creates “negative emissions”, by removing and storing carbon for a 

limited amount of time. [Product Environmental Footprint Guide, 

European Commission, 2013]  

Tier-1 method 
Simplest method that relies on single default emission factors (e.g. kg 

methane per animal).  

Tier-2 method 

A more complex approach that uses detailed country-specific data 

(e.g. gross energy intake and methane conversion factors for specific 

livestock categories).  

Tier-3 method 

Method based on sophisticated mechanistic models that account for 

multiple factors such as diet composition, product concentration from 

rumen fermentation, and seasonal variation in animal and feed 

parameters.  

Uncertainty analysis 

Systematic procedure to quantify the uncertainty introduced in the results 

of a life cycle inventory analysis due to the cumulative effects of model 

imprecision, input uncertainty and data variability [ISO 14044:2006, 

3.33]  

Unit process 
Smallest element considered in the life cycle inventory analysis for which 

input and output data are quantified [ISO 14044:2006, 3.34]   

Upstream 

Occurring along the supply chain of purchased goods/services prior to 

entering the system boundary. [Product Environmental Footprint Guide, 

European Commission, 2013]  
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Waste 

Substances or objects which the holder intends or is required to dispose of  

[ISO 14044:2006, 3.35] Note 1: Deposition of manure on a land where 

quantity and availability of soil nutrients such as nitrogen and phosphorus 

exceed plant nutrient requirement is considered as a waste management 

activity from an environmental accounting perspective. Derogation is 

only possible whereas evidences prove that soil is poor in terms of 

organic matter and there is no other way to build up organic matter. See 

also: Residual and Economic value.   

Water body 

Entity of water with definite hydrological, hydrogeomorphological, 

physical, chemical and biological characteristics in a given geographical 

area Examples: lakes, rivers, groundwaters, seas, icebergs, glaciers and 

reservoirs. Note 1 to entry: In case of availability, the geographical 

resolution of a water body should be determined at the goal and scope 

stage: it may regroup different small water bodies. [ISO 14046:2014, 

3.1.7]  

Water use 

Use of water by human activity. Note 1 to entry: Use includes, but is not 

limited to, any water withdrawal, water release or other human activities 

within the drainage basin impacting water flows and/or quality, including 

in-stream uses such as fishing, recreation, transportation. Note 2 to entry: 

The term “water consumption” is often used to describe water removed 

from, but not returned to, the same drainage basin. Water consumption 

can be because of evaporation, transpiration, integration into a product, or 

release into a different drainage basin or the sea. Change in evaporation 

caused by land-use change is considered water consumption (e.g. 

reservoir). The temporal and geographical coverage of the water footprint 

assessment should be defined in the goal and scope. [ISO 14046:2014, 

3.2.1]  

Water withdrawal 

Anthropogenic removal of water from any water body or from any 

drainage basin, either permanently or temporarily [ISO 14046:2014, 

3.2.2].  

Weighting 

Weighting is an additional, but not mandatory, step that may support the 

interpretation and communication of the results of the analysis. Impact 

assessment results are multiplied by a set of weighting factors, which 

reflect the perceived relative importance of the impact categories 

considered. Weighted impact assessment results can be directly compared 

across impact categories, and also summed across impact categories to 

obtain a single-value overall impact indicator. Weighting requires making 

value judgements as to the respective importance of the impact categories 

considered. These judgements may be based on expert opinion, social 

science methods, cultural/political viewpoints, or economic 

considerations. [Adapted from: Product Environmental Footprint Guide, 

European Commission, 2013] 
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PART 1. OVERVIEW AND GENERAL PRINCIPLES 259 
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1   INTENDED USERS AND OBJECTIVES 261 

The methodology and guidance developed here can be used by stakeholders in all countries and across the 262 

entire range of pig production systems. In developing the guidelines, it was assumed that the primary users 263 

will be individuals or organizations with a good working knowledge of life cycle assessment. The main 264 

purpose of the guidelines is to provide sufficient definition of calculation methods and data requirements to 265 

enable consistent application of LCA across differing pig supply chains. 266 

This guidance is relevant to a wide array of livestock stakeholders including:  267 

 Livestock producers who wish to develop inventories of their on-farm resources and assess the 268 

performance of their production systems.  269 

 Supply chain partners such as feed producers, farmers and processors seeking a better understanding of 270 

the environmental performance of products in their production processes.  271 

 Policy makers interested in developing accounting and reporting specifications for livestock supply 272 

chains.  273 

The benefits of this approach aim to include: 274 

 Use of recognized, robust and transparent methodology developed to take account of the nature of pig 275 

supply chains; 276 

 Identification of supply chain hotspots and opportunities to improve and reduce environmental impact; 277 

 Identification of opportunities to increase efficiency and productivity; 278 

 Ability to benchmark performance internally or against industry standards;  279 

 Supporting reporting and communication requirements; and 280 

 Raising awareness and supporting action on environmental sustainability.  281 

 282 

2 SCOPE 283 

2.1 ENVIRONMENTAL IMPACT CATEGORIES ADDRESSED IN THE GUIDELINES 284 

These guidelines cover only the following environmental impact categories: climate change, water use, 285 

eutrophication and fossil energy use. This document does not provide support towards the assessment of 286 

comprehensive environmental performance, nor to the social or economic aspects of pig supply chains. 287 

The LEAP Animal Feed Guidelines cover additional impact categories: acidification, phosphorus depletion 288 

and land use. These categories may be reported for the life cycle stages of pig products.  289 

It is intended that in future these guidelines will be updated to include multiple categories, provided sufficient 290 

reliability and data are provided to justify the changes. 291 

In the LEAP Animal Feed Guidelines, GHG emission from direct land-use change is analysed and recorded 292 

separately from GHG emissions due to other sources. There are two reasons for doing this. The first is a 293 

question of time frame because emissions attributed to land-use change may have occurred in the past or may 294 
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be set to occur in the future. Secondly, there is much uncertainty and debate about the best method for 295 

calculating direct land-use change. 296 

Regarding land use, the LEAP Animal Feed Guidelines divided land areas into two categories: arable land and 297 

grassland. Appropriate indicators were included in the guidelines as they provide important information about 298 

the use of a finite resource (land) but also in view of the follow-on impacts on soil degradation, biodiversity, 299 

carbon sequestration or loss, water depletion, etc. Nevertheless, users wishing to specifically relate land use 300 

to follow-on impacts will need to collect and analyse additional information on production practices and local 301 

conditions. 302 

2.2 APPLICATION 303 

Some flexibility in methodology is desirable to accommodate the range of possible goals and special 304 

conditions arising in different sectors. This document strives to achieve a pragmatic balance between 305 

flexibility and rigorous consistency across scale, geographic location, and project goals. 306 

A more strict prescription on the methodology, including allocation and acceptable data sources, is required 307 

for product labelling or comparative performance claims. Users are referred to ISO 14025 for more 308 

information and guidance on comparative claims of environmental performance.   309 

These LEAP guidelines are based on the attributional approach to life cycle accounting. The approach refers 310 

to process-based modelling, intended to provide a static representation of average conditions. 311 

Due to the limited number of environmental impact categories covered here, results should be presented in 312 

conjunction with other environmental metrics to understand the wider environmental implications, either 313 

positive or negative. It should be noted that comparisons between final products should only be based on full 314 

life cycle assessment. Users of these guidelines shall not employ results to claim overall environmental 315 

superiority of some pig production systems and products. 316 

The methodology and guidance developed in the LEAP Partnership is not intended to create barriers to trade 317 

or contradict any WTO requirements.  318 

 319 

3 STRUCTURE AND CONVENTIONS 320 

3.1 STRUCTURE  321 

This document adopts the main structure of ISO 14040:2006 and the four main phases of Life Cycle 322 

Assessment – goal and scope definition, inventory analysis, impact assessment, and interpretation. Figure 3-1 323 



 

4 

 

presents the general relationship between the phases of an LCA study defined by ISO 14040:2006 and the 324 

steps needed to complete a GHG inventory in conformance with this guidance. Part 2 of this methodology sets 325 

out the following: 326 

 Section 7 outlines the operational areas to which these guidelines apply. 327 

 Section 8 includes requirements and guidance to help users define the goals and scope, and system 328 

boundary of an LCA. 329 

 Section 9 presents the principles for handling multiple co-products and includes requirements and 330 

guidance to help users select the most appropriate allocation method to address common processes in 331 

their product inventory.  332 

 Section 10 presents requirements and guidance on the collection and assessment of the quality of 333 

inventory data as well as on identification, assessment, and reporting on inventory uncertainty. 334 

 Section 11 outlines key requirements, steps, and procedures involved in quantifying GHG emissions and 335 

other environmental impact inventory results in the studied supply chain.  336 

 Section 12 provides guidance on interpretation and reporting of results and summarizes the various 337 

requirements and best practice in reporting.  338 

A glossary intended to provide a common vocabulary for practitioners has been included. Additional 339 

information is presented in the appendices. 340 

Figure 3-1. Schematic of ISO 14044 stages of life cycle assessment with reference to the guideline series. 



 

5 

 

Users of this methodology should also refer to other relevant guidelines where necessary and indicated. The 341 

LEAP pig guidelines are not intended to stand alone but are meant to be used in conjunction with the LEAP 342 

Animal Feed Guidelines. Relevant guidance developed under the LEAP Partnership but contained in other 343 

documents will be specifically cross-referenced to enable ease of use. For example, specific guidance for 344 

calculating associated emissions for feed is contained in the LEAP Animal Feed Guidelines3. 345 

3.2 PRESENTATIONAL CONVENTIONS 346 

These guidelines are explicit in indicating which requirements, recommendations, or permissible or allowable 347 

options that users may choose to follow.  348 

The term “shall” is used to indicate what is required for an assessment to conform to these guidelines.  349 

The term “should” is used to indicate a recommendation, but not a requirement. 350 

The term “may” is used to indicate an option that is permissible or allowable. 351 

Commentary, explanations and general informative material (e.g. notes) are presented in footnotes, and do not 352 

constitute a normative element.  353 

Examples illustrating specific areas of the guidelines are presented in boxes. 354 

 355 

4 ESSENTIAL BACKGROUND INFORMATION AND PRINCIPLES 356 

4.1 A BRIEF INTRODUCTION TO LCA 357 

Life cycle assessment (LCA) is recognized as one of the most complete and widely used methodological 358 

frameworks developed to assess the environmental impact of products and processes. LCA can be used as a 359 

decision support tool within environmental management. ISO 14040:2006 defines LCA as a “compilation and 360 

evaluation of the inputs, outputs and the potential environmental impacts of a product system throughout its 361 

life cycle”. In other words, LCA provides quantitative, confirmable, and manageable process models to 362 

evaluate production processes, analyse options for innovation, and improve understanding of complex 363 

systems. LCA can identify processes and areas where process changes stemming from research and 364 

development can significantly contribute to reduce environmental impacts. According to ISO14040:2006, 365 

LCA consist of four phases (Figure 3-1): 366 

 Goal and scope definition – including appropriate metrics (e.g. greenhouse gas emissions, water 367 

consumption, hazardous materials generated, and/or quantity of waste);  368 

 Life cycle inventories (collection of data that identify the system inputs and outputs and discharges to the 369 

environment); 370 

                                                      
3 http://www.fao.org/3/a-mj751e.pdf 
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 Performance of impact assessment (application of characterization factors to the LCI emissions which 371 

normalizes groups of emissions to a common metric such as global warming potential reported in CO2 372 

equivalents);  373 

 Analysis and interpretation of results.   374 

 375 

4.2 ENVIRONMENTAL IMPACT CATEGORIES 376 

Life Cycle Impact Assessment (LCIA) aims at understanding and evaluating the magnitude and significance 377 

of potential environmental impacts for a product system throughout the life cycle of the product (International 378 

Organization for Standardization, 2006a). The selection of environmental impacts is a mandatory step of LCIA 379 

and this selection shall be justified and consistent with the goal and scope of the study (International 380 

Organization for Standardization, 2006a). Impacts can be modelled at different levels in the environmental 381 

cause-effect chain linking elementary flows of the life cycle inventory to midpoint and endpoint impact 382 

categories (Figure 4-1). 383 

A distinction must be made between midpoint impacts (which characterize impacts in the middle of the 384 

environmental cause-effect chain), and endpoint impacts (which characterize impacts at the end of the 385 

environmental cause-effect chain). Endpoint methods provide indicators at, or close to, an area of protection. 386 

Usually three areas of protection are recognized: human health, ecosystems, and natural resources. The 387 

aggregation at endpoint level and at the areas of protection level is an optional phase of the assessment 388 

according to ISO 14044:2006.  389 

Climate change is an example of a midpoint impact category. The results of the Life Cycle Inventory are the 390 

amounts of greenhouse gas emissions per functional unit. Based on a radiative forcing model, characterization 391 

factors, known as global warming potentials, specific to each greenhouse gas, can be used to aggregate all of 392 

the emissions to the same mid-point impact category indicator, i.e. kilograms of CO2 equivalents per functional 393 

unit.  394 

These guidelines provide guidance on a selection of midpoint impact categories and indicators (Figure 4-1). 395 

They do not, however, provide guidance or recommendations regarding endpoint methods. 396 

4.3 NORMATIVE REFERENCES 397 

The following referenced documents are indispensable in the application of this methodology and guidance. 398 

 ISO 14040:2006 Environmental management – Life cycle assessment – Principles and framework 399 

These standards give guidelines on the principles and conduct of LCA studies providing organizations 400 

with information on how to reduce the overall environmental impact of their products and services. 401 

ISO 14040:2006 define the generic steps which are usually taken when conducting an LCA and this 402 

document follows the first three of the four main phases in developing an LCA (Goal and scope, 403 

Inventory analysis, Impact assessment and Interpretation). 404 
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 ISO14044:2006 Environmental management – Life cycle assessment – Requirements and guidelines 405 

ISO 14044:2006 specifies requirements and provides guidelines for life cycle assessment including: 406 

definition of the goal and scope of the LCA, the life cycle inventory analysis (LCI) phase, the life 407 

cycle impact assessment (LCIA) phase, the life cycle interpretation phase, reporting and critical 408 

review of the LCA, limitations of the LCA, relationship between the LCA phases, and conditions for 409 

use of value choices and optional elements. 410 

4.4 NON-NORMATIVE REFERENCES 411 

 ISO 14025:2006 Environmental labels and declarations – Type III environmental declarations – 412 

Principles and procedures 413 

ISO 14025:2006 establishes the principles and specifies the procedures for developing Type III 414 

environmental declaration programmes and Type III environmental declarations. It specifically 415 

establishes the use of the ISO 14040:2006in the development of Type III environmental declaration 416 

programmes and Type III environmental declarations.  417 

FIGURE 4-1: ENVIRONMENTAL CAUSE-EFFECT CHAIN AND CATEGORIES OF IMPACT 
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Type III environmental declarations are primarily intended for use in business-to-business 418 

communication, but their use in business-to-consumer communication is not precluded under certain 419 

conditions. 420 

 ISO/TS 14067:2013 Greenhouse gases – Carbon footprint of products – Requirements and guidelines 421 

for quantification and communication 422 

It  specifies principles, requirements and guidelines for the quantification and communication of the 423 

carbon footprint of a product (CFP), based on ISO 14040 and ISO 14044 for quantification and on 424 

environmental labels and declarations (ISO 14020, ISO 14024 and ISO 14025) for communication 425 

(ISO/TS 14067:2013, International Organization for Standardization, 2006b, 2010). 426 

 427 

 WRI/WBCSD (2011) Product Life Cycle Accounting and Reporting Standard  428 

The GHG Protocol from the World Resources Institute & World Business Council for Sustainable 429 

Development (WRI and WBCSD, 2011) provides a framework to assist users in estimating the total 430 

GHG emissions associated with the life cycle of a product. It is broadly similar in its approach to the 431 

ISO standards, although it lays more emphasis on analysis, tracking changes over time, reduction 432 

options and reporting. Like PAS2050, this standard excludes impacts from production of 433 

infrastructure, but whereas PAS2050 includes ‘operation of premises’ such as retail lighting or office 434 

heating, the GHG Protocol does not.  435 

 436 

 ENVIFOOD Protocol, 2013, Environmental Assessment of Food and Drink Protocol  437 

The Protocol was developed by the European Food Sustainable Consumption Round Table to support 438 

a number of environmental instruments for use in communication and to support the identification of 439 

environmental improvement options. The Protocol might be the baseline for developing: 440 

communication methods, product group/sub-group specific rules (PCRs), criteria, tools, datasets and 441 

assessments. (Food SCP RT, 2013) 442 

 ILCD, 2010a. ILCD Handbook: - General guide for Life Cycle Assessment - Detailed guidance.  443 

The ILCD Handbook was published in 2010 by the European Commission Joint Research Centre 444 

ILCD and provides detailed guidance for LCA based on ISO 14040 and 14044. It consists of a set of 445 

documents, including a general guide for LCA, as well as specific guides for life cycle inventory and 446 

impact assessment. (European Commission et al., 2010) 447 

 Product Environmental Footprint (PEF) Guide by the European Commission. General method to 448 

measure and communicate the potential life cycle environmental impact of a product developed by 449 

the European Commission to mostly contrast the confusion in environmental performance 450 

information. (Manfredi et al., 2012)  451 

 452 

 BPX-30-323 General environmental footprinting methodology developed by the ADEME-AFNOR 453 

stakeholder platform and its further specifications (AFNOR, 2011). General method to measure and 454 
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communicate the potential life cycle environmental impact of a product developed under request of 455 

the French Government to mostly contrast the confusion in environmental performance information. 456 

Food production specific guidelines are also available along with a large set of product specific rules 457 

on livestock products. 458 

 459 

 British Standards Institution PAS 2050:2011 Specification for the assessment of life cycle greenhouse 460 

gas emissions of goods and services 461 

 PAS 2050:2011(BSI 2011)British Standards Institution PAS 2050:2011 Specification for the 462 

assessment of life cycle greenhouse gas emissions of goods and services (British Standards Institution, 463 

2011) 464 

It is a Publicly Available (i.e. not standard) Specification. A UK initiative sponsored by the Carbon 465 

Trust and Defra, PAS 2050 was published through the British Standards Institution (BSI) and uses 466 

BSI methods for agreeing a Publicly Available Specification. It is targeted at applying LCA over a 467 

wide range of products in a consistent manner for industry users, focusing solely on the carbon 468 

footprint indicator. PAS 2050 has many elements in common with the ISO 14000 series methods but 469 

also a number of differences, some of which limit choices for analysts (e.g. exclusion of capital goods 470 

and setting materiality thresholds). 471 

4.5 GUIDING PRINCIPLES 472 

Five guiding principles support users in their application of this sector-specific methodology. These principles 473 

are consistent across the methodologies developed within the LEAP Partnership. They apply to all the steps, 474 

from goal and scope definition, data collection and LCI modelling through to reporting. Adhering to these 475 

principles ensures that any assessment made in accordance with the methodology prescribed is carried out in 476 

a robust and transparent manner. The principles can also guide users when making choices not specified by 477 

the guidelines.   478 

The principles are adapted from IS O 14 040 :2006 ,  the Product Environmental Footprint (PEF) Guide 479 

(Manfredi et al., 2012),  WBCSD-WRI’s Greenhouse Gas Protocol Product Life Cycle Accounting and 480 

Reporting Standard, the BSI PAS 2050:2008, the ILCD Handbook and ISO/TS 14067:2013 and are intended 481 

to guide the accounting and reporting of GHG emissions and fossil energy use.  482 

Accounting and reporting of GHG emissions and other environmental impacts from pig supply chains shall 483 

accordingly be based on the following principles:  484 

Life cycle perspective 485 

“LCA considers the entire life cycle of a product, from raw material extraction and acquisition, through energy 486 

and material production and manufacturing, to use and end of life treatment and final disposal. Through such 487 

a systematic overview and perspective, the shifting of a potential environmental burden between life cycle 488 

stages or individual processes can be identified and possibly avoided.” (ISO 14040:2006, 4.1.2) 489 

Relative approach and functional unit 490 
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LCA is a relative approach, which is structured around a functional unit. This functional unit defines what is 491 

being studied. All subsequent analyses are then relative to that functional unit, as all inputs and outputs in 492 

the  LCI and consequently the LCIA profile are related to the functional unit. (ISO 14040:2006, 4.1.4) 493 

Relevance 494 

Data, accounting methodologies and reporting shall be appropriate to the decision-making needs of the 495 

intended users. Information should be reported in a way that is easily understandable to the intended users.  496 

Completeness 497 

Quantification of the product environmental performance shall include all environmentally relevant 498 

material/energy flows and other environmental interventions as required for adherence to the defined system 499 

boundaries, the data requirements, and the impact assessment methods employed. (European Commission, 500 

2013).  501 

Consistency 502 

Data that are consistent with these guidelines shall be used throughout the inventory to allow for meaningful 503 

comparisons and reproducibility of the outcomes over time. Any deviation from these guidelines shall be 504 

reported, justified and documented. 505 

Accuracy 506 

Bias and uncertainties shall be reduced as far as practicable. Sufficient accuracy shall be achieved to enable 507 

intended users to make decisions with reasonable confidence as to the reliability and integrity of the reported 508 

information.  509 

Iterative approach 510 

LCA is an iterative technique. The individual phases of an LCA use results of the other phases. The iterative 511 

approach within and between the phases contributes to the comprehensiveness and consistency of the study 512 

and the reported results. (ISO 14040:2006, 4.1.5). 513 

Transparency 514 

“Due to the inherent complexity in LCA, transparency is an important guiding principle in executing LCAs, in 515 

order to ensure a proper interpretation of the results.” (ISO 14040:2006, 4.1.6). 516 

Priority of scientific approach 517 

“Decisions within an LCA are preferably based on natural science. If this is not possible, other scientific 518 

approaches (e.g. from social and economic sciences) may be used or international conventions may be 519 

referred to. If neither a scientific basis exists nor a justification based on other scientific approaches or 520 

international conventions is possible, then, as appropriate, decisions may be based on value choices.” (ISO 521 

14040:2006, 4.1.8) 522 

 523 
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5 LEAP AND THE PREPARATION PROCESS 524 

LEAP is a multi-stakeholder initiative launched in July 2012 with the goal of improving the environmental 525 

performance of livestock supply chains. Hosted by the Food and Agriculture Organization of the United 526 

Nations, LEAP brings together the private sector, governments, civil society representatives and leading 527 

experts who have a direct interest in the development of science-based, transparent and pragmatic guidance to 528 

measure and improve the environmental performance of livestock products. 529 

Demand for livestock products is projected to grow 1.3 percent per annum until 2050, driven by global 530 

population growth and increasing wealth and urbanization (Alexandratos and Bruinsma, 2012). Against the 531 

background of climate change and increasing competition for natural resources, this projected growth places 532 

significant pressure on the livestock sector to perform in a more sustainable way. The identification and 533 

promotion of the contributions that the sector can make towards more efficient use of resource and better 534 

environmental outcomes is also important.  535 

Currently, many different methods are used to assess the environmental impacts and performance of livestock 536 

products. This causes confusion and makes it difficult to compare results and set priorities for continuing 537 

improvement. With increasing demands in the marketplace for more sustainable products there is also the risk 538 

that debates about how sustainability is measured will distract people from the task of driving real 539 

improvement in environmental performance. And there is the danger that labelling or private standards based 540 

on poorly developed metrics could lead to erroneous claims and comparisons.  541 

The LEAP Partnership addresses the urgent need for a coordinated approach to developing clear guidelines 542 

for environmental performance assessment based on international best practices. The scope of LEAP is not to 543 

propose new standards but to produce detailed guidelines that are specifically relevant to the livestock sector, 544 

and refine guidance as to existing standards. LEAP is a multi-stakeholder partnership bringing together the 545 

private sector, governments and civil society. These three groups have an equal say in deciding work plans 546 

and approving outputs from LEAP, thus ensuring that the guidelines produced are relevant to all stakeholders, 547 

widely accepted and supported by scientific evidence. 548 

With this in mind, the first three technical advisory groups (TAGs) of LEAP were formed in early 2013 to 549 

develop guidelines for assessing the environmental performance of small ruminants (goats and sheep), animal 550 

feeds and poultry supply chains.  551 

The work of LEAP is challenging but vitally important to the livestock sector. The diversity and complexity 552 

of livestock farming systems, products, stakeholders and environmental impacts can only be matched by the 553 

willingness of the sector’s practitioners to work together to improve performance. LEAP provides the essential 554 

backbone of robust measurement methods to enable assessment, understanding and improvement in practice. 555 

More background information on the LEAP Partnership can be found at www.fao.org/partnerships/leap/en/ 556 

 557 
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5.1 DEVELOPMENT OF SECTOR-SPECIFIC GUIDELINES 558 

Sector-specific guidelines to assessing the environmental performance of the livestock sector are a key aspect 559 

of the LEAP Partnership work programme. Such guidelines take into account the nature of the livestock supply 560 

chain under investigation and are developed by a team of experts with extensive experience in life-cycle 561 

assessment and livestock supply chains.  562 

The benefit of a sector-specific approach is that it gives guidance on the application of life-cycle assessment 563 

to users and provides a common basis from which to evaluate resource use and environmental impacts.  564 

Sector-specific guidelines may also be referred to as supplementary requirements, product rules, sector 565 

guidance, product category rules or product environmental footprint category rules – although each 566 

programme will prescribe specific rules to ensure conformity and avoid conflict with any existing parent 567 

standard. 568 

The first set of sector-specific guidelines addresses small ruminants, poultry and animal feeds. The former two 569 

place emphasis on climate-related impacts, while the LEAP Animal Feed Guidelines address a broader range 570 

of environmental categories. LEAP is also considering developing guidance for the assessment of other animal 571 

commodities and wider environmental impacts such as biodiversity, water and nutrients. 572 

5.2 PIG TAG AND THE PREPARATION PROCESS 573 

The Pig TAG of the LEAP Partnership was formed at the start of 2015. The team included selected 21 experts 574 

in pig supply chains as well as leading LCA researchers and experienced industry practitioners. Their 575 

backgrounds, complementary between products, systems and regions, allowed them to understand and address 576 

different interest groups and so ensure credible representation. The TAG was led by Dr Greg Thoma with co-577 

leaders Dr. Yaosheng Chen and Dr. Hongmin Dong. 578 

The role of the TAG was to: 579 

 Review existing methodologies and guidelines for assessment of GHG emissions from livestock 580 

supply chains and identify gaps and priorities for further work; 581 

 Develop methodologies and sector specific guidelines for the life cycle assessment of GHG emissions 582 

from pig supply chains; and 583 

 Provide guidance on future work needed to improve the guidelines and encourage greater uptake of 584 

life-cycle assessment of GHG emissions from pig supply chains. 585 

The TAG met for its first workshop from 22-23 April 2015 in Rome. The TAG continued to work via email 586 

and teleconferences before holding a second workshop from 19-20 2015 in Bangkok. The nine experts in the 587 

TAG were drawn from seven countries: Australia, Brazil, China, France, Italy, Ireland, Senegal, Spain, the 588 

United Kingdom, the United States and Uruguay. Members included: Airton Kunz, Miguel Angel Aparicio 589 

Tovar,  Balram Sahu,  Ben Lukuyu,  Gonzalo Becoña,  Ilias Kyriazakis,  Jean-Luc Farinet,  Jeffery Escobar,  590 

John Hermansen,  Mariscal Landin Gerardo,  Paolo Masoni,  Paula Gaspar,  Peadar Lawlor,  Sandrine 591 

Espagnol,  Stephen Wiedemann,  Valentina Fantin,  TC Wang,  Hui Zhang.  592 
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As a first step, existing studies and associated methods were reviewed by the TAG to assess whether they 593 

offered a suitable framework and orientation for a sector-specific approach. This avoids confusion and 594 

unnecessary duplication of work through the development of potentially competing standards or approaches. 595 

The review also followed established procedures set by the overarching international guidance sources listed 596 

in section 4.3.  597 

Thirty-three studies addressing aspects of the pig supply chains were identified by the TAG. The selection of 598 

these studies for background review in support of the development of these guidelines was driven by the 599 

availability of full LCA studies in the pig sector. The interest was in determining the range of methodological 600 

choices that have been used. The intention was to evaluate as broadly as possible and therefore included peer-601 

reviewed articles, theses and dissertations, and conference proceedings. These sources allowed an evaluation 602 

of the methodological consistencies and differences for global systems. A review of these studies can be found 603 

in Appendix B. As a result, it was found that no existing approach or study set out comprehensive guidance 604 

for quantifying GHG emissions and fossil energy demand across the supply chain and that further work was 605 

needed by the TAG to reach consensus on more detailed guidance.  606 

5.3 PERIOD OF VALIDITY  607 

It is intended that these guidelines will be periodically reviewed to ensure the validity of information and 608 

methodologies on which it relies. Because there is not currently a mechanism in place to ensure such review 609 

in the future, users are invited to visit the LEAP website (www.fao.org/partnerships/leap) for the latest version. 610 

6 PIG PRODUCTION SYSTEMS  611 

6.1 BACKGROUND  612 

The world population of pigs in 2013 was ~ 977 million head. In terms of distribution, Asian countries 613 

dominate accounting for 60.4% of the global population. China has ~ 482 million head and accounts for almost 614 

50% of the global pig population.  Europe accounts for 18.8% of the global pig population. Germany is the 615 

European country with the largest pig numbers with 27.7 million head, representing 16% of the European pig 616 

numbers. The Americas account for 16.6% of the global pig population.  In South America, Brazil dominates 617 

in terms of pig numbers with 36.7 million head, while the USA dominates in North America with about 64.8 618 

million head.  The remainder of the world’s pig population is divided between Africa and Oceania representing 619 

3.7% and 0.5% of global pig numbers, respectively (FAOSTAT, 2015).  620 

Between 2005 and 2013 the world’s pig population increased by 8% to a total of over 970 million pigs. A 621 

significant number of animals are kept in backyard systems to provide pork meat for the family and local 622 

market. Good manure management is much more difficult in small scale backyard systems than with larger 623 

more intensive commercial pig farms. In South and East Asia the total number of pigs kept in semi-intensive 624 

farms is decreasing. 625 

For pig production the main tangible product is meat. The pig sector is the biggest contributor to global meat 626 

production accounting for 37% of the total 296 million tonnes carcass weight (CW) produced in 2010, 627 
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distributed at 19, 20, and 61 percent of carcass weight production for backyard, intermediate and large-scale 628 

production, respectively as shown in Figure 6-1 (MacLeod et al., 2013). 629 

In 2013, nearly 113 million tonnes of pig-meat carcass was produced globally. Almost 98% of total pig-meat 630 

production originated from 3 regions. Asia, Europe and the Americas accounted for 57, 24 and 17%, 631 

respectively of global pig-meat production. It is interesting to note that China contributes about 48% to the 632 

total global pig-meat production followed by the USA which accounts for almost 10% (FAOSTAT, 2015).  633 

The global production of pig-meat has doubled in the last three decades. Asia and the Americas have 634 

contributed most to this increase in production with 3.5 and 1.7 fold increases,   respectively, in their 635 

production over this period. The pace of growth in production of pork in Europe during the period 2005-2013 636 

was 1.01.It has remained practically stable going from 21.8 to 21.9 million tons (EUROSTAT, 2015). China 637 

has lead this growth, contributing almost 70% to the increased production of pig-meat followed by the USA 638 

at about 6%. (FAOSTAT, 2015). 639 

6.2 DIVERSITY OF PIG PRODUCTION SYSTEMS 640 

Pig production systems vary greatly across the world depending on a multitude of factors (i.e. socio-economic 641 

conditions, people’s expectations, available inputs, markets, consumption patterns, etc.). In most countries, 642 

several different pig production systems can be identified, from the simplest systems which require minimal 643 

investment, to large-scale market-oriented enterprises. Figure 6-2 to Figure 6-4 present the distribution of 644 

production systems. 645 

Backyard production systems are the most basic traditional system of keeping pigs and the most common in 646 

developing countries, in both urban and rural areas. These systems are typically semi-intensive production 647 

Source: (Macleod et al., 2013) 

FIGURE 6-1. EMISSIONS AND PRODUCTION DISTRIBUTION BY TYPE OF PIG PRODUCTION SYSTEM. 

CW = carcass weight 
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where mainly small-scale farms produce for private consumption, local markets or specialty restaurants or 648 

food chains. However, in the last few decades large intensive systems have emerged in many developing 649 

regions in response to the rapidly growing demand for inexpensive livestock products (Steinfeld et al., 2006). 650 

Pig production systems in the world can be classified on the basis of scale, market objectives, feed sources 651 

and production goals, husbandry and management. Based on these factors and the LCA goals, these systems 652 

are defined as Scavenging, Extensive systems, Semi-intensive systems, Intensive (small-medium scale) 653 

systems, or Intensive (large scale) systems. 654 

6.2.1 SCAVENGING  PRODUCTION 655 

Scavenging pigs is the most basic traditional subsistence system of keeping pigs and the one most commonly 656 

used in both urban and rural areas of developing countries. In this free-range system, pigs find feed themselves, 657 

but they may also receive supplementary feed, such as kitchen waste or agricultural by products.  Depending 658 

on the local situation, pigs may be free-ranging for most of the year, and only penned during the rainy season.  659 

These systems often have high piglet mortality and a poor feed conversion rate. 660 

6.2.1 EXTENSIVE SYSTEMS 661 

Extensive pig production is characterized by the utilization of authocthonus (local) pig breeds, and local feed 662 

resources with limited dependence on external supplies.  These systems are small to medium size and they 663 

may utilize a combination of family and hired labour depending farm size.  664 

 665 

Source: (Macleod et al., 2013) 

FIGURE 6-2. GLOBAL DISTRIBUTION OF BACKYARD PIG PRODUCTION SYSTEMS 



 

16 

 

 666 

Source: (Macleod et al., 2013) 

FIGURE 6-4. GLOBAL DISTRIBUTION OF INTENSIVE (SMALL-MEDIUM SCALE) PIG PRODUCTION SYSTEMS 

Source: (Macleod et al., 2013) 

FIGURE 6-3. GLOBAL DISTRIBUTION OF LARGE SCALE, INTENSIVE PIG PRODUCTION OPERATIONS. 
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In Europe there are some notable autochthonous pig systems such as the Iberian pig in Spain with more than 667 

2.4 million head4. In the type of farms that use this type of animal and system varies greatly depending on 668 

many factors. For example, in the case of the Iberian pig, and according with the regional legislation of 669 

Extremadura5, the main producing region for the Iberian pig, there is a farm classification based on 670 

zootechnical and productive capacity criteria. The key element is the availability of feed resources on the farm 671 

for all the animals. In the Iberian pig system during the fattening phase, pigs can only eat acorns and grass "ad 672 

libitum". Pigs are fattened over a period of 70-90 days up to 160 kg. The stocking density is roughly 1 pig per 673 

1.5 to 2 hectare and depends on climatic conditions and the density of standing acorn trees. Pigs are fed 674 

concentrate diets with grass during others phases.  675 

Housing varies widely according to different farms and production phases. During the breeding phase it is 676 

common to use individual stalls, commonly called "camping", for housing sows with piglets. Farms must be 677 

perimeter fenced to comply with very strict bio-safety legislation and to prevent contact with animals from 678 

others farms and wild animals, such as deer and wild boars. 679 

The animals are used to produce hams and sausages which attract a price premium, such as acorn fed Iberian 680 

ham (Jamon Ibérico de bellota), with high index of oleic acid is well known in the market. Acorn fed ham 681 

from Cinta Senese (Prosciuto di guianda) has similar qualities but its production is much more limited. 682 

Extensive pig production is an alternative model in areas with necessary elements such as local breeds, high 683 

quality local feed resources and qualified labour.  Extensive pig production can have a positive environmental 684 

impact because it contributes to maintaining some ecosystems like de "dehesa system" and other 685 

Mediterranean forests. 686 

In these systems, the quantity of purchased feed used will have a substantial impact on energy and GHG 687 

emissions. Nutrients are mostly deposited directly to land rather than being treated in a manure management 688 

system.  The most important aspects influencing GHG and eutrophication will be the amount of nitrogen and 689 

phosphorus excreted, the degree to which manure is concentrated in the landscape (nutrient hotspots), the 690 

amount of ground cover, and the soil and climatic conditions that influence nitrous oxide emissions and 691 

nutrient movement.  These factors should be assessed in the LCI stage. 692 

6.2.2 SEMI-INTENSIVE SYSTEMS (BACKYARD PRODUCTION SYSTEMS) 693 

These are typically production systems where mainly small-scale farms produce pork for private consumption, 694 

local markets or specialty restaurants or food chains.  695 

                                                      
4 Ministerio de Agricultura y Medio Ambiente, 2015. Encuestas ganaderas, Noviembre 2014. 

http://www.magrama.gob.es/es/estadistica/temas/estadisticas-agrarias/ganaderia/encuestas-

ganaderas/default.aspx#para4 

5 Junta de Extremadura, 1999, Decreto 158/1999, de 14 de septiembre por el que se establece la regulación 

zootécnica-sanitaria de las explotaciones porcinas en la Comunidad autónoma de Extremadura 
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In semi-intensive backyard production systems, pigs are confined in very simple pens with separate pens for 696 

feeders, boars, gestating sows, and sows with their litters. The pens generally have dirt floors, but may also 697 

have a covering made from local materials (e.g. mud bricks, thatch, timber). These systems exist in both rural 698 

and urban areas. The herd is usually small (with from 1 to 100 animals reared per year), and activities focus 699 

largely on pig fattening.  Technical performance, in terms of feed conversion ratio and daily gain, is generally 700 

lower than more intensive production systems. 701 

These systems are located in areas where the farmers have access to commercial feeds and particularly in peri-702 

urban areas where they are close to markets. These pig farms are family run and labor is normally provided 703 

by family members. In these systems a relatively low level of inputs are required with diets containing a 704 

maximum of 20 percent purchased non-local feed. Farmers provide meat or live animals to local or regional 705 

markets, and the animals are kept primarily for commercial purposes and are often an important source of 706 

income.  707 

In these systems, nutrients are mostly deposited directly to land rather than being treated in a manure 708 

management system. The most important aspects influencing GHG and eutrophication will be the amount of 709 

nitrogen and phosphorus excreted, the degree to which manure is concentrated in the landscape (nutrient 710 

hotspots), the amount of ground cover, and the soil and climatic conditions that influence nitrous oxide 711 

emissions and nutrient movement.  These factors should be assessed in the LCI stage. 712 

6.2.3 INTENSIVE ( SMALL-MEDIUM SCALE) SYSTEMS 713 

Small-scale systems aim to raise pigs either for subsistence or commercial reasons, however in medium-scale 714 

production, animals are kept primarily for commercial purposes where pork is supplied to local markets and 715 

to more distant urban markets. Medium-scale confined pig production is frequently found across the world. 716 

Animals are confined in shelters, which range from simple pens made from local materials to more modern 717 

housing with, solid concrete floors and steel roofs. In temperate regions with no severe cold seasons there is 718 

an alternative to confined pig production using outdoor pig units confined by fencing, where there is less need 719 

for investment building structures.  720 

In these production systems, pigs are confined in sheds with separate pens for fatteners, boars, gestating sows 721 

and sows with their litters. These farmers live in areas where there is access to commercial feeds, particularly 722 

in peri-urban areas where they are close to markets. In contrast to backyard systems, a relatively high level of 723 

inputs is required (i.e., housing material, feeds, labour).  724 

The pigs are completely dependent on their keeper for feed, and receive branches, leaves, crop residues, 725 

agricultural by-products or prepared feed (although often of poor quality). Locally-sourced feed materials 726 

constitute 30 to 50 percent of the pigs’ diet.  727 

In these systems, the quantity of purchased feed used will have a substantial impact on energy and GHG 728 

emissions. Unlike with the extensive systems, the major impact in these systems is during finishing. Because 729 

pigs are housed, a manure management system must be used, and this needs to be assessed to determine 730 

emissions. If manure is stored in a liquid, anaerobic system then methane emissions may be high. If liquid 731 
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flows to soil without storage, nitrous oxide emissions will be important. If manure is deposited in a confined 732 

area, eutrophication impacts may be important. 733 

6.2.4 INTENSIVE (LARGE SCALE) SYSTEMS 734 

Large-scale confined pig production farms vary in size, but are generally significantly larger than farms in the 735 

previously described categories. The main objective of these systems is to maximize production through the 736 

efficient use of resources such as feed, thereby reducing the cost of production.  The objective of the farmer 737 

is to be profitable and production is fully market-oriented. The pigs are normally housed indoors in specialized 738 

facilities. Building design can vary, depending on the geographic location (i.e. type of floor, ventilation, 739 

manure storage etc.).  Intensive outdoor production systems also exist in some EU countries (e.g. Great Britain) 740 

where precipitation is relatively low and soil is free draining. 741 

In temperate zones, buildings are closed and often fan-ventilated, while in tropical zones they are open on the 742 

sides and naturally ventilated, often with trees planted alongside the buildings to provide shade and cooler 743 

temperatures. 744 

The major cost savings associated with moving from medium scale to large-scale confined production arise 745 

as a result of economies of scale associated with increased efficiencies associated with specialization of 746 

farming activities, improved feed conversion efficiency associated with using purchased or home produced  747 

diets that are balanced to the pig’s nutritional requirements and increased purchasing and selling power.  Large 748 

pig farms may be family-owned, affiliated to companies or corporately owned. Labour is predominantly hired. 749 

Intensive systems may utilize a number of different housing types. House types influence the amount of energy 750 

used, the performance of the pigs, and the type of manure management system. The most common intensive 751 

housing systems are i) deep bedding based systems, where pigs are housed on straw, sawdust, peat etc and ii) 752 

liquid manure handling systems (most predominant system), where manure drops into pits or channels 753 

underneath the pens.  The liquid manure is sometimes stored in the under-floor tanks or channels until it is 754 

removed and in other cases it is removed to outside storage lagoons or tanks where it remains until it is used.  755 

With deep bedding manure management systems, the lifecycle inventory data must account for inputs of the 756 

bedding material (e.g. straw, wood chips, peat, sand, etc), and particular attention must be placed on factors 757 

influencing nitrous oxide emissions (N excretion and bedding conditions in the animal house).  In liquid 758 

manure management systems, particular attention must be placed on volatile solids inputs to the manure 759 

system, which may include significant flows from wasted or spilled feed. Emissions from nitrous oxide tend 760 

to be less significant but ammonia emissions may be high. Spent bedding (from housing) and effluent (from 761 

liquid MMS) application to land may be important aspects of the system for understanding GHG emissions 762 

and eutrophication.  763 

6.3 DIVERSITY OF PIG VALUE CHAIN 764 

As discussed above, globally there is a wide variety of pig production systems; due to this variety it is 765 

impossible to succinctly describe all of them here. Figure 6-5 is a conceptual model that attempts to show 766 

important points that need to be considered when determining the assessment scope and system boundaries of 767 
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a pig production system. Based on biophysical criteria and production stages, pig production managed as 768 

discrete, connected sub-systems that can be under the control of one or more operational entities: 769 

 - Breeding  (b)– piglets weights of 7-15kg at an age of 21 to 45 days, respectively 770 

 - Weaner  (c)– pig weight 7-15kg raised to 25-35kg age of 56-84 days 771 

 - Growing to finishing (d) – feeder pigs (25-35 kg) grown to market weight 772 

 - Farrowing to finishing (e) – Sows produce weaned pigs which are fed to market weight on the same farm 773 

 - Fully integrated system (f) - Sows produce weaned pigs which are fed to market weight on the same 774 

farm.  Feed for feeding the pigs is manufactured by the operation.  A totally integrated system would also 775 

involve the operation having its own abattoir to slaughter the pigs produced. 776 

The solid boxes show the different stages within the production system, while the dashed boxes denote the 777 

raw and processed products; the main product is pork meat. Other possible outputs from mature animals are 778 

shown by the dashed arrow (e.g. semen sales, wealth management). 779 

For the four example systems, arrows on the right show the changes in the enterprises during the production 780 

cycle reflecting the buying and selling of animals with the widths of the lines reflecting the average quality of 781 

the feed at the different stages. See text below for details. 782 

The solid boxes denote the various life stages of the pig during the production chain, and the dashed boxes 783 

denote products or services generated by the system. Gestation refers to the pregnancy period after mating 784 

when the piglet fetus develops up to farrowing. Farrowing to piglet weaning is the period after birth up until 785 

the piglet is weaned from its mother’s milk. The duration of this stage will vary based upon on the production 786 

system. After this stage, replacement female animals (gilts) are grown to mature body weight to be introduced 787 

into the herd of breeding system (system b). 788 

After this period some systems called Nursery/first and second stage weaner sections, specialize in growing 789 

pigs after weaning from (7-15kg or 3-8 weeks to 25-35kg, depending on the country) (system c).   790 

Growing to finishing refers to the stage where the animal gains weight from a 25-35kg to finishing weight 791 

(system d). The target finishing weight (60 to 125kg or more) depends on the prevailing market requirements 792 

and whether male piglets are castrated or left entire and the slaughter age depends on the growth rate of the 793 

pigs which is largely determined by genotype, feed quantity and quality, and health status of the farm.   794 

Farrow to finish systems (e) include all production phases, from breeding through to slaughter weight.. The 795 

feed may be self-produced (integrated unit) or purchased, but will be centrally managed. 796 

Fully integrated systems (f) refer to systems which produce pigs from birth to slaughter and where the feed 797 

used is manufactured by the integrator.  These are commonly large scale production systems where, after 798 

slaughter the dressed carcasses may sold to secondary processors prior to reaching retail outlets and in some 799 

limited cases the integrator may be involved in secondary processing of the pork which may even be sold in 800 

company owned shops.  801 
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In order to evaluate production systems, some key points need to be considered and the data collected in the 802 

inventory stage. Some examples of production systems are shown to the right of the Figure 6-5; they are 803 

intended as a guide to point out some of the things that need to be considered when evaluating a production 804 

system. Case study examples of a variety of production systems are illustrated in the appendix. The relative 805 

widths of the arrows denote the average nutritional quality (energy, amino acid, crude protein, and phosphorus 806 

content) of the feedstuffs during that stage. This information together with the feed intake per pig at the 807 

different stages is crucial in determining GHG and other emissions from the production system. Where there 808 

is a gap between life stages, this indicates that the animal(s) changes enterprise; where transport between the 809 

enterprises is needed this is shown by the “T”. If the rectangle is continuous then there is no change in the 810 

enterprise between life stages. For example, system “A” represents animals kept by a single enterprise (e.g. 811 

family small holding) from farrowing to slaughter with the slaughter taking place at home. After weaning the 812 

piglets are fed expensive nutrient dense diets immediately post-weaning.  With each change in diet between 813 

weaning and slaughter, the nutrient density of the diet fed is reduced as the animal’s intake capacity is 814 

increased and to match the particular stage of growth. 815 

For system “B” the piglets are sold to another enterprise after weaning (denoted by the gap), finished by the 816 

new owners who sell them to a meat processing plant. System “C” shows a complex production system with 817 

the animals fed diets with different quantity and nutritional quality during breeding with the width of the 818 

FIGURE 6-5 CONCEPTUAL MODEL OF PIG PRODUCTION SYSTEMS SHOWING THE DIFFERENT LIFE STAGES, 

RELATIONSHIPS BETWEEN THE SYSTEMS AND OUTPUTS. (SEE TEXT FOR EXPLANATION OF GREY RECTANGLES) 

Pig_Comments.docx#CR31
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rectangle at the last stage showing finishing with high quality rations. Finally “Z” shows a farrow to finish 819 

system where the animals receive high quality feed during all production stages and are finally being sold to 820 

a meat processor. 821 

Additional detailed description of several regional production systems and value chains can be found in 822 

Appendix 3.  823 

6.4 OVERVIEW OF GLOBAL GHG EMISSIONS FROM PIGS 824 

GHG emissions from the livestock supply chain are estimated at 7.1 Gt CO2-eq per annum, representing 14.5 825 

percent of all human-induced GHG emissions. Pig supply chains are estimated to produce 0.7 gigatonnes CO2-826 

eq per annum representing 9 percent of the global livestock sector’s emissions. While their emissions are 827 

comparatively low, the sector’s scale and rate of growth means that reductions in emission intensity should be 828 

targeted (Macleod et al., 2013). The pig sector accounted for around 37% of global meat production in 2010, 829 

with global demand for pig meat projected to rise 32% 2005-2030 (Macleod et al., 2013)  830 

While there is tremendous variation in the source of emissions as a function of the specific production system, 831 

globally it has been reported that feed production contributes 60 percent of GHG emissions (Macleod et al., 832 

2013; Figure 6-6). Of the 60% contribution of feed production, 13 percent (of the total) arises from land-use 833 

change due to soybean expansion to supply the feed protein component, and about 17 percent (of the total) 834 

emissions result due to N2O emissions arising from land-spreading of both synthetic fertilizers and manure to 835 

grow the crops used to produce the animal feed. The remaining contributions to the emissions from feed 836 

production include field operations, transport, processing and embedded energy from fertilizer production. 837 

Manure storage and processing are the second largest source of GHG emissions, representing 27.4 percent of 838 

emissions. Most manure GHG emissions are in the form of CH4 (19.2 percent, predominantly from anaerobic 839 

storage systems in warm climates); the rest is in the form of N2O (8.2 percent). 840 

The remaining 13 percent arises from a combination of post-farm processing and transport of meat (6 percent), 841 

direct and indirect energy use in livestock production (3 percent) and enteric fermentation (3 percent). 842 

Post-farm emissions from processing and transport contribute moderately to the total GHG output (5.7 843 

percent). On-farm energy consumption represents only 3.5 percent of emissions; however, when other indirect 844 

and direct energy use in post-farm activities and feed production are added, overall emissions from energy use 845 

amounts to about one-third (Macleod et al., 2013). 846 

For pigs, the average GHG emission intensity is 6.1kg CO2-eq per kg of meat. On a global scale, the difference 847 

in emission intensities between the various production systems is not substantial. Intensive large-scale 848 

intensive systems account for the majority of both total production and emissions (see Figure 6-1).  849 

Backyard systems have relatively high manure emissions, caused by larger amounts of volatile solids (VS) 850 

and N excretion per kg of meat produced. This is caused by poor conversion of low quality feed into carcass 851 

weight. Higher manure emissions in backyard systems are, however, offset by relatively low emissions from 852 

feed, as the provision of low quality feed has low emissions. 853 
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Emission intensity in intermediate systems is generally higher than that in intensive systems. This is explained 854 

by a poorer feed conversion efficiency and a higher share of rice products in animal rations. A large share of 855 

intermediate production is located in rice-growing areas and uses rice by-products as feed material (East and 856 

Southeast Asia); the production of paddy rice emits CH4 and has higher emission intensities than the 857 

production of other cereal products. Higher emission intensities are also linked to the storage of manure in 858 

anaerobic storage systems, leading to higher CH4 emissions. (Macleod, et al., 2013). 859 

FIGURE 6-7. GLOBAL EMISSIONS AND PIG PRODUCTION (MACLEOD ET AL., 2013) 

CW = CARCASS WEIGHT 

Source: Macleod et al. 2013 

FIGURE 6-6. BREAKDOWN OF GHG EMISSION SOURCES IN THE GLOBAL PIG SUPPLY CHAIN 

Pig_Comments.docx#CR90
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6.5 MULTI-FUNCTIONALITY OF PIG SUPPLY CHAINS 860 

Farmers keep pig with many objectives in mind. Pigs play an important role in the food security and 861 

livelihoods of farmers by providing meat for consumption as well as income from the sale of animals. At a 862 

global level, pig production may take place in less favoured regions and in poor, remote areas where alternative 863 

sources of income may be difficult to find. This means that in many cases the future of rural areas is at least 864 

partially dependent on the viability of the local pig sector which may provide a wealth management service to 865 

the local economy.   866 

Smallholder production systems are multi-functional. While the first objective is to produce meat, it also 867 

delivers a number of other valuable commodities such as manure, which is sought-after as a natural fertilizer.  868 

As mentioned above, pigs may also be used for wealth management – an additional function, which should be 869 

included as a functional output of the system. In other cases, where breeding is operated as a separate entity, 870 

spent sows and piglets represent distinct functional products, and the multi-functionality of the system must 871 

be appropriately accounted. 872 

In post-farm gate manufacturing, there may also be multiple co-products generated and these should all be 873 

properly accounted. Chapter 8 presents information regarding system boundaries and description of potential 874 

co-products at various stages in the supply chain. Chapter 9 presents a detailed discussion of methods for 875 

handling the accounting of multi-functionality in these production systems. 876 

Additionally, in some geographic areas pig production uses by-products from the human food, distilling and 877 

brewing industries as part of the pig’s diet.  These by products are essentially waste products from these 878 

industries and would otherwise be disposed of through landfill or land application; proper accounting of the 879 

impacts of these materials is covered in the LEAP Feed Guidelines. 880 

  881 
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PART 2. METHODOLOGY FOR QUANTIFICATION OF CARBON FOOTPRINT OF 882 

PIG PRODUCTS 883 

  884 
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7  DEFINITION OF PRODUCTS AND PRODUCTION SYSTEMS  885 

This document is intended to provide guidelines for users to calculate the GHG emissions, fossil energy use, 886 

and water use for pig products over the key stages of the cradle-to-primary-processing-gate. In addition, other 887 

impact categories such as acidification, biodiversity change and land use are slightly described in these 888 

guidelines. The Guidelines are based on use of an attributional Life Cycle Assessment (LCA) approach. It is 889 

expected that the primary users will be individuals or organisations that have a good working knowledge of 890 

LCA. 891 

7.1 PRODUCTS DESCRIPTION  892 

These guidelines cover the supply chain from cradle-to-primary-processing-gate and the main products are 893 

one or more of: 894 

 Meat products, with possible co-products of skin, blood, bone and inedible offal; 895 

 For breeding operations, piglets and spent sows will be co-products; 896 

  In some circumstances manure is a valuable (revenue generating) co-product; 897 

 Wealth management 898 

7.2 LIFE CYCLE STAGES: MODULARITY 899 

Conduct of an LCA of the primary products can be done by dividing the production system into modules that 900 

relate to the different life cycle stages. The three main stages can be summarised into feed production 901 

(including feed processing, milling and storage), animal production (including animal breeding) and primary 902 

processing (as outlined in section 8.4, Figure 8-1). The feed production stage covers the cradle-to-animal’s-903 

mouth and includes a range of feeds including processed concentrates, grains, forage crops; pastures, shrubs 904 

and trees (see LEAP Animal Feeds Guidelines). The animal production stage covers the cradle-to-farm-gate 905 

stage and the main products generated include one or more of the following: live animals (live weight), and 906 

wealth management services. 907 

8  GOAL AND SCOPE DEFINITION 908 

8.1 GOAL OF THE LCA STUDY 909 

The first step required when initiating an LCA study is to clearly set the goal or statement of purpose. This 910 

statement describes the goal pursued and the intended use of results. Numerous reasons for performing an 911 

LCA exist. LCA methodology can be used, for example, to serve the goal of GHG emission management by 912 

FIGURE 7-1: MODULAR SCHEME OF THE PIG PRODUCTION CHAINS 
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determining the carbon footprint of products and understanding the GHG emission hotspots to prioritize 913 

emissions-reduction opportunities along supply chains. However, full LCAs go beyond a carbon footprint and 914 

include other environmental impact categories such as eutrophication and provide detailed information on a 915 

product’s environmental performance and can serve performance tracking goals as well as to set progress and 916 

improvement targets (International Organization for Standardization, 2006b).  They could also be used to 917 

support reporting on the environmental impacts of products, although these guidelines are not intended for 918 

comparison of products or labelling of environmental performance. 919 

It is therefore of paramount importance that the goal and scope be given careful consideration because these 920 

decisions define the overall context of the study. A clearly articulated goal helps ensure that aims, methods 921 

and results are aligned. For example, fully quantitative studies will be required for benchmarking or reporting, 922 

but somewhat less rigour may be required for hotspot analysis.  923 

Interpretation is an iterative process occurring at all steps of the LCA and ensuring that calculation approaches 924 

and data match the goal of the study (Figure 3-1 and Section 12). Interpretation includes completeness checks, 925 

sensitivity checks, consistency checks and uncertainty analyses. The conclusions (reported or not) drawn from 926 

the results and their interpretation will be strictly consistent to the goal and scope of the study.  927 

Seven aspects shall be addressed and documented during the goal definition (European Commission, 2010):  928 

1. Subject of the analysis and key properties of the assessed system: organization, location(s), 929 

dimensions, products, sector, and position in the value chain. 930 

2. Purpose for performing the study and decision-context. 931 

3. Intended use of the results: will the results be used internally for decision-making or shared 932 

externally with third parties? 933 

4. Limitations due to the method, assumptions, and choice of impact categories: in particular, 934 

limitations to broad study conclusions associated with exclusion of impact categories shall be 935 

addressed. 936 

5. Target audience of the results. 937 

6. Comparative studies to be disclosed to the public and need for critical review. 938 

7. Commissioner of the study and other relevant stakeholders. 939 

8.2 SCOPE OF THE LCA  940 

The scope is defined in the first phase of an LCA, as an iterative process with the goal definition. It states the 941 

depth and breadth of the study.  The scope shall identify the product system or process to be studied, the 942 

functions of the system, the functional unit, the system boundaries, the allocation principles, and the impact 943 

categories. The scope should be defined so that the breadth, depth and detail of the study are compatible and 944 

sufficient to achieve the stated goal. While conducting an LCA of livestock products, the scope of the study 945 

may need to be modified as information is collected to reflect data availability and techniques or tools for 946 
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filling data gaps. Specific guidance is provided in the subsequent sections. It is also recognized that the scope 947 

definition will affect the data collection for the lifecycle inventory, as described in more detail in Section 10.1. 948 

These guidelines refer a limited set of environmental impact categories and therefore should not be used to 949 

provide an indicator of overall environmental effects of the production system. Caution is needed in the 950 

reporting and communication of the results of assessments based on these guidelines to avoid misinterpretation 951 

of the scope and application of the results. 952 

8.3 FUNCTIONAL UNITS/ REFERENCE FLOWS  953 

The concepts of functional units and reference flows refer to input and output exchanges in the system under 954 

study. While a functional unit describes the quantified performance of the function(s) delivered by a system, 955 

reference flows refer to intermediate exchange data which have been scaled mathematically to ensure precise 956 

delivery of the functional unit. Both functional units and reference flows shall be clearly defined and 957 

measurable (ISO 14044: 2006). 958 

Livestock products are among those characterized by a large variety of uses (see 6.2.2.2., Envifood Protocol, 959 

2013) and functions delivered change accordingly. In addition, many livestock products might be both 960 

intermediate products and final products. For example, farmers can distribute meat directly to consumers or 961 

supply them for processing. For these reasons and for ensuring consistency across assessments conducted at 962 

sectorial level, livestock products are not classified in final and intermediate products in these guidelines and 963 

no differentiation is made between functional units and reference flows accordingly.  964 

Recommended functional units/reference flows for different main product types are given in Table 8.1. Where 965 

meat is the product, the functional unit/reference flow, when the animal leaves the farm, shall be live-weight 966 

and at the stage of leaving the meat processing plant (or abattoir) shall be the weight of product (meat-product 967 

weight) destined for human consumption. In many developed countries with commercial processing plants, 968 

the product weight has traditionally been identified as carcass-weight at the stage of leaving the meat 969 

processing plant. Carcass-weight (or sometimes called dead-weight) generally refers to the weight of the 970 

carcass after removal of the skin, head, feet and internal organs including the digestive tract (and sometimes 971 

some surplus fat). However, these internal organs, for the most part, are edible. Red offal (e.g. liver, kidney, 972 

heart) and green offal (e.g. stomach and intestines) are increasingly being harvested and should be included in 973 

the edible yield where they are destined for human consumption.  974 

Note that the “product-weight” may include a proportion of bone and cartilage retained within the animal parts 975 

for human consumption which are disposed at the consumption stage; in this case, the product is the final 976 

reference flow necessary to deliver the functional unit of edible meat. The specific edible yield therefore shall 977 

be specified in the functional unit/reference flow. An example of a reference flow / functional unit of meat 978 

products would be 1053 kg of meat  product with 95% edible yield (=1000 kg edible content), and specified 979 

moisture, fat and protein content packaged for secondary processing. For purposes of this guidance document, 980 

the preferred functional unit/reference flow is a specified quantity of the product ready for shipping (or sale) 981 

at the processing facility dock (or farmgate for backyard systems). The qualifying characteristics shown in 982 
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Table 6-1 shall be defined in the study in order to ensure sufficient information is available to perform 983 

harmonization of studies in the future. 984 

The bone content of the total meat product should be defined using assumptions relevant to the country being 985 

investigated. For small-scale production where the farmer may sell live animals or eviscerated carcasses 986 

directly to consumers, an appropriate functional unit would be 1 kg live or carcass weight with a specified 987 

edible yield. Sometimes, specific pig parts (bone, feet or blood) may also sold and consumed in local markets. 988 

In this circumstance, the functional unit should also include the bone or skin (to the extent it is consumed). 989 

Because the fundamental purpose of this guide is to support benchmarking and system improvement, if 990 

different analysts choose different, but locally relevant, functional units, their ability to benchmark the 991 

progress of the system of interest will not be compromised.  Where specific data for “product-weight” is not 992 

available, the cold carcass-weight (see glossary) shall be used and can be estimated from the live-weight using 993 

default values, based on a summary of international data. An example of the relative contribution, by weight, 994 

of different meat cuts and co-products is given in Chapter 9. 995 

No distinction is made between different cuts of meat, meat products, and other edible parts and it is 996 

recommended that they are treated as equivalent (with no specific allocation method used for different cuts). 997 

This recommendation holds for other parts considered edible in some cultures such as pigs’ feet or necks, as 998 

mentioned above.  999 

There are situations in which additional functions of pig systems may be of interest, especially for small holder 1000 

systems in developing countries. In particular, pig may be held for wealth management. When functions 1001 

without physical flows fall within the goal and scope definition, then the multi-functional character must be 1002 

accounted following the procedures provided in chapter 9. 1003 

Table 8-1. Recommendations for choice of functional units/reference flows 

 (weight of product) System Boundary 
Qualifying 

characteristics 

Meat 

Live weight Farm gate Specified carcass yield 

Carcass weight 
Processor loading dock, or 

equivalent 
Specified edible yield 

Piglets Live weight Farm gate (Breeding system)  

Sows 

(spent) 
Live weight Farm gate (Breeding system) Specified carcass yield 

 1004 

One important point to bear in mind is that there should be an agreement between the functional unit and the 1005 

system boundary. Some studies have applied a functional unit of dressed carcass at the farm gate. As farm-1006 

gate assessments do not include the burdens of the post-farm gate processing, results of such analyses should 1007 

be disseminated together with a discussion of possible allocations of total emissions to co-products. For 1008 

informational purposes, the dressed carcass fractions should be specified (that is live to carcass weight and 1009 

carcass weight to edible weight).  However, without knowledge of post-farm processing burdens and co-1010 
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product allocation, it is not appropriate to report farm-gate burdens on e.g. a carcass or edible weight basis. 1011 

The appropriate functional unit at the farm gate is animal live weight because use of carcass yield at the farm 1012 

gate is doubly mistaken: first none of the burdens of the post-farm gate processing are included in the analysis, 1013 

and second no allocation of farm and pre-farm burdens are attributed to the co-products of the processing. In 1014 

case the available data do not support the farm gate boundary, the iterative nature of the LCA should lead to 1015 

a revision of the boundary to match the available data, and the cut-off criteria applied (and justified) if the data 1016 

at the processor are unavailable for the necessary allocation. 1017 

8.4 SYSTEM BOUNDARY  1018 

This guidance is targeted on the pig sector, and is specifically inclusive of breeding and market production 1019 

across a wide range of potential production systems. The following sections provide guidance regarding the 1020 

specific steps of a life cycle assessment which are outlined in Section 4. It should be emphasized that due to 1021 

the diversity of systems, the descriptions provided in Section 6 should be used as a guide rather than a 1022 

definitive system description. Therefore the practitioner shall accurately and fully describe the system under 1023 

study in defining the system boundary. 1024 

The system boundary shall be defined following general supply chain logic including all phases from raw 1025 

material extraction to the point at which the functional unit is produced. The overall system covered by these 1026 

guidelines includes the cradle-to-primary-processing-stages of the life cycle of the main products from pigs, 1027 

Figure 8-1). The modular approach outlined in Section 7.2 illustrates the three main stages of the cradle-to-1028 

primary-processing-gate. The feeds stage is covered in detail in the associated LEAP Animal Feed Guidelines 1029 

and encompasses feed production from the cradle-to-animal’s-mouth for all feed sources (including raw 1030 

materials, inputs, production, harvesting, storage and feeding); other feed-related inputs, such as supplements, 1031 

covered are in section 11.2.  A full LCA would include processing, distribution, consumption and final product 1032 

end-of-life management; however, this guide does not cover post-processing stages in the supply chain. 1033 

The animal production stage covers all other inputs and emissions associated with animal production and 1034 

management not covered by the LEAP Animal Feed Guidelines. It is important to ensure all farm-related 1035 

inputs and emissions are included in either the feed or animal stages and that double counting is avoided. The 1036 

animal production stage includes accounting for breeding animals as well as those used directly for meat 1037 

production. This may involve more than one farm if animals are traded between farms prior to processing. 1038 

The primary processing stage shall be limited to the pig processing factory and animal slaughter facility (back-1039 

yard, village slaughter centre and abattoir) for meat processing. All transportation steps within and between 1040 

the cradle-to-primary-processing-gate shall be included. 1041 

8.4.1 GENERAL / SCOPING ANALYSIS 1042 

The recommended system boundaries (Figure 8-1) encompass the parent generation, and end with dressed 1043 

carcass ready for transport to customers or storage. Alternate system boundary of the farm-gate is also 1044 

supported, provided the functional unit is live weight of animals produced. 1045 
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The choice of dressed carcass as a typical sector output is intended to provide a point in the supply chain that 1046 

has an analogue across the range of possible systems, geographies, and goals that may be encountered in 1047 

practice. Because the dressed carcass is a necessary stage in both small-scale, village systems with direct sales 1048 

and post-farm processing, practitioners whose system boundary extends further, to include, for example, 1049 

prepared meals or a full cradle-to-grave assessment, can use this guide up to the point of dressed carcass and 1050 

supplement the further stages based on the references in Appendix 1.  1051 

In addition there is guidance provided for the post-processing supply chain in the EPD® Rule for Meat of 1052 

Mammals (Boeri et al., 2012). Figure 8-1 illustrates a range of co-products produced from the farm-to-1053 

primary-processing gate, which may be produced within the system boundary and are covered by these 1054 

Guidelines. However, when value added processing steps occur beyond the system boundary, these activities 1055 

are excluded from these guidelines. For situations where the raw materials for these subsequent processing 1056 

steps have value at the point where they cross the system boundary, they are treated as coproducts subject to 1057 

allocation of upstream burdens. There are no PCRs relating specifically to these co-products.  However, there 1058 

are some relevant LCA publications for leather (Joseph and Nithya 2009; Mila i Canals et al. 1998; Mila i 1059 

Canals et al. 2002), biofuel from tallow (Thamsiriroj and Murphy 2011), thermoplastic from blood meal (Bier 1060 

et al. 2012) and products from rendering animal processing by-products (Ramirez et al. 2011).  1061 

Scoping analysis 1062 

Frequently a scoping analysis based on a relatively rapid assessment of the system can provide valuable insight 1063 

into areas which may require additional resources to establish accurate information for the assessment. 1064 

Note: processes outside of the solid line are excluded from the recommended system. Grey shading indicates waste 

treatment for which emissions shall be included in the system calculations. When manure has significant economic 

value for the farmer, it is considered a co-product. See Section 9.3.3 for detailed explanation. The circled “t” 

represents transport of animals or material. 

FIGURE 8-1. SCHEMATIC OF PIG PRODUCTION SYSTEM 
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Scoping analysis can be conducted using secondary data to provide an overall estimate of the system impact. 1065 

Furthermore, based on existing literature reviews in the pig sector (Appendix 1), it is relatively clear that for 1066 

production systems it is extremely important that the following factors are assessed with high accuracy: the 1067 

ration, the feed conversion efficiency, daily weight gain, reproduction efficiency, manure production and 1068 

management. Depending upon the particular operation under study, additional effects may be observed. In the 1069 

post-farm supply chain, energy efficiency at the processing and manufacturing stages as well as an accurate 1070 

assessment of transportation modes and distances is important. 1071 

8.4.2 CRITERIA FOR SYSTEM BOUNDARY 1072 

Material system boundary: A flow diagram of all assessed processes should be drawn which indicates where 1073 

processes were cut off.  For the main transformation steps within the system boundary, it is recommended that 1074 

a material flow diagram is produced and used to account for all of the material flows, e.g. within the processing 1075 

stage the live weight is defined and shall equate the sum of the mass of the products produced. 1076 

Spatial system boundary: The cradle-to-farm-gate stage includes feed and animal components. The LCA of 1077 

feeds is covered in detail in an associated Guidelines document (LEAP Animal Feed Guidelines) and covers 1078 

the cradle-to-animal-mouth stage for all feed sources (including raw materials, inputs, production, harvesting, 1079 

storage, loss and feeding). The LEAP Animal Feed Guidelines covers all emissions associated with land use 1080 

and land-use change. 1081 

The animal components cover all other inputs and emissions in the pig supply chain not covered by the LEAP 1082 

Animal Feed Guidelines. This includes emissions associated with pig production and management. The latter 1083 

includes accounting for the fate of excreta but, it is important to avoid double counting if excreta is captured 1084 

as manure and represents a direct input for feed production. The estimation of emissions from transport and 1085 

application of manure are included in the LEAP Animal Feed Guidelines. Animal production may involve 1086 

more than one farm if animals are traded between farms prior to processing. For example, piglets born on one 1087 

farm or grown through the nursery phase on one farm and sold on to another farm for finishing. These multiple 1088 

components shall be accounted for in the calculations. 1089 

The primary processing stage is limited to animal slaughter (which may be backyard, village slaughter unit or 1090 

abattoir) for meat processing to produce the functional unit. For primary processing in developing countries, 1091 

village slaughter centres are common and these can include direct processing as well as sale of live animals to 1092 

consumers for home-processing or re-sale to large abattoirs near cities. All emissions directly related to inputs 1093 

and activities in the cradle-to-primary-processing chain stages are included, irrespective of their location. All 1094 

transportation steps within and between the cradle-to-primary-processing-gate are included as well as any 1095 

packaging materials associated with products sold from the slaughtering facility. 1096 

8.4.3 MATERIAL CONTRIBUTION AND THRESHOLDS 1097 

Life cycle assessment requires tremendous amounts of data and information. Managing this information is an 1098 

important aspect of performing life cycle assessment, and all projects have limited resources for data 1099 

collection. In principle all LCA practitioners attempt to include all relevant exchanges in the inventory. Some 1100 
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exchanges are clearly more important in their relative contribution to the impact categories relevant to the 1101 

study, and significant effort is required to reduce the uncertainty associated with these exchanges. In 1102 

determining whether or not to expend significant project resources to reduce the uncertainty of small flows, 1103 

cut off criteria may be adopted (Section 8.4.1). Data for exchanges which contribute less than 1 per cent 1104 

percent of mass or energy flow may be cut off from further efforts to reduce uncertainty, but should not be 1105 

excluded from the inventory. Larger thresholds shall be explicitly documented and justified by the project goal 1106 

and scope definition. A minimum of 95 percent of the impact for each category shall be accounted for. Inputs 1107 

to the system that contribute less than 1 percent of the environmental significance for a specific unit process 1108 

(activity) in the system can be included with an estimate from a scoping analysis (Section 8.4.1).  The scoping 1109 

analysis can also provide an estimate of the total environmental impact to evaluate against the 95% minimum.  1110 

For some exchanges which have small mass or energy contributions there still may be a significant impact in 1111 

one of the environmental categories. In these cases, additional effort should be expended to reduce the 1112 

uncertainty associated with these exchanges. Lack of knowledge regarding the existence of exchanges which 1113 

are relevant for a particular system is not considered a cut off issue but rather a modelling mistake. The 1114 

application of cut off criteria in an LCA is not intended to support the exclusion of known exchanges, it is 1115 

intended to help guide the expenditure of resources towards the reduction of uncertainty associated with those 1116 

exchanges which matter the most in the system. 1117 

8.4.4 TIME BOUNDARY FOR DATA  1118 

For products from the pig sector, a minimum period of 12 months should be used, provided this is able to 1119 

cover all life stages of the animal through to the specified end point of the analysis. To achieve this, the study 1120 

must use an ‘equilibrium population’ which shall include all animal classes and ages present over the 12 month 1121 

period required to produce the given mass of product.   1122 

Documentation for temporal system boundaries shall describe how the assessment deviates from the one-year 1123 

time frame. The time boundary for data shall be representative of the time period associated with the average 1124 

environmental impacts for the products. 1125 

In extensive production systems it is common for important parameters to vary between years.  For example, 1126 

reproductive rates or growth rates may change based on seasonal conditions.  In these cases where there may 1127 

be considerable inter-annual variability in inputs, production and emissions, it is necessary for the one-year 1128 

time boundary to be determined using data averaged over 3 years to meet representativeness criteria. An 1129 

averaging period of 3 to 5 years is commonly used to smooth the impact of seasonal and market variability on 1130 

agricultural products.  1131 

It is important to state that in this section the time boundary for data is described, and not the time boundary 1132 

of a specific management system. When the specific management system, or additional system functions such 1133 

as wealth management influence the life cycle of the animal this needs to be clearly stated. However, this 1134 

would in general not influence the time boundary for the data being 12 months.  1135 
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8.4.5 CAPITAL GOODS 1136 

The production of capital goods (buildings and machinery) with a lifetime greater than one year may be 1137 

excluded in the life-cycle inventory. If capital goods are included in the accounting, then their use should be 1138 

amortized over the useful lifetime. All consumables and at least those capital goods whose life span is below 1139 

one year should be included for assessment, unless it falls below the 1% cut off threshold noted in section 1140 

8.4.1 1141 

8.4.6 ANCILLARY ACTIVITIES 1142 

Emissions from ancillary inputs, e.g. veterinary medicines, servicing, employee’s commutes, executive air 1143 

travel or accounting or legal services may be included if relevant. To determine if these activities are relevant, 1144 

an input-output analysis can be used as part of a scoping analysis. 1145 

8.4.7 DELAYED EMISSIONS 1146 

All emissions associated with products to the primary processing stage are assumed to occur within the time 1147 

boundary for data, generally of one year (Section 8.4.4). Delayed emissions from soil and vegetation are 1148 

considered in the LEAP Animal Feed Guidelines. The PAS 2050:2011 provides additional guidance regarding 1149 

delayed emissions calculations for interested practitioners(BSI PAS 2050, 2008). 1150 

8.4.8 CARBON OFFSETS 1151 

Offsets shall not be included in the carbon footprint. However they may be reported separately as “additional 1152 

information”. If reported, details for the methodology and assumptions need to be clearly documented. 1153 

8.5 IMPACT CATEGORIES 1154 

For the LCA, all impact categories that are qualified as relevant and operational should be covered (Section 1155 

2.1). These include: climate change, acidification, eutrophication, land occupation, biodiversity change, water 1156 

use and fossil energy use. For climate change (as well as climate change from land use change), land 1157 

occupation, and fossil energy use, the recommended method should be applied. For the other impact 1158 

categories, Table 3 provides examples of possible methods that are often applied in the modelling of the 1159 

impacts. Table 3 does not, however, cover all available methods and models. Other methods and models may 1160 

be applied if: a) these have greater local relevance; b) they have scientific underpinning, proven in peer-1161 

reviewed scientific publications; and c) are publicly available for other users.  1162 

Any exclusion shall be explicitly documented and justified; the influence of such exclusion on the final results 1163 

shall be discussed in the interpretation and communication stage and reported. The following sections describe 1164 

in details some impacts categories: Eutrophication, Acidification and Biodiversity. 1165 

8.5.1 EUTROPHICATION 1166 

Nutrients in manure (mainly nitrogen and phosphorus) or in the chemical fertilizers to produce feed may flow 1167 

into surface water either directly or after field application. This process can provide limiting nutrients to algae 1168 

and aquatic vegetation leading to a proliferation of aquatic biomass. Decomposition of this biomass consumes 1169 

oxygen, creating conditions of oxygen deficiency, killing fish and other aquatic organisms. While many 1170 
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countries have strict regulations aimed at containing (e.g., catchment basins) or preventing the direct flow of 1171 

manure or fertilizer nutrients (e.g., soil phosphorus directive) into surface or ground water, some countries 1172 

lack such regulations or climatic events can lead to the uncontrolled release of nutrients into water bodies. 1173 

Eutrophication is considered to be one of several impact categories that could be considered in LCA and its 1174 

documentation would require the use of an impact assessment method and a description of the relevant 1175 

emissions influenced (see Table 8-2). Quantifying eutrophication directly from pigs in grazing systems with 1176 

access to streams or in close proximity to streams or water bodies remains difficult and is likely imprecise as 1177 

these areas are often shared with other wildlife. Approaches to developing an eutrophication score associated 1178 

with manure arising from pigs or chemical fertilizers used in crop production are covered in the LEAP Animal 1179 

Feed Guidelines. 1180 

8.5.2 ACIDIFICATION 1181 

Nutrients in manure (mainly nitrogen) or in the chemical fertilizers used to produce feed can emit NOx, NH3 1182 

and SOx leading to a release of hydrogen ions (H+) when these gases are mineralized. The protons contribute 1183 

to the acidification of soils and water when they are released in areas where the buffering capacity is low, 1184 

resulting in soil and lake acidification. Stone et al. (2012) estimated potential terrestrial acidification impacts 1185 

of US grow-finish pig production systems at 25.5 g SO2 eq per kg live weight. The main contributors to this 1186 

impact were manure emissions and handling (11.4 g SO2 eq), followed by contributions from feed production 1187 

(10.9 g SO2 eq) and enteric emissions (2.7 g SO2 eq).  The US values were lower than reported acidification 1188 

for French systems of 43.5 g SO2 eq per kg live weight (Basset-mens and van der Werf, 2005). Ammonia 1189 

emitted from manure can also be a major contributor to soil acidification. Quantifying NH3 emitted from pig 1190 

production systems must account for factors such as manure management, ambient temperature, wind speed, 1191 

manure composition and pH. Current approaches include micrometeorological methods, mass balance 1192 

accounting and chamber methods. Arogo et al. (2004) indicated that data on NH3 emissions from pig 1193 

production systems are highly variable with pig farms in North America emitting from 3 to 226 g NH3 1194 

/AU/day). While many countries have strict regulations aimed at preventing soil acidification (e.g., EU 1195 

Thematic Strategy for Soil Protection) as a result of the direct flow of excessive manure or fertilizer nutrients 1196 

into the environment, some countries lack such regulations. Acidification is considered to be one of several 1197 

impact categories that can be considered in LCA and its documentation requires the use of an impact 1198 

assessment method and a description of the relevant emissions influenced. Approaches to developing an 1199 

acidification score associated with manure arising from pigs or chemical fertilizers used in crop production 1200 

are covered in the LEAP Animal Feed Guidelines. 1201 

8.5.3 BIODIVERSITY 1202 

Five main drivers of biodiversity loss are recognized by the Millennium Ecosystem Assessment (Milenium 1203 

Ecosystem Assessment, 2005) and described in the LEAP Biodiversity Principles. These include habitat 1204 

change, pollution, climate change, over-population and invasive species. For most of these drivers, pigs can 1205 

either have positive or negative effects on biodiversity and in some cases continuous gradients between 1206 

negative and positive effects exists (i.e., different management practices leading to either degradation or 1207 
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restoration in the same region). It is important that pressure indicators reflect both of these attributes. A 1208 

primary example of habitat change putting pressure on biodiversity is the deforestation of the Amazonian 1209 

rainforest to produce pastures and arable crops for livestock feed. Such a process simplifies the landscape, 1210 

restricting species composition and fragmenting ecosystems. Additionally, intensification  and overgrazing 1211 

can lead to desertification, soil degradation and preferential selection for invasive species.  1212 

Quantifying the impact of livestock systems on biodiversity is crucial as mitigation options to address 1213 

environmental impacts may have varying impacts on biodiversity. If biodiversity and ecosystem services were 1214 

considered with environmental impacts to develop a sustainability assessment, extensive systems could result 1215 

in higher levels of sustainability even though they typically have higher levels of GHG emission per kg of 1216 

meat. Trade-offs exist between the environmental performance and biodiversity environmental criteria; 1217 

therefore, assessing both criteria is needed to reveal what mitigation options will improve the overall 1218 

sustainability of pig production. Approaches to considering biodiversity in LCA are under development and 1219 

discussed extensively in LEAP Biodiversity Principles. 1220 

 1221 
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Table 8-2:  Examples of Impact Categories and Impact Assessment Methods 

Impact category Impact category indicator Characterization model Sources and remarks 

Climate change  kg CO2 equivalent 
Bern model - Global Warming Potentials (GWP) 

over a 100 year time horizon. 
IPCC, 2006c 

Climate change from 

direct LUC to be 

reported separately 

kg CO2 equivalent 

Bern model - Global Warming Potentials (GWP) 

over a 100 year time horizon.  

Inventory data  for area associated with land use 

change per land occupation type and related GHG 

emission are based on two methods: 

1. 20 years depreciation of historical land use 

change (PAS2050-1:2012) 

2. global marginal annual land use change 

(Vellinga, 2012) 

BSI, 2012 PAS2050-1:2012 

Vellinga 2013 

Fossil energy use MJ (Higher heating value) 

- Based on inventory data concerning energy use 

- Primary energy for electricity production 

required 

- No impact assessment method involved 

In several impact assessment methods, such as 

Recipe and Guinee et al., 2002, fossil energy use is 

either a separate impact category or part of a larger 

category such as abiotic depletion.  

Water 
Depending on the impact 

assessment method 

- - Inventory data  

- Water availability and degradation 

ReCiPe (Goedkoop et al., 2008);  

ISO 14046 (International Organization for 

Standardization, 2014) 

Land occupation 

m2* year per land 

occupation category  

(arable land and grassland 

and location) 

- - Inventory data  

- - No further impact assessment method 

involved 

 

Acidification 
Depending on the impact 

assessment method 
Depending on the impact assessment method 

ReCiPe (Goedkoop et al., 2008), ILCD or a regional 

specific impact assessment method 

For US  and Japan : Hauschild et al. (2013)  

Eutrophication 
Depending on the impact 

assessment method 
Depending on the impact assessment method 

ReCiPe (Goedkoop et al., 2008), ILCD or a regional 

specific impact assessment method 
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9 MULTI-FUNCTIONAL PROCESSES AND ALLOCATION 1222 

One of the challenges in LCA has always been associated with proper assignment (allocation) of shared inputs 1223 

and emissions to the multiple products from multi-functional processes. The choice of the method for handling 1224 

co-production often has a significant impact on the final distribution of impacts across the co-products. 1225 

Whichever procedure is adopted shall be documented and explained, including sensitivity analysis of the 1226 

choice on the results. As far as feasible, multi-functional procedures should be applied consistently within and 1227 

among the data sets. For the purposes of these guidelines consistent use refers to choosing the highest method 1228 

from the ISO hierarchy that can be applied for all multifunctional processes at a given stage of the supply 1229 

chain – thus if economic allocation is used for soymeal/oil, then all meal/oil combinations should also use 1230 

economic allocation.  More specifically, these guidelines require adoption of, in the following order, and in 1231 

alignment with the specific goal and scope definition of the study: system separation (e.g., separately inventory 1232 

for pigs, chickens, and goats in multi-species systems) and system expansion (to include multiple products as 1233 

the functional unit). Consequential use of system expansion using an avoided burden calculated through 1234 

substitution is not compliant with these guidelines. 1235 

For purposes of the guidelines, the allocation to wealth management or other value-added functions6  shall be 1236 

based on an importance assessment in consultation with the stakeholders involved in the study. This involves 1237 

consulting stakeholders to determine their perception regarding the relative contribution of each function 1238 

delivered (Weiler et al., 2014). Thus, if stakeholders perceive that the wealth management function is 20% of 1239 

the value of the system, then prior to any other allocation among other system functions, 20% of the whole 1240 

system emissions are allocated to wealth management. 1241 

9.1 GENERAL PRINCIPLES  1242 

The ISO 14044 standard gives the following guidelines for LCA practitioners with respect to practices for 1243 

handling multi-functional production: 1244 

Step 1: Wherever possible, allocation should be avoided by: 1245 

 Dividing the unit process to be allocated into two or more sub-processes and collecting the input and 1246 

output data related to these sub-processes; or 1247 

 Expanding the product system to include the additional functions related to the co-products. 1248 

Step 2: Where allocation cannot be avoided, the inputs and outputs of the system should be partitioned between 1249 

its different products or functions in a way that reflects the underlying physical relationships between them: 1250 

i.e. they should reflect the way in which the inputs and outputs are affected by quantitative changes in the 1251 

products or functions delivered by the system. ISO 14044 states: “The inventory is based on material balances 1252 

between input and output. Allocation procedures should therefore approximate as much as possible such 1253 

fundamental input/output relationships and characteristics.” 1254 

                                                      
6 http://www.fao.org/ag/againfo/themes/en/pigs/production.html 
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Step 3: Where physical relationship alone cannot be established or used as the basis for allocation, the inputs 1255 

should be allocated between the products and functions in a way that reflects other relationships between them. 1256 

For example, input and output data might be allocated between co-products in proportion to their economic 1257 

value. 1258 

Where allocation of inputs is required, for example allocation of process energy between meat products and 1259 

other products not meant for human consumption, the allocation procedures should follow the ISO 14044 1260 

allocation hierarchy. When allocation choices significantly affect the results, a sensitivity analysis shall be 1261 

performed to ensure robustness of conclusions. 1262 

Below is a list of commonly used procedures for addressing multi-functional processes in attributional studies: 1263 

 Bio-physical causality, arising from underlying biological or physical relationships between the co-1264 

products, such as material or energy balances; 1265 

 Physical properties such as mass, or protein or energy content; 1266 

 Economic value (revenue share) based on market prices of products. 1267 

9.2 A DECISION TREE TO GUIDE METHODOLOGY CHOICES  1268 

A decision tree diagram to help decide on the appropriate methodology for dealing with co-products is given 1269 

in Figure 9-1. This involves a three-stage approach and the principles involved in working through it are as 1270 

follows: 1271 

Stage 1: Avoid allocation by subdividing the processing system. 1272 

A production unit is defined here as a group of activities (and the necessary inputs, machinery and equipment) 1273 

in a processing facility or a farm that are needed to produce one or more co-products. Examples are the crop 1274 

fields in a farm, the different animal herds (fattening pigs, sows, piglets), or the individual processing lines in 1275 

a manufacturing facility. 1276 

In the first stage (ISO step (1a) subdivision), all processes and activities of a farm/processing facilities are 1277 

subdivided based on the following characteristics:  1278 

flow 1.a. Inputs/activities that can be directly assigned to a single co-product should be assigned to that 1279 

co-product, e.g. packaging and post-processing storage for meat products, or rendering energy 1280 

requirements in the post-exsanguination phase at the processing plant. 1281 

flow 1.b. Inputs/activities that can be assigned to single production units which may provide multiple 1282 

co-products should be assigned to the specific production unit, e.g. input of pesticides for corn are 1283 

assigned to the “corn production unit” of a farm with multiple crops; or energy inputs for a specific 1284 

barn operation or manufacturing facility; or feed for a specific animal (which may yield multiple 1285 

products) in a farm operation with several species.  1286 

flow 1.c. Inputs/activities of a nonspecific nature in a farm or processing facility such as heating, 1287 

ventilation, climate control, internal transport in a manufacturing facility or farm that cannot be 1288 
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directly attributed to specific production units. For example energy to pump drinking water for 1289 

multiple animal species in a small-scale, multi-species operation would be categorized as nonspecific. 1290 

It may be possible for these inputs to be assigned to each production unit in proportion to the causal 1291 

relationship that determines increased need for each input, such as weight, volume, or area (transport, 1292 

roads, buildings) or revenue (office and accounting). 1293 

 1294 

Stage 2: Attribute combined production to production units. 1295 

In theory, all combined production systems are separable where sufficiently detailed data exist and they should 1296 

normally follow path (1a). Nevertheless, situations exist where this is impractical, and in the next stage, (stage 1297 

2 in Figure 12) the nonspecific processes should be attributed to production units on the basis of the ISO steps 1298 

(1b), (2) and (3). We will discuss these steps and the conditions we applied in selecting the allocation method. 1299 

For example in backyard systems it may be that poultry, cattle, sheep and pigs are all raised in a single 1300 

production unit. In this situation, farm overhead operations that cannot be explicitly assigned to an individual 1301 

species should be handled using the criteria in Box/Step 2. For most large-scale production systems, the (1b) 1302 

path to Box 3 will be followed, as the inputs and outputs in single-species systems are clearly assigned to the 1303 

single production unit and its activities/operations and multiple products. 1304 

System expansion: ISO step (1b) As part of the harmonization effort behind these guidelines, we narrow the 1305 

range of allocation options in application of LCA to pig systems, and exclude application of system expansion 1306 

by means of substitution and restrict its use to situations in which “expanding the product system to include 1307 

the additional functions related to the co-products” is acceptable within the goal and scope of the study 1308 

(International Organization for Standardization, 2006b). This implies, for dedicated sow operations for 1309 

example, that the GHG emissions can only be attributed to the combined multiple outputs of spent sows (as 1310 

meat) and piglets, and that neither product receives a separately identified impact. For benchmarking 1311 

operations, this is an entirely appropriate perspective – overall reduction of impacts for the multifunctional 1312 

system can be easily monitored and managed. 1313 

The alternative, consequential use of system expansion using an avoided burden calculated through 1314 

substitution is not compliant with these guidelines. 1315 

Allocation: ISO step 2: When system expansion to include additional functions within the scope of analysis 1316 

is not possible, the second question is whether a physical allocation is possible. The condition imposed by 1317 

these guidelines here is that the products should have similar physical properties and serve similar goals or 1318 

markets (e.g., human food vs. pet food markets for products of meat processing vs. pharmaceuticals (Marti et 1319 

al., 2011)).  Alternatively, known processing or biophysical relationships can be used to assign inputs and 1320 

outputs of a single production unit to each product that is produced from that production unit (ISO 14044 1321 

§4.3.4.2, Step2).  For example, if feed is provided to multiple animal species, the animal growth requirements 1322 

may be used to apportion the shared feed between the species. The result of this stage will be a splitting of 1323 

some inventory flows between the production units, and if any of the resultant production units is still 1324 
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multifunctional (e.g., in a backyard system with sows and poultry co-mingled and feeding from the same 1325 

pasture, the separation of the production unit of the sow operation from production unit of the poultry still 1326 

leaves a multi-functional production unit of the sow operation with the two products: spent sows and piglets), 1327 

these inventory flows will be allocated to single co-products in the next stage of the procedure (Box 3 in Figure 1328 

12). The situation where a multifunctional production unit remains after this step is expected to be uncommon 1329 

in the pig sector. 1330 

If inputs in a multiple production system benefit all products and cannot be specifically assigned to production 1331 

units, the allocation should be preferably based on a mechanistic algorithm or physical property (flow (2b) in 1332 

Figure 12). 1333 

Allocation: ISO step 3: When physical allocation is not possible (infeasible computationally), the last option 1334 

is economic allocation. As with physical allocation, the result of this step will be a splitting of some inventory 1335 

flows between the production units, and if the resultant unit process is still multifunctional, these inventory 1336 

flows will be allocated to single co-products in the next stage of the procedure (Box 3 in the diagram). 1337 

Stage 3: Split single production units into individual co-products 1338 

After stages 1 and 2, all inputs and operations will have been attributed to a single production unit, or already 1339 

to a single product. An inventory table is made for the production unit.  Stage 3 guides the assignment of 1340 

inputs and emissions from a single production unit to each co-product produced by the unit. If there is only a 1341 

single product at this stage, the process is complete. The same rule holds as the one defined above for 1342 

production units, so system expansion (without substitution) should be applied in situations where supported 1343 

by the goal and scope definition. Any flow arising from (2a) will follow this path.  When system expansion is 1344 

not used, the remaining outputs must be classified as co-products, residual products or wastes. 1345 

Outputs of a production process are considered as residual flows if (3f): 1346 

 They exported in the condition in which they are created in the process and do not contribute revenue to 1347 

the company;  1348 

 There may be value-added steps beyond the boundary of the pig system under study, but these activities 1349 

do not impact the pig system calculations in these guidelines. 1350 

 Residual products will not receive any allocated emissions, nor will they contribute emissions to the main 1351 

co-products of the production unit. However it is useful to track residual flows for the purpose of 1352 

understanding the mass balance for the production unit. 1353 

 An output of a production process shall be considered as waste if the production unit incurs a cost for 1354 

treatment or removal. Waste has to be treated and/or disposed of and these emissions shall be included in 1355 

the inventory and allocated among the co-products of the production unit. It is, of course, necessary that 1356 

all activities associated with waste treatment fully comply with any local legal or regulatory requirements.  1357 

For the pig sector, the most common process in this category is wastewater treatment at manufacturing 1358 

facilities. Manure is discussed below (Section 9.3.3). 1359 
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 Co-products (i.e., not residual or waste) are subject to allocation where some fraction of the entire 1360 

production unit’s emissions are assigned to each co-product, leading to flows (3b), (3c), and (3d) in Figure 1361 

9-1. Assignment to these flows depends upon whether biophysical or mechanistic allocation or allocation 1362 

based on physical characteristics is possible or allowed under these guidelines (3b), or whether an 1363 

economic allocation at a single product (3c) or product group level (3d) is applied. 1364 

 Following the ISO standard, the preferred approach is to identify a straightforward mechanistic algorithm 1365 

(for example when energy inputs in the process are directly correlated with mass flow), or biophysical 1366 

causal relationship that can be used to assign inputs and emissions to each co-product. The condition for 1367 

determining whether physical characteristic based allocation (e.g. energy or protein content) is appropriate 1368 

is that the products should have similar physical properties and serve similar functions or markets.  When 1369 

physical allocation is not feasible (interactions too complex to accurately define a mechanistic 1370 

relationship) or is not allowed (dissimilar properties or markets), the last option is economic allocation.  1371 

 In the case of economic allocation, one option (flow 3d) is grouping a number of co-products and 1372 

performing the allocation with some co-products at the group level instead of the single product level. 1373 

This option is relevant for the various edible meat components (e.g. carcass cuts and edible offal) which 1374 

shall be grouped before allocation between them and other inedible co-products such as hide, blood and 1375 

renderables.  1376 

9.3 APPLICATION OF GENERAL PRINCIPLES FOR PIG SYSTEMS AND PROCESSES 1377 

To make these general ISO requirements operational for allocation in the pig production life cycle we applied 1378 

the ISO steps on these situations: combined and joint production processes, such as farms and food processing 1379 

plants that have multiple products and for manure. Table 9-1 summarizes the allocation procedures supported 1380 

by this guidance. 1381 

 1382 

 1383 
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FIGURE 9-1. MULTI-FUNCTIONAL OUTPUT DECISION TREE.  

 

Note: The choice of method for handling multi-functional outputs for each stage or process in the supply chain shall be based on this decision algorithm. Allocation 

keys used in the right-most box refer to the factors derived during application of the decision tree that are used to allocate inputs among multiple functions.  For 

example, if economic allocation is used (e.g., to arrive at 3c), the allocation key for that stage is the ratio of the revenue of the co-product of interest to the total 

revenue for the activity. 
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Allocation procedures shall be uniformly applied to similar inputs and outputs of the system under 1 

consideration. For example, if allocation is made to usable products (e.g. intermediate or discarded products) 2 

leaving the system, then the allocation procedure shall be similar to the allocation procedure used for such 3 

products entering the system. A decision tree is provided (Figure 9-1) which can be applied to determine the 4 

assignment of individual flows from a production unit data set to multiple products that may be produced. For 5 

example in a small scale system where other animal species are also present, the unit process created will very 6 

likely have an output product identified for each of the animal species and it is necessary to assign the inputs 7 

and emissions of this combined production system separately to each species (product of the farm). The 8 

decision tree provides guidance on methodological approaches suitable for assigning inputs and emissions of 9 

the overall unit process to the individual products. Where choice of allocation can have a significant effect on 10 

results, more than one method shall be used to illustrate the effects of choice of allocation methodology. The 11 

principal reason for this requirement is to provide an evaluation of the robustness of the study conclusions. 12 

For example, where allocation choice significantly alters the study result, the conclusions can not be 13 

considered robust. 14 

9.3.1 CRADLE-TO-FARM-GATE 15 

Within the cradle-to-farm-gate boundary there are a number of allocation decisions associated with feeds; 16 

multi-functionality of feeds is handled by the LEAP Animal Feed Guidelines. This last point may be more of 17 

a system boundary issue, but depending on how the material is classified at the processor gate, could be 18 

considered as an allocation issue. Within the animal production stage, there are two main areas where co-19 

products need to be accounted for. These are:  20 

 Where different animal species consume the same feed source(s) and/or share non-feed related inputs 21 

(path 1c in the decision tree);  22 

 Where there are multiple products of live animals (cull sows, piglets, replacement gilts), and wealth 23 

management.  24 

In pig livestock systems, the major determinant of GHG emissions is feed production and manure methane 25 

and in some cases, N2O emissions (potentially for systems using the bedding or dry stack handling for manure), 26 

and the driver of these is feed intake and characteristics and technical performance of the animals (expressed 27 

as feed conversion ratio). Consequently, if the activities, inputs or emissions cannot be separated, the preferred 28 

method to account for multi-functional processes and co-products shall be a biophysical approach based on 29 

feed intake associated with the different animal species or co-products.  30 

In practice, accounting for multiple animal species (i.e. step 1c in Figure 12, since this is not a single 31 

production unit) is based firstly on separation of activities between species and then on determination of feed 32 

intake for each species (i.e. step 2b in Figure 12). Remaining shared inputs (e.g. energy use for water provision) 33 

are allocated according to relative feed intake between species.  34 
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At a whole farm level, the equivalent output from this approach would be to determine all feed and animal 35 

related emissions for the farm and use the allocation factors for the pigs based on relative feed intake to 36 

determine allocation of total emissions to the pig production unit of the operation. 37 

Accounting for different animal species and non-feed activities within a farm 38 

Many farms present a mixture of animal species (e.g. sheep, cattle, buffalo, poultry and pigs) which are often 39 

farmed together. Where possible, it is recommended to separate activities of the farm system for the different 40 

animal species where specific uses can be defined (e.g.  use of nitrogen fertilizer specifically for pasture grown 41 

to feed pigs). For the remainder of the environmental impacts for the cradle-to-farm-gate stage, where there is 42 

common grazing or feeding of the same feed source, the actual amount of feed consumed by the pigs under 43 

study shall be calculated as outlined in Section 11.2.2 along with the intake of other animal species. Emissions 44 

associated with other non-feed shared activities (e.g. fuel used for animal transport, drain cleaning, hedge 45 

cutting, fencing maintenance, etc.) shall be allocated between animal species using a biophysical allocation 46 

approach. Preferably, this should be based on calculation of the total feed intake for each of the different 47 

animal species and allocation based on the relative feed intake between species.  The reason for choosing feed 48 

intake as the basis for determining allocation among species is that it is connected to upstream (feed 49 

production) and downstream (manure) emissions and represents a major input to the production system. 50 

9.3.2 MEAT PRODUCTION 51 

For pigs, there are two points of separation into multiple products: the breeding stage where spent sows are 52 

sent to processing for human consumption or cull sows potentially sent to the pet food sector, and piglets that 53 

are grown out as market hogs. However, the primary point of separation of multiple products is at the 54 

processing stage, where edible meat products, bone and blood meals as well as tallow, skins and rendering 55 

products are generated.  56 

Breeding stage: in situations where the assessment is focused on only a breeding stage, where spent sows are 57 

sent to slaughter, and piglets are sold to finishing operations, an allocation between spent sows and piglets 58 

sold is needed. In addition, this type of farm generally has replacement gilts purchased from another facility, 59 

and the burden of production of the replacement guilt shall be accounted as an input to the breeding stage. 60 

However, in situations when an integrated (farrow to finish) self-replacing herd is being modelled, 61 

replacement breeding animals are retained from a proportion of the female finished animals and these represent 62 

an internal flow with no allocation required. In farrow to finish operations, there is also no need for an 63 

allocation between sows and piglets because the piglets represent an internal system flow, unless some piglets 64 

are sold to other finishing operations. Finally, for farrow to finish operations because these guidelines assume 65 

the equivalence of meat produced for human consumption, there is no allocation between spent sows and 66 

market-ready pigs, and the total live weight of market pigs and spent sows is the functional unit of production 67 

for that operation. 68 

Nursery stage: this is an intermediate stage where weaned piglets are grown to approximately 20-25 kg and 69 

then transferred to a finishing operation. There should be no allocation from this stage as all animals on a live 70 
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weight basis leaving the stage are considered equivalent. Of course, for dedicated nurseries piglets which are 71 

purchased shall be considered as an input and an appropriate burden assigned. 72 

Finishing stage: all animals leaving this stage for slaughter, under these guidelines, are considered equivalent 73 

and considered on a live weight basis. Equivalence refers to the functionality of the animals sent to slaughter 74 

and is intended to restrict the application of allocation between types of animals which share an inventory, to 75 

maintain a similar perspective as taken at the abattoir where all cuts of meat are considered equivalent. 76 

However, in a situation where the production units can be separated (e.g., groups of animals fed a different 77 

ration) then the guidelines support this. For example, in a split-sex farm with barrows and gilts in different 78 

barns with different feed regimes, these guidelines support and analysis to differentiate, through system 79 

separation of production units. For dedicated growing-finishing operations, piglets or feeders purchased shall 80 

be considered an input and an appropriate burden accounted. For integrated farrow to finish systems which 81 

include the breeding and nursery stages, the spent sows along with the finished hogs shall be considered as 82 

the aggregate production from the system and allocation among these different animal classes is not required. 83 

If the breeding stage is considered as a background system, for which secondary data is used, then the first 84 

multifunctional issue (spent sows and piglets) will already have been accounted for in the secondary data, and 85 

a burden will have been assigned to piglets or feeders entering this stage.  86 

9.3.3 ALLOCATION OF MANURE / BEDDING EXPORTED OFF-FARM  87 

This discussion follows the decision tree presented above. The first determination that must be made is the 88 

classification of manure as either a co-product, waste or residual.  This guidance strongly recommends 89 

considering manure as a residual material, provided that the manure has a subsequent beneficial use such as 90 

fertilizer or energy source. This results in a separation of the system where all post-farm emissions from use 91 

of the manure are assigned to that use, while all on-farm management is assigned to the main product(s) from 92 

the farm (for which the previous allocation procedures apply).  93 

Co-product: When manure is a valuable output of the farm, and if the system of manure production cannot 94 

be separated from the system of animal production, then the full supply chain emissions to the farm-gate shall 95 

be shared by all the co-products. Following the recommendations provided in Table 9.1, the first method for 96 

allocation is to apply a biophysical approach based on the energy for digestion that must be expended by the 97 

animal in order to utilize the nutrients and create the manure. This is calculated as the heat increment for 98 

feeding of the diet. It represents the energy expended by the animal associated with the process of feeding and 99 

digestion enabling the animal to utilize the nutrients and create the manure, and is distinct from maintenance 100 

energy requirements (Emmans, 1994; Kaseloo and Lovvorn, 2003). This situation may occur in any livestock 101 

system. There may be several co-products: spent sows, piglets, cull sows, and manure. The allocation fraction 102 

assigned to each of the co-products shall be calculated as the ratio of the feed consumed (except wealth 103 

management) which was required to perform each of the respective functions to the total feed consumed for 104 

all of the functions. An example is provided in appendix 3. In situations where energy content of the diet is 105 

unknown, the next step in a decision tree results in an economic allocation, because allocation based on 106 

physical characteristics parameters is clearly not appropriate as the functions are different for the product 107 



 

47 

 

(fertilizer vs energy for manure). However, it should be noted that in this situation, an inconsistency in 108 

methodology arises if biophysical allocation is used for part of the system while economic allocation is used 109 

for another part.  110 

Residual: When manure has essentially no value at the system boundary and has a subsequent beneficial use 111 

(see next section on waste treatment). This is equivalent to system separation by cut-off, in that activities 112 

associated with conversion of the residual to a useful product (e.g., energy or fertilizer) occur outside of the 113 

system boundary of the production system. In this recommended approach, as previously stated, emissions 114 

associated with manure management up to the point of field application are assigned to the animal system, 115 

and emissions from the field are assigned to the crop production system.  116 

Waste: If manure is classified as a waste – generally only in two situations: 1) where it is disposed of by 117 

landfill, incineration without energy recovery, or sent to a treatment facility and 2) when it is applied in excess 118 

of crop nutrient requirements.  In the first case all on- and off-farm emissions shall be assigned to the animal 119 

production system following standard LCA practice for waste management.  However in the second case the 120 

fraction of manure applied to meet crop nutrient requirements shall be considered as a residual as described 121 

above – all on-farm manure management emissions (both residual and waste fractions) are assigned to the 122 

animal production system. The excess manure application shall be treated as a waste, and field emissions from 123 

this fraction of the applied manure shall also be assigned to the animal production system. Emissions 124 

associated with the final disposition of manure as a waste are within the system boundary and must be 125 

accounted and assigned to the animal product(s). 126 

9.3.4 MULTIFUNCTIONAL MANUFACTURING FACILITIES 127 

In commercial processing of pig products, as a single production unit (Box 3 in Figure 12), the edible products 128 

have different functions and markets then than the remaining co-products that are not edible by humans. 129 

Therefore allocation based on physical attributes (e.g., mass, protein or fat content of the edible and non-edible 130 

co-products – path 3b in Figure 12) is not appropriate and shall not be employed – in the future, as mechanistic 131 

process-based models of abattoir operation are developed, these may provide a mechanism for following path 132 

3b. For the multiple edible products, for example pig feet and various cuts of pig meat, which serve a common 133 

food market, the decision tree follows path 3d because, for these guidelines all edible products are grouped 134 

together, which is a simple revenue allocation of the similar products grouped together as one average product. 135 

Likewise, secondary rendering products that serve the same purpose in the market (for example blood, bone, 136 

and feather meals that all serve as a protein source) shall be combined and treated as a single commodity, and 137 

the overall revenue to the operation from the secondary co-products is used to allocate the abattoir burdens to 138 

these products. It is recognized that differentiation among products with in the average commodity may, in 139 

some situations, be desired; however, for purposes of compliance with these guidelines this additional 140 

differentiation is not permitted. The example below provides an example of allocation factors for meat 141 

processing in China based on mass and revenue. 142 
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9.4 SUMMARY RECOMMENDATIONS FOR ALLOCATION. 143 

Table 9-1 presents a summary of the allocation methods that arise from the use of the decision tree for pig 144 

production and processing. 145 

  146 

TABLE 9-1: RECOMMENDED METHODS MULTI-FUNCTIONAL PROCESSES AND ALLOCATION BETWEEN CO-PRODUCTS 

FOR THE CRADLE-TO-PRIMARY PROCESSING GATE STAGES OF THE LIFE CYCLE OF PIG PRODUCTS 

Source/stage of co-

products 

Recommended 

method* 
Basis 

Animal species 

(within farm 

multi-species 

production 

systems) 

System 

separation  

 

Biophysical  

causality 

First, separate activities specific to each animal species. Then, 

for remaining non-feed inputs (common overhead such as 

provision of water, or heating of a barn with multiple species), 

use biophysical allocation based on the proportion of the total 

feed energy requirement for each of the different animal species.  

Spent sows / Piglets 

(breeding stage) 

Biophysical 

causality  

Use biophysical allocation based on the proportion of total 

energy requirements for growth and piglet production. Culled 

sows are animals which do not enter the human food supply, and 

if they are disposed, should be treated as a waste. If they enter 

an alternate supply chain, such as pet food, use biophysical 

allocation considering them as a coproduct. 

Live animals, 

wealth 

management 

(within farm) 

System 

separation  

 

Biophysical 

causality 

If wealth management is a function of the system, allocate the 

fraction of total system emissions to be assigned to wealth 

management first, then separate activities specific to products 

(e.g. electricity for piglet heat lamps). Then use biophysical 

allocation according to energy requirements for animal 

physiological functions of growth, reproduction, activity and 

maintenance, if required. 

Manure  

(breeding and 

production stages) 

Biophysical 

causality  

Use heat increment of digestion (energy utilized from the ration 

for digesting feed) as biophysical basis of creation of manure 

from ingested feed; create allocation factors based on the 

fraction of feed energy calculated for digestion, growth, and 

piglet production (if relevant). 

Meat processing to 

edible and non-

edible products 

System 

separation  

 

Economic 

First, separate the activities specific to individual products where 

possible. Then use economic allocation after combining meat 

cuts into a product group, possibly based on a five years of recent 

average prices. 

* Where choice of allocation can have a significant effect on results, it is recommended to use more than one method to 

illustrate the effects of choice of allocation methodology. Specifically, it is recommended that biophysical causality and 

economic allocation are used in sensitivity assessment, and that market price fluctuations be included as a tested parameter 

in all economic allocation (European Food Sustainable Consumption and Production (SCP) Round Table Working Group 

1, 2013). 
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 147 

BOX 1. EXAMPLE CALCULATION FOR ON-FARM ENERGY GENERATION. 

Advanced options for manure management are continually being developed. Anaerobic digestion is 

one such technology which holds high promise in warmer climates and is well developed. In this 

example we will consider the manure management calculations, following the attributional approach 

required by these guidelines. We consider a Sow operation of 3000 head which uses a covered lagoon 

as an anaerobic digester. The biogas produced is used to produce electricity, in a 130 kW generator, 

for on-site consumption; excess electricity is sold to the local grid. Data for this operation indicate that 

approximately 5 and 12 L of manure (~10% total solids) are produced per gestating and lactating 

animal per day, respectively. For a lactating period of 21 days and an average of 2.3 litters per year, 

there are an average of (21*2.3/365)*3000 lactating animals at any given time. Assuming 5% wasted 

feed (80% digestibility and 5% ash) and 2 and 5 kg/day dry feed intake for gestating and lactating 

animals, respectively and a methane production rate of 0.35m3CH4/ kg VS. This results in the 

production of 1035 m3 per day of biogas with a composition of 59.1% methane, 39.2% carbon dioxide 

and 1.7% other gases including ammonia and hydrogen sulfide in trace quantities. This results in the 

production of 1220 kWh per day, equivalent to 1.176 kWh per cubic meter of biogas. The animals are 

housed in a barn with a subfloor which is regularly flushed to remove manure for transfer to the 

digester. Emissions associated with the residence time of the manure in the barn are attributed to the 

animal system, while the feedstock to the anaerobic digester is considered as a residual and carries no 

burden into the digester process. Based on unit processes from the eco-invent database (V 2. 2: biogas, 

agriculture covered, in cogen with ignition biogas engine) for electricity and heat cogeneration from 

manure slurry, and assuming a 1% leak rate of methane and 1.4E-3 kg N2O per m3 biogas processed 

from the anaerobic digester the carbon footprint for this electricity is 556 kg CO2e per day. This 

analysis accounts for energy required to operate the anaerobic digester, primarily derived from steady-

state operation of the digester itself in which excess heat from the electricity generation system is used 

to maintain appropriate digester operating temperatures, thus the excess heat is not allocated any 

burden of digester operation.  

The digester produces approximately 3 m³ of solid material per day which can be composted, to 

remove pathogens, and sold for $17USD/m3.  The liquid effluent, which contains the majority of the 

remaining nutrients from the manure, is stored on site and used as a fertilizer for crop production; this 

liquid is treated as a residual and emissions associated with its application are assigned to the 

subsequent crop. Electricity is valued at $0.08USD/kWh, and an economic allocation among the co-

products of the compost and electricity in the ratio of (1220*0.08 = 97.60USD) 

/(97.60+3*17=148.6USD) =0.657. Thus the carbon footprint for electricity produced from the 

anaerobic digester system is 0.657*556/1220 equals 0.3 kg CO2e/kWh. The electricity used by the pig 

operation, supplied by the anaerobic digestion process, is treated as a the same as electricity purchased 

from the grid except it has a carbon footprint of 0.3 kg CO2e/kWh.  

Pig_Comments.docx#CR95
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BOX 2. EFFECT OF MASS AND ECONOMIC VALUE OF DIFFERENT COMPONENTS OF AN 

AVERAGE  MARKET HOG LEAVING AN ABATTOIR ON ALLOCATION CALCULATIONS  

Data in the table below was based on a summary of the average weight of different meat cuts and co-

products from pig leaving an average abattoir in China. The mass and average economic value of the 

different components is given and this is used in calculation of the allocation among co-products. 

TABLE 9-1. ECONOMIC AND MASS ALLOCATION CALCULATION AT AN ABATTOIR 

 
Average mass of 

component (kg) 

Component 

% of total 

mass 

Component as 

% of total 

economic 

value 

Meat    

Live Weight 97kg   

Streaky belly  21 28 24 

Meat with bone (ribs, shank) 11 15 22 

Pork（loin/shoulder/belly/leg） 23 31 20 

Co-product    

Head, Feet, Tail 5 7 12 

Organs / viscera 5 6 10 

Fat  7 9 8 

Blood  3 4 4 

Total  100 100 

Source: Anyou Biotechnology Group, LTD, pers. comm. 

Thus the economic allocation percentage (EA) for meat relative to the total returns was calculated 

using: EA (%) = 100 x Σ(meat product revenue contribution) /  [Total revenue]  

The mass allocation percentage (MA) for meat was calculated using: 

MA (%) = 100 x Σ(weight of meat components) / [Σ(weight of meat components +   Σ(weight of co-

products)]   

The results from these calculations for % allocation to meat using mass or economic allocation were 

74% and 66%, respectively. 

Pig_Comments.docx#CR72
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10 COMPILING AND RECORDING INVENTORY DATA 149 

10.1 GENERAL PRINCIPLES 150 

The compilation of the inventory data should be aligned with the goal and scope of the life cycle assessment. 151 

The LEAP guidelines are intended to provide LCA practitioners with practical advice for a range of potential 152 

study objectives. This is in recognition of the fact that studies may wish to assess pig supply chains ranging 153 

from individual farms, to integrated production systems, to regional or national, or to a sector levels. When 154 

evaluating the data collection requirements for the project, it is necessary to consider the influence of the 155 

project scope. In general these guidelines recommend collection of primary activity data (Section 10) for 156 

foreground processes, those processes generally being considered as under the control or direct influence of 157 

the study commissioner. However, it is recognized that for projects with a larger scope, such as sectoral 158 

analyses at the national scale, the collection of primary data for all foreground processes may be impractical. 159 

In such situations, or when an LCA is conducted for policy analysis, foreground systems may be modelled 160 

using data obtained from secondary sources such as national statistical databases, peer-reviewed literature or 161 

other reputable sources. 162 

An inventory of all materials, energy resource inputs, outputs (including products, co-products and emissions) 163 

for the product supply chain under study shall be compiled. The data recorded in relation to this inventory 164 

shall include all processes and emissions occurring within the system boundary of that product.  165 

As far as possible primary inventory data shall be collected for all resource use and emissions associated with 166 

each life cycle stage included within the defined system boundaries. For processes where the practitioner does 167 

not have direct access to primary data (i.e. background processes), secondary data can be used. When possible, 168 

data collected directly from suppliers should be used for the most relevant products they supply. If secondary 169 

data are more representative or appropriate than primary data for foreground processes (to be justified and 170 

reported), secondary data shall also be used for these foreground processes. 171 

For agricultural systems, two main differences exist as compared to industrial systems.  Firstly, production 172 

may not be static from year to year, and secondly, some inputs and outputs are very difficult to measure.  173 

Consequently, the inventory stage of an agricultural LCA is more complex than most industrial processes, and 174 

may require extensive modelling in order to define the inputs and outputs from the system.  For this reason 175 

agricultural studies often rely on a far smaller sample size and are often presented as ‘case studies’ rather than 176 

‘industry averages’. For agricultural systems, many foreground processes must be modelled or estimated rather 177 

than measured. Assumptions made during the inventory development are critical to the results of the study 178 

and need to be carefully explained in the study methodology.  In order to clarify the nature of the inventory 179 

data, it is useful to differentiate between ‘measured’ and ‘modelled’ foreground system LCI data.  For a 180 

finishing operation, measured foreground system data may include fuel use and pig numbers, while modelled 181 

foreground system data may include manure quantity and characteristics.   182 

The LCA practitioner shall demonstrate that the following aspects in data collection have been taken into 183 

consideration when carrying out the assessment (adapted from ISO14044): 184 
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 Representativeness: qualitative assessment of the degree to which the data set reflects the true population 185 

of interest. Representativeness covers the following three dimensions: 186 

a) temporal representativeness: age of data and the length of time over which data was collected; 187 

b) geographical representativeness: geographical area from which data for unit processes was collected 188 

to satisfy the goal of the study; 189 

c) technology representativeness: specific technology or technology mix; 190 

 Precision: measure of the variability of the data values for each data expressed (e.g. standard deviation); 191 

 Completeness: percentage of flow that is measured or estimated; 192 

 Consistency: qualitative assessment of whether the study methodology is applied uniformly to the various 193 

components of the analysis; 194 

 Reproducibility: qualitative assessment of the extent to which information about the methodology and 195 

data values would allow an independent practitioner to reproduce the results reported in the study; 196 

 Sources of the data;  197 

 Uncertainty of the information (e.g. data, models and assumptions). 198 

For significant processes, the LCA practitioner shall document data sources, data quality, and any efforts made 199 

to improve data quality.  200 

10.2 REQUIREMENTS AND GUIDANCE FOR THE COLLECTION OF DATA 201 

Two types of data may be collected and used in performing LCAs: 202 

 Primary data: defined as directly measured or collected data representative of processes at a specific 203 

facility or for specific processes within the product supply chain.  204 

 Secondary data: defined as information obtained from sources other than direct measurement of the 205 

inputs/outputs (or purchases and emissions) from processes included in the life cycle of the product (BSI 206 

PAS 2050:2008, 3.41). Secondary data are used when primary data of higher quality are not available or 207 

it is impractical to obtain. Some emissions, such as methane from manure management, are calculated 208 

from a model, and are therefore considered secondary data.  209 

For projects where significant primary data is to be collected, a data management plan is a valuable tool for 210 

managing data and tracking the process of LCI data set creation, including metadata documentation. The data 211 

management plan should include (Bhatia et al., 2011): 212 

 Description of data collection procedures; 213 

 Data sources; 214 

 Calculation methodologies; 215 

 Data transmission, storage and backup procedures; and  216 

 Quality control and review procedures for data collection, input and handling activities, data 217 

documentation and emissions calculations. 218 

The recommended hierarchy of criteria for acceptance of data is:  219 
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 Primary data collected as part of the project that have a documented Quality Assessment (Section 11.3);  220 

 Data from previous projects that have a documented Quality Assessment;  221 

 Data published in peer-reviewed journals or from generally accepted LCA databases, such as those 222 

described by the Database Registry project of the UNEP/SETAC Life Cycle Initiative7;  223 

 Data presented at conferences or otherwise publicly available (e.g., internet sources);  224 

 Data from industrial studies or reports can be considered.  225 

10.2.1 REQUIREMENTS AND GUIDANCE FOR THE COLLECTION OF PRIMARY DATA 226 

In general, primary data shall, to the fullest extent feasible, be collected for all foreground processes and for 227 

the main contributing sources to GHG emissions. Foreground processes, here defined as those processes under 228 

the direct control of, or significantly influenced by, the study commissioner. Some foreground processes are 229 

impractical to measure for an LCA; for example, methane emission from deep bedding. In cases like this, 230 

when a model is used to estimate the emission, the input data used for the model shall be measured. In practice, 231 

this means that for farm-level studies the ration and its characteristics as well as the observed feed conversion 232 

ratio are required to provide estimates of the volatile solids and nitrogen content of the manure, which in turn 233 

can be used to estimate the methane and nitrous oxide emissions from manure management. 234 

For most large-scale systems, the production of the ration may be considered a background process, while for 235 

many small-scale systems it may be fully integrated into the production system. In addition, the breeding 236 

system may be considered a background operation for some large-scale production systems. Clearly, for 237 

analyses of the breeding system itself these operations would be considered in the foreground, and primary 238 

data shall be obtained. 239 

The practicality of measured data for all foreground processes is also related to the scale of the project. As an 240 

example, if a national-scale evaluation of the pig sector is planned, it is impractical to collect farm-level data 241 

from all pig producers. In these cases, aggregated data from national statistical databases or other sources (e.g., 242 

trade organizations) may be used for foreground processes.  In every case, clear documentation of the data 243 

collection process and data quality documentation to ensure compatibility with the study goal and scope shall 244 

be incorporated into the report. 245 

It is known from prior work (Appendix 1) what the hotspots are, thus secondary data for these stages of the 246 

supply chain should not be used. Specifically in the pig sector, the major cereal and protein grains shall be 247 

representative of the actual production used for the region under study. Macleod et al. (2013) report that, 248 

globally, feed production contributes 60 percent of GHG emissions (Figure 6-6). Of the 60% contribution of 249 

feed production, 13 percent (of the total) arises from land-use change due to soybean expansion to supply the 250 

feed protein component, and about 17 percent (of the total) emissions result due to N2O emissions arising from 251 

land-spreading of both synthetic fertilizers and manure to grow the crops used to produce the animal feed. 252 

Manure storage and processing are the second largest source of GHG emissions, representing 27.4 percent of 253 

                                                      
7 https://nexus.openlca.org/dataproviders 
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emissions. Most manure GHG emissions are in the form of CH4 (19.2 percent, predominantly from anaerobic 254 

storage systems in warm climates); the rest is in the form of N2O (8.2 percent).  The remaining 13 percent 255 

arises from a combination of post-farm processing and transport of meat (6 percent), direct and indirect energy 256 

use in livestock production (3 percent) and enteric fermentation (3 percent)The local conditions relevant to 257 

manure management emissions shall be considered. Workbooks that provide a template for primary data 258 

collection are available as spreadsheets.  259 

10.2.2 REQUIREMENTS AND GUIDANCE FOR THE COLLECTION AND USE OF SECONDARY DATA 260 

Secondary data refers to life cycle inventory data sets generally available from existing third-party databases, 261 

government or industry association reports, peer-reviewed literature, or other sources. It is normally used for 262 

background system processes, such as electricity or diesel fuel which may be consumed by foreground system 263 

processes. When using secondary data it is necessary to selectively choose the data sets which will be 264 

incorporated into the analysis. Specifically, life cycle inventory for goods and services consumed by the 265 

foreground system should be geographically and technically relevant. An assessment of the quality of these 266 

data sets (Section 10.2.3) for use in the specific application should be made and included in the documentation 267 

of the data quality analysis.  268 

Where primary data are unavailable and where inputs or processes make a minor contribution to total 269 

environmental impacts, secondary or default data may be used. However, geographic relevance should be 270 

considered. For example, if default data are used for a minor input, such as a pesticide, the source of production 271 

should be determined and a transportation component added to estimated emissions to account for its delivery 272 

from site of production to site of use. Similarly, where there is an electricity component related to an input, a 273 

relevant electricity emission factor for the country or site of use should be used that accounts for the relevant 274 

energy grid mix. 275 

In all cases, given the known importance of the contribution of the ration to the environmental impacts of pig 276 

production, it is imperative that secondary data used for the ration be relevant to the supply chain under study. 277 

For this, for example in evaluating a pig production system in China, the use of proxy LCI for maize produced 278 

in the United States would only be suitable as secondary data if it is known that the operation being studied 279 

imports its maize from the United States. 280 

Secondary data should only be used for foreground processes if primary data are unavailable, if the process is 281 

not environmentally significant, or if the goal and scope permit secondary data from national databases or 282 

equivalent sources. All secondary data shall satisfy the following requirements: 283 

 They shall be as current as possible and collected within the past 5-7 years; however, if only older data is 284 

available, documentation of the data quality is necessary and determination of the sensitivity of the study 285 

results to these data must be investigated and reported. 286 

 They should be used only for processes in the background system. When available, sector-specific data 287 

shall be used instead of proxy LCI data.  288 

 They shall fulfill the data quality requirements specified in this guide (Section 3.4). 289 
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 They should, where available, be sourced following the data sources provided in this guide (e.g. Section 290 

11.2.2 for animal assessment and in Appendix). 291 

 They may only be used for foreground processes if specific data are unavailable or the process is not 292 

environmentally significant. However, if the quality of available specific data is considerably lower and 293 

the proxy or average data sufficiently represents the process, then proxy data shall be used.  294 

An assessment of the quality of these datasets for use in the specific application should be made and included 295 

in the documentation of the data quality analysis. 296 

10.2.3 APPROACHES FOR ADDRESSING DATA GAPS IN LCI 297 

Data gaps exist when there is no primary or secondary data available that is sufficiently representative of the 298 

given process in the product’s life cycle. LCI data gaps can result in inaccurate and erroneous results (Reap et 299 

al., 2008). When missing LCI data is set to zero, the result is biased towards lower environmental impacts 300 

(Huijbregts et al., 2001; Finnveden et al., 2009). 301 

Several approaches have been used to bridge data gaps, but none are considered standard LCA methodology 302 

(Finnveden et al., 2009). As much as possible, the LCA practitioner shall attempt to fill data gaps by collecting 303 

the missing data. However, data collection is time-consuming and expensive, and is often not feasible.  The 304 

following sections provide additional guidance on filling data gaps with proxy and estimated data. The 305 

following discussion regarding proxy data is primarily targeted at LCA practitioners. Proxy data is never 306 

recommended for use in foreground systems as discussed elsewhere in this guidance. 307 

The use of proxy data sets –LCI data sets which are the most similar process/product for which data is available 308 

– is common. This technique relies on the practitioner's judgment, and is therefore, at least arguably, arbitrary 309 

(Huijbregts et al., 2001). Using the average of several proxy data sets has been suggested as a means to reduce 310 

uncertainty compared to the use of a single data set. 311 

Mila I Canals et al., (2011) also suggest that extrapolation from one data set to bridge the gap may also be 312 

used. For example, data from pig production in one area or system could be extrapolated to another area’s 313 

production based on expert knowledge of differences in feed requirements, feed conversion ratios, and excreta 314 

characteristics. They showed the use of proxy data sets is the simplest solution but also of has the highest 315 

uncertainty. Extrapolation methods require expert knowledge, and are more difficult to apply, but provide 316 

more accurate results. 317 

For countries where environmentally extended economic input-output tables have been produced, a hybrid 318 

approach can also be used as a means of bridging data gaps. In this approach the monetary value of the missing 319 

input is analysed through the input-output tables and then used as a proxy LCI data set. This approach is of 320 

course subject to uncertainty and has been criticized (Finnveden et al., 2009).  321 

Any data gaps shall be filled using the best available secondary or extrapolated data. The contribution of such 322 

data (including gaps in secondary data) shall not account for more than 20 percent of the overall contribution 323 

to each emission factor impact category considered. When such proxy data are utilized it shall be reported and 324 
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justified. When possible, an independent peer review of proxy data sets by experts should be sought, especially 325 

when they approach the 20 percent cut off point of overall contribution to each emission factor, as errors in 326 

extrapolation at this point can be significant. Panel members should have sufficient expertise to cover the 327 

breadth of LCI data that is being developed from proxy data sets. 328 

In line with the guidance on data quality assessment, any assumptions made in filling data gaps, along with 329 

the anticipated effect on the product inventory final results, shall be documented.  If possible, the use of such 330 

gap-filling data should be accompanied by data quality indicators, such as a range of values or statistical 331 

measures that convey information about the possible error associated with using the chosen method. 332 

10.3 DATA QUALITY ASSESSMENT 333 

LCA practitioners shall assess data quality by using data quality indicators. Generally, data quality assessment 334 

can indicate how representative the data are as well as their quality. Assessing data quality is important for a 335 

number of reasons: improving the inventory’s data content, for proper communication and interpretation of 336 

results, as well as informing users about the possible uses of the data. Data quality refers to characteristics of 337 

data that relate to their ability to satisfy stated requirements (International Organization for Standardization, 338 

2006a). Data quality covers various aspects, such as technological, geographical and time-related-339 

representativeness, as well as completeness and precision of the inventory data.  This section describes how 340 

the data quality shall be assessed.   341 

10.3.1 DATA QUALITY RULES 342 

Criteria for assessing LCI data quality can be structured by representativeness (technological, geographical, 343 

and time-related), completeness (regarding impact category coverage in the inventory), precision/uncertainty 344 

(of the collected or modelled inventory data), and methodological appropriateness and consistency. 345 

Representativeness addresses how well the collected inventory data represents the “true” inventory of the 346 

process for which they are collected regarding technology, geography and time. For data quality, the 347 

representativeness of the LCI data is a key component and primary data gathered shall adhere to the data 348 

quality criteria of technological, geographical, and temporal representativeness. Table 4 presents a summary 349 

of selected requirements for data quality. Any deviations from the requirements shall be documented. Data 350 

quality requirements shall apply to both primary and secondary data. For LCA studies using actual farm data 351 

and targeted at addressing farmer behaviour, ensuring that farms surveyed are representative and the data 352 

collected is of good quality and well managed is more important than detailed uncertainty assessment. 353 

10.3.1 DATA QUALITY INDICATORS 354 

Data quality indicators define the standard for the data to be collected. These standards relate to issues such 355 

as representativeness, age, system boundaries, etc.  During the data collection process, data quality of activity 356 

data, emission factors, and/ or direct emissions data shall be assessed using the data quality indicators.   357 

Data collected from primary sources should be checked for validity by ensuring consistency of units for 358 

reporting and conversion as well as material balances to ensure that, for example, all incoming materials are 359 

accounted in products leaving the processing facility. 360 
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Secondary data for background processes can be obtained from, for example, the EcoInvent database. In this 361 

situation, the data quality information provided by the database manager should be evaluated to determine if 362 

it requires modification for the study underway – for example, if use of European electricity grid processes in 363 

other areas will increase the uncertainty of those unit processes.  364 

10.4 UNCERTAINTY ANALYSIS AND RELATED DATA COLLECTION  365 

Data with high uncertainty can negatively impact the overall quality of the inventory. The collection of data 366 

for the uncertainty assessment and understanding uncertainty is crucial for the proper interpretation of results 367 

(Section 12) and reporting and communication (Section 13.4). World resources institute / World Business 368 

Council for Sustainable Development (WRI/WBCSD, 2011) has published additional guidance on quantitative 369 

uncertainty assessment which includes a spreadsheet to assist in the calculations. 370 

The following guidelines shall apply for all studies intended for distribution to third parties, and should be 371 

followed for internal studies intended for process improvement: 372 

 Whenever data is gathered, data should also be collected for the uncertainty assessment. 373 

 Gathered data should be presented as a best estimate or average value, with an uncertainty indication in 374 

the form a standard deviation (where plus and minus twice the standard deviation indicates the 95 percent 375 

confidence interval) and an assessment if data follow a normal distribution.  376 

 When a large set of data is available, the standard deviation should be calculated directly from this data. 377 

For single data points, a realistic range of values shall be estimated. In both cases the calculations or 378 

assumptions for estimates shall be documented. 379 

10.4.1 SECONDARY ACTIVITY DATA 380 

See Section 10.2.2 and Appendix A... 381 

TABLE 10-1: OVERVIEW OF SELECTED REQUIREMENTS FOR DATA QUALITY 

Indicator Requirements/ data quality rules 

Technological 

representativeness 
The data gathered shall represent the processes under consideration. 

Geographical  

representativeness: 

If multiple units are under consideration for the collection of primary data, 

the data gathered shall, at a minimum, represent a local region such as 

EU-27. 

Data should be collected respecting geographic relevance to the defined 

goal and scope of the analysis. 

Temporal   

representativeness 

Primary data gathered shall be representative for the past three years and 

5-7 years for secondary data sources. 

The representative time period on which data is based shall be 

documented. 
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10.4.2 DEFAULT/PROXY DATA 382 

See Section 10.2.2 and Appendix A 383 

10.4.3 INTER- AND INTRA-ANNUAL VARIABILITY IN EMISSIONS  384 

Agricultural processes are highly susceptible to year-to-year variations in weather patterns. This is particularly 385 

true for crop yields, but may also affect feed conversion ratios when environmental conditions are severe 386 

enough to have an impact on an animal’s performance. Depending on the goal and scope definition for the 387 

study, additional information may be warranted such that either seasonal or inter-annual variability in the 388 

product system efficiency can be captured and identified. 389 

  390 
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11 LIFE CYCLE INVENTORY  391 

11.1 OVERVIEW 392 

The Life Cycle Inventory (LCI) analysis phase involves the collection and quantification of inputs and outputs 393 

throughout the life cycle stages covered by the system boundary of the study. This typically involves an 394 

iterative process (as described in ISO 14044: 2006), with the first steps involving data collection using 395 

principles as outlined in the previous section. The subsequent steps in this process involve recording and 396 

validating the data; relating the data to each unit process and functional unit (including allocation for different 397 

co-products); and aggregating data, ensuring all significant processes, inputs and outputs are included within 398 

the system boundary. The system boundary (Figure 8-1) has pre- and post-farm gate stages. Data collection 399 

templates for primary data collection at both farm and processing stages are available on the LEAP website 400 

(link). 401 

Given the recommended system boundary, there are specific processes for which data are required to compute 402 

the life cycle assessment. These are listed in brief below (Box 3) and are discussed in detail in the following 403 

sections: 404 

BOX 3: DATA REQUIREMENTS FOR SPECIFIC PROCESSES NECESSARY FOR LCI OF PIG SUPPLY CHAIN 

 Feed production (on-farm or purchased, including minerals and other supplements) including upstream 

fertilizer manufacture, delivery and application, diesel used in cultivation, and nitrous oxide emissions 

from soil.  The LEAP Animal Feed Guidelines provides detailed information for calculation of the 

contribution of feed/animal rations to the environmental footprint. 

 Parent farm (sows producing piglets) data to calculate the upstream impacts of pig production. When 

this is a foreground system, the quantity and type ration, energy use, and manure management shall be 

fully accounted. For situations in which this stage is a background system, default life cycle inventory 

is provided in this document (Pig_Comments.docx - CR49Appendix 3). 

 Pig production primary data shall include a precise description of the production system and its targets. 

For example growth rate, final weight, actual performance (e.g. influenced by climate, feed properties and 

specialty feed ingredients), product and market specifications. The systems may be quite different in 

various countries or regions. Primary data regarding heating and ventilation, lighting, and other energy 

uses associated with feed and water management shall be collected. 

 Estimation of manure production and emissions associated with on-farm manure management. See 

section11.2.4 for specific guidance on this topic. 

 Post-farm transportation and resource consumption at processing facilities, including types and 

quantities of co-products produced, such as blood, meat or meat and bone meal. 

Pig_Comments.docx#CR99
Pig_Comments.docx#CR51
Pig_Comments.docx#CR49
Pig_Comments.docx#CR49
Pig_Comments.docx#CR10
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11.2 CRADLE-TO-FARM GATE  405 

To assist the user in working through the process of calculating the carbon footprint, as an example impact 406 

category, of products for the cradle-to-farmgate stage, a flow diagram illustrating the various steps involved 407 

is presented in Figure 11-1. 408 

At the cradle-to-farmgate stage, previous research has shown that the largest source of GHG emissions is feed 409 

production (Cederberg and Flysjö, 2004; Wiedemann et al., 2010). Manure management also contributes to 410 

emissions; and is directly related to feed quality and quantity consumed.  Clearly, an important first step is to 411 

define the amount of each feed type used and their nutritional quality (energy, amino acid, crude protein, and 412 

phosphorus content). 413 

The cradle-to-farm gate stage can be separated into three main processes of raw material acquisition, water 414 

and feed production, and their use for animal production. Most raw material acquisition is associated with the 415 

production of feeds. Note that these guidelines provide limited information related to pig feeds because they 416 

are covered in LEAP Animal Feed Guidelines. Thus, pig feed information presented in this document is largely 417 

FIGURE 11-1. FLOW DIAGRAM AS A GUIDE TO THE PROCEDURE FOR DETERMINING THE CARBON FOOTPRINT OF PIG 

PRODUCTS FOR THE CRADLE-TO-FARM GATE STAGE.  

Note: Content within the shaded boxes relate to allocation decisions, while rounded boxes are GHG calculation steps 

Pig_Comments.docx#CR52
Pig_Comments.docx#CR52
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for context and also because of the strong linkage between feeds and animal production. For animal feeds 418 

derived from annual and perennial plant types, the inputs of fertilizers, manures and lime are often significant 419 

sources of GHG emissions. When annual crops are used for feed, the fuel (e.g. for tillage, harvest and 420 

transport), crop residues (that produce N2O emissions) and land-use change components are also important 421 

contributors to GHG emissions. For highly processed feeds (e.g. compound feed/concentrates) there may also 422 

be significant energy use and emissions during their processing and storage. Readers are referred to the LEAP 423 

Animal Feed Guidelines for detailed guidance on estimating the cradle-to-mouth impact of the ration. 424 

11.2.1 FARM WATER 425 

Water supply to animals is important for their survival and energy inputs are often required for the provision 426 

(e.g. for pumping and circulation) and/or transport of water. Background processes from existing databases 427 

can be used when water is purchased from a municipal source. If local well water is used, the pumping power 428 

can be estimated with the following equation:  429 

𝑃ℎ =  𝑞𝜌𝑔ℎ/(3.6𝑒6)  (1) 430 

Where Ph = fluid power (kW), q = pumping rate (m3/h), ρ = fluid density (1000 kg/m3 for water), g = gravity 431 

(9.8m/s2), h = differential head (m), which is approximately the depth of the well plus the additional elevation 432 

necessary to deliver the water to the pigs. The power required for the motor is the fluid power divided by the 433 

motor efficiency, η, typically 60-70 percent:  434 

𝑃 =  𝑃ℎ/𝜂 (2) 435 

For electric pumps, the total energy consumption is estimated as P*pumping hours. 436 

There is also a small contribution to resource use and GHG emissions associated with the production and 437 

provision of animal health inputs, which may include treatments for infectious diseases, internal and external 438 

parasites, reproductive diseases, metabolic diseases, and mineral deficiencies. These materials are likely below 439 

the materiality cut-off and can be estimated using secondary, or proxy data from extant databases or omitted 440 

if there is no reasonable proxy and a justification provided for the omission. 441 

11.2.2 FEED ASSESSMENT 442 

This section refers to identifying the type, quantity and characteristics of feed, which relates to both upstream 443 

impacts (the domain of the LEAP guidelines on feed) and downstream impacts from manure management, 444 

which is the domain of this methodology. Some operations consider the composition of the ration to be 445 

confidential business information (e.g., large integrated commercial operations), nonetheless, it remains 446 

important to obtain primary data on the ration and may require close industry partnerships.  For many regions, 447 

much of the ration may be imported; for instance in Senegal, most of the corn, the wheat and other low-volume 448 

ingredients (lysine, methionine) come from abroad.  In addition, there is a great diversity between industries, 449 

within reproductive (including boars, sows, and their litters) or grow-finishing production (including post-450 

weaning pigs), in the presentation (meal, mash, pelleted diets) and a shift, for example, in Northern Europe 451 

toward the use of entire cereal grain in pig diets. 452 
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Because of the diversity of rations and the fact that rations production contributes to environmental impacts, 453 

the ration shall be carefully evaluated and accurately represented in the analysis and assessment of pig supply 454 

chains. In addition, different production systems result in different environmental conditions for the animals 455 

(e.g., temperature) that can affect the maintenance energy needs and thus the feed conversion ratio (e.g. through 456 

addition of specialty feed ingredients), further underscoring the need for primary data on feed consumption by full 457 

accounting of inputs products at the farm level. Characteristics of the ration which are important to include are the 458 

energy content, crude protein (or amino acid) contents, and ash. These are used with physiology models to 459 

predict the quantity and character of manure because measurements are not typically available.   460 

The LEAP Animal Feed Guidelines, which provides support for environmental life cycle assessment from the 461 

cradle-to-mouth, shall be referred to in this assessment. In practice, there is wastage of feed at various stages 462 

between harvest and feeding and this shall be accounted for. To investigate the impact of animal performance, 463 

expressed through the feed conversion ratio as a consequence of the effects of  climate, management techniques, feed 464 

and use of specialty feed ingredients, full accounting of feed and other inputs and live weight production at farm level 465 

shall be applied. For example, if there is 10 percent wastage between harvesting maize and consumption by 466 

animals, the emissions from crop inputs should be based on the crop harvested and not the final amount eaten 467 

– this source is treated fully in the LEAP Animal Feed Guidelines. At the farm, a significant component of the 468 

wastage occurs during feeding. This waste feed may end up in the manure management system and its 469 

contribution to subsequent methane and N2O should be accounted for and included with the manure emissions 470 

estimation (Section e). 471 

Feed milling  472 

One area of particular importance in pig production systems is when the ration is formulated in a feed mill 473 

using least-cost formulation algorithms to select the raw input for the ration.  Least-cost formulations can 474 

change on a weekly or monthly basis, and therefore, to accurately account for the environmental footprint of 475 

the ration, an annual average ration is necessary.  476 

In addition, pig nutritionists require specific nutrient composition of the ration.  Milling processes can change 477 

characteristics of feeds, specifically, digestibility and potentially crude protein content. It is therefore 478 

important to determine that the ration specified in the life cycle assessment matches both the pig nutrition 479 

requirements and that the milling process model, chosen from LEAP Animal Feed Guidelines is appropriate 480 

to provide the required ration characteristics. Careful reference to the LEAP Animal Feed Guidelines is 481 

important to assure that appropriate feed burdens are captured for the system under study. It may occur that a 482 

more expensive formulation results in lower excretion and GHG emissions and the cost of environmental 483 

management will be decreased. 484 

Computing emissions  485 

Emissions from the ration should, to the extent feasible, be calculated based on guidance in the LEAP Animal 486 

Feed Guidelines. For most large-scale operations, rations represent a significant fraction of the environmental 487 

footprint and therefore it is critical that the emissions accurately represent the actual production practices 488 

followed for their creation. Specifically, the source of the feed (local, regional, or imported) must be 489 
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representative of the feeds provided. When feeds are imported, it is necessary to follow the protocol in the 490 

LEAP Animal Feed Guidelines to calculate the environmental burden of production and delivery to the 491 

exporting country port. The estimate of specific transport distances, from the exporting to importing country 492 

shall be accounted as specified in the LEAP Animal Feed Guidelines documentation. These emissions can be 493 

combined directly with production and post-farm emissions to calculate the supply chain totals. In practice, 494 

most diet decisions are based on least-cost formulation, however an LCA could illustrate the emission impacts 495 

made by changes to rations.  In some cases it is more cost effective to have a slightly less efficient feed 496 

conversion. 497 

11.2.3 ANIMAL POPULATION AND PRODUCTION 498 

Most models used for calculation of feed requirements derive intake from the energy requirements for growth, 499 

reproduction, and maintenance. This requires data on relevant animal numbers and productivity.  Information 500 

regarding mortality losses as well as the number of live piglets and marketed animals produced over a year is 501 

necessary for baseline evaluation. To the extent feasible, the ages (or weights) of animals that die should be 502 

noted because the later in the cycle the animal dies, the larger quantity of feed that animal will have consumed, 503 

and this represents an additional burden assigned to the actual LW sold from the production cycle. Specific 504 

information requirements will depend on the facility type under analysis –sow/nursery/finish production as 505 

well as the specific type of production under study: large-scale versus small-scale or organic/pasture. 506 

To assess the time unit of 12 months of operation, data should be collected for the operation over a year's time. 507 

It is necessary to define the animal population associated with the production of the products, and as there will 508 

be a non- integer number of generations in this time frame, the rolling herd average and annual live weight 509 

production can be used to calculate the total inputs and emissions. This requires accounting for sows, piglets 510 

sow replacement for each barn production cycle, and spent (i.e. not required for maintenance of the herd) sows 511 

sold for meat.  512 

Animal enteric methane emissions   513 

Three approaches for estimating enteric methane have been suggested and should be chosen according to the 514 

goal and scope of the assessment.  Enteric methane emissions can be modeled after (Rigolot et al., 2010) to 515 

account for differences in feed use. 516 

For sows: 517 

𝐶𝐻4

𝑘𝑔

𝑦𝑟
=

𝑅𝑒𝑠𝐷 ∗
1340𝐽

𝑘𝑔 𝑅𝑒𝑠𝐷

5.665𝑒7
𝐽

𝑘𝑔 𝐶𝐻4

                                                                                                                           (3) 519 

 518 

For weaners, growers and finishers: 520 

                    𝐶𝐻4

𝑘𝑔

𝑦𝑟
=

𝑅𝑒𝑠𝐷 ∗
670𝐽

𝑘𝑔 𝑅𝑒𝑠𝐷

5.665𝑒7
𝐽

𝑘𝑔 𝐶𝐻4

                                                                                                                       (4) 521 
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Where ResD = annual digested fiber ingested and is estimated as the difference between digested organic 522 

matter and digested sugar, starch, fat and protein (Rigolot et al., 2010). 523 

A second approach using country-specific default Emission Factors (EF) for pigs with different ages which 524 

published in pre-reviewed literature can be adopted if detailed information regarding the ration is not available. 525 

A third approach, primarily for national scale assessments using IPCC default emission factors (EF) may also 526 

be adopted. According to IPCC (2006), Table 10.10 enteric emissions from pig in developed countries is 527 

estimated at 1.5 kg CH4/head/year and in developing countries, it is estimated at 1.0 kg CH4/head/year (Dong 528 

et al., 2006). 529 

11.2.4 MANURE PRODUCTION AND MANAGEMENT 530 

Biological principles 531 

From an animal physiology perspective, the characteristics of the manure are defined by the characteristics of 532 

the ration and the efficiency of its conversion into the product of interest (i.e., meat or piglets). The digestibility 533 

and ash content which characterize the fraction of the ration that is not available to support metabolic needs 534 

are particularly relevant. The content, digestibility, balance, and utilization of amino acids of the ration relative 535 

to the protein deposition rate define the nitrogen content in the manure. In deep bedding systems (e.g., hoop 536 

barns) pig manure may have additional material such as straw added (with additional carbon, phosphorus and 537 

nitrogen), which affects the emissions from the subsequent management system. 538 

Manure production 539 

The first step to estimating manure GHG emissions is to estimate manure excretion, and more specifically the 540 

mass of volatile solids (VS) and nitrogen (N) excreted in manure. Manure VS and N and P excretion may be 541 

estimated by using information collected from pig producers, i.e. daily feed intake and the properties of the 542 

diet and using the relationships presented by ASAE8 or IPCC (American Society of Agricultural Engineers, 543 

2005; Dong et al., 2006). 544 

For pigs, nitrogen and phosphorus excretion is calculated by: 545 

𝑁𝐸−𝑇 =  𝑁𝐼−𝑇 −  𝑁𝑅−𝑇 ≡
𝑔 𝑁

𝑝ℎ𝑎𝑠𝑒⁄

𝑃𝐸−𝑇 =  𝑃𝐼−𝑇 − 𝑃𝑅−𝑇 ≡
𝑔 𝑃

𝑝ℎ𝑎𝑠𝑒⁄
  (5)  546 

Where: N/PE-T = Total nitrogen/phosphorus excretion per phase or animal group; N/PI-T = Total 547 

nitrogen/phosphorus intake in feed per phase or animal group; N/PR-T = Total nitrogen retention per phase or 548 

animal group. Equation 5 shall be summed over all the growth phases over the course of one year’s operation. 549 

Annual excretion shall be estimated from the animal population, excretion per pig per phase and 365 days/year. 550 

The ASAE provides detailed equations for calculation of nitrogen and phosphorus in the ration and for animal 551 

retention. It is not recommended to use a constant factor of feed N as an estimate of retention. 552 

                                                      
8 http://extension.psu.edu/animals/dairy/nutrient-management/certified-dairy/tools/manure-prod-char-d384-2.pdf 
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Volatile solids (VS) excretion (kg) may be predicted using the feed intake, digestibility of the diet and ash 553 

content in the manure using the following formula: 554 

𝑉𝑆 = 𝐹𝐼𝑃𝐻(1 − 𝐷𝑀𝐷)(1 − 𝐴) + 𝑉𝑆𝑊𝐹 ≡
𝑘𝑔 𝑉𝑆

𝑝ℎ𝑎𝑠𝑒⁄       (6) 555 

FIPH = Feed intake per pig-phase (kg, as fed); DMD = Diet digestibility expressed as a fraction (range: 0.6 - 556 

0.8); A = Ash content of manure (range: 0.1 - 0.2); VSWF = volatile solids contribution due to wasted feed 557 

entering the manure management system. Volatile solids shall be summed across all production phases during 558 

one year’s operation and shall be adjusted to account for spilled or wasted feed that enters the manure 559 

management system. The VS content of wasted feed can be estimated by: 560 

𝑉𝑆𝑊𝐹 = 𝐹𝐼𝑃𝐻(1 − 𝐴)𝑊𝐹 ≡
𝑘𝑔 𝑉𝑆

𝑝ℎ𝑎𝑠𝑒⁄       (7) 561 

Where WF is the fraction of feed provided to the animals that is not consumed. 562 

Manure management systems 563 

Manure emissions shall be estimated at each point in the manure management system following a mass balance 564 

approach. Emission sources are shown in Figure 11-2 for pig production utilizing housing systems. Emissions 565 

shall be fully accounted at each stage of the management system based on the mass of manure managed at that 566 

stage, including different emissions from field application resulting from differences in susceptibility to 567 

leaching and runoff. See Chapter 9 for discussion of the assignment of field emissions depending on whether 568 

the manure is considered a co-product, residual, or waste.  If multiple management systems are used, or if the 569 

volatile solid and nitrogen excretion varies significantly throughout the year, then these factors must be 570 

accounted in the analysis. A flow chart for determining the type of manure management system, following 571 

IPCC nomenclature (Dong et al., 2006), is presented in Figure 11-5. 572 

11.2.5 HOUSING EMISSIONS – METHANE 573 

Manure methane emissions may be estimated using the following general formula: 574 

𝐶𝐻4 = 𝑉𝑆𝑒(𝐵𝑂)(𝑀𝐶𝐹)(𝜌)[∏ (1 − 𝑅𝑉𝑠,𝑛)𝑛=1 ] ∑ (𝑀𝑆%𝑗𝑀𝐶𝐹𝑗)𝑗 ≡
𝑘𝑔 𝐶𝐻4

𝑑𝑎𝑦⁄       (8) 575 

Where: VS = volatile solids excretion (kg/day); Bo = Maximum emissions potential - m3 CH4/kg VS (provided 576 

in IPCC (Dong et al., 2006) or other country- or herd-specific factors); MCF = Integrated methane conversion 577 

factor; ρ = density of methane (0.662 kg CH4/m3); 𝑀𝑆%𝑗 = Fraction of manure handled in animal manure 578 

management system (AMMS) j,%; MCFj= the emission factor for the relevant manure management system j;  579 

Rvs,n= Fraction of volatile solid degraded in AMMS of n stage,%. 580 

11.2.6 HOUSING EMISSIONS – NITROUS OXIDE 581 

Direct nitrous oxide emissions from manure management in the shed can be calculated by: 582 

𝑁2𝑂 = 𝑁𝐸[∏ (1 − 𝑅𝑁,𝑛)𝑛=1 ] ∑ (𝑀𝑆%𝑗𝐸𝐹𝑀𝑀𝑆𝑗)𝑗 (
44

28
) ≡

𝑘𝑔 𝑁2𝑂
𝑑𝑎𝑦⁄  (9) 583 
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Where: N2O = Nitrous oxide emissions from manure management (kg/day); NE = nitrogen excretion (kg/day 584 

– if nitrogen excretion is based on equation (5), then the N2O emissions will be per phase rather than per day); 585 

the factor 44/28 is to convert mass of N2O-N to mass of N2O.  586 

𝑀𝑆%𝑗 = Fraction of manure handled in system j,%; 𝐸𝐹𝑀𝑀𝑆 = the emission factor for the relevant manure 587 

management system j. kgN2O-N/kgN;  Rvs,n= Fraction of Nitrogen degraded in AMMS of n stage,% .– if 588 

nitrogen excretion is based on equation (5), then the N2O emissions will be per phase rather than per day); 589 

EFMMS = the emission factor for the relevant manure management system; the factor 44/28 is to convert 590 

mass of N2O-N to mass of N2O. If multiple management systems are used, or if the nitrogen excretion varies 591 

significantly throughout the year, then these factors must be accounted in the analysis. This formula is sensitive 592 

to the estimated nitrogen excretion and the emission factor applied.  593 

Free-range pig systems use a different manure management system and require different emission factors. In 594 

the free-range system, a proportion of manure is deposited indoors (which may vary with season and climatic 595 

zone) and the remainder is deposited outdoors.  596 

11.2.7 INDIRECT NITROUS OXIDE EMISSIONS 597 

Indirect N2O emissions from ammonia loss and N leaching from manure deposited directly to land during 598 

grazing shall be calculated as shown in Figure 11-3.  Country-specific factors that have been published and 599 

integrated into most National GHG Inventories shall be used and if not available the IPCC (2006) default 600 

factors shall be used. Calculations first require an estimate of the amounts of ammonia loss and N leaching 601 

from manure deposited on land. The default IPCC (2006) loss factor for FRACGASM is 20 percent of N manure 602 

and for FRACLEACH is 30 percent (for soils with net drainage, otherwise 0 percent) of N excreted. These are 603 

FIGURE 11-2 NITROGEN MASS FLOWS FROM PIG MANURE. 
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then multiplied by the corresponding IPCC (2006) emission factors of 0.01 kg N2O-N/kg N lost as ammonia 604 

and 0.0075 kg N2O-N/kg N leached, respectively. The total N2O emissions from manure are calculated by 605 

summing the direct and indirect N2O emissions, after adjustment for the N2O/ N2O-N ratio of 44/28. 606 

Ammonia volatilization  607 

Indirect emissions of nitrous oxide occur as the result of ammonia volatilisation from the production system 608 

and from ammonia volatilisation during manure application. Ammonia emissions are deposited onto land 609 

where they contribute to a pool of soil nitrogen, some of which is re-emitted as nitrous oxide. Consequently, 610 

the emissions are attributed to the facility responsible for the ammonia emissions. Values may be derived from 611 

IPCC (Dong et al., 2006), published literature, local research or national inventories. Of the nitrogen lost as 612 

ammonia (NH3-N), the IPCC recommends an emission factor of 0.01 (1 percent) to calculate indirect nitrous 613 

oxide emissions. 614 

FIGURE 11-3: SUMMARY OF APPROACH FOR CALCULATING N2O EMISSIONS FROM PIG EXCRETA AND WASTE 

MANAGEMENT SYSTEMS (AWMS) USING IPCC (2006) ACTIVITY FACTORS (FRAC REFERS TO FRACTION OF N SOURCE 

CONTRIBUTING) AND EMISSION FACTORS (EF IN KG N2O-N/KG N) 

Note: Summary of approach for calculating N2O emissions from animal manure and the waste management system (WMS) using 

IPCC (2006) activity factors (FRAC refers to fraction of N source contributing) and emission factors (EF in kg N2ON/kg N). 

GASM = gaseous loss as ammonia; FRACgasm and EF1 vary with type of AWMS. For manure, only manure storage losses are 

included in these guidelines (losses from land application are covered in the LEAP Animal  Feed Guidelines). 
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Leaching and runoff 615 

Indirect nitrous oxide emissions from nitrogen that is leached or lost from runoff after manure application may 616 

be predicted using the following formulas:  617 

𝑁𝐿 = 𝑁𝐴(𝐹𝑟𝑎𝑐𝑤𝑒𝑡)(𝐹𝑟𝑎𝑐𝑙𝑒𝑎𝑐ℎ) ≡
𝑘𝑔 𝑁

𝑑𝑎𝑦⁄  (8) 618 

Where: NL  = N content of manure (kg) lost through leaching and runoff;  NA  = N content of manure (kg) 619 

stored in a system potentially subject to leaching and runoff; Fracwet  = fraction of N available for leaching and 620 

runoff; Fracleach = 0.3 (IPCC default fraction of N lost through leaching and runoff); the default nitrous oxide 621 

emission factor from manure N lost through leaching and runoff is 0.0125 according to the IPCC (Dong et al., 622 

2006): 623 

𝑁2𝑂𝐿 = 0.0125 𝑁𝐿 (
44

28
) ≡

𝑘𝑔 𝑁2𝑂
𝑑𝑎𝑦⁄   (9) 624 

 625 

11.2.8 EMISSIONS FROM OTHER FARM-RELATED INPUTS  626 

Substantial variation in energy requirements may exist between different types of production operations; 627 

however, for intensive systems, there are generally requirements for lighting, ventilation, and heating – 628 

Figure 11-4 Decision guide for selection of manure management system for use with IPCC models 
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depending on the local climate. Extensive systems may not have significant inputs, but fuel for transportation 629 

shall be accounted.  Where there is a significant use of consumables in farm operations, the GHG emissions 630 

associated with their production and use should be accounted. However, in practice these will often be a very 631 

minor contribution and relevant data on them may be difficult to access. See Section 0 on cut-off criteria for 632 

treatment of minor contributors. 633 

The total use of fuel (diesel, petrol) and lubricants (oil) associated with all on-farm operations shall be 634 

estimated. This shall be based on actual use and shall include that used by contractors involved in on-farm 635 

operations. Where actual fuel use data is unavailable, it should be calculated from the operating time (hours) 636 

for each activity involved in fuel use and the fuel consumption per hour (this latter parameter can be derived 637 

from published data or from appropriate databases (e.g. Ecoinvent). Note that any operations associated with 638 

the production, storage and transportation of pig feeds should be carefully accounted, to avoid double 639 

counting, if values for these total emissions associated with specific feeds are derived from a feed database 640 

where they are already included. However, the inventory shall include fuel use in transportation from the 641 

source of feed storage to the farm, where the point of storage is not on-farm provided that it has not been 642 

accounted in the feed calculations (e.g. for compound feed/concentrates purchased from a local feed 643 

merchant). Some of the main processes associated with the use of fuels include water transport, use of vehicles 644 

for animal movement, provision of feeds to pigs on-farm and other farm-specific activities.  645 

The total amount of use of a particular fuel type is then multiplied by the relevant country-specific GHG 646 

emission factor (which accounts for production and use of fuel: see third-party databases for secondary life 647 

cycle inventory and in some cases geographically specific data sets). The process for calculating fuel-related 648 

emissions also applies to electricity. Thus, all electricity use associated with farm activities (excluding feed 649 

production and storage where they are included within the emission factor for feeds) shall be estimated. This 650 

includes electricity for water recirculation, ventilation and lighting. Country-specific emission factors for 651 

electricity production and use shall be applied according to the electricity source. This would typically be the 652 

national or regional average and would account for the mix of renewable and non-renewable energy sources 653 

used for the electricity grid mix; a number of third-party databases contain country-specific electricity grid 654 

mix datasets. 655 

The final on-farm results are calculated on the basis of the cumulative inventory the inputs and emissions each 656 

converted the appropriate impact category based on the characterization factors (e.g., for climate change due 657 

to electricity, the total annual number of kilowatt hours of electricity consumed is multiplied by the national 658 

emission factor-kilograms CO2e/kWh). Once each of the inventories has been converted to the appropriate 659 

impact category metric, they are summed and divided by the total annual production to be reported on a per 660 

functional unit basis. 661 
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11.2.9 BY-PRODUCTS AND WASTE 662 

The management of wastes other than manure shall also be accounted. In particular, the management of 663 

animals that die and are disposed by burial, rendering, composting or other method shall be included in the 664 

inventory. Waste materials such as disposed packaging or other solid waste shall also be accounted. 665 

11.3 WATER USE INVENTORY METHODS 666 

Water inventories should be developed using water balances for each component of the system, including 667 

water supply, housing and manure management. Freshwater consumption i.e. direct water use leading to 668 

changes in fresh water availability for ecosystems (Milà I Canals et al. 2009) is an appropriate indicator of 669 

water use. Other indicators associated with nutrient load in water may also be included following ISO (2014). 670 

Several main components of the foreground and background system are listed here. 671 

Foreground system: 672 

 Piggery water supply system (if water is supplied from on-site sources – see water balance 1). 673 

 Piggery housing water use (water balance 2). 674 

 Piggery manure management (water balance 3). 675 

Background system: 676 

 Piggery water supply system – if this water is drawn from a major water supply system. 677 

 Water use in feed grain supply – i.e. irrigated feed. 678 

 Water use associated with other inputs (i.e. energy). 679 

Methods and assumptions used to determine water use in each stage are provided in the following sections. 680 

11.3.1 WATER SUPPLY WATER BALANCE 681 

Water supplies may be drawn from many different sources, groundwater (bores, wells), surface water (rivers, 682 

creeks) or water captured from rainfall runoff in on-site water storages.  Farms may or may not have records 683 

of direct water use (i.e. drinking water, cleaning water etc). Often, records of water use will not include water 684 

losses between the point of water collection and the piggery, but it is essential to include this.  For example, 685 

if a farm pumps from a bore to an open water storage dam and then to the piggery, losses may occur via 686 

evaporation and / or seepage during the storage stage.  If the water meter is located after the water storage, the 687 

metered water use will not take these losses into account.   688 

Pan evaporation is one way of estimating evaporation which accounts for several climate elements including 689 

temperature, humidity and rain fall.  The pan method involves taking a direct measurement of natural 690 

evaporation from a water surface, in a shallow pan.  Evaporation pans are simple but they require daily 691 

measurement and maintenance and there may be significant variation between the evaporation from a small, 692 

steel pan and a large deep water body (Watts 2005).   693 

Brutsaert (1982) describes pan evaporation results as “of uncertain and often dubious applicability”.  Watts & 694 

Hancock (1985) attribute the inconsistencies in pan evaporation estimates to the differences between radiation 695 
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and aerodynamic characteristics of the pan to those experienced in crops and larger water bodies.  They add 696 

that “all evaporation pan data should be regarded as untrustworthy.”  697 

The calculation of open-water evaporation is achieved by applying a ’pan factor’ to the measured evaporation. 698 

The equation for this conversion is:  699 

E  = Kp x Epan          700 

where:  701 

E = open-water evaporation (in mm/day) 702 

Kp = pan factor, constant determined by the pan siting, relative humidity and wind speed. 703 

Epan = pan evaporation (in mm/day – based on local data) 704 

The value of Kp can vary widely.  Ham (1999) determined a value of 0.81 for a farm lagoon containing animal 705 

waste.  Ham (2007) showed the ratio between lagoon and pan evaporation was variable but typically was 706 

between 0.7 and 0.8.  As an intermediate, a Kp value of 0.75 may be suitable but this should be assessed at 707 

each site.  708 

In addition to evaporation losses, storages may also loose water via seepage.  Seepage is the loss of water 709 

through the bed and internal banks of a water storage.  Seepage has often been considered a marginal 710 

contribution to total storage losses when compared to evaporative losses and has been the focus of limited 711 

research.  In the context of LCA research it is also difficult to determine if seepage is actually a loss, as this 712 

water may enter underground aquifers or flow to nearby streams via subsurface lateral flow.  It should be 713 

determined if seepage of clean water is likely to return to usable ground water of if it is lost. A decision can 714 

then be made on how to classify this water. 715 

Seepage rates can be highly variable, depending on soil characteristics, hydraulic characteristics and water 716 

characteristics.  Watts (2005) states that seepage should theoretically increase with increased head of water 717 

and this approach is used by Duesterhaus et al. (2008).   718 

11.3.2 PIGGERY HOUSING WATER USE ACTIVITIES 719 

In conventional housed piggeries, water is primarily used for drinking, cleaning and cooling.  Depending on 720 

the type of system, some clean water may also be used for flushing, and significant amounts of water may be 721 

spilled from drinkers.  It is very difficult to disaggregate these water ‘uses’ at a commercial piggery.  Hence, 722 

to establish a water balance a number of assumptions may be required to quantify uses and outputs. 723 

The first series of assumptions relate to drinking water and the fate of drinking water from pigs.  Drinking 724 

water and the fate of this water for the pig herd may be estimated using an animal water balance, for example 725 

using data from Mroz et al. (1995) and the National Research Council (1998). 726 

Drinking Water Intake  727 

Several factors determine drinking water intake for pigs, including feed intake, ambient and water temperature, 728 

class of pig and live weight (National Research Council 1998). When reviewing water intake, careful scrutiny 729 
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of the data is required to determine if spillage was included or excluded from the assessment (i.e. did the study 730 

determine a true measure of intake).  Spillage from drinkers can be considerable and was determined separately 731 

in the housing water balance because it is subject to a quite different water flow pathway.   732 

Water use can be particularly variable in response to climate.  This makes prediction quite difficult.  As a 733 

proportion of feed intake, predicted drinking water may be as follows.   734 

For grower-finisher pigs, the ratio of water intake to feed may be 2.5 after Braude et al. (cited in National 735 

Research Council 1998). 736 

For dry sows, the ratio of water intake to feed may be 2.8 after Van der Peet-Schwering et. al. (cited in Small 737 

2001). Mroz et al. (1995) suggested that water consumption for lactating sows is at least 40% higher than that 738 

of non-lactating sows. 739 

The resultant formula for drinking water in growing pigs, gestating sows and lactating sows is provided below. 740 

WI = FI x Wf       741 

Where:  742 

WI  = Water Intake 743 

FI  = Feed intake (as fed) 744 

Wf = Water Intake factor, i.e. growing pigs = 2.5, gestating/lactating sows = 2.8 745 

Table 11-1 provides a comparison of drinking water predicted using the above equation with the standard 746 

values used in the Australian waste estimation program PIGBAL (Skerman et al. 2015). 747 

  748 
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 749 

TABLE 11-1 – RANGE OF VALUES FOR PIG WATER INTAKE (L/HD/D) FROM THE LITERATURE AND VALUE USED IN PIGBAL 750 

Pig Type Range from the 

literature 

Australian 

estimates - 

PIGBAL 

Suckers 0.0-0.4 0.5 

Weaners 0.49-3.1 3.6 

Growers-Finishers 1.9-10.5 4.0-8.0 

Gestating sows 5.0-25.0 13.0 

Lactating sows 1.0-49.0 30.0 

Boars 10.0-15.0 13.0 

 751 

11.3.3 WATER INTAKE WITH FEED AND PIGS 752 

In addition to drinking water, pigs ingest a small amount of water with feed equivalent to the moisture content 753 

of the feed (generally around 11-12%) and generate additional water from the breakdown of carbohydrates, 754 

fat and protein in the feed (metabolic water) during digestion. This water is excreted as urine and faeces.   755 

Water ingested with feed can be determined from the analysis of diets provided for the piggeries multiplied 756 

by the feed intake of each class of pig.   757 

Metabolic water may be determined using the simple relationship reported in the National Research Council 758 

(1998), which suggested 0.38-0.48 L of water is produced per kilogram of feed.   759 

Water inputs may also arise from water contained within the body weight of purchased pigs.  Water content 760 

in pigs is 60% of body weight, based on the National Research Council (1998).   761 

11.3.4 WATER LOSS PATHWAYS FROM PIGS 762 

Water losses or outputs from the pig herd are in the form of water uptake in live weight gain, losses via 763 

respiration and perspiration, and excreted losses via urine and faeces.  764 

Water contained in the live weight of sale pigs may be determined using a 60% moisture content (unfasted 765 

body weight), which is similar to values reported in the National Research Council (1998) after being adjusted 766 

for inclusion of feed contents in the gastrointestinal tract. 767 

 768 

Perspiration losses may be determined using a loss rate of 13.2 ml m2 skin area per hour, as published by Mroz 769 

et al. (1995).   770 
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Respiration losses may be determined using an average loss rate of 0.58 L / pig / day reported by the National 771 

Research Council (1998).  This loss rate was for a 60 kg pig, and may be adjusted for different pig classes 772 

based on body weight. 773 

Excreted urine and faeces (manure) water may be determined by difference.  This may result in a manure 774 

moisture content of as high as 93%, though it may be lower where drinking water intake is also lower (cool 775 

climate countries). 776 

11.4 ADDITIONAL WATER USE ACTIVITIES 777 

11.4.1 SPILLAGE, CLEANING AND FLUSHING 778 

Pigs waste large amounts of water.  Li et al. (2005) reported wastage rates of more than 15-42% of total 779 

drinking water supply, which matches observations from Australian piggeries.  An appropriate wastage rate 780 

should be included in the assessment. 781 

Cleaning water use should be included and will differ with housing type. Local estimates should be used. 782 

11.4.2 COOLING WATER 783 

Where evaporative cooling is used, this can be a major water use source and must be included.  784 

11.4.3 SHED EVAPORATION 785 

A small amount of water may evaporate from the housing floor or effluent channels depending on the climate. 786 

This should be estimated and included as a loss in the water balance. 787 

11.5 PIGGERY MANURE MANAGEMENT WATER BALANCE 788 

In conventional piggeries that utilise effluent flushing systems, effluent from the piggery (a mixture of 789 

excreted feces and urine, spilled water, cleaning water (clean and recycled water) and spilled feed) may be 790 

flushed into open lagoons or tanks for storage.  791 

Rainfall may also collect in open storages, which represents and input to the water balance.  Outputs from 792 

lagoons or tanks are relatively straight forward, and include evaporation, irrigation or regulated releases, and 793 

potentially seepage.  Evaporation may be determined using the same approach as for clean water storages (see 794 

Equation 3).   795 

11.5.1 BACKGROUND WATER USE 796 

The major source of water use in the background system arose from irrigation in the production of feed grain.  797 

Even small proportions of grain from irrigated land can contribute significantly to water use and must be 798 

carefully assessed.  Additionally, water balances for the irrigation water supply system are required to include 799 

all losses back to the first point of extraction from the environment.  800 

Other background processes such as energy use may also include water as an input. A full review of inventory 801 

datasets is often required to correctly determine and classify water use.  802 
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11.6 TRANSPORTATION 803 

Estimating environmental impacts of transportation entails two allocation issues: allocation of empty transport 804 

distance of transport means and allocation of the load fraction of transportation means.  805 

The allocation of empty transport distance is often done already in the background models used for deriving 806 

the secondary LCI data for transportation. However, if primary data for transport should be derived, the LCA 807 

user should make an estimate of the empty transport distance. It is good practice to provide a best estimate 808 

with a corresponding uncertainty, per the requirement in section 10.4.   809 

Allocation of empty return transport kilometres shall be done on the basis of the average load factor of the 810 

transport that is representative for the transport under study. If no supporting information is collected, 100 811 

percent empty return should be assumed.  812 

If products are transported by a vehicle, resource use and emissions of the vehicle shall be allocated to the 813 

transported products. A means of transport has a maximum load, expressed as tonnage. However the maximum 814 

weight can only be achieved if density of the loaded goods allows. 815 

Allocation of transport emissions to transported products shall be performed on the basis of mass share, unless 816 

the density of the transported product is significantly lower than average so that the volume restricts the 817 

maximum load, in which case a volume share shall be used for allocation. 818 

Fuel consumption from transport can be estimated using a) the fuel cost method, b) the fuel consumption 819 

method, or c) the ton-kilometre method. Transport distances may be estimated from routes and mapping tools 820 

or obtained from navigation software. 821 

11.6.1 CALCULATION METHOD FOR FUEL CONSUMPTION DURING TRANSPORT 822 

a)  Fuel consumption method 823 

Collect data on “fuel consumption [L]” for each mode of transport. Calculate GHG emissions [kg-CO2e] by 824 

multiplying fuel consumption [L] by “life cycle GHG emissions related to supply and use of fuel” [kg-825 

CO2e/L] (secondary data – emission factor for each fuel) for each type of fuel. 826 

b) Fuel cost method 827 

Collect data on “fuel expense [$/yr]” and “average fuel price [$/L]” for each mode of transport. Calculate GHG 828 

emissions [kg-CO2e] by multiplying fuel consumption [fuel expense/ average fuel price] by “life cycle GHG 829 

emissions related to supply and use of fuel” [kg-CO2e/L] (secondary data– emission factor for each fuel) for 830 

each type of fuel. 831 

c) Tonne-kilometre method 832 

Collect data on loading ratio [percent] and transport load (transport tonne-kilometre) [t-km] for each mode 833 

of transport.  Calculate life cycle GHG emissions [kg-CO2e] by multiplying the transport load (transport 834 

tonne-kilometre) [t-km] by the “life cycle GHG emissions related to fuel consumption per transport tonne-835 

kilometre” [kg-CO2e/t-km] (secondary data– emission factor for each fuel) for different transport loads for 836 

each mode of transport. 837 
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11.7 INCLUSION AND TREATMENT OF LAND-USE CHANGE (LUC) IMPACTS 838 

The reader is referred to the LEAP Animal Feed Guidelines for additional detail. GHG emissions associated 839 

with LUC should be separately accounted and reported. PAS 2050 provides additional guidance. 840 

11.8 BIOGENIC AND SOIL CARBON SEQUESTRATION 841 

Since this relates only to the feed production stage for pig production, the specific methods are covered in the 842 

LEAP Animal Feed Guidelines. As these guidelines note, biogenic and soil carbon sequestration shall be 843 

included in the final GHG emissions value. Where no data relating to soil carbon sequestration are available, 844 

the LEAP Animal Feed guidelines provide default values for temperate climate. The last option is to assume 845 

zero change in soil carbon. 846 

11.9 PRIMARY PROCESSING STAGE 847 

This stage of the pig value chain includes: slaughter, removal of blood and hair, hooves, and head, evisceration, 848 

washing and cooling, cutting and packaging as well as production and management of numerous by-products 849 

such as blood and meat and bone or bone meal in addition to the main meat products.  For operations that 850 

include rendering, the energy requirements can be significant. Other inputs that shall be included at this phase 851 

are electricity for refrigeration and water and chemicals for equipment cleaning. The following processes shall 852 

be evaluated:  853 

 Transport of live animals to the processing site from the farmgate;  854 

 Production, delivery and consumption of materials used in processing, e.g. cleaning chemicals and 855 

packaging materials; 856 

 Other purchased inputs or ingredients; 857 

 Freshwater usage and wastewater treatment (quantity of water, chemicals, energy); 858 

 Releases resulting from background processes, including chemical and ingredients production, 859 

refrigerant manufacturing and losses and other emissions sources; 860 

 Energy consumption: electricity, natural gas, on-site energy production; 861 

 Waste management that has environmental impacts (e.g. landfill disposal of solid waste and 862 

wastewater treatment). 863 

11.9.1 CALCULATING GHG EMISSIONS FROM MEAT PROCESSING 864 

Calculation of GHG emissions shall account for resource use, waste-water processing and the associated GHG 865 

emission factors. Electricity and other energy use shall account for total embodied emissions relevant to the 866 

country where the primary processing occurs. Data on waste-water quantity and composition is used with the 867 

GHG emission factors for the method of waste-water processing (IPCC 2006) to calculate GHG emissions. 868 

An example is presented in Box 2, below. Total GHG emissions shall be allocated between the various co-869 

products as outlined in Section 9.3.4. 870 
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11.9.2 CALCULATING GHG EMISSIONS FROM PIG PROCESSING 871 

Calculation of GHG emissions shall account for resource use, waste-water processing, inedible offal and bone 872 

management using appropriate emission factors. Electricity and other energy use shall account for total 873 

embodied emissions relevant to the country where the primary processing occurs.  874 

 875 

 876 

  877 

BOX 2. EXAMPLE EMISSIONS CALCULATION FOR AN AVERAGE US ABATTOIR. 

This facility processes 75,000 head per week with an average weight of 125 kg. Data are available for the 

entire facility on an annual basis: 

  Emission Factor* 

Water Use (m3) 1,041,000  0.435 kg CO2e /m3 

Waste Water Treatment(m3) 1,041,000  3.99 kg CO2e /m3 

Electricity (MWh) 87,165  770 kg CO2e/MWh 

Natural Gas (m3) 14,152  2.5 kg CO2e/m3 

Propane (L) 32,867 4.3 kg CO2e / L 

Fuel Oil #2 (L) 112,059 3.3 kg CO2e / L 

Fuel Oil #5,#6 (L) 848,682   3.2 kg CO2e / L 

Diesel (L) 1,150,677 3.2 kg CO2e / L 

Gasoline (L) 59,667 3.0 kg CO2e / L 

Meat products (kg) 274,220,000   

Inedible coproducts (kg) 213,828,000   

 * calculated from ecoinvent processes using SimaPro 7.3® 

The facility (unallocated) gate-to-gate GHG emissions are calculated as the sum of the products the inputs 

and emission factors: 78,845 metric tonnes CO2e. The calculation of the estimated impact of the meat 

products is achieved through an economic or mass allocation, as shown in a subsequent example. 
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12 INTERPRETATION OF LCA RESULTS 878 

Interpretation of the results of the study serves two purposes (ILCD, 2010): 879 

At all steps of the LCA, the calculation approaches and data shall match the goals and quality requirements of 880 

the study. In this sense, interpretation of results may inform an iterative improvement of the assessment until 881 

all goals and requirements are met. 882 

The second purpose of the interpretation is to develop conclusions and recommendations, e.g. in support of 883 

environmental performance improvements. The interpretation entails three main elements detailed in the 884 

following subsections: "Identification of important issues," “Characterizing uncertainty” and "Conclusions, 885 

limitations and recommendations". 886 

12.1 IDENTIFICATION OF KEY ISSUES  887 

Identifying important issues encompasses the identification of most important impact categories and life cycle 888 

stages, as well the sensitivity of results to methodological choices.  889 

The first step is to determine the life cycle stage processes and elementary flows that contribute most to the 890 

LCIA results, as well as the most relevant impact categories.    891 

Secondly, the extent to which methodological choices such as system boundaries, cut-off criteria, data sources, 892 

and allocation choices affect the study outcomes shall be assessed, especially the life cycle stages having the 893 

most important contribution. In addition, any explicit exclusion of supply chain activities, including those that 894 

are excluded as a result of cut-off criteria, shall be documented in the report. Tools that should be used to 895 

assess the robustness of the footprint model include (ILCD, 2010): 896 

 Completeness checks: evaluate the LCI data to confirm that it is consistent with the defined goals, 897 

scope, system boundaries, and quality criteria and that the cut-off criteria have been met. This includes 898 

completeness of process (i.e. at each supply chain stage, the relevant processes or emissions 899 

contributing to the impact have been included) and exchanges (i.e. all significant energy or material 900 

inputs and their associated emissions have been included for each process). 901 

 Sensitivity checks: assess the extent to which the results are determined by specific methodological 902 

choices, and the impact of implementing alternative, defensible choices where these are identifiable. 903 

This is particularly important with respect to allocation choices. It is useful to structure sensitivity 904 

checks for each phase of the study: goal and scope definition, the life cycle inventory model, and 905 

impact assessment. 906 

 Consistency checks: ensure that the principles, assumptions, methods and data have been applied 907 

consistently with the goal and scope throughout the study. In particular, ensure that the following are 908 

addressed: (i) the data quality along the life cycle of the product and across production systems, (ii) 909 

the methodological choices (e.g. allocation methods) across production systems and (iii) the 910 

application of the impact assessments steps with the goal and scope. 911 
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12.2 CHARACTERIZING UNCERTAINTY  912 

This section is related to Section 10.3, data quality. Several sources of uncertainty are present in LCA. Lack 913 

of precise knowledge regarding the quantity of an input which is used or any emissions from a process 914 

contributes to the uncertainty in the result. Complex systems are also inherently variable, which also introduces 915 

imprecision in the final result. Imprecision arising from lack of knowledge can be reduced by collecting more 916 

data. It may be possible to reduce the influence of fundamental process variability on the results by 917 

disaggregating complex systems into smaller parts, but inherent variability cannot be eliminated completely. 918 

Third, the LCIA characterization factors that are used to combine the large number of inventory emissions 919 

into impacts also introduce uncertainty into the estimation of impacts. In addition, there is bias introduced if 920 

the LCI model is missing processes, or otherwise does not represent the modeled system accurately.  921 

Variation and uncertainty of data should be estimated and reported. This is important because results based on 922 

average data (i.e. the mean of several measurements from a given process – at a single or multiple facilities) 923 

or using LCIA characterization factors with known variance do not reveal the uncertainty in the reported mean 924 

value of the impact. Uncertainty may be estimated and communicated quantitatively through a sensitivity and 925 

uncertainty analysis and/or qualitatively through a discussion. Understanding the sources and magnitude of 926 

uncertainty in the results is critical for assessing robustness of decisions that may be made based on the study 927 

results. When mitigation action is proposed, knowledge of the sensitivity to, and uncertainty associated with 928 

the changes proposed provides valuable information regarding decision robustness, as described in Table 10. 929 

At a minimum, efforts to accurately characterize stochastic uncertainty and its impact on the robustness of 930 

decisions should focus on those supply chain stages or emissions identified as significant in the impact 931 

assessment and interpretation. Where reporting to third parties, this uncertainty analysis shall be conducted 932 

and reported. 933 

TABLE 12-1: GUIDE FOR DECISION ROBUSTNESS FROM SENSITIVITY AND UNCERTAINTY 934 

Sensitivity Uncertainty Robustness 

High High Low 

High Low High 

Low High High 

Low Low High 

 935 

12.2.1 MONTE CARLO ANALYSIS 936 

In a Monte Carlo analysis, parameters (LCI) are considered as stochastic variables with specified probability 937 

distributions, quantified as probability density functions (PDF). For a large number of realizations, the Monte 938 

Carlo analysis creates an LCA model with one particular value from the PDFs of every parameter and 939 

calculates the LCA results. The statistical properties of the sample of LCA results across the range of 940 
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realizations are then investigated. For normally distributed data, variance is typically described in terms of an 941 

average and standard deviation. Some databases, notably EcoInvent, use a lognormal PDF to describe the 942 

uncertainty. Some software tools (e.g. OpenLCA) allow the use of Monte Carlo simulations to characterize 943 

the uncertainty in the reported impacts as affected by the uncertainty in the input parameters of the analysis.  944 

12.2.2 SENSITIVITY ANALYSIS 945 

Choice-related uncertainties arise from methodological including modelling principles, system boundaries and 946 

cut-off criteria, choice of footprint impact assessment methods, and other assumptions related to time, 947 

technology, geography, etc. Unlike the LCI and characterization factors, they are not amenable to statistical 948 

description, but the sensitivity of the results to these choice-related uncertainties can be characterized through 949 

scenario assessments (e .g., comparing the footprint derived from different allocation choices) and/or 950 

uncertainty analysis (e.g. Monte Carlo simulations). 951 

In addition to choice-related sensitivity evaluation, the relative sensitivity of specific activities (LCI datasets) 952 

measures the percentage change in impact arising from a known change in input parameter (Hong et al., 2010). 953 

12.2.3 NORMALIZATION 954 

According to ISO 14044, normalization is an optional step in impact assessment. Normalization is a process 955 

in which an impact associated with the functional unit is compared against an estimate of the entire regional 956 

impacts in that category (Sleeswijk et al., 2008). For example, livestock supply chains have been estimated to 957 

contribute 14.5 percent of global anthropogenic greenhouse gas emissions (Gerber et al., 2013). Similar 958 

assessments can be made at regional or national scales, provided that a reasonably complete inventory of all 959 

emissions in that region which contribute to the impact category exists. Normalization provides an additional 960 

degree of insight into those impacts for which significant improvement would result in a significant 961 

improvement for the region in question, and can help decision-makers to focus on supply chain hotspots for 962 

which improvement will result in the largest relative environmental improvement.  963 

12.3 CONCLUSIONS, RECOMMENDATIONS AND LIMITATIONS 964 

The final part of interpretation is to draw conclusions derived from the results, pose answers to the questions 965 

raised in the goal and scope definition stage, and recommend appropriate actions to the intended audience, 966 

within the context of the goal and scope, explicitly accounting for limitations to robustness, uncertainty and 967 

applicability. 968 

Conclusions derived from the study should summarize supply chain "hot spots" derived from the contribution 969 

analysis and the improvement potential associated with possible management interventions. Conclusions 970 

should be given in the strict context of the stated goal and scope of the study, and any limitation of the goal 971 

and scope can be discussed a posteriori in the conclusions.   972 

As required under ISO 14044:2006, if the study is intended to support comparative assertions (i.e. claims 973 

asserting difference in the merits of products based the study results), then it is necessary to fully consider 974 

whether differences in method or data quality used in the model of the compared products impair the 975 
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comparison. Any inconsistencies in functional units, system boundaries, allocation, data quality, or impact 976 

assessment shall be evaluated and communicated. 977 

Recommendations are based on the final conclusion of the LCA study. They shall be logical, reasonable, 978 

plausible founded and strictly relate to the goal of the study. Recommendations shall be given jointly with 979 

limitations in order to avoid their misinterpretation beyond the scope of the study.  980 

12.4 USE AND COMPARABILITY OF RESULTS 981 

It is important to note that these guidelines refer only to a partial LCA and that where results are required for 982 

products throughout the whole life cycle then it is necessary to link this analysis with relevant methods for 983 

secondary processing through to consumption and waste stages (e.g. EPD 2012; PAS 2395 2013 Draft). 984 

Results from application of these guidelines cannot be used to represent the whole life cycle of pig products. 985 

However, they can be used to identify hot-spots in the cradle-to-primary-processing stages (which are major 986 

contributors to emissions across the whole life cycle) and assess potential GHG reduction strategies. In 987 

addition, the functional units recommended are intermediary points in the supply chains for virtually all pig 988 

sector products and therefore will not be suitable for a full LCA. But they can provide valuable guidance to 989 

practitioners to the point of divergence from the system into different types of products.  990 

12.5 GOOD PRACTICE IN REPORTING LCA RESULTS 991 

The LCA results and interpretation shall be fully and accurately reported, without bias and consistent with the 992 

goal and scope of the study. The type and format of the report should be appropriate to the scale and objectives 993 

of the study and the language should be accurate and understandable by the intended user so as to minimise 994 

the risk of misinterpretation. 995 

The description of the input data and assessment methods shall be included in the report in sufficient detail 996 

and transparency to clearly show the scope, limitations and complexity of the analysis. The selected allocation 997 

method used shall be documented and any variation from the recommendations in these guidelines shall be 998 

justified.  999 

The report should include an extensive discussion of the limitations related to accounting for a non-1000 

comprehensive number of impact categories and outputs. This discussion should address: 1001 

 Possible positive or negative impacts on other (non GHG) environmental criteria; 1002 

 Possible positive or negative environmental impacts (e.g., on biodiversity, landscape, carbon 1003 

sequestration); 1004 

 Multifunctional outputs other than production (e.g., economic, social, nutrition); 1005 

 1006 

If intended for the public domain, a communication plan shall be developed to establish accurate 1007 

communication that is adapted to the target audience and defensible. 1008 
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12.6 REPORT ELEMENTS AND STRUCTURE 1009 

The following elements should be included in the LCA report: 1010 

 Executive summary typically targeting a non-technical audience (e.g. decision-makers), including key 1011 

elements of goal and scope of the system studied and the main results and recommendations while 1012 

clearly giving assumptions and limitations; 1013 

 Identification of the LCA study, including name, date, responsible organization or researchers, 1014 

objectives of/reasons for the study and intended users; 1015 

 Goal of the study: intended applications and targeted audience, methodology including consistency 1016 

with these guidelines; 1017 

 Functional unit and reference flows, including overview of species, geographical location and regional 1018 

relevance of the study;  1019 

 System boundary and unit stages (e.g. to farmgate and farmgate to primary processing gate);  1020 

 Materiality criteria and cut-off thresholds; 1021 

 Allocation method(s) and justification if different from the recommendations in these guidelines; 1022 

 Description of inventory data: representativeness, averaging periods (if used), and assessment of 1023 

quality of data; 1024 

 Description of assumptions or value choices made for the production and processing systems, with 1025 

justification; 1026 

 Feed intake and application of LEAP Animal Feed Guidelines, including description of emissions and 1027 

removals (if estimated) for LUC; 1028 

 LCI modelling and calculating LCI results; 1029 

 Results and interpretation of the study and conclusions; 1030 

 Description of the limitations and any trade-offs; 1031 

 If intended for the public domain the report should also state whether or not the study was subject to 1032 

independent third-party verification. 1033 

12.7 CRITICAL REVIEW 1034 

Internal review and iterative improvement should be carried out for any LCA study.  In addition, if the results 1035 

are intended to be released to the public, third-party verification and/or external critical review shall be 1036 

undertaken (and should be undertaken for internal studies) to ensure that:   1037 

 The methods used to carry out the LCA are consistent with these guidelines and are scientifically and 1038 

technically valid; 1039 
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 The data and assumptions used are appropriate and reasonable; 1040 

 Interpretations take into account the complexities and limitations inherent in LCA studies for on-farm 1041 

and primary processing;  1042 

 The report is transparent, free from bias and sufficient for the intended user(s). 1043 

The critical review shall be undertaken by an individual or panel with appropriate expertise, e.g. suitably 1044 

qualified reviewers from agricultural industry or government or non-government officers with experience in 1045 

the assessed supply chains and LCA. Independent reviewers are highly preferable. 1046 

The panel report and critical review statement and recommendations shall be included in the study report if 1047 

publicly available. 1048 
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Appendix 1: Literature review 1170 

A1.1 Nguyen et al., 2011 1171 

The aim of this report is to present an environmental profile of Danish pork through a life cycle 1172 

assessment (LCA). In LCA two different approaches are often used: an attributional approach and a 1173 

consequential approach. Basically, the attributional approach describes the resources used and 1174 

emissions engendered to produce the product in question (here one kg of pork), whereas the 1175 

consequential approach accounts for the resources used and associated emissions when producing one 1176 

kg of pork more. 1177 

This choice of methodologies impacts on the results, since the attributional approach uses information 1178 

of impacts related to e.g. the specific feed production, whereas the consequential approach relies on 1179 

data on e.g. the environmental cost to produce the feed necessary for the production of one extra kg of 1180 

pork. Both methods are being used and a previous life cycle assessment of Danish pork used the 1181 

consequential methodology. However, the Publicly Available Specification for documenting the global 1182 

warming potential or the carbon footprint of a product, (PAS 2050), requires the attributional approach 1183 

to be used. In the present report, therefore, the assessment used both methods. The PAS 2050 in 1184 

addition has the option of including the impact on the global warming potential of land use changes 1185 

following the production of feed. The basis for doing this is, however, not sufficiently developed, and 1186 

therefore this aspect was not included in the present work for any of the methods. If included, the 1187 

global warming impact would be higher. 1188 



 

 

The environmental assessment was performed using data representing the typical Danish pork 1189 

production in 2010 on the one hand, and on the other using data from the 25% of Danish pig herds with 1190 

highest technical efficiency in terms of piglets per sow and feed use per kg pork produced. Based on the 1191 

historical development, these herds will in a few years time be representative of the typical Danish pig 1192 

production. The assessment was performed as if the pig production were a landless business where all 1193 

feeds etc. need to be imported and all manure exported. The methodology used ensures that the results 1194 

will not differ from a situation where the farmer produces part of the feed and uses part of the manure 1195 

for this purpose on his own farm. 1196 

The environmental impact was expressed per ‘one kg Danish pork (carcass weight) delivered from the 1197 

slaughterhouse’. Five impact categories were considered: Global warming potential, Acidification, 1198 

Eutrophication, Non-renewable energy use, and Land use. Table A1.1 summarizes the environmental 1199 

performance with respect to the five impact categories expressed in equivalents (e) of the respective 1200 

impact category. 1201 

As shown in the table, the estimated environmental impact is higher when using the consequential 1202 

approach than when using the PAS 2050. This reflects primarily that the average feed cereals produced 1203 

under Danish conditions are estimated to have a lower  environmental impact than what is estimated 1204 

for the marginal production of cereals on the world market, partly due to higher yields per ha and partly 1205 

due to stricter environmental regulations in Denmark, which in particular decrease eutrophication and 1206 

global warming impacts as well as land use requirements. 1207 

Table A1.1 The environmental impact per kg Danish pork from slaughterhouse (carcass weight). 

 
Typical 2010 production 

25% of herds with higher 
efficiency 

Attributional  
PAS 2050 

Consequential 
Attributional  
PAS 2050 

Consequential 

Global warming potential 
(GWP), kg CO2 e 

3.1 3.4 2.8 3.1 

Acidification (AP), g SO2e 56 61 51 55 

Eutrophication (EP), g NO3e  243 321 220 292 

Non-renewable energy, MJ 
primary 

21 22 20 21 

Land use, m2*a 5.8 8.5 5.3 7.9 

 1208 

Compared to earlier results for Danish pork based on 2006 data and using the consequential approach, 1209 

this work is based on updated emission coefficients and housing conditions, which makes a comparison 1210 

difficult. Nevertheless, the global warming impact was slightly lower in the present work (0.2 kg CO2e 1211 

per kg pork) probably reflecting the improvements that have taken place in cereal production and pig 1212 

rearing in the period. 1213 

The environmental burden of the pork is primarily related to the farming stage and less so to the 1214 

slaughtering stage product. Thus, less than 0.2 kg CO2e per kg pork (or 6%) is related to the slaughtering 1215 

stage. Therefore, increased efficiency in the primary stage impacts considerably on the total 1216 



 

 

environmental impact of the pork. This is illustrated also in Table A1.1, which shows that the pork from 1217 

the 25% of pig herds with highest technical efficiency has an 8-10% lower environmental impact than 1218 

the average. 1219 

Table A1.2 shows the contribution of different key elements to the different environmental impact 1220 

categories at the farming stage expressed per kg live weight of pig leaving the farm. Total impact per kg 1221 

live weight is estimated at 2.2 kg CO2e for the typical Danish production after the PAS 2050 model. As 1222 

the table shows, “feed use” and “on-farm emissions” are the two major contributors at approximately 1223 

60 and 30%, respectively, of the total impact, whereas “Transport of feed” and “on-farm energy use”are 1224 

minor contributors. The major contributor to feed use impact is cereal, which illustrates the importance 1225 

of having a very environmentally efficient cereal production. The main contribution to ‘On 1226 

farmemissions’ is from methane emissions from the manure and - to a lesser extent - N2O emissions. 1227 

These emissions can be reduced by manure management procedures and represent as such an 1228 

improvement potential. For acidification approximately 1/3 of the total impact is related to the on farm 1229 

emission of NH3 illustrating the importance of efforts to reduce this. 1230 

The manure produced results in emissions at the farm, but it also has a value as a fertilizer, thus 1231 

substituting synthetic fertilizer. Danish regulations stipulate that 75% of fertilizer N has to come from 1232 

manure on a total N basis. Even though there are higher transport costs related to manure handling and  1233 

that field emissions are relatively higher using manure, because the substitution rate is not 100%, the 1234 

net effect is a saving due to saved CO2e emissions related to fertilizer production. In the typical case the 1235 

net effect is a saving of 0.03 kg CO2e per kg pork produced. 1236 

A recent literature review arrived at a reference value of the climate impact associated with the primary 1237 

production of 1 kg pork of approximately 3.3 kg CO2e per kg carcass weight leaving the pig farm. In this 1238 

assessment of typical Danish pork, we arrived at a value from 2.9 to 3.3 kg CO2e per kg carcass weight 1239 

leaving the farm, lowest with the attributional approach, which is the approach mostly widely used in 1240 

different studies, thus well below the reference value given in literature. 1241 

Table A 1.2 breakdown of contributing factors to different impact categories using PAS 2050 
methodology for typical 2010 production, per live-weight of pig leaving farms 

Item 
Global warming 

 g CO2e 
Acidification 

g SO2e 
Eutrophication 

g NO3e 
Non-renewable 

MJ 

Feed use 1281 15.3 109.7 11.5 

Transport of feed 130 1.8 1.7 1.9 

On-farm energy 
use 

148 0.2 0.3 2 

On-farm 
emissions 

662 15.0  28.4  

Manure utilization 
for fertilizer 

261 16.4 55.5 0.5 

Total 2482 48.7 195.6 15.9 



 

 

A 1.2 Dalgaard et al., 2007 1242 

The primary aim of this report is to present data for the environmental profile of pork and to identify the 1243 

most polluting parts in the product chain of Danish pork by use of the Life Cycle Assessment (LCA) 1244 

methodology. The functional unit was ‘1 kg of Danish pork (carcass weight) delivered at the Port of 1245 

Harwich’, and the environmental impact categories considered were global warming, eutrophication, 1246 

acidification and photochemical smog. The global warming potential was 3.6 kg CO2 equivalents per 1247 

functional unit, which corresponds to the emissions from a 10 km drive in a typical passenger car. It was 1248 

found, that the environmental ‘hot spots’ in the production chain of Danish pork occur in the stages 1249 

before the pigs’ arrival at the slaughterhouse. The highest contributions to global warming, 1250 

eutrophication and acidification arise from production of feed and handling of manure in the pig 1251 

housing and under storage. However, the manure/slurry applied to the fields also made a significant 1252 

contribution to eutrophication potential. The transport of the pork to the Port of Harwich was not an 1253 

environmental hot spot and contributed less than 1% of the total amount of greenhouse gasses emitted 1254 

during the production. This result highlights, that ‘Food miles’ are a misleading environmental indicator. 1255 

The environmental profile of pork established was based on data from 2005, and it was found, that the 1256 

environmental impact (global warming, eutrophication and acidification potentials) has been reduced 1257 

since 1995. These environmental improvements were mainly obtained by lower feed (and protein) 1258 

consumption and improved handling of manure/slurry. A potential exist for improving the 1259 

environmental profile further. In particular, the greenhouse gas emission per kg pork can be reduced, if 1260 

the manure/slurry is anaerobically digested, and the biogas is used for heat and power production. 1261 

The environmental impact of Danish pork was compared with the environmental impact of British and 1262 

Dutch pork. This comparison showed, that the global warming potentials were equal, whereas the 1263 

eutrophication and acidification potential was highest for British pork.Dutch pork had slightly lower 1264 

eutrophication and acidification potential compared to that of Danish pork. 1265 

A 1.3 Basset-Mens and van der Werf, 2005 1266 

Current intensive pig production is often associated with environmental burdens. However, very few 1267 

studies deal with the environmental performance of both current and alternative systems of pig 1268 

production. The objectives of this study were to evaluate the environmental impacts of three 1269 

contrasting pig production systems using the life cycle assessment method and to identify hot spots for 1270 

each system. The scenarios compared were conventional good agricultural practice (GAP) according to 1271 

French production rules, a French quality label scenario called red label (RL) and a French organic 1272 

scenario called organic agriculture (OA). For each of the three scenarios a “favourable” and an 1273 

“unfavourable” variant was defined; these variants were used as indicators of uncertainty with respect 1274 

to key parameters for technical performance and emissions of pollutants. The environmental categories 1275 

assessed were: eutrophication, climate change, acidification, terrestrial toxicity, energy use, land use 1276 

and pesticide use. Two functional units (FU) were used to express impacts: 1 kg of pig produced and 1 ha 1277 

of land surface used. The scenarios were examined with particular emphasis on their contribution to 1278 

eutrophication and acidification. Given this perspective, the RL scenario can be an interesting alternative 1279 

to GAP on the condition that its emission of greenhouse gases can be reduced. The results for OA were 1280 



 

 

very dependent on the choice of the FU. Per kg of pig, eutrophication and acidification were similar for 1281 

OA and GAP, while OA had less eutrophication and acidification than GAP when expressed per ha. For 1282 

the three scenarios, environmental hot spots and important margins of improvement were identified. 1283 

Finally, the uncertainty analysis indicated that efforts should be made to produce more reliable 1284 

estimations of emission factors for NO3, NH3 and N2O in the field. 1285 

A 1.4 Rongoor et al., 2015 1286 

Three different pork production systems in the Netherlands are compared in a LCA using 5 1287 

environmental impact categories, namely global warming potential, fossil energy use, eutrophication 1288 

potential, land use and water use. The local pork production system using locally cultivated and residual 1289 

food products as feed and on farm produced bio-energy has the lowest environmental impacts in all 5 1290 

categories. Cultivation and transport of feed products and to a lesser extent manure management are 1291 

the process steps where the largest environmental impacts occur for all cases. 1292 

A 1.5 Reckmann et al., 2013 1293 

The world'sgrowing population is continually increasing the demand for food. Hence, food production, 1294 

especially the production of meat, is put under further pressure to tackle climate change. Two-third s of 1295 

the German meat production is covered by pork, which increases the necessity to assess the 1296 

environmental impacts arising from it.Therefore, the aim of this study was to provide data for an 1297 

environmental profile of latest pork production inGermany. A Life Cycle Assessment was conducted for 1298 

pork production in 2010/2011.The system boundaries encompassed the production of feed stuffs, the 1299 

housing of pigs, and the slaughtering and production of pork. In this context, the pig housing stage was 1300 

modelled using separate data for different housing stages (i.e.farrowing, weaning and finishing). Results 1301 

for the impact categories global warming potential, eutrophication and acidification are expressed per 1302 

kg pork as slaughter weight. The global warming potential was estimated at 3.22 kg CO2-eq per kg pork. 1303 

Eutrophication showed a value of 23.3g PO4-eq, whereas acidification resulted in 57.1 g SO2-eq per kg 1304 

pork.To estimate the influence of various input parameters, a sensitivity analysis was carried out for four 1305 

different input parameters. They were related to water and energy use (energy use in feed production, 1306 

energy use in fattening stage, type of energy used in pig housing and slaughtering, and water use) since 1307 

literature values differ significantly. All of them were calculated with three different characterisation 1308 

methods, namely CML 2 Baseline 2000, EDIP 2003 and IMPACT 2002+. The only input parameter tested 1309 

which affected the results is energy use in the fattening stage. 1310 

A 1.6 Cederberg and Flysjo, 2004 1311 

This reports accounts for an environmental system analysis of three scenarios for future pig farming 1312 

systems in Sweden. The three scenarios are focused upon A) Animal welfare; B) Environment and C) 1313 

Product quality at low prices. The purpose of the study is to gain further knowledge about the 1314 

environmental impacts of different future farm production systems of pig meat and to illustrate 1315 

environmental benefits and disadvantages that are integrated in the production systems. 1316 

Life Cycle Assessment (LCA) is the principal method for the environmental assessment. The functional 1317 

unit (FU) in the study is ´´one kg of bone-and fat free meat``. The systems analysed include all phases in 1318 



 

 

the life cycle of fertilisers, feed products, seed, diesel and pesticides. Transport steps are also taken into 1319 

account. Buildings, machinery and medicines are not included. Allocation is done on an economic basis 1320 

and in sensitivity analysis alternative allocation methods are tested. Data were collected for different 1321 

future pig farming systems with the aid of expert opinion, yield trend data and application of future 1322 

techniques in the production systems. 1323 

Chosen impact categories were: Use of energy, non-renewable resources and land; Toxicity (pesticide 1324 

use), Climate change, Acidification, Eutrophication, Photo-Oxidant Formation. 1325 

The use of energy was 16.1 MJ/FU in scenario A, 14.7 MJ/FU in B and 18.4 MJ/FU in C. the lower energy 1326 

requirement in A and B was mainly due to the difference in feeding strategy; in these scenarios more 1327 

than 90% of the protein feed was locally cultivated in contrast to scenario C where all protein feed was 1328 

imported. The higher energy use in A in comparison with B was due to a lower piglet production per sow 1329 

and higher feed consumption in A, and extra requirements for the field work associated with the sows´ 1330 

outdoor grazing period. 1331 

A high proportion of the use of ressource phosphorous in scenarios A and C was explained by the 1332 

consumption of mineral feed in these scenarios. By introducing the enzyme phytase in B, the 1333 

consumption of new phosphorous could be kept at a very low level in this scenario. The positive effect 1334 

of addind phytase in the feed was evident when evaluating the farm gate balances in the three 1335 

scenarios; no P-surplus was found on farm B. 1336 

The total yearly land use varied between 11.3-13.5 m2 per FU. Scenario A required the largest grass area 1337 

due to the sows` grazing period and B had the lowest land use. 1338 

In scenario B (environment), there was a very conscious strategy to reduce pesticide use by measures 1339 

such as a diversified crop rotation (due to altered protein feeding in comparison with C) and the practice 1340 

of mechanical weed regulation. The use of pesticides per ha was halved on the pig farms in scenario B in 1341 

comparison with C. in the whole life cycle of pig meat, the use of pesticides was only 40% in B in 1342 

comparison with C. 1343 

The total emissions of greenhouse gas varied between 3.6 – 4.4 kg CO2-eq/FU and scenario B had the 1344 

lowest input. Emissions of nitrous oxide (N2O) is the dominant greenhouse gas emission in pig 1345 

production. The positive outcome for B was mainly an effect of the lower need for fossil fuel in this 1346 

scenario.  1347 

The total potential acidification of pig meat production is highly correlated to ammonia emissions. The 1348 

use of modern technique filtering the ventilation air in the pig houses as well as an efficient technique 1349 

for manure spreading led to a significantly lower acidification potential for scenario B. 1350 

Nitrate leaching from arable land is the most important nutrifying emission. The calculated leaching per 1351 

ha was relatively low in the three scenarios. The leaching per FU was lowest in B due to a combination of 1352 

high yields and high feeding efficiency. 1353 



 

 

Improving pig meat production from an environmental perspective is very much a question of improving 1354 

feed production. When protein feed crops are cultivated in integration with grain crops, a diversified 1355 

crop rotation can be created and this is an important preventive measure for keeping pesticide use at a 1356 

low level. Locally/regionally produced protein feed reduce the use of fossil fuel and emissions of CO2, 1357 

NOX and SO2.  New techniques for pig manure handling are careful planning and application of the 1358 

manure in the crop rotation can significantlyreduce emissions of reactive nitrogen. A mixed livestock 1359 

farming system with proper balance between animals and fodder crops has good opportunities to 1360 

minimise nutrient losses and ressource use while maintaining high yields and good production quality.  1361 

A 1.7 Williams et al., 2006 1362 

The research addresses key questions underpinning the development of sustainable production and 1363 

consumption systems based on domestically produced agricultural and horticultural commodities. It 1364 

quantifies resource use and environmental burdens arising from the production of ten key commodities 1365 

and delivers accessible models that enable resource use and emissions arising from various production 1366 

options in England and Wales to be examined in detail. The commodities examined are: bread wheat, 1367 

potatoes, oilseed rape, tomatoes, beef, pig meat, sheep meat, poultry meat, milk and eggs. 1368 

The overall research aim agreed with Defra was to model the environmental burdens and resource use 1369 

involved in producing ten agricultural and horticultural commodities using the principles of Life Cycle 1370 

Assessment (LCA), and to deliver these models in a user-accessible form such as Microsoft Excel. The 1371 

specific project objectives were to identify and define the major productions systems in England and 1372 

Wales and the related process flow charts, to establish the relevant mass and energy flows and other 1373 

necessary data and their uncertainties, to code the LCA models in a package, such as Microsoft Excel, 1374 

with all the main data readily accessible and published, to use the LCA model to analyse these 1375 

production systems and demonstrate that the model can compare production systems and can identify 1376 

high risk parts the systems, and to publish and publicise the research outputs. 1377 

All inputs into on-farm production for each commodity were traced back to primary resources such as 1378 

coal, crude oil and mined ore. All activities supporting farm production, such as feed production and 1379 

processing, machinery and fertiliser manufacture, fertility building and cover crops, were included. The 1380 

system included soil to a nominal depth of 0.3 m. Where appropriate (tomatoes, potatoes), 1381 

commodities were defined as national baskets of products, for example tomato types such as loose and 1382 

on-the-vine tomatoes, each included as their proportion of national production. Abiotic resources used 1383 

(ARU) were consolidated onto one scale based on relative scarcity. Individual emissions, such as carbon 1384 

dioxide (CO2) and nitrous oxide (N2O), were quantified and aggregated into impacts for global warming 1385 

(GWP), eutrophication (EP) and acidification (AP). Organic production systems wer analysed for each 1386 

commodity, as well as variations on non-organic (or contemporary conventional) production. 1387 

Interactions between inputs, outputs and emissions were represented by functional relationships 1388 

derived from process models wherever possible, so that as systems are modified they respond 1389 

holistically to specific changes. For example, crop yields and nitrogen supply, dairy cow diet formulation 1390 

and milk yield, and grass productivity, emissions, animal grazing and fertiliser applications are 1391 



 

 

functionally related. Process simulation models were also used to derive the long term outcomes of 1392 

nitrate leaching, soil, crop type and nitrogen supply. 1393 

Results. Care is needed in comparing commodities as they have different nutritional properties and fill 1394 

different roles for consumers. The results for plant commodities are shown in Table A1.3, and those for 1395 

animal commodities in Table A1.4. 1396 

Table A1.3 The main burdens and resources used arising from the production of field and protected 
crops in the current national proportions of production systems (with the current organic share 
shown in parenthesis). 

Impacts and resources used per t Bread wheat 
(0.7%) 

Oilseed rape 
(0%) 

Potatoes 
(1%) 

Tomatoes 
(3.6%) 

Primary energy used, GJ 2.5 5.4 1.4 130 

GWP100, t CO2 (1) 0.80 1.7 0.24 9.4 

Eutrophication potential, kg PO4
-3 3.1 8.4 1.3 1.5 

Acidification potential, kg SO2 3.2 9.2 2.2 12 

Pesticides used, dose-ha 2 4.5 0.6 0.5 

Abiotic ressource used, kg antimony 1.5 2.9 0.9 100 

Land use (Grade 3a), ha 0.15 0.33 0.030 0.0030 

Irrigation water, m3   21 39 

 1397 

The relationship between energy use and global warming gas emissions in agriculture contrasts with 1398 

most other industries. N2O from the nitrogen cycle dominates GWP from field crops, contributing about 1399 

80% in wheat production (both organic and non-organic). In addition, methane from livestock 1400 

production, particularly from beef, sheep meat and milk, is a global warming gas emission not related to 1401 

energy use. About 97% of the energy used in tomato production is for heating and lighting to extend the 1402 

growing season Because energy use is almost identical for all tomato production systems per unit area, 1403 

the highest yielding tomatoes (non-organic, loose, classic or beefsteak) incur lower burdens than all 1404 

other types of tomato.  1405 

Table A1.4 The main burdens and resources used in animal production in the current national 
proportions of production systems (with the current organic share shown in paranthesis) 

Impacts and resources used per t 
of carcass, per 20000 eggs or per 
10m3 milk 

Beef 
(0.8%) 

Pig meat 
(0.6%) 

Poultry 
meat 
(0.5%) 

Sheep 
meat 
(1%) 

Eggs 
(1%) 

Milk 
(1%) 

Primary energy used, GJ 28 17 12 23 14 25 

GWP100, t CO2 16 6.4 4.6 17 5.5 10.6 

Eutrophication potential, kg PO4
-3 158 100 49 200 77 64 

Acidification potential, kg SO2 471 394 173 380 306 163 

Pesticides used, dose ha 7.1 8.8 7.7 3.0 7.7 3.5 

Abiotic resorce use, kg antimony 36 35 30 27 38 28 

Land use       

   Grade 2, ha 0.04   0.06  0.22 

   Grade 3a, ha 0.79 0.74 0.64 0.49 0.67 0.98 

   Grade 3b, ha 0.83   0.48   



 

 

   Grade 4, ha 0.67   0.38   

 1406 

On the livestock side, poultry meat production appears, however, the most environmentally efficient, 1407 

followed by pig meat and sheep meat (primarily lamb) with beef the least efficient. This results from 1408 

several factors, including: the very low overheads of poultry breeding stock (c. 250 progeny per hen 1409 

each year vs one calf per cow); very efficient feed conversion; high daily weight gain of poultry (made 1410 

possible by genetic selection and improved dietary understanding). 1411 

Poultry and pigs consume high value feeds and effectively live on arable land, as their nutritional needs 1412 

are overwhelmingly met by arable crops (produced both here and overseas). Ruminants can digest 1413 

cellulose and so make good use of grass, both upland and lowland. Much of the land in the UK is not 1414 

suitable for arable crops, but is highly suited to grass. One environmental disadvantage, however, is that 1415 

ruminants emit more enteric methane. This contributes to the ratios of GWP produced to primary 1416 

energy consumed, being about 50% higher for ruminant than pig or poultry meats. Unlike most of 1417 

industry and domestic activity, the GWP from agriculture (excluding protected cropping) is dominated 1418 

by N2O, not by CO2 from fuel use. N2O contributes about 80% to GWP in wheat production (both organic 1419 

and non-organic). The N2O contribution falls to about 50% for potatoes as much fossil energy goes into 1420 

cold storage. Because the underlying driver is the nitrogen cycle, the GWP of crop production is 1421 

relatively similar across contrasting productions systems, including organic. In contrast, CO2 from the use 1422 

of natural gas and electricity in tomato production is the dominant contribution to GWP. 1423 

The balance of global warming gas emissions and fossil fuel consumption is thus quite different from 1424 

most industries. In agriculture, N2O dominates, with substantial contributions too from methane. 1425 

Consequently, a carbon footprint inadequately describes agriculture; it has a carbon-nitrogen footprint. 1426 

Indeed, the nitrogen fluxes in agriculture (and other types of land) also contribute to eutrophication and 1427 

acidification. The majority of environmental burdens arising from the production of agricultural food 1428 

commodities arise either directly or indirectly from the nitrogen cycle and its modification, in organic 1429 

and non-organic systems. 1430 

Analyses of organic and non-organic production. About 27% less energy was used for organic wheat 1431 

production compared with nonorganic, but there was little difference in the case of potatoes. The large 1432 

reduction in energy used by avoiding synthetic N production is offset by lower organic yields and higher 1433 

inputs into field work. GWP is only 2-7% less for organic than non-organic field crops, reflecting the need 1434 

for N supply to equal N take-off and the consequent emissions to the environment as nitrous oxide to air 1435 

and nitrate to water. Most organic animal production reduces primary energy use by 15% to 40%, but 1436 

organic poultry meat and egg production increase energy use by 30% and 15% respectively. The benefits 1437 

of the lower energy needs of organic feeds is over-ridden by lower bird performance. More of the other 1438 

environmental burdens were larger from organic production, but abiotic resource use was mostly lower 1439 

(except for poultry meat and eggs) and most pig meat burdens were lower. GWP from organic 1440 

production ranged from 42% less for sheep meat to 45% more for poultry meat. Land use was always 1441 

higher in organic systems (with lower yields and overheads for fertility building and cover crops), ranging 1442 

from 65% more for milk and meat to 160% for potatoes and 200% more for bread wheat, but the latter 1443 



 

 

is a special case as only part of a crop meets the specified bread-making protein concentration. Organic 1444 

tomato yields are 75% of non-organic. Thus, the lowest yielding organic, onthe-vine, specialist tomatoes 1445 

incur about six times the burden of non-organic, loose classic. 1446 

Other analyses showed that: 1447 

1. Breeding a new variety of wheat that increases yield by 20% could reduce energy use by 9%. 1448 

2. The choice of indoor or outdoor sow housing has a negligible effect on pig meat burdens. 1449 

3. Free range (non-organic) poultry increases energy use for meat by 20% and for eggs by 15%, 1450 

compared with all housed production. 1451 

4. If beef production were to based 100% on beef cows (i.e. no calves from the dairy herd), energy use 1452 

would increase by 50%. 1453 

5. Tomato burdens can be reduced by 70% if the proportion of CHP used is increased nationally to 100% 1454 

from the current 25%. 1455 

The analyses were assembled in Microsoft Excel spreadsheets. These allow users to change key variables 1456 

such as: the balance of organic and non-organic production at a national scale; N supply to crops; 1457 

balance of housing types in animal production; use of Combined Heat and Power systems (CHP) in 1458 

greenhouses. Alternative systems can thus be examined in detail. Default values representing the 1459 

current balance of production methods in England and Wales for all commodities are included, e.g. 1460 

national proportions of main production systems and sub-systems; fertiliser application rates. 1461 

Model access and future developments. The LCA model will be made available on the Cranfield 1462 

University website at: http://www.silsoe.cranfield.ac.uk (then search for IS0205 and LCA). Users will be 1463 

supplied with updates and invited to participate in a workshop. Development of the modelling continues 1464 

under project IS0222. The main activities include: development of versions suitable for analysis at both 1465 

farm and regional levels; inclusion of new commodities, such as sugar beet; and analysing the national 1466 

basket of food commodities. The latter implies accounting for interactions between commodity 1467 

production systems (for example, crop rotations) and considering land availability. The current model is 1468 

a life cycle inventory of commodity production and this will be progressed to produce a life cycle 1469 

assessment, for example viewing the relative importance of the burdens of producing commodities. 1470 

Conclusions 1471 

1. Nitrous oxide (N2O) is the single largest contributor to global warming potential (GWP) for all 1472 

commodities except tomatoes, exceeding 80% in some cases. 1473 

2. Organic field crops and animal products generally consume less primary energy than non-organic 1474 

counterparts owing to the use of legumes to fix N rather than fuel to make synthetic fertilisers. 1475 

Poultry meat and eggs are exceptions, resulting from the very high efficiency of feed conversion in 1476 

the non-organic sector. 1477 

3. The relative burdens of GWP, acidification potential (AP) and eutrophication potential (EP) between 1478 

organic and non-organic field-based commodities are more complex than energy and organic 1479 

production often incurs greater burdens. 1480 

4. More land is always required for organic production (65% to 200% extra). 1481 



 

 

5. All arable crops incur smaller burdens per t than meats, but all commodities have different nutritional 1482 

properties and energy requirements beyond the farm, so care must be taken in comparisons. 1483 

6. Ruminant meats incur more burdens than pig or poultry meats, but ruminants can derive nutrition 1484 

from land that is unsuitable for the arable crops that pigs and poultry must eat. 1485 

7. Heating and lighting dominate the burdens of tomato production; but maximising the national use of 1486 

CHP could reduce the primary energy consumption by about 70%. 1487 

8. Non-organic, loose classic tomatoes incur the least burdens and they increase progressively and 1488 

definably towards organic, on-the-vine specialist types. 1489 

9. The model has been used to inform other research projects and is well placed to analyse variations in 1490 

existing production systems as well as being readily developed for new systems or commodities. 1491 

10. The model can be accessed via the Cranfield University web site at www.cranfield.ac.uk (then search 1492 

for IS0205 and LCA). 1493 

A 1.8 Nielsen et al., 2008 1494 

Background, Aims and Scope. Many feed ingredients are not fully digested by livestock. However, the 1495 

addition of digestibility-improving enzymes to the feed can improve the absorption of e.g. energy and 1496 

protein and thereby enhance the nutrient value of the feed. Feed production is a major source of 1497 

environmental impacts in animal production, and it is obvious to assume that enzyme supplementation 1498 

can help to reduce the environmental impact of animal production. The purpose of the study is, 1499 

therefore, to assess and compare the environmental burdens of the supplements and compare them 1500 

with the savings made when enzymes are used in animal production. The properties of enzymes vary 1501 

considerably and the study takes as its starting point a particular enzyme product, Ronozyme WX CT. 1502 

Ronozyme WX CT is a xylanase which depolymerises xylans (a group of dietary fibres found in cereal cell 1503 

walls) into smaller units. The product is a widely accepted means of improving the energy value and the 1504 

protein digestibility of pig and poultry feed. The study relates to Ronozyme WX CT used for fattening 1505 

pigs produced in Denmark. 1506 

Methods. Lifecycle assessment is used as the analytical method,and Ronozyme WX CT production and 1507 

reductions in feed consumption are modelled using SimaPro 7.0.2. Data on Ronozyme WX CT production 1508 

are derived from Novozymes' production facilities in Denmark. Other data are derived from the 1509 

literature and from public databases. Changes in feed consumption are determined by modelling in 1510 

AgroSoft® feed optimisation software. Guidelines from the Intergovernmental Panel on Climate Change 1511 

(IPCC) are used to estimate reductions in the emission of greenhouse gases resulting from reduced 1512 

manure generation and changed manure composition. 1513 

Results. The study shows that the use of Ronozyme WX CT to increase the nutritional value of pig feed is 1514 

justified by major advantages in terms of reduced potential contribution to global warming, acidification 1515 

and photochemical ozone formation and reduced use of energy, and in most cases also nutrient 1516 

enrichment and use of agricultural land. Ronozyme WX CT (xylanase) is often used together with 1517 

Ronozyme P5000 CT (phytase) and together the two products can contribute considerably to reducing a 1518 

broad range of environmental impacts from pig production. 1519 



 

 

Discussion.  Reduced contribution to acidification and nutrient enrichment is partly driven by reduced 1520 

feed consumption and partly reduced N-emissions with manure resulting from reduced protein content 1521 

of the feed. Sensitivity analyses of a range of parameters show that the observed advantages are 1522 

generally robust although exact magnitudes of environmental advantages are associated with much 1523 

variation and uncertainty. It should, however, be noted that changes (e.g. of feed prices) may turn 1524 

contributions to nutrient enrichment and use of agricultural land into trade-offs. 1525 

Conclusions. Improvement of energy and protein value of pigfeed by application of Ronozyme xylanase 1526 

and following feed savings reduces impact on environment per unit of pig-meat produced, and the 1527 

enzyme product contributes to a sustainable development the Danish pork meat supply. 1528 

Recommendations. Digestibility-improving enzymes are a promising means of reducing the 1529 

environmental impact of pig production. The greenhouse gas reducing potential of Ronozyme WX CT in 1530 

Danish pig production has been estimated at 5% and in the order of 4 million tons of CO2 equivalents if 1531 

the results are extended to the whole of Europe. Use of Ronozyme WX CT is driven by overall cost 1532 

savings in animal production, and it is therefore recommended that digestibility-improving enzymes are 1533 

given more attention as a cost-efficient means of reducing greenhouse gas emissions. 1534 

A 1.9 Perez, 2009 1535 

This research investigated the environmental impact of the pig production chain by modelling 1536 

contrasting scenarios. Life Cycle Analysis (LCA) and scenario analysis methodologies were used to reveal 1537 

the main opportunities to improve sustainability. Pig production systems were modelled in two 1538 

countries (The UK and Mexico), each with a standard production system and on alternative system. This 1539 

gave four scenarios which were different in the degree of integration that exist between pig and crop 1540 

production and were then specified in detail to allow for comparison of environmental impact. This 1541 

study used two strategies to analyse the four scenarios: A pre-assessment facilitated the construction of 1542 

the system boundary and clarified the processes and commodities which should be included in the Life 1543 

Cycle Inventory (LCI). A hybrid-LCA method combined a detailed collection of environmental burdens (e-1544 

burdens) from the main sources (process-LCA) and a broad compilation of e-burdens from indirect 1545 

sources (Economic Input Output-LCA). The pre-assessment, conducted as a general LCA, explored novel 1546 

techniques to construct the system boundary and explore the supply chains in detail. This step clarified 1547 

the importance of the supply chains of different commodities that are used in the pig farm. The 1548 

importance of previously reported commodities and processes that mainly contribute to the 1549 

environmental impact, i.e. feed consumption and manure fermentation were confirmed. Novel findings 1550 

included the importance of the environmental impacts of goods and services, i.e. machinery, 1551 

equipment, disinfectants and medicines, that have negligible weight in the impact of environmental 1552 

indicators that are traditionally analysed (global warming, acidification and eutrophication). The 1553 

inclusion of novel indicators, such as ozone depression and ecotoxicity to water and soil, demonstrated 1554 

the importance of including in the LCA those commodities and indicators that have been excluded in 1555 

many previous studies on the sustainability of pig production. Subsequently, the hybrid-LCA method 1556 

allowed the expansion of the system boundary of the LCA in a detailed evaluation of each scenario. 1557 

Results showed the UK scenarios to be superior in management of nutrient flow, by manure 1558 



 

 

management and good agricultural practice. Opportunities to capture methane and recycle nutrients for 1559 

crop production in the Mexican scenarios were highlighted. In contrast, reduction in machinery and 1560 

equipment use and fuel consumption were the main opportunities which emerged for the UK scenarios. 1561 

In addition, specific opportunities to reduce the environmental impact of different pig supply chain 1562 

sectors were identified in each scenario. In conclusion, the EIO-LCA method allowed for an extension of 1563 

the traditional system boundary of the LCA, to encompass those e-impacts that have not been included 1564 

in previous studies. The contrasting of different scenarios allowed emphasis to be placed on 1565 

opportunities to reduce environmental impact of pig production by highlighting the main challenges in 1566 

each case. This avoids the controversial issue of denoting a set of specific e-impacts that then favour one 1567 

production system over another. 1568 

A 1.10 Stephen, 2011 1569 

A Life Cycle Assessment (LCA) was developed to evaluate the environmental impacts of producing 1 kg 1570 

pig live weight. A comparison was made between dietary protein sources, i.e. imported soybean meal 1571 

with the UK protein sources (1) peas, (2) beans and (3) lupins. A holistic approach was used and the LCA 1572 

was developed using several sub-models to include all processes within the system boundaries for pigs 1573 

grown from 12 kg to 106 kg. Two UK sites were modelled, East Anglia and Yorkshire, each with individual 1574 

site conditions and a comparison of the two sites was included using a common soil type present at both 1575 

sites. A Brazilian corn-soya rotation was simulated for the production of soybean meal. Individual soil 1576 

and climate conditions were defined at each site and two fertilizer scenarios were modelled: synthetic 1577 

and slurry. The environmental impacts assessed were (1) Global Warming Potential (GWP), (2) 1578 

Eutrophication and (3) Acidification. Differences occurred between diet and sites but also between 1579 

fertilizer scenarios. It was concluded that the GWP per kg pig in the slurry fertilizer scenario are 1580 

consistently higher. The bean based diets resulted in the lowest GWP ranging from 1.85 to 2.67 kg CO2 1581 

equivalent100 and the soya based diets with the highest GWP per kg pig, 2.52 to 3.08 kg CO2 1582 

equivalent100. Diet production contributed the most to GWP per kg pig, i.e. 63.9 – 78.5 %. Transport 1583 

contributed approximately 1% to GWP in the home grown diet scenarios but in the soya based diets this 1584 

was on average 3 %. Eutrophication potentials were higher in the synthetic fertilizer scenario. The lupin 1585 

based diets consistently had the highest eutrophication potential, 0.056 – 0.133 kg PO4 equivalent in 1586 

both fertilizer scenarios. Whereas the pea based diets were consistently associated with the lowest 1587 

eutrophication potential, 0.049 to 0.103 kg PO4 equivalent. The soya based diets were associated with 1588 

the highest acidification potential, 0.054 to 0.129 kg SO2 equivalent in both fertilizer scenarios. The 1589 

results were weighted from the lowest to highest results for each impact category for each diet scenario 1590 

at each site. The conclusion is that the bean based diets have the lowest and the soya based diets have 1591 

the highest environmental impacts per kg pig. Both the pea and lupin based diets were concluded to 1592 

have equal environmental impacts per kg pig. 1593 

A 1.11 Jones and Cherruault, 2011 1594 

The Earth’s climate is changing, with a scientific consensus that global warming is a serious threat to our 1595 

planet, and that human activity especially from the release of Green House Gases (GHG) from the 1596 

burning of fossil fuels is the principle cause1. The UK government has now set a national target to 1597 



 

 

reduce all greenhouse gas emissions by 80% by 20502. In the meantime, the world population is 1598 

increasing rapidly and set to pass 8 billion by 2030. As a result, a range of solutions is needed if the 1599 

world population is to be fed equitably and sustainably i.e. adapting to climate change and mitigating 1600 

other severe environmental impacts including respects to animal welfare3.Within this context, Midland 1601 

Pig Producers (MPP) is planning to develop a groundbreaking new farm at Foston (Derbyshire, UK). The 1602 

farm will draw on best practice standards from around the world, uniquely combining them into a site 1603 

which will aim to be self-sustaining, reduce food production GHG emissions by increasing production 1604 

efficiency and improve the resilience of the farming industry by mitigating external factors such as 1605 

volatile weather, yields and food prices while respecting animal welfare best practices.As part of its 1606 

environmental commitments, MPP commissioned Sustain Ltd to carry out a comparative study of the 1607 

main environmental impacts of producing pig meat at the planned Foston farm and a defined (following 1608 

BPEX and DEFRA guidelines) typical outdoor breeding farm (or comparison farm) where the sows and 1609 

weaners live outdoors. In this system the finishing and fattening stages occur indoors. The Foston farm 1610 

is an indoor breeding system. The new farm at Foston will follow a large scale sustainable model, which 1611 

will include locally grown or bought in animal feed, anaerobic and bio-gas digesters, water efficiency 1612 

measures, recycling of most materials and an aim for nitrate neutrality. The project is well aligned with 1613 

the UK current national, regional and sectoral policies on climate change mitigation, waste reduction 1614 

and renewable energy generation. The study followed a Life Cycle Assessment (LCA, ISO 14040) 1615 

approach. The approach takes a systematic view of the supply chain from raw material extraction 1616 

through to the final disposal of the product. This approach crucially prevents decisions being made 1617 

which may shift the environmental burden up and down the supply chain. LCA takes a systems 1618 

perspective and can quantify multiple environmental categories. A specific comparative model was 1619 

created for the study to capture the GHG emissions over the life cycle phases of the pork production for 1620 

the two farms. The model was built from BPEX figures, literature resources, DEFRA funded research, 1621 

established Foston farm plans, discussions with MPP and Sustain previous relevant research work in the 1622 

sector and available in the public domain. The study compared the main environmental impacts of pig 1623 

farming for the two farms namely: 1624 

• Global Warming Potential (GWP): GHG emissions and contribution to climate change 1625 

• Eutrophication: Damage to water resources such as lakes and rivers 1626 

• Acidification: Quality reduction of soil through its acidification. 1627 

The results of the comparative study have been expressed per kg of pork produced (i.e. not per kg of 1628 

pig) for the three main environmental impacts: 1629 

Table A 1.5 Environmental impacts expressed per kg of pork produced  

Parameter  Foston Farm Comparison Farm 

Global Warming Potential (kg CO2-e) 2.2 4.7 

Eutrophication Potential (kg PO4-e) 0.0215 0.0265 

Acidification Potential (kg SO2-e) 0.0349 0.0523 

 1630 



 

 

Key points: The nature of agricultural GHG emissions is very different from other sectors of the 1631 

economy such as electricity generation, transport, manufacturing etc. The principal greenhouse gas for 1632 

most industries is carbon dioxide (CO2) from fossil fuel combustion., while for agricultural systems 1633 

methane and nitrous oxide are the main GHGs. Determining these emissions is much more complex 1634 

than measuring CO2, and they are bound up in highly complex natural soil and animal microbial 1635 

processes.The final results show that the environmental impacts are lower for the Foston farm 1636 

compared to the alternative outdoor farming system, especially for GWP and acidification. The GWP of 1637 

the Foston farm was calculated at 2.2 kg CO2e per kg of pork produced, (compare to 4.7 kg CO2e for the 1638 

outdoor farm).The Eutrophication Potential of the Foston farm was calculated at 0.0215 kg PO4e per kg 1639 

of pork produced (compare to 0.0265 kg PO4e for the outdoor farm). The Acidification Potential of the 1640 

Foston farm was calculated at 0.0349 kg SO2e per kg of pork produced (compare to 0.0523 kg SO2e for 1641 

the outdoor farm). For the GWP, this is primarily due to the manure management system (slatted floor 1642 

and pit charge flush slurry management system) at Foston which result in low N2O emissions and the 1643 

anaerobic digestion and CHP plant capturing most of the methane emissions from the manure. For the 1644 

acidification, this is primarily due to the manure management system reducing the ammonia release on 1645 

soil compared to the outdoor farm system. 1646 

The main contributors to these impacts are the production of feed and the manure management. The 1647 

contribution from transport, energy and abattoir is much lower compared to the above for all 1648 

environmental impacts especially for the Foston farm.The GWP of the Foston farm can be further 1649 

reduced by exporting electricity and heat from a CHP plant hence displacing the need for national grid 1650 

electricity generation and natural gas consumption. 1651 

Impact of feed production: Per tonne of feed, the GWP and acidification potential of the Foston farm 1652 

feed mixture is lower. This is mainly due to the higher use of by-products from other industries. 1653 

However, the Eutrophication potential of the Foston farm feed mixture is slightly higher than the 1654 

alternative outdoor farm per tonne of feed. Per kg of pork, all environmental impacts are lower for the 1655 

Foston farm. This is primarily due to the reduced amount of food required for the pigs at Foston 1656 

compared to the outdoor farm. 1657 

For each of the environmental impacts, the Foston and outdoor farms describe similar trends when the 1658 

environmental impact are broken down by source. For the GWP potential, the main contributor is the 1659 

Feed production (around 50% on average between the two farms) and the manure management 1660 

(around 40% on average between the two farms). For the Eutrophication potential, the main contributor 1661 

is the feed production (around 75% on average between the two farms) and the manure management 1662 

(around 20% on average between the two farms). For the acidification potential, the main contributor is 1663 

the manure management (around 70% on average between the two farms) and feed production 1664 

(around 25% on average between the two farms). The contribution from energy, transport and the 1665 

abattoir is much lower compared to the feed production and manure management system for all 1666 

environmental impacts. 1667 



 

 

A 1.12 Stern et al., 2005 1668 

To study future, sustainable production systems, a stepwise method was used to create three future 1669 

scenarios for pig production based on different sustainability goals. The first scenario focused on animal 1670 

welfare and the natural behavior of the animals. The second targeted low impacts on the environment 1671 

and the efficient use of natural resources. The third scenario aimed at product quality and safety. Each 1672 

scenario fulfilled different aspects of sustainability, but there were goal conflicts because no scenario 1673 

fulfilled all sustainability goals. The scenarios were then parameterized. The environmental impact was 1674 

calculated using the life-cycle assessment (LCA) methodology, and the economic cost was calculated 1675 

from the same data set. The cost per kilo of pork was highest for the animal welfare scenario and similar 1676 

for the other two scenarios. The environmental scenario had the lowest environmental impact, and the 1677 

productquality scenario the highest. The results are discussed based on different future priorities. 1678 

A 1.13 Cederberg et al., 2005 1679 

Two scenarios for future pig meat production were constructed. The first was a "business as usual" 1680 

scenario, where the pig feed was based on domestic grain and imported soy-meal, and no efforts were 1681 

made to reduce pesticide use. The second scenario had a strong environmental focus, and both peas 1682 

and rapeseed were grown at pig-farm level to produce grain and protein feed. Preventive measures, 1683 

such as a more diverse crop rotation and mechanical weed control, were combined to reduce pesticide 1684 

use. The two scenarios were environmentally assessed by Life Cycle Assessment (LCA) and a pesticide 1685 

risk indicator model (PRI-Farm). The results showed environmentally sound possibilities to reduce 1686 

pesticide dependency and risks by using altered plant protection strategies in pig-feed production. 1687 

Organizing on-farm feed production so that protein feed crops are integrated with grain crops 1688 

contributes to a more diverse crop rotation. 1689 

A1.14 Zhu et al., 2004 1690 

The production and consumption chains of pork and Novel Protein Foods (NPFs) and their 1691 

environmental pressures have been compared using life-cycle assessment (LCA) in terms of 1692 

environmental pressures indicators.  We define two types of environmental pressure indicators: 1693 

emissions indicators and resource use indicators. We focus on five emission indicators: CO2 equivalents 1694 

for global warming, NH3 equivalents for acidification, N equivalents for eutrophication, pesticide use and 1695 

fertilizer use for toxicity, and two resource use indicators: water use and land use.  1696 

The results of LCA show that the pork chain contributes to acidification 61 times more than, to global 1697 

warming 6.4 times more than, and to eutrophication 6 times more than the NPFs chain. It also need 3.3 1698 

times more fertilizers, 1.6 times more pesticides, 3.3 times more water and 2.8 times more land than 1699 

NPFs chain. According to these environmental indicators, the NPFs chain is more environmentally 1700 

friendly than the pork chain. Replacing animal protein by plant protein shows promise for reducing 1701 

environmental pressures, in particular acidification. 1702 



 

 

A 1.15 Kool et al., 2009 1703 

The contribution of the animal production chain to the worldwide anthropogenic greenhouse gas 1704 

emissions has become an important issue in the Netherlands and internationally. This report is the result 1705 

of a study that responds to the demand for more insight in the contribution of greenhouse gas 1706 

emissions from processes and activities in the animal production chain, by focusing on conventional and 1707 

organic pork from Denmark, England, Germany and the Netherlands. The objectives of the study were: 1708 

1) to gain insight in the contribution of typical production systems to greenhouse gas emissions and the 1709 

contribution of each process and activity within the chains by means of an explorative carbon footprint 1710 

assessment; 2) to make an inventory of possible reduction options for the Dutch conventional and 1711 

organic production chains; and 3) to make a starting point for further methodology and protocol 1712 

development of carbon footprint assessments of animal products. The report gives an overview of 1713 

existing methods for assessing carbon footprints of agricultural products and basic information on the 1714 

methods that were used in this study, including descriptions of the functional unit, the pork production 1715 

chain, methods for allocating upstream emissions to co-products, and statistical uncertainty analysis. 1716 

The report also describes several scenarios for possible improvements of the carbon footprints. 1717 

The carbon footprint of conventional pork was estimated between 3.5 and 3.7 kg CO2eq per kg pork 1718 

(fresh meat after the gate of the slaughterhouse). None of the differences between the studied typical 1719 

farming systems in countries was within the statistical certainty range of more than 90%. The carbon 1720 

footprint of organic pork was estimated between 4.0 and 5.0 kg CO2eq per kg pork (Denmark and 1721 

Germany, respectively). The difference between conventional and organic was within a certainty range 1722 

of more than 90% for the Netherlands and Germany. The greenhouse gas emissions from land use and 1723 

land use change (LULUC) was calculated separately from the other greenhouse gas emissions that are 1724 

attributed to pork, because of methodological uncertainty. Nevertheless, the LULUC related emissions 1725 

are about 50% compared to the carbon footprints. So, besides competing for land use and the pressure 1726 

on biodiversity, the use of land for production of pork also has a major effect on greenhouse gas 1727 

emissions. Production of feed (crop growing, transport of crop products, processing crop products, 1728 

transport of raw materials and feed mixing) contributes roughly 50% - 60% to the carbon footprints of 1729 

conventional and organic pork. For most systems, the second most important source is methane 1730 

emissions from manure storage (12% to 17%). In systems with a substantial share of grazing (organic 1731 

systems in Denmark and England), the emissions from grazing are the second most important source. 1732 

In order of magnitude and certainty the most obvious reduction options for the carbon footprint of 1733 

conventional and organic pork are as follows: a) Digestion of manure, which reduces methane emissions 1734 

from manure storage and avoids greenhouse gas emissions from fossil fuels by generating energy; b) 1735 

Lowering the feed conversion rate, which reduces the amount of feed and nitrogen intake per produced 1736 

amount of pork, and hence the emissions from feed production, manure management and application 1737 

are reduced; c) The use of wet co-products in pigs’ rations; d) Improving slaughtering efficiency and 1738 

upgrading of pork co-products reduces the carbon footprint of pork, but increases the carbon footprint 1739 

of the co-products; e) Some alternative activities have a smaller effect on the carbon footprint of pork, 1740 

but can be certain reductions of greenhouse gas emissions; for example: covering uncovered liquid 1741 

manure silos; pumping liquid manure directly after production in a pig house to the storage outside 1742 



 

 

(silo); closing the cycle of raw material production; feed utilization, manure production and manure 1743 

application as much as possible; and adding value to the manure exported from the pig farm. f) Setting 1744 

limits on the carbon footprint when optimizing feed composition might realize a considerable reduction 1745 

of a particular feed but it is uncertain whether it causes a reduction on a world scale. 1746 

To enable comparison between results of different studies on carbon footprints of pork and to stimulate 1747 

methodology discussions and exchange of data, it is recommended to develop guidelines for carbon 1748 

footprint assessment of pork (and other animal products) with international partners to eventually make 1749 

an international protocol. As part of methodology development, it is recommend to analyze determining 1750 

issues for the ratio between pork and co-products at the slaughter house more detailed. Besides 1751 

development of methodology, effort should be put into obtaining representative data. 1752 

To increase the insight in the carbon footprints of pork from different pork production systems and the 1753 

possibilities for reducing the greenhouse gas emissions, it is recommended to assess the carbon 1754 

footprints of pork from real case pork production. Especially more insight is needed for feed 1755 

composition, origin and production of feedstuffs and pig production on farm level, because of their large 1756 

impact on the carbon footprint. The report closes by emphasizing that when assessing the sustainability 1757 

of pork production, the attention should not only be focussed on carbon footprints of pork, but other 1758 

aspects of sustainable pork production, for instance animal welfare and socio-economic aspects, should 1759 

be taken into account. 1760 

 1761 

A 1.16 Matlock et al., unknown 1762 

The goal of this study was to analyze water use in the U.S. pork industry using Life Cycle Assessment 1763 

(LCA) methodology. LCAs are quantitative analyses of complex systems for the evaluation of impacts and 1764 

risks associated with management decisions. LCA can be an effective tool for determining comparative 1765 

advantages of management strategies across specific environmental impacts of concern.  1766 

The environmental impact category that was used in this assessment to evaluate processes throughout 1767 

the pork supply chain was cumulative water use (gallons). This assessment was performed at two scales: 1768 

a cradle-to-grave scan-level analysis and a cradle-to-farm gate detail-level analysis. The Pig Production 1769 

Environmental Footprint Calculator (PPEFC) was enhanced with water consumption algorithms based on 1770 

data from peer reviewed scientific literature. The PPEFC was then utilized to estimate the lifecycle 1771 

inventory of water use.   1772 

Literature Review.  The goal of the literature review was to gather water use information for the U.S. 1773 

Pork Industry from field-to-gate. The findings from the literature review, together with discussions with 1774 

industry experts, were used to create the Life Cycle Inventory (LCI) and provided the input data needed 1775 

for the production system models. The literature review also provided the information used to create 1776 

water use algorithms for the PPEFC.  1777 

Review of the literature revealed that nearly 70% of the water footprint could be attributed to crop 1778 

irrigation water when using low resolution global datasets. The provenance of the feed crops can 1779 



 

 

drastically affect the associated blue water (available surface or groundwater that can be distributed to 1780 

and competed for by multiple end users) footprint of the crops, but spatially explicit feed crop water use 1781 

literature for the U.S. was rare. We were compelled to use NASS survey data and Farm and Ranch 1782 

Irrigation survey data to derive state level water consumption estimates for the most common feed 1783 

crops. Adequate literature was available for the major on-farm water use contributors such as drinking 1784 

water, cooling water and washing water. Higher resolution feed production LCAs and knowledge of the 1785 

feed provenance for specific operations will increase the accuracy of animal product footprints. 1786 

Scan-Level Life Cycle Assessment. The scan-level LCA was a cradle-to-grave water footprint analysis of 1787 

the production, distribution, and consumption of U.S. pork across 10 USDA production regions (Figure 1788 

ES.1). The functional unit for this assessment was a four ounce serving of undefined boneless pork 1789 

prepared for consumption by a U.S. consumer. 1790 

Overall, the U.S. pork water footprint was estimated to be 8.2 gal/4oz (0.031 m3/4oz) serving of 1791 

boneless pork with a total pork industry water use of 525,000,000,000 gal/yr (1,990,000,000 m3/yr) 1792 

when analyzed using a weighted ration (that is based on a nationally weighted crop production). As part 1793 

of the sensitivity/scenario analysis, each of the ten regions was analyzed with three scenarios; once with 1794 

the commodity swine rations, once with regionally sourced rations, and finally using a weighted ration 1795 

calculated using estimated contributions (that is mixtures) of commodity and regional feed consumption 1796 

by region to produce the most likely footprints for each region. 1797 

The feed ration footprint accounts for 83% to 93% of the entire pork supply chain footprint depending 1798 

on the feed source. This is mostly water used to irrigate crops in the field. Feed crop water footprints 1799 

can vary over 100 times in magnitude from one region to another. The second largest contributor to the 1800 

total water footprint was on-farm activities with 5% to 13%, while post-farm-gate activities contributed 1801 

2% to 4% of the total water footprint. There is opportunity at the consumer phase for post-farm gate 1802 

water savings through more efficient dish washing since dish washing makes up 90% of the consumer’s 1803 

water footprint and approximately 1% of the cradle-to-grave footprint. Ultimately, sourcing rain-fed 1804 

feed crops rather than irrigated feed crops would lead to the largest reduction in the pork industry’s 1805 

water footprint. 1806 

Detailed Life Cycle Assessment. This assessment was a cradle-to-gate (live swine ready for transport to 1807 

processing) analysis of the water footprint of U.S. pork production at a higher resolution than the scan-1808 

level. The functional unit for the detailed LCA was defined as one pound of swine (live weight) at the 1809 

farm gate. In this LCA, all scenarios used the same commoditized ration and its inherent water footprint. 1810 

The detailed analysis showed water use ranged 18.38-18.94 gal/lblive weight (0.153-0.158 m3/kglive 1811 

weight) across production strategies and regions. The tunnel ventilated barn water footprint was 1812 

consistently higher, followed by the drop curtain and then the hoop barn in each of the regions. It 1813 

should be noted that the differences between barn types was driven by the assumed cooling systems 1814 

used. For example, tunnel ventilated barns were assumed to use the most water based cooling systems 1815 

whereas hoop barns were assumed to have no water based cooling systems. Although the hoop barn 1816 



 

 

has been shown to use less water in hot regions, this may be misleading because animal performance is 1817 

likely to suffer during periods of extremely hot weather without dedicated cooling systems. 1818 

The greatest water footprint was from regions in the south (Regions 4, 6, and 9) due to the increased 1819 

use of water based cooling systems as a consequence of higher temperatures. When considering the 1820 

total water use by production phase, the Grow/Finish phase accounted for approximately 75% of the 1821 

footprint (including feed production) when compared to the sow and nursery life phases. The water 1822 

embodied in the feed drove the grow/finish phase to have a larger footprint since that life phase 1823 

required the most feed. The larger scale facilities had marginal decreases in water footprint due to 1824 

increases in piglets per litter, which distributes the sow’s footprint across more pigs, and improved 1825 

climate control efficiencies. 1826 

Overall the results show that rations account for approximately 90% of the cradle-to-gate water 1827 

footprint. Cooling water and washing water were not insignificant contributors to the water footprint, 1828 

but they are relatively small and are not likely to be easy opportunities for improved efficiency. Drinking 1829 

water is the second most significant contributor to the water footprint, and represents 9% of the total 1830 

cradle-to-gate water footprint and 87% of the on-farm water footprint. Therefore, improved on-farm 1831 

water efficiency techniques would have a significant impact on the total water footprint, especially 1832 

reductions in the amount of water wasted from drinking systems. As stated in the literature review, 1833 

replacing nipple drinkers with cup style drinkers placed at the appropriate height could reduce drinker 1834 

water use by 20-31% and thus reduce the cradle-to-gate water footprint by 1.8-2.7%. 1835 

A 1.17 Co-product allocation in life cycle assessment studies of pig farming systems 1836 

This exercise was conducted to establish the frequency with which different methodologies for co-product 1837 

allocation have been adopted in Life Cycle Assessment (LCA) studies of pig farming systems. This 1838 

document does not claim to be an exhaustive review. Original LCA studies were identified if cited in table 1839 

22 of the FAO report on LCA in monogastric supply chains (Macleod et al., 2013) which compared the 1840 

results of many known pig LCA models at that time. Studies other than these were only included if they 1841 

appeared under the search terms “Life Cycle Assessment Pork” or “Life Cycle Assessment Pig” for the time 1842 

period 2004-present in 2 academic databases: Scopus and Web of Science. Pig LCA studies which appeared 1843 

under these search terms but represented scenario testing (e.g. comparing the effect of different dietary 1844 

treatments on the environmental impacts of the system) on a previously published LCA methodology were 1845 

not included. In total 23 LCA studies which presented original LCA models of pig farming systems were 1846 

identified. Of the 23 studies, 19 are included in the analysis shown in table 1. Studies were excluded if the 1847 

allocation methodology adopted in some or all parts of the life cycle inventory was not clear (Vergé et al., 1848 

2009; Lesschen et al., 2011; Devers et al., 2012; Eshel et al., 2014).  1849 

A simple analysis of the co product allocation in these studies is shown in Table A1.6. LCA studies can 1850 

broadly be categorised as attributional or consequential in their modelling approach (e.g. Finnveden et 1851 

al., 2009). In consequential LCA models co product allocation is avoided through system expansion 1852 

(Weidema and Schmidt, 2010; Nguyen et al., 2011). Studies were classed as consequential in table 1 only 1853 

when allocation was avoided throughout the Life Cycle Inventory (LCI) using system expansion.  1854 

Attributional LCA studies of pig farming systems contain multi output processes which require co product 1855 



 

 

allocation in three main areas of their inventories: 1) the feed supply chain 2)  farm outputs (live weight 1856 

(LW) pigs for slaughter and manure) and 3) The slaughter house (if this is within the system boundary) 1857 

(e.g. Kool et al., 2009). The co product allocation methodology or the approach used to avoid allocation 1858 

for each of these areas of the LCI was identified for all studies.  1859 

Out of 19 studies analysed, 5 were found to be consequential models which avoided co product allocation 1860 

throughout the LCI, leaving 14 attributional studies which adopted co product allocation. Of the 14 studies 1861 

which utilised co product allocation, 11 used economic allocation in the feed supply chain, making this 1862 

the widely adopted modelling approach for the feed supply chain in pig farming LCA models. The 3 1863 

attributional studies which adopted biophysical allocation, based allocation in the feed supply chain on 1864 

different physical properties: gross energy content, N content and mass The potential problems in 1865 

avoiding allocation through system expansion or adopting a suitable biophysical methodology in animal 1866 

feed supply chains are well documented in the recent LEAP report for animal feed (LEAP, 2014).  1867 

Twelve of the 14 attributional studies avoided co product allocation between the LW gain in the pig and 1868 

manure either through system separation or system expansion. Of these 6 adopted a system expansion 1869 

approach whereby the application of manure to land replaced a certain amount of demand for the 1870 

production and application of inorganic fertilizer. A further 3 studies assigned the impact of manure 1871 

application to specific crops in the animal feed supply chain, reducing the inorganic fertilizer input to the 1872 

LCI of those crops. These two approaches are only subtly different and produce very similar outcomes. 1873 

Allocation is more easily avoided at this stage of the LCI as there is much more certainty that manure is  1874 



 

 

Table A1.6 – Summary of the allocation approaches adopted in Life Cycle Assessment (LCA) studies of pig farming systems. Studies were classed 1875 

as either consequential or attributional in their modelling approach. Studies were classed as either consequential or attributional in their modelling 1876 

approach. The allocation methodology adopted for the 3 stages of an LCI where allocation is most commonly required in LCA of pig farming 1877 

systems: feed supply chain, manure application and slaughter by products is shown in each case. 1878 

Study Functional Unit Consequential/
Attributional 

Allocation system - 
feed supply chain 

Allocation system -
manure application 

Allocation system -
slaughter by-products 

(Cederberg and 
Flysjö, 2004) 

1kg meat - fat + bone 
free 

Attributional Economic1 System separation (to 
crops) 

System separation (to 
edible carcass) 

(Basset-mens and van 
der Werf, 2005) 

1 kg Live Weight (LW) Attributional Economic System separation (to 
crops)  

N/A 

(Eriksson et al., 2005) 1 kg LW Attributional Economic System Separation 
(to crops)  

N/A 

(Williams, A.G. 
Audsley, E. Sandars, 
2006) 

1 tonne Carcass 
Weight (CW) 

Attributional2 Economic System Expansion 
(credits for reducing 
fertilizer application) 

System separation (to 
edible carcass) 

(Dalgaard et al., 
2007) 

1 kg CW Consequential System Expansion System Expansion  System Expansion 

(Cederberg et al., 
2009) 

1 kg CW Attributional Economic System separation (to 
animal production) 

System separation (to 
edible carcass 

(Kool et al., 2009) 1 kg CW Attributional Economic Biophysical allocation 
(based on active N 
content) 

Economic 

(Olea et al., 2009) 1 tonne LW Consequential System Expansion3 System Expansion  N/A 
(Halberg et al., 2010) 1 kg LW Consequential System Expansion System Expansion  N/A 
(Pelletier et al., 2010) 1 kg LW Attributional Biophysical (Gross 

Energy) 
System Separation 
(to animal 
production) 

N/A 

(Stone et al., 2010) 89 kg LW Attributional2 Biophysical (Mass) System Expansion 
(credits for reducing 
fertilizer application) 

N/A 

(Wiedemann et al., 
2010) 

1 tonne CW Consequential System 
expansion1,4 

System expansion System expansion 

(Nguyen et al., 2011) 1 kg CW Consequential System Expansion4 System expansion System expansion 



 

 

Study Functional Unit Consequential/
Attributional 

Allocation system - 
feed supply chain 

Allocation system -
manure application 

Allocation system -
slaughter by-products 

(Thoma et al., 2011) 4 oz Boneless Pork 5 Attributional Economic System Separation 
(to animal 
production) 

Economic 

(Weiss and Leip, 
2012) 

1 kg CW Attributional2 Biophysical (N 
content) 

System expansion System separation (to 
edible carcass) 

(Ogino et al., 2013) 115 kg LW Attributional Economic Economic N/A 
(Reckmann et al., 
2013) 

1 kg CW Attributional2 Economic System expansion System Separation (to 
edible carcass) 

(Cherubini et al., 
2015) 

1 tonne CW Attributional Economic System Expansion Biophysical (Mass) 

(Mackenzie et al., 
2015) 

1 kg CW Attributional2 Economic System expansion System separation (to 
edible carcass) 

 1879 

1. Comparison with an attributional approach based mass allocation included  1880 
2. System expansion used within an attributional LCA framework for manure application 1881 
3. Some instances of mass allocation included within the consequential framework in the feed supply chain 1882 
4. A comparison with an attributional approach based on economic allocation included 1883 
5. The results from cradle to farmgate for the function unit 1kg LW also included 1884 



 

 

used by farmers to reduce the inorganic fertilizer input to crop production. Three studies avoided 1885 

allocation by assigning all emissions from manure application to LW gain in the pigs. (Ogino et al., 2013) 1886 

used economic allocation to partition the inputs to the animal production between LW pigs and manure, 1887 

with 99.4% of burdens allocated to LW gain in the pigs. (Kool et al., 2009) used co product allocation to 1888 

partition the emissions from manure application between the LW pigs and crops in the feed supply chain 1889 

on the basis of “active N content” in the manure.  1890 

Of the 14 attributional LCA studies 5 had functional units of live weight and thus did not require any 1891 

consideration of the slaughterhouse. This left 9 attributional LCA studies which accounted for a carcass 1892 

yield at slaughter, of these 6 avoided co product allocation by assigning all upstream burdens in the LCI to 1893 

the edible carcass. Two studies adopted economic allocation which resulted in around 12% of upstream 1894 

burdens being allocated to the animal by-products produced besides fresh meat (Kool et al., 2009; Thoma 1895 

et al., 2011). A single study used mass allocation between output streams at the slaughter house with 1896 

13.1% of upstream environmental impacts assigned to edible offal and other by products  (Cherubini et 1897 

al., 2015). This was the only study to adopt a biophysical allocation methodology in the slaughterhouse. 1898 

Conclusions 1899 

 Economic allocation is the dominant strategy for co product allocation adopted in LCA studies 1900 

of pig systems in the animal feed supply chain.  1901 

 Most attributional LCA studies of pig systems avoid co product allocation between manure and 1902 

LW gain during pig production. Adopting system expansion approach to account for a reduction 1903 

in demand for inorganic fertilizers as a result of manure application was the most common 1904 

methodology used. 1905 

 Only 3 of the LCA studies reviewed actually adopted a methodology for co product allocation to 1906 

account for the multiple outputs from the slaughter house. Many attributional LCA studies of 1907 

pig production allocated all upstream burdens in the LCI to the edible carcass after accounting 1908 

for a kill out percentage. Two of the 3 studies which did use co product allocation in the 1909 

slaughterhouse adopted economic allocation. 1910 

 5 the 14 attributional LCA studies assessed used biophysical allocation at any point in the LCI; 3 1911 

adopted biophysical allocation in the feed supply chain, 1 between manure and LW gain in pigs 1912 

and 1 at the slaughter house. 1913 
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Appendix 2: Summary of available standards and specifications of LCA 2014 

methodologies for pig  production supply chain analysis. 2015 

A2.1 Introduction 2016 

This document was prepared as part of the Livestock Environmental Assessment and Performance 2017 

Partnership (LEAP) technical advisory group for swine. The intention of this document is to provide an 2018 

overview assessment existing standards and specifications that have created to guide lifecycle 2019 

assessment. This summary is a synopsis of a detailed evaluation performed by the European 2020 

Commission Joint Research Centre, Institute for Environment and Sustainability (Chomkhamsri and 2021 

Pelletier, 2011). That study considered seven product-specific and seven organization-specific 2022 

methodologies. This synopsis focuses only on the relevant product-specific methodologies: ISO 14044: 2023 

Environmental management -- Life cycle assessment -- Requirements and guidelines (ISO 14044:2006, 2024 

2006); ISO 14067: Carbon footprint of product (International Organization for Standardization, 2010); 2025 

ILCD: International Reference Life Cycle Data System (European Commission et al., 2010); Product and 2026 

Supply Chain Standards Greenhouse Gas Protocol (WRI/ WBCSD) (Bhatia et al., 2011); French 2027 

Environmental Footprint (BPX 30-323) (AFNOR, 2011); and UK’s Product Carbon footprint (PAS 2050) 2028 

(DEFRA, 2009). This document evaluated a wide range of methodological issues, including: applications 2029 

of LCA, target audience, functional unit, system boundary, cut-off criteria (materiality), impact 2030 

categories, data modelling and quality, primary and secondary data, allocation, biogenic carbon 2031 

emissions, direct and indirect land-use change, carbon sequestration, renewable energy, land 2032 

occupation, offsets, review and reporting, interpretation and uncertainty. 2033 

The ISO 14044 standard is the basis for remaining standards, and therefore all of them are largely in 2034 

agreement-certainly for all of the major points. However there are some points of divergence, which will 2035 

be summarized at the end of this document. 2036 

A2.2 Goal and Scope 2037 

All the extant methodological guidelines employ Life Cycle Thinking/approach in product evaluation. The 2038 

goal and scope (applications) of LCAs range from hotspot identification, to commodity analysis to 2039 

benchmarking for understanding and opportunities for improvement. All of the methodologies and 2040 

standards support improvement identification and benchmarking for the purpose of performance 2041 

tracking.  Only the WRI/WBCSD guidance does not support comparative assertion as defined in the ISO 2042 

14044 standard. It is considered important to allow sufficient flexibility to encompass this range of 2043 

potential reasons for conducting an LCA of swine systems.  2044 

A2.3 Target audience 2045 

The target audience is that group (individuals or organizations), identified by the authors of the study, 2046 

who rely on the study for decision-making. All the standards except for PAS 2050, which does not specify 2047 

requirements for communication, refer to both B2B and B2C communications (the BPX 30-323 standard 2048 

only refers to B2C communications). In general, the target audience should be explicit in the LCA report. 2049 



 

 

A2.4 Functional Unit 2050 

The functional unit describes the characteristic function (s) delivered by the system related to the 2051 

questions “what”, “how much”, “how well”, and “for how long”. Without identical functional units, 2052 

among other requirements, different LCA are not comparable.  All of the standards are clear that the 2053 

functional unit should be clearly defined, measurable and consistent with the project goal and scope. 2054 

A2.5 System Boundary Definition 2055 

Determination of the processes to be included in the LCA, based on the goal and scope of the study and 2056 

defined iteratively in order to identify and focus on the most relevant processes. In general the extant 2057 

protocols defined the system as beginning with raw material acquisition and concluding with end-of-life 2058 

and disposal. The WRI/WBCSD, PAS 2050, and ISO 14067 allow for both cradle-to-grave and cradle-to-2059 

gate studies, while the other protocols imply a full cradle-to-grave analysis is necessary. 2060 

A2.6 Materiality  2061 

The question of materiality is related to the cut off criteria chosen for the study -in particular, 2062 

specification of material or energy flows which are insignificant enough to be excluded from the system. 2063 

This is important in the context of providing appropriate balance between representativeness of the 2064 

model and data collection efforts by the practitioner. The standards all provide guidance regarding 2065 

lifecycle inventory or emissions which should not be neglected. The ISO 14044 standard and ILCD 2066 

guidance do not specify cut-off percentages, but do require a full description of the criteria used for cut-2067 

off flows (ISO 14044:2006, 2006). Typically the cut-off criteria are reported in terms of an estimated 2068 

percentage of materials or emissions which have been excluded. The PAS 2050 and French standard 2069 

require that all material contributions be included, and that 95% of all GHG emissions/impacts must be 2070 

accounted (British Standards Institution, 2011). The WRI WBCSD does not specify cut-off, but also 2071 

requires justification for exclusion of attributable processes and an estimation demonstrating the 2072 

process is insignificant as well as a reporting of the insignificance threshold (cut-off) to justify any 2073 

exclusion. 2074 

 A2.6.1 INFRASTRUCTURE 2075 

There is a range of approaches in accounting for capital infrastructure. It is a requirement of the French 2076 

standard that infrastructure associated with transportation be included. Infrastructure is considered a 2077 

non-attributable process by WRI/WBCSD, and is not mandatory, but if included shall be disclosed. PAS 2078 

2050 excludes capital goods, unless supplementary requirements have been established, in which case 2079 

those requirements should be adopted. In addition, the PAS 2050, allows for inclusion of capital goods 2080 

when a materiality assessment has been conducted which shows a significant contribution. 2081 

A2.6.2 ANCILLARY ACTIVITIES 2082 

The PAS 2050 explicitly excludes capital goods, human energy inputs, transport by animals, transport of 2083 

the consumer to and from retail, and employee commuting. The French standard excludes carbon 2084 

offsets, research and development, employee commuting, associated services (advertising or 2085 

marketing), and consumer travel to and from retail.  2086 



 

 

A2.7 Impact categories 2087 

Potential effects to the environment or human health or natural resource depletion that result from 2088 

activities of the system under study. The PAS 2050 and WRI/WBCSD protocols focus only on climate 2089 

change (including the effects of land-use change on GHG emissions -but reported separately); however 2090 

the remaining protocols recommend a wider range of impact categories.  BPX 30-323 follows the JRC 2091 

recommendations, with impact categories fixed by the product category. The LCD handbook (Joint 2092 

Research Centre, 2010) provides recommendations for the following impact categories (which is a 2093 

superset of the ISO 14044 categories):  Climate change, Acidification, Eutrophication, Ozone depletion, 2094 

Summer smog, Human toxicity (Respiratory inorganics, Carcinogens, Non-carcinogens), Land use 2095 

(includes biodiversity, land productivity), and Material and energy resource depletion.  2096 

A2.8 Biogenic Carbon/Methane 2097 

ISO 14044 does not provide specific guidance on biogenic carbon emissions. However, the remaining 2098 

standards are in fundamental agreement that both fossil and biogenic carbon emissions are included in 2099 

the analysis and should be reported separately. Regarding climate change impact, all of the guidelines 2100 

refer to the IPCC for characterization factors. In the most recent publication, biogenic methane has been 2101 

given a different global warming potential than fossil methane (Myhre et al., 2013). 2102 

A2.9 Carbon Sequestration / Delayed Emissions 2103 

This refers to either fossil or biogenic carbon which is removed from the atmosphere not re-released 2104 

(i.e., sequestered) to the atmosphere during the process itself or end-of-life disposal, but may be slowly 2105 

released over longer time periods. Chomkhamsri & Pelletier (Chomkhamsri and Pelletier, 2011) 2106 

suggested that ISO 14044 considers carbon storage and delayed emissions to be outside the usual scope 2107 

of study, this is explicitly stated by the ILCD handbook; however, if considered part of the study goal, 2108 

operational guidance is provided. It also differentiates temporary from permanent storage if guaranteed 2109 

for more than 10,000 years. ISO-14067, PAS 2050, and the WRI/WBCSD standards all require separate 2110 

reporting of temporary carbon storage. The WRI/WBCSD, PAS 2050, and French standards allow for 2111 

waiting factors in calculation of delayed emissions (reported separately). 2112 

A2.10 Land Use (direct LUC/indirect LUC) 2113 

This refers to emissions or sequestration of carbon associated with changes in land management 2114 

practices. As such, it is primarily relevant for its impact on climate change through its effect on the 2115 

greenhouse gas balance. ISO 14044 does not mention land-use change. The remaining documents all 2116 

rely on the IPCC guidelines, generally amortizing to products for 20 years after land-use change has 2117 

occurred.  2118 

The French standard and ISO 14067 indicate that indirect land-use change induced effects shall be 2119 

considered once there is an internationally accepted methodology. The ILCD handbook considers 2120 

indirect land-use change for consequential LCA, but, in agreement with PAS 2050, exclude iLUC from 2121 

attributional, product level LCA’s. The WRI/WBCSD protocol does not require indirect land-use change, 2122 

but if shown to be significant should be reported separately. 2123 



 

 

Land occupation, as an inventory item, is not specifically addressed by any of the standards. 2124 

A2.11 Emission Off-setting 2125 

In general, this refers to third-party greenhouse gas mitigation activities. These are discrete reductions 2126 

used to compensate for emissions elsewhere. ISO 14044 does not provide guidance on this topic; 2127 

however, all of the remaining methodologies do not allow including emission offsets in the calculations. 2128 

A2.12 Renewable energy 2129 

The principal concern associated with renewable energy in those standards which address it is 2130 

associated with the potential for double counting. ISO 14067 requires exclusion of renewable energy 2131 

sources if they have been claimed elsewhere. PAS 2050 provides guidance on avoiding double counting 2132 

associated with renewable electricity generation, and the French standard allows different energy 2133 

models provided the renewable electricity is not connected to the main grid. 2134 

A2.13 Multi-functionality/Allocation 2135 

When a unit process in the system provides more than one function, the inputs and emissions/impacts 2136 

need to be partitioned among all of the provided functions. All of the standards follow ISO 14044 in 2137 

recommending that allocation be avoided by system separation, if possible. The ILCD, WRI/WBCSD and 2138 

ISO 14067 adopt the ISO 14044 hierarchy. This may provide slightly more refined guidance, but the 2139 

preferential order of system separation followed by system expansion and then physical relationships 2140 

with economic value as the final option. The PAS 2050 standard allows for supplementary requirements 2141 

(e.g., PCR) to be used if up appropriately specified, prior to the economic value allocation. The French 2142 

standard switches the process of allocation based on physical relationships (mass, energy, etc.) with 2143 

system expansion, and leaves economic value allocation as the lowest priority choice. 2144 

A2.14 Data Quality Assessment 2145 

Data quality refers to the suitability of the data with regard to achieving the goal and scope of the study. 2146 

It is important to evaluate in order to ascertain the robustness of decisions which may be made on the 2147 

basis of the study results. The characteristics of data quality have been identified in part one of this 2148 

document as well as being detailed in the standards. The data quality requirements given by ISO 14044 2149 

include:  2150 

a) Time-related coverage: age of data and the minimum length of time over which data 2151 

should be collected; 2152 

b) Geographical coverage: geographical area from which data for unit processes should 2153 

be collected to satisfy the goal of the study; 2154 

c) Technology coverage: specific technology or technology mix; d) precision: measure 2155 

of the variability of the data values for each data expressed (e.g. variance); e) 2156 

completeness: percentage of flow that is measured or estimated; 2157 



 

 

f) Representativeness: qualitative assessment of the degree to which the data set 2158 

reflects the true population of interest (i.e. geographical coverage, time period and 2159 

technology coverage); 2160 

g) Consistency: qualitative assessment of whether the study methodology is applied 2161 

uniformly to the various components of the analysis; 2162 

h) Reproducibility: qualitative assessment of the extent to which information about 2163 

the methodology and data values would allow an independent practitioner to 2164 

reproduce the results reported in the study; 2165 

i) Sources of the data;  2166 

j) Uncertainty of the information (e.g. data, models and assumptions). 2167 

 2168 

ISO 14067 and PAS 2050 both adopt the ISO 14044 data quality assessment guidance. The ILC D and 2169 

WRI/WBCSD both make slight modifications referring to temporal, technological, and it geographical 2170 

representativeness and combining other categories into completeness and precision. The French 2171 

standard has a governance committee which advises on these issues as well as clarity, recognition, 2172 

transparency, format and updates. 2173 

A2.15 Primary/secondary data 2174 

Primary data refers to information which is collected as part of the current study, while secondary data 2175 

refers to data which may be available in existing lifecycle inventory databases or maybe collected from 2176 

published literature. There is general agreement among the standards that foreground processes, those 2177 

owned or operated by the study commissioner should be populated with primary data. The ILCD 2178 

recommends primary data for the main background processes as well. Secondary data is acceptable for 2179 

background processes, but is subject to the same data quality assessment requirements as primary data. 2180 

All of the standards acknowledge the utility of a data collection template for the project; however none 2181 

of them provide examples of templates. (Note: the LEAP guidance for the poultry sector includes a data 2182 

collection template as one of the Annexes). 2183 

A2.16 Uncertainty Analysis 2184 

In order to determine whether the apparent differences between the compared alternatives are real 2185 

(statistically significant), it is necessary to perform an assessment of the uncertainties accompanying the 2186 

results. Three main sources of uncertainty may be addressed (European Commission et al., 2010): 2187 

stochastic uncertainty; choice uncertainty; lack of knowledge of the studied system. However, detailed 2188 

guidance is lacking in all of the guidelines. The WRI/WBCSD and PAS 2050 provide guidance in separate, 2189 

supplementary documents while the French standard shifts the focus to sector specific working groups 2190 

and refers to ISO 14044. 2191 

As a practical matter, Monte Carlo analysis is generally the method used for determining the 2192 

propagation of input uncertainties to the environmental impacts reported; however, there may be 2193 

alternate methods that are appropriate for a given study. 2194 

  2195 



 

 

A2.17 Review of PCR and other Protocols for LCA of Cattle products 2196 

Organization and method INRA, ADEME 

AGRIBALYSE 

Date of publication 2013 

Developed by INRA, INRA, ART etc 

Products Co-products : all products generated by a process in addition to the main product 

Spent Sows, Piglets, and finished animals. May also include, depending on system 

boundaries, edible meat and non-edible products from manufacturing 

Objectives To contribute to environmental labelling of food products, 

To provide reference methodologies to the agricultural sector for LCA assessment 

and to guide mitigation strategies. 

Review panel Yes 

Public review/open 

consultation 

No 

Co-products Pigmeat, piglets (from breeding-only operations), and edible offal and products for 

rendering 

Functional unit  1 kg of live weight 

 

System boundaries  Cradle to gate 

Off-farm activities excluded 

Co-products from crop processing excluded 

Handling multi-functional 

processes (allocation) 

Bio-physical allocation based on physiological functions 

Spent Sows and Piglets: Bio-physical allocation 

 

Impact categories GHG emission (CC), resource depletion, fossil fuel energy demand, 

eutrophication, eco-toxicity, acidification, human toxicity, land use, land use 

change.  

Additional information Koch P. and Salou T., 2013. AGRIBALYSE ® : Rapport Méthodologique – 

Version 1.1. Mars 2014. Ed ADEME, Angers, France. 386 p. 

 2197 

2198 

Organization and method Greenhouse gas emission pig and chicken supply chain: a global life cycle 

assessments  

FAO 

Date of publication 2010 

Developed by FAO 

Products Meat 

Objectives To present the first comprehensive and disaggregated global assessment of emissions 

which enable the understanding of emission pathways and ho.tspots 

To quantify the main sources of GHG emissions fro m the pig and chicken sectors, 

and to assess the relative contribution of different production systems and products to 

total emissions. 

Review panel Yes 

Public review/open 

consultation 

No 

Co-products None (no alloction of slaughter by-products) 

Functional unit  1 kg of meat 

 

System boundaries  Cradle to retail 

Handling multi-functional 

processes (allocation) 

Biophysical allocation 

Economic allocation 

Impact categories GHG emission (CC) 

Additional information  



 

 

 

 

Organization and method Development of Carbon Calculator to promote low carbon farming practices 

Date of publication 2013 

Developed by EC, JRC, SOLAGRO 

Products Beef, dairy 

Objectives The aim of the Carbon Calculator is to assess GHG emissions from farming 

practices and to suggest climate change mitigation and sequestration actions at 

farm level. 

Review panel Yes 

Public review/open 

consultation 

No 

Co-products Meat 

Functional unit  A tonne of meat 

 

System boundaries  Cradle to farm gate 

Handling multi-functional 

processes (allocation) 

Economic allocation 

Mass allocation 

Allocation according to the production cycle 

Protein or energy allocation (meat and milk) 

Impact categories Climate Change 

Additional information  

Organization and method Earth sure Meat Environmental Product Declarations 

Date of publication 2006 

Developed by Earth sure Meat, IERE 

Products Meat 

Objectives To support the EPD; to learn more about environmental impacts of the product; to 

improve environmental performance 

Review panel Yes 

Public review/open 

consultation 

Yes 

Co-products Meat 

Functional unit  One pound of meat at the processing plant exit gate 

System boundaries  Cradle to plate 

Handling multi-functional 

processes (allocation) 

All impact allocated to meat 

Impact categories Climate Change, Stratospheric Ozone Depletion, Acidification, Eutrophication,  

Photochemical Smog, Aquatic Toxicity, Fossil Fuel Depletion, Mineral Resource 

depletion, Water Use, Antibiotic Use, Soil losses, Hormone Used,  Gene Modified 

Organisms 

Additional information  



 

 

Organization and method EPD, PCR Meat of mammals 

CPC 2111 and 2113 

Date of publication 2011 

Developed by EPD 

Products Meat of mammal: fresh or chilled 

Meat of mammal, frozen 

Objectives Environmental product declaration 

Review panel No 

Public review/open 

consultation 

No 

Co-products Meat, Milk, skin 

Functional unit  1 kg of meat in packaging.   

System boundaries  Cradle to grave 

Handling multi-functional 

processes (allocation) 

Economic allocation 

Process at slaughterhouse: Biophysical allocation 

Impact categories Climate Change, acidification, ozone depletion, eutrophication 

Additional information Ecological footprint 
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Organization and method World Food LCA Database (public release planned in the future) 

Date of publication 2014 

Developed by World Food LCA Database 

Products Agricultural products 

Objectives Environmental product declaration 

Review panel Yes 

Public review/open 

consultation 

No 

Co-products Meat and other non-animal products 

Slaughterhouse: high quality meat, low quality meat, fat, non-edible (skin), non-

edible (bones). 

Functional unit  1 kg animal, live weight at farm exit gate 

 

System boundaries  Cradle to farm gate 

Handling multi-functional 

processes (allocation) 

At slaughterhouse: Allocation based on dry matter basis for co-products 

(Agribalyse, Gac et al., 2012) 

Impact categories Climate Change, Acidification, Eutrophication, Land use and land use change 

Eco toxicity 

Additional information Ecological footprint, Water footprint 
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Appendix 3: Case Studies  2231 

In this appendix, a series of descriptions of a range of pig production systems are described. These 2232 

represent examples of small, medium and large scale systems. 2233 

A3.1 Highly Efficient Modern Intensive Pig Production 2234 

The purpose of this case study is to provide a description of highly efficient modern intensive pig 2235 

production.  For this purpose, key performance indicators from the top 10% of herds for sow productivity 2236 

and feed efficiency from the Teagasc e-Profit Monitor for 2014 are used (Table A3.1). 2237 

Replacement sows are normally first crosses of Dam line Large White and Landrace but crosses with other 2238 

dam lines of breeds such as Duroc are also sometimes used.  Terminal or meat/sire line sires (e.g. Large 2239 

White, Landrace, Duroc, Pietrain, Hampshire, composite breed) are used to breed pigs for slaughter.  Sow 2240 

weights range between 200 and >250kg.  Specialist genetic companies have nucleus units where purebred 2241 

Dam line and Sire line pigs are produced.  Multiplier units in the control of the genetics company are then 2242 

used to produce boars and gilts destined for sale to commercial producers.  However, for biosecurity 2243 

reasons, it is now almost always only semen for artificial insemination (AI) that is sold from these units to 2244 

commercial producers. 2245 

 2246 

Table A3.1. Key performance indicators for sow productivity, mortality, growth and feed efficiency on 2247 

top performing herds (Teagasc, 2015)  2248 

Sow productivity and mortality  Pig growth and feed efficiency from weaning to sale 

No. pigs produced per sow per year 28.7 Average weaning weight (kg) 7.0 

Litters per sow per year  2.41 Average live weight at sale (kg) 107.5 

Average weaning age (days ) 28 Average dead weight at sale (kg) 82.0 

Empty days per litter 7 Kill out (%) 76.3 

No. born alive per litter 13.44 Average daily feed intake (g) 1549 

No. born dead per litter 0.77 Average daily gain (g) 683 

Piglet mortality (%) 9.0 Feed conversion ratio (g/g) 2.27 

Weaner mortality (%) 1.23 Feed per pig weaning to sale (kg) 228.7 

Finisher mortality (%) 1.48   

Sow culling rate (%) 47.5   

Sow mortality (%) 3.7   

Feed per sow per year (tonnes) 1.33   

 2249 

Artificial insemination is used in up to 90% of services on commercial units and for this reason, as few as 2250 

one boar per 150 sows is now quite normal.  Sows farrow on a weekly basis and with ~2.4 litters per sow 2251 

per year, ~4.6% of the sow herd farrows every week.  On some smaller units batch farrowing is operated 2252 

and in such cases sows farrow down once every 3, 4 or 5 weeks, depending on the system. Pigs are 2253 

normally weaned between 21 and 28 days of age, with 28 days becoming more common.  At any one time 2254 

~18.5% of the sow herd will be lactating, with the remainder either pregnant or empty where sows are 2255 

weaned at 28 days of lactation.  At an annual culling rate of 47.5%, almost 20% of each week’s farrowings 2256 



 

 

will be made up of replacement gilts.  These gilts are either home produced using purchased Dam line AI or 2257 

purchased as maiden gilts from a specialist breeding company, the latter being much less frequent for 2258 

biosecurity reasons.  Once born, piglets remain with their mothers for 21 - 28 days, at which time they are 2259 

weaned abruptly. At this point they may be 1. Reared on the farm to the target slaughter weight, 2. Sold as 2260 

piglets [7 - 8kg live weight (LW)] to a specialist grow-finisher producer for finishing, 3. Reared on the farm 2261 

to 20 to 35kg LW before being sold to a specialist finisher producer for finishing. 2262 

Carcass weight at slaughter can vary greatly, depending on market requirements (e.g. 67kg in Portugal and 2263 

121.5kg in Italy) and whether male pigs are castrated or left entire.  The number of pigs 2264 

produced/slaughtered per sow per year in a high performing unit is 28 – 30 pigs. In our example it is 28.7 2265 

pigs, which can be calculated as [(number born alive per litter x litters per sow per year) *(1– mortality %)].  2266 

A highly efficient unit will use 2.27kg feed for every 1kg LW gained between weaning and slaughter [feed 2267 

conversion ratio (FCR) = 2.27].  In our example a pig consumes 228.7kg feed between weaning and 2268 

slaughter but this will depend on many factors, such as target slaughter weight, nutrient density of the diet 2269 

fed and health status of the herd.  Mortality on units can vary greatly depending on health status and 2270 

management level but in our example, annual sow mortality is 3.7%, piglet pre-weaning mortality is 9%, 2271 

while post-weaning mortality up to target slaughter weight is 2.71%.  Likewise, the number of piglets born 2272 

dead per litter can vary greatly, depending on litter size, health status of the unit and the level of unit 2273 

management but in our example it is 0.77 pigs per litter.  2274 

Most pig herds are housed indoors year round in specialist climate controlled facilities.  Gestating sows are 2275 

now loose housed using electronic feed systems, free access stalls or other types of loose housing systems.  2276 

During lactation, sows are generally housed in individual pens and confined in farrowing crates over a 2277 

slatted floor. Loose farrowing systems are now also gaining some traction in some EU countries.  After 2278 

weaning, pigs are grouped (10-100 pigs) and housed on slatted floors up to slaughter in the vast majority of 2279 

cases.  In some instances where straw is locally available, straw bedded floors may be used for gestating 2280 

sows and to an even lesser extent with weaner and finisher pigs.  The vast majority of pigs are housed on 2281 

slatted floors and liquid manure, which is a mixture of faeces, urine and wash water, is collected in either a 2282 

sub-floor collection area that is flushed to outside storage or lagoon on a weekly (or so) cycle, or in a deep 2283 

pit beneath the animal housing which is emptied up to several times per year. 2284 

In regions of some countries (e.g. Britain) where precipitation is not excessive and soils are free draining, 2285 

intensive outdoor pig production systems are common.  In such systems, the sows are maintained in 2286 

groups in paddocks.  The sows farrow in small structures, referred to as arcs, which are normally straw 2287 

bedded.  In the vast majority of cases, piglets remain with the sows for 4 weeks, after which time they are 2288 

weaned into a conventional indoor facility, where they are grown to target slaughter weight. Because the 2289 

outdoor sow system is considered ‘higher welfare’ a substantial proportion of weaners from this system 2290 

end up in straw yards (ie. solid floor, straw bedded units). The sow is free to graze grass cover in the 2291 

paddock, but this is very quickly exhausted and paddocks left without vegetation. Because of denuded 2292 

paddocks have high risk of soil degradation, paddocks are rotated. The sow is fed balanced concentrate 2293 

diets to meet her requirements, as is the case in conventional indoor production systems.  The sow’s 2294 

manure is deposited directly on the paddocks and, depending on rainfall, soil texture and slope, leaching 2295 

and run-off of nutrients can be a feature of these systems. 2296 

A sow and her progeny to slaughter produce ~20.7 m3 of liquid pig manure containing 87kg N, 17kg P and 2297 

39kg K.  Manure dry matter is extremely variable. The faeces and urine is collected in tanks under slats and 2298 

is mixed with wash water and spilled feed.  It is either stored here until removal for landspread or moved 2299 

to outside underground or over-ground storage tanks, where it may or may not be covered.  Manure 2300 



 

 

storage capacity is typically ~30 weeks. In systems where straw is used for bedding the resulting manure is 2301 

high in solids, is collected in dung heaps and left to rot down. Typically, manure is land-spread as a fertilizer 2302 

for grass and tillage crops.  If sufficient suitable land area is not available locally for this purpose, it may be 2303 

transported considerable distances for land-spread.  In some instances the distance necessary to travel 2304 

makes it economically viable to separate pig manure into its liquid and solid fractions, with the liquid being 2305 

used locally as a N-rich fertilizer, while the solid fraction is transported to suitable spread-lands to be used 2306 

for its high P content. The latter is the case in some areas in the Netherlands.  In some cases, liquid pig 2307 

manure is anaerobically digested, usually in combination with an energy source, such as maize, belly grass 2308 

or grass silage, for biogas production.  The latter is only economical when a premium is paid for renewable 2309 

energy.  2310 

A breeding sow uses on average 1.33 tonnes of feed per annum, while a pig consumes 228.7kg of feed 2311 

between weaning and slaughter weight.  Therefore, based on our example, a sow plus her progeny use 2312 

7.89 tonnes of feed per annum and, taking the cull sow into account, produces 2.42 tonnes of saleable 2313 

carcass.  The feed provided is a complete concentrate diet, either mixed on farm or purchased.  In some 2314 

instances, and in particular where liquid feeding systems are used (e.g. The Netherlands, Ireland), liquid 2315 

byproducts of the dairy (liquid whey), brewing and distilling (beer, pot ale syrup etc.) industries may be 2316 

mixed with a balancer prior to feeding.  Bakery/confectionary surpluses and other byproducts/co-products 2317 

may also be used in a similar fashion to reduce feed costs.  For some pig units, maize, soybean and/or 2318 

cereals may be produced on the farm for incorporation into pig diets (e.g. in USA, Denmark and UK); 2319 

however, in many countries pig units have no or very limited land area associated with them (e.g. Ireland) 2320 

and for this reason all dietary ingredients must be purchased from outside the farm.  Except for specialist 2321 

diets used for a short period to feed newly weaned pigs, all pig diets are formulated on a least-cost basis. 2322 

A 3.2 Semi-intensive Pig Systems 2323 

Semi-intensive pig production systems vary widely between countries in scale and level of specialization. 2324 

Most herds consist of a wide diversity of breeds such as Landrace, Yorkshire, Duroc, Jersey, Hampshire, Large 2325 

White and Pietrain, and numerous other local breeds suited to different environmental conditions, and 2326 

commercial lines trihybrids and tetrahybrids. Adult weight for sows is between 180 to 200 kg LW.  2327 

The number of litters produced per sow per year is determined by scale, market objectives, feed sources and 2328 

production goals, and varies from 1 where piglets are brought to market) weight (for slaughter as piglets) to 2329 

2.5 a year for more intensive systems. The number of piglets weaned per litter ranges from 7 to 9 piglets, 2330 

with a mortality rate first between 10 to 18% mainly in the 30 days after birth.  Young gilts are produced to 2331 

replace culled sows and typically the replacement rate is between 20 to 25% per year. However, it is possible 2332 

to find systems with a replacement rate as high as 100% each year. The weight of the gilts at the first mating 2333 

ranges from 95 kg LW to 135 kg LW (for genetically improved breeds). Usually natural breeding with a boar 2334 

is used in backyard production systems (typically 1 boar for every 10 sows). Artificial insemination is used in 2335 

more advanced intensive systems. Age at weaning varies between farms from 21, 45 or 56 days with 2336 

corresponding weights of 7, 12, 18 kg LW, respectively, and this largely dictates the number of litters 2337 

produced per sow per year. The feed for breeding sows is mainly pasture which accounts for ~40-50% of 2338 

nutrition requirements with the remainder supplied from agricultural crops, animal by-products, 2339 

supplements, milk by products, etc. The level of production performance and technical efficiency depends 2340 

largely on the quantity and quality of the feed supplied.  2341 

After weaning some farmers finish piglets to be sold in the market for meat at an average weight between 2342 

25 to 28 kg LW. Farmers that keep the piglets after weaning feed high quality concentrate diets to optimise 2343 



 

 

feed conversion ratio between weaning and up to 30 kg LW roughly. Mortality during this period is between 2344 

2-3%. 2345 

The period between 25 to 30kg LW and slaughter is called the growing and finishing phase. The market 2346 

dictates the level of carcass fatness and this determines the slaughter weight of pigs, however this averages 2347 

from 100 to 120 kg LW with 70-80% dressing out percentage. The age at slaughter is determined by the 2348 

quantity and quality of the feed used. In some cases it is possible to obtain 1kg ADG and in semi-intensive 2349 

systems 0.6kg ADG. Mortality during this period is between 1 and 2%. 2350 

The daily manure production depends on the swine production phase (i.e., the animal’s weight). Pigs 2351 

between 25 to 100/120kg produce whole liquid waste of 7 L/head/day, gestating sows produce 16 L/h/d 2352 

lactating sows and piglets produce 27 L/h/d, breeding boars produce 9 L/h/d and piglets from weaning to 2353 

25-30kg LW produce 1.5 L/h/d. When it is account production of sow and her progeny to slaughter produce 2354 

~20 m3 of liquid pig manure per year figure. The bulk of the manure produced is deposited directly by the 2355 

grazing animal on pasture and cropland while that produced indoors is landspread on pasture and cropland 2356 

for its fertilizer value.  However, in some instances manure is disposed of in an inappropriate manner and 2357 

can have negative consequences particularly where inappropriate disposal is in the vicinity of waterways. 2358 

A 3.3 Extensive Pig Production Systems 2359 

Extensive pig production systems are based in the use of local genetic resources, local feed and local 2360 

techniques. Meat produced is frequently destined to local markets or local industry. Sometimes, like in the 2361 

Iberian pig case, products have a very high quality and in two or three decades have evolved from a strictly 2362 

local product to a delicatessen product. 2363 

Local breeds include for example: Cinta Senese, Nero Siciliano and Sardo in Italy, Alentejano or Bísaro in 2364 

Portugal, Iberian pig in Spain, and Creole in Cuba or Venezuela and Pampa Rocha in Uruguay. In Argentina 2365 

they use hybrid pigs from different breeds, mainly Duroc with Landrace, Yorkshire and others.  2366 

Characteristics of farms vary between countries and local environmental and geographic conditions. In 2367 

Argentina for example, 85 % of farms with pigs are extensive and have less than 50 sows. In Italy, farms 2368 

with Cinta senesa, frequently have less than 10 sows. In Portugal farms have an average of 60 sows of 2369 

Alentejana breed. In Spain the average number of sows in farms with Iberia pigs is 46.  2370 

Productivity indicators are low, corresponding with characteristics and rusticity of the breeds used. In the 2371 

Iberian pig, number of sow per boar is 10 with natural mating, normally there are 2 litter/sow/year, 2372 

typically in springtime and autumn to reduce mortality due to extreme temperatures at other times of the 2373 

year. Young gilts are produced at farm and boars are often replace; with animals from other farms to 2374 

diversify genetics. The first breeding is at 8-12 months. The sow culling rate is 36%, but some farms use 2375 

different criteria, the more traditional the operation, the lower the replacement rate.  2376 

The average weaning age varies from 28 to 42 days. The number of piglets born per litter is 7.5-9.0, 2377 

sometimes 10, and the average of still born per litter is 0.7. During lactation, piglet mortality is 19.5% and 2378 

varies according with the season, higher in summer and lower in autumn. The number of pigs produced per 2379 

sow and per year is around 12.4. Piglet live weight at 28 days is 7.03 kg, 12.35 at 42 days and 17.28 at 56 2380 

days. Piglets are weaned at 28 days and typically consume 1.7 kg and piglets weaned at 42 days will 2381 

consume approximately 6.35 kg of feed.  2382 



 

 

During the rearing period animals will be raised from about 10 kg to 69 kg. Piglets, depending on weight 2383 

and time of birth, will have a different destination, fattening or reproduction. The diet consists of grasses, 2384 

stubble, the remains of acorns and supplemental concentrate feed (1-1.5 kg / day). Feeding on pasture 2385 

accounts for up to 60% of the food needs during this phase. 2386 

Feeding in "montanera" (outdoor feeding) has two phases, "premontanera" (previous outdoor feeding) 2387 

and "montanera", the final phase or fattening in the "dehesa". Premontanera starts in July and lasts to 2388 

early November. Slow growth of the animals is intended from 60-100 kg. To this end they are kept in an 2389 

enclosure of 30-40 ha, where they are provided with an amount of 1-2 kg of feed/pig/day. The goal is for 2390 

the animals begin the montanera with a weight not exceeding 105 kilograms, since, as established by the 2391 

regulations, heavier animals would be excluded and could not be marketed as having met the criteria for 2392 

the Iberian production system. In the montanera feeding phase, the animals eat only the grass and other 2393 

food resources available in the "dehesa", especially autumn grass. 2394 

The "montanera" is a traditional extensive feeding system of Iberian pigs regime, based on the exclusive 2395 

feeding with natural resources produced in the "dehesa", acorns fruit of the holm oaks (Quercus 2396 

rotundifolia Lam.) and cork-oaks (Quercus suber Lam.) and grass. The acorns of the oaks are preferred by 2397 

pigs to be sweeter than cork. Acorn production varies greatly from one year to another, but is accepted an 2398 

average of 10 kilos/tree/year. Prior to the start of the montanera an estimation of acorn production is 2399 

conducted and stocking density of the animals is matched to the estimated production resources.  2400 

Pigs only eat acorn pulp, they peel and remove the shell. The average composition of the pulp of acorn is 5-2401 

6% protein, 8-9% fat and 50% of starchy substances. The average acorn estimated daily consumption is 9-2402 

10 kg. The grass is an essential protein and vitamin in pig feed, in this phase is estimated to consume 3 kg / 2403 

day. ADG is 0.85 - 1 kg/day. Feed conversion ratio (FCR) for acorn to live weight is 10:1.   2404 

Montanera begins late October or early November, depending on weather conditions, and lasts 2405 

approximately 3 months, until animals reach a weight of 150-170 kg. According to the quality standard for 2406 

Iberian ham, regulated by Royal Decree 1083/2001, modified by RD 4/2014, the average weight of the 2407 

batch of pigs at the beginning of the montanera must be between 92 to 115 kg. During this period pigs 2408 

fatten and gain about 60 kg. According with FCR pigs need to eat more or less 600 kg of acorn, thus its 2409 

necessary to have at least 60 Holms trees (producing approximately 10 kg each), if we consider that 2410 

medium density is 30-40 Holms trees per ha in the "dehesas", the land area required is approximately 2 ha 2411 

per pig.    2412 

  2413 
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