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Summary 
There is an increasing policy focus upon sustainable consumption due to the recognised 
environmental impacts from commodity production.  To guide policy related to land use, food 
security and importation, it is useful for policy makers to be able to compare the production 
impacts of a given commodity produced domestically to a production system in another 
country.  Various methods could be applied to enable these comparisons, though they vary 
in terms of data availability, ease of application, the impacts they assess and the production 
countries and commodities which can be compared.  This literature review identified 
methods that could be used to compare production impacts and assessed how useful they 
would be for the proposed purpose.  Life Cycle Assessments (LCAs) were found to be the 
most suitable method due to data availability, ease of application using existing studies or 
software, the range of impacts which can be assessed and the ability to apply the method to 
a wide range of commodities and countries to enable comparisons to be made.  The review 
is followed by a case study demonstrating the use of LCAs to understand the differences in 
the environmental impacts of rapeseed oil and palm oil produced, as substitutable 
commodities that are largely produced domestically and overseas (Appendix 1).  The case 
study does not undertake a primary LCA study but synthesises existing knowledge from the 
literature.
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1 Introduction 
A robust method is required that can quantify impacts and enable a comparison between 
production systems to enable a shift towards more sustainable food systems and to reduce 
the negative environmental impacts associated with the production of commodities 
consumed in the UK.  There is often a lack of available data and information on the 
environmental impacts of food systems, which can be seen as a barrier to a move to more 
sustainable systems (Clark et al. 2022).  This literature review investigates methods which 
could be used to compare production systems for a given commodity.  To enable the 
development of policy to support more sustainable food systems, it is essential to be able to 
assess the impacts of commodity production and make comparisons between different 
production systems, including between production systems typically found domestically and 
overseas.  Findings from these comparisons could be used to guide domestic land use 
policy, to ensure that commodities which can be produced with fewer and less severe 
impacts domestically than overseas are prioritised domestically, and reliance on imports of 
these are reduced.  Additionally, these investigations could guide trade policy and decisions, 
and enable the prioritisation of the importation of commodities which result in greater 
impacts when produced in domestic systems compared to specific production systems in 
other producer countries.  Therefore, importation from specific production systems overseas 
that have lower associated impacts could be prioritised where possible.   

1.1 Policy context 

Consumption is associated with environmental impacts including biodiversity loss and 
greenhouse gas emissions and is also relevant to concerns around food and resource 
security and supply chain resilience.  Therefore, there has been increased interest and 
policy development around sustainable consumption.  The topic has recently been covered 
in high profile reports including the National Food Strategy, the Dasgupta review and the first 
draft of the Convention on Biological Diversity’s post-2020 framework.  The following policy 
documents from the four UK countries also recognise the issue: 
• England’s 25 Year Environment Plan aims to “avoid improving our domestic 

environment at the expense of the environment globally”. 
• Wales’ 2015 Wellbeing of Future Generations Act has a goal for “a globally 

responsible Wales,” which includes “ensuring that our supply chains are fair, ethical 
and sustainable,” “supporting sustainable behaviour,” and “efficient use of 
resources”. 

• Scotland’s 2020 Environment Strategy includes an outcome that “we are 
responsible global citizens with a sustainable international footprint”. 

• Northern Ireland’s Sustainable Development Strategy has a guiding principle of 
“living within environmental limits”. 

Previous JNCC work has developed the Global Environmental Impacts of Consumption 
(GEIC) indicator which estimates the tropical deforestation, biodiversity loss and water use 
associated with consumption.  It breaks down each impact type by the commodities and 
producing countries associated with the impact.  It is used as an indicator both nationally as 
a UK experimental statistic, and internationally as a component indicator in the Convention 
on Biological Diversity’s Kunming-Montreal Global Biodiversity Framework.  It is based on 
combining modelled trade flows with environmental data (Croft et al. 2022) and was 
designed to be used as a hot-spotting tool to prioritise the sectors and geographies where 
interventions by a consumer country are most likely to make a difference.   

It would be possible to use data from the indicator as a starting point for comparing the 
average production systems of two countries: users could filter the dashboard to show 

https://www.nationalfoodstrategy.org/
https://www.gov.uk/government/publications/final-report-the-economics-of-biodiversity-the-dasgupta-review
https://www.cbd.int/article/draft-1-global-biodiversity-framework
https://www.cbd.int/article/draft-1-global-biodiversity-framework
https://www.gov.uk/government/publications/25-year-environment-plan
https://www.futuregenerations.wales/about-us/future-generations-act/
https://www.gov.scot/publications/environment-strategy-scotland-vision-outcomes/documents/
https://www.daera-ni.gov.uk/publications/ni-executive-sustainable-development-strategy-everyones-involved
https://commodityfootprints.earth/
https://commodityfootprints.earth/
https://jncc.gov.uk/our-work/ukbi-a4-global-biodiversity-impact/
https://www.cbd.int/conferences/2021-2022/cop-15/documents
https://hub.jncc.gov.uk/assets/7a4063c9-a221-4ca1-ab6a-3b2fae544b32
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information about production rather than consumption and perform some simple analyses to 
get comparable statistics for two countries of interest (dividing the impact by the tonnes 
produced).  However, as the indicator is global in scope, it relies on global and publicly 
accessible data sources.  It is therefore likely that, except when comparing to the most data 
poor regions, more detailed data on production impacts could be found if narrowing the 
scope to directly compare two specific and defined production systems.  This report 
therefore aims to build on previous work by exploring alternative methods that could be used 
more effectively when wishing to compare production systems at a more granular level.  

1.2 Aims and scope 

The aim of this review is to give an overview of potential methods that could be employed to 
compare the impacts of commodities produced in defined production systems domestically 
and overseas.  The goal was to identify which methods could be applied with relative ease 
by governments to investigate the potential impacts of policies and trade agreements 
influencing where commodities consumed in the UK are produced.  Multiple factors interact 
when determining where it is best to produce a given commodity, such as the efficiency of 
producing a commodity in each climate or land type, the complexity of the supply chain, the 
negative and positive impacts production may have locally and globally, food security 
considerations, existing trade agreements and transportation implications.  Therefore, to 
enable informed decisions to be made around which commodities should be produced 
domestically and which should be imported from specific overseas production systems, a 
wide range of considerations need to be considered.  This is a challenging task due to the 
amount of data required to enable such an assessment and the lack of data often available, 
particularly for some overseas systems.   

Assessing the impacts of domestic versus overseas production is a complex issue and the 
situation will differ greatly between commodities.  For example, for commodities which can 
be produced with low impacts domestically, such as crops suited to the UK climate, it may 
be better to produce these within the UK rather than import them, offshoring the impacts and 
requiring additional transportation.  However, some commodities which are produced 
overseas with lower impacts than domestically, such as crops which thrive in a tropical 
climate, would be more sensible to import even with the additional transportation emissions.  
Additionally, it is important to consider comparisons between alternative commodities.  For 
example, with oil crops, palm oil may be more commonly grown in tropical regions, whereas 
rapeseed, which can be used as an alternative, would be a more suitable oil seed crop to 
grow in the UK.  Therefore, a suitable impact comparison method to guide policy decisions 
on domestic land use and trade should enable an impact comparison between alternative, 
substitutable commodities.   

This review will focus on the methods available for agricultural commodity production 
comparisons.  However, the review will also consider whether the methods are also 
applicable for additional commodity types including mined resources and fisheries.  The 
types of impacts this review will consider include biodiversity loss, greenhouse gas 
emissions, land use, water stress, eutrophication potential and acidification potential.  This 
was a time limited review and is therefore not exhaustive but can be used to indicate which 
methods have been used previously and guide method selection for a given interest. 
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2 Intercomparison methods 

2.1 Background and considerations 

Considerations for a suitable comparison method include: 
1. Data availability and quality. 
2. Level of expertise required for calculation. 
3. The impacts that can be compared using the method. 
4. The commodities that can be compared using the method. 
5. The production countries that can be compared using the method. 

For a judgement to be made about which methods may be useful to enable a comparison of 
production impacts for a given commodity between countries, suitable criteria need to be 
considered and established.  Once the components of a suitable method have been 
established it is possible to assess methods against this ideal solution.  With the variety of 
potential methods available, it is likely that of the methods that could be applied for the case 
in question, some will not be suitable.  However, these methods are likely to have another 
use case to which they are more suited.  The following section will introduce considerations 
when identifying a method for the current use case, which is to enable individuals involved in 
policy decision making and research to make a comparison of the environmental impacts 
associated with producing a given commodity in each domestic production system versus in 
a specific overseas country production system as a case study analysis.   

There are various factors to consider when determining what a useful method would look 
like, the first of which being the data required and its availability and quality.  Some methods 
may require primary data collection, which may enable more accurate measurements and 
calculations, and guarantee a level of data quality and suitable data for the analysis, 
however, this would also be more costly and less practical for a quick comparison.  
Therefore, methods which can use existing data would be more suitable for the current 
purpose, noting that the quality and source of the data needs to be considered.  Another key 
point is the ease with which the method can be applied by the practitioners in question.  In 
this case it would be useful for individuals involved in policy decision making and research to 
be able to conduct a case study comparison without needing a technical expert to apply the 
method or calculation.   

The impacts that can be compared vary between methods and it is essential to consider 
which impact types need to be investigated and ensure the selected method is suitable for 
comparing these.  For example, of two studies investigating the impacts associated with 
cattle production in South America, one considered deforestation and land cover (Seidl et al. 
2001), while the other looked at land management, agricultural inputs, and soil health 
(Ferguson et al. 2013).  This raises the importance of using the same or comparable 
methods to compare the impacts of two different production systems for the same 
commodity.  Additionally, it is useful to be able to look at a variety of impact types within the 
same analysis to increase the breadth of its relevance.  Therefore, a suitable method would 
allow the comparison of as many key impacts as possible, including biodiversity loss, 
greenhouse gas emissions, land use, water stress, eutrophication potential and acidification 
potential (Pelletier et al. 2010; Alvarenga et al. 2012; Clark et al. 2022).   

For the current research, a method is required to enable a case study comparison between 
production systems in different countries for a given commodity (or set of substitutable 
commodities).  Some methods may be more suited to certain types of commodities, and 
some may be limited in terms of the commodities they can be applied to.  For a single 
method to be recommended, it would be most practical for this method to be suitable for 
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application to a wide range of commodities, enabling a comparison of whichever commodity 
is of relevance with the same method.  However, it may also be possible to recommend 
different methods for comparisons of different types of commodities if they meet the other 
specified requirements.  The same applies to the countries that the method could compare 
production systems between.  

The most widely used methods identified from the research include footprint methods, which 
can be applied to specific commodities, and Life Cycle Assessment (LCA) methods. 

2.2 Recommended comparison method: Life Cycle Assessments 
(LCAs) 

Various comparison methods were reviewed considering the assessment criteria described 
in the previous section.  The result of this was the recommendation of LCAs.  This section 
will outline and discuss LCA usage and how these methods meet the assessment criteria.  
Other methods assessed will be discussed in following sections. 

LCAs are widely used to calculate the environmental impacts resulting from the production of 
a good or the provision of a service (Basset-Mens et al. 2022).   

2.2.1 ISO standards and LCA stages 

The LCA method is specified in the International Organisation for Standardisation (ISO) 
14040 and 14044 standards (ISO 2006a, 2006b).  These are the basis for all additional 
standards and guidelines.  The four LCA stages are defined in these standards:   

1. Goal and scope definition 
a. The level of detail and system boundaries of an LCA vary based on the subject 

and goal of the LCA.  
b. Cradle to (farm) gate approach considers all activities from extraction of input 

materials to the point of the product leaving the factory/farm gate.  Cradle to grave 
approach additionally covers impacts linked to product use and end of life 
(Circular Ecology 2023).  

2. Life cycle inventory analysis (LCI) 
a. An inventory of input/output data for the studied system.  Data are collected based 

on the LCA goals. 

3. Life cycle impact assessment (LCIA)  
a. Additional information is included to supplement the LCI to aid understanding of 

the environmental significance of the impacts.  This section can be further 
broken down into the following steps (Mu et al. 2020): 
i. Selection of impact categories – these come under three main areas, 

ecosystem impacts (e.g. climate change, eutrophication), human impacts 
(e.g. ozone depletion, carcinogens) and resource depletion (e.g. fossil 
fuels, water). 

ii. Classification – assigning the LCI results to appropriate impact categories. 
iii. Characterisation – calculation of the impacts in each category. 
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iv. Normalisation – optional step to relate the impacts to reference conditions, 
including weighting impact categories based on judgement of importance if 
a single score is being calculated.  

4. Interpretation   
a. LCI/LCIA results are summarised and discussed in the context of the goals and 

scope to inform conclusions, recommendations, and decisions.  

2.2.2 LCA usage 

LCAs can be used to compare the impacts from different production systems for a given 
commodity and identify the key drivers from each system.  For example, Pelletier et al. 
(2010) compared conventional to deep-bedded niche swine production systems in the upper 
Midwestern US (deep-bedded niche is a smaller scale rearing method with guidelines 
described by Honeyman, 2005).  They used ISO compliant LCA to quantify cradle-to-farm 
gate flows of resource and energy inputs, outputs and resulting waste.  Conventional 
commodity systems were found to be more efficient in general, and the two production 
systems had different drivers of impacts.  Feed production was key in both, but more 
important in niche systems.  Management of liquid manure in conventional systems strongly 
influenced greenhouse gas emissions, whereas in deep bedded niche, eutrophication 
potential was increased due to the outdoor storage of solid manure.  This example 
demonstrates how LCAs can be applied to examine how the environmental impacts vary and 
overlap between comparable production systems. 

One of the potential limitations with using LCAs to compare the impacts from producing a 
commodity in different regions is the methodological differences between different LCA 
types.  Poore & Nemecek (2018) attempted to overcome this by developing a global 
database consolidating data from 570 studies which were assessed to ensure standardised 
methods.  The dataset included inputs and outputs from each study and covered 38,700 
farms across 119 countries and included 40 products which represent 90% of protein and 
calories consumed globally.  Five impact indicators were covered: land use, freshwater 
withdrawals weighted by local water scarcity, greenhouse gas, acidifying and eutrophying 
emissions.  These were recorded at each supply chain stage, though greenhouse gas 
emissions at the farm stage were disaggregated into 20 sources.  The authors found that 
impacts from the production of a given commodity varied greatly (up to 50-fold) between 
producers.  As this method enabled impacts to be quantified at each stage in the supply 
chain, it would allow producers to identify potential ways to reduce impacts.  Despite the 
great variation, the lowest impact animal products were associated with greater impacts than 
vegetable substitutes, demonstrating how LCAs can be used to identify differences in 
impacts across different commodities as well as across production systems for a given 
commodity.  

Another consideration when using LCAs for this type of comparison is that current LCA 
resources are generally tailored to temperate regions in developed economies (Basset-Mens 
et al. 2022).  This is partly because within the LCIA step, the characterisation methods for 
different impact categories may not be relevant for tropical production systems as they have 
been specified with western environmental conditions and problems as their basis (Eshun, 
Potting & Leemans 2011).  This may then pose a problem with applying these methods to 
developing, tropical countries to enable a comparison with a developed, temperate producer 
country such as those within the UK.  However, the demand for LCAs of agricultural 
commodities in developing regions is increasing, fuelled by export and local markets 
(Basset-Mens et al. 2022).  ‘Life Cycle Assessment of agri-food systems: An operational 
guide dedicated to developing and emerging economies’ identifies key considerations when 
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applying LCA methods in these contexts and provides best practice guidance with a focus 
on a fieldwork approach (Basset-Mens et al. 2022).   

Although LCA analyses can be seen as a thorough and in-depth assessment of production 
impacts, it is also possible that some key impacts and considerations are not necessarily 
considered.  WWF highlighted the importance of acknowledging the limitations of LCA when 
using the method to guide decision making (Stevenson 2016; WWF 2016).  This was 
demonstrated with the example of a forestry site which is poorly managed, dominated by 
tree stumps, deep ruts in the ground, streams brown with soil runoff, the removal of bird 
nests and fences to keep out the local community.  The alternative may be a well-managed 
site, with wildlife habitats and connectivity, logging limited to an appropriate quantity and 
location and the engagement of the local community with the forest management.  WWF 
(2016) argue that LCA methods may not capture much of the damage described in the 
poorly managed scenario, nor some of the positive, beneficial aspects of the well managed 
scenario, due to limits in LCA methods and their flexible boundaries.  For the forestry 
example, they recommend combining LCA with the Forest Stewardship Council (FSC) 
certification for responsible forest management.  This was developed by WWF and others to 
determine the sustainability of forest products using performance-based indicators to assess 
environmental and social impacts at the extraction location (Stevenson 2016).  They argue 
that these two assessment types should also be applied in tandem to other supply chains 
such as agriculture, aquaculture, and fisheries.  An alternative recommendation is to 
supplement LCAs with analysis using other models to generate more robust assessments.  
Fan et al. (2022) describe factors that are not considered within LCAs such as economic and 
societal concerns which shape the agricultural system, proposing that these factors should 
be modelled (for example using agent-based modelling (ABM) or emergy analysis (EmA)) 
alongside LCAs to overcome these current LCA shortfalls.   

The boundaries of LCA studies need to be carefully considered to ensure that reliable 
conclusions can be drawn from the study.  For example, when considering crops that are 
grown on land that was historically deforested to allow for their cultivation, it is important that 
the LCA incorporates these deforestation impacts to provide a full and realistic assessment 
of the impacts resulting from this production system.  If the LCA only looks at the current 
snapshot of time when assessing such a production system, ongoing impacts from historic 
land use changes will not be considered, and the study will under report the impacts.  If 
historic land change isn’t considered, countries which have previously deforested to grow 
crops will unfairly benefit by LCAs not reflecting this historic damaging activity.  This will 
make it challenging to use LCAs to assess the real impact of products from these countries.  
Cradle to gate or grave assessments should incorporate this historic land use information, 
but it is possible to omit these data when completing the analysis, so when referring to 
existing LCAs this would need to be confirmed by the LCA user.  This is one example of 
potential data misuse in LCAs that users should be aware of.  This highlights the need for 
guidance when interpreting LCAs and involving an expert could reduce the use of unreliable 
LCAs in comparison studies.  

When comparing commodities consumed in the UK and produced overseas or domestically 
it is important to consider the impacts of transportation.  The distance that commodities are 
transported from production site to consumer country is often marketed as an area where 
the public can reduce associated impacts by reducing ‘food miles’ and buying local.  
However, a review of LCA studies for US food commodities concluded that transportation 
accounts for a relatively small proportion of the impacts associated with most food 
commodities when compared to production (Heller 2017).  A USDA study found that 
transportation (not including consumer transport to shops) accounted for 4% of energy use 
in the food system in 2002 (Canning et al. 2010).  Another study found food distribution 
accounted for 4% of GHG emissions, with an additional 7% linked to indirect transport such 
as delivery of inputs to farms whereas food production was found to account for 83% of the 
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total GHG emissions (Weber & Matthews 2008).  The review also concluded that the mode 
of transport used can have a greater influence on the impacts than the distance travelled, 
and that consumer shopping journeys can account for a surprising proportion of impacts in 
food commodity cradle to grave LCAs (Heller 2017). 

This demonstrates that although impacts can be reduced by reducing the transportation 
associated with a commodity, the impacts from the distribution of food from the production 
site to the consumer location are often relatively small compared to impacts from production.  
There are however exceptions to this, demonstrated by Meisterling et al. (2009) when they 
compared the global warming potential of conventional and organic wheat in the US.  They 
found that the global warming potential of a loaf of organic bread was 30 g CO2 less than the 
conventional, but if the organic loaf was shipped 420 km further, this would negate the 
difference in impacts.  Therefore, though a greater proportion of the impacts associated with 
commodities may come from the production stage than the transportation stage, if goods are 
transported further, it has the potential to negate the reduction in impacts from choosing a 
more sustainable production system.  

2.2.2.1 Hestia 

The Hestia database was developed as an expansion of the multi-indicator global database 
developed by Poore & Nemecek (2018; Hestia 2023).  The database includes data from 286 
peer reviewed studies and reports and is open access, available to download through the 
API on the website.  The agri-environmental data are provided in a standardised format and 
contain data from farms, farm surveys, field experiments and LCAs.  The platform also 
contains models using LCA methods to enable users to calculate the impacts of farms or 
foods.  

The readily accessible, standardised data from Hestia increases the potential for studies 
investigating the interaction of commodity production impacts with other factors.  Clark et al. 
(2022) used Hestia to estimate impacts for manufactured food products, inferring their 
composition from ingredients lists, for four indicators: greenhouse gas emissions, land use, 
water stress and eutrophication potential.  These impact data were paired with a nutrition 
measure (Nutriscore) to reveal that generally more nutritious foods tend to be more 
sustainable.  Clark et al. (2022) noted that consumers want to have impact information 
available to make informed decisions on sustainable food choices, and therefore a method 
such as this is required which can be applied across food products to enable comparisons. 

However, it is important to apply some additional context when using these aggregated data 
and ensure the time when and location where it was reported are representative of the 
current situation.  For example, following high deforestation rates in Australia, legislation was 
introduced in Queensland and New South Wales in the 2000s that effectively tackled this 
(Evans 2016).  However, policy changes in the mid-2010s enabled the resumption of 
deforestation activities, resulting in a significant increase in deforestation (33% more in 
2015-16 in Queensland than the previous year, Slezak 2018).  Following this, if the database 
was still using LCA data from before the mid-2010s policy change, it would not be 
representative of the increased deforestation impacts.  Clearly this is an issue that can also 
arise when comparing existing LCAs, so the date of LCAs and the context at the time need 
to be considered in all studies and comparisons.  

2.2.3 Biodiversity in LCAs 

One key impact that needs to be assessed when comparing agricultural commodities is 
biodiversity.  Whilst biodiversity remains more challenging than many other impact types due 
to its complexity, over the last 15 years, LCAs have been used extensively to measure the 
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impacts of agriculture upon biodiversity (Fan et al. 2022).  One example of a study that used 
two evaluation methods to compare biodiversity loss for wood production in north and south 
Finland is Myllyviita et al. (2019).  They found that the species richness index showed 
minimal difference between the production systems, whereas the ecosystem indicators 
approach revealed a higher impact in the north.  The authors concluded the lack of 
coherence was in part due to the species richness index considering all species, whereas 
the ecosystem indicators only consider endangered species.  They highlighted that 
biodiversity LCAs are highly sensitive to reference state, model and data, and the variance 
of these factors between methods can impact their coherence.  

2.2.4 Considerations for a suitable comparison method 

2.2.4.1 Data availability and quality 

Due to the increasing use of LCA over the last decade, data from producers across the world 
on inputs, outputs and production practices have been collected and have become more 
widely available (Poore & Nemecek 2018).  LCA studies must follow ISO standards (ISO 
2006a) which ensure that data of a sufficient quality are required to make an assessment.    

2.2.4.2 Level of expertise required for calculation  

Although calculating an LCA from scratch can be a complex task, there are alternative 
solutions which do not require a high level of expertise.  Many LCA studies have been 
published, making it possible to compare existing results.  These can be accessed 
individually or through a centralised database such as Hestia (Hestia 2023).  Additionally, 
user friendly LCA software, such as openLCA (GreenDelta 2022) and SimaPro (SimaPro 
2023), can be used with access to a vast number of datasets to enable non-experts to 
conduct LCAs with existing data. 

2.2.4.3 The impacts that can be compared using the method  

A wide variety of impacts can be assessed using LCAs, and different methods can be 
selected based on the impacts of interest.  There has been ongoing work to enable 
biodiversity impact assessment and various metrics have been developed to enable this 
(Fan et al. 2022). 

2.2.4.4 The commodities that can be compared using the method  

Any commodities can be assessed using an LCA.  However, if using existing LCA analyses 
to compare production systems, it is important to make sure that the same or comparable 
method has been used, as many variations on LCA methods exist.  A potential solution to 
this could be to use a standardised database of existing LCA analyses (Poore & Nemecek 
2018; Hestia 2023).  

2.2.4.5 The production countries that can be compared using the method   

The method can be applied to any countries where data are available.  It is important to note 
that concerns have been raised about applying Eurocentric LCA methods to production 
systems in developing countries, so where possible guidance should be followed to ensure 
comparable results (Basset-Mens et al. 2022). 
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2.3 Other comparison methods 

During the literature review, a range of other methods were identified that could be used to 
compare commodity production systems.  These include the Ecological Footprint, carbon 
footprinting, Cumulative Energy Demand and the Farm Energy Analysis Tool (FEAT).  Whilst 
useful for the purposes for which they were designed, these did not as fully meet the criteria 
set out above.  

The Ecological Footprint method was originally developed by Wackernagel and Rees in 
1990 to assess the sustainability and impacts of regions and countries (Wackernagel & Rees 
1996; Ecological Footprint 2023).  The Ecological Claim was developed at the Netherlands 
Environment Assessment Agency as an alternative to the original method (Rood et al. 2004).  
The Ecological Footprint method can also be applied to specific commodities to enable a 
comparison (Alvarenga et al. 2012).  However, previous research has concluded that the 
Ecological Footprint method may not be suitable for measuring and comparing the impacts 
of agricultural commodities, as some important impacts are neglected from this analysis, 
such as eutrophication and acidification (Alvarenga et al. 2012).  Additionally for the purpose 
of this review, the method is not suitable for comparing impacts of the production of a 
specific commodity in different countries as it does not allow for comparative advantages 
and specialisation and can be seen as biased against trade (van den Bergh & Verbruggen 
1999).   

The term ‘carbon footprint’ has been widely used to quantify the greenhouse gas emissions, 
and therefore impact on climate change, associated with the production of a commodity or 
other human activity or organisation (Yan et al. 2015; Climate Change & the Carbon 
Footprint 2019).  The direct and indirect greenhouse gas emissions associated with each 
stage of a process can be assessed using a LCA to calculate the carbon footprint 
(Wiedmann & Minx 2008; Yan et al. 2015).  However, as Wiedmann and Minx (2008) point 
out, the term carbon footprint has been used to describe various approaches including more 
basic online calculators.  Generally, the carbon footprint method results in a figure of CO2 
equivalent and can be applied to specific commodity production systems to compare the 
impacts between producer countries.  For example, Yan et al. (2015) used the carbon 
footprint method to compare the impacts from two rice production systems in China.  
However, as this method only considers greenhouse gas emissions and does not allow for 
an assessment of other key impacts such as biodiversity loss, it is not recommended for the 
proposed purpose.   

Another potential method that could be used to compare the sustainability of production 
systems is environmental certification.  The production systems meeting these voluntary 
certification standards (examples include Organic, Fairtrade, Roundtable on Sustainable 
Palm Oil (RSPO), and Rainforest Alliance) should in theory result in reduced greenhouse 
gas emissions, improved soil health, and socio-economic benefits (Jena et al. 2022).  When 
looking at two comparable production systems, in theory it would be possible to conclude 
that the one with the environmental certification is more sustainable with less impacts.  
However, it is also possible that the other system meets the required standards for 
certification but has not been assessed or applied for certification.  Therefore, making 
comparisons using certifications is binary and does not allow for a thorough comparison of 
impacts.  Additionally, certification options are market based and involve costs for producers 
to become certified, and there is mixed evidence around improved socio-economic 
conditions for producers who do buy in (Jena et al. 2022).  Therefore, the reduced impacts 
from certification may not be guaranteed for all impact areas, making comparisons less 
viable.  For further discussion of this, see Section 2 of the previous JNCC report, Harris et al. 
(2019).  
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Additional methods identified which were not deemed suitable for the current purpose 
include greenhouse gas specific LCA methods such as Cumulative Energy Demand 
(Huijbregts et al. 2010), and the Farm Energy Analysis Tool (FEAT) which is also 
greenhouse gas and energy specific (FEAT 2011; Camargo et al. 2013).  

It appears that greenhouse gas emissions have been more extensively studied in the context 
of commodity footprinting than other types of environmental impact.  This suggests a need 
for further research to gain a greater understanding of impacts such as biodiversity loss, 
especially given the growing recognition that we are facing a joint biodiversity and climate 
crisis.  
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3 Conclusions 
A variety of methods exist which could be used to compare the production impacts of a 
commodity across production systems and countries.  Most of these can be broadly split into 
footprint methods, such as the ecological and carbon footprint, which can be applied at an 
individual commodity scale, and LCAs.  There are limitations with the footprint methods in 
terms of the impacts they assess and their application to comparable production systems in 
different countries.  LCAs can be completed for many commodity production systems with 
existing data, and with data collection the method can be applied to potentially any 
commodity.  By using existing LCA studies or LCA software, production systems in 
international and domestic locations can be compared with relative ease.  There are some 
concerns around using LCA methods for tropical production systems, though emerging 
methods and guidelines are addressing this.  When comparing LCAs it is important to 
consider the study boundaries to ensure the assessments are representative and account 
for the key impacts associated with the production systems.  Data misuse is a potential issue 
when using existing LCA studies, highlighting the need to interrogate the data and if 
possible, involve an expert.  An applied case study example of using a LCA to compare 
substitutable commodities can be found in Appendix 1.  
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Appendix 1. Literature review case study: Overseas Palm 
Oil versus Domestic Rapeseed Oil in the UK  
Introduction 

Given that LCAs have been recommended as the most appropriate methods to use when 
comparing two production systems, a case study was undertaken to demonstrate this for a 
selected commodity group.  Rapeseed oil and palm oil are two prominent oils in the UK 
market that, despite having vastly dissimilar sources of production – largely domestic 
(rapeseed) and 100% imported (palm oil) – are considered substitutable commodities in use 
(Schmidt & Weidema 2008).  Global trends have shown that the demand for vegetable oils 
has been on a steady rise and that it will continue to grow (Schmidt 2010).  This has 
prompted initial evaluations of the alternative commodity supply solutions for vegetable oils 
to explore fresh solutions to reducing the environment impact of consumption.  For example, 
Jannick Schmidt has consistently used LCAs (2015, 2010, 2007) to highlight the varied 
environmental impacts associated with the production systems of different commodities, 
namely, comparisons between vegetable oils.  

When using LCAs to evaluate alternative commodity supply systems under different time 
and resource constraints, it is critical to assess the considerations for a suitable comparison 
method that are presented in Section 2.2.4.  Generally, if you were to complete a full LCA 
from scratch it would firstly involve collecting primary data from each individual section of the 
production system and inputting it into LCA software.  This is a necessary step when 
comparing commodities that have not been studied before.  However, collecting primary 
data for each production system stage can be time-consuming and resource-intensive 
(Saavedra-Rubio et al. 2022).  Utilising secondary databases to power LCAs such as Hestia 
(see Section 2.2.2) or using approaches that incorporate the analysis of published LCAs can 
be used in the instances of time and resource limitations, providing there is data availability.  
Hence, with these restraints considered, this review aims to provide a comparative analysis 
of secondary LCA literature to assess the differences in environmental impacts associated 
with overseas palm oil production and domestic rapeseed oil production, making conclusions 
and applications to the UK system.  

In conducting a case study analysis of rapeseed and palm oil LCA literature, it was crucial to 
consider that there may be variations in methods used between assessments.  One general 
practice was to ensure that selected studies followed the standards set out by the 
ISO14040/44 standards (ISO 2006a, 2006b) and followed a similar Goal and Scope, that 
were also aligned with the aims of the review.  Additionally, before making any direct 
comparisons of impact statistics, it was essential to ensure that the functional unit remained 
consistent between compared studies (Collado-Ruiz & Ostad-Ahmad-Ghorabi, 2010; Alcock 
et al. 2022).  This refers to the constant reference unit for the product that enables its 
performance to be quantified between each impact area (ISO 2006b).  Schmidt’s “Life cycle 
assessment of five vegetable oils” (2015) incorporated a comparison of European rapeseed 
oil and Indonesian/Malaysian palm oil production systems using a functional unit of “1 tonne 
of refined oil”, thus, this was selected as the baseline for making comparisons to data within 
other assessments in this study.   

Flow Chart: Cradle-to-Gate approach 

To ensure that LCA results were comparable between studies, it was necessary to ensure 
that system boundaries remained constant.  A side-by-side analysis was completed following 
a cradle to gate approach (see Section 2.2.1), separating the production systems into three 
main stages that are displayed in the flow charts in Figure 1 and 2: Agricultural (cultivation), 
Oil Mill and Oil Refinery.  Additionally, due to time limitations, the results of LCAs that 
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incorporated attributional modelling were used primarily, which exclude the impacts from 
system expansions.  The following impact areas were used to quantify the differences in 
overall environmental performance: global warming, water stress, eutrophication and 
acidification potential, and biodiversity. 

 
Figure 1. Rapeseed Oil production.   

 
Figure 2. Palm Oil production. Produced incorporating the information from Schmidt (2015).   

Land use: land occupation and land transformation 

Traditionally, within LCAs, land use impacts have been separated into two areas: the 
associated impacts from cultivating land over a specified period (land occupation) and the 
impacts from converting land for agricultural use (land transformation).  More recently, land 
transformation has been referred to as land use changes (Mattila et al. 2011).  The impact 
areas associated with land occupation are clearly defined and commonly feature throughout 
LCAs.  For example, greenhouse gas emissions (GHG), water use, biodiversity, and 
measures of toxicity.  However, research has uncovered variations in the methods that are 
used to categorise and quantify the impacts from land transformation and land use changes.  
Typically, LCA studies that include impacts relating to land transformation focus on global 
warming (GHG equivalent) and biodiversity.   

In Schmidt’s (2010) comparative LCA of rapeseed and palm oil, impact areas were modelled 
using an “assumption allocation” method that estimated the impacts from transforming 
specific regional land types to agricultural land - which were adjusted to the functional unit of 
oil produced.  The results in Table 1 assume that “set-aside land” was transformed to 
rapeseed crops in Denmark, whilst “secondary forests” were transformed to palm oil crops in 
Malaysia and Indonesia (Schmidt 2010).  However, conclusions warn that these 
interpretations are heavily based on uncertainties and do not consider indirect impacts of 
land transformation, only direct impacts.  Hence, a different method was used to model the 
impacts of land transformation in more recent LCAs.  In Schmidt’s LCA of five vegetable oils 
(2015) it is modelled using a measure for indirect Land Use Change (iLUC).  The model 
aims to provide more of a comprehensive link between the “use of land and the effects on 
land use changes and intensification” (Schmidt 2012).  Using multiple data frameworks, the 
measure incorporates the modelling of direct impacts of deforestation and intensification 
processes as well as indirect impacts from land use changes to accommodate new crops 
(Schmidt et al. 2015).  The uncertainties relating to modelling iLUC are also less detrimental 
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to interpretations, with results falling within acceptable ranges of uncertainty (Schmidt 2012).  
Despite these improvements, literature is consistent in stating the need for a consensus 
around a standardised method for quantifying both indirect and direct land use changes in 
LCAs.  Nevertheless, current LCAs (Dalgaard et al. 2014; Schmidt 2015) are leaning 
towards the use of this framework for iLUC modelling, presented in Schmidt et al. (2015).  
The overall results for land use impacts within LCA studies have been summarised in Table 
1 and although they follow different methods to quantify land use impacts, indicate similar 
findings. 

Global warming: land transformation 

The results in Table 1 show that there is a clear distinction between the impacts of land use 
in palm oil and rapeseed oil production systems.  On average, to produce 1 tonne of refined 
rapeseed oil, the land mass needed for crop cultivation is much higher than to produce the 
same functional unit of refined palm oil.  Therefore, palm oil production is more efficient in 
terms of relative productivity – producing a higher yield of refined oil over a much smaller 
land mass.  This is reinforced in Zulkifli et al. (2010), stating that palm oil crops have the 
capacity to produce up to eight times more yield than any other oil crop over 1 hectare of 
land.  Despite this, when compared with rapeseed oil production, palm oil production 
releases considerably higher volumes of GHG emissions during both land occupation and 
land transformation processes.  The discrepancy in land transformation impacts have been 
linked to the different practices that occur prior to and during cultivation.  Palm oil cultivation 
is commonly associated with large quantities of deforestation, resulting in high GHG 
emission and biodiversity loss (Koh & Wilcove 2008).  Typically cultivated in tropical regions 
such as South-east Asia (Indonesia and Malaysia) and South America (Brazil), palm oil 
exports are partly responsible for drastic losses to carbon stocks through deforestation as 
native forests are cleared to meet growing demands (Pendrill et al. 2019).  The removal of 
carbon rich biomass (often through burning or logging) causes huge volumes of GHGs to be 
released, as well as further disrupting processes that support the biodiversity of the 
ecosystem.  Thus, the benefits of higher productivity are achieved at the expense of 
increased negative impacts from the transformation practices that are associated with palm 
oil production specifically.  

Table 1. Land use impacts results from Schmidt (2015) and (2010) per 1 tonne of refined oil. 
  
Study  
  

Land Mass 
(m2/yr.)  

Global warming 
from land 

occupation 
(kg CO2)  

Global warming 
from iLUC/ land 
transformation 

(kg CO2)  

Total (kg CO2)  

Rapeseed 
oil   

Palm 
oil   

Rapeseed 
oil   

Palm 
oil   

Rapeseed 
oil  

Palm  
oil  

Rapeseed 
oil  

Palm 
oil  

Schmidt 
(2015)  
  

2,352  1,712  -95  1,418  357  606  262  2,024  

Schmidt 
(2010)  

5,480   2,420  2,220  2,470  521  978  2,741  3,448  

On the other hand, the production of rapeseed oil tends to be less associated with 
deforestation and other land transformation practices than palm oil.  For example, the data in 
Table 1 indicates that for both studies, the equivalent GHG emissions associated with land 
transformation (Schmidt 2010) and iLUC (Schmidt 2015) are nearly half for rapeseed 
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production compared to palm oil production.  However, due to the uncertainties that are still 
present in quantifying land use in LCAs, differences in data can also be accounted for by 
additional factors.  One factor that needs to be considered when comparing the impacts of 
land use changes from different production systems is the spatial and temporal differences 
in land types (Schmidt et al. 2015).  Schmidt (2010) presents evidence that indicates that the 
transformation of primary and secondary forests which support palm oil cultivation will incur 
more severe land use impacts than the conversion of set-aside land for rapeseed crops.  
These characterised results prove that the variations in regional land types used for crop 
cultivation have a vital role in the global warming impacts from transforming the land.  It is 
also worth noting that rapeseed crops in the UK may be more likely to be grown on land 
transformed from another crop rather than set-aside land. 

Biodiversity 

Although studies have demonstrated a comprehensive link between land transformation 
processes and negative impacts on biodiversity (Xingli 2017), many current LCA studies still 
lack the specific data required to accurately quantify this relationship (Damiani et al. 2023).  
Thus, within some LCA studies biodiversity impacts are not included, even though they are 
regarded as key to the comparison of different production systems (see Section 2.2.3).  It is 
broadly recognised in the literature that habitat changes incurred by land use (both 
occupation and transformation processes) are now one of the main drivers of biodiversity 
loss (Souza et al. 2015).  Despite this, there is no clear consensus for the most appropriate 
method to estimate this due to the complexities of the different aspects of biodiversity 
(Damiani et al. 2023).  In recent years, a wide range of models have been developed to 
assist LCAs in evaluating biodiversity loss which mostly rely on ‘species richness’ as an 
indicator.  For example, the Species-Area Relationship (SAR) calculates the loss in species 
according to land use and the Species Distribution Model (SDM) assesses impacts based on 
predicted changes in distribution due to observed land use patterns (Souza et al. 2015).  
However, these models are criticised for being too one-dimensional in measuring the diverse 
impacts on biodiversity from land use (Souza et al. 2015).  To appropriately quantify the 
biodiversity impacts within LCAs, it has been suggested that the focus should be on 
expanding the depth of analysis used within multiple indicators (Souza et al. 2015), for 
example, enhancing the current species richness index by including population and 
landscape analyses.  ReCiPe 2016 (Huijbregts et al. 2017) and LC-Impact (Verones et al. 
2020) represent some of the most recent developments in biodiversity reporting within LCAs.  
However, even with these improvements, the diverse methods that are used throughout LCA 
literature hinder the ability to compare results effectively.   

In Schmidt’s 2015 study, biodiversity impacts were not considered.  However, in Schmidt 
(2010), it was quantified using wS100 (weighted species 100), a method developed to 
provide insights into biodiversity with application to variable land types (Schmidt 2008).  This 
involves “multiplication of occupied area, the number of species affected per standard area 
(100 m2), the duration of occupation and re-naturalisation from transformation, and a factor 
for ecosystem vulnerability” (Schmidt 2008).  The factor for ecosystem vulnerability is based 
on data from a surrogate species of vascular plant, which some authors believe to be 
applicable to other species (Souza et al. 2015).  However, this is also criticised by others, 
with warnings around the assumptions and unsuitability to some biodiversity measures 
(Michelsen 2008).   

The overall results of the study indicate that the differences in biodiversity impacts between 
rapeseed and palm oil are not entirely conclusive (Schmidt 2010).  This is accounted for by 
the varied uncertainties that are present in quantifying biodiversity impacts from land 
transformation, with the use of available data based heavily on assumptions.  Consequently, 
these results are dealt with separately to the impacts from land occupation.   
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The results show that the impacts on biodiversity from land occupation are more significant 
from rapeseed oil than palm oil production.  Schmidt (2010) accounts for this through 
differences in biodiversity capacity and vulnerability of the regional land that is used for 
oilseed crop cultivation in Denmark.  Schmidt (2010) states that the occupation of the same 
amount of land in Denmark has a higher impact than in Brazil, as a smaller proportion of 
Denmark is naturally vegetated, therefore there is less available land to support natural 
species richness levels. 

Looking solely at the required land for producing 1 tonne of refined oil set-aside land in 
Denmark and a combination of alang-alang grassland and degraded forest in Malaysia and 
Indonesia, the carbon and biodiversity impacts are as follows: 1 tonne of rapeseed oil would 
require 0.00751 hectares, resulting in 0.71 tonnes of CO2 equivalent and 0.71 wS100, while 
1 tonne of palm oil would require 0.00247 hectares, causing 0.50 tons of CO2 equivalent and 
0.30 wS100 (Schmidt 2010).  These calculations suggest that rapeseed oil has a more 
significant impact compared to palm oil if converted from the same starting land use type.  
However, the results for palm oil are highly sensitive to the distribution between transformed 
alang-alang grassland and forest into oil palm.  If degraded secondary forest (with no alang-
alang land) were transformed into oil palm, 1 tonne of palm oil would cause 1.08 tons of CO2 
equivalent and 0.95 wS100.  If the transformed forest were primary forest, the impact on 
biodiversity could be as high as 17 wS100. 

However, it is not typically the case that land used for rapeseed oil production and land used 
for palm oil production are converted from the same starting land use type.  Palm oil is more 
typically associated with land conversion than rapeseed oil, which is often grown on land that 
has been occupied for production systems for many years.  As well as this, palm oil is 
typically grown in tropical areas which are often biodiversity hotspots, whereas rapeseed oil 
is often grown in areas with a lower starting biodiversity and therefore less to lose when 
conversion does take place.  A more nuanced analysis that considers data based on both 
occupation and transformation in the cases of the specific production systems being 
compared and taking into account specific previous land use types (rather than a theoretical 
direct comparison) would therefore be needed to gain a full insight of effects on biodiversity. 

Climate change 

Land occupation 

The contributions to climate change from the occupation of land in production systems of 
both oils have been quantified within several LCA studies and highlight significant 
differences between the two.  Results indicate that of the production systems studied, 
overall, palm oil consistently releases higher volumes of GHG than rapeseed oil and 
therefore affects climate change more intensely (Schmidt 2010, 2015).  This can be linked to 
some of the activities associated with land occupation, such as the agricultural and 
cultivation practices and processing methods in the oil mill and refinery stage, that are 
specific to palm oil production (Schmidt 2015).  

Cultivation 

Within both production systems, the agricultural stage (cultivation) produces the highest 
climate change impact.  In the palm oil cultivation taking place in Malaysia and Indonesia 
that was studied in Schmidt (2015), it was recorded that per tonne of refined oil produced, 
emissions equivalent to 3,259 kg CO2 were released, with 3,016 kg CO2 from field emissions 
alone.  The respective GHG emissions for 1 tonne of refined rapeseed oil produced during 
cultivation was 2,247 kg CO2 with 976 kg CO2 from field emissions (Schmidt, 2015: 135).  
These GHG emission data are based on only the agricultural stage of the LCA, without any 
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adjustments made for emissions from other stages or biogenic CO2 uptake from the 
cultivated oilseed plants, hence the data are different to the figures in Table 1.   

The process of peatland decay in tropical forests has been recognised as a high source of 
CO2 field emissions that are released in the cultivation of palm oil and that is often quantified 
within LCAs (Schmidt & Rosa 2019; Schmidt 2010, 2015).  Undisturbed, the peatland in 
Malaysia and Indonesia provides a long-term carbon sink.  However, the drainage processes 
that are used to prepare land for palm oil cultivation disrupts this and releases high volumes 
of CO2 into the atmosphere (Manning et al. 2019).  This process is also exacerbated by the 
removal of forest cover during deforestation and land transformation practices.  Of the LCA 
studies found as part of this review that have quantified these data, all have referenced 
complexities and assumptions that have been made measuring these emissions.  However, 
studies remain consistent in the accounting of high GHG figures to peat emissions in the 
agricultural stage (Schmidt 2010, 2015; Schmidt & De Rosa 2019).    

Oil mill/refinery stage 

Studies have also highlighted sizeable differences in the contribution to climate change from 
the oil mill stages of both production systems.  For example, in Schmidt (2015) it was 
recorded that producing 1 tonne of refined oil releases emissions equivalent to 423 kg CO2 
in the oil mill stage of rapeseed oil production compared with 917 kg CO2 for palm oil.  This 
has mostly been accounted as the treatment of palm oil mill effluent (POME) which, if not 
captured, releases methane (CH4) into the atmosphere (Schmidt 2010, 2015).  POME is a 
by-product that is released in the form of solid oil and grease during the oil mill stage of palm 
oil production.  Without treatment, it holds a toxic potential that poses a huge risk to the 
environmental health of living ecosystems (Mohammad et al. 2021).  Schmidt’s 2015 study 
estimated that in 2012 only 5% of oil mills in Malaysia and Indonesia treated POME using 
methane capture technology.  Data in Alcock et al. (2022) estimates figures for 2022 in 
Malaysia to be 6% and in Indonesia to be 27%, hence this demonstrates that currently, it 
remains a prominent source of GHG emissions in the production of palm oil.   

Beyond the gate 

Although this case study focuses primarily on data from cradle to gate LCA studies, it is 
important to consider the environmental impacts that occur beyond the gate.  An extension 
of this approach, cradle to grave LCAs (see Section 2.2.1), further explore the impacts that 
are linked to transportation, product use and disposal (Circular Ecology 2023).  However, 
there is a lack of quantified evidence within current literature surrounding the LCA of this 
chosen commodity group.  Despite this, these additional impact areas remain crucial to 
providing a comprehensive answer to which commodity production system is more 
environmentally preferred, particularly in the context of comparing domestic and international 
production systems.  Schmidt (2007) touches on the huge discrepancies between the 
impacts from the transportation of rapeseed oil produced in Denmark and palm oil that was 
produced in Malaysia and Indonesia.  For example, this specific study uses Amsterdam as a 
representative for Central Europe so that the transportation distances could be compared 
from production to consumption.  Rapeseed oil was transported approximately 800 km by 
lorry compared with palm oil that was transported over 15,200 km by ocean tanker and lorry 
(Schmidt 2007).  Within the time constraints of this study, no quantitative data were found on 
the environmental impacts of rapeseed and palm oil transportation, but it is important to 
recognise the affected impact areas, such as the contribution to climate change from fossil 
fuel combustion engines.  Within cradle to cradle or cradle to grave LCAs, it is necessary to 
quantify these impacts.  
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Water consumption and water stress 

Literature suggests that water consumption is low in the production systems of both oilseed 
crops assessed here, so may be a less relevant impact to include compared to its 
importance for other commodities.  The results in Schmidt (2015) do not include a 
standalone value for blue water use during the cultivation of rapeseed oil.  However, the 
results do indicate that there is an overall blue water saving, when considering the 
displacement of marginal crops (system expansion).  Although this approach goes beyond 
the system boundaries that are defined for this case study, this is explained in a further 
section (Modelling system expansions).  Within the scope of this review, no specific study 
data were found to quantify the impacts on water use from rapeseed oil production.  
However, there is a clear consensus within studies that water consumption is higher in 
rapeseed cultivation as irrigation is rarely used in palm oil cultivation (Ludwig et al. 2011).  
Despite this, Ludwig et al. (2011) states that as rapeseed oil crops are commonly grown in 
regions of Northern Europe such as Denmark, Ukraine and the UK, little irrigation is needed 
for cultivation due to the areas’ low water scarcity (Ludwig et al. 2011). 

On the other hand, the water consumption requirements for producing palm oil are less clear 
(Ludwig et al. 2011).  Palm oil is grown predominantly in tropical climates with high humidity 
and sustained rainfall throughout the year, such as Indonesia and Malaysia (Ludwig et al. 
2011).  Although some studies are unclear over the use of irrigation in palm oil production, 
Schmidt’s LCA (2015) results show crops are not irrigated, but with the results indicating a 
net consumption of water during cultivation.  Despite this, further results have indicated that 
contributions from the oil mill and refinery stage are more responsible for blue water use 
within the production system of palm oil (Schmidt, 2015).  Specifically, this is accredited to 
machinery production and water that is used in POME treatment.  However, the overall blue 
water consumption value remains minimal, at 7.13 m3.  Equivalent estimates for water use in 
rapeseed oil mill and refinery stages were not found within the scope of this review but this is 
likely to be lower as no POME treatment is required.   

Given the similar landscapes and climates of Denmark and the UK, it is expected that the 
results would be similar.  Ludwig et al. (2011) also identifies that some UK regions (areas in 
the north of the UK) offer some of the most optimal growing conditions in Europe for 
producing rapeseed crops efficiently, and so may be useful to target for increases in 
rapeseed oil production. 

Acidification and Eutrophication potential 

Within the time constraints of this study, the assessment of acidification and eutrophication 
potential found existing LCAs methods in the literature to be limited in relation to the selected 
commodity group.  Despite this, of the studies that have explored them, the comparative 
results are conclusive.  For example, the results in Table 2 conclude that across both 
acidification and eutrophication impact areas, palm oil production is more environmentally 
favourable than rapeseed oil.  The was calculated using the EDIP97 method in SimaPro 
(see Section 2.2.4), which equates to the impacts of producing 1 tonne of refined oil 
(Schmidt 2010).  Further analysis in Schmidt (2010) also revealed that the major contributors 
to acidification and eutrophication potential were pesticides and heavy metals from fertilisers.  
Schmidt also indicates that more fertilisers are used in the overall cultivation of rapeseed, 
therefore meaning that the eutrophication and acidification potential is higher.  
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Table 2. Eutrophication, acidification results from Schmidt (2010) per 1 tonne of refined oil. 
Impact area:  
Oilseed  

Eutrophication (kg NO3)  Acidification (kg SO2)  

Rapeseed oil  140,000  20.2  

Palm oil  124,000  14.8  

Modelling system expansions 

System expansion is an approach that is used with LCAs to account for the impacts that are 
associated with displacement or implications on marginal production systems from the 
production of another commodity (Schmidt 2010).  Although the concept is not explored 
within the system boundaries of this review, it is important to consider the potential 
implications of expansions in the overall decision-making process when comparing domestic 
and international production systems.  For example, Schmidt’s (2010) study explores the 
hypothetical impacts of different expansion scenarios for rapeseed oil (Denmark) and palm 
oil production (Malaysia and Indonesia).  However, it is reliant on many assumptions.  
Regarding water use, the consideration of displaced marginal crops in the production of 
rapeseed oil resulted in a water saving, as opposed to net water consumption.  An example 
of a similar consideration is that in the flow chart (Figure 1), it is highlighted that the 
production system of rapeseed oil results in multiple outputs, one of which is rapeseed meal.  
This is produced as a by-product during the oil mill stage and can be used for animal feed 
(Schmidt 2015).  Hence, by producing rapeseed meal as a by-product of rapeseed oil, the 
need for cultivating and irrigating other crops (such as soybean or barley) to produce animal 
feed, is reduced, or eliminated.  For example, the results of Schmidt’s LCA of Danish 
rapeseed oil (2015) state that producing 1 tonne of refined oil is associated with a net blue 
water saving of 362 m3, despite still being irrigated, if comparing against the alternative of 
producing both an oilseed and a separate animal feed crop.  With less demand to produce 
meals from marginal crops, growing rapeseed can lead to potential water savings and 
reduce impacts on agricultural water consumption.   

This study provides scope for further analysis, with progressions towards the exploration of 
different system expansion scenarios for the domestic production of rapeseed oil and 
overseas production of palm oil.  The use of a consequential modelling approach for a future 
LCA, like the one used in Schmidt (2010), is beneficial in the incorporation of expansion 
scenarios.  The aim of this study though, was to test the application of LCAs to a real-life 
commodity group and evaluate the findings that can be drawn from previous literature.   

Limitations and uncertainties 

Reliability 

The analysis faces several limitations and uncertainties that impact its reliability.  One 
significant limitation is the scarcity of available data found within the scope of this study that 
concern the rapeseed and palm oil production systems.  Consequently, the analysis heavily 
relies on a limited pool of information, primarily derived from two studies that examine 
Danish rapeseed oil and Malaysian/Indonesian palm oil production (Schmidt 2010, 2015).  
Despite this, the landscape and climate similarities allow for the applicability of Danish 
rapeseed production results to UK rapeseed production systems and provide some 
comprehensive findings.  To address these limitations, providing that time and resource 
constraints enable this, future studies would benefit from the collection of primary data.  
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Incorporating primary data would contribute to a more accurate and conclusive analysis, 
enhancing the overall reliability of the findings.  

Another limiting factor that may impact the analysis of life cycle impact areas is the reliance 
on assumptions regarding specific indicators and models.  For example, the current methods 
for quantifying biodiversity and iLUC within LCA are heavily based on assumptions.   

Contextual considerations 

Within Europe and the UK, deforestation already occurred many years ago (Susanne 2020), 
but this historical context is not considered within the current indicators used within LCAs.  
This limitation may result in an incomplete assessment of the environmental impacts in these 
regions in a more holistic sense.  Some of the indicators that are used to quantify impact 
areas within LCAs could be considered more sensitive to commodity groups that are 
produced in developing countries.  For example, palm oil production in Indonesia and 
Malaysia is situated on arable land that has been newly established from the deforestation 
and clearing of tropical forests, whereas rapeseed oil production tends to be cultivated in 
Europe on land that has already undergone transformation process or previous cultivation.  
Hence, the indicators used within LCAs fail to consider that although the current impacts of 
land transformation are low for specific commodity groups, there should still be contextual 
considerations for the historical data. 

Conclusions 

Overall, this case study concludes that for GHG emissions, rapeseed production tends to 
have lower overall impacts than palm oil production using a cradle-to-gate attributional LCA 
approach.  Amongst both production systems, the cultivation stage provides the main 
hotspot for GHG emissions.  Within LCA literature, this is consistently accounted for by the 
decay of the peatlands soil that palm oil crops occupy.  Additionally for palm oil, high 
volumes of CH4 are released during the current practices used for the treatment of POME in 
the oil mill stage, which contributes to the overall GHG impact area.  With respect to the 
impacts associated with land use changes, studies have indicated that they are a high 
contributor to GHGs, especially during the deforestation of primary and secondary forests.  
However, the varied methods for quantifying these impacts on GHGs still remains full of 
assumptions and uncertainties.  Despite not being included within a cradle-to-gate LCA 
assessment, the contribution to GHG emissions from transportation will need to be 
considered in the overall context of comparing domestic rapeseed oil against overseas palm 
oil production, as the huge disparities in distance will lead to a higher contribution from palm 
oil importation. 

For the impact areas of acidification and eutrophication, literature is conclusive that palm oil 
production systems are more environmentally preferred to rapeseed oil.  This is due to the 
high requirement for pesticide and fertiliser input in rapeseed oil cultivation to ensure that the 
ideal growing conditions are met.  The use of pesticides and fertilisers have been linked to 
acidification and eutrophication potential due to the release of the toxic chemicals and heavy 
metals that they are composed of.  However, many studies opt to not include these 
measures within impact assessments. 

The conclusions for biodiversity and water use are less clear.  There is ongoing debate 
around the most suitable methods for assessing impacts upon biodiversity and most studies 
use a species richness measure to quantify this impact.  The findings for the comparison of 
biodiversity impacts between the two oil-seed crops were inconclusive, though land 
occupation from rapeseed oil in Denmark was found to have greater impacts on biodiversity 
than palm oil production in Brazil.  The land transformation impacts rely heavily upon the 
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habitat being converted for palm oil cultivation, though the conversion of primary or 
secondary forest for palm oil results in higher biodiversity impacts than the conversion of set-
aside land for rapeseed oil.  Studies have indicated that water use during the cultivation of 
rapeseed is higher than palm oil because of the contributions from irrigation methods.  
Despite not being irrigated, palm oil production has a higher water use during the oil mill 
stage due to machinery use and treatment of POME.  Additionally, when considering the 
displacement of marginal crops in a system expansion scenario, rapeseed oil is associated 
with a net water saving. 

The literature also puts huge emphasis on the complex nature of a concrete answer for 
which oil is more environmentally preferable, with some studies suggesting that solutions 
should focus more on improving the applied technology (Schmidt 2010) and the methods 
used to communicate LCA data.  For example, developments around land use change 
modelling and muti-dimensional biodiversity indicators would enhance the accuracy of LCA 
reporting and minimise the reliance on assumptions.  
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