
Task 1.4 Report M24 

 

 

 
 
 
 

 

 
 

Deliverable 1.6  
Improved environmental life-cycle impact 
assessment of food systems for LCA-LCC 

experts 
 

Responsible Authors: Chrysoula Karetta, Rosalie van Zelm and Mark Huijbregts 
(Radboud University) 

  



Task 1.4 Report M24 

 

 

Document History 

 

Version Description Date Performed by 

1.0 Final Content Version 12-12-2025 Mark Huijbregts (SRU) 

1.1 Format review 15-12-2025 
Eloy Miranda García 

(UVigo) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Task 1.4 Report M24 

 

 

 
 

Authors / Participants in the research Contact 

Chrysoula Karetta  chrysoula.karetta@ru.nl 

Rosalie van Zelm rosalie.vanzelm@ru.nl 

Mark Huijbregts mark.huijbregts@ru.nl 

 

  



Task 1.4 Report M24 

 

 

Table of Contents 
Summary ................................................................................................................................................. 1 

1 Introduction ......................................................................................................................................... 2 

2 LCIA explained ...................................................................................................................................... 3 

2.1 Characterization ............................................................................................................................ 3 

2.2 Normalization and weighting ........................................................................................................ 4 

2.3 Impact assessment methods ........................................................................................................ 5 

3 Stepwise procedure ............................................................................................................................. 7 

3.1 Step 1: Look at the list of ReCiPe characterisation factors ........................................................... 8 

3.2 Step 2: Classification ..................................................................................................................... 8 

3.3 Step 3: Endpoint characterisation ................................................................................................. 8 

3.4 Step 4: Midpoint characterization ................................................................................................ 9 

3.5 Optional steps for normalization and weighting .......................................................................... 9 

3.6 Step 5: Contribution analysis ........................................................................................................ 9 

4 Implementation of the procedure ..................................................................................................... 10 

4.1 Software ...................................................................................................................................... 10 

4.2 Troubleshooting .......................................................................................................................... 10 

5 Application of the procedure ............................................................................................................. 12 

5.1 Worked example ......................................................................................................................... 12 

5.2 Data preparation ......................................................................................................................... 12 

5.3 Outcomes at each step for the worked example ........................................................................ 12 

5.4 Troubleshooting of the case study.............................................................................................. 16 

6 Recent developments in LCIA research ............................................................................................. 16 

6.1 IPCC 2021 GWP factors ............................................................................................................... 16 

6.2 Microplastics ............................................................................................................................... 17 

6.3 Land use diversification .............................................................................................................. 17 

7 Outlook............................................................................................................................................... 18 

8 References ......................................................................................................................................... 19 

 

 

 

 



Task 1.4 Report M24 

1 

 

Summary1 
Life cycle assessment (LCA) is a method to understand and reduce the environmental impact of 
products over their life cycle. Although general guidelines to perform LCAs are available, specific 
recommendations on performing and reporting the life cycle impact assessment (LCIA) step in a 
standardized way are lacking. This lack can lead to incomplete results, followed by 
misinterpretation. In the LCIA step, the magnitude and significance of the potential environmental 
impacts are quantified and evaluated. Here, we describe how to systematically perform and report 
the LCIA step, identify the most meaningful LCA results and check their robustness. To develop the 
procedure, we used the widely applied LCIA methodology ReCiPe, which includes so-called 
characterization factors that express the environmental impact per unit of emission or extraction 
for 18 midpoint categories, such as global warming and acidification, and three endpoint 
categories (human health damage, ecosystem damage and resource scarcity). The 
characterization factors are developed for three perspectives, addressing inherent value choices 
in the calculation models. To demonstrate its use, our method was applied to a milk case study. 
We argue for the inclusion of all three endpoint categories and all three perspectives in the initial 
assessment. Furthermore, we recommend including a midpoint-to-endpoint contribution analysis 
on the impact results to identify the most important midpoint categories. Being comprehensive on 
the LCIA results will lead to a clear, distilled message to stakeholders to decrease environmental 
impacts, without unintended burden shifting across the supply chain or between different 

environmental impacts. For the future, improvements in ReCiPe are related to (i) an update 
of midpoint factors for global warming, (ii) the inclusion of microplastics, (iii) the inclusion 
of differences in ecological impacts related to differences in land use intensity.  
 
 
 
  

 
1 Part of this report is also published in Nature Protocols (Van Zelm et al., 2025) 
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1 Introduction  
The manufacture and consumption of food products lead to land and water use and cause 
emissions of hazardous substances. A commonly used method to understand the environmental 
impact of a food products is environmental life cycle assessment (LCA). An LCA includes the 
stepwise quantification of environmental impacts during the full life cycle (i.e., for each 
life cycle stage including resource extraction, production, transport, consumption and waste 
treatment)2. According to International Organization for Standardization 14040-44 standards3,4, an 
LCA consists of: 

• A definition of the goal and scope of the study, 
• Preparation and analysis of a life cycle inventory (LCI), 
• A life cycle impact assessment (LCIA), and 
• An interpretation phase. 

 
In the goal and scope definition, the system to be studied and the purpose are defined. LCA can 
be used to compare systems to help make more environmentally sustainable choices, to help 
reduce impacts by identifying environmental hotspots, as input for ecolabeling, to inform 

government programs and prioritize their activities, and in safe and sustainable design for new 
substances and materials5,6. A functional unit, which is a measurable indicator of a system for use 
as a reference unit2 (e.g., ‘1 m3 of wastewater cleaned’), is also decided upon. During the LCI 
analysis, data are gathered for all the relevant processes involved in the life cycle of the product, 
technology or service studied7. The outcome of the LCI analysis is a complete list of the resources 
used (including land and water) and chemicals and other pollutants emitted, per functional unit. 
Such an inventory can contain thousands of processes, each with its substance emissions and 
resource extractions, together named ‘elementary flows’8. To determine the environmental 
relevance of all these elementary flows, LCIA is the ‘phase of life cycle assessment aimed at 
understanding and evaluating the magnitude and significance of the potential environmental 
impacts for a product system throughout the life cycle of the product’3. Here, impacts of the 

elementary flows are quantified under several categories, such as global warming and ecotoxicity. 
Finally, during the interpretation phase, the impact results are evaluated, and conclusions and 
recommendations are drawn up in accordance with the goal and scope definition3,4.     
 

To overcome a lack of transparency and lack of comparability in LCIA outcomes, best practices 
for LCA have been reported (e.g., 3,9,10). However, although these guidelines mention the general 
steps to be taken, they leave substantial room for interpretation by the user. Current guidelines do 
not provide recommendations on performing and reporting on the LCIA in a standardized way. 
Lack of standardization can lead to incomplete results, followed by misinterpretation. This can 
happen, for example, when LCA studies arbitrarily choose to include a limited number of impact 
categories. An example is the growing interest in the greenhouse gas footprint, leaving other 
impact categories out of the assessment11. A recent meta-analysis showed that although bio-
based products probably have lower greenhouse gas footprints than fossil-based products, other 
impacts, such as eutrophication, can be larger12. Leaving out impacts other than global warming 

can result in misinterpretation of overall environmental impacts. A stepwise approach will help to 
provide comprehensive LCIA results.  
 

Here, we provide a tutorial describing how to systematically perform the step of LCIA and report 
on the main findings. By following this best practice approach, meaningful results can be obtained, 
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and robustness is checked. We used the ReCiPe methodology to develop the procedure because 
this methodology has been applied worldwide in various LCA case studies and various LCA review 
papers show that ReCiPe is one of the most-used LCIA methods since its development in 2008 
(e.g., refs.13,14).  
 

2 LCIA explained  
In the LCIA phase, each elementary flow is translated into an environmental impact score15. 
According to existing LCIA guidelines, four steps can be followed in the LCIA phase4,10: 

1. Classification. Elementary flows of the inventory (i.e., resource extractions and emissions 
into air, water or soil) are assigned to the relevant impact categories to which they 
contribute, such as land use and global warming16. 

2. Characterization. The environmental impacts for each elementary flow are quantified by 
using characterization factors (CFs). These CFs indicate the environmental impact per unit 
of elementary flow (e.g., per kilogram of resource extracted or emission released). 

3. Normalization. Characterized impacts are normalized to a reference situation. 
4. Weighting. Characterized or normalized impacts are aggregated to a single score.  

2.1 Characterization 
The existing guidelines do not provide advice on which CFs to use. There are two mainstream ways 
to derive CFs: at midpoint and endpoint levels (Figure 1). 
• CFs at the midpoint level typically express the effect after which the cause–impact pathway 
does not differ anymore for each elementary flow assigned to that impact category17 (e.g., for 
global warming, the increase in radiative forcing due to greenhouse gas emissions, such as carbon 
dioxide, nitrous oxide and methane, or for terrestrial acidification, the decrease in soil pH due to 
acidifying emissions, such as ammonia, nitrogen oxides and sulphur dioxide). 
• At the endpoint level, the CFs represent the damage to an area of protection (i.e., human health, 
ecosystems or resource scarcity).  
 
The main advantage of the midpoint indicators is their relatively low uncertainty compared to 
endpoint indicators, because only the first part of the cause-impact pathway is modeled15. 
Endpoint indicators, however, are easier to interpret15. There are fewer endpoint indicators than 
midpoint indicators, and endpoint indicators quantify damage to areas of protection (humans, 
ecosystems and resources) that we care about. This provides them with better information on the 
environmental relevance of the elementary flows15. Figure 1 shows the general cause-effect 
pathways for each area of protection. Specific pathways for each midpoint impact category and 
corresponding area of protection can be found in Huijbregts et al.18.       
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Figure 1: General cause-impact pathway to derive characterization factors at the midpoint or 
endpoint level. a, The pathway for human health. b, The pathway for ecosystem damage. c, The 
pathway for resource scarcity.  
 

2.2 Normalization and weighting 
According to existing guidelines, after characterization, normalization and/or weighting can 
optionally be performed4. In the normalization step, each characterized impact score is divided by 
the corresponding impact score of a reference situation, called the ‘normalization reference’19. This 
reference situation can be selected by the user (e.g., the total anthropogenic impact worldwide in 
a specific year), and the data can be obtained directly from an LCIA method or retrieved by the 
user19. 
Normalization does not add to the quantification of potential environmental impacts20. First, 
normalization can be used to facilitate the interpretation and communication of the impact 
assessment results compared to characterization by 

(i) comparing the characterized impact scores with a reference situation that is external to, 
or independent from, the case studies, 

(ii) expressing the different impact scores on a common scale, which supports comparisons 
of results across impact categories, and 

(iii) preparing for the weighting step19,20. 
 
Second, normalization can be implemented to check whether the order of magnitude of the results 
is plausible19,20. When an LCA of one person taking one shower shows, for example, that its climate 
footprint contribution is equivalent to the annual contribution of 100 global average persons, errors 
were probably made in the assessment. 
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In the weighting step, results can be aggregated across impact categories to a single score to 
ease the interpretation. To do so, weighting factors, which represent the societal importance 
assigned to each of the impact categories, are applied. The most commonly used importance 
measures in LCA weighting are policy targets, the panel weighting approach or monetary 
valuation20. 

2.3 Impact assessment methods 
To aid in performing the LCIA, methods have been developed that include a single impact (e.g., 
global warming or cumulative energy demand), multiple midpoint impacts or multiple endpoint 
impacts. Examples of widely used multiple-impact midpoint methods are EDIP21, CML 2002 (ref. 
21), EDIP2003 (ref. 22), IMPACT2002+24, PEF25 and TRACI2.0 (ref. 25). Widely used endpoint methods 
are EPS27,28, Ecoindicator 99 (ref. 28), LIME 3 (ref. 29) and LC-IMPACT31. To our knowledge, two 
methods are available that provide both midpoint and endpoint factors: ReCiPe2016 (ref. 31) and 
IMPACTWorld+ (ref. 32). 
 
ReCiPe is a comprehensive LCIA methodology, which applies a harmonized implementation of 
cause-effect pathways to calculate both midpoint and endpoint CFs32. These CFs can be used by 
LCA practitioners to calculate LCA impact scores. Uncertainties from value choices, driven by 
personal beliefs and values that reflect what we care about, can influence CFs. Typical examples 
of value choices are whether to apply a precautionary principle and the time horizon to consider 
within which potential effects take place. In ReCiPe, different value choices were grouped into 
three scenarios, also called ‘perspectives’, according to the ‘Cultural Theory’34 (Table 1): 

• The individualist (I) perspective is based on short-term interest, undisputed impact types 
and technological optimism regarding human adaptation. 

• The hierarchist (H) perspective is based on scientific consensus regarding the time frame 
and plausibility of impact mechanisms. 

• The egalitarian (E) perspective is the precautionary perspective, considering the longest 
time frame and all impact pathways for which data are available18. 

 
Table 1: Main characteristics of the three ReCiPe perspectives (adapted from ref. 1) 
 

 Perspective 

 Individualist Hierarchist Egalitarian 

Time horizon 20 years 100 years Infinite/1,000 years 

Impact mechanisms Undisputed Scientific consensus All known 

Future developments Optimistic Baseline Pessimistic 

 

 
Figure 2 shows the impact categories included in ReCiPe. ReCiPe also includes normalization 
references indicating the total anthropogenic impacts worldwide for the year 2010 for midpoint as 
well as endpoint impact categories. 
Although current LCIA guidelines provide basic principles, they lack specific advice to apply LCIA 
methods in practice (i.e., to deal with the large number of CFs, to choose between perspectives, to 
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use and interpret characterized or normalized results and to select which contribution analyses to 
perform). 
 
We applied the ReCiPe method ourselves in various case studies. For instance, van Zelm et al.35 
quantified the environmental impacts of a new technology for the removal and recovery of 
nitrogen from wastewater. In de Kleijne et al.36, we determined the environmental benefits of urea 
production from basic oxygen furnace gas, whereas in Hennequin et al.37, we looked at the 
influence of consumer behavior on the environmental footprint of passenger car tires. Although we 
used the same ReCiPe method in our studies, different case-specific issues needed to be 
overcome, and different software tools were used. This led to differences in the use of the ReCiPe 
method, generally omitting a part of the full analyses, such as not considering all three 
perspectives in the assessment. Here, we outline a stepwise procedure to perform the LCIA with 
ReCiPe, as well as to interpret the LCIA results. 
 

 
 
Figure 2: Overview of impact categories and areas of protection included in the ReCiPe2016 
method. The categories contributing to human health damage are shown in blue, the categories 
contributing to ecosystem damage are shown in green and the categories contributing to resource 
scarcity are shown in yellow. Image adapted with permission from ref. 18, RIVM.  
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3 Stepwise procedure  
The impact calculations in the LCIA can be executed with ReCiPe as the impact assessment 
method. Different choices can be made; that is, CFs are available for midpoint and for endpoint 
categories, as well as for the I, H and E perspectives, and several impact categories have global 
average as well as country-specific CFs. For background information on the factors, we refer to 
Huijbregts et al.18. Figure 3 shows the steps of the procedure. In the case of comparative LCAs, in 
which the environmental impacts of two or more systems are assessed against one another, all 
the procedural steps should be applied to each system individually. In addition, we provide specific 
recommendations for a comparative interpretation. 
 

 
Figure 3: Stepwise procedure for impact assessment with ReCiPe. The different choices to be 
made are shown in purple, and the International Organization for Standardization optional steps 
(OS1 and OS2) are indicated by the dotted lines.  
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3.1 Step 1: Look at the list of ReCiPe characterisation factors 
Look at the list of ReCiPe CFs. If there are important missing CFs for certain elementary flows, add 
these to the ReCiPe methodology, for example, by taking them from the literature or by running the 
underlying models (see ReCiPe documentation for information on these models18). For example, 
when the CF for a chemical emission is missing, the USES-LCA model38 can be run with chemical-
specific data from the literature or databases.  

3.2 Step 2: Classification 
Implement all CFs in the software that you use and link them to the corresponding elementary flow 
(classification). 

• Global average factors are available for all impact categories, whereas country-specific 
values are available for particulate matter (PM) formation, tropospheric ozone formation, 
water use, acidification and freshwater eutrophication. 

• It is important to use the country-specific value when the location is available from the 
inventory. For instance, CFs of fine PM formation are higher for densely populated 
countries than for sparsely populated ones because of a higher population intake fraction, 
and CFs for water use are higher in dry countries than in wet ones. 

ReCiPe CFs are already available and classified in most LCA software; see Materials for more 
information. 

3.3 Step 3: Endpoint characterisation 
Calculate impact score (IS) results on endpoint level with ReCiPe for all three perspectives (I, H and 
E) by multiplying the CF by the amount of elementary flow (Q)15: 
 
                                                              𝐼𝑆𝑝,𝑗,𝑖,𝑘,𝑙 = 𝑄𝑖,𝑘,𝑙 ·  𝐹𝑝,𝑗,𝑖,𝑘,𝑙                                                       (1) 

 
where ISp,j,i,k,l is the contribution to the indicator score from elementary flow i extracted at location 
k or emitted to environmental compartment l at location k for impact category j and perspective 
p, Qi,k,l is the quantity of elementary flow i extracted at location k or emitted to compartment l at 
location k (from the case study inventory) and CFp,j,i,k,l is the characterization factor under 
perspective p and impact category j for elementary flow i extracted at location k or emitted to 
compartment l at location k.  
 
The results are then summed for each perspective and impact category over the elementary flows, 
emission compartments and locations according to: 
 

                                                               𝐼𝑆𝑝,𝑗 = ∑ ∑ ∑ 𝐼𝑆𝑝,𝑗,𝑖,𝑘,𝑙
𝑙𝑘𝑖

                                               (2) 
 
Including all three perspectives is important to check the robustness of the results and the 
importance of assumptions. Endpoint results are a summation of each midpoint category 
contributing to an area of protection. Therefore, the contribution of each midpoint impact 
category to each area of protection can be determined when performing an endpoint assessment, 
which is important for endpoint as well as midpoint characterization. 
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3.4 Step 4: Midpoint characterization 
If the choice is made in the goal and scope phase to interpret the results on the midpoint level, 
calculate the midpoint level results with ReCiPe for all three perspectives (I, H and E) by following 
Eqs. 1 and 2.  

3.5 Optional steps for normalization and weighting 
Optional Step 1 (OS1). When the choice is made to additionally interpret the results on a 
normalization or weighting level, perform normalization as an optional step on the endpoint or 
midpoint characterization. The normalization score (NS) is calculated by dividing the impact score 
of the system by the impact score of the normalization reference (NR): 
 

                                                                   𝑁𝑆𝑝,𝑗 =   
𝐼𝑆𝑝,𝑗

𝐼𝑆𝑁𝑅,𝑝,𝑗
                                                               (3) 

 
Optional Step 2 (OS2). After normalization, weighting of the various environmental impacts can be 
performed. Although ReCiPe does not provide weighting factors, it is possible to apply available 
panel-based or distance-to-target weighting methods (see, e.g., refs. 38–40). A weighting score 
(WS) is calculated by multiplying the normalization score of an impact category with the weighting 
factor (WF) of an impact category and summing them over all impact categories: 
 

                                                         𝑊𝑆𝑝 = ∑ 𝑁𝑆𝑝,𝑗 ·  𝑊𝐹𝑝,𝑗
𝑗

                                                    (4) 

3.6 Step 5: Contribution analysis 
Perform contribution analyses at the characterization, normalization or weighting level. 
Determining the share that a certain process or life cycle stage contributes to a certain impact 
category or area of protection provides opportunities for the redesign of products, technologies 
or services or for prevention strategies. For this, it is important to understand which impact 
categories contribute most to overall environmental damage and to know the elementary flows 
that are the main drivers. Contribution analyses also show for which processes or life cycle stages 
precise data are needed and for which rough estimates are enough (i.e., the ones that hardly 
contribute to the final impacts). Finally, contribution analyses help in testing the results against 
what is expected, and errors can be located42.  
 
Step 5a. The first contribution analysis is to check the midpoint impact category contributions to 
the endpoint results for each area of protection (i.e., ecosystem damage, human health damage 
and resource scarcity). This should be done on the characterized results only because these 
represent the absolute environmental impacts. For a midpoint assessment, the choice can be 
made to focus the contribution analyses in Step 5b and c on the midpoint categories that 
contribute above a certain threshold to each area of protection. When a comparison analysis is 
performed, different midpoint categories may contribute above a certain threshold for each 
system that is compared. This is an important result, and each midpoint category contributing 
above the threshold in any of the systems compared should be included in further analyses of all 
systems. Such a result also shows the importance of the endpoint assessment. The trade-offs in 
midpoint categories can be dealt with in the contribution analysis for the areas of protection. We 
suggest a threshold between 5% and 10%, but the exact percentage is up to the user. Step 5b and 
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c can be done on the characterized or normalized results, because it will yield the same relative 
results.  
Step 5b. Check the contributions of each life cycle stage or process to each area of protection or 
each of the midpoint categories chosen in Step 5a. 
Step 5c. Check the contributions of each elementary flow to each area of protection or relevant 
midpoint category. Here, elementary flows can be further discussed that contribute >1% or >5%. 
Also here, the exact percentage is up to the user. 

4 Implementation of the procedure  

4.1 Software  
The LCIA can be performed in any available LCA software, such as SimaPro43, Product 
Sustainability Solutions Software (formerly known as GaBi)44, OpenLCA45, Umberto46, 
ActivityBrowser47 or others, but can also be done in any data/programming software, such as 
Excel, R or Python. An overview of commonly used LCA software and tools can be found in ref. 48. 
The above-mentioned LCA software tools already include the CFs of ReCiPe. However, not all LCA 
software programs contain country-specific factors. In ActivityBrowser and OpenLCA, it is 
possible to connect country-specific CFs to the LCI in a straightforward way. Other LCA software, 
such as SimaPro or GaBi, do not provide the possibility of including regionalization for all impact 
categories, because the software does not consider the specific emission or extraction location. 
SimaPro, for example, includes country-specific factors for water use only. All CFs of ReCiPe are 
available in Excel via https://www.rivm.nl/en/life-cycle-assessment-lca/ downloads. 

4.2 Troubleshooting   
To prevent errors, checks need to be performed on the LCIA method application. Here, we refine 
the LCIA method completeness and consistency checks as outlined by Laurent et al.49 to 
specifically match the ReCiPe methodology. The completeness check should involve the following 
evaluations49:  

(i) Completeness of the covered impact categories in the selected LCIA method(s) relative to 
the range of impacts potentially occurring, 

(ii) Completeness of the models underlying each specific impact and 
(iii) Completeness of the elementary flows concerning a specific model. 

 
ReCiPe includes a set of models and impact categories addressing elementary flows for which the 
cause-effect pathways are modelled on a global scale (Figure 2). Several environmental impacts 
of human pressures, such as noise, invasive species, microplastics and nanoparticles, are not 
included in the latest version of 2016. This was due to a lack of operational modelling methods 
and/or lack of data at the global scale, but this situation may change in the future because of 
additional research that can be incorporated in an updated method50-52. 

• For point (i), it is important to realize that, when performing an LCA for which these impacts 
could be important, such as invasive species for sea transport53, the resulting 
environmental impacts will be incomplete. 

• For point (ii), it can be said that we know that some damages are incomplete (e.g., the 
change in incidence of dengue because of climate change is not included owing to lack 
of data). Other damage pathways (e.g., human exposure pathways related to indoor 
emissions of chemicals and fine PM and direct application of pesticides to food items32) 
are completely lacking.  

https://www.rivm.nl/en/life-cycle-assessment-lca/
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Although we expect that the most important elementary flows for each impact category, except 
for toxicity, are covered, for some elementary flows, data were lacking and thus could not be 
included. For fossil resource scarcity, for example, production and cost data were lacking for 
brown coal and peat. For many toxic chemicals, specific toxicity data were lacking. For point (iii), 
in case of important missing CFs for certain elementary flows included in the inventory, these need 
to be added to the ReCiPe methodology in Step 2 of the procedure. 
 
The consistency check should include the geographical and temporal relevance of the LCIA data 
used49. It is important to use the country-specific CFs where country-specific inventory data are 
applied. After the completeness and consistency checks, unexpected results might still be 
obtained. Characterized, normalized or weighted scores could be considered too high or too low 
(e.g., related to other impact categories or compared to another LCA study found in the literature), 
or be considered unrealistic in the case of normalization. When unexpectedly high results are 
obtained, troubleshooting should involve the following: 

• Checking where the large number comes from (i.e., which midpoint impact category, which 
elementary flow or which process); 

• Checking whether the units for the elementary flows that you entered (i.e., of the elementary 
flow when directly inserted or of the unit process that was inserted) are correct. When, for 
example, an amount is entered in grams, while the CF is in impact per kilograms, the results 
will be too large by a factor of 1,000.  
 

When a result is unexpectedly low, troubleshooting should involve the following: 
• Checking whether the units for the elementary flows that you entered (i.e., of the elementary 

flow when directly inserted or of the unit process that was inserted) are correct. 
• Checking whether CFs are entered in the software for the elementary flows that you aim 

to evaluate and classified to the correct elementary flow. It is possible that the method 
does not include certain elementary flows, which can be the case, for example, for toxic 
chemicals. 

 
If everything is expected to be correctly quantified, see whether your results can be explained on 
the basis of the information you have about the case study or input data. It is possible that you 
have other information than an earlier case study had, that you included other impact categories 
or that the investigated process differs at a certain point. 
 
To interpret the results obtained from the impact assessment, it is important to know the 
uncertainty attached to the outcomes of each impact category. Although ReCiPe includes 
scenario uncertainty via the three value choice perspectives, ReCiPe does not contain information 
on parameter uncertainty. Including parameter uncertainty in CFs is an important future research 
area. 

 
 



Task 1.4 Report M24 

12 

 

5 Application of the procedure  

5.1 Worked example  
We applied the protocol to identify the environmental footprint of the production and 
transportation of cow milk globally using the ‘Market for cow milk (GLO)’ dataset from Ecoinvent 
v38. The functional unit was defined as 1 kg of produced cow milk, supplied to consumers. The 
system boundary includes milk production in farms (upstream processes) and transportation to 
consumers, excluding the end-of-life stages.  

5.2 Data preparation  
1. For our case study, we chose to use the SimaPro software (https://simapro.com/). 
2. The LCI consisting of elementary flows and processes related to the functional unit is 

already included in the Ecoinvent v3 dataset ‘Cow milk {GLO}| market for cow milk’ in 
SimaPro. 

3. All necessary CFs were already present in Simapro. When a software is used that does 
not already include the ReCiPe method, the CFs can be downloaded from 

https://www.rivm.nl/en/life-cycle-assessment-lca/downloads. 

5.3 Outcomes at each step for the worked example 
 
Step 1: All necessary CFs are included in ReCiPe2016 v1.1.  
 
Step 2: ReCiPe2016 v1.1 is readily available in SimaPro. We used the global average CFs for each 
impact category since the study aimed to get the global effect of cow milk production and 
transportation to the consumer. 
 
Step 3: Endpoint characterization was performed in SimaPro. Overall damage scores were 
visualized in Excel and reported in Figure 4. The egalitarian perspective led to the largest damage 
for all areas of protection.  

 

Figure 4: Damage caused by the production and transportation of 1kg of cow milk for each area 
of protection and perspective. a, Human health damage. b, Ecosystem damage. c, Resource 
scarcity. DALY, disability-adjusted life year; USD, US dollars. 

https://simapro.com/
https://www.rivm.nl/en/life-cycle-assessment-lca/downloads


Task 1.4 Report M24 

13 

 

Endpoint route:  
Step OS1. The optional step of normalization on endpoint is shown in Figure 5. The production and 
transport of 1kg of cow milk adds the most to human health damage.  

 
Figure 5: Normalization scores of the damage from the production and transportation of 1 kg of 
cow milk. Scores are shown for human health damage, ecosystem damage and resource scarcity 
for the three perspectives.  

 
Step 5a. The first analysis on the impact assessment results is to check for the relative midpoint 
impact contributions to each area of protection, which are shown in Figure 6. 
 
Across the perspectives and areas of protection, we identified five midpoint impact categories 
that contributed >10% to human health damage:  

• Global warming 

• Fine particulate matter formation 

• Human carcinogenic toxicity 

• Human non-carcinogenic toxicity  
• Water consumption 

 

For ecosystem damage, these were three impact categories:  
• Global warming in terrestrial ecosystems 
• Marine ecotoxicity 
• Land use 

 
Fossil resource scarcity contributes the most to resource scarcity.   
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It is evident that some midpoint categories may be overlooked compared to the total effects. Here, 
marine ecotoxicity is a large contributor in the E perspective, but not in the other perspectives for 
ecosystem damage. 

 
 
Figure 6: Contributions of the midpoint impact categories to each area of protection for the three 
perspectives for the production and transportation of 1kg of cow milk. a, Human health damage. 
b, Ecosystem damage. c, Resource scarcity.  
 
Step 5b. Due to the focus of the LCA study on the production and transportation of 1 kg of cow 
milk, no contributions of use phase were quantified. 
 
Step 5c. The third and final contribution analysis is the elementary flow contribution. Here, we 
chose elementary flows that contribute ≥2% to the final impact scores. For human health damage, 
water turbine use for electricity was the most contributing factor for the I and H perspectives, while 
for E, it is chromium (VI). Toxicants released through upstream processes and electricity generation 
appear to lead to the highest impacts. For ecosystem damage, occupation of pasture, leading to 
habitat loss, is the most determinant factor for all perspectives. For resource scarcity, crude oil 
extraction is the most determinant factor, caused by the need for oil in the production of fertilisers, 
feed or transportation.  
 
Midpoint route:  
Step 4. In this step, the results on the midpoint level were calculated with ReCiPe for all three 
perspectives (I, H and E).  
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Step OS1. Normalization (optional step) on the midpoint is shown in Figure 7. For I, land use shows 
the highest normalisation score, while for H and E the highest is attributed to global warming and  
human carcinogenic toxicity respectively. 

 
Figure 7: Normalization scores for each midpoint category for the three perspectives the 
production and transportation of 1 kg of cow milk. a, The individualist perspective. b, The 
hierarchist perspective. c, The egalitarian perspective. 
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Step 5a. For the midpoint characterization, the step to see for the relative midpoint impact 
contributions to each area of protection is the same as for the endpoint characterization (Figure 
6).  
 
Step 5b. Similar to the endpoint characterisation, no contributions of use phase were calculated.  
 
Step 5c. In the midpoint elementary flow contribution analysis for the main contributing midpoint 
impact categories, the same flows contribute >2%, as in the endpoint contribution analysis. For 
global warming, methane (CH4) contributes the most for the H and I perspectives, while carbon 
dioxide (CO2) to the E perspective. For fine particulate matter formation, ammonia (NH3) 
contributes the most for the H and E perspectives, while particulates <2.5 μm to the I perspective.  
For human carcinogenic toxicity, chromium IV (Cr VI) dominates the H and E perspectives, while 
formaldehyde (CH2O) contributes the most to the I perspective. For human non-carcinogenic 
toxicity, acephate (C₄H₁₀NO₃PS) contributes to I and zinc II (Zn²⁺) contributes to the H and E 
perspectives respectfully. Water turbine use contributes the most to water consumption. Marine 
ecotoxicity is mainly caused by copper (Cu) for the I and H perspectives and zinc (Zn) for the E 
perspective. Land use damage is mostly caused by occupation of pasture. Fossil resource scarcity 
is mostly caused by crude oil extraction.  

5.4 Troubleshooting of the case study 
Since for this case study we used a dataset from the Ecoinvent library, we can assume that all the 
relevant impact categories and characterization models are already included and complete. If the 
system boundaries were expanded to the use phase and end-of-life stages, additional impacts 
could be analysed. We also used global characterisation factors, in accordance with the global 
dataset. Some production data in the dataset are nevertheless regionalized, therefore applying 
regional characterization factors could increase the accuracy of the analysis. 
 

6 Recent developments in LCIA research  
Midpoint and endpoint impact categories, along with their corresponding characterization 
factors, are continuously updated in ReCiPe and other LCA frameworks. Environmental impact 
assessments of food items can benefit from such recent advancements in LCIA research. Notable 
developments include the updated IPCC 2021 factors54, the introduction of microplastics into 
impact categories55, and the incorporation of land-use diversification56. 

6.1 IPCC 2021 GWP factors  
Since 1990, the Intergovernmental Panel on Climate Change (IPCC) has provided factors to 
compare the Global Warming Potential (GWP) of air emissions. The GWP is defined as a measure 
of the amount of energy that the emission of one ton of a gas will absorb over a given time period, 
relative to the emission of one ton of CO₂57. In its most recent methodology, the IPCC 2021 GWP 
method54, updated GWP values are provided for 20-, 100-, and 500-year time horizons, and can 
be used as impact factors in LCIA tools (e.g., SimaPro) to quantify the contribution of different air 
emissions to the climate change impact category. 
 
Key updates in this method included revisions to the atmospheric lifetimes and radiative 
efficiencies of greenhouse gases, the characterization of CO₂ uptake and biogenic CO₂ emissions, 
which enables cumulative impact calculations across the categories of fossil, biogenic, CO₂ 



Task 1.4 Report M24 

17 

 

uptake, and land transformation, and the consideration of carbon cycle feedbacks CH₄ (biogenic 
and fossil) and trichlorofluoromethane (CFC-11). These updates provide a more detailed 
representation of effects air emissions, released during the production, processing and transport 
of food products.  
 

6.2 Microplastics  
In recent years, plastic pollution has been recognised as a significant pressure to human and 
ecological health. However, its impacts are not yet comprehensively considered in LCIA 
frameworks which may lead to the underestimation of the effects of plastic products55. Recent 
studies are addressing this gap by developing new characterization factors for plastic emissions.  
 
Schwarz et al.55 developed novel characterization factors for microplastics Polypropylene (PP), 
Low density polyethylene (LDPE) and Polyethylene Terephthalate (PET). These factors were derived 
by combining species sensitivity distributions (SSDs) and the fate model Simplebox4Plastics. The 
newly developed factors were incorporated into the ReCiPe2016 LCIA  methodology (Figure 8) and 
contributed to freshwater and marine ecotoxicity at midpoint level and ecosystem health at 
endpoint level. The authors applied these factors in an LCA case showcasing their applicability 
and the significant effect of microplastics. This study thus provides a new methodology that can 
be adapted and extended to other microplastics, eventually including them to LCIA frameworks. 
Incorporating microplastic impacts into LCAs of food items is particularly relevant for activities in 
their life cycle, such as packaging. 

 

 
Figure 8: Incorporation of microplastics in Life Cycle Assessment LCA (adapted from ref. 55) 
 

6.3 Land use diversification  
Land use and land transformation are important midpoint impact categories in many LCIA 
frameworks (e.g. ReCiPe, ImpactWorld+) accounting for the effects of land occupation on 
environmental health. Although current characterization factors include classification of land use 
types, adding information on the diversification of these systems (i.e. land use management 
practices) can improve the accuracy of impact assessments. This approach could provide more 
detailed characterization factors that are not based on global averages of land use impacts. 
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Gallego-Zamorano et al.56 showed via a meta-analysis that differences in pasture and cropland 
intensity results in different impacts on biodiversity. The results fromthis research can be used to 
develop novel and more detailed characterization factors of land use that can be incorporated 
into LCIA frameworks. More detailed characterization factors are important for LCA assessments 
of food items as they enable more accurate estimation of impacts when detailed data on food 
production sites are available. 
 

7 Outlook  
LCA is an important tool to understanding environmental impact of food items. In this project, we 
provided a detailed step-by-step guide for conducting a comprehensive LCA using ReCiPe2016 
which we illustrated with a practical case example. By following these distinct steps, LCA results 
can add guidance into making sustainable decisions on food production and consumption. By 
applying the procedure to a case study, we learned that it guides a full and thorough investigation 
of the environmental impacts, their hotspots and possible variation in impacts due to scenario 
uncertainty embedded in ReCiPe perspectives. LCIA results should lead to direct handles to 
provide recommendations to decrease environmental impacts, without unintended burden shifting 
to other life cycle stages or impact categories or missing out potential conclusions by not 
addressing value choices in the assessment. Although according to the LCA guidelines, impact 
categories can be chosen in the goal and scope definition, we argue for including all ReCiPe 
impact categories on the endpoint level and all three perspectives in the initial assessment and 
deciding only after the contribution analyses which impact categories or areas of protection to 
focus on, to prevent unintended burden shifting. The most relevant impact categories could then 
be presented for one perspective, when all perspectives point to the same conclusion. If not, these 
differences should be discussed. 
 
When choosing the endpoint or midpoint pathway without normalization and weighting, it could 
be that results point in different directions. Especially when performing a comparative study, it 
could, for example, be that one option is favored in terms of human health damage, whereas 
another option is favored in terms of ecosystem damage. This needs to be clearly and 
transparently communicated so that stakeholders can make fully informed decisions when it 
comes to lowering the environmental burdens. 
 
Normalized results present a different message than do characterized results. Whereas 
characterized results are a direct quantification of environmental impacts, normalized results are 
not. They show the results compared to a reference situation. This should always be clearly 
communicated by the LCA practitioner. Midpoint-to-endpoint contribution analyses should be 
performed on the characterized results only, because they show the absolute environmental 
impacts. 
 
We argue that it is important to use the latest impact assessment methodology in LCA case studies, 
thus including new insights. For the future, improvements are, for example, expected regarding the 
inclusion of the number of toxicants, including nanoparticles and microplastics. Uncertainty in the 
impact assessment factors, caused by model input parameters, should also be included in the next 
version of the ReCiPe method, next to the scenario uncertainty embedded in the perspectives. 
Current and future advancements in LCIA research such as the research of emerging 
environmental pressures or the refinement of characterization factors are promising for 
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developing more accurate assessments of food items. Building on this work, our next steps include 
exploring additional LCIA developments, such as the incorporation of ecosystem services into LCIA 
frameworks, in order to assess their applicability. We will also apply the LCA guide developed in 
this project to a wider variety of food items.  

8 References 

1. Van Zelm R, Hennequin T, Huijbregts MAJ. Performing life cycle impact assessment with the 
midpoint and endpoint method ReCiPe. Nat Protoc. 2025. https://doi.org/10.1038/s41596-
025-01207-y 

2. Consoli F, et al. Guidelines for life-cycle assessment: A code of practice. Pensacola (FL): 
Society of Environmental Toxicology and Chemistry; 1993. 

3. International Organization for Standardization (ISO). ISO 14040: Environmental management 
- Life cycle assessment - Principles and framework. Geneva: ISO; 2006. 

4. International Organization for Standardization (ISO). ISO 14044: Environmental management 
- Life cycle assessment - Requirements and guidelines. Geneva: ISO; 2006. 

5. Kirchain RE, Gregory JR, Olivetti EA. Environmental life-cycle assessment. Nat Mater. 
2017;16:693-697. https://doi.org/10.1038/nmat4923 

6. Curran MA. Goal and scope definition in life cycle assessment. Cham: Springer; 2017. 
7. Ciroth A, Arvidsson R. Life cycle inventory analysis. Dordrecht: Springer; 2021. 
8. Wernet G, et al. The ecoinvent database version 3 (part I): overview and methodology. Int J Life 

Cycle Assess. 2016;21:1218-1230. 
9. Peters JF. Best practices for life cycle assessment of batteries. Nat Sustain. 2023;6:614-616. 

https://doi.org/10.1038/s41893-023-01067-y 
10. Hauschild M, Rosenbaum R, Olsen SI. Life cycle assessment: theory and practice. Cham: 

Springer; 2017. 
11. Finkbeiner M. Carbon footprinting - opportunities and threats. Int J Life Cycle Assess. 

2009;14:91-94. https://doi.org/10.1007/s11367-009-0064-x 
12. Zuiderveen E, et al. The potential of emerging bio-based products to reduce environmental 

impacts. Nat Commun. 2023;14:8521. https://doi.org/10.1038/s41467-023-43797-9 
13. Mulya KS, Zhou JQ, Phuang ZX, Laner D, Woon KS. A systematic review of life cycle assessment 

of solid waste management: methodological trends and prospects. Sci Total Environ. 
2022;857:154903. https://doi.org/10.1016/j.scitotenv.2022.154903 

14. Aguiar GJA, et al. Use of life cycle assessment as a tool to evaluate the environmental impacts 
of textile effluents: a systematic review. Environ Sci Pollut Res. 2023;30:76455-76470. 
https://doi.org/10.1007/s11356-023-27785-6 

15. Hauschild M, Huijbregts MAJ. Life cycle impact assessment. Dordrecht: Springer; 2015. 
16. Guinée J. Life cycle impact assessment. In: Hauschild MZ, Huijbregts MAJ, editors. LCA 

Compendium - The Complete World of Life Cycle Assessment. Cham: Springer; 2017. p. 17-37. 
17. Goedkoop M, et al. ReCiPe 2008: A life cycle impact assessment method which comprises 

harmonised category indicators at the midpoint and the endpoint level. 2009. 
18. Huijbregts M, et al. ReCiPe2016: A harmonized life cycle impact assessment method at 

midpoint and endpoint level. Report I: Characterization. Bilthoven: RIVM; 2016. 
19. Laurent A, Hauschild M. In: Hauschild MZ, Huijbregts MAJ, editors. Life Cycle Impact 

Assessment. LCA Compendium. Dordrecht: Springer; 2015. p. 271-300. 
20. Pizzol M, et al. Normalisation and weighting in life cycle assessment: quo vadis? Int J Life Cycle 

Assess. 2017;22:853-866. https://doi.org/10.1007/s11367-016-1199-1 

https://doi.org/10.1038/s41596-025-01207-y
https://doi.org/10.1038/s41596-025-01207-y
https://doi.org/10.1038/nmat4923
https://doi.org/10.1038/s41893-023-01067-y
https://doi.org/10.1007/s11367-009-0064-x
https://doi.org/10.1038/s41467-023-43797-9
https://doi.org/10.1016/j.scitotenv.2022.154903
https://doi.org/10.1007/s11356-023-27785-6
https://doi.org/10.1007/s11367-016-1199-1


Task 1.4 Report M24 

20 

 

21. Wenzel H, Hauschild MZ, Alting L. Environmental assessment of products. Vol. 1: Methodology, 
tools and case studies in product development. London: Chapman & Hall; 1997. 

22. Guinée JB, et al. Handbook on life cycle assessment: Operational guide to the ISO standards. 
Dordrecht: Kluwer; 2002. 

23. Hauschild MZ, Potting J. Spatial differentiation in life cycle impact assessment - the EDIP2003 
methodology. Copenhagen: Danish EPA; 2005. 

24. Jolliet O, et al. Presenting a new method - IMPACT 2002+: a new life cycle impact assessment 
methodology. Int J Life Cycle Assess. 2003;8:324-330. 

25. Damiani M, Ferrara N, Ardente F. Understanding Product Environmental Footprint and 
Organisation Environmental Footprint Methods. Luxembourg: Publications Office of the 
European Union; 2022. 

26. Bare J. TRACI 2.0: the tool for the reduction and assessment of chemical and other 
environmental impacts 2.0. Clean Technol Environ Policy. 2011;13:687-696. 
https://doi.org/10.1007/s10098-010-0338-9 

27. Steen B. A systematic approach to environmental priority strategies in product development 
(EPS). Version 2000 - Models and data of the default method. Gothenburg: Chalmers 
University of Technology; 1999. 

28. Steen B. A systematic approach to environmental priority strategies in product development 
(EPS). Version 2000 - General system characteristics. Gothenburg: Chalmers University of 
Technology; 1999. 

29. Goedkoop MJ, Spriensma R. The eco-indicator ’99: A damage-oriented method for life-cycle 
impact assessment. The Hague: Ministry of Housing, Spatial Planning and Environment; 1999. 

30. Inaba A, Itsubo N. Preface. Int J Life Cycle Assess. 2018;23:2271-2275. 
https://doi.org/10.1007/s11367-018-1545-6 

31. Verones F, et al. LC-IMPACT: A regionalized life cycle damage assessment method. J Ind Ecol. 
2020;24:1201-1219. https://doi.org/10.1111/jiec.13018 

32. Huijbregts MAJ, et al. ReCiPe2016: a harmonised life cycle impact assessment method at 
midpoint and endpoint level. Int J Life Cycle Assess. 2017;22:138-147. 
https://doi.org/10.1007/s11367-016-1246-y 

33. Bulle C, et al. IMPACT World plus: a globally regionalized life cycle impact assessment method. 
Int J Life Cycle Assess. 2019;24:1653-1674. https://doi.org/10.1007/s11367-019-01583-0 

34. Thompson M, Ellis R, Wildavsky A. Cultural Theory. Boulder (CO): Westview Press; 1990. 
35. Van Zelm R, da Motta RDS, Lam WY, Menkveld W, Broeders E. Life cycle assessment of side 

stream removal and recovery of nitrogen from wastewater treatment plants. J Ind Ecol. 
2020;24:913-922. https://doi.org/10.1111/jiec.12993 

36. de Kleijne K, James J, Hanssen SV, Van Zelm R. Environmental benefits of urea production from 
basic oxygen furnace gas. Appl Energy. 2020;270:115119. 
https://doi.org/10.1016/j.apenergy.2020.115119 

37. Hennequin T, Huijbregts MAJ, Van Zelm R. The influence of consumer behavior on the 
environmental footprint of passenger car tires. J Ind Ecol. 2023;27:96-109. 
https://doi.org/10.1111/jiec.13334 

38. Van Zelm R, Huijbregts MAJ, Van de Meent D. USES-LCA 2.0: a global nested multi-media fate, 
exposure and effects model. Int J Life Cycle Assess. 2009;14:282-284. 

39. de Bruyn S, et al. Handboek Milieuprijzen 2023: Methodische Onderbouwing van Kengetallen 
Gebruikt voor Waardering van Emissies en Milieu-Impacts. Delft: CE Delft; 2023. 

https://doi.org/10.1007/s10098-010-0338-9
https://doi.org/10.1007/s11367-018-1545-6
https://doi.org/10.1111/jiec.13018
https://doi.org/10.1007/s11367-016-1246-y
https://doi.org/10.1007/s11367-019-01583-0
https://doi.org/10.1111/jiec.12993
https://doi.org/10.1016/j.apenergy.2020.115119
https://doi.org/10.1111/jiec.13334


Task 1.4 Report M24 

21 

 

40. Itsubo N, et al. Development of weighting factors for G20 countries - explore the difference in 
environmental awareness between developed and emerging countries. Int J Life Cycle Assess. 
2018;23:2311-2326. https://doi.org/10.1007/s11367-015-0881-z 

41. Muhl M, Bach V, Czapla J, Finkbeiner M. Comparison of science-based and policy-based 
distance-to-target weighting in life cycle assessment - Using the example of Europe. J Clean 
Prod. 2023. https://doi.org/10.1016/j.jclepro.2022.135239 

42. Heijungs R, Kleijn R. Numerical approaches towards life cycle interpretation - Five examples. 
Int J Life Cycle Assess. 2001;6:141-148. https://doi.org/10.1007/bf02978732 

43. PRé Sustainability BV. SimaPro - LCA software for informed change-makers. 2024. Available 
from: https://pre-sustainability.com/solutions/tools/simapro 

44. Sphera. Product Sustainability Solutions Software. 2024. Available from: 
https://sphera.com/product-sustainability-software 

45. GreenDelta. openLCA. 2024. Available from: https://www.openlca.org 
46. iPoint-systems gmbh. Umberto LCA software. 2023. Available from: 

https://www.ifu.com/umberto/lca-software 
47. Steubing B, de Koning D, Haas A, Mutel CL. The Activity Browser - An open source LCA software 

building on top of the brightway framework. Software Impacts. 2020;3:100012. 
https://doi.org/10.1016/j.simpa.2019.100012 

48. LCA Software. LCA Software - top 50 overview. 2023. Available from: https://lca-
software.org/lca-top-50-overview 

49. Laurent A, et al. Methodological review and detailed guidance for the life cycle interpretation 
phase. J Ind Ecol. 2020;24:986-1003. https://doi.org/10.1111/jiec.13012 

50. Cucurachi S, Heijungs R, Peijnenburg W, Bolte JFB, de Snoo GR. A framework for deciding on 
the inclusion of emerging impacts in life cycle impact assessment. J Clean Prod. 2014;78:152-
163. https://doi.org/10.1016/j.jclepro.2014.05.010 

51. Corella-Puertas E, Hajjar C, Lavoie J, Boulay AM. MarI, LCA characterization factors for 
microplastic impacts in life cycle assessment: Physical effects on biota from emissions to 
aquatic environments. J Clean Prod. 2023;418:138197. 
https://doi.org/10.1016/j.jclepro.2023.138197 

52. Meyer R, Benetto E, Mauny F, Lavandier C. Characterization of damages from road traffic noise 
in life cycle impact assessment: A method based on emission and propagation models. J 
Clean Prod. 2019;231:121-131. https://doi.org/10.1016/j.jclepro.2019.05.185 

53. Borgelt J, et al. What is the impact of accidentally transporting terrestrial alien species? A new 
life cycle impact assessment model. Environ Sci Technol. 2024;58:3423-3436. 
https://doi.org/10.1021/acs.est.3c08500 

54. IPCC. Climate Change 2021: The Physical Science Basis. Cambridge: Cambridge University 
Press; 2021. https://doi.org/10.1017/9781009157896 

55. Schwarz AE, Herlaar S, Cohen QM, Quik JTK, Golkaram M, Urbanus JH, van Emmerik THM, 
Huijbregts MAJ. Microplastic aquatic impacts included in life cycle assessment. Resour 
Conserv Recycl. 2024;209:107787. https://doi.org/10.1016/j.resconrec.2024.107787 

56. Gallego-Zamorano J, Huijbregts MAJ, & Schipper AM. Changes in plant species richness due 
to land use and nitrogen deposition across the globe. Diversity and Distributions, 
2022;28;745–755. https://doi.org/10.1111/ddi.13476  

57. United States Environmental Protection Agency. Understanding global warming potentials. 
Washington (DC): EPA; 2025 Jan 16. Available from: 
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials

https://doi.org/10.1007/s11367-015-0881-z
https://doi.org/10.1016/j.jclepro.2022.135239
https://doi.org/10.1007/bf02978732
https://pre-sustainability.com/solutions/tools/simapro
https://sphera.com/product-sustainability-software
https://www.openlca.org/
https://www.ifu.com/umberto/lca-software
https://doi.org/10.1016/j.simpa.2019.100012
https://lca-software.org/lca-top-50-overview
https://lca-software.org/lca-top-50-overview
https://doi.org/10.1111/jiec.13012
https://doi.org/10.1016/j.jclepro.2014.05.010
https://doi.org/10.1016/j.jclepro.2023.138197
https://doi.org/10.1016/j.jclepro.2019.05.185
https://doi.org/10.1021/acs.est.3c08500
https://doi.org/10.1017/9781009157896
https://doi.org/10.1016/j.resconrec.2024.107787
https://doi.org/10.1111/ddi.13476
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials


 

 

 

 
 

Funded by the European Union. Views and opinions expressed are however 
those of the author(s) only and do not necessarily reflect those of the 
European Union or the European Research Executive Agency (REA).  

Neither the European Union nor the REA can be held responsible for them. 

All partners declare to comply with the SOSFOOD non-discrimination commitment. 

https://www.sosfood-project.eu/wp-content/uploads/2024/07/SOSFood-non-discrimination.pdf

