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Executive Summary 
This deliverable (D3.2) includes the sustainability assessment and the Cost-Benefit 
Analysis (CBA) of 25 Climate Smart Agriculture (CSA) practices applied across five Use 
Cases (UCs), building on the results of the 2024 D3.1, which provided the baseline 
sustainability assessment for each UC. The sustainability assessment included the Life 
Cycle Assessment (LCA), the Life Cycle Costing (LCC) and the social LCA (s-LCA) and was 
used to evaluate the five selected CSA practices applied on each UC and tailored to their 
local contexts. In order to conclude the combination of environmental, social, and 
economic trade-offs connected to each CSA practice in relation to its corresponding 
baseline, a CBA was also carried out. Similar to the 2024 D3.1 methodology, the necessary 
data were collected by the UC leaders and supplementary data were provided by 
appropriate databases or literature. For the LCA assessment, the ReCiPe 2016(H) method 
was selected and the software SimaPro was used for the impact assessment.  

The results demonstrated that a number of CSA practices significantly improved each of 
the three sustainability pillars. The scenarios of no-tillage and variable rate fertilization in 
the Lithuanian UC (wheat cultivation), longevity breeding and Naturland farming1 in the 
German UC (organic dairy farming), cover crops and floral bands in the Spanish UC 
(organic apple farming), biogas and frequent slurry discharge in the Danish UC (pig 
farming), and biodiversity-focused and compost-based soil management in the Dutch 
UC (potato and onion farming) are a few examples. In addition to improving soil health, 
biodiversity, and stakeholder well-being, these practices reduced GHG emissions, input 
dependency, and operating costs. However, future adoption strategies need to take into 
account some upstream social trade-offs especially in practices involving imported 
hardware (e.g. in CSAs involving renewable energy systems from solar panels). 

The Theory of Change (ToC) framework was once more used to gauge stakeholder 
opinions of the BEATLES CSAs. In addition to cautious optimism from farmers, feedback 
from workshops, multi-actor group events, and public webinars showed that advisors, 
researchers, and policy makers were very interested and involved. However, there is still a 
strong need to address the impact of policy on decision-making and to provide more 
focused, context-specific examples. 

  

 
1 Naturland e.V. (2021, August). A one-to-one comparison of the Naturland Standards with the EU organic regulation (p. 
1). Naturland e.V. 
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List of Terms and Definitions  
Abbreviation  Definition  
CAP Common Agricultural Policy 

CAPEX Capital Expenditure 

CBA Cost-Benefit Analysis 

CSA Climate Smart Agriculture 

GPS Global Positioning System 

GWP Global Warming Potential 

DALYs Disability Adjusted Life Years 

EU European Union 

EWM Extensive Wetland Management 

FU Functional Unit 

IPM Integrated Pest Management 

ILO International Labour Organization 

KPAD KPAD Ltd 

KWIN KWantitatieve INformatie 

LCA Life Cycle Assessment 

LCI Life Cycle Inventory 

LCIA Life Cycle Impact Assessment 

LCC Life Cycle Cost 

LCSA Life Cycle Sustainability Assessment 

NTUA National Technical University of Athens 

ISO International Organization for Standardization 

OPEX Operational Expenditure 

PSILCA Product Social Impact Life Cycle Assessment 

s-LCA Social Life Cycle Assessment 

ToC Theory of Change 

UC Use Case 

VRF Variable Rate Fertilization 

WHO World Health Organization 
WP Work Package 

Table 1: Terms and Definitions 
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1. Introduction 
BEATLES has set up five (5) selected use cases (UCs) across the EU ( wheat farming in Lithuania, 
dairy farming in Germany, apple farming in Spain, pig farming in Denmark, onions and potato 
farming in the Netherlands) that represent diverse food systems in transition to climate-smart 
agriculture and value chains along with various stakeholders across the value chain (farmers, 
advisors, processors, retailers, investors, consumers, policy makers), indicative of the food systems 
approach adopted.  

D3.2 presents a comprehensive sustainability assessment of 25 specific Climate Smart Agricultural 
(CSA) practices (5 for each of the 5 UCs), selected based on certain criteria listed in D3.1 (potential 
environmental benefits, ease or difficulty of adoption, current level of use, and level of importance 
for the particular UC), among practices provided in D1.2 by NTUA, KPAD, the UC leaders, and 
partners from WP2, WP4, and WP5. These practices were initially introduced in D3.1 and are further 
evaluated in the current deliverable (D3.2) through Life Cycle Assessment (LCA), Life Cycle Costing 
(LCC), social Life Cycle Assessment (s-LCA) and Cost-Benefit Analysis (CBA). This deliverable allows 
for a cross-cutting comparison with baseline scenarios (the Use Cases as they function today, 
without implementing a CSA practice), by combining the social, economic, and environmental 
performance of each CSA practice. The findings are intended to aid in the creation of 
transformative pathways, such as business plans and policy suggestions, in the direction of a 
climate-smart and sustainable EU agri-food industry. 

  





 

Page 12 of 125 
 
D3.2 Sustainability assessment v2 

GA 101060645 

2.2. Life Cycle Cost Analysis & Cost-Benefit Analysis 
A summary of Life Cycle Costing (LCC) and Cost-Benefit Analysis (CBA), two essential elements for 
evaluating the financial feasibility of CSA practices, was provided in Deliverable D3.1. LCC focuses 
on assessing all costs, including capital (CapEx) and operating (OpEx) expenditures, related to a 
system or product over the course of its whole life cycle. LCC facilitates decision-making by 
incorporating financial data to evaluate options from a cost-efficiency standpoint, even in the 
absence of a standardized methodology like LCA. In the meantime, CBA includes steps like 
determining costs and benefits, discounting future values, and performing risk and sensitivity 
analyses. This deliverable reports detailed CBA and LCC analyses for each CSA practice. 

2.3. Social Life Cycle Assessment  
Deliverable D3.1 introduced the Social Life Cycle Assessment (s-LCA) as a complementary method 
to traditional environmental LCA, aiming to assess the social impacts of products throughout their 
entire life cycle. The four main stages of the s-LCA methodology (goal and scope definition, life 
cycle inventory, impact assessment, and result interpretation) were applied to each of the 25 CSA 
practices in accordance with ISO 14040 guidelines, similar with the environmental LCA presented 
above. The SOCA 2 database, which is based on PSILCA 3, was used for the analysis4. It offers more 
than 70 social indicators that are divided into four categories: Value Chain Actors, Workers, Local 
Community, and Society. These indicators were contextualized with activity variables like "worker 
hours," which were derived from LCC and LCA data, and impact factors that were risk-assessed 
using international data sources (such as the ILO, WHO, and World Bank). Despite its limitations 
in terms of scale, comparability, and data availability, s-LCA is an emerging and developing field 
that provides insightful information about potential social risks and benefits. As such, instead of 
being used for cross-UC comparisons, s-LCA in BEATLES is used to assess and contrast baseline 
conditions with upcoming CSA implementations within each UC. 

2.4. Theory of Change (ToC) 
By developing creative business plans and policy suggestions, the BEATLES project seeks to 
support systemic shifts to climate-smart and sustainable agri-food systems. The development of 
a Theory of Change (ToC) framework for CSA practices, which facilitates the planning, execution, 
and assessment of CSA interventions, is central to this approach. The ToC places a strong emphasis 
on accountability, openness, and evidence-based decision-making. The early involvement of a 
variety of value chain and policy actors, such as farmers, advisors, processors, retailers, consumers, 
and policymakers, is a crucial component of the BEATLES approach. BEATLES integrates 
instructional materials with behavioral and experimental research to jointly develop context-
specific solutions, backed by international stakeholder networks and skilled trainers. 

The ToC plan includes: (1) creating business plans to facilitate equitable shifts to CSA; and (2) 
suggesting policy instruments that take behavioral insights and perceptions of fairness into 
account to promote dedication and long-term change. Involving stakeholders aids in identifying 
opportunities and obstacles along the value chain and helps assess partnerships, learning 
progress, outputs and outcomes. The ToC strategy developed for the BEATLES project was 
presented in detail in the previous D3.1. The Typeform platform5 has been used to implement a 
number of targeted questionnaires and participatory activities (such as training, webinars, and 
workshops) to aid in this process. These tools make it easier to gather data and evaluate effects, 
and the outcomes help shape stakeholder comprehension and engagement tactics. 

 
4 SOCA v3 Documentation: https://nexus.openlca.org/ws/files/35767 
5 Typeform: http://www.typeform.com 

https://nexus.openlca.org/ws/files/35767
http://www.typeform.com/
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3. Application of the LCA assessment 
methodology to the BEATLES project Use 
Cases 
 

The first two stages (Goal and Scope definition & Life Cycle Inventory) of the methodology utilized 
for the environmental, economic, and social assessment of the examined systems were similar 
across all three Life Cycle assessments and are described in subsections 3.1.2, 3.2.2, 3.3.2, 3.4.2 and 
3.5.2. The description of each type of assessment is provided separately in the next subsections. 

3.1. Use Case Pilot #1: Wheat farming, Lithuania 

3.1.1. Description of the CSA practices 

Extensive Wetland Management (EWM) | Description 

Extensive Wetland Management (EWM) is an agricultural practice that involves cultivating crops 
in fields that are deliberately maintained in a flooded or semi-flooded state throughout the 
growing season. This approach results in the generation of a natural wetland environment that 
supports crop growth without the need for artificial irrigation or synthetic inputs. This method 
leverages the nutrient-rich characteristics of wetland soils and water, which naturally contain the 
essential macro- and micronutrients required for plant development. Consequently, there is 
typically no need for additional fertilization, reducing both costs and environmental impacts 
associated with nutrient runoff. However, one key requirement before establishing EWM is the 
pre-season cleaning of the field, which involves a low-input process, to prepare the soil and ensure 
adequate water flow and nutrient distribution during the flooded phase. Once in operation, the 
system is self-sustaining, requiring minimal human intervention and external inputs (Nath & Lal, 
2017). 

EWM not only preserves water resources by eliminating the need for supplementary irrigation but 
also supports broader ecological functions such as groundwater recharge, biodiversity 
conservation, and climate regulation. By integrating farming with wetland ecosystems, this 
approach offers a sustainable alternative that aligns agricultural productivity with environmental 
stewardship. 

Intercropping | Description 

Intercropping, particularly the combination of pea and wheat, is a sustainable agricultural practice 
that involves growing two different crops simultaneously on the same field. In a pea-wheat 
intercrop system, wheat plays a protective role for the more delicate pea plants, shielding them 
from harsh weather conditions and suppressing weed growth through canopy coverage. This 
symbiotic relationship allows for better resource utilization, as the two crops exploit different soil 
layers and nutrients, enhancing overall field productivity and soil health (Naudin et al., 2014). 

While intercropping may lead to a slight reduction in wheat yield due to competition for light, 
water, and nutrients, this trade-off is balanced by a noticeable improvement in the performance 
of the pea crop. Especially, in pedoclimatic regions where pea monocultures do not exhibit a high 
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cultivating approximately 4 ha predominantly of wheat each year and applying traditional tillage 
practices involving mechanical ploughing and soil disturbance before seeding. 

Extensive Wetland Management (EWM): The product system was a wheat farm that applies 
extensive wetland management practices. The main processes that were included within the 
product system were the following: wheat farming utilizing extensive wetland management and 
field cleaning to prepare the field for the implementation of the selected practice.  

Intercropping: The product system was a farm that applies intercropping of pea and wheat. The 
main processes that were included within the product system were intercropping of pea and 
wheat in the same field.  

No tillage: The product system was a wheat farm that applies no tillage practices. The main 
processes that were included within the product system were cultivation of wheat without 
applying any tillage practices. 

Variable Rate Fertilization (VRF): The product system was a wheat farm that applies variable rate 
fertilizer practices. The main processes that were included within the product system were the 
following: cultivation of wheat utilizing variable rate fertilizer methodology. 

Renewable Energy: The product system was a wheat farm that integrates a 32 kW solar panel 
system to generate renewable energy for on-site use. With any surplus energy supplied to the grid. 
The main processes that were included within the product system are the following: generation 
of renewable energy through the solar panels and cultivation of wheat.  

Functional unit: The selected functional unit was 1 kg of harvested grains per year 

System boundaries: The objective of the study was to compare the application of the CSA practices 
with conventional farming in wheat cultivation over a period of 1 year. To achieve this, a cradle-to-
gate approach was adopted, focusing solely on processes occurring within the farm. More 
specifically, the boundaries of the system encompass all stages involved in wheat cultivation. 
Upstream processes related to agricultural inputs (e.g., fertilizers and electricity) were considered, 
in line with standard LCA methodology, while downstream stages such as processing, packaging, 
distribution, and consumption were excluded. 

Allocation procedures: Since there are no multiple products involved, no allocation was needed. 

Environmental impact assessment methodology: ReCiPe 2016 (H, hierarchist) was used in order to 
convert the LCI data into a set of environmental impact scores using characterization factors which 
convert emissions and resource use into potential environmental impacts at global or regional 
scales. Although the system boundaries were cradle-to-gate, these broader-scale impact 
potentials allow for consistent comparison of environmental burdens across different processes 
and regions. Detailed description of the method is provided in subsection 2.1.2. 

Data requirements: To conduct the LCA analysis, data were gathered through the distribution of 
questionnaires to relevant Use Case stakeholders, supplemented by data from verified databases 
such as Ecoinvent, Agri-footprint and Agribalyse, which cover the geographical area of the 
European Union 28 (EU-28). The collected data refer to the year 2023. 

3.1.3. Life Cycle Inventory  
The Life Cycle Inventory (LCI), compiled from data collected through interviews and supplemented 
with relevant literature sources, is summarized in Table 3, with all flows aggregated to 1 ha per year 
of cultivation as the Reference Flow. The values for the baseline scenario are shown in the second 
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Input Baselin
e 

No 
tillage 

Renew-
able 
energy 

Inter-
crop-
pping 

EWM VRF 

Certified 
Environmenta
l Management 
Systems 

Very 
High 

Very 
Low 

Very 
Low 

Very 
Low 

Very 
Low 

Very High 

International 
migrant 
workers in the 
sector 

Very 
Low 

Very 
Low 

Mediu
m 

Very 
Low 

Very 
Low 

Very Low 

Embodied 
agricultural 
area footprints 

High High High High High High 

Embodied 
water 
footprints 

Very low No Risk Very 
low 

Very 
low 

No Risk Very low 

Embodied 
CO2eq 
footprints 

Medium Mediu
m 

Mediu
m 

Medium Mediu
m 

Medium 

Embodied 
Value Added 

Medium Mediu
m 

High Very 
High 

Very 
Low 

Medium 

Table 6: Deviations from the input of s-LCIA data, compared to the baseline scenario for Lithuania, 
from the 2004 D3.1. The impact factors not shown here remained unchanged and thus were taken 

directly from the baseline scenario, as presented in Table 11 of the 2024 D3.1). 

The results from the s-LCIA analyses for all the examined CSA scenarios are shown in Figure 3 
below. Along with the studied CSAs, the results of the baseline scenario have also been updated 
due to database updates (ILO, WHO etc.) that changed the risk levels of some impact factors. A 
more detailed analysis of each CSA examined is given below. Generally, the results were in line 
with the changes of the LCI. However, some of the impact factors resulted in high social footprints, 
despite the fact that they had very low-medium risks. This was found for all examined CSAs and 
the baseline scenario as well, and was attributed to impacts from upstream flows. More specifically, 
for the baseline scenario, most impactful flows were the ones related with the production and use 
of diesel on a global scale, followed by production of wheat seeds and production & use of 
chemicals. Any CSA that contributed a positive change to the above resulted in reduced impacts. 
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(7000 L/cow compared to 8000 L/conventional cow), while the other products remained the same. 
The main processes that were included within the product system were the following: on-farm 
feed production, feeding and livestock management.  

Forage & Clover: The product system was a dairy farm that applies feed conversion and especially 
utilization of grassland to provide the required amount of forage feed in a dairy farm the main 
processes that were included within the product system were the following: on-farm feed 
production, feeding and livestock management.   

Regional Protein: The product system was a dairy farm utilizing locally sourced and produced 
animal feed. The main processes that were included within the product system were the following: 
on-farm feed production, feeding and livestock management. 

Breeding: The product system was a dairy farm that utilizes breeding.The main processes that 
were included within the product system were on-farm feed production, feeding and livestock 
management.  

Land Use: The product system was a conventional dairy farm that rents a portion of its land to 
external facilitators to install agrophotovoltaic system and produce renewable energy. The main 
processes that were included within the product system were the following: on-farm feed 
production, feeding and livestock management. 

Functional unit: The selected functional unit was 1 cow. 

System boundaries: The objective of the study was to compare the application of the CSA practices 
with conventional dairy farming over a period of 1 year. To achieve this, a cradle-to-gate approach 
was adopted, focusing solely on processes occurring within the dairy farm. More specifically, the 
boundaries of the system encompassed all the stages from the cultivation of animal feed till the 
acquisition of the final products. Upstream processes related to agricultural inputs (e.g., fertilizers 
and electricity) were considered, in line with standard LCA methodology, while downstream 
stages such as processing, packaging, distribution, and consumption were excluded. 

Allocation procedures: Since the main purpose was to compare the environmental performance 
of organic farming to conventional dairy farming and the products remained the same, no 
allocation was needed. 

Environmental impact assessment methodology: ReCiPe 2016 (H, hierarchist) was used in order to 
convert the LCI data into a set of environmental impact scores using characterization factors which 
convert emissions and resource use into potential environmental impacts at global or regional 
scales. Although the system boundaries were cradle-to-gate, these broader-scale impact 
potentials allow for consistent comparison of environmental burdens across different processes 
and regions. Detailed description of the method is provided in subsection 2.1.2. 

Data requirements: To conduct the LCA analysis, data were gathered through the distribution of 
questionnaires to relevant Use Case stakeholders, supplemented by data from verified databases 
such as Ecoinvent, Agri-footprint and Agribalyse, which cover the geographical area of the 
European Union 28 (EU-28). The collected data refer to the year 2023. 

3.2.3. Life Cycle Inventory 
The Life Cycle Inventory (LCI), compiled from data collected through interviews and supplemented 
with relevant literature sources, is summarized in Table 8, with all flows aggregated to 1 cow per 
year as the Reference Flow. The values for the baseline scenario are shown in the second column, 
while the subsequent columns display the values associated with each CSA practice. For newly 
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introduced parameters, the actual values are presented instead of percentage changes. The 
results are presented per cow, using this as the functional unit. The estimation of the initial 
emission distribution fractions of the livestock and of the applied chemical agents was based on 
emission modelling provided in literature (Nemecek et al., 2019).  

Parameter 
Baseline 

(BL) 

Naturland 
farming 

(NL) 

Forage & 
Clover (F&C) 

Regional 
protein 
(R.PR) 

Breeding 
(BR) 

Land use 
(LU) 

INPUTS 

Cow (piece) 1 1 1 1 1 1 

Land use (ha) 45 44.84 55.7 40 45 40 

Maize sillage 
(tonne) 

6.07 3.73 - 6.07 6.07 6.07 

Grassland 
silage (tonne) 

0.67 0.67 - 0.434 0.67 0.67 

Soybeans 
(tonne) 

1.17 - - 1.17 1.02 1.17 

Grain & catch 
crio (tonne) 

1.52 1.52 - 1.52 - 1.52 

Grain (tonne) 1.87 1.87 - 1.87 1.87 1.87 

Peas (tonne) - 0.435 - - - - 

Grass, 
produced in 
farm (tonnes) 

- - 11.3 - - - 

Phosphorus 
fertilizer (kg) 

22.3 - 22.3 22.3 22.3 22.3 

Potassium 
fertilizer (kg) 

29.1 - 29.1 29.1 29.1 29.1 

Nitrogen 
fertilizer (kg) 

108 - 108 108 108 108 

Water (m3) 30 30 30 30 30 30 

Electricity 
(kWh) 

400 400 400 400 400 400 

OUTPUTS 

Milk (kg) 8000 7000 8000 8000 8000 8000 

Meat (kg) 150 150 150 150 150 150 

Calves (piece) 1.06 1.06 1.06 1.06 1.06 1.06 

Cow (piece) 0.26 0.26 0.26 0.26 0.26 0.26 

Emissions to air 

Ammonia (kg) 29.8 29.8 29.8 29.8 29.8 29.8 
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Input  Baseline  Naturland 

farming  
Forage & 
clover  

Regional 
protein  

Longevity 
breeding  

Land use  

Worker 
hours6 

0.00367  0.00419  0.00367  0.00367  0.00367  0.00367  

Certified 
Environ-
mental 
Manage-
ment 
Systems  

Very 
High  

Very Low  Very 
High  

Very High  Very High  Very 
High  

Embodied 
Agricultural 
Area 
Footprints  

High  High  High  High  High  High  

Embodied 
Water 
Footprints  

Very 
High  

Very High  Very 
High  

Very High  Very High  Very 
High  

Embodied 
CO2eq 
Footprints  

Medium  Medium  Medium  Medium  Medium  Medium  

Embodied 
Value 
Added  

Very 
High  

High  High  High  Medium  Very 
High  

Table 11: Changes of the data inputs of s-LCIA, from the German baseline scenario, shown in the 2024 
D3.1 (the impact factors not shown were unchanged and thus were taken directly from the baseline 

scenario, as presented in Table 16 of the 2024 D3.1). 

The results from the s-LCIA analyses for all the examined CSA scenarios are shown in Figure 5 
below. Along with the studied CSAs, the results of the baseline scenario have also been updated 
due to database updates (ILO, WHO etc.) that changed the risk levels of some impact factors. A 
more detailed analysis of each CSA examined is given below. Generally, the results were in line 
with the changes of the LCI. However, some of the impact factors resulted in high social footprints, 
despite the fact that they had very low-medium risks. This was found for all examined CSAs and 
the baseline scenario as well, and was attributed to impacts from upstream flows. More specifically, 
for the baseline scenario, most impactful flows were the ones related with the production of feed 
and electricity demands on a global scale. Any CSA that contributed a positive change to the above 
resulted in reduced impacts. 
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In the Regional Protein scenario, replacing imported soy with locally sourced rapeseed led to cost-
effective feeding practices and marginal improvements in environmental impact, including a 1.5% 
drop in global warming potential. The proximity of feed sources also enhanced operational 
efficiency. While DALYs increased slightly, key social footprint indicators such as fair salary and 
industrial water use improved. The scenario illustrated how strategic feed substitution can support 
both regional economies and sustainability goals without drastic operational changes. 
The Longevity Breeding scenario offered some of the most notable economic benefits. By 
reducing the frequency of livestock replacement through improved breeding strategies, the farm 
significantly cut costs and gained flexibility from the potential sale of excess heifers. Although 
environmental and social benefits were modest, they aligned with improved animal welfare and 
longer productive lifespans for cows, which reduced the environmental burden of rearing non-
productive animals. The scenario demonstrated how internal herd management improvements 
can yield sustainable results across all dimensions. 
Finally, the Land Use scenario introduced agriphotovoltaic systems to generate rental income 
while maintaining pasture use. This model offered substantial economic benefits with minimal 
disruption to farm operations and only a slight reduction in feed yield. Environmentally, 
greenhouse gas emissions were reduced by 7%, while social impacts remained almost neutral. The 
dual-use land strategy provided a low-effort means to enhance farm income and support 
renewable energy generation without significant compromise on sustainability metrics. 
In summary, each scenario offered a unique blend of strengths: Naturland and Forage & Clover 
excelled environmentally, Regional Protein and Breeding enhanced economic and operational 
efficiency, and Land Use balanced passive income with sustainability. Together, they represent a 
diverse toolkit for farmers seeking resilient and eco-conscious agricultural models tailored to their 
local conditions and long-term sustainability goals. 

3.3. Use Case Pilot #3: Organic apple farming, Spain 

3.3.1. Description of the CSA practices 

Organic farming | Description 

The environmental impacts of apple farming can be significantly reduced through organic 
farming, an agricultural system that aligns with natural life-cycle processes. Organic farming 
emphasizes the use of environmentally friendly practices, promotes biodiversity, preserves natural 
resources, ensures high animal welfare standards, and caters to consumers' preferences for 
products grown with natural substances and processes (EU, 2007). Key practices in organic 
farming include wide crop rotation to optimize on-site resources, strict limits on synthetic 
chemicals, prohibition of genetically modified organisms (GMOs), and a focus on local, sustainable 
farming techniques (Longo et al., 2017). 

In Navarra, organic apple production follows these principles, prioritizing ecosystem health and 
sustainability. Instead of relying on synthetic pesticides and fertilizers, farmers use organic 
alternatives such as compost, green manure, and integrated pest management techniques. These 
methods promote soil health, enhance biodiversity, conserve water and energy, and reduce waste. 
Organic apple farming also focuses on maintaining stringent standards to ensure high-quality, 
nutritious produce while protecting the environment and supporting ecosystem well-being. 

The shift to organic farming can initially result in lower yields due to challenges such as soil 
transition and the absence of synthetic chemicals for pest and disease control. However, once the 
system is fully established, organic farming can achieve comparable or even higher yields than 
conventional methods, particularly in terms of product quality.  

Cover crops | Description 
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are the following: organic apple farming (including sub-processes, such as soil preparation, 
fertilizing, pruning, pruning waste management, irrigation, weeding, etc) and harvesting of apples.  

Cover crops:  The product system is an apple farm that utilizes cover crops. The main processes 
that are included within the product system are the following: cover crop cultivation, apple 
farming (including sub-processes, such as soil preparation, fertilizing, pruning, pruning waste 
management, irrigation, weeding, etc.) and harvesting of apples.  

Floral bands: The product system is an apple farm that applies floral bands. The main processes 
that are included within the product system are the following: floral bands cultivation, apple 
farming (including sub-processes, such as soil preparation, fertilizing, pruning, pruning waste 
management, irrigation, weeding, etc) and harvesting of apples. 

Grazing: The product system is an apple farm that combines grazing by sheep. Functions of the 
product system: The main processes that are included within the product system are the following: 
grazing, apple farming (including sub-processes, such as soil preparation, fertilizing, pruning, 
pruning waste management, irrigation, weeding, etc) and harvesting of apples. 

Renewable energy: The product system is an apple farm that generates renewable energy for its 
own use and supplies any surplus energy to the grid. The main processes that are included within 
the product system are the following: production of solar energy, apple farming (including sub-
processes, such as soil preparation, fertilizing, pruning, pruning waste management, irrigation, 
weeding, etc) and harvesting of apples. 

System boundaries: The objective of the study was to compare the application of the CSA practices 
with conventional apple farming over a single harvesting cycle. To achieve this, a cradle-to-gate 
approach was adopted, focusing solely on processes occurring within the farm. More specifically, 
the boundaries of the system encompass all the stages from the soil preparation of the apples 
orchard till the harvesting of the apples. Upstream processes related to agricultural inputs (e.g., 
fertilizers, diesel, and pesticides) are considered, in line with standard LCA methodology, while 
downstream stages such as post-harvest processing, packaging, distribution, and consumption 
are excluded. 

Allocation procedures: Since there are no multiple products involved, no allocation is needed. 

Environmental impact assessment methodology: ReCiPe 2016 (H, hierarchist) was used in order to 
convert the LCI data into a set of environmental impact scores using characterization factors which 
convert emissions and resource use into potential environmental impacts at global or regional 
scales. Although the system boundaries are cradle-to-gate, these broader-scale impact potentials 
allow for consistent comparison of environmental burdens across different processes and regions. 
Detailed description of the method is provided in subsection 2.1.2. 

Data requirements: To conduct the LCA analysis, data were gathered through the distribution of 
questionnaires to relevant stakeholders, supplemented by data from verified databases such as 
Ecoinvent, Agri-footprint and Agribalyse, which cover the geographical area of the European 
Union 28 (EU-28). The collected data refer to year 2023. 

Assumptions/Limitations:  

Organic farming 

The collected data correspond to a model organic apple orchard with irrigation system in Navarra, 
standardized to 1 ha for consistency in LCA calculations. As a reference variety for conventional 
production, Golden apples were considered. 
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9 Nemecek et al., 2019 
10 (IPCC, 2019) 

Parameter Baseline 
Organic 
farming 

Cover 
crops 

Floral 
bands 

Grazing 
Renewable 

energy 

Water (m3) 6360 6360 6360 6360 6360 6360 

Diesel (kWh) 8250 12540 8250 8250 5775 4125 

OUTPUTS 

Apples 
(tonnes) 

35 30 35 35 35 35 

Emissions to air 

Emissions 
from 
fungicides 
(kg)9 

0.23 - 0.13-0.21 0.13-0.21 0.13-0.21 0.23 

Emissions 
from 
insecticides 
(kg)1 

0.031 - 0.02-
0.028 

0.02-
0.028 

0.02-
0.028 

0.031 

Emissions 
from 

herbicides 
(kg)1 

0.37 - 0.21-0.33 0.21-0.33 0.21-0.33 0.37 

Dinitrogen 
monoxide 

(kg)10 
1.59 2.86 0.89-1.43 1.59 1.59 1.59 

Ammonia 
(kg)2 

12.26 22.11 6.87-11.03 12.26 12.26 12.26 

Emissions to water 

Emissions 
from 

fungicides 
(g)1 

0.20 - 0.11-0.18 0.11-0.18 0.11-0.18 0.20 

Emissions 
from 

insecticides 
(mg) 1 

28.5 - 16.0-25.7 16.0-25.7 16.0-25.7 28.5 

Emissions 
from 

herbicides 
(mg)1 

440 - 246-396 246-396 246-396 440 
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Product systems  

Baseline: The product system was a farm representative of a conventional pig farm located in 
Denmark, with a farm area that served as the minimum requirement for distributing organic 
manure generated from the entire animal production was used as the baseline product system. 
Adhering to legal standards (Nitrates Directive), there's a maximum limit of 170 kg/N per ha from 
organic sources. The farm engaged in the production of piglets and finisher pigs, alongside 
cultivating wheat (177.5 ha) and barley (100 ha) for in-house feed production. Additionally, oilseed 
rape (canola) was cultivated across 48 ha, while rye grass is grown on 18.5 ha, with an additional 26 
ha designated for other purposes like extensive permanent grass and fallow land. The stable 
infrastructure comprised two climate systems for piglets and finisher pigs, featuring partial slatted 
floors with 50-75% solid floor coverage. None of the CSA practices studied were applied in the 
specific product system. 

Frequent discharge of slurry: The product system was a pig farm that also applied frequent 
discharge of slurry once a week aiming to reduce the CH4 emissions due to methanogenic activity. 
The main processes that were included within the product system are the following: feed 
production, pig farming and manure management. 

Acidification of slurry:: The product system was a pig farm that applied slurry acidification once a 
week, prior the use of manure as a fertilizer, aiming to reduce the CH4 emissions due to 
methanogenic activity. The main processes that were included within the product system were 
the following: feed production, pig farming and manure management 

Manure management - biogas production: The product system was a pig farm that supplied its 
manure as feedstock to a biogas production plant. The main processes that were included within 
the product system were feed production, pig farming and manure management. 

Soya replacement by Green Protein concentrate: The product system was a pig farm that 
partially replaced soy in pig feed with green protein extract. The main processes that were 
included within the product system were the following: feed production, pig farming and manure 
management.   

Ventilation technologies: The product system was a pig farm that applied innovative ventilation 
techniques aiming to reduce the emissions in the farm. The main processes that were included 
within the product system were feed production, pig farming and manure management. 

System boundaries: The objective of the study was to compare the application of the CSA practices 
with conventional pig farming   

 To achieve the comparison with the baseline scenario, that includes three primary subsystems: 
feed production, pig farming (animal housing and growth), and manure management, a cradle 
to-gate approach was adopted.. All upstream inputs and emissions related to feed production and 
transportation, energy and water use on farms, direct emissions from animal housing, and manure 
management procedures are included in the analysis. Slaughtering, processing, packaging, and 
post-farm operations are not included in the system. The functional unit was 1 kg of pig meat 
grown at the farm gate. 

Allocation procedures: Since there are no multiple products involved, no allocation is needed. 

Environmental impact assessment methodology: ReCiPe 2016 (H, hierarchist) will be used in order 
to convert the LCI data into a set of environmental impact scores using characterization factors 
which convert emissions and resource use into potential environmental impacts at global or 
regional scales. Although the system boundaries are cradle-to-gate, these broader-scale impact 
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3.4.3. Life Cycle Inventory  
The Life Cycle Inventory (LCI), compiled from data collected through interviews and supplemented 
with relevant literature sources, is summarized in Tables 18 & 19, with all flows aggregated using 1 
kg of pig meat growth as the Reference Flow. The values for the baseline scenario are shown in 
the second column, while the subsequent columns display the percentage change associated 
with each CSA practice. For newly introduced parameters, the actual values are presented instead 
of percentage changes. The results are presented per 1 kg of pig meat growth, using this as the 
functional unit.  

Parameter Baseline Acidification Discharge 
Green 

Protein 
Ventilation Biogas 

INPUTS 

Pig Feed (kg) 2.63 2.63 2.63 2.63 2.63 2.63 

Sulfuric acid (L) - 0.12 - - - - 

Water (m3) 3.74 3.74 3.74 3.74 3.74 3.74 

Diesel (MJ) 0.99 0.99 0.99 0.99 0.99 0.99 

Thermal energy 
(Wh) 

- - - - - 45 

Electric energy 
(Wh) 

- - - - - 6.75 

Housing system, 
fully-slatted floor 
(LU) 

0.012 0.012 0.012 0.012 0.012 0.012 

OUTPUTS 

Pig meat growth 
(kg) 

1 1 1 1.02 1 1 

Biogas (m3) - - - - - 0.075 

Slaughterhouse 
waste (pig meat 
not suitable for 
consumption) 
(kg) 

0.04 0.04 0.04 0.04 0.04 0.04 

Emissions to air   

Ammonia (g) 17.5 6.65 17.5 17.5 7.0 17.5 

Carbon dioxide, 
biogenic (kg) 0.5 0.5 0.5 0.5 0.5 0.5 

Dinitrogen 
monoxide (g) 0.25 0.25 0.25 0.25 0.25 0.25 

Hydrogen sulfide 
(g) 56.3 56.3 56.3 56.3 56.3 56.3 
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19 Nemecek et al., 2019 
20 (IPCC, 2019) 

Organic phosphorus 
fertilizer (kg) 

- - - - 83.3 - 

Organic potassium 
fertilizer (kg) 

- - - - 300 - 

Herbicides (kg) 7.4 5.1-6.6 7.4 7.4 7.4 7.4 

Insecticides (g) 263 184-236 263 263 263 13.2 

Fungicides (kg) 13.7 9.6-12.3 13.7 13.7 13.7 13.7 

Mineral oils (kg) 16.6 16.6 16.6 16.6 16.6 16.6 

Irrigation (l) 300000 300000 186000 300000 300000 300000 

Diesel (MJ) 10159 10159 10159 10159 10159 10159 

Electricity, low voltage 
(kWh) 

747 747 - - 747 747 

Electricity, low voltage, 
renewable energy 
sources (kWh) 

- - 463 - - - 

Electricity, low voltage, 
wind power 

- - - 747 - - 

OUTPUTS 

Potatoes (Kg) 48200 48200 48200 48200 48200 48200 

Emissions to air 

Emissions from 
fungicides (kg)19 

1.4 1.0-1.2 1.4 1.4 1.4 1.4 

Emissions from 
insecticides (g)1 

26 18-23 26 26 26 1.3 

Emissions from 
herbicides (kg)1 

0.74 0.52-0.67 0.74 0.74 0.74 0.74 

Nitrogen monoxide 
(kg)20 

3.93 1.84 3.93 3.93 1.84 3.93 

Ammonia (kg)2 30.36 14.27 30.36 30.36 14.27 30.36 

Emissions from mineral 
oil (kg) 

1.38 1.38 1.38 1.38 1.38 1.38 

Emissions to water 

Emissions from 
fungicides (g)1 

3.0 2.1-2.7 3.0 3.0 3.0 3.0 
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21 Nemecek et al., 2019 

Parameter Baseline Biodiversity 
Sustainable  

Irrigation 
System 

Green 
Energy 

Soil 
Management 

Crop 
Protection 

Organic 
phosphorus 
fertilizer (kg) 

- - - - 93 - 

Organic 
potassium 
fertilizer (kg) 

- - - - 300 - 

Herbicides (kg) 11 7.7-9.9 11 11 11 11 

Insecticides 
(kg) 

1.15 0.81-1.04 1.15 1.15 1.15 0.06 

Fungicides (kg) 3.4 2.4-3.1 3.4 3.4 3.4 3.4 

Mineral oils 
(kg) 

3.8 3.8 3.8 3.8 3.8 3.8 

Irrigation (l) 288000 288000 179000 288000 288000 288000 

Diesel (MJ) 8994 8994 8994 8994 8994 8994 

Electricity, low 
voltage (kWh) 

1600 1600 - - 1600 1600 

Electricity, low 
voltage, 
renewable 
energy sources 
(kWh) 

- - 992 - - - 

Electricity, low 
voltage, wind 
power 

- - - 1600 - - 

OUTPUTS 

Onions (Kg) 50000 50000 50000 50000 50000 50000 

Emissions to air 

Emissions from 
fungicides 

(kg)21 
0.34 0.24-0.31 0.34 0.34 0.34 0.34 

Emissions from 
insecticides (g)1 

115 80.5-103.5 115 115 115 5.8 

Emissions from 
herbicides (kg)1 

1.1 0.77-0.99 1.1 1.1 1.1 1.1 























 

Page 104 of 125 
 
D3.2 Sustainability assessment v2 

GA 101060645 

production, it resulted in a 75% decrease, respectively. This result was expected, as the anticipated 
changes were mostly based on changes in the LCI, as well as on the improvement of some impact 
factors (Tables 24 & 25). Focusing on the CAP-relevant indicators that are more in accordance with 
the BEATLES project, the soil management scenario resulted in 37% and 52% reduced social 
footprints for potatoes and onions production respectively. The 4 most important factors were the 
Fair Salary, followed by Embodied Biodiversity Footprints, GHG Footprints and Unemployment 
rate. As a result, the soil management scenario resulted in reduced social impacts than the 
baseline scenario, due to the changes associated with the fertilizers used. 

Biodiversity | s-LCIA 

Moving on to the biodiversity scenario, this one performed very close to the baseline scenario, with 
very marginal differences. For both potatoes and onions production, it resulted in a <1% decrease 
in total DALYs. This result was expected, as the anticipated changes were mostly based on changes 
in the LCI, as well as on the improvement of some impact factors (Tables 24 & 25). Focusing on the 
CAP-relevant indicators that are more in accordance with the BEATLES project, the biodiversity 
scenario resulted in <1% reduced social footprints for potatoes production and in <1% increased 
social footprints for onions production respectively. The 4 most important factors were the Fair 
Salary, followed by Embodied Biodiversity Footprints, GHG Footprints and Unemployment rate. 
Notably, the biodiversity scenario included only slight changes in less impactful flows, and as a 
result it performed close to the baseline scenario. 

Crop protection | s-LCIA 

Subsequently for the crop protection scenario, this one performed very close to the baseline 
scenario, with very marginal differences. For potatoes production, it resulted in a 1% decrease in 
total DALYs, while for onions production, it resulted in a <1% decrease, respectively. This result was 
expected, as the anticipated changes were mostly based on changes in the LCI, as well as on the 
improvement of some impact factors (Tables 24 & 25). Focusing on the CAP-relevant indicators 
that are more in accordance with the BEATLES project, the crop protection scenario resulted in 1% 
and <1% reduced social footprints for potatoes and onions production respectively. The 4 most 
important factors were the Fair Salary, followed by Embodied Biodiversity Footprints, GHG 
Footprints and Unemployment rate. Notably, the crop protection scenario included only slight 
changes in less impactful flows, and as a result, it performed close to the baseline scenario. 
Additionally, compared with the previous quite similar biodiversity scenario, it seems that the 
changes in the chemicals used in crop protection scenario were slightly more beneficial (much 
reduced amounts of insecticides only, compared to a smaller reduction for all the chemicals used). 

Sustainable irrigation system | s-LCIA 

Moving on to the sustainable irrigation scenario, this one performed slightly better than the 
baseline scenario. For potatoes production, it resulted in a 2% decrease in total DALYs, while for 
onions production, it resulted in a 3% decrease, respectively. This result was expected, as the 
anticipated changes were mostly based on changes in the LCI, as well as on the improvement of 
some impact factors (Tables 24 & 25). Focusing on the CAP-relevant indicators that are more in 
accordance with the BEATLES project, the sustainable irrigation scenario resulted in 5% and 7% 
reduced social footprints for potatoes and onions production respectively. The 4 most important 
factors were the Fair Salary, followed by Embodied Biodiversity Footprints, GHG Footprints and 
Unemployment rate. As a result, the sustainable irrigation scenario resulted in slightly reduced 
social impacts than the baseline scenario, due to the reduced demands of electricity. 
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Socially, Soil Management had the most profound impact, with DALY reductions of nearly 49% 
(potatoes) and 75% (onions), along with the largest improvements in social footprint metrics. Green 
Energy also showed strong social gains due to cleaner energy inputs. While IPM and Biodiversity 
offered modest social benefits, they supported farmer education and long-term ecosystem 
resilience. Sustainable Irrigation showed balanced social improvements, largely from reduced 
chemical exposure and better resource management. 

In conclusion, while all scenarios contribute to sustainability, Soil Management stands out for its 
high environmental impact and economic returns, with significant social co-benefits. Biodiversity 
and IPM offer low-cost, easily adoptable strategies with strong environmental returns. Green 
Energy and Sustainable Irrigation, though requiring more systemic infrastructure or partnerships, 
provide steady gains across all dimensions. An integrated approach combining elements of each 
scenario could maximize the sustainability of future cropping systems. 
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4. Theory of Change of BEATLES 
The overall status of the ToC of BEATLES in terms of the established short/mid-term outcomes as 
outlined in the ToC strategy, is presented for all completed activities in Figure 14. Current 
completion rate is around 23%, nevertheless, it is expected that ongoing/upcoming activities and 
events will significantly contribute to the established targets (e.g. Lab 4-8 experiments, Field 1-2 
experiments etc.). The present section updates the corresponding one in the previous D3.1 
deliverable with the results from the completed relevant activities of this year. These included the 
EU multi-actor working groups 1 & 2, the webinars 2, 3 & 4, as well as the 3rd Co-creation workshops. 
More details are presented in below sections for each activity. 

 

Figure 14: Current status of completion of short/mid-term outcomes of the ToC strategy 
 

4.1. EU Multi-actor working group 1 (EU MAWG1)  
The EU Multi-actor working group 1 questionnaire included two ToC-relevant questions, involving 
the increase of awareness regarding policy aspects for the transition to CSA. The ToC-relevant 
results from the EU MAWG1 questionnaire are presented below (Figure 15). Overall, the 
questionnaire got a total of 16 responses, out of which 12 were positive and 3 neutral, meaning that 
most of the participants increased their awareness regarding policy aspects for the transition to 
CSA. 

   
Figure 15: ToC results from the EU multi-actor working group 1 questionnaire. 
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4.2. Webinar & workshop 2 (W&W2)  
The Webinar 2 questionnaire included 2 ToC-relevant questions, involving the increase of 
awareness regarding the decision-making factors for transition towards CSA, as well as two 
questions about satisfaction of the event and recommendation of the project. The ToC-relevant 
results from the W&W2 questionnaire are presented below (Figure 16). Overall, the questionnaire 
got a total of 21 responses, out of which 19 were positive and 2 neutral, meaning that most of the 
participants increased their awareness regarding the important levers and challenges for the 
transition to CSA and were satisfied from the event and the project. 

 

    

Figure 16: ToC results from the webinar & workshop 2 questionnaire. 

4.3. EU Multi-actor working group 2 (EU MAWG2)  
Similar with the previous EU MAWG1, the EU MAWG 2 questionnaire included two ToC-relevant 
questions, involving the increase of awareness regarding policy aspects for the transition to CSA. 
The relevant results from the EU MAWG2 questionnaire are presented below (Figure 17). Overall, 
the questionnaire got a total of 13 positive responses, meaning that most of the participants 
increased their awareness regarding policy aspects for the transition to CSA. 
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Figure 21: Feedback responses from all the aforementioned events. 
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Finally, the most sustainable scenarios among those studied in the potato and onion farming 
(Dutch UC) were biodiversity enhancement, sustainable irrigation, and soil management through 
compost application. Using compost offered financial savings and social health advantages while 
significantly reducing greenhouse gas emissions and nutrient runoff. Subsidies for sustainable 
irrigation systems increased economic viability and environmental benefits, while optimizing 
water and energy use. Although targeted innovation may further strengthen the social benefits, 
biodiversity-focused management improved farm profitability, decreased pesticide and nutrient 
runoff, and increased ecosystem resilience. 

In conclusion, the selected CSA practices serve as excellent examples of the various avenues for 
promoting locally specific sustainable agriculture. Their application can improve social outcomes, 
increase economic returns, and lessen environmental footprints, essential elements for creating 
robust and sustainable agri-food systems. Nonetheless, certain trade-offs highlight the necessity 
of supportive policies, capacity building, and ongoing innovation, especially those pertaining to 
initial investments, upstream supply chain impacts, and social externalities. Farmers, legislators, 
and other stakeholders can steer toward more sustainable, lucrative, and socially conscious 
agricultural futures by supporting such CSA practices within their respective UCs. 

Last, but not least, the ToC results revealed that stakeholders are very interested in climate-smart 
agriculture, and that policymakers, researchers, and advisors have been effectively engaged 
through webinars and workshops. Farmers, on the other hand, expressed cautious optimism. To 
improve relevance, comprehension, and engagement, responses highlighted the need for more 
focused, localized information as well as wider stakeholder inclusion, especially for farmers and 
technology producers.  
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