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From farm to fork environmental impact of food supply
chains for supporting conscious consumer’s decisions

Abstract: The food industry faces a complex and interconnected set of challenges, from economic to environmental
concerns, while simultaneously seeking to align policy frameworks such as the EU’s Green Deal and the Sustainable
Development Goals (SDGs). The sector currently contributes substantially to greenhouse gas emissions, largely
attributable to livestock production and energy-intensive processes involved in food processing and distribution.
Addressing these multifaceted challenges necessitates a strong focus on sustainability, resilience, and decarbonization.
Strategic priorities include the control of the production costs, the enhancement of resource efficiency throughout the
supply chain, the mitigation of environmental impacts across all stages of production and consumption, and the
adoption and implementation of energy-efficient technologies. Furthermore, enhanced transparency and collaboration
among all stakeholders within the food system, from primary production to retail and consumption, are fundamental
prerequisites for achieving sustainability targets. Consumers are essential for steering the industry into a more
sustainable future. Encouraging them to adopt environmentally responsible food product choices can drive significant
progress toward sustainability goals, ensuring the long-term viability of the food supply system. This paper reviews
existing research using Life Cycle Assessment (LCA) and Environmental Product Declaration (EPD) methodologies
to analyze the environmental impacts of food products in the cradle-to-grave process. The analysis will also consider
factors such as product deterioration and personalized consumption habits that influence both environmental impact
and consumer choices. Given a panel of reference food items, this study’s goal is to provide consumers with a
comparative tool involving impact indicators and nutritional aspects to drive more educated dietary choices. Ultimately,
this research aims to offer a comprehensive understanding of the environmental footprint of food products and
identify strategies for mitigation, allowing consumers to make informed comparisons between different options.
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1. Introduction

The world’s population has more than doubled since 1960s,
causing the relentless increasing in food demand. Even if
the industrialization of production processes has helped
satisfy the growing food demand, the environment is
severely impacted (Tiseo 2021). In fact, food systems
contribute to one-third of global anthropogenic
greenhouse gas emissions, are responsible for over the 50%
of freshwater withdrawals, and occupy 35% of Earth’s
arable land (Agyemang et al. 2024). It is now global
awareness that drastic changes need to be made to reduce
the impacts of food production and consumption. Within
food sustainability, consumer dietary choices represent a
critical and pivotal starting point for addressing global
sustainability goals and health implications (Aidoo et al.
2023).

The objective of this analysis is to utilize existing database,
containing Life Cycle Assessment (LCA) studies and
Environmental Product Declarations (EPDs), to collect
information and present a utilizing tool for the final
consumers. The tool consists in a dashboard that enables
the comparison of food items based on both their
environmental impact and nutritional value. Unlike
traditional approaches that rely solely on mass-based
functional units, the proposed dashboard introduces a
multi-dimensional evaluation framework. This framework
incorporates standard portion size and nutritional
parameters, which are essential for a meaningful

comparison of food products. This approach acknowledges
that food’s primary role is to provide energy and nutrients
and therefore emphasizes the importance of considering
both environmental impact and nutritional contribution.
By integrating these aspects, the dashboard enables a more
realistic and practical comparison of food products, aiming
to guide consumers and stakeholders toward more
informed and sustainable consumption decisions.

The structure of the study is organized as follows: section
two provides an overview of the topic through a
comprehensive literature review, summarizing existing
research and advancements in the field. Section three
details the methodology behind the dashboard’s
development, section four presents a case study in which
the dashboard is used to compare different type of milk,
showing the result and possible insights. Finally, section
five summarizes the principal finding and identified
possible future research.

2. Literature review

Food sustainability is a central theme in both global and
regional policy agendas due to its significant role for public
health and climate change (Pelletier, Patrker, and
Henriksson 2019). The European Union’s Green Deal and
the United Nations Sustainable Development Goals
(SDGs) both address the food supply chain, and the
agriculture in particular, as a prerogative for ensure a
sustainable and competitive future. The Green Deal’s
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“Farm to Fork Strategy” explicitly targets the
decarbonization of the food chain, while the SDGs link
sustainable consumption (Goal 12), climate action (Goal
13), and health (Goal 3) (Arabska 2021). While food
systems have the potential to look after human health
supporting environmental sustainability, in their current
form, however, they threaten both. To meet global
environmental goals, food consumption must decrease its
ecological footprint. In fact, since sustainability of food is
the baseline of environmental preservation and human
well-being, it needs to be the central focus in the
formulation of combined policies and innovations within
the agri-food system (Luick et al. 2025).

The sustainability of the agri-food supply chain is
increasingly under scrutiny due to its significant
contributions to global greenhouse gas (GHG) emissions,
resource exploitation, and environmental degradation.
Giving some number, approximately a third of the GHG
emission comes from the food system (Crippa et al. 2021).
To evaluate the environmental impact of food systems,
methodologies like LCA and EPD are widely used. These
studies measure environmental impact associated with a
product, a process, or an activity across its lifecycle.
Through the identification and quantification of material
and energy consumption it is possible to identify the
emissions in different impact categories, such as climate
change, acidification, water use (Pelletier, Parker, and
Henriksson 2019).

LCA offers a standardized method for products
comparison and enables supply chain actors to identify
possible strategies for sustainability. EPDs, which are based
on LCA results, present the data in a standardized and third
party verified format. Each EPD corresponds to a specific
market product, allowing consumers to visualize
transparent environmental data on the exact item they are
buying. Recent work has emphasized the need to extend
LCA frameworks in the food and beverage category, to
include not only environmental impacts, but also
nutritional performance, in order to allow a comprehensive
view of a product’s sustainability (McAuliffe, Takahashi,
and Lee 2020).

As previously noted, sustainability must account for the
fundamental function of food, which is human
nourishment. One of the most critical aspects of the food
system is the strong connection between diet quality and
the correlation with non-communicable diseases such as
heart disease, stroke, diabetes, and certain cancer (Program,
United Nations Environment 2021). In 2023, it was
estimated that 23% of the world’s population was
overweight and obese (World Obesity Federation 2023),
presenting a clear alarm for the needing to address the
nutritional side of sustainability. Despite this, the majority
of LCA models are still dependent on mass-based
functional units, without considering the nutritional aspect
or diet quality of the product. Emerging studies support the
use of nutritional functional units, including nutrient
density scores or portion comparison, in addition to or in
place pf traditional mass-based units (Narote et al. 2025).
These approaches combine measures like protein quality,

bioavailability, and dietary contribution giving a more
realistic assessment of the health and sustainability of a
food item (Bianchi et al. 2020).

In the pursuit of sustainable food system, consumer dietary
behaviours are essential, complementing the efforts from
the producer’s side. Consumers are powerful agent of
change and have the potential to guide market demand and,
subsequently, agricultural production practices (Accorsi et
al. 2025). Numerous studies have shown that eco-label and
product information significantly influence consumer
preferences, leading to more environmentally sustainable
food choices. A systematic review found that 60 out of 76
interventions using eco-labels had positive effect on more
sustainable purchasing or consumption (Potter et al. 2021).
Recent studies show that dietary changes can offer greater
environmental benefits than actions by individual
producers, and informing consumers about environmental
impacts can help drive these changes toward sustainability
(Poore and Nemecek 2018).

Another critical problem that needs to be addressed is food
waste. Food waste accounts for 9% of food system
emissions, an estimated 931 million metric tons of food
waste was produced worldwide in 2019, and more than half
of this total was generated by households (Programme
2024). Increasing awareness is crucial, as individuals play a
direct role in the issue of food waste. In developed
countries especially, waste is more preventable and
controllable at the final consumption stage, where
consumers act as the last decision-makers. Educating
people about their impact is essential, not only to encourage
personal responsibility but also to highlight the broader
environmental consequences that food waste entails, such
as unnecessary greenhouse gas emissions and resource
depletion (Sengupta and Dreyer 2023).

Although digital tools and real-time feedback systems, such
as personalized food tracking apps, are emerging, few
integrate both environmental and nutritional indicators,
leaving a gap in guiding consumer decision-making
comprehensively (Agyemang et al. 2024). Moreover, most
current studies in the food environmental area utilize mass
as the functional units. This approach is inadequate, as it
omits meaningful comparison between food products and
risk overlooking critical factors essential to comprehensive
food evaluation.

To address these gaps, this study proposes an
interactive consumer-facing dashboard that allows the
comparison of food products based on environmental
impact and nutritional value, adjusted for portion
size, macronutrient  content, and energy yield. By
combining LCA indicators with user-relevant nutrition
data, the dashboard empowers consumers to make
informed  choices  that  support  both personal
health and environmental sustainability. Additionally, it
serves as an important analysis tool for supply chain
stakeholders, enabling the identification of environmental
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and efficiency hotspot through the chain and supporting
the implementation of targeted actions.

3. Data sources and Methodology
DATA COLLECTION

The initial phase of this research involves the development
of a comprehensive database that contain all the
information for the development of the final dashboard
(Figure 1). Data collection is a crucial phase, as it provides
the foundation for all the subsequent analysis. In order to
correlate environmental performance with nutritional
information, primary reference data were obtained from
EPDs. An EPD is an ISO type III Environmental
Declaration in accordance with the ISO 14025 standard,
and is based on LCA studies (ISO 14025 2010). These
analyses evaluate a product’s environmental performance
throughout its entire life cycle by segmenting the analysis
into upstream, core, and downstream processes. In the
Food & Beverage category, EPDs also provide key
nutritional information, such as energy content and
macronutrients composition. Given that EPDs are
voluntary declaration, only a limited subset of food
products have its specific document.

For products lacking an EPD, environmental and
nutritional data were sourced from the French Agtibalyse
3.2 database (Colomb et al. 2015). Agribalyse offers LCA-
based data for approximately 2,500 food products and
associates each product with a unique CIQUAL Code,
which facilitates access to detailed nutritional composition
data (Anon 2023). The ultimate goal is to assign both a
specific environmental impact value and a specific
nutritional value to each product, identified by its EAN
code. At this stage, products with available EPD are directly
linked to their respective data. For those without an EPD,
environmental impact values are estimated by matching
them with the most representative life cycle inventory (LCI)
category name available in the Agribalyse database, so that
it is possible to approximate their impact on similar
product.

As a preliminary approach, this study focuses on Global
Warming Potential (GWP) as the primary environmental
impact indicator for evaluating food products. GWP was
selected due to its direct relevance to climate change and
alignment with key policy frameworks such as the
European Green Deal, which targets net-zero GHG
emissions by 2050, as well as the SDGs. Previous research
suggests that providing GHG related information can
positively influence consumer choices (Potter et al. 2021).
While GWP serves as a starting point, the long-term
objective is to integrate a broader set of environmental
indicators to support more comprehensive assessments.

Another important data source is the LARN declaration,
which provides the quantitative standard of portion for the
Italian population, presenting different categories of food
(LARN: livelli di assunzione di riferimento di nutrienti ed energia
per la popolazione italiana 2024). These categories are

employed in this study to classify food, facilitating more
effective evaluation and comparison. The primary food
group identified include milk and dairy products, meat, fish,
and eggs, legumes, cereals and derivatives, vegetables and
greens, fruits, fats and condiments, seasonings and sauces,
sweets, alcoholic beverages, non-alcoholic beverages, and
spices.

INPUT DATA INTERACTIVE
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DASHBOARD
=
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Dietary guidelines

Figure 1-Database workflow
DASHBOARD DESIGN

To test the viability and practical application of the
database, a Power BI report was designed and
implemented. This dashboard serves with a dual purpose:
to support both the final consumer and supply chain
stakeholders.

The consumer-oriented analysis provides individuals with a
comprehensive framework to visualize and compare
different food products. This comparison moves beyond
the conventional mass-based unit by adopting more precise
and meaningful metrics, including per portion, per calorie,
and per specific macronutrient. The consumer dashboard
is organized into multiple pages to support a detailed
assessment.

The Overview of Total Global Warming Potential
(GWP) serve as an entry point, offering a general
evaluation of the environmental impact of various food
items. This comparison uses mass as the Functional Unit
(FU), specifically 1 kilogram, to establish a baseline for
understanding the relative sustainability of each product.

Subsequently, the Impact Over Macronutrients page
provides a more refined analysis, employing a radar chart.
This visualization shows the environmental impact for
absorbing 1 gram of each macronutrient, proteins, fats, and
carbohydrates. This visualization enables users to evaluate
the sustainability of food choices from a nutritional
perspective. A more advanced nutritional analysis could
refine the chart by assigning different weights to each
macronutrient, reflecting their varying contributions to
dietary requirements based on different daily requirements.
This adjustment would enhance the accuracy and relevance
of the analysis, offering a more precise understanding of
the interplay between nutrition and environmental impact.
When comparing products, consumers should consider
that a larger underlying area of the triangle in the radar chart



XXX SUMMER SCHOOL “Francesco Turco” — Industrial Systems Engineering

indicates a greater environmental impact relative to the
product’s nutritional composition.

The Comparison per Portion page plays a crucial role in
offering consumers a user-friendly approach to evaluate the
sustainability of food items. Rather than relying solely on
mass-based compatisons, this page facilitates users to
evaluate the environmental impact per actual portion size.
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This approach ensures a more accurate and meaningful
evaluation of sustainability, aligning environmental metrics
with dietary relevance. When selecting a food product, the
dashboard displays key information: portion size,
environmental impact, caloric content, and the
macronutrient distribution supplied by the portion (Figure
2).

Macronutrients per Portion [g/portion]

Energy per portion [kcal/portion]

@ Stracchino_inPlastica_Granarolo # Ricotta_Granarolo_100x2

Product

Figure 2-Comparison per portion page

This multidimensional approach empowers consumers to
make well-informed dietary choices by effectively balancing
environmental sustainability with nutritional
considerations. Moreover, beyond the use of predefined
portion sizes, the dashboard offers consumers to manually
select the quantity of products they wish to analyse. This
feature ensures a fully customizable comparison, tailored to
individual preferences and consumption habits,

As previously mentioned, food waste represents a critical
challenge to the sustainability of food supply chain, with
the majority proportion of waste occurring at the consumer
level. To address this, the dashboard incorporates a
dedicated section, the Waste Impact page that highlights
the environmental consequences of food waste. By
allowing consumers to manually enter the quantity of
discarded products, this section visualizes the associated
increase in total emissions. This interactive function aims
to encourage greater awareness and promote more
responsible consumption habits by illustrating the direct
environmental consequences of food waste.

Beyond consumer’s tools, the database, and consequently
the dashboard, serves as valuable tools also for supply chain

actors. The Supply Chain Step Detail page provides a
comprehensive breakdown of environmental impact across
all stages of the food supply chain, spanning from raw
materials to transportation, processing, consumer-level
storage, and packaging end-of-life. This granular analysis
helps identify key hotspots where targeted interventions
can lead to improved environmental performance.

4. Case study

This section provides the results of an analysis focused on
a specific food category: milk. The database currently
includes three type of milk: cow milk, both whole and
skimmed, soy mill, and oat milk. The aim of this case study
is to demonstrate that evaluating food products solely on a
mass basis, typically per kilogram, fails to provide
acomprehensive assessment, as it neglects critical factors
such as nutritional content and energy yield.

First of all, the dashboard facilitates comparison within an
impact category, currently focused on Global Warming
Potential (GWP), using a functional unif of 1 kg. Among
the milk types analyzed, cow milk exhibits the highest
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GWP, indicating its significant environmental impact
(Figure 3).

Global Warming Potential (GWP) per kg of Product [kgCO_2eq/kg]
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Figure 3-Case Study-Overview of total GWP
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This elevated impact is not only reflected in the overall
GWP, but also in the contributions linked to
macronutrients. When assessing the environmental impact
necessary for absorbing 1 gram of fat, 1 gram of
carbohydrates, and 1 gram of proteins individually, cow
milk, particularly skimmed milk, shows the highest impact,
which is denotade from a larger area in the Impact over
Macronutrients graph (Figure 4).

GWP per Macronutrient [kgCO_2eq/g]
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o
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Figure 4-Case Study-Impact over macronutrients

A portion-based comparison provides a slightly different
perspective. In this analysis, all product within the ‘milk’
category, are assigned a standard portion size of 125ml,
equivalent to a full cup. Evaluating each milk type per
portion allows consumers to intuitively grasp the
differences in energy provision and macronutrient content.
This approach connects a typical daily activity, such as
drinking a cup of milk, to its nutritional benefits, including
the amount of energy and nutrients provided, as well as its
environmental impact connected.

Although  whole cow milk remains the most
environmentally impactful option in terms of Global

Warming Potential (GWP), it also delivers the highest
amounts of energy, fat, and protein (Table 1). However,
these nutritional advantages may not be sufficient to justify
the significant increase in environmental impact when
considering the GWP. This comparison underscores the
need for a balanced approach that accounts for both dietary
benefits and sustainability concerns.

Table 1-Detail per portion

Product GWP Energy Macro-
[kgCO2eq/ yield nutrients
portion] [kcal/ g/
portion] portion]
6.25 carb
Whole
Cow Milk 0.28 84 4.13 pro
4.63 fat
6.38 carb
Skimmed
Cow Milk 0.27 60 4 pro
2 fat
4.38 carb
Soy Milk 0.09 60 4.13 pro
2.88 fat
8.88 carb
Oat Milk 0.08 76 1.38 pro
3.75 fat

Through this in-depth analysis of the GWP category, it
becomes evident that the primary environmental challenges
within the milk category are associated with cow milk. This
finding underscores the necessity of adopting significant
measutes to enhance sustainability, patticulatly as the
environmental aspects of food production continue to gain
importance in market competitiveness.

Following the identification of this critical issue, the
dashboard offers valuable insights to guide targeted actions.
A detailed examination of the Supply Chain Detail page
reveals that nearly 50% of the total environmental impact
for cow milk originates from the raw materials stage.
According to EPD data, this stage includes key
contributors such as livestock, land used for feed
production, manure management, and the strict
temperature standards required for farming operations.
This breakdown highlights that these ealry stages activities
are the primary contributions of cow milk’s environmental
impact. Consequentely, targeted interventions at these
stages, such as improving feed efficiency, optimizing land
use, and enhancing manure management, could be pivotal
in reducing the overall impact of cow milk and increasing
its competitiveness with alternative products.

To develop effective solutions, it is essential to analyze the
main activities contributing to the environmental impact at
the raw materials stage. Livestock management plays a
central role. Methane emissions from cows, produced
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duting digestion, have a GWP potential approximately 25
times greater than carbon dioxide. Additionally, improper
manure management can lead to the release of nitrogen
oxides, another potent greenhouse gas that contributes the
overall impact. Similarly, feed production is associated with
extensive land use and significant energy consumption,
further amplifying the environmental impact (Gislon et al.
2020).

Beyond these primarily production stages, milk processing,
occurring before the core production, demands substantial
energy input, contributing significantly to its high
emissions. Energy-intensive activities, such as milking,
controlled refrigeration for preservation, and distribution,
are heavily reliant on energy, often sourced from fossil fuels
(Miserocchi, Franco, and Testi 2024).

This detailed breakdowns enables the identification of
high-impact processes, where targeted interventions could
substantially reduce the environmental impact of cow milk
production. For istance, increasing feed efficiency and
adopting sustainable land management coul help mitigate
methane emission and reduce the impact of field operation.

On the other hand, when considering manure
management, a pivotal European measure is the utilization
of biogas derived from cattle manure. Biogas, produced
through the anaerobic digestion of manure, generates
methane-rich gas that can be used for electricity, heat, or
fuel, while simultaneously reducing greenhouse gas
emissions (Shorrocks, Wang, and Huang 2025).

Innovative energy solutions are equally critical. The Life-
BETTED Project exemplifies how renewable energy and
energy-efficient technologies, such as heat pumps and
biogas plants, can be integrated into dairy operations
(European Commission 2024). Heat pumps powered by
renewable electricity, for example, provide both economic
benefits and significant reductions in greenhouse gas
emissions, meeting farm energy demands while reducing
the overall impact.

A case study conducted in Sweden supports this approach:
the installation of Simultaneous Heating and Cooling
(SHC) heat pumps at several dairy farms reduced the energy
consumption by up to 50% (Marchi and Zanoni 2024). As
highlighted, the heat pumpt installation has led to both
significant cost savings, and the reduction of the
environmental impact. Furthermore, heat pumps can
recover and repurpose waste heat from farm operations,
transforming what was previously a byproduct into usable
energy (Marchi and Zanoni 2024).

Ultimately, the goal must be the complete decarbonization
of the dairy sector, in aligmement with the EU Green Deal.
Achieving this would enhance the environmental
competitiveness of cow milk and its derived products
relative products, bringing them closer to the sustainability
performance of alternative products.

5. Conclusions

This study emphasizes the critical importance of integrating
both nutritional value and environmental impact when

assessing the sustainability of food products. Traditional
comparison methods based solely on mass fail to capture
the complexity of food systems, that often do not consider
nutritional attribute and consequently misrepresent the
relative sustainability of products. This study wanted to
overcome the limit of the current research by proposing an
interactive dashboard that enable final consumers to make
informed dietary choices by evaluating food items through
both nutritional and environmental perspective.

Thanks to the proposed case study on various types of milk,
the limitations on the mass comparison are presented. Cow
milk, while nutritionally rich, exhibits the highest
environmental impact, 50% of which originates in the early
stages of the supply chain. Beyond consumer use, the
dashboard also provides value to supply chain stakeholders,
facilitating hotspot identification and enabling the design of
targeted  strategies to  improve  environmental
performances. Proposed interventions, such as the
adoption of heat pumps and biogas generation systems,
illustrates viable path for reducing environmental impact of
cow milk production, enhancing its competitiveness in
terms of environmental performance.

Future work will involve expanding the dashboard to
include additional impact categories, such as land use and
water scarcity, so that the dashboard will provide more
comprehensive analysis. Furthermore, comparative studies
that includes animal meat versus plant-based alternatives
may offers important insights to help initiatives towards
transforming food system towards greater sustainability.
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