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ABSTRACT

Supply chain sustainability is still a subject of debate. Some researchers believe that it
is based on reducing the distances food travels, while others believe that it also relates
to other aspects such as production locations, processes, product types, seasonality, direct
sales, regional and local transport, and customer preference for local products and
carbon labels. In this review, 119 papers address the concepts of food miles (FM) and
local food (LF) with the aim of summarising whether the type of product and produc-
tion process, seasonality, supply chain organisation and consumer preferences affect
the environmental footprint of the agri-food chain.

The results show that the environmental impact of the food supply chain (FSC) is in-
fluenced by many factors beyond distance travelled, such as energy-intensive produc-
tion processes, the technology used in production methods, crops and soil characteristics,
harvesting time, storage time, the number of intermediaries and consumer choices.
Therefore, the sustainability of the FSC relies on a combination of factors rather than
Just the reduction of FM.

Researchers studying the sustainability of the food chain and companies committed
to greening the agri-food sector may find our work useful. Finally, it provides recom-
mendations for local authorities interested in developing policies for the distribution
of goods and in guiding the logistics sector and the FSC as a whole towards practices
that reduce the impact of climate change.
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1.INTRODUCTION

According to the latest IPCC report (2023), 22% of global greenhouse gas (GHG)
emissions come from agriculture, forestry and land use. This is expected to rise
to 30-40% by 2050 due to the combination of a growing global population and
increased demand for food. In addition, non-agricultural activities such as food
processing, packaging, transport, household consumption and waste disposal are
pushing FSC to the top of the list of GHG emitters (FAO, 2021). Although pre-
and post-production processes contribute to twice the emissions of the entire agri-
food sector (Tubiello et al., 2022), the transport phase accounts for the lion’s share.

Li et al. (2022) estimate that food-related activities worldwide generate 30% of
total GHG emissions (15.8 GtCO,e), of which transport accounts for 19%, twice
the amount of GHG released during production.

The term ‘food miles’ generally refers to the distance food travels from the site
of production to the point of consumption. This concept is often used to estimate
the environmental impact of food transport and is typically measured in tonne-ki-
lometres (tkm), meaning the product of distance travelled and the mass of food
transported (Castillo et al., 2024; Van Passel, 2013). Increasing environmental
awareness and the need to reduce carbon emissions, particularly from transport, has
led to the idea that the further a food product travels, the worse it is for the planet.

Therefore, to address climate impacts and reduce FM, concepts such as LF
have emerged, emphasising the sustainability and security of local produc-
tion (Kemp et al., 2010).

In this context, the Farm to Fork Strategy, which is at the heart of the European
Green Deal (European Commission, 2022), represents a commitment to make the
food system sustainable and fair, and to achieve carbon neutrality by 2050.

However, the concepts of LF and FM, their applications and definitions are still
under debate (Bazzani & Canavari, 2017).

On the one hand, FM focuses on the distance products travel from producers to
consumers, ignoring other aspects of the life cycle (Wynen & Vanzetti, 2009). On
the other hand, the sustainability of LF is uncertain, firstly because it lacks a clear
definition, and secondly because it often overlaps with smallholders, few supply
chain intermediaries, direct sales, solidarity purchasing groups and farmers’ mar-
kets (Martinez et al., 2010).

This literature review sheds light on the ongoing debate on the eftectiveness of
FMS assessment in reducing the environmental impacts of agri-food supply chains
and on the determinants of FMS sustainability.

To this end, 119 papers on FMS were systematically reviewed to determine
whether production location and processes, seasonality, supply chain organisation
and customer preferences affect environmental impacts.

The paper aims to provide valuable guidance to policy makers, practitioners and
researchers on how to effectively mitigate greenhouse gas emissions and promote
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sustainable food systems. At the same time, the analysis contributes to the broader
discussion on how food systems can support a just and efficient transition, balanc-
ing environmental goals with social and economic outcomes.

In doing so, the review addresses a set of interrelated questions that underpin
the current debate on food sustainability. It explores how production processes,
seasonality, and supply chain structures influence the environmental footprint of
food systems. It also investigates whether FM alone are a meaningful indicator of
sustainability or whether a broader set of lifecycle factors should be considered. Fi-
nally, the review considers how consumer preferences and labelling practices con-
tribute to the transition toward more sustainable consumption patterns.

The article is structured as follows: the second sections deal with the definition
of FM and LF. On the section it is presented the debate on the two topics, the third
section is the research objective and methods, the fourth present the dimensions:
product and production processes related factors (4.1), seasonality (4.2), supply
chain organization and distribution (4.3), solutions to increase the efficiency of the
distributional stage (4.4) and customers preference for local products (4.5). The
fifth section includes the conclusion.

2.FOOD MILES (FM)

The term FM refers to the distance that food travels from the farm to the con-
sumer’s plate, including the distances travelled during transport from the farm to
the processor, from the processor to the storage hub, from the storage hub to the
retailer, and finally from the retailer to the consumer (Paxton, 1994). Professor
Tim Lang coined the term in 1992 to highlight the origin of food and the different
stages it goes through to reach the consumer.

The concept was introduced to address concerns about potential disruptions
in the supply chain due to its length, particularly with increasing reliance on in-
ternational trade and the growing physical distance between food production and
consumption (Lang, 2006).

However, the FM has evolved into a CF indicator used to illustrate the ‘cradle
to plate’ distance, that is, the distance from the origin of the food to the con-
sumer’s plate (Ghoshal, 2014; Pirog, 2001) (Edwards-Jones et al., 2008), which
includes the total amount of CO,e and other GHG emissions emitted during
the entire journey (Coley et al., 2009a). Typically, the calculation of the CF is
based on the standardised environmental life cycle assessment (LCA) method-
ology outlined in ISO14040 and ISO14044. This holistic approach is in line
with the principles outlined in the Kyoto Protocol (1997), which emphasise the
accounting of GHG emissions over all stages of a product’s life cycle. Numer-
ous researchers have raised concerns about the reliability of FM as an indicator
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of carbon emissions (Coley et al., 2011; Edwards-Jones et al., 2008; Mok et al.,
2014; Van Passel, 2013). For example, in the Australian context, the national
distribution of red meat contributes only 5% to GHG emissions, while interna-
tional transport increases this percentage to 14-23% (Wiedemann et al., 2015).
Such discrepancies indicate that the CF associated with food varies significantly
depending on several factors, including the mode of transport and distribution
(Duarte et al., 2019; Marletto & Silling, 2010; Striebig et al., 2019; Torquati et
al., 2015), the type of food transported (Farmery et al., 2015), the length and or-
ganisation of the supply chain (Schmitt et al., 2018), the distance from the con-
sumer and the loading rates (Loiseau et al., 2020). Furthermore, the magnitude
of these impacts also depends on the geographical context and the specific loca-
tion of food production (Bell & Horvath, 2020; Mundler & Rumpus, 2012).
These variations highlight the complexity and multifaceted nature of assessing
the environmental impacts of food distribution and emphasise the need for a
more comprehensive approach to assessing carbon emissions from agricultural
production processes to the activities of the end consumer (Coley et al., 2011).
The CF calculation of the agri-food industry should also be supported by the
input demand of natural resources, such as water footprint (WF), nitrogen foot-
print (NF) and energy footprint (EF), to also have an estimate of the resource
demand required for cultivation and breeding (Cerutti et al., 2016; Karwacka
et al., 2020). Furthermore, as suggested by Smith et al. (2005), a good indicator
should include not only transport modes, transport efficiency and differences in
food production systems, but also wider economic and social costs and benefits.

2.1. LOCAL FOOD (LF)

According to several EU research programs, in a Local Food System the produc-
tion, processing, trade and consumption of food takes place in a defined geograph-
ical area, within a 20—100 km radius. In addition, LF can often be traced back to a
specific place of origin with distinctive qualities or characteristics, either through
direct producer-consumer relationships or via institutional mechanisms such as
certifications or digital traceability systems. The concept overlaps with Short Food
Supply Chains (SFSC), where “the food involved is identified by a farmer and is
traceable to that farmer. The number of intermediaries between the farmer and the
consumer should be ‘minimal’ or ideally zero”.

However, the concept is very flexible. In the UK, for example, customers identi-
ty food as local if it comes from within 50 km of where they live or from the same
district (Kneafsey et al., 2013).

Furthermore, as many researchers emphasise, it encompasses geographical and
relational dimensions expressed by the proximity between food production and
consumption (Eriksen, 2013; Schmitt et al., 2018), as well as value dimensions
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related to food experience, sense of belonging, traceability, freshness and quality
(Eriksen, 2013; Schmitt et al., 2018; Schnell, 2013).

In response to the expansion of large-scale food distribution, many policies
have been promulgated to relocalise agricultural and food production, with the
aim of not only valuing local resources and typical products but also consid-
ering environmental sustainability. Thus, the concept of LF began to oppose
that of FM, giving rise to the idea that local is better for the economy, society
and the environment. Nevertheless, several scientific papers claim that the re-
source demand and emissions of LF systems are comparable to long supply chain
(Mundler & Rumpus, 2012), thus fuelling the debate on the sustainability of
LF (Cappelli et al., 2022). To date, there is no scientific evidence that LF is less
polluting than large-scale distribution, which travels kilometres before reach-
ing the consumer’s plate.

Several studies contribute to this discussion. Avetisyan et al. (2013), who esti-
mate the global GHG emissions resulting from substituting ruminant livestock ex-
ported from the EU and China with domestically bred animals, conclude that the
environmental burden is lower only in regions with low-emission and low-intensi-
ty production processes. Sim et al. (2007) similarly suggest locating production in
areas where renewable fuels and clean energy are predominantly used. In line with
these findings, Striebig et al. (2019) show that sourcing lettuce, tomatoes, straw-
berries, and chicken locally in Virginia - rather than importing them from Arizona,
California, and Florida - can significantly reduce CO, emissions and pesticide use
in university dining services.

2.2. CRITIQUE ON FM AND LF

Criticism of FM has coincided with growing awareness of global warming and sus-
tainable consumption, leading to the idea that higher FM corresponds to more
negative environmental impacts (Ballingall & Winchester, 2010). As a result, the
focus has shifted from sustainable production to food distribution (Coley et al.,
2009a; Costanigro et al., 2015; DuPuis & Goodman, 2005), with the perception
that local is better (Schmitt et al., 2017) as it shortens the distance between food
origin and final destination, thus reducing pollution from transport (Lee et al.,
2015; Li et al,, 2022; Malak-Rawlikowska et al., 2019; Michalsky & Hooda, 2015;
Oliveira et al., 2021). In addition, Li et al. (2022) find that transported fruits and
vegetables account for twice (36%) the emissions released during the production
phase, suggesting a shift towards locally grown food.

Some researchers have looked at comparing the impacts of FM and local
chains and found no strong evidence that the latter are more sustainable. CO,
savings often come from production efficiency and energy consumption due to
favourable climatic conditions (soil crops vs. greenhouses), product processing
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(sugar cane grown for multiple uses vs. sugar beet grown solely for sugar pro-
duction), food preservation and storage (e.g. frozen food vs. fresh food), and
genetics of autochthonous animals (Edwards-Jones, 2010). Dominance also de-
pends on spatial configurations, product identity, physical distance, farm size,
chain management, and technologies and resources (Brunori et al., 2016). In
addition, a large proportion of local emissions are generated by consumer travel.
Coley et al. (2009) estimate that, for a round trip of 6.7 km, the system of cold
storage, packaging, transport to a regional hub and final transport to the custom-
er’s door is more polluting.

On the other hand, researchers argue that LF contributes to the socio-eco-
nomic and health dimension (Schmitt et al., 2017; Vargas et al., 2021) by pro-
moting local or regional economies (El Bilali et al., 2021; Salladarré et al, 2018),
strengthening traditions and connections between territories (Bazzani & Cana-
vari, 2017; Schmitt et al., 2018; Schnell, 2013), ensuring food security (Benis &
Ferrdo, 2017; Lyle et al., 2015) and enabling direct sales from producers (Kiss et
al., 2019). As noted by Lulovicova & Bouissou (2023), policies that strengthen
direct sales from farms also encourage citizens to shift to a plant-based diet. Local
chains often match with urban agriculture (UA) and SFSCs, which are consid-
ered two ways to increase the sustainability and development of LF production
(Artmann & Sartison, 2018; Jing et al., 2022; Rothwell et al., 2016; Schmutz
et al., 2018; Specht et al,, 2014). Enthoven & Van den Broeck (2021), while
reviewing LF claims, add that participation in local chains mutually enhances
farmers’ profit motive and consumers’ access to healthy and fresh food due to
organic and environmentally friendly production. In addition, farmers not only
feel more valued for their work, but can also experience cost benefits, although
these are very case-specific.

Nevertheless, uncertainties about their sustainability arise from concerns about
production and technological inefficiencies that may increase environmental im-
pacts (De Cara et al., 2017). In addition, the significant resource requirements
for local cultivation have also been a point of contention (Goldstein et al., 2016;
Nicholson et al., 2015; Sanyé-Mengual et al., 2015). Seasonality (Keyes et al., 2015;
Tobarra et al., 2018), storage requirements (Blanke & Burdick, 2005; Mila i Canals
etal., 2007) and the effectiveness of local distribution networks (Djekic et al., 2018;
Marletto & Sillig, 2014; Torquati et al., 2015) further contribute to the ongoing
debate on the viability of local production as a sustainable approach.

Nevertheless, the findings for and against local production are often based on
the origin of supply sources (Sim et al., 2007), the specialisation of countries in
specific crops (Kreidenweis et al., 2016), as well as climate, soil type, natural re-
sources (Brodt et al., 2013), land use, production efficiency and economies of scale
in transport (Stein & Santini, 2022).

253



3. RESEARCH OBJECTIVE AND METHODS

The search for scientific contributions on FSC and its environmental impact fol-
lows the guidelines of Tranfield et al. (2003). Once the research questions were
defined, scientific papers were collected in the Scopus and Web of Science data-
bases using the keywords “food miles & carbon footprint”, “local food & carbon
footprint” and “food miles OR local food & logistics & environmental impact” in
the title, abstract and keywords. The search for scientific papers took place in April
2023. This phase resulted in 622 articles, which were analysed by title, abstract
and main findings. We also checked whether the dimensions structuring the re-
view were presented. After checking the content, 81 articles were included because
they were more closely related to the research objective, while 541 articles were not
included at this stage because their content was not related to the research topic.
The latter were further supplemented by articles cited in the bibliographies of the
retrieved papers. The process ended with 119 articles (Figure 1). All articles were
classified in an Excel file, highlighting the aspects relevant to our purpose and not-
ing the reasons for exclusion.

Figure 1 - PRISMA Scheme for retrieving the relevant articles

Identification of new studies via databases and registers

= Records removed before screening:
2 Records identified from: Duplicate records (n = 50)
§ Databases (n =2) — Records marked as ineligible by automation
z Registers (n = 672) tools (n =0)
ﬁ Records removed for other reasons (n = 0)
Y
Records screened Records excluded
(n =622) (n=542)
E’ Reports sought for retrieval Reports not retrieved
B {n = 80) (n=0)
o
o
@
Reports excluded:
Reports assessed for eligibility Reason1 (n =NA)
(n=80) Reason2 (n = NA)
Reason3 (n = NA)
Y
E New studies included in review
2 (n=1)
o
=

Source: Author’s elaboration
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4. DIMENSIONS

4.1. PRODUCT AND PRODUCTION RELATED FACTOR’S

The greater sustainability of LF is not always guaranteed due to ‘produc-
tion-related factors’ such as energy-intensive production and storage process-
es, geographical and climatic advantages, soil characteristics and productiv-
ity (Figure 2).

According to Carlsson-Kanyama et al. (2003), energy use ranges from 2
to 220 M]J/kg depending on the type of food (e.g. animal vs. plant), degree
and type of processing, technology used, and transport distances. For beef,
chicken, pork and lamb, energy levels vary from 35 to 75 M]/kg depending
on species-specific feed efficiency and metabolism. The highest energy input
is observed for shrimp (220 M]/kg), which the authors attribute primarily to
fuel-intensive fishing practices in the North Sea, where up to 1.47 kg of fuel
is required per kg of catch. The study includes various seafood products, al-
lowing comparisons across the category. In addition, the amount of energy
also depends on consumption patterns and dietary choices: sweets, snacks and
beverages show a higher amount of energy due to the higher consumption in
the Swedish population (18-44 M]/kg). Webb et al. (2013) point out that en-
ergy use and emissions in the ecosystem change according to the productivity
of countries, the type of storage required and the tonnes of GHG released in
the production process. Importing tomatoes and strawberries to the UK from
Spain can result in energy and water savings, as well as a reduction in the neg-
ative impacts of land use, acidification and pesticide use, compared. Similarly,
lamb from New Zealand and chicken from Brazil require less electricity for the
slaughter process, despite the transport distance. On the contrary, potatoes,
beef and apples have lower impacts when produced directly in the UK than in
Israel, New Zealand and Brazil due to higher yield productivity, shorter trans-
port distances and less need for cold storage. Similarly, Edwards-Jones (2010)
argues that the sustainability of local produce should be assessed in terms of
climate, yield capacity, soil type and productivity, storage requirements which
are closely linked to the seasonality of the food, and transport related factors
relating to fuel and vehicle type and transport infrastructure. In fact, New Zea-
land’s lamb production advantages come from a favourable climate, good ge-
netics, efficient slaughter and processes. It also shows that importing tomatoes
and lettuce from Spain is less polluting because in the UK both are grown in
glasshouses. Conversely, fresh broccoli grown in the UK is more sustainable
than broccoli imported and then frozen. It is better to import sugar from the
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tropics where the pollution associated with sugar production is shared with
the production of other sugar cane derivatives.

Saunders and Barber (2007) claim that dairy production in New Zealand re-
quires less energy and emits less CO, due to the lower use of direct and indirect
energy inputs - such as fuel, diesel, petrol, lubricants, electricity, nitrogen, po-
tassium, phosphorus, and pesticides - as well as the reduced reliance on physical
assets like vehicles, dairy sheds, fencing, and water infrastructure. In contrast,
for vegetables and bakery products, energy requirements do not significantly
differ between organic and conventional production. The former, which aims
to respect the ecosystem, is only effective if the products are not subsequently
shipped, as the transport phase accounts for the lion’s share. In fact, bread
made with organic wheat generates 30g CO,e. less than a conventional loaf,
but the impact is the same as that of conventionally produced bread if it is
shipped 420 km further from the USA (Meisterling et al., 2009). A similar
result is found for organic dark chocolate produced and exported from Brazil
(Pérez-Neira et al., 2020). In fact, as suggested by Webb et al. (2013), the bur-
den of transport for a large proportion of production results in a small burden.
Instead, the opposite is true for foods such as meat, which require much more
energy during the production process than during transport. Kreidenweis et
al. (2016) emphasise that the specialisation of countries in the production of
certain crops is a crucial factor in assessing the sustainability of LF. By cal-
culating CO, emissions from cultivation and harvesting to processing, each
transport distance (farm to factory, factory to city/port) is also taken into ac-
count. Kreidenweis et al. (2016) demonstrate that for certain crops (barley and
maize), imports from Brazil can result in lower GHG emissions than domestic
production in Germany, due to more favourable climatic conditions and pro-
duction efficiencies in the exporting regions. Specifically, producing barley in
Germany increases CO, emissions by 32%, maize by 56%, oilseed and wheat
by more than double, and sugar by 3.6 times compared to importing these
crops from Brazil, primarily because of lower yield productivity in domestic
systems. Diversified farming systems are seen as a solution for productivity
and socio-environmental transition. Urban agriculture (UA), in particular
Zero-Acreage Farming, offers potential for providing LF in urban regions.
However, the sustainability of UA depends on energy-efficient practices, local
resources and social inclusion. Wild edible plants provide affordable food se-
curity during food shortages, but their availability is limited by seasonality and
climate extremes (Vargas et al., 2021).
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Table 1 Selected Studies on Energy Use and GHG Emissions Across Food Products and

Supply Chains

Study

Carlsson-Kanyama et al.
(2003)

Saunders & Barber (2007)

Striebig et al. (2019)

Rossi et al. (2020)

Theurl et al. (2014)

Hospido et al. (2009)

Product(s)

Meat, vegetables, shrimp

Milk (NZ vs. UK)

Lettuce, tomatoes,
chicken

Tomatoes (transport)

Tomatoes

Lettuce

Emissions / Energy Use Key Notes

Shrimp: 220 M]J/kg due

2-220 M]/kg to fuel-intensive fishing
practices
Lower in NZ Lower direct and indirect

energy inputs

Also lower pesticide use
in short supply chains

Lower emissions when
sourced locally in Virginia

Emissions reduced using
intermodal transport
(Bologna—Catania)

- 125 kg CO,, per
shipment

Better than imports or
greenhouse cultivation
out of season

-85% carbon footprint
with seasonal production

0.4-0.5 kg COzeq’kg
(Spain) vs. 1.5-3.7
(UK)

Imports from Spain more
efficient than winter
greenhouse in the UK
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Figure 2 - Scheme of the key concepts on product and production related factor’s

Local Food
Sustainability
Sustainability
Questions
Production Transport
Factors Impacts
Energy Geographical Soil Distance Emissions Country
Intensive Advantages Productivity Transport Transport Specialisation

Source: Author’s elaboration

4.2. SEASONALITY

Among the six challenges to the food system listed by Wakeland et al. (2012) is
the dependence of food on nature. This link is also manifested in the geographical
dimension and seasonality, which make some areas more suitable than others for
the cultivation of certain products in terms of climatic conditions, soil quality and
composition (Figure 3).

In addition, to meet global food demand, fruit and vegetables are either
harvested out of season and stored or grown directly in greenhouses. All
this increases the demand for natural resources compared to the production
of seasonal foods, as well as the emissions associated with the more inten-
sive use of water and energy.

They also stress that these aspects have an impact on transport. In fact, the per-
ishable nature of food requires special handling and storage conditions to avoid
waste, losses (e.g. refrigeration, freezing, air conditioning, humidity, hygiene) and
health problems, resulting in higher energy requirements and emissions.

In general, it is preferable to source food even over long distances according to
the seasonality of the products, which would otherwise require an excessive num-
ber of raw materials to simulate the climatic conditions for their growth. The re-
sults are the same all over the world.

During the cold season, lettuce from Spain emits between 0.4 - 0.5 CO,eq/
kg compared to lettuce from the UK (1.5 - 3.7 CO,eq/kg). The energy required
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for refrigerated transport is offset by the non-heat use in the UK for its cultiva-
tion (Hospido et al., 2009).

Tobarra et al. (2018) show that producing seasonal and domestic green beans,
peppers, bananas and oranges in Spain is more efficient than importing them from
Africa, although the CF of tomatoes, strawberries, apples and potatoes is lower
when imported from France and Portugal respectively. Indeed, the impact of a sea-
sonal tomato crop in Austria is 85% lower than those produced domestically out of
season or imported from Spain and Italy (Theurl et al., 2014). Similarly, Blanke &
Burdick (2005), Mila i Canals et al. (2007), and Keyes et al. (2015) find that in-sea-
son apple production allows for a reduction in energy consumption, as it does not
require storage and transportation like off-season apple production in Germany,
Austria, and Canada. Moreover, the CF of in-season oranges sold in the Atlanta,
Chicago, Los Angeles and New York markets decreases by 51%, 46%, 14% and 24%
respectively (Bell & Horvath, 2020). Appendix tables 1-3 summarises the literature
discussed in this section.

Figure 3 - Scheme of the key concepts for seasonality

Dependence of Food on
Nature _A
Geographical Ik Transportation
Suitability and Perishability
Greenhouses and Out-
of-Season Production Special Handling
Climatic & Storage
Conditions g
Higher Seasonal Avoid Waste &
Resources Foods Loss
Soil
i Water Health Problems
Quality Usage

I
Out of Season
Harvest

Energy & Emissions

Soil
Composition

Emissions

Seasonality

Off
Local season/Out-
Production of-Area
Production

Source: Author’s elaboration

4.3. SUPPLY CHAIN ORGANIZATION AND DISTRIBUTION
LF distribution takes place both through SFSCs in farmers” markets, farm shops

and communities supporting agriculture, where customer interaction is high and
the number of intermediaries is low, and through conventional SCs in independent
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retail outlets, restaurants, canteens, institutions and large supermarkets (Enthoven
& Van den Broeck, 2021; Mundler & Rumpus, 2012) (Figure 4; Table 4, 5).

The potential of local distribution to reduce energy consumption due to its sim-
ple structure is demonstrated by Accorsi et al. (2022), Marletto & Silling (2014) in
Italy. The former study examines the direct sale of potato, nectarine, apple, kiwi,
watermelon, peach, pear, asparagus, tomato, apricot, plum, strawberry, pumpkin,
and lotus fruit by a few farmers directly to retailers, highlighting the role of product
type and short links in the supply chain. In contrast, the other two studies focus on
regional supply chains. One illustrates the superiority of the regional supply chain
in Sardinia, attributed to high volumes of canned tomatoes shipped, the point-to-
point organisation, and the advantages offered by the island context.

Pérez-Neira and Grollmus-Venegas (2018) find a significant reduction in GHG
emissions (up to 91%) by comparing a Spanish organic farm that sells products di-
rectly to customers with a farm that uses a local supply chain for distribution. Sim-
ilarly, Tasca et al. (2017) observe the environmental impact of endive production,
both in organic and integrated systems, and find that direct distribution leads to a
significant reduction in emissions by 30-40%. McClenaghan etal. (2014) conducta
study on community-supported fisheries (CSF) in the United States, where seafood
is distributed within a 65-kilometre radius, resulting in half the emissions caused
by the fish industry. Shorter distances are appropriate to preserve food biodiversity
(Brunori et al., 2016). Producers and wholesalers benefit from selling their prod-
ucts closer to their customers because they save more fruit that would otherwise
be lost over longer distances, reduce fuel costs, and avoid inappropriate packaging
and non-refrigerated trucks (Aliotte et al., 2020). Finally, organic extra virgin olive
oil shipped and distributed through a short and local supply chain shows a lower
impact compared to conventional supply chain distribution (0.044 CO,eq/kg vs.
0.508 CO,eq/kg), despite the less efficient transport phase (Torquati et al., 2021).

Nevertheless, much evidence highlights the inefficiency of local and regional
supply chain due to the distribution mode and fragmented organisation. Mun-
dler & Rumpus (2012) highlight that the energy consumption of the collective
sales point of fruit and vegetables in France is the highest (44.8 GOE/euro) among
the different local supply chain of distribution (e.g., community-supported agri-
culture, employment-insertion farms, a cooperative and a private company; col-
lective sales points and on-farm sales) due to the large amount of energy required
in on-farm storage (22 GOE/euro), warchouses and stores (19.5 GOE/euro). These
findings suggest that local and regional SCs, while potentially more sustainable
from an environmental perspective, may face structural limitations that affect their
equity and efficiency. In the context of a just and efficient transition, it is essen-
tial to assess how the fragmentation of local systems can lead to higher unit costs,
logistical barriers, and unequal access to food. Conversely, larger-scale SCs often
benefit from economies of scale and lower prices, which may promote greater af-
fordability. Therefore, environmental performance alone is not sufficient: distri-
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butional impacts and social inclusiveness must also be considered when designing
sustainable food policies.

Comparing the distribution of dairy products and assessing the sustainability
of transport at national and international level, Djekic et al. (2018) show that the
distribution of yoghurt and milk in Serbia through an international supply chain
is preferable. Schmitt et al. (2016), comparing the performance of local and global
supply chain in Switzerland (L’Etivaz vs. Le Gruyere) and the UK (Single Glouces-
ter and Cheddar), underline the efficiency and affordability of the global cheese
supply chain compared to local distribution, which performs better in terms of
value creation and distribution, animal welfare and biodiversity.

At the transport stage, the amount of product transported, the number of emp-
ty return journeys or the mode of transport can sometimes make a difference. For
example, although almonds and grapes are sourced from the same area in Cali-
fornia, with similar distances and CO, emissions, very different emissions emerge
when weight is taken into account (Fresin et al. 2018). Meanwhile, Bell and Hor-
vath (2020) find that oranges transported by car from Mexico to New York City
are six times more polluting than those transported by container ship from Chile,
despite travelling half the distance. Torquati et al. (2015) also find that regionally
branded milk marketed through retail channels has reduced environmental im-
pacts, focusing on the transport stages. Finally, Torquati et al. (2015) define lower
environmental impacts for regional-branded milk marketed through retail chan-
nels but limited to the transportation stages.

Figure 4 - Distribution methods

LC Distribution Methods

SFSCs Conventional SCs
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Environmentalimpact reduction in endive
production (Tasca etal., 2017)

Source: Author’s elaboration

261



4.4. SOLUTIONS TO INCREASE THE EFFICIENCY OF THE DISTRI-
BUTIONAL STAGE

To facilitate the transition improving the distribution of local chains, regional
transport and delivery services is crucial to facilitate the transition to a more sus-
tainable food system. Day-Farnsworth & Miller (2014) suggest aggregation and co-
operation at the farm level (e.g. multi-farm aggregation) to develop local strategic
logistics, implementing backhauling logistics to reduce empty miles and less-than-
tull loads, adding stops to the truck’s journey to return goods to their point of
origin. Rossi et al. (2021) propose a new transport model called “traveling stock”
that promotes intermodal transport of perishable foods, minimising the main bar-
riers associated with the distribution of meat, fruit, vegetables, refrigerated prod-
ucts and dairy products, aiming to address all the existing barriers to intermodal
transport of perishable foods, such as the risk of reducing the quality and freshness
of food, the need to repeatedly move goods from one vehicle to another, and the
need to store products longer and prolong their delivery. The author report that
the adoption of an intermodal transportation system between Bologna and Cata-
nia reduces CO, emissions by approximately 125 kg per shipment'. To address the
speed of delivery, Jasim et al. (2022) propose drones, although the acceptance of
this type of delivery service depends on social influence. Berti & Mulligan (2016)
present food hubs as an innovative SFSC organisation to directly connect farmers,
small producers and customers, reducing the distances travelled by both. Paciarotti
et al. (2022), studying scenarios where farmers are located 30 km from the city
centre and food hubs are located between S and 10 km away, show that the opti-
mal scenarios are when food hubs manage both product collection at the farmer
level and product delivery. Furthermore, the location of logistics facilities within
an FSC affects emissions and distribution optimisation, as in the case of Parma
ham, where the experience and presence of food logistics hubs are crucial (Mor-
ganti & Gonzalez-Feliu, 2015). Finally, Cramer & Fikar (2023) assess the feasibility
of Crowd Logistics (CL) in the Bavarian region, a sustainable concept to make the
delivery process easier and faster by relying on a collaborative network between

people (Table. 6).

4.5. CUSTOMERS PREFERENCE FOR LOCAL PRODUCTS

Customer preference for locally grown products, which are perceived as safer and
of higher quality (Onozaka & McFadden, 2011), and their value for lower emis-
sions associated with shorter distances and travel times (Caputo et al., 2013) and

! While the absolute figure may appear modest, its impact becomes significant when scaled across
multiple shipments. However, the paper does not provide a baseline figure, so the relative percentage
reduction cannot be precisely quantified (Rossi et al.; 2021).
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other sustainable labels, such as organic certifications for tomatoes (Caputo et al.,
2012), is evident. However, the question of customer preference for LF due to its
perceived lower environmental impact is still debated. On the one hand, Onozaka
& Thilmany (2016) find that supplying apples in season with both origin and car-
bon labels effectively reduces emissions, unless customers have to travel more than
6.7 km to reach organic food producers (Coley et al., 2009a).

WTP for LF depends on customer characteristics, food type and habits (Entho-
ven & Van den Broeck, 2021).

Labels also increase the willingness to pay (WTP) (Van Loo et al., 2015), al-
though it varies depending on the type of food and motivation. Grebitus et al.
(2013) find that while German consumers are willing to pay more in absolute
terms for locally sourced wine than for locally grown apples, the relative price dis-
count due to distance travelled is larger for apples than for wine. This suggests that
freshness plays a stronger role in shaping preferences for local apples, whereas wine
is less affected by transport distance; instead, the French rely only on the quality of
fruit and vegetables, while English customers prefer less FM (Brown et al., 2009).
Moreover, labels are most likely to drive people with high environmental concern
(Cholette et al., 2013) and low-price sensitivity to buy organic/local products,
which are often more expensive (Torquati et al., 2021).

Weber (2021) finds that an eco-ranking app on transport distance and eco-cer-
tification in milk, juice and eggs increases sustainable production choices. Instead,
combining sustainable labels with nutritional labels leads to small positive effects,
as customers prefer nutritional information to environmental information in piz-
zas (Marette, 2022). Similarly, De Bauw et al. (2021) show that the Nutri-Score
dominates the Eco-Score in e-grocery shopping.

According to the studies described above, customer preferences for LF are in-
fluenced by a wide range of factors, including perceptions of safety, quality and
environmental impact. Labels play an important role in influencing consumer be-
haviour, as they can increase WTP and attract people who are concerned about
the environment. However, the importance of labels varies between countries,
with preferences shifting according to cultural and geographical considerations.
In this context, further research could benefit from investigating the effectiveness
of Eco-Score as a tool for identifying customer preferences and WTP for LF. Eco-
Score, which takes into account travel distance and eco-certification, has shown
encouraging results in promoting sustainable production options for items such as
milk, juice and eggs (A. Weber, 2021). Investigating its use in determining custom-
er preferences for LF, in combination with other sustainable labels and nutritional
information, could provide important insights into consumer behaviour and de-
cision-making. In addition, evaluating the influence and dominance of Eco-Score
versus other labelling systems, such as Nutri-Score, in e-grocery shopping (De
Bauw et al., 2021; Marette, 2022) could provide useful insights into how consum-
ers prioritise environmental considerations when making food choices. Exploring
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the role of Eco-Score and other sustainable labelling schemes in understanding
consumer behaviour and WTP for LF could contribute to a deeper understanding
of consumer preferences and guide future strategies to promote sustainable con-
sumption practices. (see Figure 5 and Table. 7)

Figure 5 - Customer preference scheme
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5. CONCLUSIONS

The literature review addresses the debate on the sustainability of LF and the rele-
vance of FM as an indicator to assess the environmental impact of FSC.

On the one hand, FM is inadequate as it only considers the distance travelled;
on the other hand, LF does not reduce the environmental impact of FSC as much
as expected. The distance between production and consumption is relevant in de-
termining impacts, but it is not the only factor. Therefore, our study proposes a
broad view of the impacts related to the territoriality of production, climatic con-
ditions, seasonality, production processes, local distribution and transport that
influence the environmental impact of FSC. The dimension involved are the prod-
ucts and production related factors, seasonality, LF distribution, inefficiency and
fragmentation of the supply chain organisation, solution to increase the efficiency
of LF distribution and customer preferences for local products and carbon labels.

The overall conclusion is that it is difficult to generalise estimates to different
situations and that a context-specific approach is required.

Nevertheless, local production proves to be preferable when local resources are
used for cultivation, when economies of scale are available, when the seasonality
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of products is taken into account, and when climatic and soil conditions are fa-
vourable. For perishable products, it is still preferable to reduce the distance be-
tween production and consumption. Moreover, many of the advantages of LF
are due to the technology used and the efficiency of the production process. The
issue of distribution and organisation of the supply chain is more ambiguous.
In many cases, large-scale distribution ensures both efficiency and sustainabili-
ty, despite the greater distances; in some cases, a specific context makes local dis-
tribution more appropriate.

In addition, buying directly from farms and producers reduces the envi-
ronmental impact if the distance travelled by the consumer exceeds a certain
threshold, otherwise the emissions are even higher than in a large supply chain
with many intermediaries.

In addition, LF is concerned with a territorial dimension, a sense of be-
longing to an area and food traditions passed down over time - essentially the
cultural dimension of food.

According to the authors, the label showing the LF attribute should em-
phasise support for the local economy and community rather than just re-
duced environmental impact.

However, the practical implementation of a LF label presents challenges, par-
ticularly in informal or bulk-sale contexts such as farmers’ markets, where prod-
ucts are often sold unpackaged and without standardised packaging formats. In
these cases, the value of a physical label may be limited. Instead, trust - whether
interpersonal (between producers and consumers) or institutional (through mar-
ket reputation or governance systems) - plays a central role in assuring the origin
and sustainability of products. Therefore, any labelling strategy should be seen
as a complement to, rather than a substitute for, the trust-based mechanisms
already embedded in SFSCs.

This literature review contributes to the ongoing debate on the use of FM and LF
by highlighting the issues that need to be considered when estimating the CF of FSC.

This review also engages with the broader theme of a just and efficient tran-
sition. While LF systems are often promoted as more sustainable, they do not
automatically ensure equitable access or systemic efficiency. In fact, the envi-
ronmental benefits of local production and distribution are highly context-de-
pendent, and in some cases, short supply chains may suffer from inefficiencies,
higher per-unit costs, and limited accessibility for lower-income groups. More-
over, a strong emphasis on territoriality and cultural attachment may unin-
tentionally exclude producers and consumers who fall outside defined “local”
boundaries, raising issues of fairness and inclusion. Conversely, large-scale sys-
tems, despite their environmental drawbacks, often guarantee lower prices and
broader access through economies of scale. These tensions highlight the need
for food policy and sustainability assessments to move beyond binary distinc-
tions (e.g., local vs. global) and adopt frameworks that integrate environmen-
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tal, social, and economic dimensions; especially in view of trade-offs that may
undermine the fairness of ecological transitions.

Future research perspectives could focus on sustainable mobility at the local lev-
el, in particular regarding last mile management at the local/regional level, as well
as consumer perceptions of sustainable last mile distribution initiatives. The im-
plementation of appropriate tools for communicating the environmental impact
of food products can be useful for public policy makers and the logistics industry
in developing strategies for sustainable local distribution of goods. It can also em-
power consumers to make informed choices.

In conclusion, our paper summarises the literature on FM and LF in order to
shed light on the existing debate and clarify which aspects should be considered
when assessing the sustainability of FSC. Our work may be useful to researchers
working on the sustainability of the food chain and to companies committed to
making the agri-food sector more environmentally friendly. Finally, it offers rec-
ommendations to local authorities interested in developing policies for the distri-
bution of goods and guiding the logistics sector and the FSC as a whole towards
climate change mitigation practices.
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