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ARTICLE INFO ABSTRACT

Editor: Prof. Shabbir Gheewala The wastage of edible food still remains a major global challenge, despite its well-known consequences. Although
bread and bakery products are identified as some of the most frequently wasted foods, the amounts generated
and the pathways used to manage this surplus are often unknown. To support sustainable food systems, there is
an urgent need to identify how much surplus is generated along the supply chain, including both sweet and
savoury products, and to map how this resource is managed. The aim of this study was to quantify the surplus
and waste of baked goods in Sweden, alongside mapping the pathways used for managing unsold bread
generated at the supplier-retailer interface. Life cycle assessment, considering 16 midpoint indicators and three
endpoint indicator, was used to assess the environmental benefits of reducing bakery product surplus. The results
reveal that nearly 180 000 tonnes of baked goods are wasted annually in Sweden. Roughly 51% is generated at
the supplier-retailer interface, particularly considering bread sold under take-back agreements where 14% of
production becomes surplus. Only 2% of this surplus is recirculated to the food system, while the majority is
instead used in energy production. Scenario analyses, including nine scenarios designed to capture various in-
novations to reduce surplus, demonstrated that prevention and valorisation strategies, such as data sharing and
price reductions, have the greatest potential for reducing waste and environmental impact. Prevention could
result in up to ten times lower climate impact per kg bread. The findings offer valuable insights for future
research on sustainable food systems, and can act as practical guidance for industry actors, stakeholders, and
policymakers to implement waste-reduction strategies that promote sustainable, resource-efficient food systems.
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1. Introduction unsold and is removed from shelves while still perfectly suitable for

human consumption. This food resource could in fact be recovered using

An imbalance between production and consumption of food, inevi-
tably leading to surplus, has been identified as a common cause of waste
generation at retail level. Despite the known risks attributed to food
waste, global wastage of edible food is a major challenge at all stages of
the supply chain. Bread is one of the most frequently wasted food
products in many parts of the world (Brancoli et al., 2019; Dymchenko
et al., 2023; WRAP, 2023), resulting in considerable global issues with
environmental, economic, and social consequences (United Nations
Environment Programme, 2024). Generation of bread waste is often
linked to production of surplus bread, i.e., retail bread that remains
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circular management pathways, such as prevention or valorisation. Pre-
vention involves measures that reduce generation of food waste at
source, while valorisation involves measures to recover or reuse the
resource in, for example, new products, animal feed or energy produc-
tion. These two approaches are usually ranked according to the food
waste hierarchy (Papargyropoulou et al., 2014), indicating the priority
of action for policy and action against food waste (Giordano et al.,
2020).

The benefits of circular food systems have been thoroughly demon-
strated in supporting sustainable use of resources and reduce stress on
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planetary boundaries (Rockstrom et al., 2020; van Zanten et al., 2023).
The bread supply chain in Sweden exhibits a degree of circularity,
particularly through the implementation of take-back agreements (TBA).
These agreements operate in a reverse supply chain, holding the supplier
financially responsible for unsold products, including collection and
disposal (Brancoli et al., 2019). Surplus bread is an abundant, inex-
pensive and under-utilised resource that could be avoided or recovered
via valorisation pathways. However, while TBA can be viewed as a step
toward circularity by allowing valorisation of unsold products, this
model has also been identified as a risk factor in generating high vol-
umes of bread waste (Eriksson et al., 2017). In Sweden alone, previous
research suggests that around 80 000 tonnes of bread are wasted along
the supply chain (Brancoli et al., 2020). Wasting surplus bread repre-
sents a considerable economic loss for producers, retailers and con-
sumers, but also has a devastating environmental impact through e.g.
increased global warming, biodiversity loss, and depletion of natural
resources (Crenna et al., 2019; Bergstrom et al., 2020). Moreover, pre-
vious waste quantifications on the Swedish bread system have mainly
focused on savoury products, while surpluses of sweet products pro-
duced and distributed in parallel have not yet been accounted for.
Although prevention and valorisation have attracted increasing scien-
tific and commercial attention in recent years, a substantial research gap
still remains regarding the efficacy of different pathways compared with
current practice, especially considering resources circulated back to the
food system.

The aim of this study was to map the volume of surplus bakery goods
generated at the supplier-retailer interface in Sweden and to identify the
pathways currently used for managing surplus bread. Using life cycle
assessment (LCA), the environmental aspect of current and future man-
agement of surplus bakery goods was then assessed. The potential
benefits of multiple innovations, either within or as a consequence of
changes to the current business model, were modeled in scenarios using
savoury bread sold under TBA in Sweden as the base case. The goal of
this work was to evaluate the outcomes of different prevention and
valorisation pathways, in order to support companies in the bakery
sector and policymakers in choosing the best-performing options for
management of surplus bread.

2. Literature review

The annual wastage of food at retail in high-income countries is
estimated to amount to 13 kg per capita, with Swedish retail wasting 9
kg per capita. This translates to roughly 89 000 tonnes at retail, of which
15-30% is estimated to consist of surplus bread (Brancoli et al., 2019;
Swedish Environmental Protection Agency, 2024). At retail level, high
on-shelf availability and providing a broad selection of products are
often prioritised with respect to bread, both due to strong competition
and to ensure customer satisfaction (Ghosh and Eriksson, 2019; Riese-
negger and Hiibner, 2022). However, this have been found to increase
overstocking, leading to economic pressures and logistical challenges
with unsold products (Cicatiello et al., 2020). Many retailers acknowl-
edge that they are faced with a trade-off situation between providing
high availability of products and the environmental, social, and finan-
cial burdens related to unsold products. Although on-farm losses and
household food waste generally comprise greater quantities, retailers
and suppliers have a unique influence on both upstream and down-
stream food waste generation (Mena et al., 2011).

The generation of surplus bread and bakery products at the supplier-
retailer interface has been quantified in several previous studies, though
often using different methods, countries of origin, comparison bases, or
system boundaries (Gorynska-Goldmann, 2022; Soni et al., 2022). In
previous studies in Sweden, Brancoli et al. (2019) combined primary
data from 380 stores and a major bakery with national statistics and
literature findings to quantify bread waste, while Hildersten et al.
(2025) used a qualitative interview approach in collaboration with an
industry partner to map their production of pre-packaged rye bread sold
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under TBA. In their study quantifying surplus bread in Italian small-scale
bakeries, Pietrangeli et al. (2023) used a combination of direct measures
of surplus bread through daily diaries and calculated values for eco-
nomic losses at the bakery level. Using individual in-depth interviews
with industry experts, Gorynska-Goldmann et al. (2021b) collected
qualitative data on average losses for the baking and confectionery in-
dustry in Poland, while Riesenegger and Hiibner (2022) sourced data for
their qualitative study on reducing food waste at retail in Germany by
conducting face-to-face interviews with managers of seven case
companies.

Various incentives to reduce retail food waste have also been
researched, with results highlighting great potential if these actions can
be directly influenced by companies and suppliers. Sharing data be-
tween retailers and suppliers can allow for more efficient ordering and
forecasting (de Moraes et al., 2020), which, in turn, can reduce over-
production and surplus at retail (Canali et al., 2017). Insufficient
cooperation and coordination among actors in the supply chain have
also been identified as relevant risk factors for bread waste (Cicatiello
et al., 2020). Dynamic pricing, which allows retailers to reduce prices
depending on external factors such as best-before date or imperfect
products, can considerably reduce bread waste generated at retail
(Sanders, 2024). In an explorative study on reducing food waste in
Germany, Riesenegger and Hiibner (2022) showed how better planning
of retail operations, such as optimal management of shelving and
reduced assortment size, could reduce surpluses. Gorynska-Goldmann
et al. (2021a) recommended multiple valorisation pathways for surplus
bakery products, including reduced prices, food donations, and animal
feed. In a review assessing the effectiveness of the food waste hierarchy
in increasing resource use efficiency, Redlingshofer et al. (2020)
concluded that when stakeholders dependent on sales are also respon-
sible for waste management, reuse and recycling methods are often
prioritised over prevention. This is likely due to the cost-effectiveness of
these methods in relation to potential loss of sales. On the other hand,
many benefits of waste reduction have been highlighted (CEC, 2019),
including cost savings for stakeholders, reduced environmental impacts,
improved food security, and promotion of a circular economy by adding
value to resources.

Previous research suggests that TBA can be a risk factor for surplus
generation at retail (Muzivi and Sunmola, 2021), and that this practice
may reduce the power and incentives of retailers to develop and
implement waste-reducing actions (Eriksson et al., 2017). Similar con-
clusions were reached in later studies by Brancoli et al. (2019) and
Ghosh and Eriksson (2019). However, one of the benefits of TBA is the
separate collection of surplus bread, which can be directed toward more
high-value valorisation than is possible with mixed waste streams.
Identifying how and under what conditions future pathways can
contribute to reduced bread waste, with or without TBA in place, is
therefore of high scientific relevance. According to Economou et al.
(2024), monitoring tools, including LCA, are indispensable for mapping
surplus hotspots and tracking the impact of waste-reducing actions.
Using LCA, Brancoli et al. (2020) showed that prevention of surplus
bread yields the highest environmental benefits, followed by reuse as
food, either directly or following conversion, while feed and energy
production are less favourable. In later work, Brancoli (2021) concluded
that the current return systems for surplus bread in Sweden could serve
as a foundation for further sustainability development, e.g., by imple-
menting alternative reuse pathways according to the higher priority
levels in the food waste hierarchy. However, current valorisation path-
ways for food waste, including surplus bread, tend to be directed toward
energy production rather than human consumption (Johansson, 2021).
These solutions align with the lower-priority levels for managing food
waste (Papargyropoulou et al., 2014), such as anaerobic digestion,
conversion into biofuels, and incineration. One important benefit with
these solutions is their high technological readiness, which facilitates
quick implementation.

On evaluating the life cycle of surplus food generated in French
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retail, Albizzati et al. (2019) concluded that the sector should prioritise
redistribution through donations and conversion to animal feed over
anaerobic digestion and incineration, due to the environmental benefits
and economic gains. This was reiterated by Svanes et al. (2019), who
further emphasized the environmental benefits of prevention related to
management of surplus bread. Assessing the impact of bread logistics,
Weber et al. (2023) found that the long transport distance between
suppliers and retailers in Sweden is the main climate hotspot, more so
than TBAs as a business model. Many studies have demonstrated the
potential to utilize bakery surplus in food production, including food
donations (Sundin et al., 2023) and upcycling into breadcrumbs
(Samray et al., 2019), fungal food products (Brancoli et al., 2021) or
beer (Coelho et al., 2024). Jung et al. (2022) used bread as a feedstock in
algae cultivation, while Siddique et al. (2024) mapped the life cycle
impact of multiple pathways for valorisation into animal feed. Although
previous research has demonstrated the benefits of bread valorisation,
Corsini et al. (2023) emphasized the lack of research evaluating the
success factors influencing prevention actions at the retail level. A
similar conclusion was also presented by Kumar et al. (2023), who
pointed out that current literature accounting for environmental im-
pacts of valorisation pathways for bread is very limited. Furthermore,
research with a lifecycle perspective of the entire bread supply chain,
including baking, distribution, retail, and management of surplus
products, is urgently required to identify how, and under what condi-
tions, different prevention and valorisation pathways should be used.
Siddique et al. (2024) suggested that a broad selection of impact cate-
gories should be included in LCA studies, along with the benefit of any
avoided emissions due to prevention or valorisation. Despite the
acknowledged limitations of ecosystem coverage in LCA, Crenna et al.
(2019) showed the importance of also accounting for ecosystem impact
in future food system research. Gorynska-Goldmann (2022) further
concluded that there is an urgent need for joint actions by suppliers and
retailers to mitigate waste generation, preferably through prevention
and high-value valorisation.

3. Material and method
3.1. Mapping of Swedish bakery products

To distinguish the different main types of bread and baked products
sold in Sweden, the definitions used by the Swedish Board of Agriculture
(2022) were applied in this study. Bread, as a product, was considered to
be the baked result of a simple dough containing flour (wheat and rye),
water, salt and rising agent. Similar ingredients, but in different quan-
tities, are often used to produce sweet products, with the addition of
sugar. Two main categories of soft bread are sold at Swedish retail: pre-
packed soft bread products, which are produced by bakeries and trans-
ported to retail where they are sold in plastic bags; and non-packaged or
bake-off products that are delivered as industrially produced doughs or
semi-baked products, which are baked after delivery, and sold individ-
ually at retail or convenience stores. One of the major differences be-
tween these products is the distribution system, where a large
proportion of pre-packed products, but not bake-off products, are
distributed under TBA. Within the sub-category of pre-packaged goods,
retailers also produce their own private label products or import from
other countries, which are distributed without TBA. Furthermore, the
pre-packed category includes sweet and savoury baked goods that have
been exposed to air or heat to become hardened, such as crispbread and
cookies. The convenience market in Sweden is dominated by a handful
of companies, some operated by retail companies primarily selling pri-
vate label products. Only about 2% of the bread market in Sweden
consists of home baking (lakovlieva, 2021).

3.2. Quantification of the Swedish bakery supply chain

Two rounds of stakeholder dialogues (Sjolund et al., 2022; Mesiranta
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et al., 2023) were conducted with five industry actors operating within
the Swedish TBA system, including two industrial bakeries, retailers,
and logistic companies. The information shared enabled identification of
current challenges and future potential within the bread supply chain,
findings which were later used to quantify the surplus of bakery prod-
ucts sold under TBA and to develop scenarios representing a shift to
alternative surplus pathways. Data disclosed by industry actors on sur-
plus bakery products generated at bakery and retail level were aggre-
gated, and the extrapolation variable used was market share based on
sold products per year. The quantification of private-label bakery
products included the same five major retailers as used in national sta-
tistics (Statistics Sweden, 2022) and values were extrapolated based on
market share. Information on waste rates, sales, and annual production
of private-label and bake-off bakery products was sourced via corre-
spondence with bakeries and private actors, and supported with national
data.

Through the stakeholder dialogues, along with literature, previous
research, public company reports, and data shared via correspondence
with industry actors and charity organizations, the volumes of surplus
arising at the supplier-retailer interface were quantified. Alongside, the
amount of surplus bread sold under TBA following different pathways
was mapped. Loss rate records for bread and bakery products, monthly
point-of-sale data, and surplus management data disclosed via corre-
spondence with industry actors were used in waste quantification in this
study. Additional data were collected from public reports (Polarbrod,
2020; Pagen, 2020; Fazer, 2022), previous research (Brancoli, 2021;
Sjolund et al., 2023; Hildersten et al., 2025), and national statistics
(Swedish Board of Agriculture, 2022). Based on annual consumption
data, and accounting for waste occurring at different stages of the supply
chain, material flow analysis (MFA) was used to map the level of pro-
duction needed to support Swedish bakery goods consumption. Addi-
tional information on quantities is available via Supplementary material
(Tables S1-S3). A second round of stakeholder dialogues was then con-
ducted with relevant industry actors to verify the quantification and
adjust the scenarios using their input.

Prevention pathways were defined in this study as measures that
involve direct source reduction, while valorisation pathways were
divided into high-value and low-value categories. High-value valor-
isation comprises measures for food redistribution, ultimately allowing
surplus to be circulated back to the food system, such as food donations
or price reductions. Low-value valorisation includes measures that
repurpose the resource into other products, such as animal feed or
ethanol used as fuel. Anaerobic digestion and incineration were
considered in this study as pathways directed toward energy recovery.

3.3. Scenario development

The most promising pathways for reducing surplus and lowering
environmental impacts that emerged during the stakeholder dialogues
were used to formulate a total of nine tangible scenarios for bread
management. The conventional Base case scenario was modeled to
capture the current bread management pathways in Sweden. The results
from the mapping of bakery supply chain in Sweden were used as input
to design the pathways for surplus and waste in this scenario. Six
alternative pathways were modeled as conceptual scenarios to simulate
the impact of improvements applied either within the current system or
without TBA in place, while the final two scenarios were developed to
simulate optimal management. Fig. 1 presents an overview of all
developed scenarios. To enable scenario analysis for each innovation
separately, all scenarios were deliberately designed with minimal
changes in parameters at a time.

The first scenario was identified through the stakeholder dialogues as
an innovation applicable within the current TBA system that could
reduce surplus bread, namely sharing data. In the absence of previous
research on data-sharing specifically related to bread supplied under
TBA, the reduction potential at retail and bakeries was calculated using
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Scenario name

Short description
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Surplus pathways

e |

Conventional management practice describing the current pathways used for
the majority of pre-packaged bread sold at Swedish retail.

Current pathways mapped
for surplus and waste.

Sharing data

With
TBA

Improved shelves

Food donation

Retail ownership

Without
TBA

Co-logistic

Loss rates

Food hierarchy
Optimal
Best practice

Simulating improved shelving management at retail, for instance via angled
shelves or images. Maintaining current pathways used for surplus and waste.

Simulating change in transportation without TBA, for instance co-logistic of
surplus and waste. Assuming pathways for mixed food waste as proxy.

Simulating combination of reduction potential in the Loss rate scenario while
maintaining the high-value pathways for surplus and waste as in Base case.

Simulating sharing of data between suppliers and retailers, for instance point-
of-sales data. Maintaining the current pathways used for surplus and waste.

Maintaining current
pathways identified for
surplus and waste.

Simulating the use of dynamic pricing at retail and increased donations of
surplus bread. Maintaining current pathways used for surplus and waste.

Simulating transferred ownership of pre-packaged bread, with loss rates
similar to private label. Assuming pathways for mixed food waste as proxy.

Assuming pathways used
for mixed food waste in
Sweden as a proxy.

Simulating optimal surplus reduction by combining the loss rates for the two
best preforming scenarios. Assuming pathways for mixed food waste as proxy.

Simulating increased prevention and valorisation towards consumption, while
maintaining the high-value pathways for surplus and waste as in Base case.

Maintaining current
pathways identified for
surplus and waste.

Fig. 1. Graphical illustration of the developed scenarios, specifying scenario name, short description, and surplus pathways. Included is the current management
practice, six conceptual scenarios applied either within the current system or without a take-back agreement (TBA) in place, alongside two scenarios simulating

optimal management.

data for milk. Nikolicic et al. (2021) found that 38% and 29% of waste
was avoided for suppliers and retailers, respectively, when the TBA
system was removed. These reduction factors were applied in the Sharing
data scenario. Moreover, sub-optimal management of shelving together
with a large product assortment was another risk factor for surplus bread
generation at retail identified through the stakeholder dialogues. Pre-
vious studies have shown that by using angled shelves and images of
bread, the feeling of abundance desired by consumers can be maintained
while less bread needs to be placed on the shelves. A 50% reduction in
surplus bread can be achieved at retail when incorporating images of
bread in shelving units (Alm, 2021), while a 10-15% surplus can be
avoided when using angled shelves (Easyfill, 2019). An average 31%
reduction in the surplus generated at retail formed the modeling basis
for the Improved shelves scenario. The final innovation applied within the
TBA system was increased donations, since pre-packaged bread has a
high potential to be redirected toward human consumption. Decentral-
ised food donations were suggested as a pathway during the stakeholder
dialogues, and the Swedish charity Sveriges stadsmissioner (2023)
recently reported a 67% increase in demand for donated and price-
reduced food. This scenario assumed that dynamic pricing could
reduce surplus at retail by 21% (Sanders, 2024), favouring valorisation
via food donations. The Food donations scenario assumed that all bread
available via dynamic pricing was redirected toward human consump-
tion via price reductions and donations.

A previously identified limitation of the TBA system is the low
incentive for retailers to actively work toward reducing bread waste
generated at their stores, since this bread is currently owned by the
bakeries. If retailers were to take ownership of bread distributed under
TBA, it is reasonable to assume that the loss rate would be similar to that
of private-label bread already owned by retailers. A Retail ownership
scenario was designed to simulate this shift, for which an average loss
rate of 4.5% was calculated using data supplied by industry actors on
waste rates for private-label bread. Waste transport distances required
when removing TBA were used according to Weber et al. (2023) and the
majority of the surplus was assumed to be directed toward anaerobic
digestion and incineration (Johansson, 2021), since the lack of separate
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collection of bread would block pathways toward animal feed and
ethanol production. The same surplus pathways, but applying the co-
logistics distances suggested by Weber et al. (2023), were assumed in
a Co-logistics scenario, which was requested by stakeholders and devel-
oped to simulate more streamlined transportation of bread as a way to
reduce its climate impact. An optimal Loss rate scenario was developed
to simulate the benefits of joint innovations at both bakery and retail
level, by combining the loss rates used in Sharing data and Retail
ownership scenario.

The final two scenarios were developed to simulate a theoretical
optimal surplus management of bread, where the benefits of separate
waste collection enabled via TBA are maintained but favouring more
high-value pathways. A Food hierarchy scenario simulated the benefits of
keeping TBA, but directing the surplus to human consumption via food
donations and price reductions to a higher extent. A Best practice sce-
nario also assumed that the TBA system was maintained, but applying
the lowest waste rates at bakery and retail level. This scenario thus
captured the benefits of reducing surplus while retaining the high-value
pathways toward animal feed and ethanol production, which are
otherwise often limited for mixed food waste.

3.4. Life cycle assessment

The environmental impacts of shifting from the conventional Base
case scenario for surplus bread in Sweden to a conceptual scenario with
or without TBA in place, was assessed using life cycle assessment
following the ISO standards (ISO, 2006). A functional unit of 1 kg bread
sold to consumer at retail was selected to capture the scope of the study,
following a cradle-to-gate approach. The system boundary accounted for
inputs and outputs from ingredients, up to and including retail, along-
side inputs needed for managing surplus following different pathways
(Fig. 2). The software SimaPro 9.2 was used to model the scenarios, with
datasets from Ecoinvent 3.8 and Agri-footprint 4.0. Although a shift
from current to future scenarios is often described using consequential
datasets, this study used cut-off datasets to ensure compatibility be-
tween the databases, since Agri-footprint implements Ecoinvent cut-off
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Fig. 2. Illustration of the modeled bread system in Sweden, indicating inputs and outputs accounted for along the value chain. The dashed line represents the system
boundary, while the dotted line show the substitution included via system expansion. Outside the system boundary are production and recycling of packaging,

alongside consumption and management of bread at households.

datasets for energy and fuel as background data (Blonk et al., 2022).
Substitution via system expansion was used to account for avoided
impact due to prevention and valorisation pathways for surplus bread.
The impact of shifting from one scenario to another was calculated as the
net difference between the two scenarios. The method Product Envi-
ronmental Footprint (PEF) was used to assess environmental impact for
16 midpoint indicators, while the ReCiPe Endpoint (H) method was used
to aggregate impact at midpoint to obtain a weighted result for three
endpoint indicators. Supporting modeling inputs are available in Sup-
plementary material (Tables S4-S12).

4. Results
4.1. Quantification of surplus bakery products

Based on the latest estimates of average consumption of baked goods
(74.5 kg per person per year), annual consumption of bakery products in
Sweden amounts to roughly 784 800 tonnes. Of this, industry-baked
goods sold at retail level account for 79%, while roughly 11% origi-
nates from imports, 4% from small-scale production, including local
bakeries and home baking, and 6% from the service sector, such as
restaurants and schools. Of the baked goods sold at retail, 81% are pre-
packaged products (Table 1). Our mapping also showed that 76% of all
savoury bread is produced by industrial bakeries and sold under TBA,
while the majority of sweet products (65%) are sold pre-packaged but
distributed without TBA. Hardened products, both savoury and sweet,
constitute 13% of retail products, while an additional 11% are non-
packaged products.

At the national level, the quantification results showed that nearly
180 000 tonnes of baked goods (translating to roughly 17 kg per person)
are wasted every year, with 51% of this waste originating from the
supplier-retailer interface. Bakery products, both savoury and sweet,
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Table 1
Quantity of different bakery products available at retail level in Sweden,
expressed in tonnes annually.

Take-back agreement Product category Savoury Sweet

Yes Pre-packaged, soft 3.0x10° 6.1x10*
Pre-packaged, hard 1.1x10* 2.2x10*
Total 3.1x10° 8.3x10*

No Pre-packaged, soft 1.6x10% 1.6x10°
Pre-packaged, hard 2.3x10* 4.8x10*
Total 3.9x10* 2.1x10°

No Non-packaged, bake-off 4.7x10* 1.6x10*
Non-packaged, convenience 1.4x10* 1.4x10*
Total 6.1x10* 3.0x10*
Total, retail level 7.3x10°

sold under TBA were found to be the largest surplus category at both the
bakery and retail stages, while also being among the most wasted bakery
products in households (Fig. 3).

4.2. Management pathways for surplus bread

Mapping of surplus pathways for bread sold under TBA along the
supplier-retailer interface revealed that 86% of all bread produced is
sold to consumers via retail (Fig. 4). The remaining 14% constitutes
surplus bread not sold at retail (approximately 27 000 tonnes), with
average loss rates of 6% at the bakery and 9% at retail levels. Less than
2% of the total surplus is currently redirected toward human con-
sumption via reduced prices or food donations, while the majority is
instead directed toward energy recovery (59%), ethanol production
(22%), and animal feed (17%).

All alternative scenarios applied to the Swedish bread system, with
or without TBA in place, resulted in an overall reduction in surplus
bread. The change in waste rates when shifting from the conventional
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Fig. 3. Quantification of surplus bakery products generated annually along the value chain, including both savoury and sweet products. Numbers in brackets

represent the amount of surplus in kg per person and year.
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Fig. 4. Mapping of the current Base case scenario, indicating loss rates and management pathways, for surplus and waste generated at different stages of the supplier-
retailer interface. The distribution of pathways (%) is shown per kg of produced bread.

Base case scenario is shown in Table 2, along with the corresponding
waste reduction potential and alternative pathways for surplus products
at the bakery and retail levels. The highest waste prevention potential
was found for the Sharing data and Retail ownership scenarios, and the
scenarios assuming their loss rates. Both the Best practice and the Loss
rates scenario resulted in 20 000 tonnes less bread wasted at the
supplier-retailer interface, while the Food donation and Food hierarchy
scenarios yielded the highest share of valorisation toward human
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consumption.

4.3. Environmental impacts of bread scenarios

In terms of climate impact and damage to ecosystems, the conven-
tional Base case scenario was found to result in 1.0 kg COzeq and loss of
3.9x10® species.year per kg bread. The results further show that the
impact at midpoint and damage at endpoint decreased for the majority
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Table 2
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Loss rate and surplus quantities not sold via the intended pathway, in relation to amount produced, for each of the nine scenarios assessed.

Base case Sharing data Improved shelves Food donation Retail ownership Co-logistics Loss rates Food hierarchy Best practice

Loss rate (%)

Bakery 6.0% 3.4% 6.0% 6.0% 6.0% 6.0% 3.4% 6.0% 3.4%

Retail 9.0% 6.4% 6.2% 7.1% 4.5% 9.0% 4.5% 9.0% 4.5%
Surplus (tonnes)

Bakery 1.8x10* 1.1x10* 1.8x10* 1.8x10* 1.8x10* 1.8x10* 1.1x10* 1.8x10* 1.1x10*

Retail 2.7x10* 1.9x10* 1.9x10* 2.1x10* 1.3x10* 2.7x10* 1.3x10* 2.7x10* 1.3x10*
Pathway (tonnes)

Prevention 0 1.4x10* 8.3x10° 0 1.3x10* 0 2.0x10* 0 2.0x10*

Reduced price 6.8x102 4.5%102 5.6x10% 5.6x10° 8.8x10? 1.3x10° 7.0x102 1.3x10* 3.8x102

Donations 9.1x10? 7.0x10? 7.4x10 1.5x10° 2.9x10% 4.2x10* 2.3x10% 1.3x10* 5.1x10

Animal feed 7.5x10° 4.8x10° 6.1x10° 6.5x10° 0 0 4.2x10° 8.9x10° 4.2x10°

Ethanol 9.9x10° 6.7x10° 8.0x10° 6.2x10° 0 0 2.8x10° 4.5%10° 5.5x10°

Anaerobic digestion ~ 1.3x10* 9.2x10° 1.1x10* 9.4x10° 1.0x10* 1.3x10* 6.7x10° 2.2x10° 7.2x10°

Incineration 1.3x10* 9.5x10° 1.1x10* 1.1x10* 2.0x10* 3.0x10* 1.0x10* 2.2x10°% 7.5x10°

of alternative scenarios when simulating a shift from the current system
(Table 3). Shifting from the Base case scenario to any of the alternative
scenarios was found to reduce the climate impact. In general, the Food
hierarchy and Best practice scenario returned the highest environmental
savings per kg bread at both midpoint and endpoint level, while shifting
to the Co-logistics scenario resulted in an increased impact for 12 of the
16 midpoint categories and two of three endpoint categories.

With respect to climate, the annual impact for the current Base case
scenario was translated to roughly 46 000 tonnes COseq (Fig. 5). The
primary impact hotspot for all scenarios was production of ingredients,
primarily wheat and rye cultivation (see Fig. S14 in Supplementary ma-
terial), while retail operations and bakery processing contributed very
little to impact at midpoint level. Substitution, constituting prevention
and valorisation pathways, accounted for via system expansion was also
found to greatly influence the overall result for most scenarios.

The results further show that scenarios with a high use of prevention

Table 3

and high-value valorisation resulted in larger environmental savings,
while anaerobic digestion and incineration resulted in five-fold and 10-
fold lower climate benefits, respectively (Table 4). Environmental
impact for all assessed midpoint and endpoint categories are available in
Supplementary material (Table S15).

5. Discussion

Mapping the Swedish bakery sector, accounting for surpluses and
losses of both savoury and sweet products along the supply chain, is one
of the key outcomes of this study. We found that roughly 784 800 tonnes
of bakery products are consumed annually in Sweden, of which 51% are
sold and distributed under TBA. Approximately 14% of the savoury
bread distributed under TBA is never sold at retail, due to the surplus
generated along the supplier-retailer interface. This is in line with the
loss rates for bread of 10-13% of production volume estimated by

Environmental impacts per kg bread from the Base case scenario, alongside the impact per functional
unit of shifting from the current Base case scenario for each alternative scenario. Green: reduced impact.

Gray: increased impact.

[=9 7]

Midpoint level @ »n < =3 =S ® o (O] s L= M a
Climate change 1.0x10° | -6.4x107 22.8x102  -1.3x102 | -5.7x102  -1.8x102  -7.7x102 | -7.4x102  -9.0x102
Ozone depletion 1.2x107 | -9.9x10°  -49x10°  -2.4x10° | -1.I1x10%  -4.8x10°  -13x10% | -1.4x10%  -1.6x10*
Ionising radiation 35x107 | -L1x102  -2.8x10°  -23x10° | -1.8x107  -22x102  -24x107 | -4.0x10°  -1.2x102
Ozone formation 5.9x102 | -2.7x10% | 44x10°  -53x10° | 1.3x10°  39x10°  -1.6x10¢ | -3.3x10°  -3.0x10°
Particulate matter 1.9%107 SLIx10% -29x10°  -1.7x10° | -4.0x10° | 3.8x10° -8.3x10° | -1.4x10%  -1.4x10*
Human toxic ppemee | 437<10% | 2.8%10°  -12x10°  -7.5x1071° | -1.5x10° | 43x1070 | -2.5x107 | -3.8x10°  -3.0x10”7
Human 1oXic apee 143107 | -84x107  3.6x1071  -2.1x10"" | -3.6x1011 | 29x10M | -6.7x107" | -1.1x107°  -9.3x107!
Acidification 5.3x10% | -2.6x10°  2.0x10*  -1.6x10* [ 7.3x10%  3.0x10°  -5.8x10* | -3.2x10°  -2.8x10°
Eutrophication geg, 42x10% | -2.6x10°  -1.0x10°  -6.7x10° | -1.4x10° 24x100 | 2.4x10° | -33x10°  -2.7x10°
Eutrophication e | 30%10% | -15x10%  -18x10%  -14x10% [ 3.0x10%  16x10° = -4.6x10% | -1.9x10°  -1.6x10°
Eutrophication wmear|  2-8%107 | <1.3x107 60104 -5.9x10% | 5.0x10% 17102 | -22x10° | -17x10  -1.4x10?
EcOtoXiCity esmwater 8.2x10 -4.9x10° -1.9x10° -1.2x10° -2.1x10° 1.3x10° -4.0x10° 6.7x10° _5.3x10°
Land use LIx102 | 7.2x10°  -3.x10°  -2.0x10° | -4.4x10° | 2.8x10"  -7.1x10° | -9.9x10°  -7.6x10°
Water use 6.1x10° | -3.8x107  -1.8x10"  -1.2x107 | -2.1x10" | 41x10"  -3.6x10" | -5.6x107  -4.0x10"
RESOUTCE USE fossils 1.4x10' -8.9x107  -3.8x107  -2.0x10" | -9.4x107  -5.1x10"  -1.2x10° | -1.1x10°  -1.3x10°
Resource USe mineral 9.1x10° | -4.5x107  -1.3x107  -5.9x10* | -9.1x10* | 2.6x107 @ -2.9x107 | -4.6x107  -5.1x107
Endpoint level

Human health 6.7x10 | -3.5%107  -6.5x10%  -3.8x10% | -1.8x10% | 27x107 | -1.2x107 | -12x107  -4.1x107
Ecosystems 3.9x10% | -23x10°  -7.2x107°  -4.8x10"0 | -7.9x107° | 84x1010 | -7.5x107° | -7.5x10"°  -2.4x10°
Resources 8.8x102 | 7.0x10°  -3.4x10°  -1.7x10% | -7.2x10°  -2.8x10°  -3.5x10° | -3.5x10°  -1.1x10?

Climate change:

kg CO.eq, ozone depletion:

kg CFC;1eq, ionising radiation: kBq U-235eq, ozone for-
mation: kg NMVOCeq, particulate matter: disease inc., human toxic: CTUh, acidification: mol H'eq,

Eutrophicationgesy: kg Peq, Eutrophicationarine: kg Neq, Eutrophicationerrestria: mol Neq, Ecotox-
iCitygreshwater: CTUe, land use: Pt, water use: m? depriv., Resource usegyssiis: MJ, Resource usemineral: kg
Sbeq. Human health: DALY, ecosystems: species-year, resources: USD2013.
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Fig. 5. Climate impact of bread on a national level, indicating each process contribution to total impact for all nine scenarios. Negative values indicate avoided
impact due to system expansion via substitution of products from surplus bread pathways.

Table 4

Climate impact and ecosystem damage per kg of bread following each surplus pathway.

Prevention Reduced price Donation Animal feed Ethanol Anaerobic digestion Incineration
kg COzeq -1.0x10° -8.4x107! -5.2x1071 -4.8x10! -4.3x107! -1.8x107! -1.0x101
Species.year -3.8x10°8 -3.8x108 -2.4x108 9.2x10° -2.9x10® -4.1x101° 7.7x1071°

Gorynska-Goldmann et al. (2021b) and the bread return rates of 4-17%
in Germany reported by Ritter et al. (2015). However, it is considerably
higher than the 5% rate of surplus bread generation reported for small-
scale bakeries in an Italian study (Pietrangeli et al., 2023).

The Swedish loss rate translates to annual wastage of around 27 000
tonnes of still edible bread sold under TBA, making it the single largest
category of bakery surplus (54%) generated at retail (Fig. 3). Brancoli
et al. (2019) also identified TBA bread as the largest waste category at
retail (55%), but estimated a slightly lower quantity of 15 500 tonnes
wasted bread. A plausible explanation for the similar waste fraction but
higher quantities found in this study is the increased consumption of
bread over the years, while the TBA system has remained unchanged.
Using the price of a “Lingongrova” loaf (25 SEK per 500 g), marketed as
“Sweden's most purchased bread” (Pagen, 2024), this corresponds to an
economic loss of around 1.4 billion SEK every year only at retail.
Applying the same price per 500 g to estimate the economic value of all
bakery products wasted, roughly 9 billion SEK (780 million EUR) are
lost via surplus each year. Despite the relatively low price of bread in
Sweden, the vast quantities of surplus add up to a considerable amount
of economic losses, in addition to the social and environmental conse-
quences of under-utilising food resources.

Although surplus bread is often of good quality and suitable for high-
value valorisation, our results show that the largest surplus pathway is
currently anaerobic digestion, followed by incineration, and ethanol
production (Table 2). This supports previous findings on food waste
pathways in Sweden by Johansson (2021). Only 2% of surplus bread
sold under TBA is directed toward human consumption via reduced
prices or food donations (Fig. 3), likely since this pathway currently
requires incentives in terms of time and money to facilitate. Of the bread
directed toward human consumption, our mapping showed that 5% is
currently diverted to anaerobic digestion or incineration. This is in line
with findings for food donations by Sundin et al. (2023), and emphasises
an important limitation related to efficiency and management in current
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high-value valorisation pathways for surplus food. These results confirm
that the existing TBA system can indeed be considered a cause of bread
waste at both supplier and retail level. More importantly, the current
TBA system tends to limit use of high-value pathways for unsold prod-
ucts, since energy production is favoured over human consumption.
Therefore, one could argue that the bread system would greatly benefit
from innovations that promotes pathways for prevention and
valorisation.

The potential benefits of shifting from the current system, or
applying changes to it, were assessed using different scenarios. Sharing
data between suppliers and retailers operating within the conventional
TBA system, or implementing Retail ownership of all bread sold at retail
without TBA in place, reduced surplus by 30% (Table 2). At national
level, this represents a reduction in surplus of over 13 000 tonnes
annually. The threshold to share data should arguably be quite low,
since much of the data are already being collected, but sharing agree-
ments between supplier and retailer will need to be put in place for this
solution to become reality. However, since businesses often prioritise
economic aspects rather than the environmental impacts of their oper-
ations, there can be considerable barriers or conflicts of interest pre-
venting them from actually sharing data, as also noted by Winkler et al.
(2023). If the TBA system were instead to be completely removed and
replaced with Retail ownership, emulating the current system for private-
label bread, less surplus would be generated at retail. The transfer of
ownership to retail would not necessarily affect the pathways used for
any bread waste generated, but would rather support further prevention
measures, like coordination of promotions in the store and discounts at
the end of shelf life. Although this assumption is plausible, it is also
important to highlight the potential burden shifting related to actions
targeted at reducing waste at retail. For instance, reducing prices at
retail might lead to increased bread waste at households when con-
sumers are enticed to buy more than will be consumed. This is especially
relevant to consider for price reduction pathways, alongside, for
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instance, bake-off products with a shorter shelf life compared to pre-
packaged bread. However, allowing retailers to influence the manage-
ment of bread sold in their stores would likely reduce surplus generation
via prevention.

Even though the Sharing data and Retail ownership scenarios involved
similar loss rates, the former focused more on waste prevention actions,
while the later both directed more toward human consumption while
also impeding pathways toward animal feed and ethanol production.
The Best practice scenario showed that there are considerable climate and
ecosystem benefits of keeping the current surplus pathways enabled via
TBA, but at the same time allowing retailers to influence the manage-
ment of bread. When considering all impact categories at midpoint,
shifting to the Food hierarchy scenario and ultimately using food re-
sources according to their highest value enabled the highest environ-
mental benefits. Although the climate impact was reduced when
simulating a shift to Co-logistics scenario, the shift also inferred increased
impact for a majority of other categories, including acidification,
eutrophication, land use, and ecosystem damage (Table 3). This em-
phasizes the importance of including a broad range of impact categories,
as crucial aspects might otherwise be overlooked.

Furthermore, it is important to note that there are other potential
trade-offs between the scenarios. For instance, if the pathways for pre-
vention, price reduction, and food donations are opened up, then less
fossil fuel can be substituted, as less ethanol and biogas would be pro-
duced. Increased donations are both required and feasible within the
current Base case scenario, but would require adaptation and agreements
for distributing the bread to people in need. The resource requirements
of food aid organisations, which often operate on a non-profit basis, are
also a significant factor for the feasibility of these scenarios (Mesiranta
et al., 2022). Favouring decentralised donations, for example, by
allowing people to pick up bread directly at retail, could reduce the need
for additional management outside the retail stage.

Modeling the innovations as separate scenarios allowed evaluation
of the individual actions, but many of the innovations assessed via
scenarios can, and arguably should, be combined with other non-
overlapping actions to enhance the positive effects. For instance, Food
donation could be combined with Sharing data, Retail ownership or
Improved shelves to enhance the positive effects of prevention and
circulating bread back to the food system. A similar rationale applies to
the Co-logistics scenario, which in itself did not contribute to reduced
surplus, but rather focused on optimising transport and management,
which can be a limitation for other scenarios. The Co-logistics scenario
could in theory be combined with any other scenario assessed, and
would benefit pathways that would otherwise require increased trans-
portation, such as the Food donation scenario. The power of prevention
and valorisation pathways was even more evident when each pathway
was analysed separately (Table 4), where prevention gave five-fold and
10-fold higher climate savings than anaerobic digestion and incinera-
tion, respectively. These benefits will likely be maintained when pre-
vention is favoured, as illustrated by the Food hierarchy scenario.

5.1. Environmental benefits of prevention and valorisation

The conventional Base case scenario was found to contribute an
annual climate impact of nearly 46 000 tonnes COzeq and an ecosystem
damage of close to 2 species per year at national level (Table 3). Keeping
in mind that factors such as type of bread, energy use, and LCA meth-
odology heavily influence the environmental performance of bread, the
climate impact of 1.0 kg COzeq per kg bread sold under TBA found in
this study follows the same order of magnitude as reported in previous
studies. When assessing the impact of rye bread produced in Sweden,
Hildersten et al. (2025) found that 1 kg of bread resulted in 0.81 kg
CO2eq. This is in line with the present results, although their study also
included packaging, which was omitted in this study. When assessing
the carbon footprint of bread in the United Kingdom, Espinoza-Orias
et al. (2011) found a climate impact ranging from 1.2 to 1.5 kg COzeq
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per kg of bread, which was similar to the range reported by Kulak et al.
(2015) of 0.6 to 1.7 kg COqeq per kg of bread. The differences in climate
impact per kg bread could be a consequence of different methodological
choices, including system boundaries and how the studies dealt with
multifunctionality. When accounting for the climate benefits of pre-
vention and valorisation of surplus bread at the supplier-retailer level in
Norway, Svanes et al. (2019) found a climate impact of 1 kg COseq per
kg bread. However, although the impact per functional unit was similar
to that in our study, their study included, for example, more trans-
portation of ingredients and omitted valorisation pathways toward
human consumption. Important to note is the considerable range in
climate impact of bread reported in previous research, also highlighted
by Notarnicola et al. (2017) and later by Rayichuk et al. (2023). Ac-
counting for the avoided environmental impacts of substituted in-
gredients in LCA studies could aid in determining the valorisation
pathway with the best environmental outcome, a conclusion also
reached by Thorsen et al. (2024). The result per kg bread following a
prevention or valorisation pathway in this study (Table 4) is consistent
with previous findings by Brancoli et al. (2020) using a similar modeling
approach. However, in the present study, we incorporated updated
values from Ecoinvent, literature and input obtained via stakeholder
dialogues, which explains the slight difference in numerical values.
Another important aspect is that the present study combined data from
both Ecoinvent and Agri-footprint, as this enabled a better description of
the inputs used. To ensure compatibility between the databases, this also
inferred that the study used cut-off as allocation principle for the inputs
and outputs. Since LCA methodology heavily influence the results, this
should be accounted for when evaluating the result.

Production of ingredients and distribution of bread from bakery to
retail were found to be the primary hotspots with respect to climate
impact, as expected due to the high dependency on fossil fuels during
production and transport. This is in line with previous findings on the
climate impact of bread (Svanes et al., 2019; Nadi et al., 2022; Weber
et al., 2023). It should also be highlighted that our results show that
prevention and valorisation to human consumption provide the greatest
climate and ecosystem benefits, since these pathways reduce the de-
mand for new materials. Although ecosystem damage has been identi-
fied as an increasingly important aspect to consider, especially regarding
food systems, this method is rarely adequately included in LCA research
(Gabel et al., 2016). To our knowledge, no previous study has accounted
for the ecosystem damage related to the bread system, making the
outcome from this study unique. The results can be used as a foundation
for future comparison and validation, while the numerical value for
ecosystem damage should primarily serve as an indicator for damage
hotspots.

5.2. Market power for reduced bread waste

The use of TBA has often been attributed to the high market power of
Swedish retailers, but similar agreements are used in multiple countries
(Brancoli et al., 2019). The system ensures that bread waste is collected
separately from other food waste fractions, opening up for alternative
pathways for waste management and valorisation of unsold bread.
Ideally, all bread produced should be eaten, either directly or following
conversion into new food products. Incorporating environmental as-
pects into business management has been shown to positively influence
consumer attitudes, benefit retailer branding, and support further
implementation of high-value food recovery. As the success and effi-
ciency of food retailers are also linked to corporate social responsibility
(Kulikovskaja and Aschemann-Witzel, 2017), food retailers can reap
multiple benefits from actions to reduce food waste without compro-
mising customer satisfaction or marketability.

Considering that the Swedish bread supply chain is dominated by
three industry bakeries, it is nonetheless important to question the po-
tential to further reduce the surplus generated at the supplier-retailer
interface. The Swedish bread system may already be quite optimized,
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as we observed only a 14% loss from production to retail for TBA bread.
Further prevention measures might not be economically feasible for
bakeries or retailers, which is another aspect that should be evaluated.
Although some pathways favoured for redirecting surplus bakery
products may not result in less overall surplus being generated, they can
still contribute to higher value recovery of available resources. The
lowest waste rates were found for hardened bakery products, both
savoury and sweet, due to their considerably longer shelf-life. Therefore,
a higher consumption share of hard bread would likely reduce overall
bread waste. Consuming more products from these categories could also
become an important aspect of food preparedness and self-sufficiency.
Hard savoury bread can often be considered healthier than soft bread,
containing more whole grains and fibre. Thus, shifting to a higher share
of hard bread for the purposes of waste reduction could also bring health
benefits (Edgar et al., 2022). Introducing more bread of any kind into the
human diet, preferably at the expense of animal-based foods, could also
reduce environmental burdens related to a nutritionally balanced diet
(Kramer et al., 2018).

While the TBA as a business model requires separate collection of
bread, it has also been identified as a risk factor for bread waste gen-
eration (Eriksson et al., 2017). The positive correlation between TBA
and high levels of waste can be explained by the constant battle between
suppliers and retailers, and among suppliers themselves, over the service
level on the shelves. Thus, while TBA contributes to the circularity of the
bread supply chain, it also has the potential to increase waste genera-
tion, presenting a complex challenge for sustainability in the industry. In
April 2019, EU Directive 2019/633 categorized TBA as potentially un-
fair trading practice, which has made this business model less frequent
in other countries (Pietrangeli et al., 2023). The TBA model is not
enforced by any policy or regulation, and bakeries are in theory free to
use any business model they choose. However, as shown by Ghosh and
Eriksson (2019), the TBA has become the trade standard in Sweden, and
bakeries therefore often feel pressured to adopt this business model. The
results from this study show that the current TBA model generates most
surplus and performs worst with respect to almost all midpoint and
endpoint categories assessed, while considerable savings in both waste
generation and environmental impact were found for all alternative
scenarios. Since many of these scenarios could be implemented into the
current bread supply chain, either directly or following minor modifi-
cations, it should be emphasized that taking any action toward pre-
vention and valorisation of surplus bread is more important than
optimizing the actions taken. Given that the current TBA system is
already in place and works well in many aspects, it can be argued that
innovations to improve this system should be prioritized initially.
Identifying the benefits and favouring pathways that allow high-value
recovery of surplus bakery products can enable a more purposeful use
of resources, ensuring that the food we produce is consumed by humans
rather then used feed the energy sector. In turn, this supports efficient
food systems that will benefit the environment, society, and the
economy.

5.3. Limitations and future outlook

Although quantification via self-assessment tends to yield un-
derestimates, this method engaged stakeholders and provided important
insights into bread pathways. Direct measures of surplus or waste were
not possible in this study, as most production data are currently not
openly shared by bakeries or retailers. In waste quantification, we
instead used inputs from literature, previous research, and information
shared in stakeholder dialogues, alongside data provided by industry
actors. We attempted to validate the production quantities, loss rates,
and surplus pathways for bread with multiple industry actors, and the
results were accepted by two independent actors operating within the
Swedish bakery system. The in-depth mapping mainly focused on
savoury bread distributed under TBA, while the quantification of the
remaining bakery products was only addressed at national level. To
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capture the environmental impact of the entire bakery sector, the life
cycle of sweet and hardened products should also be assessed. Future
studies would also benefit from including multiple impact categories to
allow in-depth analysis of environmental impact, which is especially
important when evaluating the performance of food systems.

Alongside Agenda 2030 and SDGs, the Swedish government has set a
goal to reduce food waste by 20% until 2025, and to increase the amount
of food entering the retail and consumer level. Retailers can play a vital
role in this food waste reduction effort, as they have a unique oppor-
tunity to influence the prevention of surplus bread generation at all
stages of the value chain. However, we need to overcome existing bar-
riers to allow new pathways to thrive. The current approach to man-
aging surplus bread in Sweden is problematic, as energy production (e.g.
ethanol and biogas production) is currently prioritized over prevention
and valorisation. The solution to the food waste issue is thereby largely
framed as an efficiency problem, focusing on optimizing material flows
and avoiding waste, rather than as an issue of solidarity, where already
produced food is primarily redirected toward human nutrition
(Mesiranta et al., 2022).

To support sustainable production and consumption of food in the
future, it is crucial to prevent losses and valorise surpluses for human
consumption. Producing any kind of food and using it to feed animals or
for energy production should not be considered sustainable from an
environmental, social, or economic point of view. On the contrary, we
need strong incentives to drive the required change toward sustainable
food systems, where production and consumption are in balance, and
food is used to its fullest potential. Even though a system or process
might be considered circular, it can still contribute to reduced sustain-
ability or increased environmental impact if the resources required to
maintain circularity outweigh the benefits. This highlights an important
goal conflict between circularity and resource use, which is especially
critical for food systems with high potential for increased circularity. If
these goal conflicts are not recognized and adequately addressed, even
well-intentioned innovations and incentives could risk contributing to
reduced sustainability or increased environmental impact. Since the
environmental benefits of prevention and valorisation of surplus bread
were found to be offset by the climate cost of managing the bread, this
aspect is also relevant to consider for bread supply chains. Therefore,
any action or innovation applied to the bakery supply chain to reduce
waste generation must be feasible, yet adequate. Stakeholder dialogue,
modeling scenarios, policy recommendations, and industry collabora-
tion can all be valuable tools for identifying and implementing changes
to the bread supply chain, without jeopardizing profitability, develop-
ment, or consumer satisfaction.

6. Conclusions

Two key outcomes of this study are, firstly, the quantification of
surplus bread and bakery products generated at different stages of the
supply chain, including both sweet and savoury products, and secondly
the identification of current pathways used to manage surplus. The re-
sults show that just under 180 000 tonnes of baked goods, equivalent to
roughly 780 million EUR, are lost or wasted annually. The majority of
savoury bread consumed in Sweden was found to be sold and distributed
under TBA, where 14% of production (27 000 tonnes) becomes surplus
already at the supplier-retailer interface each year. The results further
show that the loss rate for sweet products is overall higher compared to
savoury products, with even lower loss rates for hardened products. The
power of prevention and valorisation was demonstrated through sce-
nario analyses, where innovations for waste reduction and alternative
surplus pathways at the retail-bakery interface were simulated. The
largest reduction potential was obtained for preventative actions, either
through sharing of data or price reductions. Scenarios adopting both
prevention and high-value valorisation resulted in up to ten times lower
climate impact per kg bread. The outcome of this study can be directly
used to support industry actors who want to implement changes that
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reduce waste or promote high-value valorisation pathways. The results
can also provide guidance in developing policy recommendations that
economically favour prevention and valorisation toward human con-
sumption, and provide a valuable basis for future research on resource-
efficient food systems.

CRediT authorship contribution statement

L. Bartek: Writing — review & editing, Writing — original draft,
Visualization, Validation, Software, Methodology, Investigation, Formal
analysis, Data curation, Conceptualization. A. Sjolund: Writing — review
& editing, Methodology, Investigation, Data curation. P. Brancoli:
Writing — review & editing, Writing — original draft, Validation, Super-
vision, Software, Methodology, Formal analysis, Data curation. C.
Cicatiello: Writing - review & editing, Validation, Formal analysis. N.
Mesiranta: Writing — review & editing, Validation, Formal analysis. E.
Narvanen: Writing — review & editing, Validation, Formal analysis. S.
Scherhaufer: Writing - review & editing, Validation, Formal analysis. I.
Strid: Writing — review & editing, Supervision, Methodology. M.
Eriksson: Writing — review & editing, Supervision, Project administra-
tion, Methodology, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This work was supported by the H2020 project LOWINFOOD (Multi-
actor design of low-waste food value chains through the demonstration
of innovative solutions to reduce food loss and waste). LOWINFOOD is
funded by the European Union's Horizon 2020 - Research and Innova-
tion Framework Programme under Grant Agreement no. 101000439.
The views reflected in this article represent the professional views of the
authors and do not necessarily reflect the views of the European Com-
mission or other LOWINFOOD project partners.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.spc.2025.01.013.

References

Albizzati, P.F., Tonini, D., Chammard, C.B., Astrup, T.F., 2019. Valorisation of surplus
food in the French retail sector: environmental and economic impacts. Waste
Management (New York, N.Y.) 90, 141-151. https://doi.org/10.1016/j.
wasman.2019.04.034.

Alm, H., 2021. Vi ska bli forst med noll matsvinn. Mer Smak. 43.

Bergstrom, P., Malefors, C., Strid, I., Hanssen, O.J., Eriksson, M., 2020. Sustainability
assessment of food redistribution initiatives in Sweden. Resources 9 (3), 27. https://
doi.org/10.3390/resources9030027.

Blonk, van Paassen, Draijer, Tyszler, Braconi, van Rijn, 2022. Agri-footprint 6
Methodology Report. https://simapro.com/wp-content/uploads/2023/03/FINAL-
Agri-footprint-6-Methodology-Report-Part-1-Methodology-and-Basic-Principles-Vers
ion-2.pdf.

Brancoli, P., 2021. Prevention and Valorisation of Surplus Bread at the Supplier-Retailer
Interface. University of Boras. http://hb.diva-portal.org/smash/get/diva2:1
595067 /INSIDEO1.pdf (Doctorial, 2022-04-25).

Brancoli, P., Lundin, M., Bolton, K., Eriksson, M., 2019. Bread loss rates at the supplier-
retailer interface — analysis of risk factors to support waste prevention measures.
Resour. Conserv. Recycl. 147, 128-136. https://doi.org/10.1016/j.
resconrec.2019.04.027.

Brancoli, P., Bolton, K., Eriksson, M., 2020. Environmental impacts of waste management
and valorisation pathways for surplus bread in Sweden. Waste Manag. 117,
136-145. https://doi.org/10.1016/j.wasman.2020.07.043.

Brancoli, P., Gmoser, R., Taherzadeh, M.J., Bolton, K., 2021. The use of life cycle
assessment in the support of the development of fungal food products from surplus
bread. Fermentation 7 (3), 173. https://doi.org/10.3390/fermentation7030173.

61

Sustainable Production and Consumption 55 (2025) 51-62

Canali, M., Amani, P., Aramyan, L., Gheoldus, M., Moates, G., Ostergren, K,
Silvennoinen, K., Waldron, K., Vittuari, M., 2017. Food waste drivers in Europe, from
identification to possible interventions. Sustainability 9 (1), 37. https://doi.org/
10.3390/5u9010037.

CEC, 2019. Why and How to Measure Food Loss and Waste: A Practical Guide.
Commission for Environmental Cooperation.

Cicatiello, C., Blasi, E., Giordano, C., Martella, A., Franco, S., 2020. “If only I could
decide™: opinions of food category managers on in-store food waste. Sustainability
12 (20), 8592. https://doi.org/10.3390/s5u12208592.

Coelho, P., Prista, C., Sousa, 1., 2024. Brewing mainly from stale bread: a pale ale case
study. Beverages 10 (2), 23. https://doi.org/10.3390/beverages10020023.

Corsini, F., Annesi, N., Annunziata, E., Frey, M., 2023. Exploring success factors in food
waste prevention initiatives of retailers: the critical role of digital technologies. Br.
Food J. 126 (5), 1941-1957. https://doi.org/10.1108/BFJ-01-2023-0034.

Crenna, E., Sinkko, T., Sala, S., 2019. Biodiversity impacts due to food consumption in
Europe. J. Clean. Prod. 227, 378-391. https://doi.org/10.1016/j.
jclepro.2019.04.054.

Dymchenko, A., Gersl, M., Gregor, T., 2023. Trends in bread waste utilisation. Trends
Food Sci. Technol. 132, 93-102. https://doi.org/10.1016/j.tifs.2023.01.004.

Easyfill, 2019. Matsvinn for miljarder, sa kan det minskas, Placera. https://www.placera.
se/placera/pressmeddelanden/2019/06/12/easyfill-matsvinn-for-miljarder-sa-kan
-det-minskas.html.

Economou, F., Chatziparaskeva, G., Papamichael, 1., Loizia, P., Voukkali, I., Navarro-
Pedreno, J., Klontza, E., Lekkas, D.F., Naddeo, V., Zorpas, A.A., 2024. The concept of
food waste and food loss prevention and measuring tools. Waste Manag. Res.,
0734242X241237187 https://doi.org/10.1177/0734242X241237187.

Edgar, D., Sand, S., Svanstrom, /“\A, Eneroth, H., Julin, B., Bjermo, H., 2022. Risk and
Benefit Assessment of Whole Grain Intake in the Swedish Adult Population. Swedish
Food Agency.

Eriksson, M., Ghosh, R., Mattsson, L., Ismatov, A., 2017. Take-back agreements in the
perspective of food waste generation at the supplier-retailer interface. Resour.
Conserv. Recycl. 122, 83-93. https://doi.org/10.1016/j.resconrec.2017.02.006.

Espinoza-Orias, N., Stichnothe, H., Azapagic, A., 2011. The carbon footprint of bread.
Int. J. Life Cycle Assess. 16 (4), 351-365. https://doi.org/10.1007/s11367-011-
0271-0.

Fazer, 2022. Fazer Arsredovisning 2022. https://www.fazer.
fi/globalassets/fazer-group/pdfs/arsredovisning-2022.pdf#page=14.

Gabel, V.M., Meier, M.S., Kopke, U., Stolze, M., 2016. The challenges of including
impacts on biodiversity in agricultural life cycle assessments. J. Environ. Manag.
181, 249-260. https://doi.org/10.1016/j.jenviman.2016.06.030.

Ghosh, R., Eriksson, M., 2019. Food waste due to retail power in supply chains: evidence
from Sweden. Glob. Food Sec. 20, 1-8. https://doi.org/10.1016/j.gfs.2018.10.002.

Giordano, C., Falasconi, L., Cicatiello, C., Pancino, B., 2020. The role of food waste
hierarchy in addressing policy and research: a comparative analysis. J. Clean. Prod.
252, 119617. https://doi.org/10.1016/j.jclepro.2019.119617.

Goryniska-Goldmann, E., 2022. Bread and other bakery and confectionery products waste
in selected retail stores. Annals of the Polish Association of Agricultural and
Agribusiness Economists XXIV, 65-79. https://doi.org/10.5604/
01.3001.0016.1148.

Goryniska-Goldmann, E., Gazdecki, M., Rejman, K., Kobus-Cisowska, J., Laba, S.,

Laba, R., 2021a. How to prevent bread losses in the baking and confectionery
industry?—measurement, causes. management and prevention. Agriculture 11 (1),
19. https://doi.org/10.3390/agriculture11010019.

Gorynska-Goldmann, E., Gazdecki, M., Rejman, K., Laba, S., Kobus-Cisowska, J.,
Szczepariski, K., 2021b. Magnitude, causes and scope for reducing food losses in the
baking and confectionery industry—a multi-method approach. Agriculture 11 (10),
936. https://doi.org/10.3390/agriculture11100936.

Hildersten, S., Bartek, L., Brancoli, P., Eriksson, M., Karlsson Potter, H. & Strid, 1. (2025).
Mapping the Climate Impact of Rye Bread Production in Sweden: Insights into
Cultivation, Packaging, and Surplus Management for Sustainable Food Systems.
(under review).

Takovlieva, M., 2021. Food waste in bakeries- quantities, causes and treatment, Swedish
University of Agricultural Sciences. https://stud.epsilon.slu.se/17180/1/Iako
vlieva-m-210826.pdf.

1SO, 2006. Environmental management — life cycle assessment — principles and
framework (14040:2006), International Standardization Organization (ISO). https://
www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/03/74/3
7456.html (2020-10-05).

Johansson, N., 2021. Why is biogas production and not food donation the Swedish
political priority for food waste management? Environ. Sci. Pol. 126, 60-64. https://
doi.org/10.1016/j.envsci.2021.09.020.

Jung, J.-M., Kim, J.Y., Kim, J.-H., Kim, S.M., Jung, S., Song, H., Kwon, E.E., Choi, Y.-E.,
2022. Zero-waste strategy by means of valorization of bread waste. J. Clean. Prod.
365, 132795. https://doi.org/10.1016/j.jclepro.2022.132795.

Kramer, G.F.H., Martinez, E.V., Espinoza-Orias, N.D., Cooper, K.A., Tyszler, M.,

Blonk, H., 2018. Comparing the performance of bread and breakfast cereals, dairy,
and meat in nutritionally balanced and sustainable diets. Front. Nutr. 5, 51. https://
doi.org/10.3389/fnut.2018.00051.

Kulak, M., Nemecek, T., Frossard, E., Chable, V., Gaillard, G., 2015. Life cycle assessment
of bread from several alternative food networks in Europe. J. Clean. Prod. 90,
104-113. https://doi.org/10.1016/j.jclepro.2014.10.060.

Kulikovskaja, V., Aschemann-Witzel, J., 2017. Food waste avoidance actions in food
retailing: the case of Denmark. J. Int. Food Agribus. Mark. 29 (4). https://doi.org/
10.1080/08974438.2017.1350244.

Kumar, V., Brancoli, P., Narisetty, V., Wallace, S., Charalampopoulos, D., Kumar
Dubey, B., Kumar, G., Bhatnagar, A., Kant Bhatia, S., Taherzadeh, J., M., 2023. Bread


https://doi.org/10.1016/j.spc.2025.01.013
https://doi.org/10.1016/j.spc.2025.01.013
https://doi.org/10.1016/j.wasman.2019.04.034
https://doi.org/10.1016/j.wasman.2019.04.034
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0010
https://doi.org/10.3390/resources9030027
https://doi.org/10.3390/resources9030027
https://simapro.com/wp-content/uploads/2023/03/FINAL-Agri-footprint-6-Methodology-Report-Part-1-Methodology-and-Basic-Principles-Version-2.pdf
https://simapro.com/wp-content/uploads/2023/03/FINAL-Agri-footprint-6-Methodology-Report-Part-1-Methodology-and-Basic-Principles-Version-2.pdf
https://simapro.com/wp-content/uploads/2023/03/FINAL-Agri-footprint-6-Methodology-Report-Part-1-Methodology-and-Basic-Principles-Version-2.pdf
http://hb.diva-portal.org/smash/get/diva2:1595067/INSIDE01.pdf
http://hb.diva-portal.org/smash/get/diva2:1595067/INSIDE01.pdf
https://doi.org/10.1016/j.resconrec.2019.04.027
https://doi.org/10.1016/j.resconrec.2019.04.027
https://doi.org/10.1016/j.wasman.2020.07.043
https://doi.org/10.3390/fermentation7030173
https://doi.org/10.3390/su9010037
https://doi.org/10.3390/su9010037
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0050
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0050
https://doi.org/10.3390/su12208592
https://doi.org/10.3390/beverages10020023
https://doi.org/10.1108/BFJ-01-2023-0034
https://doi.org/10.1016/j.jclepro.2019.04.054
https://doi.org/10.1016/j.jclepro.2019.04.054
https://doi.org/10.1016/j.tifs.2023.01.004
https://www.placera.se/placera/pressmeddelanden/2019/06/12/easyfill-matsvinn-for-miljarder-sa-kan-det-minskas.html
https://www.placera.se/placera/pressmeddelanden/2019/06/12/easyfill-matsvinn-for-miljarder-sa-kan-det-minskas.html
https://www.placera.se/placera/pressmeddelanden/2019/06/12/easyfill-matsvinn-for-miljarder-sa-kan-det-minskas.html
https://doi.org/10.1177/0734242X241237187
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0090
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0090
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0090
https://doi.org/10.1016/j.resconrec.2017.02.006
https://doi.org/10.1007/s11367-011-0271-0
https://doi.org/10.1007/s11367-011-0271-0
https://www.fazer.fi/globalassets/fazer-group/pdfs/arsredovisning-2022.pdf#page=14
https://www.fazer.fi/globalassets/fazer-group/pdfs/arsredovisning-2022.pdf#page=14
https://doi.org/10.1016/j.jenvman.2016.06.030
https://doi.org/10.1016/j.gfs.2018.10.002
https://doi.org/10.1016/j.jclepro.2019.119617
https://doi.org/10.5604/01.3001.0016.1148
https://doi.org/10.5604/01.3001.0016.1148
https://doi.org/10.3390/agriculture11010019
https://doi.org/10.3390/agriculture11100936
https://stud.epsilon.slu.se/17180/1/Iakovlieva-m-210826.pdf
https://stud.epsilon.slu.se/17180/1/Iakovlieva-m-210826.pdf
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/03/74/37456.html
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/03/74/37456.html
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/03/74/37456.html
https://doi.org/10.1016/j.envsci.2021.09.020
https://doi.org/10.1016/j.envsci.2021.09.020
https://doi.org/10.1016/j.jclepro.2022.132795
https://doi.org/10.3389/fnut.2018.00051
https://doi.org/10.3389/fnut.2018.00051
https://doi.org/10.1016/j.jclepro.2014.10.060
https://doi.org/10.1080/08974438.2017.1350244
https://doi.org/10.1080/08974438.2017.1350244

L. Bartek et al.

waste — a potential feedstock for sustainable circular biorefineries. Bioresour.
Technol. 369, 128449. https://doi.org/10.1016/j.biortech.2022.128449.

Mena, C., Adenso-Diaz, B., Yurt, O., 2011. The causes of food waste in the
supplier-retailer interface: evidences from the UK and Spain. Resour. Conserv.
Recycl. 55 (6), 648-658. https://doi.org/10.1016/j.resconrec.2010.09.006.

Mesiranta, N., Narvénen, E., Mattila, M., 2022. Framings of food waste: how food system
stakeholders are responsibilized in public policy debate. J. Public Policy Mark. 41
(2), 144-161. https://doi.org/10.1177/07439156211005722.

Mesiranta, N., Nérvanen, E., Pietrangeli, R., 2023. D3.2 roadmap for tracking and
reducing bread waste in bakery-retailer interface. https://res.slu.se/id/publ
/127451.

de Moraes, C.C., de Oliveira Costa, F.H., Roberta Pereira, C., da Silva, A.L., Delai, I.,
2020. Retail food waste: mapping causes and reduction practices. J. Clean. Prod.
256, 120124. https://doi.org/10.1016/j.jclepro.2020.120124.

Muzivi, I., Sunmola, F., 2021. Bread returns management in commercial plant bakeries:
case study, IEOM Society International. http://uhra.herts.ac.uk/handle/2299/2
5335 (2022-10-14).

Nadi, F., Shahi, T., Chasiotis, V., 2022. Environmental, energy, and economic assessment
of bread-making processes: a case study. Environ. Prog. Sustain. Energy. https://doi.
org/10.1002/ep.13891.

Nikolicic, S., Kilibarda, M., Maslaric, M., Mircetic, D., Bojic, S., 2021. Reducing food
waste in the retail supply chains by improving efficiency of logistics operations.
Sustainability 13 (12), 6511. https://doi.org/10.3390/sul13126511.

Notarnicola, B., Tassielli, G., Renzulli, P.A., Monforti, F., 2017. Energy flows and
greenhouses gases of EU (European Union) national breads using an LCA (Life Cycle
Assessment) approach. J. Clean. Prod. 140, 455-469. https://doi.org/10.1016/j.
jclepro.2016.05.150.

Pagen, 2020. Pagen hallbarhetsredovisning 2020. https://pagen.se/globalassets/h
emsida-2018-19/pdf/pagen-hallbarhetsredovisning-2020.pdf.

Pagen, 2024. Vara klassiker - favoriterna i manga hem, P&gen. https://pagen.se/sortim
ent/vara-klassiker/ (2024-07-01).

Papargyropoulou, E., Lozano, R., Steinberger, J.K., Wright, N., Ujang, Z. bin, 2014. The
food waste hierarchy as a framework for the management of food surplus and food
waste. J. Clean. Prod. 76, 106-115. https://doi.org/10.1016/j.jclepro.2014.04.020.

Pietrangeli, R., Eriksson, M., Strotmann, C., Cicatiello, C., Nasso, M., Fanelli, L.,
Melaragni, L., Blasi, E., 2023. Quantification and economic assessment of surplus
bread in Italian small-scale bakeries: an explorative study. Waste Manag. 169,
301-309. https://doi.org/10.1016/j.wasman.2023.07.017.

Polarbréd, 2020. Polarbrodskoncernens hallbarhetsredovisning. https://www.polarbrod.
se/wp-content/uploads/2021/05/haellbarhetsred-2020-fri-v11-web.pdf.

Rayichuk, L., Draga, M., Boroday, V., 2023. Product environmental footprint and bread
industry. In: Ferreira da Rocha, J.M., Figurek, A., Goncharuk, A.G., Sirbu, A. (Eds.),
Baking Business Sustainability Through Life Cycle Management. Springer
International Publishing, pp. 15-27. https://doi.org/10.1007/978-3-031-25027-9_2.

Redlingshofer, B., Barles, S., Weisz, H., 2020. Are waste hierarchies effective in reducing
environmental impacts from food waste? A systematic review for OECD countries.
Resour. Conserv. Recycl. 156, 104723. https://doi.org/10.1016/j.
resconrec.2020.104723.

Riesenegger, L., Hiibner, A., 2022. Reducing food waste at retail stores—an explorative
study. Sustainability 14 (5), 2494. https://doi.org/10.3390/su14052494.

Ritter, G., Heitkonig, M.L., Friedrich, S., 2015. Reduktion von Lebensmittelabfallen bei
Brot und Backwaren — Entwicklung eines Konzepts fiir Handel, Handwerk und Ver-
braucher. Institute o f Sustainable Nutrition (iSuN), Miinster, Germany.

Rockstrom, J., Edenhofer, O., Gaertner, J., DeClerck, F., 2020. Planet-proofing the global
food system. Nature Food 1 (1), 3-5. https://doi.org/10.1038/543016-019-0010-4.

62

Sustainable Production and Consumption 55 (2025) 51-62

Samray, M.N., Masatcioglu, T.M., Koksel, H., 2019. Bread crumbs extrudates: a new
approach for reducing bread waste. J. Cereal Sci. 85, 130-136. https://doi.org/
10.1016/j.jcs.2018.12.005.

Sanders, R.E., 2024. Dynamic pricing and organic waste bans: a study of grocery
retailers’ incentives to reduce food waste. Mark. Sci. 43 (2), 289-316. https://doi.
org/10.1287/mksc.2020.0214.

Siddique, S., Grassauer, F., Arulnathan, V., Sadig, R., Pelletier, N., 2024. A review of life
cycle impacts of different pathways for converting food waste into livestock feed.
Sustainable Production and Consumption 46, 310-323. https://doi.org/10.1016/j.
spc.2024.02.023.

Sjolund, A., Bartek, L., Eriksson, M., Narvanen, E., Mesiranta, N., Sutinen, U.-M.,
Pietrangeli, R., Nasso, M., Blasi, E., Cicatiello, C., Fanelli, L., 2022. D3.1 Protocol for
Stakeholder Dialogue — Bread (GA No. 101000439).

Sjolund, A., Bartek, L., Cicatiello, C., Mesiranta, N., Eriksson, M., 2023. D3.4 improved
business model for bread supply. https://res.slu.se/id/publ/127452.

Soni, R., Bhardwaj, A., Singh Jarangal, L.P., 2022. Bread waste and mitigation strategies:
a review. IOP Conference Series: Materials Science and Engineering 1248 (1),
012010. https://doi.org/10.1088/1757-899X/1248/1/012010.

Statistics Sweden, 2022. Matbutikernas egna varumarken séljer tre génger sa mycket,
Statistiska Centralbyran. https://www.scb.se/pressmeddelande/matbutikernas-egn
a-varumarken-saljer-tre-ganger-sa-mycket/ (2022-12-01).

Sundin, N., Bartek, L., Persson Osowski, C., Strid, I., Eriksson, M., 2023. Sustainability
assessment of surplus food donation: a transfer system generating environmental,
economic, and social values. Sustainable Production and Consumption 38, 41-54.
https://doi.org/10.1016/j.spc.2023.03.022.

Svanes, E., Oestergaard, S., Hanssen, O.J., 2019. Effects of packaging and food waste
prevention by consumers on the environmental impact of production and
consumption of bread in Norway. Sustainability (Switzerland) 11 (1). https://doi.
org/10.3390/5u11010043.

Sveriges stadsmissioner, 2023. Allt fler ménniskor har inte rdd med mat. Allt fler
manniskor har inte rdd med mat. https://sverigesstadsmissioner.se/nyheter/arbeta
nde-med-lon-har-inte-rad-med-mat/.

Swedish Board of Agriculture, 2022. Direktkonsumtion efter Vara, Variabel och Ar.
http://statistik.sjv.se/PXWebPXWeb/pxweb/sv/Jordbruksverketsstatistikdataba
s/Jordbruksverkets statistikdatabas_Konsumtionavlivsmedel/JO1301K1.px/ (2024-
05-27).

Swedish Environmental Protection Agency, 2024. Livsmedelsavfall i Sverige 2022. https
://www.naturvardsverket.se/data-och-statistik/avfall /avfall-mat/.

Thorsen, M., Mirosa, M., Skeaff, S., Goodman-Smith, F., Bremer, P., 2024. Upcycled food:
how does it support the three pillars of sustainability? Trends Food Sci. Technol.
143, 104269. https://doi.org/10.1016/j.tifs.2023.104269.

United Nations Environment Programme, 2024. Food Waste Index Report 2024. https://
eur-lex.europa.eu/eli/dir/2018/851/0j.

Weber, L., Bartek, L., Brancoli, P., Sjolund, A., Eriksson, M., 2023. Climate change impact
of food distribution: the case of reverse logistics for bread in Sweden. Sustainable
Production and Consumption 36, 386-396. https://doi.org/10.1016/].
spc.2023.01.018.

Winkler, T., Ostermeier, M., Hiibner, A., 2023. Proactive food waste prevention in
grocery retail supply chains — an exploratory study. Int. J. Phys. Distrib. Logist.
Manag. 53 (11), 125-156. https://doi.org/10.1108/1JPDLM-12-2022-0383.

WRAP, 2023. Food surplus and waste in the UK key facts - updated November 2023. http
s://www.wrap.ngo/resources/report/food-surplus-and-waste-uk-key-facts-update
d-november-2023.

van Zanten, H.H.E., Simon, W., van Selm, B., Wacker, J., Maindl, T.I., Frehner, A.,
Hijbeek, R., van Ittersum, M.K., Herrero, M., 2023. Circularity in Europe strengthens
the sustainability of the global food system. Nature Food 4 (4), 320-330. https://doi.
org/10.1038/543016-023-00734-9.


https://doi.org/10.1016/j.biortech.2022.128449
https://doi.org/10.1016/j.resconrec.2010.09.006
https://doi.org/10.1177/07439156211005722
https://res.slu.se/id/publ/127451
https://res.slu.se/id/publ/127451
https://doi.org/10.1016/j.jclepro.2020.120124
http://uhra.herts.ac.uk/handle/2299/25335
http://uhra.herts.ac.uk/handle/2299/25335
https://doi.org/10.1002/ep.13891
https://doi.org/10.1002/ep.13891
https://doi.org/10.3390/su13126511
https://doi.org/10.1016/j.jclepro.2016.05.150
https://doi.org/10.1016/j.jclepro.2016.05.150
https://pagen.se/globalassets/hemsida-2018-19/pdf/pagen-hallbarhetsredovisning-2020.pdf
https://pagen.se/globalassets/hemsida-2018-19/pdf/pagen-hallbarhetsredovisning-2020.pdf
https://pagen.se/sortiment/vara-klassiker/
https://pagen.se/sortiment/vara-klassiker/
https://doi.org/10.1016/j.jclepro.2014.04.020
https://doi.org/10.1016/j.wasman.2023.07.017
https://www.polarbrod.se/wp-content/uploads/2021/05/haellbarhetsred-2020-fri-v11-web.pdf
https://www.polarbrod.se/wp-content/uploads/2021/05/haellbarhetsred-2020-fri-v11-web.pdf
https://doi.org/10.1007/978-3-031-25027-9_2
https://doi.org/10.1016/j.resconrec.2020.104723
https://doi.org/10.1016/j.resconrec.2020.104723
https://doi.org/10.3390/su14052494
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0265
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0265
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0265
https://doi.org/10.1038/s43016-019-0010-4
https://doi.org/10.1016/j.jcs.2018.12.005
https://doi.org/10.1016/j.jcs.2018.12.005
https://doi.org/10.1287/mksc.2020.0214
https://doi.org/10.1287/mksc.2020.0214
https://doi.org/10.1016/j.spc.2024.02.023
https://doi.org/10.1016/j.spc.2024.02.023
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0290
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0290
http://refhub.elsevier.com/S2352-5509(25)00013-2/rf0290
https://res.slu.se/id/publ/127452
https://doi.org/10.1088/1757-899X/1248/1/012010
https://www.scb.se/pressmeddelande/matbutikernas-egna-varumarken-saljer-tre-ganger-sa-mycket/
https://www.scb.se/pressmeddelande/matbutikernas-egna-varumarken-saljer-tre-ganger-sa-mycket/
https://doi.org/10.1016/j.spc.2023.03.022
https://doi.org/10.3390/su11010043
https://doi.org/10.3390/su11010043
https://sverigesstadsmissioner.se/nyheter/arbetande-med-lon-har-inte-rad-med-mat/
https://sverigesstadsmissioner.se/nyheter/arbetande-med-lon-har-inte-rad-med-mat/
http://statistik.sjv.se/PXWebPXWeb/pxweb/sv/Jordbruksverketsstatistikdatabas/Jordbruksverkets%20statistikdatabas__Konsumtionavlivsmedel/JO1301K1.px/
http://statistik.sjv.se/PXWebPXWeb/pxweb/sv/Jordbruksverketsstatistikdatabas/Jordbruksverkets%20statistikdatabas__Konsumtionavlivsmedel/JO1301K1.px/
https://www.naturvardsverket.se/data-och-statistik/avfall/avfall-mat/
https://www.naturvardsverket.se/data-och-statistik/avfall/avfall-mat/
https://doi.org/10.1016/j.tifs.2023.104269
https://eur-lex.europa.eu/eli/dir/2018/851/oj
https://eur-lex.europa.eu/eli/dir/2018/851/oj
https://doi.org/10.1016/j.spc.2023.01.018
https://doi.org/10.1016/j.spc.2023.01.018
https://doi.org/10.1108/IJPDLM-12-2022-0383
https://www.wrap.ngo/resources/report/food-surplus-and-waste-uk-key-facts-updated-november-2023
https://www.wrap.ngo/resources/report/food-surplus-and-waste-uk-key-facts-updated-november-2023
https://www.wrap.ngo/resources/report/food-surplus-and-waste-uk-key-facts-updated-november-2023
https://doi.org/10.1038/s43016-023-00734-9
https://doi.org/10.1038/s43016-023-00734-9

	The power of prevention and valorisation – Environmental impacts of reducing surplus and waste of bakery products at retail
	1 Introduction
	2 Literature review
	3 Material and method
	3.1 Mapping of Swedish bakery products
	3.2 Quantification of the Swedish bakery supply chain
	3.3 Scenario development
	3.4 Life cycle assessment

	4 Results
	4.1 Quantification of surplus bakery products
	4.2 Management pathways for surplus bread
	4.3 Environmental impacts of bread scenarios

	5 Discussion
	5.1 Environmental benefits of prevention and valorisation
	5.2 Market power for reduced bread waste
	5.3 Limitations and future outlook

	6 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


