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Abstract

Food waste has economic, environmental, and social implications; the importance of reducing food
waste is recognized in Sustainable Development Goal 12.3. The Swedish bread take-back agreement
(TBA) has been identified as a risk factor for food waste generation at the supplier-retailer interface.
The ideal business model for the bread supply chain remains debated, and the implications of the
TBA on transport emissions present a research gap. This study compared the climate impact of the
conventional take-back agreement for surplus bread in Sweden to a conceptual system with altered
logistics and waste management. Life cycle assessment (LCA) with Global Warming Potential
(GWPiq0) as a single impact category was used to analyze alternative scenarios for the Swedish
bread supply chain. The results showed that a shift from a TBA system to a non-TBA system in the
city of Uppsala increased the climate impact marginally by 5%. Inversely, in other Swedish cities,
the non-TBA scenarios clearly outperformed the TBA system, as transport back to the bakery caused
32% higher emissions and the poor re-valorization of bread held a 11% lower emission savings
potential. The average GWP o of all assessed cities is 28% lower for the non-TBA scenarios. The
long-distance delivery of bread was identified as an impact hotspot, which points to the necessary
decarbonization of the Swedish transport sector. The waste treatment stage offers leverage for
emission savings, especially using bread for bioethanol, however, the latter is sensitive to transport
distance. For Uppsala, the most prominent benefits come with collaborative approaches that prevent
bread wastage in the first place and, at the same time, make use of the clean waste stream created
by the TBA.

Keywords: food waste, bread take-back agreement (TBA), life cycle assessment, supply chain,
transport emissions
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1. Introduction

Food waste reduction is recognized as a critical element of sustainable development
and has received increased attention from actors such as policymakers, researchers,
and media in recent years (IPCC 2019; Naturvardsverket 2020; The Guardian
2021). It is estimated that one third of all food produced for human consumption is
wasted (FAO 2011), and recent reports indicate that this figure is likely much higher
(UNEP 2021). The wastage of food infers environmental and economic
implications and creates ethical controversies (Garnett 2011). The International
Panel on Climate Change (IPCC) found that food waste caused 8-10% of
anthropogenic greenhouse gas (GHG) emissions during 2010-2016, which
highlights its critical role in climate change responses (IPCC 2019). In the face of
a growing world population, estimated to reach 10 billion in 2050, more efficient
resource use and improved food security are crucial (FAO 2019).

Research advocates for reorganizing food supply chains to make them more
sustainable (Kronborg Jensen et al. 2013; Miinch et al. 2021). Food waste is
generated at all stages of the supply chain (Canali et al. 2016; FAO 2019), and its
measurement is crucial to establishing sustainable food systems (WWF-WRAP
2020). Food waste drivers are complex, and it is necessary to determine how
business decisions affect food waste creation (Canali et al. 2016). One much
debated business model is the bread take-back agreement (TBA) in Sweden.

The baking industry is among the food industries with the highest waste quantities
in Sweden (Naturvardsverket 2020) and bread is one of the most wasted food
products in the European Union (Cicatiello et al. 2020). Approximately 90% of
packaged bread sold in Sweden is delivered with a TBA (Brancoli et al. 2019). Such
trading agreements require bakeries to remove unsold bread from the shelves, thus
externalizing the risk and cost of the generated food waste (ibid.). Previous studies
identified the TBA as a risk factor for food waste generation at the supplier-retailer
interface (Ismatov 2015; Ghosh & Eriksson 2019), and it is suggested that a shift
of responsibility for unsold bread to the retailers could incentivize food waste
reduction (Brancoli et al. 2019). The TBA also dictates the transport logistics of
bread, which would have to be re-organized if retailers took care of surplus bread.
Transport contributes only to a limited extent to the food system’s emissions



(Garnett 2011; Wakeland et al. 2012), but the Swedish transport sector relies on
fossil fuels and generates one third of the national emissions (Xylia & Olsson 2021).
The environmental implications of the logistics of the bread supply chain in Sweden
have not yet been quantified, thus hindering a holistic evaluation of potential
benefits and limitations related to the TBA system. Particularly the implications of
the TBA on transport and the climate impact connected to it are research gaps.

1.1 Research aims and questions

The goal of this study is to quantify the climate impact of alternative bread supply
chain scenarios in Sweden. Quantifying the climate impact of the current system
subsequently enables an in-depth analysis of the impact of scenarios that either omit
the TBA or apply changes to it. By that, this study aims to evaluate the implications
of the TBA system, and to identify climate impact hotspots and opportunities to
make the bread supply chain more sustainable. Therefore, the study aims to address
the following research questions:

« How is bread transported from the bakery to end-of-life treatment?

« Can the cancellation of the TBA reduce the climate impact of the bread
supply chain in Sweden?

« What role does transport play in the context of the TBA and the climate
impact of the bread supply chain?



2. Problem Background

The following section covers the definition of food waste, how it can be managed,
as well as the role of the retail stage and return practices for food waste creation.
The bread take-back agreement in Sweden is also described, alongside its role in
generating food waste.

2.1 The definition of food waste

Terms like ‘food loss’, ‘food waste’, and ‘surplus food’ describe waste connected
to food (Teigiserova et al. 2020). However, various definitions exist, and debates
about what should be considered food waste are ongoing (Naturvardsverket 2020;
Teigiserova et al. 2020).

The Food and Agricultural Organization of the United Nations (FAO) understands
food loss and waste as ‘the decrease in quantity or quality of food along the food
supply chain’ (p. xii). While food loss occurs from the harvest up to, but excluding
the retail stage, food waste occurs at the retail and consumption stages. This
definition is in line with Sustainable Development Goal (SDG) 12.3, which
separates goals for food loss and food waste. Inedible parts and those used for
alternative economic uses other than human consumption are not considered food
loss or waste in this definition (FAO 2019). The EU FUSIONS project defines food
waste as ‘(..) any food, and inedible parts of food, removed from the food supply
chain to be recovered or disposed (including composted, crops ploughed in/not
harvested, anaerobic digestion, bio-energy production, co-generation, incineration,
disposal to sewer, landfill or discarded to sea)’ (Ostergren et al. 2014:6), as it has
been officially adopted by the European Commission (Joint Research Center 2020).
Here, food used as animal feed is not considered as food waste; however, the
additional processing necessary for bread compared to animal feed production must
be noted (Brancoli et al. 2020). On the same note, Naturvardsverket (2020) defines
food waste as anything produced for human consumption but not eaten. Teigiserova
et al. (2020) categorize surplus food as edible food that is fit for human consumption
but, for some reason, is still discarded. Papargyropoulou et al. (2014:112) state that
‘food surplus is food produced beyond our nutritional needs, and waste is a product
of food surplus’. Introducing the term surplus food into the waste hierarchy has



been stressed as necessary for preventing wastage and reusing food for human
consumption (Teigiserova et al. 2020).

These debated definitions affect comparability, quantification, and target
monitoring (Naturvardsverket 2020; Teigiserova et al. 2020). In this paper, food
waste is defined as food produced for human consumption, but not used for this
purpose, which aligns with the above definitions used by Brancoli et al. (2019) and
Naturvardsverket (2020).

2.2 The consequences of wasting food

Food waste causes a multitude of challenges both for humans and the planet. The
IPCC estimates that the food system generates 21-37% of anthropogenic GHG
emissions through agriculture, land use, transport, packaging, processing, retail,
and consumption (IPCC 2019). The loss and wastage of food represent a waste of
all emissions created at each stage of the supply chain, which are estimated to have
caused 8-10% of anthropogenic GHG emissions globally during 2010-2016 (ibid.).
Thus, the reduction of food waste is crucial for reaching emission reduction targets
(Garnett 2011; WWF-WRAP 2020). Food waste also represents an avoidable use
of natural resources such as land, water, and energy, and contributes to biodiversity
loss (ibid.). Pressure on natural resources is likely to rise in the face of a growing
world population (FAO 2019).

Food waste also infers estimated annual costs of 143 billion euros in the EU (Canali
et al. 2014; WWF-WRAP 2020), affecting all actors along the supply chain (Mena
et al. 2011). Avoidable food waste harms the income of producers and consumers
(Papargyropoulou et al. 2014), but in the current system recovering or preventing
food waste can often result in higher costs than wasting (Eriksson et al. 2017).
Above that, food waste is also a moral and ethical issue, as it reflects the inequity
of our food system. In 2017, 22% of the EU population lived in a household at risk
of poverty and 7,4% in severely materially deprived situations, having limited
access to suitable, healthy food. At the same time, 88 million tons of food are
wasted in the EU every year (WWF-WRAP 2020). Ultimately, wasting still edible
food impacts all three pillars of sustainable development: The environment,
economy, and society (Eriksson et al. 2017).

2.3 How to reduce food waste

Reducing food wastage is a key lever in combating climate change, as highlighted
in the last IPCC report (IPCC 2019). It can improve energy and resource-efficiency



of food systems (Garnett 2011), lower GHG emissions along the supply chain
(Wunder et al. 2020), reduce the pressure on natural resources, and help to meet
increased demands (FAO 2013). More efficient supply chains also have social
benefits as they can improve access by lowering prices, thus leading to better food
security (Papargyropoulou et al. 2014; FAO 2019). Food waste reduction not only
contributes to SDG 12 (Sustainable consumption and production) but can positively
affect several SDGs such as SDG 2 (Zero hunger), SDG 13 (Climate action), and
SDG 15 (Life on land) (FAO 2019).

SDG 12.3 sets the target to ‘halve per capita global food waste at the retail and
consumer levels and reduce food losses along production and supply chains,
including post-harvest losses’ by 2030 (United Nations 2015). The EU and its
member states have committed to the SDGs (European Commission & European
Parliament 2018). The Farm to Fork Strategy, at the heart of the EU Green Deal,
lists the reduction of food loss and waste as a key action point and aims to set legally
binding food waste reduction targets across the EU in 2023 (European Commission
2020). The Swedish government is committed to reducing food waste and reaching
SDG 12.3 (Livsmedelsverket et al. 2018). Accordingly, an action plan for reduction
has been set in place; however, no national food waste reduction target has been
established so far (Naturvardsverket 2020). The Waste Framework Directive
defines waste prevention and management principles in the EU and established the
waste hierarchy (European Commission & European Parliament 2008). The waste
hierarchy defines an order of preference for waste management, with waste
prevention as the preferred option and landfilling as the least preferred (European
Commission & European Parliament 2018). The concept can be applied to the
context of food waste to guide actions addressing it (Figure 1).

Food waste prevention

Re-use of surplus food (Human
Consumption)

Re-use of food waste (Animal
feed)

Recycling (Nutrient
recovery)

Recovery
(Energy)

Disposal

Figure 1: Food waste applied to the waste hierarchy

(Own illustration based on Joint Research Center 2020; European Commission 2008,
Papargyropoulou et al. 2014)



The ranking shown in the hierarchy shows clearly that food waste prevention should
be the primary goal, followed by re-use for human consumption (Joint Research
Center 2020). Multiple studies also concluded that food waste prevention infers the
highest environmental savings potential (Bernstad Saraiva Schott & Andersson
2015; Slorach et al. 2019). Waste management, on the other hand, can only recover
a fraction of the resources invested in food production (Eriksson 2015b). Most
generally, the potential for emission reduction is connected to the type of food
treated. Bread has a high potential to reduce greenhouse gas emissions; it has a low
carbon footprint and high energy and dry-matter content, making it a good
substitution for fossil energy carriers (Vandermeersch et al. 2014; Eriksson et al.
2015).

Such preconditions for bread, and the above given framework, imply bread waste
is a straightforward issue. However, it is recognized in the Waste Framework
Directive that Life cycle assessment (LCA) can be used beyond the waste hierarchy
to determine which treatment pathway is the most beneficial for individual
situations (European Commission & European Parliament 2008).

2.4 LCA for environmental assessment

Life cycle assessment is one of the most used tools to assess environmental impacts
(Ekvall et al. 2007) and a comprehensive, structured, and internationally accepted
method (European Commission JRC 2010; Klopffer et al. 2014). LCA maps the
inputs and outputs along the entire life cycle of a product system, ideally from
cradle-to-grave (Finkbeiner et al. 2006). It is standardized in ISO 14040/44,
providing an iterative framework of four phases: Goal and scope definition, Life
cycle inventory analysis, Life cycle impact assessment, and Interpretation
(International Organization for Standardization n.d.) (Figure 2).

'R

Goal and Scope |
Definition —

Life Cycle

Inventory
Assessment

Life Cycle Impact | qumm
Assessment —

d— .
= | Interpretation

e

Figure 2: LCA phases according to 1ISO
(Klopffer et al. 2014)



LCA allows impact assessment for multiple impact categories, such as resource use,
acidification, or global warming potential (Klopffer et al. 2014). It thus provides a
holistic overview of environmental impacts and helps to avoid burden shifting to
other stages (Finkbeiner et al. 2006). This makes LCA a powerful decision-support
tool for more sustainable production and consumption (European Commission JRC
2010). The growing concern for climate change and GHG emission reduction has
led to an increased interest in the carbon footprint of products, a term today
commonly used to describe the global warming impact category in life cycle
assessment. The environmental impact of food products has become a particular
topic of interest and numerous studies have focused on it (Espinoza-Orias et al.
2011). LCA has also been increasingly used in research on food waste (Scholz et
al. 2015; Brancoli et al. 2017).

From an LCA perspective, bread has a low carbon footprint of approximately 0,6-
1,2 kg COze (Carbon dioxide equivalents) per kg of bread from cradle to grave
(Andersson & Ohlsson 1999; Espinoza-Orias et al. 2011), compared to more
resource-intense products, such as beef or cheese (Jensen & Arlbjorn 2014). In
general, plant-based products have lower carbon emissions per kg than animal-
based products, as livestock farming causes significant emissions from enteric
fermentation, feed production, manure, and land-use change (Garnett et al. 2016).
Bread is a staple product in many parts of the world and is consumed in large
quantities every year (Jensen & Arlbjern 2014; Axel et al. 2017; Vargas & Simsek
2021). Thus, despite its low climate impact, its environmental impact accumulates
when bread is wasted in considerable volumes (Iakovlieva 2021).

2.5 Bread waste in Sweden

Over 750 million kg of bread and confectionery products, more than 70 kg per
capita, were consumed in Sweden in 2018 (Jordbruksverket 2019). At the same
time, Sweden wasted 1.3 million tons of food in 2018, equaling 133 kg per capita,
with numbers steadily increasing since 2012 (Naturvérdsverket 2020). Bread is one
of the most common household waste types in Sweden, and the baking industry is
among the industries with the highest waste numbers (ibid.).

Several studies confirm the relevance of bread in the food waste discourse. Brancoli
et al. (2017) found that next to beef, bread contributes most to supermarkets’
economic losses and environmental impacts in Sweden. In a later study, Brancoli
et al. (2019) calculated an average economic cost of 240 million euros for bread
waste in Sweden. As further concluded by Brancoli et al. (2019), bread waste at the
retail level is of utmost importance for reducing food waste in the Swedish context,
which is elaborated in the following section.



2.5.1 Return practices at the supplier-retailer interface

Some fundamental causes of waste along the food supply chain are quality
standards, freshness, short shelf life, cost pressures, market conventions, and
demand for variety (Ghosh & Eriksson 2019). Furthermore, the overfilling of
shelves to attract customers, and the removal of items from shelves before their
expiration date, are drivers of waste (Cicatiello et al. 2020; Rosenlund et al. 2020).
Due to its short customer order and supply chain lead time, its perishability, and its
short shelf life, bread has a high waste potential (Ghosh & Eriksson 2019).

Having been overlooked in the past (Mondello et al. 2017), research only recently
focused more on food waste at the retail level (Canali et al. 2016; Rosenlund et al.
2020) and at the supplier-retailer interface (Mena et al. 2011; Eriksson et al. 2017;
Herzberg et al. 2022). Recent findings suggest that 13% of food waste occurs at the
retail stage (UNEP 2021). Even though retail food wastage in Sweden is estimated
to be only 8%, it is the second-largest source of food waste after households
(Naturvardsverket 2020). Research suggests a considerable amount of unrecorded
food waste at retail stores (Cicatiello et al. 2017), and a change in methodology led
to a sharp increase in retail waste quantities in Sweden between 2016 (30,000 tons)
and 2018 (100,000 tons) (Naturvardsverket 2020). As also concluded by
Naturvardsverket (2020) waste at the retail level in Sweden had most likely been
heavily underestimated before. Bread waste is generated at the retail level, but is
recorded, handled, and paid for at the production level (Canali et al. 2014), and food
waste is less noticeable when products are sent back to the supplier, as also pointed
out by Rosenlund et al. (2020). Waste at the retail stage has a substantial impact
because a lot of value creation happens before, accumulating energy and costs
(Mena et al. 2011; Ghosh & Eriksson 2019). There has been increasing evidence
that most food discarded at the retail stage is still fit for consumption (Cicatiello et
al. 2020), which is especially true for bread and other baked goods (Cicatiello et al.
2017; Brancoli et al. 2019).

Recently, take back clauses have caught increasing attention in research (Ghosh &
Eriksson 2019; Gorynska-Goldmann et al. 2020; Rosenlund et al. 2020) and
policymaking (Livsmedelsverket et al. 2018). For instance, Canali et al. (2014)
mention increased returns and pre-store waste due to supplier-retailer contracts as
food waste drivers. Parfitt et al. (2010) determined that contractual penalties, poor
demand forecasting, and product take-back clauses cause 10% of over-production
and high waste levels in the UK food supply chain. Priefer et al. (2016) also list
excess stock due to take-back systems and the cancellation of orders at the
manufacturing stage among the main reasons for food waste. Cicatiello et al. (2020)
identified take-back agreements as a hotspot for food waste generation. Moreover,
a law has been enacted recently in the Czech Republic to prohibit the return of



unsold produce to suppliers (Canali et al. 2014; Eriksson et al. 2017). The European
Commission also recognized return policies as a possible spot to reduce food waste
(European Commission 2018). Next to the role of return practices for bread wastage
at the retail level, what happens to bread after the retail stage is important to
consider.

2.5.2 Re-valorization of bread waste

The TBA system offers a clean flow of bread that is not mixed with other organic
waste, which is usable for various re-valorization methods. This is a benefit
compared to waste occurring at the household level, where it is discarded together
with other waste for typical municipal waste treatment (Brancoli et al. 2020); in
Sweden, that is most commonly incineration (46%) and anaerobic digestion (16%)
(Avfall Sverige 2021). Neglected in many previous studies, Jensen & Arlbjern
(2014) found great carbon footprint reduction potential in the waste management
stage. Brancoli et al. (2020) conducted a systematic study on the environmental
savings potential offered by common valorization pathways for bread waste. Such
are, in order of preference according to the results, prevention, ethanol production,
usage in animal feed, beer production, donation, incineration, and anaerobic
digestion (ibid.). The results mostly correspond with the waste hierarchy (European
Commission & European Parliament 2008). All three large bread suppliers in
Sweden use returned bread for ethanol production!. A study on retail waste
management by Mondello et al. (2017) indicates that transport network
organization can affect the environmental performance of waste management
options. Brancoli et al. (2020) did not include the transport to the respective waste
treatment facilities in their study but calculated a distance threshold to reflect how
far bread can be transported until a treatment option loses its benefit compared to
another. Because this threshold depends on the local availability of infrastructure
for waste treatment, Brancoli et al. (2020) recommend assessing specific cases
individually. For instance, while ethanol and feed production have a high savings
potential but limited local availability and consequently require longer
transportation distances, incineration and anaerobic digestion perform weaker in
terms of environmental savings but are available locally (ibid.).

2.6 The bread take-back agreement

In Sweden, 90% of the pre-packaged bread market consists of bread suppliers
operating with a TBA (Eriksson et al. 2017). The TBA allows the retailer to give
back unsold bread and pay only for the amount sold, externalizing the risk and cost

! Bakery A, pers. comm. 2022-03-04. and 2021-11-25; Bakery B, pers. comm. 2021-11-04; Bakery C, pers.
comm. 2022-01-28.



of the generated food waste (Brancoli et al. 2019). Previous studies identified the
TBA for bread in Sweden as a risk factor for food waste generation at the supplier-
retailer interface (Eriksson et al. 2017; Brancoli et al. 2019; Ghosh & Eriksson
2019). The return of unsold products with a refund is beneficial for the retailers as
it forces suppliers to deal with transport, re-manufacturing, secondary markets, or
disposal of bread (Ghosh & Eriksson 2019).

Brancoli et al. (2019) found that a major part of bread waste occurs at the supplier-
retailer interface, and that 39% of waste consists of TBA products, making it the
product with the highest waste levels at the retail stage. Eriksson et al. (2017) found
significantly higher return levels for bread sold with a TBA than for that sold
without such an agreement. Gosh & Eriksson (2019) further concluded that bread
suppliers experience significantly higher rejection rates (~30%) when delivering
with a TBA. Returned bread was also identified as one of the leading waste causes
at Swedish bakeries (Iakovlieva 2021). When suppliers pick up unsold bread,
retailers do not have much incentive to offer these products at a discount (Eriksson
et al. 2017), which requires time and resources (Rosenlund et al. 2020). Eventually,
it can be more economically profitable to waste food when its recovery is costly
(Eriksson et al. 2017).

The Swedish action plan for food waste reduction recognizes the role of return
practices and includes the ‘mapping of business and logistics systems that create
food waste, including systems for handling bread and returns’ as a measure to
reduce food waste (Livsmedelsverket et al. 2018:10). Beyond that, several studies
confirm that return practices are a risk factor for bread wastage beyond the Swedish
case, for instance in Austria (Lebersorger & Schneider 2014) and Poland
(Gorynska-Goldmann et al. 2020).

Previous research found that most retailers see the TBA as a profitable arrangement,
while bakeries are adverse to the agreement (Eriksson et al. 2017). For instance,
one bread supplier stated that ideally, the retailer would take care of the bread, but
a system change would require time and effort for various changes in the logistics
system, prices, contracts, and drivers’ jobs (ibid.). Trials that have been conducted
by industry stakeholders have proven to reduce bread waste? (Company
confidential 2021f). However, other waste drivers beyond the TBA are also
mentioned frequently, such as the customers’ expectations for freshness, the
demand to fill shelves from the retailer side, and too much shelf space®. Most

2 Store manager, pers. comm. 2022-03-01.

3 Bakery A, pers. comm. 2022-03-04. and 2021-11-25; Bakery B, pers. comm. 2021-11-04; Bakery C, pers.
comm. 2022-01-28.; Bakery D, pers. comm. 2021-11-16; Retailer A, pers. comm. 2021-11-30 and 2022-02-
08; Retailer B, pers. comm. 2022-01-10; Retailer C, pers. comm. 2021-11-29; Retailer D, pers. comm. 2022-
01-18; Retailer E, pers. comm. 2021-11-17.
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profoundly, large assortments are a well-mentioned waste driver, as they make
forecasting more difficult (ibid.). Overall, most recently, the topic has received
greater polarization, and actors from both the retailer and bakery sides have been
critical of the TBA (ibid.).

Several studies suggest that bread waste levels could go down if retailers had to
take responsibility for unsold products (Lebersorger & Schneider 2014; Brancoli et
al. 2019; Rosenlund et al. 2020). This could incentivize better demand forecasting
and ordering, as well as waste reduction actions such as discounts for products close
to their best-before date (ibid.). Food wastage for economic reasons could be
reduced through risk-sharing along the supply chain (Herzberg et al. 2022).
Brancoli et al. (2019) conclude that the bread take-back agreement is a priority area
for food waste reduction in Sweden.

2.6.1 The theoretical background of the TBA

The bread take-back agreement is based on the Extended Producer Responsibility
(EPR) concept (Eriksson et al. 2017). The Waste Framework Directive highlights
EPR as a concept to ensure higher responsibility for producers and encourage the
prevention, re-use, recycling, and recovery of waste (European Commission &
European Parliament 2008). Avfall Sverige (2021) also recognizes producer
responsibility to improve waste management and product development. Based on
EPR, used or discarded products are sent back to the supplier, thus a reverse supply
chain is operated (Eriksson et al. 2017). The reverse logistics (RL) concept
introduces circularity into supply chains by establishing a backward flow of
products, allowing the producer to recapture value through reprocessing or an
appropriate disposal (Kronborg Jensen et al. 2013; Banihashemi et al. 2019; Miinch
et al. 2021). This can reduce waste, use resources more sustainably, and create a
competitive advantage for companies (ibid.)

Particularly in food supply chains and at the supplier retailer interface, RL schemes
are suspected not to improve sustainability (Eriksson et al. 2017). The high
concentration of retailer power in Sweden is believed to affect the implications of
the TBA (Brancoli et al. 2019). As shown in Table 1, 90% of the Swedish retail
market is controlled by Coop, ICA, and Axfood (DLF et al. 2021); it is almost 95%
when including recently acquired Bergendahls into Axfood (Axfood 2021). This
level of market concentration is comparable to other Nordic countries, but much
higher than Germany (60%), Spain, or France (both 50%) (Konkurrensverket
2018). Pégen, Fazer, and Polarbrod make up more than 80% of Sweden's bakery
sector (Table 1), and most stores of the large retailers operate under a TBA with
these bakeries (Brancoli et al. 2019).
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Table 1: Market shares of stakeholders in the Swedish bread industry

Stakeholder Market share
Retailer

ICA 52,5%
Coop 18,1%
Axfood 18,9%
Lidl 5,3%
Bergendahls (now part of Axfood) 5,2%
Bakery

Pagen 39%
Fazer 25%
Polarbrod 19%
Others 7%

2.6.2 The role of transport within the TBA

In the Nordic countries, 70% of transport emissions derive from road transport, of
which a quarter origin from heavy road freight (Liimatainen et al. 2014a). Food
transport in particular has previously been found to only represents a minor fraction
of the total food supply chain emissions (Garnett 2011; Wakeland et al. 2012). In
2003, only 3,5% of the UK’s total GHG emissions were linked to inland food
transport (Garnett 2000). Generally, transport emissions depend on vehicle type and
size, fuel type and consumption, traffic conditions, load, empty trips (Braam et al.
2001; Liimatainen et al. 2014b; a), and factors such as refrigeration (Garnett 2000).
Fuel efficiency, and therefore also CO, emissions, vary with vehicle load (DEFRA
2021b). Even though increased loads require more fuel per distance, the required
mileage is lower and energy efficiency higher, thus reducing CO: emissions
(Liimatainen et al. 2014b). Notably, it is generally recognized that so-called ‘food
miles’ are not a good indicator of a product’s sustainability due to trade-offs with
other life cycle stages such as production or storage (Wakeland et al. 2012; Garnett
et al. 2016).

Swedish bakeries operate a sophisticated, circular logistics system, delivering bread
all over Sweden (Eriksson et al. 2017). Operating the delivery and pick-up of bread
simultaneously avoids ‘the extra mile’ (Company confidential 2021e). With its
roots in the above-described concept of reverse logistics, such a circular supply
chain creates a clean waste stream and avoids the empty backhaul of trucks (ibid.)
Beyond that, efficient logistics reduce not only environmental but also economic
costs for companies (Eriksson et al. 2017). Canceling the TBA will affect the
logistics operated within the Swedish bread industry, particularly after the retail
stage (ibid.); however, to what extent and with what implications for climate
impact, is still unknown.
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3. Life cycle assessment

Based on models of the bread supply chain in Sweden, LCA was used to assess the
climate impact of the TBA. The results’ sensitivity, particularly regarding
transport, was evaluated by simulating alternative bread management scenarios.
Maps created in ArcMap 10.7 provide visual support for the assessment and the
results.

3.1 Goal and scope definition

This LCA aims to evaluate the climate impact of the TBA for bread in Sweden,
aiming to provide in-depth information valuable as decision support for companies
and policymakers. By quantifying the impact of transports related to the TBA, the
present study addresses an identified research gap and a risk factor for food waste
generation at the supplier-retailer interface. The assessment takes a consequential
approach as it explores the consequences of a decision affecting the life cycle of a
product system (Ekvall & Weidema 2004). The results can be of interest to
researchers in the field of food waste and to companies in Sweden and abroad where
a similar reverse supply chain is operated.

The functional unit (FU) is 1 kg of bread leaving the bakery. The geographical
boundary for the assessment is Sweden, and the primary geographical reference is
the city of Uppsala. The assessment only considers the three largest bakeries in
Sweden, namely Pagen, Fazer, and Polarbrod.

The system boundary includes all mass flows from factory gate to grave, excluding
the consumption stage; illustrated in a simplified form in Figure 3. This system
diagram excludes the flow of packaging for simplification, but packaging is part of
the reference flow; its consideration is explained further below. The waste treatment
stage is calculated based on previous studies. This was most feasible due to the
limited scope of this study and since the focus here lies on determining the changes
in emissions stemming from changes in the way bread is traded, not its production
and treatment.
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Figure 3: General systems diagram for the assessed system

The black line depicts the system boundary, the dashed line illustrates avoided emissions through
system expansion, and the transport section are highlighted in colors, i.e., long-distance delivery
[orange], delivery to retail [violet], waste transport [green].

This study focuses on bread sold under the take-back agreement, thus excluding
store-baked bread and private label bread. All bread is assumed to be edible when
discarded at the retail level. The study excludes energy use and emissions related
to the construction, maintenance, and disposal of infrastructure (such as factories,
power plants, and roads) and vehicles.

Multifunctionality was handled using system expansion, the suggested method for
prospective LCA studies (Klopffer et al. 2014). The scenarios are credited by
accounting for the average emissions of the substituted products, i.e., through waste
prevention and valorization. To achieve comparability, the reduction of bread waste
was accounted for by the prevention of bread waste, assessed as a fraction of the
baseline waste rate of 7,7% used in the scenario depicting the current TBA system.

It was necessary to combine multiple data sources to build the scenario models.
Primary data was obtained from an internal, ongoing data collection via e-mail
conversations and semi-formal interviews with retailers, bakeries, and other
relevant industry stakeholders. This was combined with data from publicly
available company information and reports, documents of public authorities, and
scientific articles. Data for electricity and vehicles was collected from Ecoinvent
3.8, DEFRA (2021b) and the Network for Transport Measures (NTM) (n.d.).
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3.2 Life cycle inventory (LCI) assessment

The second step in an LCA involves the compilation and quantification of all inputs
and outputs along the life cycle of the analyzed system (Klopfter et al. 2014). Two
baseline scenarios were modeled for the assessment:

1. Sr7B4 is based on the conventional TBA system for bread in Sweden and
depicts turnover time, bread return rate, and waste handling according to
current practice.

2. Suon-TB4 18 a conceptual scenario in which bread is delivered without a TBA
and which includes adapted turnover time, bread return rate, and waste

handling.

The system operated by the three largest bread suppliers is mapped out both for
S84 and Snon-B4 (Figure 4). The scenarios were modeled based on best knowledge

and available data. The differences in each company’s operations were accounted
for by using their market share, extrapolated to 100%.
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Figure 4: Systems diagrams for Sts4 and Snon-TB4
Left-hand Stpa; Right-hand: Syon-t84. The black line depicts the system boundary, the dashed line
illustrates avoided emissions through system expansion, and the transport section are highlighted
in colors, i.e., long-distance delivery [orange], delivery to retail [violet], waste transport [green].
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Long-distance delivery

The starting point of the system is the bakery, from where bread is transported to
the local redistribution center, 1.e., long-distance delivery (Figure 4, [orange]). This
section was assumed to not be directly affected by changes related to the TBA*;
S7B4 and Snon-T4 Were therefore modeled identically.

The inputs for both scenarios are provided in Table 2, where transport distances are
rounded, average values for each bread supplier, who all deploy several bakeries
around Sweden. The complete calculations for all life cycle stages of STa4 and Suon-
B4 are provided in Appendix 2.

Table 2: LCI for long-distance transport applicable to Sta4 and Snon-184,
expressed for 1kg of bread

Input Quantity Unit Source
Long-distance transport, bakery B, truck 116 km
Intermediate transport, bakery B, truck 6 km
Long-distance transport, bakery B, train 571 km Google
Long-distance transport, bakery C, truck, frozen 16 km lgéi)%sgle
Intermediate transport, bakery C, truck, frozen 4 km n.d.)
Long-distance transport, bakery C, train, frozen 647 km
Long-distance transport, bakery A, truck 609 km

Some bakeries deliver fresh bread, while other bakeries have opted for freezing the
bread right after baking and letting it unfreeze on the way to the store (Company
confidential 2021d). Some bakeries operate a supply chain consisting of a long-
distance delivery via railway and a short-distance delivery via truck (Company
confidential 2021d); others carry out all transport via lorry’. Where rail freight
applied, railway transport was modeled for distances over 350km, trucks for
distances below 350km and intermediate transport. Frozen transport was considered
only for the bakery that freezes their bread after baking. For rail freight, the
backhaul was excluded and assumed that trains transport other products back. One
bakery employs a logistics company that owns both vehicles and redistribution
centers, allowing the transport of other products, if not bread®; based on this,
backhaul was excluded for road freight as well. The used emission factors either
did not specify a load (Ecoinvent), or considered an average load (DEFRA), which
is not specified but can be estimated ~16t, based on different sources (Network for
Transport Measures n.d.; Valsasina n.d.); both options were assumed sufficient for
this stage. Diesel or petrol fuel was modeled for all road freight, which portrays a
conservative but realistic picture of the Swedish transport sector, which relies to
65% on diesel and gasoline (Swedish Energy Agency 2021). Beyond that, this was

4 Bakery B, pers. comm. 2021-11-04; Bakery A, pers. comm. 2022-03-04.

3 Bakery A, pers. comm. 2022-03-04.
6 Bakery A, pers. comm. 2022-03-04.
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a necessary simplification based on the primary dataset used for vehicle emissions.
The selection of vehicles, also based on estimated load, as well as the determination
of emission factors, is further explained in Appendix 1.

Storage at the redistribution center

Storage at the redistribution center was modeled identical in both baseline scenarios
(Table 3). Frozen storage was assumed according to the market share of the bakery
that opts for freezing their bread. Energy consumption was calculated based on
energy consumption data of one Swedish retailer (Company confidential 2021b).
The proportional energy use for electricity and heating, and the fraction of
electricity used for refrigeration, were derived from a study on food retail energy
usage (Swedish Energy Agency 2010) and applied to the retailer’s total energy use
(see Appendix 1.4). Those values were cross-checked and validated with a report
by DEFRA (2008). A district heating system, the most common for commercial
facilities in Sweden (Swedish Energy Agency 2010) and wood chips as an energy
source, the most dominant source for district heating in Sweden (Swedish Energy
Agency 2015) were assumed. The emissions were calculated based on the Swedish
electricity mix.

Table 3: LCI for storage at redistribution center applicable to Sts4 and Snon-184,
expressed for 1kg of bread

Input Quantity | Unit Source
Electricity for ambient storage 0,0025 kWh | DEFRA 2008; Swedish
Electricity for frozen storage 0,0012 kWh | Energy Agency 2010;

. Company confidential 2021b
Heating 0,0014 kWh

Delivery to retail

The local delivery of bread from redistribution center to retail (Figure 4, [violet])
was modeled with an exemplary route through Uppsala, as depicted in Figure 5 and
further explained with the respective locations in Appendix 1.3. This transport
section is operated in a circular mode, i.e., delivering bread and picking up unsold
bread simultaneously’. The driver has responsibility for transport and acts as a
salesperson, forecasting and negotiating bread quantity and assortment for a
specific zone (Eriksson et al. 2017). Salespeople serve around 3-5 stores in one go,
assuring an adequate workload and salary®. Ismatov (2015) found that big stores
can get up to two deliveries per day, six times a week, while other stores receive
deliveries only once a week. One bakery stressed that they use small trucks as it is
easier to acquire personnel when no driver’s license for large trucks is required’.

7 Bakery A, pers. comm. 2022-03-04.
8 Bakery A, pers. comm. 2022-03-04.
° Bakery A, pers. comm. 2022-03-04.
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Both truck size and this bakery’s determination to deliver fresh bread require them
to deliver twice per day to most stores (ibid.).

Legend
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Figure 5: Exemplary bread delivery route modeled for Uppsala
(Uppsala Kommun 2018, Swedish Land Survey 2021; Google n.d.)

To account for the company differences, the use of a smaller truck and a route with
fewer stops along the delivery route were modeled for one bakery, and the use of a
larger truck and more stops for the other bakeries. Table 4 shows the input data for
this stage; notably, it does not account for the difference in vehicles, which is further
explained in Appendix 1.1 and in Appendix 2.

Table 4: LCI for delivery to retail applicable to Stea and Snon-184,
expressed for 1kg of bread

Input Quantity Unit Source
Delivery to retail, route type A 25 km Google Maps
Delivery to retail, route type B 26 km (Google n.d.)

Route types applicable to different bakeries, anonymized

The differences in delivery frequency per day and week were not included in the
model due to uncertainty and variability of this number. The delivery to retail also
includes the pick-up of return bread in Swon-r4, S0 the transport back to the
redistribution center, as part of the waste transport, was included in this section.
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The frozen bread is intended to de-freeze on the way to the store'®, so no frozen
transport was assumed. A load of 50% or an average load was assumed, depending
on what the dataset provided, as further explained Appendix 1.2.

Retail stage

Energy consumption at the retail stage is calculated similar as for the redistribution
center. At the retail stage, 0,015m? of storage space is assumed for the FU. Turnover
time was estimated based on data provided by stakeholders and previous studies on
shelf life and the time frames for the removal of bread within the TBA (Ismatov
2015; Company confidential 2021e)!!. Based on this, an average retail storage time
of 4 days was assumed for S7p4. In Suon-84, bread was assumed to be kept on the
shelves for its entire shelf life due to waste prevention actions such as discounts.
The ambient storage of bread is the standard; however, frozen storage is assumed
in Suon-784 based on the suggestion of an industry stakeholder'? to use frozen
storage to coordinate delivered volume, shelf life, and demand. Thus, Suon-784
assumes 9 days of ambient storage; however, for 10% of bread delivered to defrost,
4 days of frozen storage and 5 days of ambient storage are assumed. The retail stage
and all subsequent stages were modeled individually for the baseline scenarios; the
respective LCI are provided in Table 5 for Sts4and in Table 6 for Snon-184, With the
respective stages explained below.

Table 5: LCI for retail, waste transport, and treatment stages, applicable to Staa,
expressed for 1kg of bread

Input | Quantity| Unit | Source
Storage, retail

(DEFRA 2008; Swedish Energy

Electricity for ambient storage 0,0253 kWh Agency 2010; Company

Heating 0,0111 kWh | confidential 2021b)
Transport, waste”
Bakery A 239

km
Bakery B 230 m Google Maps (Google n.d.)

Waste treatment”™

Bread waste
Ethanol production 0,0732 kg | (Company confidential 2021c;
Donation 0,0039 kg d;e)

Packaging waste™"

Own estimation based on
Brancoli et al. 2020; Bakery A
(2022), pers. comm. 2022-03-04

0,0015

Incineration & Recycling kg

19 Bakery C, pers. comm. 2022-01-28.

11 Bakery A, pers. comm. 2022-03-04.
12 Retailer A, pers comm. 2021-11-30; Bakery B, pers. comm. 2022-03-23.
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* Different vehicles depending on waste treatment type; average distance, for exact routes and
distances, see Appendix 2
“Applied to a wasted fraction of 7,7% / 0,0785 kg incl. packaging

sokk

For further details on packaging waste treatment, see Appendix 1.5

Table 6: LCI for retail, waste transport, and treatment stages, applicable to Snon-184,
expressed for 1kg of bread

Input | Quantity | Unit | Source
Storage, retail

Electricity for ambient storage 0,0545 kWh | (DEFRA 2008; Swedish Energy

. Agency 2010; Company
Electricity for frozen storage 0,0046 kWh confidential 2021b)
Heating 0,0251 kWh
Transport, waste"
Waste transport™ | 11 | km | Google Maps (Google n.d.)
Waste prevention
Own estimation based on
Bread waste prevention 0,0530 kg | Bakery A (2022), pers. comm.
2022-03-04

Waste treatment,
Bread waste

(Brancoli et al. 2020; Company

Anaerobic digestion 0,0050 kg confidential 2021a)
Donation 0,0200 ke %Company confidential 2021b;

Packaging waste

Own estimation based on
Brancoli et al. 2020

*Different vehicles depending on waste treatment type; average distance, for exact routes and
distances for each bakery, see Appendix 2

** Applied to waste fraction of 2,5% / 0,0255 kg incl. packaging

“For further details on packaging waste treatment, see Appendix 1.5

Incineration & Recycling 0,0015 kg

Waste transport

Waste transport depends on who handles the surplus bread, as this affects its
destination after it leaves the shelves. In S7p4, bread that has been transported back
to the redistribution center is further transported for waste treatment (Figure 4, left-
hand [green]). The storage of bread after the retail stage is outside of the scope of
this study; since this commonly includes storage in a waste container outside of the
redistribution center’s building'®, it does not require any additional inputs. In
contrast, Snon-TB4, bread is discarded at the retail stage and handled from there
(Figure 4, right-hand [green]). The transport to waste treatment was calculated
using the respective average distance to the treatment facility and the appropriate
vehicle (Appendix 1.1).

13 Bakery A, pers. comm. 2022-03-04.
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Waste treatment

The bread return rate for S7p4 was assumed to be 7,7%, based on information
provided by an industry stakeholder'®. For Suen-784, a Waste rate of 2,5% was
assumed, this being a conservative estimation based on stakeholder opinion'>. One
bakery!¢ directs all their bread waste occurring in Uppsala to ethanol production,
the other bakeries do not mention other treatment types. Nevertheless, a small
fraction of bread most likely is donated, as local charity organizations report that
bread from those bakeries ends up in their food bags'’. It was therefore assumed
that in S74, 95% of return bread is directed to bioethanol production and 5% is
donated (Figure 4, left-hand). Bread is picked up from the redistribution centers in
both use cases. For Suon-7B4 it Was necessary to consider the way retailers would
dispose of bread without a TBA in place. Store-baked bread and private label bread
are usually disposed of with other organic waste and directed to anaerobic digestion
(Company confidential 2021f). Beyond that, food donations are common among
Swedish supermarkets, or food is sold via applications such as Too Good To Go
(Company confidential 2021b; f). It was thus assumed that 80% of bread is donated
to Matcentralen (Uppsala Stadsmission n.d.) and 20% is directed to anaerobic
digestion in Uppsala (Uppsala Vatten n.d.) (Figure 4, right-hand). The climate
benefit of valorizing bread waste was assessed by Brancoli et al. (2020); the results
are provided in Table 7 and were used to account for the avoided emissions.

Table 7: Emission savings potential of bread waste valorization types
(Brancoli et al. 2020)

Valorization types kg COze / 1 kg bread
Prevention -0,66
Donation'® -0,37
Ethanol production -0,56
Feed production -0,53
Incineration -0,08
Anaerobic digestion -0,02

Packaging

The packaging surrounding pre-packaged bread was assumed to consist of a low
density polyethylene bag as outlined in previous studies (Williams & Wikstrom
2011). An average weight of 10 g of packaging per 500 g bread loaf was assumed
based on the weighting of a product. The plastic clip was excluded for
simplification and because observations showed a weight below what a common

14 Bread industry stakeholder A, pers. comm. 2021-10-22.
15 Retailer A, pers. comm. 2022-02-08.

16 Bakery A, pers. comm. 2022-03-04.

17 Niina Sundin, SLU, pers. comm. 2022-03-07.

18 Pedro Brancoli, pers. comm. 2022-03-21.
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kitchen scale can measure. Thus, the functional unit of 1 kg of bread requires an
additional input of 20 g of packaging; the calculations are therefore based on a
reference flow of 1,02 kg. Packaging separation and subsequent recycling in
Uppsala (Returpappercentralen Uppsala n.d.) was modeled for S7s4, where the
bakery handles bread waste. Suon-7B4 assumed that packaging is not separated
because supermarkets do not commonly invest in additional processing (Brancoli
et al. 2020). Further details on packaging calculation are provided in Appendix 1.5.

Scenario alterations

The baseline scenarios, S784 and S2uon-184, Were altered to simulate additional,
compromising scenarios:

3. Scoop was modeled to capture the potential impact of a TBA still in place,
but with an increased commitment of all actors to reduce bread waste by
cooperation and data sharing between retailers and bread suppliers.

4. Sco10g was modeled to simulate an integration of logistics as it was
mentioned by stakeholders!® as a possibility to improve the current system,
and because some cooperation of this type already takes place (Company
confidential 2021d).

A longer retail storage than in S7p4 was assumed for Scoop, but bread is still returned
before its best-before date, as suppliers don’t want to blemish their reputation by
selling old bread?. Thus, Scosp assumed 7 days of ambient storage; however, for
10% of bread delivered to defrost, 3 days of frozen storage and 4 days of ambient
storage were assumed. A return rate of 4%, and thus the prevention of 3,7% of bread
waste was assumed. This aims to show a middle-ground between Srg4 and S2non-
784 and to account for the minimum necessary waste rate of 4% to avoid empty
shelves, as suggested by several stakeholders!. Based on this rate, waste treatment
was modeled as in S7B4.

Sco-1og assumed cooperation for the delivery to retail and waste transport stages. For
the delivery to retail, a larger vehicle must be used to account for the larger volume
of bread that must be transported. All waste was assumed to be handled from one
redistribution center altogether. The distance for the donations pick-up was doubled
to account for the fact that charity organizations presumably must go twice and do
not own larger vehicles. Similarly, the truck remained unchanged for the waste
pick-up by the ethanol producers, as they would presumably pick-up more often
instead of employing a different truck. For the long-distance delivery, no changes

19 Logistics company, pers. comm. 2022-01-21; Retailer A, pers. comm. 2022-02-08.
20 Bakery A, pers. comm. 2022-03-04.
21 Bakery A, pers. comm. 2022-03-04; Bakery D, pers. comm. 2021-12-16
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were modelled because cooperation was not assumed for this part, as the bakery
locations are static. Turnover time, return rate, and waste treatment were modeled
as in S7B4.

3.3 Life cycle impact assessment

This LCA included climate change as a single impact category, calculated using the
IPCC CO; equivalent factors for Global Warming Potential (GWP100). GWP100
includes CO2, N2O, and CH4 emissions, where the global warming potential of NoO
and CH4 emissions are set in relation to CO2. GWP1go considers a middle-ground
time horizon of 100-years and has a level of evidence accepted internationally
(Myhre et al. 2013; Huijbregts et al. 2017). Global warming, and climate change as
the consequence, are among the most urgent global challenges (Bebkiewicz et al.
2020) and global warming potential was found to be one of the most critical impact
categories when researching transport; next to smog, human toxicity, et cetera
(Jorgensen et al. 1996). This makes it valid to concentrate on GWPigo only and
investigate this impact category in greater detail.

3.3.1 Sensitivity analysis

The results of S784 and Suon-184 Were tested for their sensitivity to distance changes
in each transport section. It was also tested how far the waste can be transported in
S784 until it is outperformed by Suon-rB4. As explained above, Suon-TBA does not
assume the separation of packaging, however, as it could be beneficial to do so,
thus the separation of packaging by the retailers in a non-TBA system was modeled
in Spack. Furthermore, the usage of bread for pig feed in a non-TBA system was
assessed in Spig, to evaluate an alternative, relatively more beneficial waste
treatment options than what was assumed in Swon-784. In Spig 20% of bread is
assumed to be directed to pig feed and 80% to be donated. An average transport
distance of 25 km to pig farms was calculated based on a Google Maps search for
pig farms around Uppsala within a radius of maximum 50 km. Lastly, Sceop and Sco-
g were modeled in combination as Swax.coras, to test a maximum level of
cooperation while keeping the TBA system in place.

Data uncertainty

The robustness of LCA results depends on the quality of data inputs (Jensen &
Arlbjern 2014), and there were several datasets to choose emission factors from in
the case of this assessment. Thus, a data uncertainty analysis was conducted for the
transport sections in S7a4, Snon-1BA, Scoop, aNd Sco-log, t0 achieve more transparency
for the respective emissions. NTMCalc Advanced 4.0 was used to derive emission
factors for all vehicles. Table 8 compares these emission factors to the baseline
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dataset. In a second step, the effect of the driving environment was tested by
adjusting the NTMCalc values for each section according to the most prevalent road
used in each of them.

Table 8: Comparison of vehicle emission factors from different data sets

Baseline data NTMCalc Advanced 4.0
kg kg
Vehicle COze/ Vehicle COze/
ton.km ton.km
Freight, train 0,015, | Mix, electric and diesel train 0,008

Freight, train with reefer, freezing 0,055, | ~ ~

HGV, Articulated, >33t 0,080, | Truck with trailer, 34-40t 0,078
HGV, Rigid, >17t Rigid truck, 20-26t

(100% utilization) 0.1205 | 100% load) 0,065
HGV, Rigid, >17t Rigid truck, 20-26t

(average utilization) 0,181, (66% load) 0,086
HGV, Rigid, >7,5-17t 0,340, | Rigid truck, 7,5-12t 0,166
Lorry with refrigeration machine, 04615 |~ _

freezing, 16-32t/>32t

HGYV, Rigid, >3,5-7,5t 0,451, | Rigid truck, <7,5t 0,195

Van, average, up to 3,5t, load

capacity 1t 0,603, | Van, load capacity 1,5t 0,473

Van, Class I, up to 1,305t 0,815, | Pick-up, load capacity 0,6t 1,513

HGV = Heavy Goods Vehicles; When NTMCalc didn’t offer values (~), the baseline values were
used. The NTMCalc values in this table refer to average road conditions.

«Own calculation, see Appendix 1.1, \DEFRA 2021b; .(Ecoinvent system generated n.d.b);
d(Ecoinvent system generated n.d.a)

Location uncertainties

One industry stakeholder explained that Uppsala and Stockholm are the only two
regions in Sweden where one of the bakeries directs bread waste to ethanol
production; for all other regions in Sweden, bread is transported back to the bakeries
and re-valorized from there?’. This implies that waste transport and treatment
modeled for Uppsala depicts a special case that lacks representativeness for
Sweden. Therefore, the model for S7s4 and Swen-rB4 Was applied to Givle,
Géteborg, Jonkdping, Helsingborg, Orebro, to evaluate the sensitivity of the results
based on location, and to test if similar conclusions can be drawn for other regions
in Sweden. Figure 6 provides an overview of all cities covered in the assessment,
as well as the bakeries of all three large Swedish bread suppliers and the two
bioethanol plants, of which only the one in southern Sweden was included in the
assessment.

22 Bakery A, pers. comm. 2022-03-04.
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Figure 6: Overview map of the Swedish bread industry
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Scenario 1-4 referving to ST, Snon-184, Scoop, Sco-tog; S3-9 referring to scenarios in additional cities

Some parts of the system, i.e., storage emission and waste treatment in Suon-784,
were modeled using the same inputs as in the baseline scenarios. Figure 7 shows
the systems diagram applicable for the TBA-scenarios; for the non-TBA-scenarios
Figure 4 (right-hand) is applicable. Some aspects were adjusted for each city, such
as routes, distances, and vehicles for all delivery steps. The most important
difference, at the waste transport and treatment stages, is highlighted grey in Figure
7. In the TBA scenarios, of the bread transported back to the bakery, 35% and 65%
was assumed to be used as pig feed and to be donated, respectively. Here it is
important to mention that the bakeries to which this applies are in Goteborg and
Malmo, of which the one that is closer to the assessed city was considered, or the
average distance was taken, if both were at reasonable distance. In the case of
Goteborg, some transport steps were excluded as the redistribution center was
assumed to be located at the bakery.

25



) "Bakery C
Bakery A Bakery B Freezing
1 \ )
' \
(" Storageat | [ Storage at shared
redistribution center redistribution center
\Ambient| | | |Ambient|| Frozen
Retail
7.7%
49% 51%
istribution| Shared
Redéset:lllzufhon redistribution |
center
‘ ®5%
| Ethanol || )
. Bakery | production Donation
/357.,/‘65%
Pig fodder | | Donation |
i Avoided | | Avoided | | Avoided : | Avoided !
i fodder \ bread ! ! diesel bread
iproduction; iproduction:  :production: production:

Figure 7: Systems diagram for the TBA-scenario in additional cities

In a second step, a scenario was modeled in which all bakeries direct their return
bread to ethanol production, as it is commonly done in Uppsala. This was calculated
for Gévle (S7a+E, Givie) and Goteborg (S7Ba+E, Giteborg), Which were deemed
interesting to assess as one of them hosts a bakery and another one is relatively
further away from the bioethanol plant than Uppsala.

Appendix 3 provides a summary of all modeled scenarios.
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4. Results

The results show that a shift from the conventional S7p4to a conceptual Suon-rB4
scenario increases the climate impact in the case of Uppsala (Figure 8). With 5%
or 0,7 g COze per functional unit, the difference between the two baseline scenarios
is marginal. Long-distance delivery and waste treatment were identified as impact
hotspots in both S784 and Snon-184, With 40% of the emissions stemming from long-
distance delivery alone. Waste treatment has a higher emission savings potential in
Ste4. The delivery to retail stage has the third-largest impact; the retail storage and
waste transport stages have relatively lower impacts. Notably, the GWP1oo of waste
transport is 90% higher for S7s4, and that for retail storage is higher for Snon-784.
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Packaging treatment makes up 3% and 1,2% of emission reduction potential of
waste treatment in S7a4 and Suen-rB4, Tespectively. Both Scop (joint waste
prevention) and Seco-10g (logistics integration) have a lower GWP1oo than S7g4 and
Snon-1B4 (Figure 8). Sco-10g has a considerably lower impact at the delivery to retail
stage, while Scoop results in the highest emission savings potential from waste
treatment.

Smax.cottab (cOmbination of Scoop and Sco-10g) (Figure 9), has a lower GWP1o9 than all
before mentioned scenarios, with a reduction of GWP100 by 69% compared to S7z4.
Packaging separation at retail (Spack) has a negligible effect on the result (Figure 9).
If retailers used bread for pig feed (Spig), the emission reduction potential could be
increased by 8%, causing an overall benefit of Suon-r84 OVer Staa.
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Figure 9: GWP 9 of sensitivity analyses, expressed per functional unit

The sensitivity test identified a threshold above which Suon-r84 Outperforms Sra4,
which lies at approximately 285 km, taking the results for Uppsala as a reference.
Above this distance, the benefits of ethanol production from bread waste are
outweighed by the necessary transport. Figure 10 illustrates which cities are within
this threshold (Ethanol threshold area 1).
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The data uncertainty test for transport emissions, using the NTMCalc dataset,
resulted in a lower GWP1o for all assessed scenarios (8784, Snon-1BAs Scoops Sco-log)
(Figure 11). That is, on average, 66% and 92% lower, with the average and specific
road factors, respectively. Nevertheless, the results confirm the order of
preferability for the scenarios.
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Figure 11: GWP 99 found in data uncertainty test

The difference between the scenarios is relatively more pronounced with the
NTMCalc dataset, for instance being 41% (average road) and 85% (specific road)
between STp4 and Suon-rB4. With the NTMCalc factors, the ethanol threshold lies a
590 km, as depicted in Figure 10 (Ethanol threshold area 2).

In all additionally assessed cities, the non-TBA scenarios outperform the TBA
scenarios, and the same impact hotspots as in Uppsala were identified (Figure 12).
All non-TBA scenarios result in considerably lower emissions, 50% lower on
average, except for Helsingborg, where the difference is less pronounced. S7p4+k,
Givie and STB4+E, Giteborg have a lower GWP oo than the standard TBA scenarios in
Gévle and Goteborg. While STp4+E, Goteborg OUtPerforms Suon-184, Giteborg, in Gévle the
non-TBA scenario remains the most beneficial.

The average GWP1qo for all cities, including Uppsala, is 14,5 g COze for the TBA
scenarios and 10,4 g COze for the non-TBA scenarios, which is a decrease by 28%.
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5. Discussion

This section analyzes and discusses the results and contextualizes them with other
studies. A validation of the results based on previous research is provided, and this
study's limitations are outlined.

5.1 The climate impact of bread transport

Long-distance transport was identified as one of the most important climate impact
hotspots, generating almost 40% of emissions in the case of Uppsala. This raises
questions about whether the polarized debate on the TBA itself is reasonable and
whether food transport chains need a general reformation. The transport sector is
responsible for about one-third of Sweden’s emissions, of which 90% come from
road transport (Xylia & Olsson 2021), so a comprehensive evaluation the climate
impact of bread wastage must address transport emissions. By excluding the
previously identified impact hotspots for bread, namely the cultivation of raw
materials, processing, and consumption stages, this study allowed for an in-depth
evaluation of the transport contribution to climate impact. Transport emissions are
expected to increase continuously (Liimatainen et al. 2014a), and the Swedish
transport sector remains dependent on fossil fuels, relying 65% on petroleum
products (Swedish Energy Agency 2021). The immense impact of long-distance
transport points to the importance of local food production and, from a consumer
perspective, choosing food according to local seasonality. Nevertheless, transport
is a necessary step in the value chain of almost any food product (Wakeland et al.
2012), and even bread often requires sourcing raw material over large distances, as
shown by Espinoza-Orias et al. (2011). The impact hotspot identified in this thesis
must therefore be set in context. An assessment of larger scope could be of benefit;
however, these stages are, if at all, only indirectly affected by the TBA; omitting it
in this study can be considered reasonable.

The transport sector is arguably difficult to decarbonize due to its high dependency
on fossil fuels (European Environment Agency 2021). However, there are several
options to increase the energy efficiency of road freight transport beyond the widely
implemented, simple and inexpensive options, such as choosing the truck type in
line with the cargo (Liimatainen et al. 2014b). Part of the long-distance delivery in
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this study was modeled fully via truck, thus offering emission reduction potential
through increased rail freight. Notably, the assumption that all long-distance
transports below 350km are operated via truck affects the results and could also fail
to meet the companies’ actual operations. If rail freight had been assumed for all
long-distance transport, irrespective of the distance, the climate impact of this stage
would be 59% lower, in the case of Uppsala. The relatively larger impact of long-
distance delivery in Gévle and Uppsala compared to the other cities (Figure 12) is
most likely also connected to the type of vehicle used. Emissions increase the
further away a city is located from those bakeries that solely use trucks for this
transport section, which is the case for Uppsala and even more Gévle. This confirms
the benefit of increased rail freight. In line with this finding, Liang et al. (2016)
found that multi-modal approaches including rail transport can improve transport
energy efficiency. However, to prove this feasible, cost-benefit and time aspects
must also be assessed to determine whether they might outweigh environmental
benefits.

Sco-log and Smax.cottap Show that the integration of logistic operations, using larger and
fewer vehicles, reduces transport emissions. The benefit of these scenarios over
S7B4s Snon-TB4, and Sco0p 18 mainly due to the delivery to retail and waste transport
stages, as those were assumed to be operated collaboratively. The environmental
benefit of collaborative logistics, which also results in efficiency improvements,
was also found by Eriksson (2015a) and Croci et al. (2021). However, logistics
cooperation might not be entirely realistic, considering limited acceptability by
industry stakeholders and the feasibility of integrating complex logistics operations,
particularly for a commonly freshly consumed product, as also mentioned by
stakeholders®. Innovations of a collaborative nature must also consider a
company’s priorities, as optimizing cost, time, and sustainability of transport could
come with trade-offs. Eventually, Smax.coar indicates that maximized collaboration
minimizes climate impact. The benefit of Suon-784 and Scoop Over STp4 i1s much
smaller when excluding waste treatment, but the benefit of Sco-tog and Swmax.cottab
remains large even then. This emphasizes the leverage of logistics integration even
when waste treatment benefits cannot be made use of.

The delivery to retail stage has a relatively small share of the total emissions but is
sensitive to changes in distance. Particularly Helsingborg, with the highest GWP1¢o
of all scenarios assessed, where the redistribution center was assumed to be located
quite far from the city, proves the impact of this stage. High emissions at this stage
are primarily connected to the use of small vehicles and can further increase due to
urban traffic conditions. This shows the limited conclusions one can draw from a
study focusing on urban areas where redistribution centers are locally available.

23 Retailer A, pers comm. 2021-11-30; Logistics company, pers. comm. 2022-01-21
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While electric vehicles still lack sufficient range to transport heavy goods for
considerable distances (Liimatainen et al. 2014b), this stage could benefit from
electrification. Especially in urban areas, this could reduce air pollution, traffic
congestion, noise, and accident risks. This aligns with the Swedish government
mobilizing forces to electrify regional road freight (Ministry of Infrastructure
2021).

The assessment was based on conventional diesel fuel, even though the usage of
biodiesel in Sweden has decreased sharply in the past year, now making up 20% of
final energy use in the transport sector (Swedish Energy Agency 2021). This
necessary simplification could cause overestimations, which should be accounted
for in future studies. Notably, the relative benefit of biofuels over fossil diesel
decreases when taking its impact on land-use change into account (Liimatainen et
al. 2014b). Similarly, animal feed production from food waste was also found
preferable to anaerobic digestion from a land-use perspective rather than solely
looking at fossil resource impact categories (Vandermeersch et al. 2014). In this
study, including a single impact category allowed to investigate different scenarios
in detail but could also potentially increase the risk of burden-shifting, as also
stressed by Jensen and Arlbjern (2014). This underlines that GHG emissions alone
are not a reliable indicator of the environmental impact of transportation. Future
research should address this limitation by taking a more holistic approach and
evaluating the TBA system including additional impact categories.

5.2 The essential role of waste transport

The waste transport stage is particularly affected by the TBA but was not identified
as an emission hotspot. However, the difference in emissions between the TBA
scenarios and non-TBA scenarios at this stage is over 90% for all assessed cities,
indicating a leverage point for improvement. The result is particularly sensitive to
changes in waste transport distance, where adjustments make Suon-TB4 Mmore
beneficial in the case of Uppsala; notably, this sensitivity can also be explained by
the marginal difference between those scenarios. Beyond that, changes in the
transport distances affect the results along with each section’s proportional share of
total GWP10o.

The additionally assessed cities allow investigating the common waste transport
operations for bread in Sweden, beyond the special case of Uppsala. The fact that
the impact of waste transport in those cities was found to be 32% higher on average
indicates that transporting bread back to the bakery is not necessarily beneficial.
The identified threshold of 285 km (Figure 10) indicates which cities could make
use of ethanol production from bread, which questions the decision to transport
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bread back to the bakery, at least in terms of climate impact. However, the limited
usability of the threshold for other cities is essential to note, as it is only valid if no
other parameters change. This is not the case in other cities where long-distance
delivery might be longer and cause more emissions, which cannot be viewed
disconnected from the waste transport and treatment stage. Notably, the
preferability threshold for ethanol increases considerably with the NTMCalc
dataset (Figure 10), indicating that the threshold might lie somewhere in between
the two thresholds and that the benefit of ethanol production is even higher. With
disregard for long-distance transport emissions, the threshold can be used as a
criterion for managing bread waste. Overall, these results show that transport
network organization can affect the environmental performance of waste
management, and that distance is particularly critical for ethanol production. These
findings are in line with previous studies (Mondello et al. 2017; Brancoli et al.
2020).

As Helsingborg and Goteborg are close to bakeries, one could assume that it is
logical to take bread back to the bakery, given that the same treatment options are
unavailable locally. However, Stp4+E, Giteborg proved the opposite and showed that
ethanol production can be more beneficial even in cities with a bakery, at least in
terms of climate impact. This reveals improvement potential with a high level of
acceptability and practicability among bakeries, that already have ethanol
production from bread widely implemented. The non-TBA scenario outperforms
all other options in Gévle, including S7s4+E, Givie, Which somewhat confirms the
validity of the threshold. One could speculate that the TBA makes the least sense
in those cities far away from bakery and ethanol facilities, at least with companies'
current practices within the TBA. Overall, the TBA must be evaluated for each city
individually.

Referring to the reverse logistics concept, the results for Uppsala support the
benefits promised by it, such as waste reduction and sustainable resource use.
However, notably, the other assessed cities show that this depends on how the
backflow of bread is re-valorized. Therefore, it is uncertain whether reverse
logistics schemes always create more sustainable supply chains, as also concluded
previously (Tibben-Lembke & Rogers 2001; Eriksson et al. 2017).

5.3 Bread waste treatment — a leverage point

It is important to view the waste hierarchy as a general guide for waste treatment
prioritization, beyond which LCA should help to find the best treatment option for
bread. A considerable influence of the bread waste management stage on the whole
life cycle of bread was found, in line with the results presented by Eriksson et al.
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(2015) and Jensen & Arlbjorn (2014). For instance, in S7p4, Waste treatment
outweighs the remaining supply chain, ultimately outperforming Suon-rB4. The
difference between the TBA and non-TBA scenarios is less pronounced when
excluding waste treatment, emphasizing the impact of this stage. In the additionally
assessed cities, particularly the way bread is treated there compromises the
performance of the TBA, having a 11% lower emission savings potential at a stage
that makes up a large proportion of total GWPi0o. This immense disadvantage
affects the average GWP1qo in favor of a non-TBA system. Notably, the treatment
of bread waste transported back to the bakery was modeled based on assumptions;
changing these assumptions (35% pig feed, 65% donation) could change the result
for the other cities and perhaps explain the reasoning behind this practice.

Notably, the identified thresholds for ethanol production refer to the current waste
management infrastructure, and environmental savings are influenced by such
(Brancoli et al. 2020). In Sweden, the availability of ethanol production is still
limited, but the establishment of more facilities in the future could increase the
benefit of this bread waste treatment option. Waste-based biofuels allow larger
climate savings compared to crop-based biofuels. They also utilize a low-value
waste stream (Hirschnitz-Garbers & Gosens 2015), which supports the circularity
strategy adopted by the Swedish government (Ministry of Enterprise and
Innovation & Ministry of the Environment 2020). The TBA offers a network to
supply bread to ethanol production, which Hirschnitz-Garbers & Gosen (2015)
found to be the most critical aspect for waste-based biofuels.

Several studies on food waste management found that the emission reduction
potential is much higher when food is used as food than when used for energy
production. This underlines the importance of tackling systematic causes of over-
production and inefficient resource use, such as the TBA system. The estimated
bread waste reduction and prevention rates in Suon-784 and Secoop are uncertain, as
the potential for waste reduction without with a TBA can only be theorized. Waste
numbers also differ depending on a store’s location and size and by that can infer
the usage of different vehicles and transport frequency, and thus change emissions.
It could be simulated how the Suon-184 performed if bread return rates were not
reduced from 7,7% to 2,5% as in this study; this would most likely reduce some
benefits of waste prevention, eventually increasing the GWP100 of Snon-784. It would
also be valuable to evaluate whether the order volume would decrease without the
TBA, as the responsibility for bread could make retailers reconsider their attitude
towards full shelves.

Even though more efficient waste treatment arguably does not justify wasting food
(Eriksson et al. 2017), the results in this assessment indicate that the waste rate
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might not matter as much as the waste treatment applied. The prevention of bread
waste in Snon-T84 Was outweighed by the poor bread waste treatment option assumed
to be chosen by retailers. The ultimate question is how retailers would handle bread
previously handled by bakeries. Of all unsold bread, the assumption was made that
20% is sent to anaerobic digestion and 80% is donated. Donation schemes exist in
various forms in Sweden, and supermarkets commonly donate surplus food.
However, the results suggest that the donation of bread is not the most favorable
option from a strict climate impact perspective, as also found by previous studies
(Eriksson et al. 2015; Brancoli et al. 2020), disregarding its social benefit. Donation
centers were also found to experience a certain level of saturation (Ungerth 2021)
and bread is among the most donated products in Sweden (Bergstrom et al. 2020).
It is uncertain whether additional bread donations could be handled by charity, and
if so, whether it would benefit them from a nutrition perspective; the increased
donation of a product already donated in large volumes might not contribute
effectively to the diet of donation recipients. It could also be debated whether bread
can still be donated after spending a longer time at retail and whether this shifts
bread waste to the household stage. Nevertheless, evidently most food waste at the
retail level it is still fit for consumption (Cicatiello et al. 2017, 2020), emphasizing
the need to study wastage at this stage and how surplus bread occurring there can
be best managed, particularly focusing on questions relating to bread donations.

Eventually, the chosen treatment option significantly impacts the result because
their respective emission factors differ considerably. For anaerobic digestion, the
fuel considered avoided is an additional factor affecting its preferability (Bernstad
Saraiva Schott & Andersson 2015). However, anaerobic digestion likely requires
the least effort and thus also the lowest cost from a retail perspective. Nevertheless,
if more bread was directed to anaerobic digestion, the emission savings potential
and the preferability of the non-TBA scenarios would decrease. The assumptions
made about waste treatment at retail is likely one of the main sources of uncertainty
in this study, especially because this stage has such a large impact on the total
GWPio0 and because the difference between S7s4 and Snuon-rB4 is so small.
Moreover, losses occurring during the donation process were not included in the
model, which could decrease the benefit of this treatment option considerably.

Spig was found to be beneficial, even though a relatively large transport distance and
small vehicle was assumed for this treatment option. The same benefit, even to a
larger extent, is expectable if retail directed bread to ethanol production. So far,
supermarkets have not used bread waste as animal feed (Brancoli et al. 2017);
however, some retailers acknowledge leverage in the treatment of bread and the
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usage for animal feed in particular 2. One bakery stated that they stopped using
bread for pig feed?’, which makes sense considering the economic preferability of
ethanol production (Ungerth 2021). Most pig farms in Sweden are in the southern
regions (Jordbruksverket 2020), setting a geographical limit similar to that of
ethanol. In addition, legislative requirements to ensure the safety of feed and animal
health, and suitable channels to sell bread for feed production are barriers to
directing bread to pig feed (Eriksson et al. 2015; Brancoli et al. 2020). It could be
valuable to evaluate if there is a distance threshold beyond which either of these
options becomes more beneficial, considering the better local availability of pig
farms but the higher emission savings potential of ethanol. This could support
choosing the ideal treatment based on the location of a retail store.

Eriksson et al. (2015) also calculated the emission reduction potential of bread and
found a much higher emission factor for bread donation and a lower emission factor
for animal feed. The difference in the factor for donations could be explained by
the inclusion of losses at the charity and household stages by Brancoli et al. (2020),
which applies to more than 50% of surplus bread. It is recognized that the chosen
values eventually dictate a specific hierarchy of preference. The factors of Brancoli
et al. (2020) exclude transport, which is ideal for this study’s aim to explore the
transport section separately; only the value for donation includes some transport,
but the impact was found to be small and not affect the overall conclusion regarding
the preferability of scenarios. The difference between S7a4 and Suon-184 18 slight, so
choosing different emission factors for waste treatment can affect the conclusions
drawn. Eventually, waste treatment LCAs are affected by conditions such as the
energy supply mix (Brancoli et al. 2020) and the substituted product (Eriksson et
al. 2015). Brancoli et al. (2020) found a high sensitivity to the substituted energy
type for anaerobic digestion, while ethanol and pig feed were less sensitive,
underlining the favorability of these treatment options.

The ideal bread waste treatment option also depends on how food waste is defined.
For instance, one bakery does not categorize bread that is revalorized as waste, as
it still fulfills a purpose?®. If food waste is all food produced for human consumption
but used otherwise, all scenarios in which surplus bread is prevented are preferable.
A certain waste rate seems necessary to keep the system going and avoid empty
shelves, which was also confirmed in stakeholder interviews?’. Retailer market

24 Retailer D, pers. comm. 2022-03-02.
25 Bakery B, pers. comm. 2021-11-04.

26 Bakery A, pers. comm. 2022-03-04.
27 Bakery A, pers. comm. 2022-03-04; Bakery D, pers. comm. 2021-11-16; Retailer D, pers. comm. 2022-01-
18 and 2022-03-02.

37



power also plays into this, as bakeries, caught up in unfair trading practices,
overorder bread to stay competitive?®. While the weaker players carry the full
responsibility for returned products, which can lead to inappropriate disposal
(Eriksson et al. 2017), influential players have lower incentives to correctly manage
stock and reduce waste (Canali et al. 2016), particularly when they do not bare the
cost for the latter (Eriksson et al. 2017). The EU also recognizes that imbalances in
bargaining power occur commonly in food supply chains (European Commission
& European Parliament 2019) and advises member states to prohibit the free return
of unsold products unless unambiguously agreed upon by the parties. Effectively,
such practices remain legal, although they can manifest unfairly even when agreed
upon (ibid.).

Previous studies on waste treatment relating to the TBA (Brancoli et al. 2020)
excluded bread packaging, so even with its small impact, it was decided not to omit
it here. To achieve a lower rejection rate in pre-treatment for anaerobic digestion,
Brancoli et al. (2017) recommend separating bread from packaging, but Spack does
not confirm a benefit in doing so. However, the small fraction of packaging has an
overall marginal effect, and the result is affected by the emission factors for
incineration and anaerobic digestion (7able 7). Eventually, if separation held a
sustainability benefit, its cost-benefit aspect still needs to be assessed.

5.4 Storage emissions — a possible trade-off?

The impact of retail storage is relatively low compared to the contribution of the
transport and waste treatment stages, but still relatively higher for Snon-7B4, Scoop and
Smax.colab compared to S7p4. More energy is necessary at the retail stage if bread is
stored longer, which exemplifies the possible trade-offs of reducing bread waste.
Notably, storage time at the retail stage is based on estimations and would most
likely vary with location, turnover, and size of a store. The storage time at the
redistribution center is a conservative estimation but was also found to cause low
emissions. The ultimate question is whether the benefit of reducing bread waste can
outweigh additional storage input, resulting in increased emissions. This is hard to
answer as bread waste reduction rates are uncertain. In contrast, reducing storage
time could create rebound effects through increased transport emissions from just-
in-time delivery. An increase in storage emissions could be justified by social
benefits, that are, for instance, offering discounts on bread nearing its expiration
date. However, some stakeholders®’ disapprove of discounts for bread, as it could

28 Bakery C, pers. comm. 2022-01-28; Retailer A, pers comm. 2021-11-30; Retailer B, pers. comm. 2022-01-
10; Retailer D, pers. comm. 2022-01-18; Logistics company, pers. comm. 2022-01-21

2 Bakery A, pers. comm. 2022-03-04; Bakery C, pers. comm. 2022-01-28; Retailer C, pers. comm. 2021-11-
29 and 2022-03-01.
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harm their reputation for freshness, and reduced prices could also infer a burden
shift to the household level. Extended retail storage must also be seen in the context
of consumer expectations of freshness, and storage costs. The usage of the Swedish
electricity mix to calculate storage emissions could be a shortcoming, as some
retailers report the usage of renewable energy sources for their buildings (Company
confidential 2021a; b). However, the low emissions based on this conservatively
chosen electricity mix confirm the small impact of this stage.

5.5 The benefits of collaborative approaches

While the difference between S7a4 and Swon-184 1s slight, it is considerable (42% on
average) between Srps4 and the collaborative scenarios. Even though less
pronounced than for co-logistics, the benefit of collaboration is also evident from
Scoop- The joint consensus among stakeholders suggests that better forecasting is
necessary and that sharing point-of-sale (POS) data could further improve the
latter®°, allowing for maximized profits, improved customer satisfaction, and
reduced waste levels. Other bread waste prevention options that would require
cooperation are discounts for older bread, a reduced assortment, and targeted
consumer information. Such changes could generally be motivated by cost-sharing
or legislative pressure, as for instance the Czech Republic’s 2018 amendment to the
Food Act, requiring supermarkets to donate unsold, consumable food (Radio
Prague International 2018). However, the somewhat heterogeneous opinions about
the TBA indicate that a system change based on cooperation among industry
players might be difficult to achieve. Inconsistency in stakeholder attitude could
also imply inadequate communication between management and local store
managers regarding food waste reduction goals, as also partially implied in one
interview with a Swedish bakery.>!

Although assortment is commonly seen as a waste driver, legislation might hinder
collaborations regarding bread assortment (Nyheter & Wikén 2022). This
exemplifies the difficulty in balancing environmental and economic aspects with
legislation and policy recommendations, and somewhat discourages future
incentives for collaborative approaches. Future research would benefit from
including the economic outcome of the scenarios analyzed in this study, to ensure
acceptance for these innovations among bread industry stakeholders. To support
this, policymakers must address situations where wasting food is cheaper than
prevention.

30 Bakery A, pers. comm. 2022-03-04. and 2021-11-25; Bakery B, pers. comm. 2021-11-04; Bakery C, pers.
comm. 2022-01-28.; Bakery D, pers. comm. 2021-11-16; Retailer B, pers. comm. 2022-01-10; Retailer C, pers.
comm. 2021-11-29; Retailer D, pers. comm. 2022-01-18.

31 Bakery A, pers. comm. 2021-11-25.
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5.6 Validation of results

The results of this study are difficult to compare with previous research, as only a
few studies touch on the supplier-retailer interface of the bread supply chain in
Sweden (Brancoli et al. 2019), particularly the environmental impact of its’
logistics. Brancoli et al. (2020) did not include transport in their analysis of bread
waste revalorization options but also calculated a threshold for ethanol production.
Their result of 730 km, including return trip, is in the same magnitude as the 285
km (primary dataset) and 590 km (NTMCalc) calculated here, as their threshold
does not include return trips. The higher value identified by Brancoli et al. (2020)
could also be explained by the fact that they compared ethanol production to
incineration, which performs poorer than what ethanol was compared to in this
study, namely a combination of anaerobic digestion and donation. However,
Brancoli et al. (2020) excluded all life cycle stages before the waste management
stage, so their threshold could be more generalizable than the one identified, and
applicable to any city in Sweden.

Transport was not identified as an impact hotspot in other LCA on bread,
contributing only 5% to its carbon footprint in the study by Espinoza-Orias et al.
(2011), compared to the 40% that long-distance transport contributes here. Factors
that affect this proportion are the life cycle stages included in the LCA as well as
the resulting total emissions. This is exemplified by previous studies: Espinoza-
Orias et al. (2011) found a CF of 1472 g COze per kg of bread; Jensen & Arlbjern
(2014) found a CF of 731 g COze per kg of bread, of which 9,7%, thus a slightly
higher proportion, are caused by transport. Jensen and Arlbjern (2014) compared
several LCA and found that transport makes up between 2,4% and 35,4% of the
bread life cycle emissions, excluding waste management and consumption. Most
LCA on bread include the sourcing of raw materials and the processing, which
cause a large part of emissions, thus reducing the proportional impact of transport.
By excluding these stages, the large impact assigned to transport in the present
study, particularly long-distance, is reasonable.

The average GWP100 of the transport stages, considering both the TBA and non-
TBA scenarios in all cities, was calculated at 51g COze per functional unit. Similar
values for the absolute impact of bread transport were found in both previously
mentioned studies, i.e., 70 g COze (Jensen & Arlbjern 2014) and 29 g COze
(Espinoza-Orias et al. 2011) for 1 kg of bread. The slight difference in results could
be due to several reasons. Jensen and Arlbjern (2014) assumed a distance of 175
km from depot to retail, much higher than what was assumed here, likely increasing
the emissions, as this section typically uses small vehicles. Espinoza-Orias et al.
(2011) assumed a distance of 50 km from bakery to retail, which is hardly
comparable to the Swedish case and much lower than the distance modeled here,
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and also explains their low result for transport emissions. Espinoza-Orias et al.
(2011) actually included raw material transport from Canada, but transport
emissions are not increased considerably by that. This exemplifies the impact of
local trucking compared to the comparably small impact of sea freight per kg
transported. Jensen & Arlbjern (2014) found a net savings potential of -325 g COze
per kg of bread for waste management, somewhat in line with the identified -554 g
per kg of bread for S7g4, since Jensen & Arlbjern assumed that bread is incinerated.

5.7 Evaluation of data uncertainties

The variety of datasets that offer emission factors, particularly for transport
emissions, can add uncertainty to LCA results, which this thesis accounted for by
testing a second dataset. The differing climate impact when using NTMCalc, most
notable at the delivery to retail and waste transport stages, can be explained
primarily by the difference in emission factors. Generally, the methodology of
including certain aspects into a characterization factor is a source of data
uncertainty. In this regard, NTMCalc could be considered more transparent, as it
allows for adaptive parameter settings, including road type, fuel type with the
proportion of biodiesel, load capacity, and load weight. Ecoinvent and DEFRA
provide fewer options for adjustments. For example, NTMCalc allows adapting
vehicle load in percent of the load capacity, while Ecoinvent provides emission
factors simply with an average load. DEFRA (2021b) offers several percentage
loads (0%, 50%, 100%, average) for larger vehicles and an average load for smaller
vehicles. However, previse parameter settings can be hampered by a lack of data,
especially since data on bread waste at the supplier retailer interface is rare
(Brancoli et al. 2019) and not easily accessible due to the controversy and secrecy
around food waste (Herzberg et al. 2022). For instance, attempting to model the
delivery to retail stage more precisely with consideration of load differences, the
precise parameters in NTMCalc were helpful to a limited extent as vehicle capacity
and utilization had to be assumed based on limited available data.

The driving environment, i.e., road type, affects the energy intensity of transport,
as fuel consumption is higher in irregular traffic conditions (Liimatainen et al.
2014b). An 18t truck consumes 33% more fuel in delivery mode (urban conditions)
than in highway mode (ibid.). Looking at the NTMCalc dataset, the emission
factors are higher for urban roads and lower for motorways than for the average
road; thus, using the latter could cause an under-estimation and over-estimation in
the respective case. Ecoinvent does not give information on the driving
environment used for the emission factor. At the same time, DEFRA (2021a)
explains that the emission factors refer to the typical usage pattern of each truck
class. For instance, articulated HGVs (Heavy Goods Vehicles) typically drive with
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higher fuel efficiency and speed, in free-flowing traffic conditions, and emit
relatively less than rigid HGVs, which operate at lower speed and fuel efficiency,
and usually in congested traffic conditions (ibid.). This implies that the road type is
included in the emission factor in a generalized way, limiting the adaption to
specific cases and assigning a lower impact to the large vehicle based on both size
and its usage, for example. However, as the vehicles are mainly used in their
common driving environment in the modeled scenarios, using DEFRA might be
more representable than using the average road values of NTMCalc.

The inclusion of more parameters using NTMCalc, based on best knowledge and
several assumptions, resulted in lower climate impact than using Ecoinvent and
DEFRA (Figure 11). The reason for the lower result could be that the other data
sources are more general and perhaps conservative to avoid underestimations. At
the same time, the level of preciseness in NTMCalc could increase the margin of
error if parameters are set ill-advised. Overall, the lower results with the additional
dataset tested suggest that the primary results are likely not an underestimation. One
exception could be the smallest vehicle, where the emission factors differ
considerably. This points to another possible reason for the difference in emission
factors; different vehicle categories used in the datasets complicate a
straightforward comparison of the vehicles. The impact of dataset selection on the
results is clear, and it could be beneficial to use only one dataset, if possible. It
would be ambitious to conclude which one is the better choice for this study or for
Sweden in general, but data availability is certainly a decisive factor in this regard.

5.8 Limitations

This study had to use secondary data, average values, and estimations, which can
impact the reliability of the results, especially because consequential LCA should
commonly use marginal data (Ekvall & Weidema 2004). Moreover, some
simplifications necessary for modeling may not account for all company operations.
Several sensitivity analyses were conducted to account for uncertainties and to
increase the robustness of the results. However, LCA results must be used with
precaution as they show a potential environmental impact, not a precise value
prediction of the impacts (Klopffer et al. 2014). Future research quantifying
innovations in the bread supply chain requires a large-scale trial of alternative
scenarios, including the measurement of bread waste volumes, to improve data
availability and allow for more precise LCA input data.

Some methodological choices had to be made that could affect the results.

Differences in long-distance transport in a non-TBA system are uncertain and thus,
the models assumed the same operations in both the TBA and non-TBA system.
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This is a potential shortcoming in this study, as this transport section makes up a
large fraction of total emissions. However, the locations of the bakeries are fixed,
which makes changes in long-distance delivery arguably more challenging to
achieve than what happens after the bread is already delivered. Eventually, a focus
on modeling the differences in waste transport as a less static part was thus
reasonable. However, indirect effects of the TBA on the long-distance delivery part
are possible and it could be speculated that delivery frequency would increase
without a TBA, to maintain freshness and high assortment on the shelves, without
removing older bread loaves. Higher delivery frequency with smaller volumes
could infer the usage of smaller trucks, thus increasing emissions. Beyond this, one
bakery>? delivers fresh bread twice a day, which leaves room for judgment on
whether one or two delivery trips should be modeled for completing the delivery of
the functional unit. Including the weekly or monthly delivery volumes into the
model would enable an assessment of delivery frequency, bread removal, and re-
fill rates in different bread supply chain scenarios. This would allow an in-depth
investigation of the TBA’s effect on long-distance transport and possible rebound
effects.

The effects of cancelling the TBA on the delivery to retail stage were found
challenging to address. The different systems can only be modeled with different
vehicle load utilization, depending on whether unsold bread is picked up during the
delivery trip or not. However, the change in load is minimal, and the primary data
set did not allow for modeling small percentage changes in load. Nevertheless, if
load was modeled more precisely, this could add emissions at this stage to Suon-r84
and infer a changed result in favor of the TBA.

The results were also found to be sensitive to the way backhaul is modeled. It could
be included in long-distance transport and waste transport, which both either
contribute largely to the total emissions or are most profoundly affected by the
TBA. However, the modeling of return trips was not trivial, which is also connected
to the database used. The Ecoinvent database provides emission factors that include
the backhaul of trucks, while DEFRA and NTMCalc do not. The usage of one or
the other database can lead to different results, especially considering that the
emission factors from Ecoinvent including backhaul are not much higher than the
others. The limited data availability complicates this, too. Assumptions on
backhauling and empty returns also depend on who is operating it. A large company
would perhaps maximize efficiency, using the backhaul for another product,
excluding it from the system boundary, while small actors would likely allow lower
utilization rates. According to DEFRA (2021a), the impact of vehicle load on
emissions increases with vehicle size. Thus, excluding backhauls from long-

32 Bakery A, pers. comm. 2022-03-04.
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distance transport is a shortcoming and might lead to under-estimations,
particularly because previous research suggests that a low vehicle utilization cannot
be ruled out. For instance, Croci et al. (2021) state that the average load factor was
below 50% of half of the commercial vehicles in Europe, similar to Braam et al.
(2001) who found that usually only 40-70% of vehicle capacity is used. However,
Liimatainen et al. (2014a) found that among the Nordic countries, Sweden has a
low level of empty-running transport due to its three major economic regions in the
south which balance transport flows. This leaves room to assume vehicle utilization
could be less favorable in northern Sweden and points to the shortcoming of this
study’s focus on the southern part of Sweden.

With its central position in Sweden and beneficial waste treatment, Uppsala
presented a somewhat ideal scenario, making it hard to generalize from. The
selection of additionally assessed cities considered the fifteen largest cities in
Sweden and aimed to cover southern Sweden as the main economic region. The
cities were also selected aiming to test varying distances to bakeries and the
southern ethanol facility, allowing to draw conclusions about different aspects of
the supply chain. Eventually, the multiple case studies still limit general
conclusions, as the results suggest evaluating the TBA individually for each city.
Further research could extend the assessment for northern Sweden, including the
second bioethanol plant. This would allow an evaluation of alternative bread supply
chain scenarios in a less connected and economically integrated area of the country,
which could yield longer distances in most of the transport sections. Focusing on
the three largest bakeries in Sweden is also a shortcoming of this study, perhaps
providing distorted results by extrapolating the market share, and disregarding
treatment options feasible for small-scale operations.
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6. Conclusion

Food waste reduction benefits the environment, economy, and society and is crucial
for sustainable development. The Swedish bread take-back agreement has been
identified as a food waste risk factor, but changes to the business model are debated.
This study compared the climate impact of the conventional take-back agreement
for surplus bread in Sweden to a conceptual system with altered logistics and waste
management, consequently reducing a gap within the research on the TBA system
and contributing to a more sustainable bread supply chain in Sweden.

The results showed that a shift to a non-TBA system in the city of Uppsala increased
the climate impact marginally. Inversely, in other Swedish cities, the non-TBA
scenarios outperformed the TBA system, as transporting bread back to the bakery
and the connected re-valorization were found to be disadvantageous from a climate
impact perspective. As long-distance transport and bread waste treatment were
identified as critical climate impact hotspots, this study highlights the need to
decarbonize the Swedish transport sector and the importance of high-value reuse of
bread waste, such as ethanol production. Whether or not the TBA exists,
supermarkets should consider alternatives to the standard bread waste treatment.
The results stress the link between waste transport and treatment under
consideration of the local waste treatment infrastructure. Overall, the focus should
not necessarily be to remove the TBA in its entirety; instead, the solution could be
a collaborative approach that prevents bread wastage in the first place, perhaps by
legislative pressure, and at the same time makes use of the clean waste stream
generated by the TBA. The most acceptable and practicable solution from the bread
industry stakeholders’ point of view remains to be identified. Eventually, this study
emphasizes that sustainable development is only achievable through joint
commitment and action.

45



References

Andersson, K. & Ohlsson, T. (1999). Life Cycle Assessment of Bread Produced on
Different Scales. International Journal of Life Cycle Assessment, 4 (1), 25-40

Avfall Sverige (2021). Svensk Avfallshantering 2020

Axel, C., Zannini, E. & Arendt, E.K. (2017). Mold spoilage of bread and its
biopreservation: A review of current strategies for bread shelf life extension.
Critical Reviews in Food Science and Nutrition, 57 (16), 3528-3542.
https://doi.org/10.1080/10408398.2016.1147417

Axfood (2021). Axfood acquires the wholesale business Bergendahls Food and enters
into partnership with City Gross. Press Release.
https://www.axfood.com/newsroom/press-releases/2021/05/axfood-acquires-the-
wholesale-business-bergendahls-food-and-enters-into-partnership-with-city-
gross/

Banihashemi, T.A., Fei, J. & Chen, P.S.-L. (2019). Exploring the relationship between
reverse logistics and sustainability performance: A literature review. Modern
Supply Chain Research and Applications, 1 (1), 2-27.
https://doi.org/10.1108/MSCRA-03-2019-0009

Bebkiewicz, K., Chtopek, Z., Lasocki, J., Szczepanski, K. & Zimakowska-Laskowska,
M. (2020). Analysis of Emission of Greenhouse Gases from Road Transport in
Poland between 1990 and 2017. Atmosphere, 11 (4), 387.
https://doi.org/10.3390/atmos 11040387

Bergstrom, P., Malefors, C., Strid, 1., Hanssen, O.J. & Eriksson, M. (2020). Sustainability
Assessment of Food Redistribution Initiatives in Sweden. Resources, 9 (3), 27.
https://doi.org/10.3390/resources9030027

Bernstad Saraiva Schott, A. & Andersson, T. (2015). Food waste minimization from a
life-cycle perspective. Journal of Environmental Management, 147, 219-226.
https://doi.org/10.1016/j.jenvman.2014.07.048

Braam, J., Tanner, T.M., Askham, C., Hendriks, N., Maurice, B., Malkki, H., Vold, M.,
Wessman, H. & de Beaufort, A.S.H. (2001). Energy, Transport and Waste
Models. Availability and Quality of Energy, Transport and Waste Models and
Data. International Journal of Life Cycle Assessment, 6 (3), 135-139

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

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

46



measures. Resources, Conservation and Recycling, 147, 128—136.
https://doi.org/10.1016/j.resconrec.2019.04.027

Brancoli, P., Rousta, K. & Bolton, K. (2017). Life cycle assessment of supermarket food
waste. Resources, Conservation and Recycling, 118, 39-46.
https://doi.org/10.1016/j.resconrec.2016.11.024

Canali, M., Amani, P., Aramyan, L., Gheoldus, M., Moates, G., Ostergren, K.,
Silvennoinen, K., Waldron, K. & Vittuari, M. (2016). Food Waste Drivers in
Europe, from Identification to Possible Interventions. Sustainability, 9 (1), 37.
https://doi.org/10.3390/su9010037

Canali, M., Ostergren, K., Amani, P., Aramyan, L., Sijtsema, S., Korhonen, O.,
Silvennoinen, K., Moates, G., Waldron, K. & O’Connor, C. (2014). Drivers of
current food waste generation, threats of future increase and opportunities _for
reduction. Bologna: The European Commission. FUSIONS project.

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/sul2208592

Cicatiello, C., Franco, S., Pancino, B., Blasi, E. & Falasconi, L. (2017). The dark side of
retail food waste: Evidences from in-store data. Resources, Conservation and
Recycling, 125, 273-281. https://doi.org/10.1016/j.resconrec.2017.06.010

Company confidential (2021a). Annual and Sustainability Report 2020. [2022-02-17]

Company confidential (2021b). Annual Report 2020. [2022-02-17]

Company confidential (2021c). /Bakery B] Arsredovisning 2020. [2022-02-17]

Company confidential (2021d). [Bakery C] hallbarhetsredovisning 2020. [2022-02-17]

Company confidential (2021¢). Hallbarhetsredovisning 2020. [2022-02-15]

Company confidential (2021f). Hdallbarhetsredovisning 2020/21. [2022-02-17]

Croci, E., Donelli, M. & Colelli, F. (2021). An LCA comparison of last-mile distribution
logistics scenarios in Milan and Turin municipalities. Case Studies on Transport
Policy, 9 (1), 181-190. https://doi.org/10.1016/j.cstp.2020.12.001

DEFRA (2008). Greenhouse Gas Impacts of Food Retailing.
http://sciencesearch.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&L
ocation=None&Completed=0&ProjectID=15805 [2022-03-03]

DEFRA (2021a). 2021 Government Greenhouse Gas Conversion Factors for Company
Reporting Methodology Paper for Conversion factors Final Report.
https://www.gov.uk/government/publications/greenhouse-gas-reporting-
conversion-factors-2021 [2022-04-20]

DEFRA (2021b). UK Government GHG Conversion Factors for Company Reporting.
Full set. Version 2.0. https://www.gov.uk/government/publications/greenhouse-
gas-reporting-conversion-factors-2021 [2022-03-07]

DLF, Delphi, & Dagligvarunytt (2021). Dagligvarukartan 2021.
https://www.delfi.se/static/Dagligvarukartan21 v4-
dd6b073680ef65e3d12a968d62605£820.pdf

Ecoinvent system generated (n.d.a). Market for transport, freight, lorry with refrigeration
machine, freezing, GLO; Allocation, cut-off by classification; Ecoinvent
database version 3.8

47



Ecoinvent system generated (n.d.b). Market for transport, freight, train with reefer,
freezing, GLO; Allocation, cut-off by classification; Ecoinvent database version
3.8

Ekvall, T., Assefa, G., Bjorklund, A., Eriksson, O. & Finnveden, G. (2007). What life-
cycle assessment does and does not do in assessments of waste management.
Waste Management, 27 (8), 989-996.
https://doi.org/10.1016/j.wasman.2007.02.015

Ekvall, T. & Weidema, B. (2004). System Boundaries and Input Data in Consequential
Life Cycle Inventory Analysis. International Journal of Life Cycle Assessment, 9
(3), 161-171

Eriksson, M. (2015a). Environmental Impact of Food Retailing. A comparative LCA of
organic and conventional food products. Chalmers University of Technology.

Eriksson, M. (2015b). Supermarket food waste. Prevention and management with the
focus on reduced waste for reduced carbon footprint. Department of Energy and
Technology, Swedish University of Agricultural Sciences.

Eriksson, M., Ghosh, R., Mattsson, L. & Ismatov, A. (2017). Take-back agreements in
the perspective of food waste generation at the supplier-retailer interface.
Resources, Conservation and Recycling, 122, 83-93.
https://doi.org/10.1016/j.resconrec.2017.02.006

Eriksson, M., Strid, I. & Hansson, P.-A. (2015). Carbon footprint of food waste
management options in the waste hierarchy — a Swedish case study. Journal of
Cleaner Production, 93, 115—125. https://doi.org/10.1016/].jclepro.2015.01.026

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

EU Platform on Food Losses and Food Waste (2019). Recommendations for Action in
Food Waste Prevention. https://ec.europa.eu/food/system/files/2021-05/fs_eu-
actions_action_platform key-rcmnd_en.pdf

European Commission (2020). Farm to Fork Strategy.
https://ec.europa.cu/food/system/files/2020-05/f2f action-plan 2020 _strategy-
info_en.pdf

European Commission & European Parliament (2008). Directive 2008/98.
http://data.europa.eu/eli/dir/2008/98/0j [2022-01-27]

European Commission & European Parliament (2018). Directive 2018/851.
http://data.europa.eu/eli/dir/2018/851/0j [2022-01-25]

European Commission & European Parliament (2019). Directive 2019/633. https://eur-
lex.europa.cu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0633 &from=EN

European Commission JRC (2010). General guide for Life Cycle Assessment: provisions
and action steps. LU: Publications Office.
https://data.europa.eu/doi/10.2788/94987 [2022-02-15]

European Environment Agency (2021). Greenhouse gas emissions from transport in
Europe. European Environment Agency.
https://www.eea.europa.eu/ims/greenhouse-gas-emissions-from-transport [2022-
04-21]

48



FAO (2011). Global food losses and food waste - Extent, causes and prevention. Rome:
Food and Agriculture Organisation of the United Nations.

FAO (2013). Food wastage footprint. Impacts on natural resources. Summary Report.
Rome: Food and Agriculture Organisation of the United Nations.

FAO (2019). The State of Food and Agriculture. Moving Forward on Food Loss and
Waste Reduction. Rome: Food and Agriculture Organisation of the United
Nations.

Finkbeiner, M., Inaba, A., Tan, R., Christiansen, K. & Kliippel, H.-J. (2006). The New
International Standards for Life Cycle Assessment: ISO 14040 and ISO 14044.
The International Journal of Life Cycle Assessment, 11 (2), 80-85.
https://doi.org/10.1065/1ca2006.02.002

Garnett, T. (2000). Wise Moves. Exploring the relationship between food, transport and
CO2. London: Transport 2000 Trust.

Garnett, T. (2011). Where are the best opportunities for reducing greenhouse gas
emissions in the food system (including the food chain)? Food Policy, 36, S23—
S32. https://doi.org/10.1016/j.foodpol.2010.10.010

Garnett, T., Benton, T., Nicholson, W. & Finch, J. (2016). An overview of food system
challenges. Food Climate Research Network.
https://www.tabledebates.org/chapter/overview-food-system-challenges

Ghosh, R. & Eriksson, M. (2019). Food waste due to retail power in supply chains:
Evidence from Sweden. Global Food Security, 20, 1-8.
https://doi.org/10.1016/j.gfs.2018.10.002

Google (n.d.). Google Maps. Googpe Maps. https://www.google.com/maps

Gorynska-Goldmann, E., Gazdecki, M., Rejman, K., Kobus-Cisowska, J., Laba, S. &
Laba, R. (2020). 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

Green Cargo AB (2021). Annual Report Including Sustainability Report 2020

Herzberg, R., Schmidt, T. & Keck, M. (2022). Market power and food loss at the
producer-retailer interface of fruit and vegetable supply chains in Germany.
Sustainability Science,. https://doi.org/10.1007/s11625-021-01083-x

Hirschnitz-Garbers, M. & Gosens, J. (2015). Producing bio-ethanol from residues and
wastes. A technology with enormous potential in need of further research and
development. (Policy Brief No. 2). Berlin/Brussels.
https://ec.europa.eu/environment/integration/green_semester/pdf/Recreate PB 2
015_SEIL.PDF

Huijbregts, M.A.J., Steinmann, Z.J.N., Elshout, P.M.F., Stam, G., Verones, F., Vieira,
M., Zijp, M., Hollander, A. & van Zelm, R. (2017). ReCiPe2016: a harmonised
life cycle impact assessment method at midpoint and endpoint level. The
International Journal of Life Cycle Assessment, 22 (2), 138—147.
https://doi.org/10.1007/s11367-016-1246-y

Iakovlieva, M. (2021). Food waste in bakeries- quantities, causes and treatment /
Matsvinn i bagerier — mdngder, orsaker och behandling. Swedish University of
Agricultural Sciences.

49



International Organization for Standardization (n.d.). ISO 14040:2006 Environmental
management — Life cycle assessment — Principles and framework. 1SO.
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/03/74/
37456.html [2022-02-21]

IPCC (2019). Summary for Policymakers. In: Shukla, P.R., Skea, J., Calvo Buendia, E.,
Masson-Delmotte, V., Portner, H.-O., Roberts, D.C., Zhai, P., Slade, R.,
Connors, S., van Diemen, R., Ferrat, M., Haughey, E., Luz, S., Neogi, S., Pathak,
M., Petzold, J., Portugal Pereira, J., Vyas, P., Huntley, E., Kissick, K.,
Belkacemi, M., & Malley, J. (eds.) Climate Change and Land: an IPCC special
report on climate change, desertification, land degradation, sustainable land
management, food security, and greenhouse gas fluxes in terrestrial ecosystems..
https://www.ipcc.ch/site/assets/uploads/sites/4/2020/02/SPM_Updated-Jan20.pdf

Ismatov, A. (2015). The sustainability implications of “product take-back clause” in
supplier/retailer interface - Case study: Swedish bread industry. Swedish
University of Agricultural Sciences.

Jensen, J.K. & Arlbjern, J.S. (2014). Product carbon footprint of rye bread. Journal of
Cleaner Production, 82, 45-57. https://doi.org/10.1016/j.jclepro.2014.06.061

Joint Research Center (2020). Brief on food waste in the European Union.
https://ec.europa.eu/jrc/sites/default/files/kcb-food waste brief print hq.pdf

Jordbruksverket (2019). Livsmedelskonsumtion och néringsinnehdll. Uppgifter till och
med 2018.
https://jordbruksverket.se/download/18.c0abf951720eec1c5a882a0/15895436516
20/J044SM1901.pdf

Jordbruksverket (2020). Antal djur och jordbruksforetag med djur efter Tabelluppgift, Ar,
Produktionsomradde, Variabel och Kategori.
https://statistik.sjv.se/PXWeb/pxweb/sv/Jordbruksverkets%20statistikdatabas/Jor
dbruksverkets%?20statistikdatabas __Lantbrukets%20djur/JO0103F02.px/table/tab
leViewLayoutl/[2022-02-11]

Jorgensen, A.-M.M., Ywema, P.E., Frees, N., Exner, S. & Bracke, R. (1996).
Transportation in LCA. A Comparative Evaluation of the Importance of
Transport in Four LCAs. International Journal of Life Cycle Assessment, 1 (4),
218-220

Klopffer, W., Grahl, B. & Klopfter, W. (2014). Life Cycle Assessment (LCA): a guide to
best practice. Weinheim: Wiley-VCH.

Konkurrensverket (2018). Konkurrensen i Sverige 2018. (2018:01).
https://www.konkurrensverket.se/contentassets/cd18553ea4b24135aaaal095db5
332f2/rapport_2018-1-konkurrensen-i-sverige.pdf

Kronborg Jensen, J., Balslev Munksgaard, K. & Stentoft Arlbjern, J. (2013). Chasing
value offerings through green supply chain innovation. European Business
Review, 25 (2), 124-146. https://doi.org/10.1108/09555341311302657

Lebersorger, S. & Schneider, F. (2014). Food loss rates at the food retail, influencing
factors and reasons as a basis for waste prevention measures. Waste
Management, 34 (11), 1911-1919. https://doi.org/10.1016/j.wasman.2014.06.013

50



Liang, K.-Y., van de Hoef, S., Terelius, H., Turri, V., Besselink, B., Martensson, J. &
Johansson, K.H. (2016). Networked control challenges in collaborative road
freight transport. European Journal of Control, 30, 2—14.
https://doi.org/10.1016/j.ejcon.2016.04.008

Liimatainen, H., Arvidsson, N., Hovi, L.B., Jensen, T.C. & Nykénen, L. (2014a). Road
freight energy efficiency and CO2 emissions in the Nordic countries. Research in
Transportation Business & Management, 12, 11-19.
https://doi.org/10.1016/j.rtbm.2014.08.001

Liimatainen, H., Nykénen, L., Arvidsson, N., Hovi, I.B., Jensen, T.C. & Ostli, V.
(2014b). Energy efficiency of road freight hauliers—A Nordic comparison.
Energy Policy, 67, 378-387. https://doi.org/10.1016/j.enpol.2013.11.074

Livsmedelsverket, Jordbruksverket, & Naturvardsverket (2018). More to do more. Action
plan for food loss and food waste reduction by 2030 - SUMMARY.
https://www.livsmedelsverket.se/om-oss/publikationer/sok-
publikationer/artiklar/2018/2018-more-to-do-more-action-plan-for-food-loss-
and-food-waste-reduction-by-2030 [2022-02-21]

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

Ministry of Enterprise and Innovation & Ministry of the Environment (2020). Circular
economy — Strategy for the transition in Sweden. Government Olffices of Sweden.
https://www.government.se/information-material/2020/11/circular-economy--
strategy-for-the-transition-in-sweden/ [2022-04-21]

Ministry of Infrastructure (2021). Sweden mobilises to electrify regional freight
transport. Government Offices of Sweden.
https://www.government.se/articles/2021/05/sweden-mobilises-to-electrify-
regional-freight-transport/ [2022-04-15]

Mondello, G., Salomone, R., Ioppolo, G., Saija, G., Sparacia, S. & Lucchetti, M. (2017).
Comparative LCA of Alternative Scenarios for Waste Treatment: The Case of
Food Waste Production by the Mass-Retail Sector. Sustainability, 9 (5), 827.
https://doi.org/10.3390/su9050827

Miinch, C., von der Gracht, H.A. & Hartmann, E. (2021). The future role of reverse
logistics as a tool for sustainability in food supply chains: a Delphi-based
scenario study. Supply Chain Management: An International Journal, ahead-of-
print (ahead-of-print). https://doi.org/10.1108/SCM-06-2021-0291

Myhre, G., Shindell, D., Bréon, F.-M., Collins, W., Fuglestvendt, J., Huang, J., Koch, D.,
Lamarque, J.-F., Lee, D., Mendoza, B., Nakajima, T., Robock, A., Stephens, G.,
Takemura, T. & Zhang, H. (2013). Anthropogenic and Natural Radiative
Forcing. Climate Change 2013: The Physical Science Basis. Contribution of
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change. Cambridge, United Kingdom and New York, NY, USA.:
Cambridge University Press

51



Naturvardsverket (2020). Matavfall i Sverige. Uppkomst och behandling 2018.
https://www.naturvardsverket.se/om-oss/publikationer/8800/matavfall-i-sverige-
2018/

Network for Transport Measures (n.d.). 5.3 Vehicle type characteristics and default load
factors. https://www.transportmeasures.org/en/ [2022-05-07]

Nyheter, S.V.T. & Wikén, E. (2022). Myndighet misstinker olagligt brodsamarbete. SVT
Nyheter. https://www.svt.se/nyheter/inrikes/myndighet-misstanker-olagligt-
brodsamarbete [2022-04-13]

Ostergren, K., Gustavsson, J., Bos-Brouwers, H., Timmermans, T., Hansen, O.-J., Mgller,
H., Anderson, G., O’Connor, C., Soethoudt, H., Quested, T., Politano, A.,
Bellettato, C., Canali, M., Falasconi, L., Gaiani, S., Vittuari, M., Schneider, F.,
Moates, G., Waldron, K. & Redlingshofer, B. (2014). FUSIONS Definitional
Framework for Food Waste. The European Commission. FUSIONS project.

Papargyropoulou, E., Lozano, R., K. Steinberger, J., Wright, N. & Ujang, Z. bin (2014).
The food waste hierarchy as a framework for the management of food surplus
and food waste. Journal of Cleaner Production, 76, 106—115.
https://doi.org/10.1016/].jclepro.2014.04.020

Parfitt, J., Barthel, M. & Macnaughton, S. (2010). Food waste within food supply chains:
quantification and potential for change to 2050. Philosophical Transactions of
the Royal Society B: Biological Sciences, 365 (1554), 3065-3081.
https://doi.org/10.1098/rstb.2010.0126

Priefer, C., Jorissen, J. & Brautigam, K.-R. (2016). Food waste prevention in Europe — A
cause-driven approach to identify the most relevant leverage points for action.
Resources, Conservation and Recycling, 109, 155-165.
https://doi.org/10.1016/]j.resconrec.2016.03.004

Radio Prague International (2018). New Czech law seeks to cut food waste.
https://english.radio.cz/new-czech-law-seeks-cut-food-waste-8172574 [2022-05-
17]

Regeringskansliet (n.d.). Green Cargo AB. https://www.government.se/government-
agencies/green-cargo-ab-green-cargo/ [2022-02-21]

Returpappercentralen Uppsala (n.d.). Avfall & Atervinning i Uppsala |
Returpappercentralen for Foretag & Hushdll. https://returpappercentralen.se/
[2022-05-18]

Rosenlund, J., Nyblom, A., Matschke Ekholm, H. & Sérme, L. (2020). The emergence of
food waste as an issue in Swedish retail. British Food Journal, 122 (11), 3283—
3296. https://doi.org/10.1108/BFJ-03-2020-0181

Scholz, K., Eriksson, M. & Strid, 1. (2015). Carbon footprint of supermarket food waste.
Resources, Conservation and Recycling, 94, 56—65.
https://doi.org/10.1016/j.resconrec.2014.11.016

SJ (2020). Annual and Sustainability Report 2019.
https://www.sj.se/content/dam/externt/dokument/finansiell-
info/2019%20SJ%20Annual%20and%20Sustainability%20Report.pdf

Slorach, P.C., Jeswani, H.K., Cuéllar-Franca, R. & Azapagic, A. (2019). Energy demand
and carbon footprint of treating household food waste compared to its

52



prevention. Energy Procedia, 161, 17-23.
https://doi.org/10.1016/j.egypro.2019.02.053

Swedish Energy Agency (2010). Energianvindning i handelslokaler.
https://energimyndigheten.a-w2m.se/Home.mvc?resourceld=104215 [2022-03-
03]

Swedish Energy Agency (2015). District heating. Swedish Energy Agency.
https://www.energimyndigheten.se/en/sustainability/households/heating-your-
home/district-heating/ [2022-03-09]

Swedish Energy Agency (2021). Energy in Sweden 2021. An overview.
https://energimyndigheten.a-w2m.se/Home.mvc?Resourceld=198022 [2022-02-
11]

Swedish Land Survey (2020). GSD-General Map Vector format, .
https://www.lantmateriet.se/sv/Kartor-och-geografisk-
information/geodataprodukter/produktlista/oversiktskartan/ [2022-04-20]

Swedish Land Survey (2021). GSD-Topographic Map Vector format, .
https://www.lantmateriet.se/sv/Kartor-och-geografisk-
information/geodataprodukter/produktlista/terrangkartan/#steg=1 [2022-04-20]

Teigiserova, D.A., Hamelin, L. & Thomsen, M. (2020). Towards transparent valorization
of food surplus, waste and loss: Clarifying definitions, food waste hierarchy, and
role in the circular economy. Science of The Total Environment, 706, 136033.
https://doi.org/10.1016/].scitotenv.2019.136033

The Guardian (2021). People wasting almost 1bn tonnes of food a year, UN report
reveals. https://www.theguardian.com/environment/202 1/mar/04/people-wasting-
almost-billion-tonnes-food-year-un-report [2022-01-26]

Tibben-Lembke, R. & Rogers, D.S. (2001). An examination of reverse logistics
practices. Journal of Business Logistics, 22 (2). https://doi.org/10.1002/j.2158-
1592.2001.tb00007.x

UNEP (2021). Food Waste Index Report 2021. Nairobi.

Ungerth, L. (2021). Brodbusar del Il — vad héinde sen? En uppfoljande rapport om
brodsvinn, maj 2021. https://louiseungerth.se/wp-
content/uploads/2021/06/Bro%CC%88dbusar_del II Ungerth WEBB.pdf

United Nations (2015). Goal 12. Ensure sustainable consumption and production
patterns. United Nations. Department of Economic and Social Affairs
Sustainable Development. https://sdgs.un.org/goals/goall12 [2022-01-25]

Uppsala Kommun (2018). NYKO 2017 - niva 3 Feature Layer, .
https://opendata.uppsala.se/datasets/e81f0b906c1741fa84c0e9¢c77164d34b/explor
e?location=59.956941%2C17.774950%2C10.04 [2022-04-28]

Uppsala Stadsmission (n.d.). Matcentralen. Uppsala Stadsmission.
https://uppsalastadsmission.se/verksamheter/matcentralen/ [2022-03-08]

Uppsala Vatten (n.d.). Biogasanldggning. Uppsala Vatten.
https://www.uppsalavatten.se/om-oss/vara-anlaggningar/biogasanlaggning/
[2022-05-18]

U.S. Environmental Protection Agency (2016). Documentation for Greenhouse Gas
Emission and Energy Factors Used in the Waste Reduction Model (WARM).

53



Valsasina, L. (n.d.). Market for transport, freight, lorry >32 metric ton, EUROS5, RER;
Allocation, cut-off by classification; Ecoinvent database version 3.8. [2022-05-
18]

Vandermeersch, T., Alvarenga, R.A.F., Ragaert, P. & Dewulf, J. (2014). Environmental
sustainability assessment of food waste valorization options. Resources,
Conservation and Recycling, 87, 57-64.
https://doi.org/10.1016/j.resconrec.2014.03.008

Vargas, M.C.A. & Simsek, S. (2021). Clean Label in Bread. Foods, 10 (9), 2054.
https://doi.org/10.3390/foods 10092054

Wakeland, W., Cholette, S. & Venkat, K. (2012). Food transportation issues and reducing
carbon footprint. In: Boye, J.I. & Arcand, Y. (eds.) Green Technologies in Food
Production and Processing. Boston, MA: Springer US, 211-236.
https://doi.org/10.1007/978-1-4614-1587-9 9

Williams, H. & Wikstrom, F. (2011). Environmental impact of packaging and food losses
in a life cycle perspective: a comparative analysis of five food items. Journal of
Cleaner Production, 19 (1), 43—48. https://doi.org/10.1016/j.jclepro.2010.08.008

Wunder, S., van Herpen, E., Bygrave, K., Bos-Brouwers, H., Colin, F., Ostergren, K.,
Vittuari, M., Pinchen, H. & Kemper, M. (2020). REFRESH Final Results
Brochure. https://eu-refresh.org/refresh-final-results-brochure.html

WWF-WRAP (2020). Halving Food Loss and Waste in the EU by 2030: the major steps
needed to accelerate progress. Berlin: WWF Deutschland.
https://wrap.org.uk/resources/report/halving-food-loss-and-waste-eu-2030-major-
steps-needed-accelerate-progress [2022-01-21]

Xylia, M. & Olsson, O. (2021). Sweden’s electric heavy-duty transport pledges: the
good, the better, the best and why we shouldn’t let it rest. Stockholm
Environment Institute. https://www.sei.org/featured/swedens-electric-heavy-
duty-transport-pledges/ [2022-05-19]

54



Internal material

All footnotes refer to unpublished sources based on personal communication. All
company information and their names are anonymized, please get in touch with the
author for further clarification.

Bakery A (2021). Personal Communication [2021-11-25].

Bakery A (2022). Personal Communication (Follow-up) [2022-03-04].
Bakery B (2021). Personal Communication [2021-11-04].

Bakery B (2022). Personal Communication (Follow-up) [2022-03-23].
Bakery C (2022). Personal Communication [2022-01-28].

Bakery D (2021). Personal Communication [2021-11-16].

Bread industry stakeholder A (2021). Personal Communication [2021-10-22].
Logistics company (2022). Personal Communication [2022-01-21].
Niina Sundin (2022). Personal Communication [2022-03-07]

Pedro Brancoli (2022). Personal Communication [2022-03-21].

Retailer A (2021). Personal Communication [30-11-2021].

Retailer A (2022). Personal Communication (Follow-up) [2022-02-08].
Retailer B (2022). Personal Communication [2022-01-19].

Retailer C (2021). Personal Communication [2021-11-29].

Retailer C (2022). Personal Communication (Follow-up) [2022-03-01].
Retailer D (2022a). Personal Communication [2022-01-18].

Retailer D (2022b). Personal Communication (Follow-up) [2022-03-02].
Retailer E (2021). Personal Communication [2021-11-17].

Store manager (2022). Personal Communication [2022-03-01].

55



Popular science summary

Food waste reduction is a critical element of sustainable development, as the wastage
of food infers environmental and economic implications and creates ethical
controversies. Reducing food waste-related emissions is vital, and more efficient
resource use and improved food security are crucial considering the growing world
population. Among various drivers for food wastage, certain business practices can
cause food wastage; one example of this is the bread take-back agreement (TBA) in
Sweden. The TBA allows the retailer to give back unsold bread and pay only for the
amount sold, externalizing the risk and cost of the generated food waste. Previous
research suggests that bread waste levels could go down if retailers had to take
responsibility for unsold products. The TBA dictates the complex transport logistics of
bread operated by Swedish bakeries, and affects waste treatment, offering a clean flow
of bread, usable for various re-valorization methods.

A holistic evaluation of the potential benefits and limitations of the TBA system is
necessary, particularly regarding its implications on transport. This study quantified the
climate impact of alternative bread supply chain scenarios, to identify climate impact
hotspots and opportunities to achieve a more sustainable bread supply chain in Sweden.
The method used in this study was Life cycle assessment (LCA), one of the most used
tools to assess environmental impacts. By assessing all inputs and outputs along the
entire life cycle of a product system, LCA provides a holistic overview of impacts and
helps to avoid burden shifting to other stages. This LCA used Global Warming
Potential as a single impact category, a functional unit of 1kg of bread, and factory gate
to grave as a system boundary. A shift from the conventional TBA system to a non-
TBA system increased the climate impact by 5% in the case of Uppsala. In other
Swedish cities, a non-TBA system outperforms the TBA system with 28% lower
emissions, due to the disadvantageous transport back to the bakery and the poor re-
valorization in the TBA scenarios. As long-distance transport and bread waste
treatment were identified as climate impact hotspots, this study emphasizes the need to
decarbonize the Swedish transport sector and use high-value bread waste treatment,
such as ethanol production. The focus should not necessarily be to remove the TBA in
its entirety, instead, the solution could be a collaborative approach that prevents bread
wastage in the first place, perhaps by legislative pressure, and at the same time makes
use of the clean waste stream generated by the TBA.
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Appendix 1

Appendix 1 provides background information about the models, calculations, how
emission factors were derived, and how assumptions were made.

Appendix 1.1

Vehicle type selection

For long-distance delivery a large articulated truck (HGV, Articulated >33t) was
chosen based on the interview with one bakery; this could differ for other bakeries
with smaller market shares, but was still deemed representable and any other
assumption too uncertain. The selection of vehicles for the delivery to retail, the
following data on bread deliveries was used, provided in an interview>>.

Store Bread loaves delivered/week
Medium store” 700

Large store” 2000

Large store” 7000
Estimations Quantities

Daily delivery/store in loaves 100-1000

Average delivery/day/store in loaves 500

Average delivery/day/store in kg 250

Average truck load, delivery route type A 1000

Average truck load, delivery route type B 1750

*Anonymized

One bakery explained that they use truck with a load capacity of 1t and total vehicle
weight of 2,5t, thus a van was chosen here (Van, average, up to 3,5t). However,
they state that the vehicle size must be compensated by taking more than one drive
to deliver all bread; based on this, for the other bakeries, a larger truck (HGV Rigid,
>3,5-7,5 tons) was chosen, as they cooperate and must thus transport approximately
the same amount of bread. For Sco-10g, a larger vehicle (HGV, Rigid, (>7,5-17 tons)
was chosen due to co-logistics operated.

33 Bakery A, pers. comm. 2022-03-04.

58



To determine the appropriate vehicle for the waste transport, the following
estimations were made based on the data above provided data:

250 kg of bread/day/store (average), return rate 7,7%

Estimated number of stores in Uppsala region: 72

Estimated total returns at regional hub/day in kg: 1386 (One bakery)
Estimated total returns at regional hub/week in kg: 9702

50% for waste rate of 3,5% (Scoop): 4851

Bread is picked up weekly or bi-weekly by the ethanol producer. According to
Ecoinvent, ‘the average freight load factor of a 16-32 metric ton lorry is 5.79 tonnes,
with a gross vehicle weight (GVW) of 15.79 tonnes’ (Valsasina n.d.). Based on this,
the vehicle was chosen (HGV, Rigid >17t), assuming that it can go over the
average load and pick up 95% of the 9702 kg of bread waste per week. For Seco-og
the same vehicle is used, but with a higher load factor. Charity organizations are
assumed to use a small van (Van, Class I, up to 1.305 tons), as only 5% of returned
bread volume is directed to this treatment option, which is da daily return of 69,3
kg (of one bakery). This vehicle is also used in Sco-10g, as the charity organization
likely does not have a range of vehicles to choose from and might just go twice of
with low utilization if necessary. For the same reason, this vehicle is also used in
Suon-B4. Bread waste from the retailers directed to biogas production was assumed
to be picked up in a common municipal waste collection lorry.

Rail freight

The ecoinvent database provides an emission factor for rail freight in Europe, but
refers to a train operating with diesel, electricity, or coal. However, nearly all
passenger trains are electric powered in Sweden (SJ 2020), and according to Green
Cargo, the largest actor in rail freight in Sweden, with 60% of market share
(Regeringskansliet n.d.) more than 96% of rail shipments were operated with
electric locomotives (Green Cargo AB 2021). It was decided to calculate an
emission factor for rail freight in Sweden, using the electricity usage per ton.km
provided by Green Cargo.

Rail freight emissions, Green Carbo AB

Input factor Quantity Unit Source

kWh usage electric rail traffic/ton.km 0,0360 tlgrllg; Green Cargo 2021

market for electricity, medium voltage, kg COze/ . 34

SE 0,0442 KWh Ecoinvent

GWP100/ton.km electric rail traffic 0,0016 kﬁ)gglf/ Own calculation
34 Treyer n.d.b.
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Rail freight emissions, general

Input factor Value Unit Source

market for transport, freight train, ke COme/

Europe without Switzerland (operates 0,0458 5) N kl; Ecoinvent®?

with diesel, electricity, or hard coal) '

Calculation: Rail freight emissions, Swedish average

Fraction of market Value Unit Source

70% of rail freight electricity powered 0,0016 kg CO,e | Assumption based
o oo . on

30% of rail fre1ght. powered according 0.0458 kg COse | Regeringskansliet

to the European mix nd

Emission factor for rail freight, 0,0149 kg COse | Own calculation

Sweden

Appendix 1.2
Vehicle load

The load was modelled in a simplified way by assuming a total of 100kg of bread
delivered to ten stores, with a return rate of 7,7% and 0%. The load volume was
averaged out, and based on this it was determined most realistic to calculate with a
load of 50% for the delivery to retail transport, and where not possible due to
emission factor availability, with an average load factor.

Route STBA | Shnon-18A
From To ~ weight of bread (kg)
Redistribution center 1 70,00 70
1 2 60,08 60
2 3 50,16 50
3 4 40,24 40
4 5 30,31 30
5 6 20,39 20
6 7 10,47 10
7 Redistribution center 0,55 0
~35 ~35
Appendix 1.3
Delivery to retail route type A
Shop name Address Station
Hemkop Kansliskrivargatan 1, 752 37 Uppsala | 1
ICA Néra Hornan Kabo Artillerigatan 16, 752 37 Uppsala 2
Coop Konsum Luthagen | Ringgatan 31, 752 17 Uppsala 3
Willys Kungsgatan Kungsgatan 95, 753 18 Uppsala 4

35 Ecoinvent system generated n.d.c
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Delivery to retail route type B (as illustrated in Figure 5)

Shop name Address Station
City Gross Boldnderna Stangjarnsgatan 10, 753 23 Uppsala 1
Willys Kungsgatan Kungsgatan 95, 753 18 Uppsala 2
Coop Konsum Luthagen | Ringgatan 31, 752 17 Uppsala 3
ICA Folkes Livs Rackarbergsgatan 8, 752 32 Uppsala 4
ICA Néara Hornan Kabo Artillerigatan 16, 752 37 Uppsala 5
Lidl Gottsunda Valthornsvégen 1a, 756 50 Uppsala 6
Hemkodp Rosendal Kansliskrivargatan 1, 752 37 Uppsala | 7

Full round trip type A: 24,9 km
Full round trip type B: 26,2 km

Average distances from retailers to treatment options in km
The calculations are based on the average distances calculated for delivery route B,
as those are based on a larger sample of supermarkets and serve as a good reference.

Station Biogas plant Donation central Recyling center
(Uppsala Vatten) | (Stadmission Uppsala) | (Returpappercentralen)
1 2,6 2,0 1,6
2 1,6 0,6 1,1
3 5,0 3.9 4,6
4 4,8 3,6 4,9
5 52 4,5 54
6 6,9 6,2 7,1
7 3.9 3,2 4,1
~4.3 ~3.4 =4l
Appendix 1.4
Energy consumption at redistribution center and retail store
Final energy use in food Applied to Swedish retailer
retail (Swedish Energy (Company confidential
Category Agency 2010) 2021b)
kWh/m2/ kWh/m2/ kWh/m2/
year Fraction year hour
Total energy use 399,2 100% 348,0 0,040
Total electricity use | 321,4 81% 280,2 0,032
Refrigeration 144,5 36% 125,3 0,014
Heating 77,8 19% 66,1 0,008
Electricity use, ambient storage, Swedish retailer” 154,9 0,018

* = Total electricity use — refrigeration
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Cross-check: According to DEFRA (2008), more than 70% of energy is used for
electricity, of which 30-60% is used for refrigeration. These values are in line with
the percentages of the Swedish Energy Agency that were applied to the retailer. The
energy use was calculated as following:

KWh/FU = (yearly energy consumption (kWh) + 365 + 24)
X storage area (m2) X turnover time (h)

Appendix 1.5

Packaging waste treatment, emission factors
For the treatment of plastic packaging, a plastic bag made from polyethylene, both
the incineration as well as the recycling of material must be considered.

Determination of plastic recycling emission factor

On a very basic level, plastic film production can be divided into the production of
plastic granulates, also called resin, and their processing into plastic film. This is
relevant to distinguish because the recycling of plastic packaging prevents the
production of virgin polyethylene, but not the processing into film. While the
prevention of virgin material production prevents emissions, the processing still
causes emissions (U.S. Environmental Protection Agency 2016).

Activity Quantity Unit Source/Emission factor
Raw material market for polyethylene, low
. + .
production ) 2,4766 kg COe /kg density, granulate, GLO>®
. market for extrusion, plastic
Processing () 0,5404 kg COze /kg film, GLO®
Plastic film =1 (|} 9369 kg COsc /kg | Own calculation
production
AV(.)ld.ed ) -1,3958 kg COze/kg | Own calculation
emissions

Cross-check:
Plastic film
production

market for packaging film, low

+) |3,0170 kg COze /kg density polyethylene, GLO3®

Determination of plastic incineration emission factor

Plastic incineration requires energy to burn the material, but the process itself also
provides electric and thermal energy as plastic is an energy intensive material.
Therefore, both the emissions from the incineration and the avoided emissions from
the produced energy must be considered.

36 (Bourgault n.d.b)
37 (Ecoinvent system generated n.d.a)
38 (Bourgault n.d.a)
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Activity Value / Unit Source/Emission
factor
Incineration of waste polyethylene 3,025 | kg CO,e /kg | treatment of waste
Net electric energy production 5,500 Ml/kg polyethylene,
municipal incineration,
Net thermal energy production 10,690 MlJ/kg Row?’
Net electric energy production 1,542 kWh/kg Own calculation
Net thermal energy production 2,969 kWh/kg Own calculation
Emission factor, electricity prod 0,044 kg COue market for electricity,
’ ¥ proc. ’ /kWh medium voltage, SE*
heat and power co-
Emission factor, heat prod. 0,003 kg COe generation, wood
/kWh .41
chips
Avoided emissions, electric energy kg COze .
production -0,068 KWh Own calculation
Avoided emissions, thermal energy kg COqe .
production -0,008 KWh Own calculation
Avoided emissions, sum kg COsze .
-0,076 KWh Own calculation
Incineration of waste .
polyehtylene, per kg disposed 2,949 | kg CO2e/kg | Own calculation

Determination of final plastic packaging treatment emission factors
68% of packaging in Sweden recycled, but the recycling rate for plastic is lower
than for glass or paper (Avfall Sverige 2021). Packaging that is not recycled is

incinerated for energy recovery (ibid.) It can be assumed that a higher recycling rate
is achievable on a company level than on household level, as companies can operate

with economies of scale and more automated, regulated processes; the recycling
rate for industry was 90% and for households 60%. The emission factors were

calculated as shown below.

Treatment Quantity | Unit Source
Recychng of polyehtylene, per -1,3958 kg CO,e | Own calculation, see above
kg disposed
Incmeratlon of polyehtylene, per 2,9486 kg CO,e | Own calculation, see above
kg disposed

. Own estimation based on

0

Recycling rate household level 0,6 Z Avfall Sverige 2021
Recycling rate industry level 0,9 % Own estimation
Plastic treatment, household 0,3419 kg COze | Own calculation
Plastic treatment, industry -0,9614 | kg CO,e | Own calculation

39 Doka n.d.
40 Treyer n.d.b.
41 Treyer n.d.a.

63




Appendix 2

Appendix 2 provides the detailed life cycle assessment calculations for Sts4 and
Snon-tB4. For detailed calculations for the other scenarios, please get in touch with
the author.

All distances measured in Google maps based on the shortest street route. Routes
were determined based on assumptions, company reports, and information
provided in an interview with one bakery. Vehicles were selected based on company
reports, an interview with one bakery, and assumptions. The waste management
stage is based on a total weight of 1,02 kg, including bread (1 kg) and packaging
(0,02 kg).

For detailed explanations for vehicle selection see Appendix 1.1, for load
estimation see 1.2, for delivery to retail route see 1.3, for energy consumption for
storage see 1.4, for packaging emission details see 1.4.
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Long-distance delivery (STBA & Snon-TBA)

Fraction of B xm o sum kg |average kg
From To bread taking this U_m“-__—nm Vehicle Load Fuel Comment on backhaul ke C n”nw e Source for emission factor nimmnm-—qm CO2e/ CO2ef
way (%)* (=) tonkm mannﬂﬂ“ﬂh_.—mq route supplier
Bakery Redistribution HGV. average |[diesel Backhaul not considered as we don't UK Government GHG Conversion Factors for
center 118 Articulated know if they go back empty 0.080 Company Reporting (2021), Freighting goods 3.0E-03 3.0E-03
>33t
Bakery Redistribution HGV. average |diesel Backhzul not considered as we don't UK Government GHG Conversion Factors for
center 335 Articulated know if they go back empty 0.080 Company Reporting (2021), Freighting goods 8 5E-03 8.5E-03
>33t
Bakery Umes train HGV. average |[diesel Backhaul not considered due to small UK Government GHG Conversion Factors for
station 31% 7.5 Articulated distance 0.080 Company Reporting (2021), Freighting goods 1 9E-04 4 8E-03
>33t
Umed train Uppsala train _ Freight train  |not electric/  |Assumed train doesn't go back empty ~ See Appendix 1.1
station station 34 specified [diesel LS BTG DL
Uppsala train |Redistribution HGV, average |[diesel Backhaul not considered due to small UK Government GHG Conversion Factors for
station center 3.6 Articulated distance 0,080 Company Reporting (2021), Freighting goods 9.1E-05
>33t
Bakery Alvsbyn station Lorry, not diesel Backhaul included in emission factor but market for transport, freight, lorry with
L4 freezing (16- |specified not significant due to small distance 0.461 refrigeration machine, freezing, GLO. LCIA 1 3E-04
; 3212321) : version, IPCC 2013 dimate change GWP100a, :
Ecoinvent 3 8
Alvsbyn Uppsala main Freight train, |not electric/  |Emission factor considers empty trips market for transport, freight, train with reefer,
station station freezing specified |[diesel/ indirectly over the lifetime of the vehicle, freezing. GLO. LCIA version. IPCC 2013
833 coal thus overlooked because it can be 0.055 climate change GWP100a, Ecoinvent 3.8 9 3E-03 9 8E-03
assumed the vehicle does not go back ’
empty.
Uppsala man |Redistribution Lorry, not diesel Backhaul included in emisson factor but market for transport, freight, lorrv with
station center freezing (16- |specified overlooked due to small distance refrigeration machine, freezing, GLO, LCIA
3.6 324/>321) 0.461  |version, IPCC 2013 dlimate change GWP100a, 3.4E-04
Ecoinvent 3.8
Bakery Ornskoldsvik Lorry, not diesel Backhaul included in emission factor but market for transport, freight, lorry with
station freezing (16- |specified overlooked in this single case. might infer refrigeration machine, freezing, GLO, LCIA
20% petz 32t/»321) amore conservative result, but this factor psal version, IPCC 2013 dimate change GWP100a, SIS 2GRS
was still the ideal option Ecoinvent 3.8
Omskoldsvik |Uppsala main Freight train, |not electric/ |Emission factor considers empty trips market for transport, freight, train with reefer,
station station freezing specified |[diesel/ indirectly over the lifetime of the vehicle, freezing, GLO, LCIA version, IPCC 2013
461 coal thus overlooked because it can be 0.055 climate change GWP100z2, Ecoinvent 3.8 5.2E-03 9.4E-03
assumed the vehicle does not go back
empty
Uppsala main |Redistribution Lorry. not diesel Backhaul included in emisson factor but market for transport, freight lorry with
station center freezing (16- |specified overlooked due to small distance refrigeration machine. freezing. GLO. LCIA
36 |3agm32n 0.461 | ersion IPCC 2013 dimate change GWP100a oA
Ecoinvent 3 8
Bakery Redistribution HGV. average |[diesel Backhaul not considered as other UK Government GHG Conversion Factors for
center 540 Articulated products are transported back 0.080 Company Reporting (2021), Freighting goods 2.2E-02 2.2E-02 2.4E-02
49% >33t
Bakery Redistribution HGV, average |[diesel Backhaul not considered as other UK Government GHG Conversion Factors for
center 678 Articulated products are transported back 0.080 Company Reporting (2021), Freighting goods 2.7E-02 2.7E-02
>33t
19FE.02
* Based on market share, rounded up fto 100% or: 60,0388
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Storage emissions

STBA

Fraction of bread Turnover time Turnover Storage mnmnmu.. H:mqw,q. kg CO2e/ .. §
Input taking thisway (%)* (days) time (h) |area (m2) consumption consumption KWh Source for emission factor kg CO2e
g thiswa o - (kWh/m?2/hour) (KWh)
Redistribution center
Electricity, frozen storage B Redistribution. market for eledtridty, mediuvm voltage, SE. IPCC dimate change GWP . _
20% max. 1 day 12 0,003 0,0320 0.,0012 0.044  |100a, Ecoinvent 3.8 5.1E-05
Electricity, ambient storage ) Redistribution. R market for elecridty, mediuvm voltage, SE, IPCC dimate change GWP
80% max. 1 day 12 0,012 0,0176 0,0025 0,044 100a, Ecoinvent 3.8 1.1E-04
Heating . Redistribution. B heat and power co-generation, wood chips, 6667 kW, state-of-the-art
100% max. 1 day 12 0.015 0.0077 DTS 0.003 13014, SE TPCC 2013 climate change, GWP 100a, Ecoinvent 3.8 S IEDD
1.7E-04
or: 0,0002
Retail gage
Electricity, ambient storage . - - market for eledtridty, mediuvm voltage, SE. IPCC dimate change GWP
100% 4 96 0,0150 0.0176 0,0253 0,044 100a, Ecoinvent 3.8 1.1E-03
Heating o - heat and power c-generation, wood chips, 6667 kW, state-of-the-art 2 _
100% 4 96 0.0150 0.0077 EORBI 0003 15014, SE. IPCC 2013 climate change, GWP 100a, Ecoinvent 3.8 ZLIE=03
1,1E-03
00011
Snon-TBA
Fraction of bread | Turnover ti Turnover | St Energy Eneray )0 coze
Input ¢ Wn.n_n ”_M_-.- ° _,M”\ )* _._qnﬁ.” mnu_Em W—,__amhﬂ .“:,M_ mwv consumption consumption wrﬁ..w”m Source for emission factor kg CO2e
aAKIn 1sway aAys, me area (mz-
2 e . (kWh/m2/hour) in (KWh)
Redistribution center
Eleciricity, frozen storage ) Redistribution., market for eledtridty, medium voltage, SE, IPCC dimate change GWP B ~
20% max. 1 day 12 0.0030 0.0320 0.0012 0.044 1004, Ecoinvent 3.8 5.1E-05
Electricity, ambient storage i Redistribution, B market for eledridty, medivm voltage, SE. IPCC dimate change GWP
80% max. 1 day 12 0,0120 0.0176 0,0025 0.044 11004, Ecoinvent 3.8 1.1E-04
Heating R Redistribution, ~ heat and power co-generation. wood chips, 6667 kW, state-of-the-art
100% max. 1 day 12 0.0150 0.0077 OO 0003 1y014, SE, IPCC 2013 climate change, GWP 100z, Ecoinvent 3.8 S 7IEDY
1.7E-04
.- 00002
Retail tage
Electricity, frozen storage ; ~ market for eledridty, medium voltage, SE, IPCC dimate change GWP
10% 4 96 0.0015 0.0320 0.0046 0.044 100a, Ecoinvent 3 8 2.0E-04
Electricity, ambient storage . - . market for elearidty, medium voltage, SE. IPCC dimate change GWP
10% 3 120 0,0015 0,0176 0.0032 0,044 100a, Ecoinvent 3.3 1.4E-04
Electricity, ambient storage . . _ market for eledridty, medivm voltage, SE. IPCC dimate change GWP
90% 9 216 0.0135 0.0176 0.,0513 0.044 1002, Ecoinvent 3.8 2.3E-03
Heating 100% 9 216 0.0150 0.0077 0.0251 0.003 heat and power co-generation, wood chips, 6667 kW, state-ofthe-art 6.6E-05
e - B : K2 - 2014, SE, IPCC 2013 climate change, GWP 100z, Ecoinvent 3.8 LOE-
2.7E-03
* Based on market share (51, 52) and several own estimartions (52) - 00027
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Delivery to retail (STBA & Snon-TBA)

Fraction of bread kg CO2ef
Route taling this way (%e)* Distance (km) Vehicle Load Fuel Man._ﬁ_ Source for emission factor kg CO2e
Full d trip type A Van, av y rersi ,
ull roun p type 19% 240 an, av Q\.mmm average diesel 0.603 UK Oo.a ernment OH.HO. nom: erson Factors for Company 7 SE-03
(up to 3.51) Reporting (2021), Freighting goods
Full round trip type B HGV Rigid UK Government GHG Conversion Factors for Company
51% 26.2 (»3.5-7.5 50% diesel 0.451 Reporting (2021). Freighting goods 6.1E-03
tonnes)
AE-02
* Based on market share, roundad 1p to 100% or: 0.0136
No backhani modeled because the delivery fimctions in a circular mode.
Waste transport
STBA
kg CO2e/
fracti f va sted
Distance Lo Comment on kg CO2Ze/ L. raction m_ wa . waste kg CO2e/
From To Vehicle Load Fuel Source for emission factor bread taking | fraction i
(km) backhaul ton.km . . treatment bakery
thisway in kg .
option
RC 1 Uppsala |Donation 2 Van, Class I (up to |average |diesel a ~ UK. Government GHG Conversion Factors for o 2 ~
central 22 1.305 tonnes) CER Company Reporting (2021), Freighting goods “re 150 ST 5503
RC 1 Uppsala |Lantminnen . HGV, Rigid »17t |average |diesel b UK Government GHG Conversion Factors for o 7 _ 5
Agroetanol 249 Coial Company Reporting (2021), Freighting goods iz IHEER 111205
RC 2 Uppsala |Donation - Van. ClassI(up to |average |diesel a ~ UK Government GHG Conversion Factors for
5.6 c 0.815 ) . - 3% 2,0E-03 9.1E-06
central 1.305 tonnes) Company Reporting (2021), Freighting goods (568
RC2 Uppsala |Lantminnen 29 HGV, Rigid >17t |average |diesel b 081 UK Government GHG Conversion Factors for e G S5 :
Agroetanol = : Company Reporting (2021), Freighting goods i SR =
31F-03
or 0,0031
Snon-TBA
fraction of wasted
Dist C t kg CO2e/
From To isance Vehicle Load Fuel omment on 2 © Source for emission factor bread taking | fraction kg CO2e
(km) backhaul ton.km . .
thisway in kg
Retailer Donation an Van, Class I (up to . diesel a RES UK Government GHG Conversion Factors for o AATEAD LB
central : 1.305 tonnes) average 1e SR Company Reporting (2021). Freighting goods ° s T
Retailer Biogasanligg Municipal waste c m ark et for municipal waste collection service by
ning Uppsala 43 collection lorry Eﬂ. 4 diesel 1.280 21 metric ton lory, GLO, Verson LCIA, IPCC 20% 5.1E-03 2_8E-05
speciie 2013 climate change GWP100a, Ecoinvent 3.8
LAE04
or 0.0001

a oS8

RC = Redistribution center

Backhaul included by doubiing disiance No value for empiy frip available, but according to DEFRA, the smailer the vehicie the less load capcacity affects overaii emissions

Backhaul excluded to be abia to asess threshold for single frip and because we assume company does nof go back

Awerage distance based on delfvery route A, no packaging separation, emission factor does not mention backhenl which was accepted as it drives a circle
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Waste management
STBA

Bread
Fraction of | Fraction of Emission
o Source for
Bread valorisation bread bread waste Comment factor per . facto kg CO2e
waste (%) (kg) kg bread omistions r
Ethanol production Most of the bread goes to ethanol Brancoli et al.
production as all bakeries state this 2020
959, 0,0732 as their main treatment option, and 0,557 -4,1E-02
because it is known that they get
paid for it.
Donation But local charity reports that bread Brancoli et al
0 ends up there, but likely this is 2020
5% 0,0039 only a small part as they don't get -0,370 -1,4E-03
paid for donations.
-4.2E-02
Packaging
Plastic Fl'ﬂctioP of Fractioln of Emission Somrce
. plastic plastic Comment factor per . kg CO2e
valorisation . emizsion factor
waste (%) | waste (kg) kg plastic
Ethanol production Packaging is separated from bread See Appendix
0,
95% 0,0015 before it us further valorized. 0,342 1.5 2,6E-05
Donation ‘When donated, packaging ends up See Appendix
59 0.00008 in households and consumer is 0,961 1.5 -1,4E-03
responsible for waste separation.
-1.4E-03
= -02
or:  -0,0433
Snon-TBA
Bread
Fraction of | Fraction of Emission
L Source for
Bread valorisation bread bread Comment factor per . kg CO2e
emissions factor
waste (%) | waste (kg) kg bread
Donation Assuming that supermarkets can Brancoli et al.
donate a larger fraction than 2020
suppliers as they are closer to local
80% 0,0200 charity and according to recent -0,370 -7,4E-03
reports and interviews don't direct
it to ethanol production.
Anaerobic Assuming that only a small part 44% is lost at
digestion cannot be prevented or donated pre-treatment
20% 0,0050 and must be discarded with food -0,020 and incinerated; | -5,6E-05
waste. Here plastic and bread is substitutes
considered together, as retail does diesel (Brancoli
- of - N
not separate it from the bread. -0,080 et al. 2020). -1.8E-04
-7.6E-03
Packaging
. Fraction of | Fraction of Emission
Plastic . . Source for
alorisati plastic plastic Comment factor per L. factor kg CO2e
valorisation waste (%) | waste (kg) kg plastic emissions factor
Donation ‘When donated, packaging ends up See Appendix
80% 0.0004 in households and consumer is 0,342 1.5 1.4E-04
responsible for waste separation.
Anaerobic No plastic has to be treated when it Brancoli et al.
digestion is directed to anaerobic digestion, 2020, 2017
as it is not separated by the retailer
-~ -~ and thus must be removed in pre- -~ -~
treatm ent. The plastic part is
considered above together with
bread.
1.4E-04
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‘Waste prevention

Prevention type

Fraction of
total FU

Fraction
total FU
(kg)

Comm ent

Emission

factor per

kg

Source for
emissions factor

kg CO2e

Bread waste
prevention

5.2%

0.0520

Based on atotal weight (bread) of
1 kg and areturn rate of 2,5%.

-0,660

Brancoli et al.
2020

-3.4E-02

Plastic waste
treatment

5.20%

0.0010

Based on a total weight
(packaging) of 0,02 kg. The
prevention of wastage bread does
not prevent the production of
packaging, as the reduction of
bread volume happens at retail
only, when packaging is already
manufactured. Packaging of
prevented bread waste is sold and
thus discarded at the household
stage, where separation isup to the
consumer.

0,342

See Appendix
1.5

3.6E-04
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Appendix 3

Appendix 3 provides an overview of all assessed scenarios.

Assessment of
additional
Swedish cities

Type of scenario | Abbreviation Description
Baseline S1B4 Scenario for current system with TBA
scenarios Snon-TBA Conceptual scenario without a TBA
Suon-te4 With alternative bread waste treatment
Parameter Shpig .
o (pig feed)
sensitivity tests , ) X X
Spack Snon-re4 With packaging separation by retailers
. Scoop StB4 With increased cooperation
Scenario - .
) Sco-log S784 With co-logistics
alterations )
Swmax.collab Combines Scoop and Sco-tog
STBA, Givie S7r4 applied to the city of Givle

Shon-TBA, Giivie

Suon-t84 applied to the city of Gévle

S'TBA, Giteborg

S7e4 applied to the city of Goteborg

S non-TBA, Giteborg

Suon-184 applied to the city of Goteborg

S TBA, Jonkoping

Sts4 applied to the city of Jonkdping

Sron-TBA, Jonkiping

Suon-T84 applied to the city of Jonkoping

S TBA, Helsingborg

S7e4 applied to the city of Helsingborg

Smm-TBA,H Isingborg

Snon-re4 applied to the city of Helsingborg

S TBA, Orebro

St4applied to the city of Orebro

Shon- TBA, Orebro

Syon-184 applied to the city of Orebro

Parameter
sensitivity tests,
additional cities

STBA+E, Givle

Ste4 applied to the city of Gavle with alternative
bread waste management (ethanol)

S TBA+E, Goteborg

Sts4 applied to the city of Goteborg with
alternative bread waste management (ethanol)
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