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Abstract 
The food production system has been acknowledged as a problem that needs to be addressed in 

order to achieve a sustainable society. Hertwich and Peters (2009), estimate that 10-30% of an 

individual’s environmental impact is related to the industrial production and consumption of food. 

The problem is aggravated by the wastage of one third of the global food production. The 

consequences of the wastage of food are the loss of resources, such as energy, water, land and labour 

and unnecessary emissions of pollutants. 

In order to address this problem several actions have been proposed. The Sustainable Development 

Goal 12.3, which Sweden has committed to fulfil, aims to reduce by half the amount of food waste 

along the production and supply chain by 2030.  

Retail is an important player in the food supply chain. Its influence spreads both upstream to 

suppliers and downstream to consumers. Therefore, this research aims to contribute to reduction of 

the environmental impacts related to food waste in retail, by identifying products with high 

environmental impacts. The main goals of this study are 1) the quantification of food waste produced 

by the supermarket and 2) to examine the environmental impacts of selected products in order to 

assess the impacts generated by the waste production at the supermarket. 

The findings of the research revealed 1) the importance of not only measuring the food waste in 

terms of mass, but also in terms of environmental indicators and costs. The results indicate bread as 

an important contributor for the environmental footprint of the supermarket and a potential product 

for interventions 2) Sorting the organic content of the products from its packaging before sending it 

to the current waste treatment leads to a reduction in the carbon footprint.  

The research identified the following recommendations: 1) increasing supermarket personnel and 

consumers’ awareness regarding the environmental impact of food waste, 2) finding alternative 

routes for waste treatment and 3) improving logistic operations.   
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1. INTRODUCTION  

The advance in the technologies related to food production has been required to increase the yields 

to feed the world´s growing population that has reached 7 billion inhabitants in 2011. According to 

Hertwich and Peters (2009), 10-30% of an individual’s environmental impact is related to the 

industrial production and consumption of food. The food problem, as described by Garnett (2013) is  

“how much and what kind of food is produced, how and by whom; how it is moved, processed, packaged 

and sold and with what impacts; who gets what and how much to eat, and at the expense of whom” . 

The effects of food production is connected to environmental challenges that the world faces today 

such as climate change, terrestrial and aquatic acidification, depletion of the ozone layer in the 

stratosphere, depletion of natural resources, loss of biodiversity and other environmental issues. 

Furthermore, the food demand is projected to increase by 70% till 2050 (FAO 2009) and 

consequently, also the environmental pressure on the planet.  

 
Figure 1 - Food wastage volumes, at world level by phase of the food supply chain. Adapted from FAO (2013) 
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In 2012 Sweden produced 1.2 million tons of food waste, excluding primary production, such as 

fishing and agriculture (Figure 2).  This is equivalent of 127 kg per person per year (SEPA 2013). The 

retail sector was responsible for 70 000 tons of food waste and 91% of the waste produced was 

categorized as unnecessary waste1 

The consequences of the wastage of food are the loss of resources, such as energy, water, land and 

labour, and unnecessary emissions of pollutants. A study by Vermeulen et al. (2012) estimates that 

19%-29% of anthropogenic greenhouse gases emissions derive from food systems, with the emission 

of 9800-16900 million tons of CO2 equivalent in 2008, mainly due to the use of fossil fuels in the 

supply chain for planting, harvesting and transportation. Furthermore, the use of landfills as final 

disposal for food waste is a reality, especially in developing countries. The anaerobic digestion of the 

organic waste releases methane (CH4), with has a global warming potential 25 times higher than CO2 

(FAO 2013). According to FAO (2013), the emissions related to food waste is 3.3 Gtonnes of CO2eq, 

which it is smaller only than the emission from the United States of America and China.  

 
Figure 2 - Food waste quantities in Sweden 2012. Adapted from SEPA (2013).  

According to FAO (2013), 70% of human freshwater consumption is used in agriculture. The 

production of food that will be eventually lost in the supply chain consumes 250 km3 of freshwater 

and requires an area of 1.4 billion hectares of arable land, which corresponds to the area of China and 

India combined. The extensive use of land is connected to issues such as soil nutrient depletion, 

erosion and loss of biodiversity due to deforestation. Agriculture is responsible for 70-80% of the 

                                                             
1 Unnecessary food waste: “food that could have been eaten provided that it has been handled correctly and eaten by its 
use-by date. Examples of unnecessary food waste are bread, food left-overs, fruit and vegetables. Unnecessary food waste 
is sometimes referred to as food wastage” (SEPA 2013).  
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global annual deforestation area, corresponding to 9.7 million hectares (Gibbs et al. 2010, FAO 2013), 

leading to animal and plants extinction. 

Therefore, reduction in food waste is imperative in the efforts for food security and the combat of 

hunger, by improving the efficiency in the food chain and decreasing costs. It is also an action to save 

money and is less controversial than alternatives such as reduction on the consumption of some 

products such as meat and dairy (Beretta et al. 2013, Gruber et al. 2015, Eriksson 2015). 

Governmental agencies, policy makers, NGO´s, major food supply sectors and the public have 

recognize the importance in dealing with food waste. The Sustainable Development Goal 12.3, which 

Sweden has committed to fulfil and it is part of the European Union Action Plan for the Circular 

Economy, states that “By 2030, 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” (United Nations 

2016).. The Swedish long-term strategy for reducing food waste states the need for frequent food 

waste surveys at different levels in the food chain in order to allow the monitoring of future 

developments, and the improvement of communication tools with the purpose of increasing 

consumers and stakeholders awareness regarding the issue and engage behaviour change and waste 

reduction (Livsmedelsverket 2015). 

Although retail shops have considerably lower amounts of waste compared to other sectors, such as 

households and agriculture, retailers have a huge influence on the supply chain. The European 

Commission (2015) has reported changes in the power in the food supply chain “with bargaining 

power more concentrated in the retail sector than before, with primary producers taking on a 

subordinate economic role.” The retail influence also take place downstream in the supply chain to the 

consumers.  It can be exemplified with losses in primary production due to consumers´ and retailers´ 

strict quality standards that define product classes. Occasionally, for certain products a lower quality 

class means such a low profit that it is not financially interesting for the product to be harvest, even 

though it could be sold in the stores. This can be illustrated in Sweden by lettuce (isbergssallat), 

which 15% are not harvested in the field (Livsmedelsverket 2015).  Furthermore, retailers are 

located in the end of the supply chain, thus many resources and emissions have been invested in 

transportation, packaging and other processes before it reaches the retailer. Additionally, 

supermarkets concentrate large quantities of waste at a few physical locations, so these are 

potentially good targets for waste reduction measures (Eriksson 2015).   

Food waste production at retail has been quantified by several studies (Göbel et al. 2012, Beretta et 

al. 2013, Fehr et al. 2002, Stensgård & Hanssen 2014). As discussed in Eriksson (2015), different 

methods, units and boundaries have been used in each study, which makes comparisons difficult.  A 

large number of studies on the environmental impact of products have been performed, such as 
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Stoessel et al. (2012), Ogino et al. (2004), Berlin (2002) and Roy et al. (2009). The majority of the 

studies focus in the primary production phase. Few studies have considered the problem of food 

waste in retail from cradle to grave and for different environmental impact categories. Studies 

regarding retail´s food waste have concentrated in the quantification of the carbon footprint, such as 

Scholz et al. (2015) and Silva and Campos (2015). Scholz et al. (2015) have quantified food waste in 

six supermarkets in the Uppsala-Stockholm region of Sweden and its carbon footprint for the deli, 

meat, cheese, and fruits and vegetables departments, modelling the system from cradle up to delivery 

to the retailer. 

1.1. Definition of food waste 

Food waste occurs in all parts of the food chain and the definitions of food waste vary depending on 

several aspects such as the phase of the supply chain in which the waste was generated and whether 

the whole product was wasted or just a part of it.  There is still a lack of homogenous terminology to 

define food waste, since it comprises different groups of products such as food losses from 

agricultural production, processing of food, wholesale and retail trade, restaurants, caterers and 

private households. In general the definitions include the purpose of food intended to be consumed 

by humans.  

Schneider (2013) exemplifies several terms found in the literature such as food loss (Gustavsson et 

al. 2011), food waste (Williams & Kelly 2003) post-harvest loss (Hodges et al. 2011),  kitchen waste 

(European Commission 2004), and  food and drink waste (Griffin et al. 2009). The literature also 

made distinction between avoidable and unavoidable waste. The avoidable part includes the food 

that is “still fully fit for human consumption at the time of discarding or would have been edible if they 

had been eaten in time “ (Hafner et al. 2012).  The unavoidable refers mainly to non-edible parts such 

as bones and peels.   

The lack of an agreement regarding the definition of food waste creates some issues, as discussed by 

Schneider (2013) and Eriksson (2015). The legal definition by the European Commission in the 

Regulation (EC) No. 178/2002 (European Commission 2002) defines food as “any substance or 

product, whether processed, partially processed or unprocessed, intended to be, or reasonably expected 

to be ingested by humans ... and does not include ... (b) live animals unless they are prepared for placing 

on the market for human consumption; (c) plants prior to harvesting ...”. One problem within that 

definition is the exclusion of plants before harvest, thus it ignores the plants left in the field due to 

marketing issues. 
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The definition used in this study is the one proposed by Östergren et al. (2014) that states:  

“Food waste is 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).” 

1.2. Life Cycle Assessment 

The life-cycle assessment (LCA) methodology models the environmental impacts of a product or a 

technological process. The ISO 14040 (ISO 2006a), defines LCA as a “compilation and evaluation of 

the inputs, outputs and the potential environmental impacts of a product system throughout its life 

cycle”, meaning that natural resource use and pollutant emissions from the life cycle of the product, 

including extraction of raw materials, manufacture, distribution, sale, use, maintenance and final 

disposal are described in quantitative terms. It results in a more environmentally relevant 

information, such as climate change, land use and water depletion (Bauman & Tillman 2004). The 

LCA methodology is guided by a series of international standards, such as the ISO 14040, issued in 

1997 and the ISO 14044, from 2006. The standards define the principles, framework and guidelines 

for life cycle assessment.  

According to the ISO 14040 (ISO 2006a), an LCA should consist of four methodological stages: goal 

and scope definition, life cycle inventory analysis (LCI), life cycle impact assessment (LCIA) and 

interpretation of results and improvement assessment (Figure 3). 

 
Figure 3 - General methodological framework for LCA (ISO 2006a) 
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The goal and definition, according to ISO 14041, must state the reason, the intended application and 

audience for the study. The scope of the LCA should describe the system to be analysed in terms of 

the functional unit, a key element that provides a reference to which the resources used and 

pollutant emissions can be related to; the choice of impact categories and the impact assessment 

methodology; the system boundaries, that defines what process are included or not in the study; 

assumptions; the principles of allocation; and data requirements. 

In the inventory analysis, a system model is built according to the requirements of the goal and scope 

definition. It includes the construction of a flowchart with the process contained by the system; data 

collection regarding the processes inputs and outputs, and its quality requirements. 

The life cycle impact assessment (LCIA) aims to describe the inventory results in terms of 

environmental loads to allow a better understanding of the environmental significance of the system. 

It converts the resource use and pollutant emissions in terms of impact categories, such as climate 

change and acidification, by accounting the potential environmental impacts of each substance.  

The final stage in the LCA is the life cycle interpretation. It includes the identification of relevant 

issues, such as process that contribute significantly for an impact category; test the robustness of the 

results by checking inventory gaps, methodological choices and running a sensitive analysis; and 

drawing conclusions and recommendations for the actors involved in the study (Bauman & Tillman 

2004, Wolf et al. 2012). 

1.3. Research objective and research questions 

The objective of this research project is to contribute to reduction of the environmental impacts 

related to food waste by retailers, by identifying products with high environmental impacts in 

categories such as climate change, acidification, eutrophication and human health, and encouraging 

retails efforts with recommendations on how to deal effectively with this issue. The 

recommendations are based on (a) the quantification of the food waste produced at the supermarket 

and (b) the assessment of the effects of food waste using environmental and economic indicators. 

Therefore, the research questions that guide this research are: 

1. What is the amount of food waste produced by the supermarket? 

2. What are the current treatment routes for food waste and packaging? 

3. What are the environmental impacts caused by the selected products? 

4. What products provide better opportunities to reduce the environmental impacts caused by 

the supermarket?  
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In order to answer the research questions, first the methodology is explained in chapter 2, justifying 

the methods used, the selection of products, how data was handled and the assumptions made. 

Chapter 3 present the results from the life cycle analysis for the selected products. Chapter 4 discuss 

the results and presents options for better waste management by the supermarket.  
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2. CASE STUDY – ICA CITY CENTRE SUPERMARKET 
ICA City Centre, a supermarket located in the city of Borås, Sweden, provided the data of the wasted 

food products. The store is considered to represent a typical mid-size urban store, with a sales area 

of approximately 400 m2. ICA Gruppen has over 1300 stores, a market share of 36% and sales of 

72,624 million SEK in 2015.  ICA retailers are operated by independent retailers, which own and 

operate the store (ICA 2016).  

The life cycle assessment modelling was performed using LCA SimaPro software (PRé 

Sustainability). The research also assessed the gravimetric composition of solid waste from the 

supermarket in order to quantify the production of organic waste. This study does not make 

difference between avoidable and unavoidable food waste. It is considered that the waste produce is 

consumable at or before the time that it is thrown away, or that a larger amount of products was 

ordered and hence it was not sold and become waste. The economic analysis, which is not part of the 

LCA, is limited to the costs incurred by the supermarket. It was included in this study since it is 

expected that the economic cost will be an important motivator for change within the supermarket 

chain.  

2.1. Methodology  

2.1.1. Waste Quantification  

The data regarding the food waste generation by the supermarket was gathered from October 2015 

to September 2016. The supermarket had established a routine for monitoring food waste prior the 

study. Products that are considered unsellable due to defects or expired best before dates are 

scanned by a bar code reader and the data is saved in the store database. Products that are sold 

without a bar code, such as fruits and vegetables, are weighted and the mass of the waste is entered 

manually in the system. After the data collection, the food products were categorized.  The statistical 

data analysis was carried out using the program Excel.  

2.1.2. Life Cycle Assessment  

2.1.2.1. Goal and scope definition 

The goal and scope definition of an LCA describes the product system in terms of the system 

boundaries and defines the functional unit to which all inventory and emission will be referenced to. 

It also states the intended objectives of the study. 

This study is part of a greater program, which has the long-term goal to develop a method to identify 

which urban products generate waste that have the largest economic costs and environmental 

impacts and which part of the life cycle chain accounts for the largest impact, the so-called hotspots. 
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Social aspects, such as the need for availability of the product, will also be included. This information 

can be used for several goals, for instance, identifying which product leads to higher environmental 

benefits when its waste is reduced; supporting stakeholder decisions related to product 

improvement; informing consumers about the environmental performance of products; and 

marketing (Bauman & Tillman 2004). 

The short-term aim of this project is to examine and quantify the effects of food waste in a typical 

Swedish supermarket. The goal is to define hotspots and provide guidelines to prevent waste and 

improve waste policies in the supermarket.  

In order to model the environmental impact of food waste at the supermarket, a selection of products 

was made according to the following criteria: high level of disposal and high frequency of the 

generation. The selected products for this stage of the research were beef, pork and chicken meat 

products; bread; strawberries, bananas, tomato, lettuce, potato, carrot, cabbage and apple.   

2.1.2.2. System boundary and functional unit 

The life cycle from cradle to grave was modelled for all products. The city of Borås, Sweden was the 

geographical reference for the retail and waste management. For the agricultural production, with 

exemption of a few products, the geography boundary was global due to data availability.  

The functional unit chosen was one kilogram of food waste disposed by the supermarket. The reason 

of disposal varied, being the most common: expiration date, problem in refrigerator and products 

that did not reach the quality standards. The use of mass as a reference unit is justified by being 

largely used in LCAs for food products, which makes result comparison easier (Schau & Fet 2008). It 

is also a good reference to evaluate the impacts from both the supermarket and households origin. 

The qualitative choice for the functional unit as food waste, according to Gruber et al. (2015) and 

literature research, is unusual and not well explored. Typically, the scope is cradle to plate or cradle 

to sales point. The system boundary includes all relevant process, such as primary production, 

packaging, industrial processing, transportation, retail and waste treatment.  

The results were calculated both for the functional unit and for the total wasted mass produced in 

one year by the store. Relative contributions for the environmental impacts of the products´ wasted 

mass are shown in Equation 1. The calculation for the impacts was done using the follow equation:  

Equation 1 

𝑇𝑇𝑇𝑇𝑇 𝐼𝐼𝐼𝑇𝐼𝑇 𝐼𝑝𝑝 𝑦𝑝𝑇𝑝 =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑤𝑤𝑤𝑃𝑤 𝑚𝑤𝑤𝑤 �𝑘𝑘 𝑦𝑤𝑤𝑃� �∗𝐼𝑚𝐼𝑤𝑃𝑃 𝑃𝑤𝑃𝑤𝑘𝑃𝑃𝑦 �𝑖𝑚𝐼𝑤𝑃𝑃 𝑃𝑢𝑖𝑃

𝑘𝑘� �

𝑇𝑃𝑃𝑤𝑇 𝑖𝑚𝐼𝑤𝑃𝑃 �𝑖𝑚𝐼𝑤𝑃𝑃 𝑃𝑢𝑖𝑃
𝑦𝑤𝑤𝑃� �
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2.1.2.3. Life cycle inventory (LCI) 

The inventory analysis consists in the collection and calculation of relevant data regarding resource 

use and emissions for the life cycle of the products included in the study. The activities of the life 

cycle inventory include the construction of a flowchart, according to the system boundaries, data 

collection and calculation of the resources uses and emissions to air, water and land.   

Figure 4 shows a schematic flow chart of the products analysed. It includes some of the relevant 

processes used to model each product.  

 
Figure 4 - Schematic flow chart of the products system 
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2.1.3. Data and assumptions 

2.1.3.1. Waste quantities  

For the waste quantification, waste recorded at the store was considered, with the exemption of pre-

store waste.  

Pre-store waste consists of items that do not satisfy the quality requirements by the supermarket and 

are rejected at delivery. In accounting terms this rejected products does not belongs to the 

supermarket but the supplier, but in rare occasions the rejected products are sent back to the 

supplier for control, being usually discarded at the supermarket (Eriksson 2015). Pre-store waste 

that is generated due to rejection upon delivery is not included in this study, since it was not included 

in the database of the supermarket. According to Eriksson (2015) the pre-store waste of fruits and 

vegetables can be up to 3 times higher than the amount of waste in store.  A potential source of 

uncertainty in the waste quantity data is the recording of wasted products, mainly fresh fruits and 

vegetables, which can be done quite inaccurately by the staff.  (Eriksson et al. 2012).  

2.1.3.2. Primary production 

The agricultural production of the fruits and vegetables used data from EcoInvent 3.1, derived from 

Stoessel et al. (2012). The database for agricultural production does not make differentiation on the 

country of origin of the product; instead, it uses a global average model. That fact can contribute for 

uncertainties in this study, principally with seasonal products, for example, tomatoes. These products 

can be produced in different regions along the year, and the impacts generated are connected to the 

type of production, for example tomatoes cultivated in greenhouse have large energy use than those 

produced in open field. As discussed in Eriksson (2015), the global warming potential for tomatoes 

growth in Sweden was estimated in 2,7 CO2eq/kg (Biel et al. 2006) while Antón et al. (2010), 

reported 0.78-2 kg CO2eq/kg for the Dutch production. 

The fruits and vegetables sold in the store come from different origins and eventually the same 

product have different countries of origin. This might have a large effect on, for example, the distance 

and type of transportation from the production to the retailer. In order to assess the origin of the 

products included in the LCA, interviews were done with the supermarket staff. Representative 

countries for each product were chosen to model transportation routes. Representative products are 

products with a certain origin that has the main share in the store waste. No distinction was made 

between varieties of the same fruit or vegetable.  

The primary production of pork, beef and chicken used data from Agri-Footprint database (Agri-

footprint Blonk BV 2014). The data is derived from Jensen and Andersen (2003) and Weidema 

(2003). Processed meat such as sausages and marinated meat were modelled according its meat 
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content indicated on the product label. The meat content of those products was allocated to each 

meat category. The factory stage for sausage production was not included in the study. This is 

because, according to Abelmann (2005), the factory stage for the production of hot dogs sausage 

accounts for only 5%, 4% and 8% of acidification, eutrophication and GWP emissions respectively. 

The primary production of meat accounts for 90%, 96% and 78%.  Thus, for simplification the model 

assumed all meats as fresh meat.  

The life cycle inventory for bread data was based on the inventory data from LCA Food DK Database 

(Dall et al. 2002). Despite the fact that bakery produces several types of bread, wheat bread was 

chosen to be the representative product.     

2.1.3.3. Transportation 

The transportation was modelled using data from Agri-footprint database. The reason behind using 

the Agri-footprint database for the transport processes is that the sea transportation could be 

modelled more precisely, since it is possible to assess the DWT (dead weight tonnage) of ships. The 

other types of transportation were modelled accordingly to assure consistency. Refrigerated 

transportation with atmospheric control is often used for perishable cargoes like meat, fruits and 

vegetables, but it was not included in this study due to lack of data.  

The logistics in transportations can be quite sophisticated; a vehicle might not be reloaded in the 

final destination, but instead travel in order to be loaded in another location and for most of the 

scenarios there was no information regarding the return trip. Thus a ‘default’ scenario was chosen. In 

this scenario, the returning trip corresponds to 20% of the emissions of the first trip. Indirectly the 

assumption is made that a certain amount of the emissions in the trip to the next location is allocated 

to the first trip (Agri-footprint Blonk BV 2014).  

Bread is transported from a bakery that is located 2 km from the store. The transportation of meat 

distance was assumed 300 km from the store. Table 3 at Appendix A describes transportation routes, 

distances and vehicles used for the transportation of fruits and vegetables. The calculation of the 

transportation routes took into account the representative products country of origin. For fruits and 

vegetables produced within Sweden, average distances were used in the calculation.   

In order investigate the importance of the of the transportation distance assumed for beef, pork and 

chicken meat, lettuce and cabbage a sensitive analysis was performed and the transportation 

distance was varied ±150 km.  
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2.1.3.4. Packaging 

Due to time constraints and vast variety of meat products, it was not possible to model the packaging 

of each product individually. Therefore, it was assume that half of the meat sold in the store is packed 

using a polystyrene tray and packaging film made from low density polyethylene. The other half is 

assumed to be packaged using only packaging film made from low density polyethylene. Further 

investigation is needed in order to check this assumption. 

Concerning fruits and vegetables it was identified two different packages, wholesale and retail 

packaging. The wholesale packaging was similar for all products, therefore it was assumed equal for 

all products and measurements made at the store resulted in an average of 60 g of cardboard per 

kilogram of product. Strawberry and lettuce were the only vegetables and fruits with a retail 

packaging. The lettuce is packaged with low density, polyethylene packaging film and strawberry 

uses a plastic box made of polyethylene.    

2.1.3.5. Retail 

The model by Carlson and Sonesson (2000) regarding energy consumption in retail was used 

because the data represents the energy consumption in Swedish stores. It includes the energy 

consumption for light, heating and cool storage room.  

2.1.3.6. Waste management 

The waste management scenario was modelled according to the actual practices by the supermarket. 

Interviews were done with the supermarket manager in order to assess the treatment routes for the 

organic waste and for the different packaging types. Fruits and vegetables´ cardboard wholesale 

packaging is sent to recycling.  The cardboard production data uses a European average share 

between recycled and virgin fluting medium and linerboard inputs for the cardboard production. In 

order to avoid double counting the recycling benefit was allocated to the production of the 

cardboard.  

Organic products are sent to an anaerobic digestion (AD) facility with biogas production. The facility 

has a production capacity of 1.3-3.5 MNm3 of biogas per year in a thermophilic process (Miljö 2007). 

If the product has a retail packaging, for instance plastic film covering lettuces or a polystyrene trays 

for meat, the package is also sent to the AD plant, since there is no sorting of the organic content from 

its packaging in the store. In the AD plant the waste received is mixed and crushed in order to 

separate the contaminants such as plastic bags and packaging from its organic content and pressed 

through a filter. The extruded slurry goes to the digester, while the reject fraction is sent to 

incineration in a combined heat and power plant  (Miljö 2007).  The rejected fraction contains 

organic matter but due to lack of data, all of the food is assumed to go to slurry. 
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2.2. Life Cycle Impact Assessment  

In this stage the resource extractions, waste and emissions are expressed in terms of its contribution 

to impacts categories. The inventoried data that consists of several inputs and the emissions are 

characterized according to the environmental impacts that they contribute to (Bauman & Tillman 

2004).   

The life cycle impact assessment has been done using the ILCD impact assessment for midpoint 

indicators (European Commission 2011). It was chosen since it is the recommended method by the 

European Commission in order to assure quality and consistency of life cycle data (European 

Commission 2013). The categories included are climate change, ozone depletion, human toxicity, 

particulate matter, ionizing radiation, acidification, eutrophication, photochemical ozone formation, 

freshwater ecotoxicity, land use, water resource depletion and mineral, fossil and renewable 

resource depletion. 
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3. RESULTS 

3.1. Waste quantities 

The waste produced in the store was analysed from October, 2014 to September, 2015. During that 

time 22.5 tons of food waste was produced. The waste was categorized in 8 categories: bread, meat, 

fruits and vegetables pastry, ready meal, dairy products, and other. The bread category consists of 

different types of bread produced at the supermarket bakery or from external suppliers. The meat 

category includes meat products such as pork, beef, chicken, lamb and processed meat such as 

sausages. Fruits and vegetables category corresponds to fresh products sold in the store. Pastries are 

mainly produced at the supermarket bakery and comprise different sweets baked products such as 

pies and rolls. Ready meals are frozen or chilled meals that usually come as a single portion and 

require little preparation. The dairy category includes several products such as milk, creams, cheese, 

skim milk and yoghurt. Food products that were not included in the previous categories, such as 

snacks, eggs and beverages were grouped in ‘other’ category. Non-food products such as medicines 

and cleaning products were not considered in this study. Table 1 presents the same data as Figure 5 

but in units of kg year -1. 

It can be observed from Figure 5 that bread was the category with the highest amount of waste (30%, 

6.7 tons) and the majority was fresh bread produced at the supermarket chain bakery. Fruits and 

vegetables have a share of 29%, which corresponds to 6.4 tons. The total waste produced in the meat 

category was 2.6 tons and it corresponds to 12% of the total waste production, from which 747 kg, 

345 kg and 1275 kg are beef, chicken and pork waste respectively.  Other types of meat such as lamb, 

fish, and sea food sum 226 kg of waste.  

 
Figure 5 - Share of food waste from different categories in the store. 
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In the bread category, ten articles are responsible for 47% of the waste produced. The same pattern 

can be observed in the pastry and ready meal categories. In the meat category beef minced meat was 

the article with highest amount of waste, corresponding to 12% of the total share of the category. In 

the fruits and vegetables category, potted salad (kruksallat) was the article with highest amount of 

waste produced, followed by tomato, strawberry and banana. Those articles represent 36% of the 

total waste produced in the category.  

Table 1 - Waste quantity by category  

Category Waste mass (kg year-1) 
Bread 6723 
Vegetable 3317 
Fruit 3115 
Pastry 2686 
Meat 2627 

Pork 733 
Beef 645 
Processed Pork 459 
Chicken 360 
Mix 204 
Fish 158 
Lamb 33 
Sea Food 20 
Other 15 

Ready meal 1449 
Dairy 1322 
Other 1207 

Total 22445 

The comparison of the results with other studies was challenging for many reasons. First, most of the 

quantification of food waste presents the results as a percentage of the total sales, and this study did 

not have access to such figures. Differences in the methodology are another reason. For instance, 

some studies include pre-store waste in the quantification. However several studies (Hanssen & 

Møller 2013, Stenmarck et al. 2011) identify the most important groups as fresh bakery products, 

and fruits and vegetables, which is in agreement with the results of this study. 

3.2. Life Cycle Impact Assessment results 

This section present the results of the life cycle impact assessment of food waste. The categories 

included are climate change, ozone depletion, human toxicity, particulate matter, ionizing radiation, 

acidification, eutrophication, photochemical ozone formation, freshwater ecotoxicity, land use, water 

resource depletion and mineral, fossil and renewable resource depletion. The products included in 

this study sum 11 tons, which corresponds to 49% of the food waste produced at the store in one 

year. 
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3.2.1. Results per functional unit 

In this section the results per functional unit (one kilogram of food waste disposed by the 

supermarket) of every product included in this study is presented for the categories in the ILCD 

methodology. The left panel in the figures shown below presents the results per functional unit 

according to the unit of the impact category. The right panel resents the share of each production 

process in the total result, indicating the hotspots in the supply chain of each product. The results are 

shown in detail on Appendix D. 

For the sensitive analysis made for beef, pork and chicken meat, lettuce and cabbage in which the 

transportation distance was varied ±150 km, the highest variation was observed in the 

photochemical ozone formation category. In that category lettuce was the product with higher 

deviation per functional unit (±9.4%) and beef meat the lowest (0.2%). For climate change, it was 

observed the following variations: beef ±0.03%, chicken ±0.92%, pork ±0.41%, lettuce ±3.9%, and 

cabbage ±3.7%. Hence, the trends in the results (e.g.: the relative environmental impact of the 

products) are robust to changes in the transportation distances. 

3.2.1.1. Climate change 

The global warming potential calculates the radiative forcing over a time horizon of 100 years and it 

uses a methodology by the Intergovernmental Panel on Climate Change (European Commission 

2012). It can be observed from Figure 6 that products with animal origin are the main contributor by 

unit of mass for the climate change.  

Beef, pork and chicken products have the higher impacts on the climate change category and the 

primary production is the main responsible. The processes in the primary production that can be 

identified as main source of the emission are enteric fermentation of cattle and use of fertilizer. 

Further stages such as transportation, packaging, and waste treatment are of relative lower 

importance. 

For bread the hotspot is the primary production, specifically from fertilizer use in wheat production. 

The primary production of bread includes also the bakery stage, which was responsible for 35% of 

the emissions within the primary production category. The waste treatment was also found to be a 

hotspot, accountable for 33% of the emissions. The results are in line with other studies such as  

Espinoza-Orias et al. (2011), Barilla (2011) and Andersson and Ohlsson (1998) who found that 

production of wheat accounts for large share in the impacts and that the bakery stage accounts for 

20% to 30% of the total emissions.  

http://www.ipcc.ch/
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Figure 6 - Relative contribution of different life cycle stages to climate change category for the products food waste 

For fruits and vegetables, it can be observed that tomato has the higher impacts per functional unit 

primarily due to high emissions in the agricultural phase. Some products show transportation as a 

high contributing process, for instance bananas imported from Costa Rica that are transported to 

Europe by ship (Table 3 - Appendix A). In this case, the transportation accounted for 40% of the 

product´s emissions related to climate change. Similar results was found by Craig and Blanco (2012) 

that reported transportation of bananas being responsible for 32% of emissions related to climate 

change. Local products such as apple and strawberry have smaller contribution on the transportation 

phase. Overall, the agricultural production and the waste treatment are the main hotspots for the 

fruits and vegetables. The agricultural production contributes from 18% (potatoes) up to 74% 

(tomatoes) of the total impact.  
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3.2.1.2. Fresh water ecotoxicity  

The ecotoxicity categories do not have a reference substance but uses instead a comparative toxic 

unit (CTUe) per kg of emission, which estimates the fraction of species in a volume of freshwater that 

could be potentially affected per unit of mass of the chemical emitted (European Commission 2011). 

For this category, as it can be observed from Figure 7, products of animal origin are the main 

contributors. With the exception of meat products, waste treatment dominates the impacts in all 

products per functional unit, particularly the treatment of the digested sludge.  

 
Figure 7 - Contribution of different products to freshwater ecotoxicity per functional unit 
 

3.2.1.3. Eutrophication 

Eutrophication is defined as an increase in the rate of quantity of organic matter in a terrestrial, 

marine or freshwater ecosystem. This methodology is specific for Europe (European Commission 

2012). As illustrated on Figure 8, the freshwater eutrophication category, in which phosphorous is 

considered the limiting factor, meat products are the main contributors, and for the majority of 

products the waste treatment is the hotspot, specifically the treatment of the digested sludge and the 

release of nutrient pollution in the form of phosphorous.   
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Figure 8 - Contribution of different products to freshwater eutrophication per functional unit 

Figure 9 shows the terrestrial eutrophication category, which expresses the change in critical load 

exceedance of the sensitive area, to which eutrophying substances deposit (European Commission 

2012). Meat products are the dominating products and the primary production dominates the total 

share for those products. For fruits and vegetables, transportation and waste management are the 

hotspots but the impact in molc N equivalent is very small compared to the meat products. For 

imported products, the transportation plays an important role, particularly emissions of nitrogen 

oxides by ship transportation (Figure 9). The eutrophication of marine water bodies, which has 

nitrogen as limiting factor, (Figure 10) shows the same pattern for terrestrial eutrophication but with 

an increase on the importance of bread.  

 
Figure 9 - Contribution of different products to terrestrial eutrophication per functional unit 
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Figure 10 - Contribution of different products to marine eutrophication per functional unit 

3.2.1.4.  Water resource depletion 

The water resource depletion results are shown on Figure 11. It can be observed that beef consumes 

0.67 m3 per functional unit and is the largest water user, followed by bread (0.079 m3), which is 

higher than pork and chicken. The primary production dominates all products.  

It can be observed that packaging production has negative inputs. The reason behind the negative 

input is the cardboard production for packaging. It uses a European average share between recycled 

and virgin fluting medium and linerboard for the cardboard production. Therefore, the share of 

recycled material has a negative input, since it considers that it avoids the production of virgin 

material. With the purpose of avoiding double counting, the recycling benefits were allocated to the 

production of the cardboard and not on the waste treatment.  

 
Figure 11 - Contribution of different products to water resource depletion per functional unit 
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3.2.1.5. Ozone depletion 

The ozone depletion category represents the degradation of the stratospheric ozone layer over a 

time horizon of 100 years (European Commission 2012). The unit has as the reference substance  

CFC-11 eq. Bread is the product with highest impact per functional unit (1.03E-07 CFC-11 eq) and the 

primary production, specifically the wheat production, is the process with highest contribution. The 

waste treatment also has a significant contribution in most of the products, especially for fruits and 

vegetables. 

 
Figure 12 - Contribution of different products to ozone depletion per functional unit 
 

3.2.1.6. Human toxicity, cancer effect 

The human toxicity characterization category is expressed in comparative toxic units (CTUh). It 

estimates the morbidity increase in the human population per unit mass of a chemical emitted 

(Rosenbaum 2010). For meat products the primary production has significant importance and beef is 

the product that contributes most for human toxicity. For fruits and vegetables the waste treatment 
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Figure 13 - Contribution of different products to human toxicity, cancer effect per functional unit 

3.2.1.7. Ionizing radiation 

The Ionizing radiation human health (HH) category quantifies the human health damages related to 

the impact of ionizing radiation on the population, using uranium 235 as reference substance. 

Ionizing radiation for ecosystems was not considered since it is an interim method in the ILCD 

methodology. Bread is the product with highest contribution on this category, with the use of 

electricity during the bakery stage being the higher contributor.   

Figure 14 - Contribution of different products to ionizing radiation HH per functional unit 
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3.2.1.8. Land use 

The results are based in changes on the soil organic matter and the results are expressed in terms of 

kg carbon deficit. This method does not consider impacts in biodiversity. It is possible to observe 

from Figure 15 that for meat products are the main contributors and the primary production has the 

largest share. The results for fruits and vegetables vary greatly, mainly in the primary production, 

but for all fruits and vegetables the waste treatment account for a large share in the category.  For the 

products with negative values in the agricultural production (strawberry, tomato and potato) the 

main contributor process was “transformation, from permanent crops, non-irrigated, intensive”.  

The reliability of this category is dubious since the database for agricultural production process used 

does not allow differentiation of production systems and countries of origin. The author believes that 

this category is highly sensible for these assumptions. The method used in ILCD use the soil organic 

matter as indicator. Therefore comparison with other methodologies was not possible as other 

indicators are used such as land occupation. The results should be taken cautiously. 

 
Figure 15 - Contribution of different products to land use per functional unit 
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transportation by ship from Costa Rica accounts for more than 80% of the total photochemical ozone 

formation.  
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Figure 16 - Contribution of different products to photochemical ozone formation per functional unit 

3.2.1.10. Particulate matter  

This category quantifies the impact of premature death or disability that particulates, have on the 

population. It uses PM2.5 as the reference unit. Similar to the photochemical ozone formation, meat 

products are the main contributor and primary production dominates the impacts. For banana, the 

transportation by ship accounts for high share on the impact.  

 
Figure 17 - Contribution of different products to particulate matter per functional unit 
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3.2.1.11. Mineral, fossil and renewable resource depletion 

This category represents the scarcity of a certain resource by including extraction as well as reserves 

of a given resource.  The results are expressed in kg of antimony equivalents. The depletion of 

renewable resources is included in the analysis but ILCD considered that none of the analysed 

methods was mature for recommendation (European Commission 2011). Beef and bread are the 

products with higher use of resources and the primary production dominates the share in all 

products analysed. Feed for cattle are the main contributor in the primary production of beef. For 

bread, the production of wheat grain is the process with highest contribution. 

 

 
Figure 18 - Contribution of different products for Mineral, fossil and renewable resource depletion per functional unit 
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3.3. Impacts of total waste produced by the supermarket in one year 

The relative contribution in terms of mass, costs and selected characterization impacts for waste 

generated in one year of the five different products categories that where analysed in the LCA are 

presented in Figure 19. All the impact categories in ILCD methodology were calculated and the 

results are presented in Appendix C. Fruits and vegetables were grouped in one single category. The 

calculation for the impact categories was done using the equation 1. 

 

Figure 19 - Relative contribution of the wasted mass, cost and impacts categories 
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in the store. Banana, strawberry and tomato sums up to 70% of the emissions. Tomatoes share 

around 20% of the total mass of waste for products included in the study, but it is responsible for 

around 40% of the CO2eq emissions for the fruits and vegetables category.  

It can be observed from Figure 6 and Figure 19 that beef and pork has high emissions of CO2eq per 

functional unit, however bread have relatively small emissions per functional unit but the high 

amount of waste produced makes its contribution significant.  

The human toxicity characterization estimates the morbidity increase in the human population per 

unit mass of a chemical emitted.  The products with animal origin dominate the impact category and 

beef products are responsible for 57% of the share. For freshwater ecotoxicity, bread is the main 

product and it is responsible for half of the emissions, producing the equivalent of 149 066 CTUe. 

In the acidification category, the products analysed were responsible for 1024 molc H+eq and beef 

products dominate the impact category. In the terrestrial and marine eutrophication category the 

products emitted the equivalent of 4438 molc Neq and 398 kg Neq respectively. For both categories 

beef products are the main contributor, followed by pork products.     

The total water consumption of the wasted products was 1088 m3. The consumption was higher for 

bread products, consuming the equivalent of 533 m3 of water.  

3.3.1. Normalization 

According to ISO 14044 (ISO 2006b) normalization is a step in the LCA which allows the practitioner 

to express results using a common reference impact. The normalization calculation was performed 

based on the ILCD dataset (European Commission 2011) and it is expressed in person per year 

equivalents, with 2010 as the reference year. The normalization factors are based on the collection of 

data related to domestic inventories that includes domestic emissions and resource extraction. The 

impact category Ionizing radiation E is not included in the normalization factor at the methodology 

(European Commission 2011).   

The normalization results are expressed for the waste generated in one year by the store. It can be 

observed from Figure 20 that human toxicity effects, freshwater ecotoxicity and acidification are the 

most important categories that food waste contributes to.  
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Figure 20 - Normalized results. Impact category acronyms:  GWP=Climate Change, OD=Ozone Depletion, HTC=Human 
Toxicity (Cancer Effects), HTNC=Human Toxicity (Non-Cancer Effects), PM=Particulate Matter, IRHH=Ionizing Radiation 
HH, IRE=Ionizing Radiation E, POF=Photochemical Ozone Formation, AC=Acidification, TE=Terrestrial eutrophication, 
FE=freshwater eutrophication, ME= Marine Eutrophication, FEW=Freshwater Ecotoxicity, LU=Land Use, WD=Water 
Resource Depletion,  MFRD= Mineral, Fossil & Renewable Resource Depletion. 

3.3.2. Weighting 

Weighting is an optional step in the life cycle impact assessment. In that step, weights factors are 

allocated to the different impact categories and resources expressing the relative importance of the 

impact category. Therefore, the results have the same unit and can be added to create a single score 

for each product. It is a controversial step in the LCA, since the weight factors have a value judgement 

on it. The positive point is that this step allows a direct and simple comparison between products. 

Figure 21 shows the weighting results for the food waste. The weight of each product was multiplied 

by the wasted mass in one year.  The results emphasises the importance of the environmental 

impacts of bread, being the second product in terms of environmental impacts per mass wasted per 

year, in front of products that have higher impacts when analysed by functional unit, such as pork 

and chicken. 

 
Figure 21 - Weighting results for food waste categories 
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3.4. Alternative waste treatment scenario  

An alternative waste treatment scenario was investigated in order to quantify the carbon footprint 

that could be avoided by an another treatment where the packaging would be separated from its 

organic content and send to a material recycling facility, which it is considered to avoid the 

production of a percentage of the virgin material. Currently, the packaged food waste is sent to an 

anaerobic digestion plant, where it is pressed through a mechanic filter. The organic fraction is sent 

to a biological reactor with biogas production and the remaining part is sent to an incineration plant 

with energy recovery. In brief, the scenario models the packaging being sent to material recycling 

facility instead of incineration. It was assumed in this model that all food waste goes to anaerobic 

digestion, but in reality a part of it goes to incineration together with the packaging. The current pre-

treatment at the plant separated the biomass from other materials such as packaging and 

contaminants but the rejected material contains organic matter.  

The analysis was done using the consequential model. The consequential approach can be used to 

answer the question “What are (the environmental impacts related to) the full share of those activities 

that are expected to change when producing, consuming, and disposing of the product?” (Consequential 

2015). In the consequential modelling, the system is based on market oriented methodology and can 

be used for decision support.  

It was investigated sixteen types of packaging. The materials and sizes were assessed by 

measurements made at the supermarket and it represents different products packaging  

(Appendix B). The packages cover 9887 items discarded by the supermarket.  

The modelling includes the production of the packaging and the waste treatment scenario. Three 

waste treatment scenarios were modelled. The incineration scenario represents the current scenario, 

where packaging is sent to incineration with energy recovery after being sorted at the biological 

treatment plant. The model considered that the energy recovered substitutes heat and electricity that 

otherwise would have been obtained from Sweden’s energy mix.  The recycling scenario assumes 

that all packages is sent to recycling and the packaging recycling base scenario uses a Swedish 

recycling rate2 provided by Pre Consultants (Table 2), to determine the share that is sent to recycling. 

The remaining part is sent to incineration.   

The quality and reliability of the data vary. The processes were modelled using EcoInvent 

Consequential database and different data sources were used to model the energy use in the 

recycling chain. Polyethylene (PE) and Polyethylene terephthalate (PET) are the materials that 

                                                             
2 The percentages indicate the 'Recycling rate' for the purposes of Article 6(1) of Directive 94/62/EC by which is 
meant the total quantity of recycled packaging waste, divided by the total quantity of generated packaging waste (PRé 
Consultants). 
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dominates the packaging system and the data source regarding the percentage of polymer recovery 

and energy use was extracted from Arena et al. (2003). Other data, e.g. for recycling of PS, PP and 

PVC, are based on rough assumptions available at SimaPro by PRé Consultants and thus have limited 

representativity. The net energy production by incineration was based on data from EcoInvent, and 

the electricity and heat produced was assumed to avoid production of similar products in a 

cogeneration plant.  

Table 2 - Swedish recycling rate 
Cardboard 74,2% 
Packaging paper 74,2% 
Glass 90,4% 
Ferro metals 77,7% 
Aluminium 77,7% 
Steel 77,7% 
Plastics 37,5% 
PE 37,5% 
PET 37,5% 
PP 37,5% 
PS 37,5% 
PVC 37,5% 

Due to the data gaps and estimations on the recycling processes only the climate change category is 

included in this comparison. The results are shown in Figure 22, where the three scenarios were 

compared. It is possible to notice that both recycling scenarios leads to lower emissions of pollutants 

related to climate change. The recycling scenario, in which all packaging are recycled instead of being 

sent to incineration, the reduction was 45%, the equivalent of 1248 kg CO2eq year-1, comparing to the 

current scenario. The base recycling scenario has a reduction of 20% in relation to the incineration 

scenario.  

 
Figure 22 - Comparison alternative treatment routes 
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4. DISCUSSION 
The difference between the distribution of the environmental footprint and the wasted mass for each 

product highlights the importance of not only measuring the food waste in terms of mass, but also in 

terms of environmental indicators and costs. The analysis of the results from the economic indicator, 

the environmental impact categories (Figure 19) and the weighting (Figure 21) highlight the 

importance of beef products and bread in the supermarket environmental impact. Particularly, bread 

is an important product due to the amount of waste that is produced and the reasons behind the 

waste generation which is linked to consumers´ behaviour. Therefore, it is more likely for 

improvement than beef.  

The European Waste Framework Directive (European Commission 2008) sets the basic definitions 

and concepts regarding waste management. The framework states the need for states to encourage 

waste treatment options that deliver the best environmental result in a life cycle perspective. The 

food waste hierarchy is defined at the Directive, where prevention is the best option, followed by re-

use, recycling and other forms of recovery, such as energy recovery, with landfill disposal as the last 

alternative. 

Figure 23 illustrates the food recovery hierarchy, specified by (USEPA 2016). It follows the same 

guidelines as the one defined by the European Commission. The prevention activities include source 

reduction and secondly feed hungry people.     

 
Figure 23 - Food Recovery Hierarchy (USEPA 2016) 
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4.1. Causes for food waste generation 

The causes of food waste in the retail sector vary. According to Stenmarck et al. (2011) the main 

reason is that food becomes rejected by the consumers and consequently unsaleable. The causes that 

a product becomes unsaleable are often associated to consumers` behaviour and stores strategies to 

maximize sales. For example, consumers usually select products with the longest best before dates, 

therefore products close to the expiration date are never picked and consequently become waste. 

Products such as bread, fruits and vegetables have high requirements for freshness and quality. Often 

freshness is associated with full shelves and quality is related to cosmetic standards (shape and 

appearance). The requirement concerning visual look of products leads initially to losses in the 

primary production phase, where products that do not satisfy the visual requirements are left in the 

field, and later it causes losses in the retail level, particularly with fruits and vegetables that are 

displayed in large piles that causes damages and leads to rotten products.  

Other causes of products becoming unsellable are related to ordering, with issues related to 

minimum order size and the challenging on the forecasting of consumers` purchases; improper 

storage and positioning of the products wrong storage temperature or light and accidental causes 

such as a breakdown of cooling equipment (Eriksson, Strid & Hansson 2012) 

4.2. Measures to reduce the environmental impact of food waste 

The reduction on the impacts caused by food waste can be achieved in different ways. In most cases 

climbing up the food waste hierarchy (Figure 23) leads to higher improvements in the environmental 

and ethical aspects. As exemplified in section 3.4 a significant reduction can be achieve by sorting the 

organic content from its packaging in the store, in order to send to a material recovery facility instead 

of to incineration. This section aims to exemplify and suggest other ways of reducing the 

environmental impacts by the store in general terms and for specifics products, based on the LCA 

results of the life cycle assessment, the waste quantification, and literature review.  

In the top of the food hierarchy is source reduction. There are several ways to reduce the waste 

generated such as better display and price reduction of products near to the best before date, better 

management of the orders by keeping careful control of stock and sales statistics, better handling of 

the products and staff education (Andersson et al 2010). Donation is another option in the higher 

steps of the hierarchy. The donation of products to food banks can be a good option in ethical and 

environmental terms for the supermarket. Stenmarck et al. (2011) describe some challenges for 

donation, such as the logistics issues to have the right type of food, in the right place and time, a 

stable supply of food and the responsibilities of each actor in the new value chain.  
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Several studies (WRAP 2007, Mena et al. 2011) have reported that promotional mechanisms, such as 

“buy 3 for 2”offers can lead to food waste in the consumers side, since it induces the costumer to buy 

more than needed. Therefore it does not solve the waste issue but only change where in the chain it 

occurs. Alternative promotional mechanisms, such as “buy one now get one later” has been reported 

as more successful in waste reduction. 

4.2.1. Bread 

The results of this study indicate bread as a potential product for waste management measures and 

its reduction could lead to significant decrease in environmental impacts by the supermarket. 

Therefore, this section was reserved for the discussion concerning this product particularly. 

Interviews done by WRAP (2011) indicates that consumers are not aware that bread waste is an 

environmental issue and consequently it is not an engaging subject.  Thus, improvements are 

possible and this section aims to discuss better treatment routes for the wasted bread.  

The reasons behind the high generation of bread waste are connected to consumers’ demands and 

behaviour. The consumers` demands for freshness and for wide range of types of bread lead to the 

necessity of frequent production of bread.   Interviews done by Stenmarck et al. (2011) indicate that 

stores often overproduce  7% more than the expected sales. Another cause of risk is that often bread 

is sold to the retail stores in commission, meaning that unsold bread is returned to the bakery and 

the retailer does not have to pay, thus it is not a cost for the shop and consequently there is little 

financial concern to keep the amounts of waste low. However, the store in this study is responsible 

for the further treatment of waste bread, so this cannot be identified as a cause for the waste 

production. As explained in section 2.1.3.6, the waste produced is sent to anaerobic digestion facility 

with biogas production. This treatment route is the third least preferred step in the food waste 

hierarchy and it is only better than composting and landfilling (Figure 23), and the latter is 

prohibited by law in Sweden for organic waste.  

Reducing overproduction might be challenging, since the proper forecast of the consumers’ demand 

can be hard to predict. Factors such as weather can cause significant variations on demand (WRAP 

2013).  A robust production planning, (for instance, less bread produced more often) designed by the 

retailers and the bakery, can lead to significant reductions in the amount of waste generated. 

One example of an added value route was studied by Rosing and Nielsen (2003). Ceralia, a French 

bakery, in order to avoid the incineration of waste bread started using it for dried breadcrumbs 

production. The product is sold to retail, industries or it is used as flour substitution in the 

production of new bread (rework). In case of overproduction of breadcrumbs, it is sold to farmers 

and used as replacement of barley for animal feed. 
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Another option respecting the food hierarchy is to use unsold bread for pig feed. According to 

Scherhaufer and Schneider (2011), the EU legislation Regulation No. 1069/200 allows the use of 

bread for animal feed. Bread is allocated in the category 3 of the aforementioned regulation: 

“products of animal origin, or foodstuffs containing products of animal origin, which are no longer 

intended for human consumption for commercial reasons or due to problems of manufacturing or 

packaging defects or other defects from which no risk to public or animal health arise” (European 

Commission 2009). It is important to notice that the legislation in its article 11 does not  allow “the 

feeding of terrestrial animals of a given species other than fur animals with processed animal protein 

derived from the bodies or parts of bodies of animals of the same species” (European Commission 

2009). It means that any type of bread that contains pork protein is forbidden to be used as feed for 

pigs.  This route is currently used by a Danish supermarket chain (Dansk Supermarked A/S) as 

identified by Silva and Campos (2015). 

 
Figure 24 - Bread Recovery Hierarchy 

 

The LCA results indicate that the bakery stage accounts for 22% on the climate changes related 

emissions for bread waste. This is an area with potential improvements by increasing energy 

efficiency. A report by Carbon Trust (2013) list some opportunities to address this challenge, such as 

oven combustion efficiency through improved maintenance operations and measurements; phased 

manual shut down of oven burners during product gaps and shutdowns and manual shut down/ turn 

down of oven fans during gapping. 

Although it is outside the scope of this project a lot of bread waste is produced in the households. A 

report by WRAP (2009) estimates that 660,000 tons of bread is wasted in UK homes every year. The 

retail sector can address this problem with actions such as clearly communicate optimum, in-home 

storage guidance and how long bread will actually last if it is stored correctly; negate myths 
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regarding quality loss when freezing; labelling products that are suitable for freezing and include 

proper freezing instructions. 

4.3. Reliability of the results 

The data collection regarding the amount of food waste produced refers to one store in one year. 

Therefore the representativity is small and results cannot be extrapolated to other stores, since 

variables such as size and sales strategy might affect the amount of waste produced. As discussed at 

Chapter 2, the comparison of the results with other studies was challenging, due to different reasons, 

such as unavailable sales data and the fact that some studies might include pre-store waste.  

Furthermore, Eriksson (2015) performed a waste quantification in six stores in Sweden and reported 

the presence of unrecorded waste quantities in all departments of all stores investigated, which is 

another source of uncertainty. 

Due to the workload and time constraints it was not possible to model all products discarded by the 

supermarket. The inclusion of other products might decrease the importance of the ones included in 

this study.  

Moreover, as discussed in chapter 2 the life cycle modelling used EcoInvent 3.0 to model agricultural 

production of the fruits and vegetables. The database does not make differentiation on the country of 

origin of the product; instead, it uses a global average model. That fact can contribute for 

uncertainties in this study. Regarding meat products, for simplification, all the products were 

assumed as fresh meat since the factory stage has small contribution in the overall results (Abelmann 

2005). Also, the energy consumption by the store  was modelled using  by Carlson and Sonesson 

(2000) methodology, that despite the fact that it describes Swedish retail stores, it might not be as 

precise as if the data was retrieved directly from the store.   

4.4. Food waste and sustainable development  

Sustainable development, as stated by the World Commission on Environment and Development of 

the United Nations, is the development “that meets the needs of the present without compromising 

the ability of future generations to meet their own needs” (WCED 1987). The three pillars of 

sustainability are the economic, the social and the environment. Food waste addresses all the aspects 

of sustainable development and has been recognized as one of the key problems that need to be 

addressed in order to achieve sustainable development in society.  

The social aspect is related ethically by the annual food wastage of 1.3 billion tons (FAO 2013), while 

795 million people suffer from undernourishment (FAO et al. 2015). Moreover, it also relates with 

food security, since the demand for food is projected to increase by 70% by 2050 (FAO 2009). In the 

economical aspect, food waste represents a loss of investment that has been made along the supply 
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chain, in terms of resources, salaries, infrastructure and processing of food. The environmental 

aspect is connected to the use of resources such as water and land and the emissions of pollutants 

that contribute for the environmental challenges that the world faces today such as climate change, 

acidification, eutrophication and depletion of the ozone layer.     

This research addresses the issues involving the three aspects in the sustainable development. The 

supermarket food waste was quantified in terms of mass, environmental impacts and costs. The 

processes that have the highest environmental impact in the supply chain of each product were 

identified. A series of interventions aiming the reduction in the production of food waste was 

proposed, including an alternative waste treatment route for the products´ packaging that could 

avoid the release of 1.5 tons CO2 equivalent in the atmosphere per year. In the social side, the results 

suggest that a great part of the waste produced by the store is connected to the consumers´ 

behaviour and that the problem can be addressed by proper communication of negative aspects of 

food waste in order to support behavioural change and the increase of awareness for both the 

supermarket staff and the consumers.  
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5. CONCLUSION 

The consequences of the wastage of food are the loss of resources, such as energy, water, land and 

labour and unnecessary emissions of pollutants. This issue has been recognized by several actors in 

society and several actions plans and targets have been set. This research makes an investigation on 

supermarket food waste by: 

1.  Food waste quantification  

The food waste quantification showed that the supermarket discarded 22.5 tons in one year. 

The waste quantification identified bread as the category with highest amounts of waste, 

followed by vegetables, fruits and meat. 

2. Life cycle assessment of selected products  

The research shows the importance of not only measuring the food waste in terms of mass, 

but also in terms of environmental indicators and costs. Better waste management practices 

can be achieve when designed for a specific product and the life cycle assessment delivered 

valuable information regarding products whose reduction can lead to higher benefits in the 

environmental footprint and therefore should be a priority.  

The life cycle assessment reported the importance of meat products and especially bread in 

the environmental footprint of the supermarket. Bread was reported as the product with 

highest potential of reduction both in terms of the amount of waste produced and in several 

environmental impact categories, such as freshwater ecotoxicity and water depletion. 

3. Recommendations for the supermarket in order to reduce its environmental footprint 

As part of the research objectives a series of recommendations was set in order to reduce the 

environmental footprint of the supermarket.  

Waste prevention can be achieved by different ways, such as increasing consumers’ 

awareness regarding the environmental impact of food waste by communicating the results 

in a popular science methodology; finding alternative routes for waste treatment; and 

improving logistic operations.   

Bread was identified as an important product and a guideline on bread waste prevention was 

designed. It includes interventions such as communication of proper storage and alternatives 

treatment routes, for example, a series of added value actions were recommended such as 

rework of the unsold bread, bread crumbs and use as animal feed. These alternatives not 

only have the potential to decrease the environmental footprint but also to generate income 

for the store. It may also be noted that these recommendation could be relevant to bakeries 

who accept bread waste from supermarkets. 

Furthermore, an alternative route for food products packaging was proved to decrease the 

carbon footprint of the supermarket.  



39 

 

6. FUTURE RESEARCH 

The expansion of this research is desirable in order to access the environmental impacts of food 

waste at the supermarket. Suggestions for further investigations include:  

a. Expand scope of products by including the fruits and vegetables that were not studied in this 

project, such as dairy products and ready meal. 

b. Assess the environmental impact of different food waste treatments measures in order to 

analyse the alternatives which higher savings terms of environmental impacts, costs and also 

ethical aspects. 

c. Investigation on interventions aiming food reduction within the store, including behavioural 

studies to identify the effect of the interventions, and assess if it leads to reduction in the 

amount of food waste produced.  
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APPENDIX A 

Table 3 - Transportation modes and distances for fruits and vegetables 

Product 
Country of 

Origin 
Route Mode 

Distance 
(km) 

Data Source Model 
Load 

Factor 

Banana Costa Rica 

Estrella Valley to Moín Port Road 162 

ICA City Centre 

Truck 10-20t, 
EURO4 

80% 

Moín Port to Rotterdam Port Water 12804 
Sea ship, 10000 

DWT 
80% 

Rotterdam Porto to 

Helsingborg Port 
Water 1382 

Sea ship, 10000 

DWT 
80% 

Helsingborg to Borås Road 228 
Truck 10-20t, 

EURO4 
80% 

Strawberry Sweden Falkenberg to Borås Road 115 ICA City Centre 
Truck 10-20t, 
EURO4 

80% 

Apple Sweden Kivik to Borås Road 307 (Jönsson 2007) 
Truck 10-20t, 
EURO4 

80% 

Cabbage Sweden Assumption Road 300 Assumption 
 

80% 

Carrot Sweden Höör, Skåne to Borås Road 266 (Karlsson 2012) 
Truck >20t, 
EURO4 

80% 

Potato Sweden 

Average distances from 
Skåne, Halland and 
Östergötland to Borås 

Road 200 
(Potatopro 
2013) 

Truck 10-20t, 
EURO4 

80% 

Lettuce Sweden Assumption Road 300 Assumption 
Truck 10-20t, 
EURO4 

80% 

Tomato Spain 

Alicante to Bilbao Rail 1016 

(Krewer et al. 
2013) 

Freight train - 

Bilbao to Göteborg Water 2171 
Sea ship, 10000 

DWT 80% 

Göteborg to Borås Road 119 
Truck 10-20t, 

EURO4 
80% 
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APPENDIX B  
Table 4 - Packaging materials 

Package A – Ready meal     
Polyethylene terephthalate, granulate, bottle grade  22 g 
Packaging film, low density polyethylene  42 g 
Kraft paper, bleached  1 g 

Package B – Plastic bottle 1000 ml (ex. juice)     
Polyethylene, high density, granulate  82 g 

Package C – Plastic bottle 380 ml     
Polyethylene, high density, granulate  64 g 

Package D – Dairy carton (ex. milk)     
Liquid packaging board  126 g 

Package E – Dairy plastic bottle (ex. yoghurt drink)     
Polystyrene, extruded  15 g 

Package F – Plastic container (ex. cottage cheese)      
Polystyrene, extruded  15 g 
Packaging film, low density polyethylene  5 g 

Package G – Meat tray (ex. minced meat)     
Polypropylene, granulate  24 g 
Packaging film, low density polyethylene  10 g 

Package H – Plastic container (ex. cream cheese)     
Polypropylene, granulate  14 g 

Package I – Plastic container (ex. margarine)     
Polypropylene, granulate  16 g 

Package J – Plastic container (ex. dressing)     
Polypropylene, granulate  40 g 

Package K – Plastic film (ex. meat)     
Packaging film, low density polyethylene  20 g 

Package L – Plastic film (ex. cold cuts)     
Packaging film, low density polyethylene  22 g 

Package M – Plastic package  (ex. cookies)     
Polypropylene, granulate  22 g 

Package N – Aluminium can     
Aluminium  94 g 

Package O – Plastic container (salad bar dressing)     
Packaging film, low density polyethylene  5 g 

Package P – Dairy carton (ex. cream)     
Liquid packaging board container  57 g 
Polyethylene, low density, granulate  7 g 
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APPENDIX C  

 

Figure 25 - Relative contribution of the wasted mass, cost and impacts categories. Impact category acronyms:  
GWP=Climate Change, OD=Ozone Depletion, HTC=Human Toxicity (Cancer Effects), HTNC=Human Toxicity (Non-Cancer 
Effects), PM=Particulate Matter, IRHH=Ionizing Radiation HH, IRE=Ionizing Radiation E, POF=Photochemical Ozone 
Formation, AC=Acidification, TE=Terrestrial eutrophication, FE=freshwater eutrophication, ME= Marine Eutrophication, 
FEW=Freshwater Ecotoxicity, LU=Land Use, WD=Water Resource Depletion,  MFRD= Mineral, Fossil & Renewable 
Resource Depletion. 
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Table 5 - Impact assessment results 
    Results per total waste amount in one year 

Impact Category unit Beef Chicken Pork Bread 
Fruits and 
vegetables 

Climate change (kg CO2 eq) 22 722,67 2 182,68 8 160,73 7 368,60 1 742,39 

Ozone depletion (kg CFC-11 eq) 3,49E-05 2,89E-05 1,04E-04 6,92E-04 8,94E-05 

Human toxicity, cancer effects (CTUh) 3,26E-04 4,25E-05 1,70E-04 6,61E-04 1,27E-04 

Human toxicity, non-cancer effects (CTUh) 2,77E-02 2,59E-03 1,38E-02 3,48E-03 8,09E-04 

Particulate matter (kg PM2.5 eq) 17,112 1,164 5,059 4,088 0,929 

Ionizing radiation HH (kBq U235 eq) 54,95 41,19 149,29 2080,78 149,96 

Ionizing radiation E (interim) (CTUe) 2,75E-04 2,83E-04 1,02E-03 6,00E-03 4,27E-04 

Photochemical ozone formation (kg NMVOC eq) 26,63 3,13 12,30 21,08 7,02 

Acidification (molc H+ eq) 719,46 42,08 206,78 43,21 13,25 

Terrestrial eutrophication (molc N eq) 3 185,44 185,59 913,86 118,37 34,95 

Freshwater eutrophication (kg P eq) 5,35 0,46 1,86 4,70 1,26 

Marine eutrophication (kg N eq) 264,59 10,42 56,33 55,17 6,08 

Freshwater ecotoxicity (CTUe) 57 651,02 11 230,29 46 006,46 149 066,26 37 017,77 

Land use (kg C deficit) 290 594,06 27 189,46 101 131,58 82 875,83 333,00 

Water resource depletion (m3 water eq) 502,26 8,82 17,49 533,35 26,50 

Mineral, fossil & renewable resource depletion (kg Sb eq) 6,75E-02 8,71E-03 3,12E-02 2,82E-01 3,35E-02 

 

  



48 

 

APPENDIX D 

Table 6 – Life Cycle Impact Assessment results for beef 

Beef Unit Total Primary 
Production Transportation Retail Waste Treatment Packaging 

Climate change kg CO2 eq 3,04E+01 2,99E+01 2,12E-02 2,75E-03 4,34E-01 9,36E-02 

Ozone depletion kg CFC-11 eq 4,67E-08 1,83E-08 4,32E-11 7,79E-10 2,39E-08 3,68E-09 

Human toxicity, cancer effects CTUh 4,36E-07 3,81E-07 1,59E-11 1,70E-10 5,09E-08 3,57E-09 

Human toxicity, non-cancer effects CTUh 3,71E-05 3,69E-05 3,53E-10 1,11E-09 2,42E-07 8,55E-09 

Particulate matter kg PM2.5 eq 2,29E-02 2,27E-02 2,04E-06 2,16E-06 1,51E-04 5,61E-05 

Ionizing radiation HH kBq U235 eq 7,36E-02 2,26E-02 5,26E-05 7,13E-03 3,46E-02 9,19E-03 

Ionizing radiation E (interim) CTUe 3,68E-07 2,23E-07 5,20E-10 2,05E-08 1,00E-07 2,41E-08 

Photochemical ozone formation kg NMVOC eq 3,57E-02 3,41E-02 1,65E-04 5,96E-06 9,88E-04 3,55E-04 

Acidification molc H+ eq 9,63E-01 9,61E-01 1,30E-04 1,60E-05 1,95E-03 5,06E-04 

Terrestrial eutrophication molc N eq 4,26E+00 4,26E+00 6,69E-04 1,99E-05 6,59E-03 8,43E-04 

Freshwater eutrophication kg P eq 7,16E-03 6,62E-03 6,81E-08 9,03E-07 5,31E-04 1,48E-05 

Marine eutrophication kg N eq 3,54E-01 3,53E-01 6,10E-05 7,87E-05 7,49E-04 2,39E-04 

Freshwater ecotoxicity CTUe 7,72E+01 6,14E+01 9,01E-03 1,14E-01 1,53E+01 3,79E-01 

Land use kg C deficit 3,89E+02 3,87E+02 0,00E+00 6,81E-03 1,46E+00 6,92E-02 

Water resource depletion m3 water eq 6,72E-01 6,72E-01 3,10E-07 4,95E-06 1,26E-04 5,93E-05 

Mineral, fossil & ren. resource 
depletion kg Sb eq 9,04E-05 8,54E-05 4,97E-09 8,99E-08 3,89E-06 9,90E-07 
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Table 7 - Life Cycle Impact Assessment results for pork 

Pork Unit Total Primary 
Production Transportation Retail Waste 

Treatment Packaging 

Climate change kg CO2 eq 6,40E+00 5,82E+00 5,35E-02 2,75E-03 4,34E-01 9,36E-02 

Ozone depletion kg CFC-11 eq 8,15E-08 5,30E-08 1,09E-10 7,79E-10 2,39E-08 3,68E-09 

Human toxicity, cancer effects CTUh 1,33E-07 7,80E-08 5,53E-11 1,70E-10 5,09E-08 3,57E-09 

Human toxicity, non-cancer effects CTUh 1,08E-05 1,06E-05 1,33E-09 1,11E-09 2,42E-07 8,55E-09 

Particulate matter kg PM2.5 eq 3,97E-03 3,75E-03 5,75E-06 2,16E-06 1,51E-04 5,61E-05 

Ionizing radiation HH kBq U235 eq 1,17E-01 6,60E-02 1,33E-04 7,13E-03 3,46E-02 9,19E-03 

Ionizing radiation E (interim) CTUe 7,99E-07 6,52E-07 1,32E-09 2,05E-08 1,00E-07 2,41E-08 

Photochemical ozone formation kg NMVOC eq 9,64E-03 7,80E-03 5,01E-04 5,96E-06 9,88E-04 3,55E-04 

Acidification molc H+ eq 1,62E-01 1,59E-01 3,83E-04 1,60E-05 1,95E-03 5,06E-04 

Terrestrial eutrophication molc N eq 7,17E-01 7,07E-01 2,00E-03 1,99E-05 6,59E-03 8,43E-04 

Freshwater eutrophication kg P eq 1,46E-03 9,12E-04 1,72E-07 9,03E-07 5,31E-04 1,48E-05 

Marine eutrophication kg N eq 4,42E-02 4,29E-02 1,83E-04 7,87E-05 7,49E-04 2,39E-04 

Freshwater ecotoxicity CTUe 3,61E+01 2,03E+01 3,40E-02 1,14E-01 1,53E+01 3,79E-01 

Land use kg C deficit 7,93E+01 7,78E+01 0,00E+00 6,81E-03 1,46E+00 6,92E-02 

Water resource depletion m3 water eq 1,37E-02 1,35E-02 7,83E-07 4,95E-06 1,26E-04 5,93E-05 

Mineral, fossil & ren. resource 
depletion kg Sb eq 2,45E-05 1,95E-05 1,26E-08 8,99E-08 3,89E-06 9,90E-07 
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Table 8 - Life Cycle Impact Assessment results for chicken 

Chicken Unit Total Primary 
Production Transportation Retail Waste 

Treatment Packaging 

Climate change kg CO2 eq 6,31E+00 5,67E+00 1,18E-01 2,75E-03 4,34E-01 9,36E-02 

Ozone depletion kg CFC-11 eq 8,35E-08 5,49E-08 2,40E-10 7,79E-10 2,39E-08 3,68E-09 

Human toxicity, cancer effects CTUh 1,23E-07 6,82E-08 1,32E-10 1,70E-10 5,09E-08 3,57E-09 

Human toxicity, non-cancer effects CTUh 7,49E-06 7,23E-06 3,40E-09 1,11E-09 2,42E-07 8,55E-09 

Particulate matter kg PM2.5 eq 3,37E-03 3,14E-03 1,42E-05 2,16E-06 1,51E-04 5,61E-05 

Ionizing radiation HH kBq U235 eq 1,19E-01 6,79E-02 2,92E-04 7,13E-03 3,46E-02 9,19E-03 

Ionizing radiation E (interim) CTUe 8,19E-07 6,71E-07 2,88E-09 2,05E-08 1,00E-07 2,41E-08 

Photochemical ozone formation kg NMVOC eq 9,04E-03 6,40E-03 1,30E-03 5,96E-06 9,88E-04 3,55E-04 

Acidification molc H+ eq 1,22E-01 1,18E-01 9,80E-04 1,60E-05 1,95E-03 5,06E-04 

Terrestrial eutrophication molc N eq 5,37E-01 5,24E-01 5,20E-03 1,99E-05 6,59E-03 8,43E-04 

Freshwater eutrophication kg P eq 1,33E-03 7,86E-04 3,78E-07 9,03E-07 5,31E-04 1,48E-05 

Marine eutrophication kg N eq 3,01E-02 2,86E-02 4,74E-04 7,87E-05 7,49E-04 2,39E-04 

Freshwater ecotoxicity CTUe 3,25E+01 1,66E+01 8,76E-02 1,14E-01 1,53E+01 3,79E-01 

Land use kg C deficit 7,87E+01 7,71E+01 0,00E+00 6,81E-03 1,46E+00 6,92E-02 

Water resource depletion m3 water eq 2,55E-02 2,53E-02 1,72E-06 4,95E-06 1,26E-04 5,93E-05 

Mineral, fossil & ren. resource 
depletion kg Sb eq 2,52E-05 2,02E-05 2,76E-08 8,99E-08 3,89E-06 9,90E-07 
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Table 9 - Life Cycle Impact Assessment results for banana 

Banana Unit Total Primary 
Production Transportation Retail Waste Treatment Packaging 

Climate change kg CO2 eq 1,00E+00 1,92E-01 4,16E-01 3,53E-03 3,59E-01 6,74E-02 

Ozone depletion kg CFC-11 eq 3,94E-08 1,38E-08 7,13E-10 8,03E-10 2,39E-08 5,32E-09 

Human toxicity, cancer effects CTUh 6,05E-08 8,30E-09 3,89E-10 1,91E-10 5,03E-08 4,02E-09 

Human toxicity, non-cancer effects CTUh 2,12E-07 -3,50E-08 4,79E-09 1,23E-09 2,38E-07 2,48E-08 

Particulate matter kg PM2.5 eq 5,52E-04 1,51E-04 3,58E-04 2,75E-06 1,51E-04 4,76E-05 

Ionizing radiation HH kBq U235 eq 5,74E-02 1,36E-02 8,69E-04 7,15E-03 3,46E-02 6,86E-03 

Ionizing radiation E (interim) CTUe 1,79E-07 4,34E-08 8,58E-09 2,06E-08 1,00E-07 2,19E-08 

Photochemical ozone formation kg NMVOC eq 9,27E-03 5,70E-04 7,73E-03 7,20E-06 9,79E-04 2,23E-04 

Acidification molc H+ eq 1,31E-02 1,69E-03 9,34E-03 2,02E-05 1,94E-03 4,45E-04 

Terrestrial eutrophication molc N eq 4,23E-02 4,74E-03 3,09E-02 2,31E-05 6,55E-03 8,60E-04 

Freshwater eutrophication kg P eq 5,95E-04 4,52E-05 1,20E-06 1,09E-06 5,31E-04 2,92E-05 

Marine eutrophication kg N eq 6,12E-03 2,44E-03 2,82E-03 1,06E-04 7,45E-04 2,08E-04 

Freshwater ecotoxicity CTUe 1,59E+01 1,30E+00 5,54E-02 1,16E-01 1,41E+01 7,52E-01 

Land use kg C deficit -1,23E+00 -2,40E+00 0,00E+00 7,99E-03 1,46E+00 3,81E-01 

Water resource depletion m3 water eq 6,64E-02 6,66E-02 5,21E-06 5,68E-06 1,24E-04 -9,00E-05 

Mineral, fossil & ren. resource depletion kg Sb eq 1,84E-05 1,19E-05 8,71E-08 9,19E-08 3,88E-06 4,56E-06 
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Table 10 - Life Cycle Impact Assessment results for strawberry 

Strawberry Unit Total Primary 
Production Transportation Retail Waste Treatment Packaging 

Climate change kg CO2 eq 6,38E-01 1,39E-01 2,14E-02 3,16E-03 3,85E-01 1,26E-01 

Ozone depletion kg CFC-11 eq 3,93E-08 1,02E-08 4,38E-11 7,91E-10 2,40E-08 9,46E-09 

Human toxicity, cancer effects CTUh 5,85E-08 3,44E-09 2,21E-11 1,81E-10 5,05E-08 7,12E-09 

Human toxicity, non-cancer effects CTUh 3,78E-07 1,21E-07 5,34E-10 1,17E-09 2,40E-07 3,73E-08 

Particulate matter kg PM2.5 eq 1,90E-04 1,02E-04 2,30E-06 2,47E-06 1,52E-04 9,00E-05 

Ionizing radiation HH kBq U235 eq 5,94E-02 8,32E-03 5,33E-05 7,14E-03 3,46E-02 1,50E-02 

Ionizing radiation E (interim) CTUe 1,77E-07 3,01E-08 5,27E-10 2,06E-08 1,00E-07 4,18E-08 

Photochemical ozone formation kg NMVOC eq 1,89E-03 5,25E-04 2,01E-04 6,61E-06 9,88E-04 4,06E-04 

Acidification molc H+ eq 3,77E-03 1,24E-03 1,53E-04 1,82E-05 1,95E-03 8,06E-04 

Terrestrial eutrophication molc N eq 1,17E-02 3,74E-03 8,02E-04 2,16E-05 6,59E-03 1,40E-03 

Freshwater eutrophication kg P eq 6,02E-04 3,70E-05 6,90E-08 1,00E-06 5,31E-04 4,55E-05 

Marine eutrophication kg N eq 2,85E-03 1,79E-03 7,31E-05 9,31E-05 7,50E-04 3,40E-04 

Freshwater ecotoxicity CTUe 1,69E+01 1,09E+00 1,36E-02 1,15E-01 1,48E+01 1,22E+00 

Land use kg C deficit -4,65E+00 -5,87E+00 0,00E+00 7,43E-03 1,46E+00 4,45E-01 

Water resource depletion m3 water eq 4,21E-03 4,36E-03 3,14E-07 5,33E-06 1,25E-04 -4,70E-05 

Mineral, fossil & ren. resource depletion kg Sb eq 1,85E-05 9,75E-06 5,04E-09 9,09E-08 3,89E-06 6,92E-06 
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Table 11 - Life Cycle Impact Assessment results for cabbage 

Cabbage Unit Total Primary 
Production Transportation Retail Waste 

Treatment 
Packagin

g 

Climate change kg CO2 eq 7,16E-01 2,68E-01 5,52E-02 3,16E-03 3,59E-01 6,74E-02 

Ozone depletion kg CFC-11 eq 4,49E-08 1,99E-08 1,13E-10 7,91E-10 2,39E-08 5,32E-09 

Human toxicity, cancer effects CTUh 6,21E-08 1,02E-08 5,71E-11 1,81E-10 5,03E-08 4,02E-09 

Human toxicity, non-cancer 
effects CTUh 3,29E-07 8,52E-08 1,38E-09 1,17E-09 2,38E-07 2,48E-08 

Particulate matter kg PM2.5 eq 2,86E-04 2,38E-04 5,94E-06 2,47E-06 1,51E-04 4,76E-05 

Ionizing radiation HH kBq U235 eq 8,61E-02 4,30E-02 1,37E-04 7,14E-03 3,46E-02 6,86E-03 

Ionizing radiation E (interim) CTUe 2,40E-07 1,12E-07 1,36E-09 2,06E-08 1,00E-07 2,19E-08 

Photochemical ozone formation kg NMVOC eq 2,42E-03 9,33E-04 5,17E-04 6,61E-06 9,79E-04 2,23E-04 

Acidification molc H+ eq 4,66E-03 2,25E-03 3,95E-04 1,82E-05 1,94E-03 4,45E-04 

Terrestrial eutrophication molc N eq 1,35E-02 4,85E-03 2,07E-03 2,16E-05 6,55E-03 8,60E-04 

Freshwater eutrophication kg P eq 6,36E-04 8,73E-05 1,78E-07 1,00E-06 5,31E-04 2,92E-05 

Marine eutrophication kg N eq 2,81E-03 1,78E-03 1,88E-04 9,31E-05 7,45E-04 2,08E-04 

Freshwater ecotoxicity CTUe 1,87E+01 4,07E+00 3,51E-02 1,15E-01 1,41E+01 7,52E-01 

Land use kg C deficit 2,37E+00 1,21E+00 0,00E+00 7,43E-03 1,46E+00 3,81E-01 

Water resource depletion m3 water eq 7,09E-03 7,28E-03 8,09E-07 5,33E-06 1,24E-04 -9,00E-
05 

Mineral, fossil & ren. resource 
depletion kg Sb eq 1,69E-05 1,05E-05 1,30E-08 9,09E-08 3,88E-06 4,56E-06 
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Table 12 - Life Cycle Impact Assessment results for tomato 

Tomato Unit Total Primary 
Production Transportation Retail Waste 

Treatment Packaging 

Climate change kg CO2 eq 1,88E+00 1,39E+00 9,56E-02 3,16E-03 3,59E-01 6,74E-02 

Ozone depletion kg CFC-11 eq 7,19E-08 4,14E-08 5,66E-09 7,91E-10 2,39E-08 5,32E-09 

Human toxicity, cancer effects CTUh 1,06E-07 4,77E-08 6,16E-09 1,81E-10 5,03E-08 4,02E-09 

Human toxicity, non-cancer 
effects CTUh 5,00E-07 2,45E-07 1,28E-08 1,17E-09 2,38E-07 2,48E-08 

Particulate matter kg PM2.5 eq 1,38E-03 1,26E-03 7,61E-05 2,47E-06 1,51E-04 4,76E-05 

Ionizing radiation HH kBq U235 eq 1,39E-01 5,93E-02 3,69E-02 7,14E-03 3,46E-02 6,86E-03 

Ionizing radiation E (interim) CTUe 3,75E-07 1,81E-07 6,75E-08 2,06E-08 1,00E-07 2,19E-08 

Photochemical ozone formation kg NMVOC eq 5,01E-03 2,63E-03 1,42E-03 6,61E-06 9,79E-04 2,23E-04 

Acidification molc H+ eq 1,23E-02 8,58E-03 1,69E-03 1,82E-05 1,94E-03 4,45E-04 

Terrestrial eutrophication molc N eq 2,00E-02 7,83E-03 5,61E-03 2,16E-05 6,55E-03 8,60E-04 

Freshwater eutrophication kg P eq 1,03E-03 4,74E-04 7,80E-06 1,00E-06 5,31E-04 2,92E-05 

Marine eutrophication kg N eq 3,34E-03 1,94E-03 5,40E-04 9,31E-05 7,45E-04 2,08E-04 

Freshwater ecotoxicity CTUe 2,84E+01 1,35E+01 3,35E-01 1,15E-01 1,41E+01 7,52E-01 

Land use kg C deficit 3,03E+00 1,77E+00 9,25E-02 7,43E-03 1,46E+00 3,81E-01 

Water resource depletion m3 water eq 1,97E-04 3,55E-04 3,22E-05 5,33E-06 1,24E-04 -9,00E-05 

Mineral, fossil & ren. resource 
depletion kg Sb eq 1,69E-05 9,10E-06 1,38E-06 9,09E-08 3,88E-06 4,56E-06 
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Table 13 - Life Cycle Impact Assessment results for carrot 

Carrot Unit Total Primary 
Production Transportation Retail Waste 

Treatment Packaging 

Climate change kg CO2 eq 7,60E-01 3,48E-01 1,94E-02 3,16E-
03 3,59E-01 6,74E-02 

Ozone depletion kg CFC-11 eq 7,19E-08 4,70E-08 3,96E-11 7,91E-
10 2,39E-08 5,32E-09 

Human toxicity, cancer effects CTUh 6,55E-08 1,37E-08 1,46E-11 1,81E-
10 5,03E-08 4,02E-09 

Human toxicity, non-cancer 
effects CTUh 3,31E-07 8,83E-08 3,23E-10 1,17E-

09 2,38E-07 2,48E-08 

Particulate matter kg PM2.5 eq 3,64E-04 3,20E-04 1,87E-06 2,47E-
06 1,51E-04 4,76E-05 

Ionizing radiation HH kBq U235 eq 1,08E-01 6,51E-02 4,82E-05 7,14E-
03 3,46E-02 6,86E-03 

Ionizing radiation E (interim) CTUe 2,93E-07 1,66E-07 4,76E-10 2,06E-
08 1,00E-07 2,19E-08 

Photochemical ozone formation kg NMVOC eq 2,42E-03 1,30E-03 1,51E-04 6,61E-
06 9,79E-04 2,23E-04 

Acidification molc H+ eq 5,07E-03 2,94E-03 1,19E-04 1,82E-
05 1,94E-03 4,45E-04 

Terrestrial eutrophication molc N eq 1,28E-02 5,67E-03 6,12E-04 2,16E-
05 6,55E-03 8,60E-04 

Freshwater eutrophication kg P eq 6,72E-04 1,23E-04 6,24E-08 1,00E-
06 5,31E-04 2,92E-05 

Marine eutrophication kg N eq 2,56E-03 1,65E-03 5,59E-05 9,31E-
05 7,45E-04 2,08E-04 

Freshwater ecotoxicity CTUe 1,98E+01 5,25E+00 8,25E-03 1,15E-
01 1,41E+01 7,52E-01 

Land use kg C deficit 2,47E+00 1,31E+00 0,00E+00 7,43E-
03 1,46E+00 3,81E-01 

Water resource depletion m3 water eq 8,48E-03 8,67E-03 2,83E-07 5,33E-
06 1,24E-04 -9,00E-05 

Mineral, fossil & ren. resource 
depletion kg Sb eq 2,00E-05 1,36E-05 4,55E-09 9,09E-

08 3,88E-06 4,56E-06 
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Table 14 - Life Cycle Impact Assessment results for potato 

Potato Unit Total Primary 
Production Transportation Retail Waste 

Treatment Packaging 

Climate change kg CO2 eq 5,22E-01 9,25E-02 3,68E-02 3,16E-03 3,59E-01 6,74E-02 

Ozone depletion kg CFC-11 eq 3,37E-08 8,72E-09 7,53E-11 7,91E-10 2,39E-08 5,32E-09 

Human toxicity, cancer effects CTUh 5,99E-08 8,06E-09 3,80E-11 1,81E-10 5,03E-08 4,02E-09 

Human toxicity, non-cancer 
effects CTUh 1,14E-06 8,94E-07 9,17E-10 1,17E-09 2,38E-07 2,48E-08 

Particulate matter kg PM2.5 eq 1,26E-04 7,93E-05 3,96E-06 2,47E-06 1,51E-04 4,76E-05 

Ionizing radiation HH kBq U235 eq 5,59E-02 1,29E-02 9,17E-05 7,14E-03 3,46E-02 6,86E-03 

Ionizing radiation E (interim) CTUe 1,63E-07 3,57E-08 9,05E-10 2,06E-08 1,00E-07 2,19E-08 

Photochemical ozone formation kg NMVOC eq 1,71E-03 4,00E-04 3,45E-04 6,61E-06 9,79E-04 2,23E-04 

Acidification molc H+ eq 4,39E-03 2,12E-03 2,63E-04 1,82E-05 1,94E-03 4,45E-04 

Terrestrial eutrophication molc N eq 1,67E-02 8,80E-03 1,38E-03 2,16E-05 6,55E-03 8,60E-04 

Freshwater eutrophication kg P eq 5,81E-04 3,21E-05 1,19E-07 1,00E-06 5,31E-04 2,92E-05 

Marine eutrophication kg N eq 2,91E-03 1,93E-03 1,26E-04 9,31E-05 7,45E-04 2,08E-04 

Freshwater ecotoxicity CTUe 2,16E+01 7,02E+00 2,34E-02 1,15E-01 1,41E+01 7,52E-01 

Land use kg C deficit 4,43E+00 3,27E+00 0,00E+00 7,43E-03 1,46E+00 3,81E-01 

Water resource depletion m3 water eq 1,51E-05 2,04E-04 5,39E-07 5,33E-06 1,24E-04 -9,00E-05 

Mineral, fossil & ren. resource 
depletion kg Sb eq 1,88E-05 1,24E-05 8,66E-09 9,09E-08 3,88E-06 4,56E-06 
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Table 15 - Life Cycle Impact Assessment results for lettuce 

Lettuce Unit Total Primary Production Transportation Retail Waste Treatment Packaging 

Climate change kg CO2 eq 6,55E-01 1,50E-01 5,35E-02 3,16E-03 3,89E-01 9,64E-02 

Ozone depletion kg CFC-11 eq 3,90E-08 1,32E-08 1,10E-10 7,91E-10 2,39E-08 6,05E-09 

Human toxicity, cancer effects CTUh 5,80E-08 4,72E-09 5,49E-11 1,81E-10 5,05E-08 5,25E-09 

Human toxicity, non-cancer effects CTUh 3,54E-07 1,06E-07 1,32E-09 1,17E-09 2,40E-07 2,70E-08 

Particulate matter kg PM2.5 eq 1,75E-04 1,10E-04 5,74E-06 2,47E-06 1,51E-04 6,40E-05 

Ionizing radiation HH kBq U235 eq 5,46E-02 9,74E-03 1,33E-04 7,14E-03 3,46E-02 8,67E-03 

Ionizing radiation E (interim) CTUe 1,72E-07 3,93E-08 1,32E-09 2,06E-08 1,00E-07 2,71E-08 

Photochemical ozone formation kg NMVOC eq 2,38E-03 7,88E-04 4,99E-04 6,61E-06 9,85E-04 3,47E-04 

Acidification molc H+ eq 3,85E-03 1,29E-03 3,82E-04 1,82E-05 1,95E-03 5,98E-04 

Terrestrial eutrophication molc N eq 1,31E-02 4,29E-03 2,00E-03 2,16E-05 6,57E-03 1,13E-03 

Freshwater eutrophication kg P eq 5,81E-04 2,93E-05 1,73E-07 1,00E-06 5,31E-04 3,21E-05 

Marine eutrophication kg N eq 2,52E-03 1,42E-03 1,82E-04 9,31E-05 7,47E-04 2,71E-04 

Freshwater ecotoxicity CTUe 1,61E+01 8,72E-01 3,37E-02 1,15E-01 1,46E+01 8,62E-01 

Land use kg C deficit 2,25E+00 1,07E+00 0,00E+00 7,43E-03 1,46E+00 3,98E-01 

Water resource depletion m3 water eq 9,18E-03 9,33E-03 7,84E-07 5,33E-06 1,25E-04 -5,30E-05 

Mineral, fossil & ren. resource depletion kg Sb eq 2,01E-05 1,34E-05 1,26E-08 9,09E-08 3,89E-06 4,84E-06 
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Table 16 - Life Cycle Impact Assessment results for apple 

Apple Unit Total Primary Production Transportation Retail Waste Treatment Packaging 

Climate change kg CO2 eq 6,85E-01 2,69E-01 2,23E-02 3,53E-03 3,59E-01 6,74E-02 

Ozone depletion kg CFC-11 eq 6,13E-08 3,64E-08 4,57E-11 8,03E-10 2,39E-08 5,32E-09 

Human toxicity, cancer effects CTUh 6,22E-08 1,03E-08 1,68E-11 1,91E-10 5,03E-08 4,02E-09 

Human toxicity, non-cancer effects CTUh 3,66E-07 1,23E-07 3,73E-10 1,23E-09 2,38E-07 2,48E-08 

Particulate matter kg PM2.5 eq 2,90E-04 2,45E-04 2,16E-06 2,75E-06 1,51E-04 4,76E-05 

Ionizing radiation HH kBq U235 eq 9,23E-02 4,93E-02 5,56E-05 7,15E-03 3,46E-02 6,86E-03 

Ionizing radiation E (interim) CTUe 2,58E-07 1,31E-07 5,49E-10 2,06E-08 1,00E-07 2,19E-08 

Photochemical ozone formation kg NMVOC eq 2,35E-03 1,21E-03 1,74E-04 7,20E-06 9,79E-04 2,23E-04 

Acidification molc H+ eq 4,45E-03 2,30E-03 1,37E-04 2,02E-05 1,94E-03 4,45E-04 

Terrestrial eutrophication molc N eq 1,21E-02 4,78E-03 7,07E-04 2,31E-05 6,55E-03 8,60E-04 

Freshwater eutrophication kg P eq 6,50E-04 1,02E-04 7,20E-08 1,09E-06 5,31E-04 2,92E-05 

Marine eutrophication kg N eq 2,02E-03 1,09E-03 6,45E-05 1,06E-04 7,45E-04 2,08E-04 

Freshwater ecotoxicity CTUe 2,21E+01 7,49E+00 9,52E-03 1,16E-01 1,41E+01 7,52E-01 

Land use kg C deficit -2,99E+00 -4,16E+00 0,00E+00 7,99E-03 1,46E+00 3,81E-01 

Water resource depletion m3 water eq 1,12E-02 1,14E-02 3,27E-07 5,68E-06 1,24E-04 -9,00E-05 

Mineral, fossil & ren. resource depletion kg Sb eq 2,10E-05 1,46E-05 5,25E-09 9,19E-08 3,88E-06 4,56E-06 
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Table 17 - Life Cycle Impact Assessment results for bread 

Bread Unit Total Primary Production Transportation Retail Waste Treatment Packaging 

Climate change kg CO2 eq 1,10E+00 6,63E-01 6,74E-04 3,53E-03 3,61E-01 6,78E-02 

Ozone depletion kg CFC-11 eq 1,03E-07 7,08E-08 1,38E-12 8,03E-10 2,40E-08 7,37E-09 

Human toxicity, cancer effects CTUh 9,83E-08 4,37E-08 6,68E-13 1,91E-10 5,12E-08 3,28E-09 

Human toxicity, non-cancer effects CTUh 5,18E-07 2,51E-07 2,39E-11 1,23E-09 2,43E-07 2,22E-08 

Particulate matter kg PM2.5 eq 6,08E-04 3,17E-04 7,18E-08 2,75E-06 1,52E-04 1,37E-04 

Ionizing radiation HH kBq U235 eq 3,10E-01 2,56E-01 1,68E-06 7,15E-03 3,46E-02 1,16E-02 

Ionizing radiation E (interim) CTUe 8,93E-07 7,43E-07 1,66E-11 2,06E-08 1,00E-07 2,91E-08 

Photochemical ozone formation kg NMVOC eq 3,14E-03 1,85E-03 6,11E-06 7,20E-06 9,91E-04 2,81E-04 

Acidification molc H+ eq 6,43E-03 3,91E-03 4,83E-06 2,02E-05 1,96E-03 5,39E-04 

Terrestrial eutrophication molc N eq 1,76E-02 9,96E-03 2,52E-05 2,31E-05 6,61E-03 9,91E-04 

Freshwater eutrophication kg P eq 6,99E-04 1,42E-04 2,18E-09 1,09E-06 5,32E-04 2,41E-05 

Marine eutrophication kg N eq 8,21E-03 7,10E-03 2,30E-06 1,06E-04 7,52E-04 2,44E-04 

Freshwater ecotoxicity CTUe 2,22E+01 7,27E+00 6,70E-04 1,16E-01 1,43E+01 4,74E-01 

Land use kg C deficit 1,23E+01 1,03E+01 0,00E+00 7,99E-03 1,46E+00 5,14E-01 

Water resource depletion m3 water eq 7,93E-02 7,91E-02 9,88E-09 5,68E-06 1,26E-04 7,12E-05 

Mineral, fossil & ren. resource depletion kg Sb eq 4,20E-05 3,60E-05 1,59E-10 9,19E-08 3,90E-06 2,03E-06 
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