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Abstract  
One third of all the food produced for human consumption is being wasted all around the 

world. The recovery and optimum use of this food waste is vital to support the growing 

population and food demand. The main objective of this research is to identify the optimum 

use of organic waste, using a circular economy approach, to generate recommendations 

that help industries in the food sector to reduce and valorize waste.  

A case study for food waste management alternative selection with the Swedish juice plant 

Loviseberg presseri AB is presented. This study furthermore proposes a detailed operation 

procedure of the selected options according to the results exploring the potential add value 

to the residue remaining from cold-pressed juice process. It was found that 49% of the total 

weight from raw material is wasted after the extraction process, being apple and orange 

the larger contributors.  

The research identified and recommended, for the specific case study, that the optimum 

use of apple pomace is used for ingredient for human consumption products, followed by 

animal feed and pectin production. As for the orange waste, it was identified to be used for 

essential oil extraction, followed by animal feed and anaerobic digestion. Furthermore, the 

results of the research shows, that a combination of the different waste management 

alternatives would also benefit the company. The research also identified potential 

challenges as well as benefits, which depend in the specific waste analyzed.  

 

Keywords 
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Sammanfattning 
En tredje del av all mat som produceras slängs och bättre hushållning är avgörande för att 

kunna förse den växande befolkningen med livsmedel. Huvudsyftet med denna rapport är 

att identifiera den optimala användningen av organiskt avfall, med hjälp av en cirkulär 

ekonomi, generera rekommendationer som hjälper industrier inom livsmedelssektorn att 

minska och värdera livsmedelsavfall. 

En fallstudie för alternativ hantering av matavfall hos svenska juice-anläggningen 

Loviseberg presseri AB presenteras. Denna studie föreslår vidare en detaljerad hantering av 

de valda alternativen, i enlighet med resultaten, som undersöker det potentiella mervärdet 

för återstoden från kallpressad juice. Det visade sig att 49% av den totala vikten från 

råmaterial blir till avfall efter extraktionsprocessen, där äpple och apelsiner är de största 

bidragsgivarna. 

Studien identifierade att den optimala användningen av äppelmassa är som ingrediens för 

konsumtionsprodukter, följt av djurfoder och pektinproduktion. När det gäller avfallet från 

apelsiner identifierades extraktion av eterisk olja, följt av djurfoder och anaerob 

biogasproduktion som bästa alternativen. Vidare visar resultaten av studien att även en 

kombination av de olika avfallshanteringsalternativen skulle gynna företaget. Studien 

identifierade också potentiella utmaningar såväl som fördelar som beror på det specifika 

avfallet som analyserats. 

 

Sökord 

Matavfall, organiskt avfallshantering, valorisering av avfall, mervärde, cirkulär ekonomi  
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1. Introduction  
According to the Food and Agriculture Organization (FAO) of the United Nations (UN), a 
third of all food produced for human consumption worldwide still gets lost or wasted 
throughout the whole supply chain (FAO, 2017a; Gustavsson, et al., 2011). As the 
population continues to grow so will the demand for food (Otles, et al., 2015); making it 
vital to implement sustainable food production systems (Jurgilevich, et al., 2016). The 
organic waste generated in this process can lead to environmental impacts, economic cost 
and social and moral implications (Mattsson, William and Berghel, 2018). The circular 
economy (CE) goal of making optimum use of resources can help move towards a more 
sustainable food production that prevents and reduces food waste (Rood, Muilwijk and 
Westhoek, 2017).  

 
Regarding the environmental impacts, the production of food that does not accomplish its 
final purpose leads to inefficient use of natural resources and unnecessary emission of 
greenhouse gases (GHG) (Vandermeersch, et al., 2014). These environmental impacts 
happen throughout all the food production stages. For instance, during the production 
stage land is changed to agricultural use, as well as water, fertilizers and pesticides are used 
to produce food that never gets consumed causing impacts such as deforestation, 
biodiversity loss and soil degradation (Gustavsson, et al., 2011). The use of energy and GHG 
emissions emitted during the processing and transport stages also has repercussions on the 
environment and contributes to climate change (FAO, 2014).  During the final stage food 
waste, when is not correctly disposed, can also have environmental impacts, such as water, 
air and soil pollution creating problems like eutrophication, ecosystem degradation, and 
risks for human health (Sakai, et al., 2017; FAO, 2017b). Table 1 shows the main 
environmental impact caused globally by food waste identified by FAO (2014). 
 

Table 1. Main global environmental impacts of food waste.  

Environmental impacts Global Unit 

GHG emissions 3.49 Gt CO2e 

Land occupation  0.9 Million ha 

Water use 306 km3 

Soil erosion  7.31 Gt soil lost 

Deforestation  1.82 Million ha  

   Source: Adapted from FAO (2014). 

 
Food waste also has economic and social cost. Food produced that is not consumed has 
both direct and indirect costs that affect both producers and consumers (Gustavsson, et al., 
2011). FAO (2014) estimated the global monetary cost of food waste to be 810 billion € a 
year (Britz, et al., 2019). These economic costs come for instance from the losses during 
harvest that results as an economic loss to the farmers, due to lost income and wasted 
inputs (FAO, 2014). It is also an economic cost at processing and retail level when food 
products are wasted instead of sold (FAO, 2014). However, this cost goes beyond the 
monetary value. Society is left with indirect consequences of degraded environmental 
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resources and loss of social wellbeing (FAO, 2014). For example, water scarcity and soil 
degradation in the production region that can cause additional costs to the population in 
the area, as well as create harsh leaving condition and possible conflicts (FAO, 2014). In 
addition the fact that food is being wasted when there is still hunger in the world creates 
moral and social implications (Vandermeersch, et al., 2014; Gustavsson, et al., 2011).  
 
The main objective of this research is to identify optimum use of organic waste, using a CE 
approach, to help reduce and valorize waste in the food industry; with the ultimate goal of 
reducing the environmental, economic and social implications that are generated as a result 
of food waste all around the world.   

1.1. Background  

Food waste and the unnecessary use of resources have received increased attention in the 
last years. Important actors, such as the UN and the European Union (EU), have adopted 
goals to reduce food waste (Mattson, William, and Berghel, 2018). For instance, the UN’s 
Sustainable Development Goal (SDGs) number 12.3 that targets to halve per capita food 
waste by 2030 (UN, 2015); and the European Commission (EC) Action Plan for the Circular 
Economy (EC, 2015a), which has food waste prevention as an integral part and is calling all 
the EU countries to take action to reduce food waste at each stage of the food supply chain 
(EC, 2015b). To be able to accomplish these goals new technological solutions, public 
policies and cooperation between industries need to be implemented (Willett, et al., 2019).  
 
As mentioned before, food waste happens along all the stages of the supply chain, from 
initial agricultural production down to final household consumption (Gustavsson, et al., 
2011). However, in the processing stage, large quantities of residue streams are generated 
which often contains valuable proteins, minerals and fibers that are underutilized (Rood, 
Muilwijk and Westhoek, 2017). Currently, most organic waste streams are used for animal 
feed or energy generation however, it could be put to better or higher-value use. That is to 
say to look for applications that offer the highest economic value with the least 
environmental damage (Rood, Muilwijk and Westhoek, 2017). There have been attempts 
to reduce food waste during this stage, although it is mostly left to the responsibility of the 
industries to identify and implement their own waste management and prevention 
solutions (Garcia-Garcia, Woolley and Rahimifard, 2017).  
 
This is the case with juice processing, in the production of juice, considerable amounts of 

solid and liquid waste are produced (Stenmarck, et al., 2016). For instance, during the 

production of orange juice only around half of the fresh fruit weight is transformed into 

juice, generating large quantities of residue (Rezzadori, Benedetti and Amante, 2012). In 

recent years cold-pressed juice has gained popularity due to its high flavor and nutrients 

content, and it is expected to continue growing (Persistence Market Research, 2017). 

However, the manufacturing process for its extraction produces high amounts of organic 

waste. In a CE approach, this residue streams should be prevented as much as possible and 

the unavoidable residues used as valuable resources (Rood, Muilwijk and Westhoek, 2017). 
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To successfully implement CE in food waste there needs to be instruments that reflect the 

real cost of food wastage and the benefit of investment in valorization routs of waste 

streams (Rood, Muilwijk and Westhoek, 2017).                                                                                            

1.2. Aim and objectives  

The aim of this study is to contribute to reducing food waste and generate 
recommendations that help industries in the food sector on closing the loop. Specifically, it 
will evaluate, with a circular economy perspective, the juice plant of Loviseberg presseri AB 
in Sweden, where the production of cold-pressed juice creates organic waste that could be 
exploited more efficiently.  
 
To achieve the aim, the following objectives are proposed: 

● Identify the stages of cold-pressed juice production in order to assess the 
contribution to food waste  

● Identify and analyze different alternatives for food waste usage, considering the 
environmental, economic and technical aspects, in order to provide 
recommendations for the improvement of organic waste management  

1.3. Delimitations  

This study considers food waste as the object of interest. The term ‘food waste’ includes all 
the part of food edible and inedible that that gets disposed during the supply chain. To 
conducts the observations in a meaningful manner and incorporate a CE approach, it is 
important to look at the whole supply chain of food production. However, this report will 
focus on the manufacturing stage due to the specific case study. The study is focused on the 
Swedish company Loviseberg presseri AB and limits its geographical area to the specific 
location of the juice plant in Tumba, Sweden. The time is based on the specific period that 
the study took place, from February to August 2019.  
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2. Theoretical Framework  
The following section will go through the theoretical framework used for this research.  

2.1. Food waste definition  

To evaluate optimal alternatives to reduce and valorize food waste it is vital to have a clear 

definition and define its parameters to be able to quantify and assess. Food waste has been 

defined in different ways by different authors causing issues when trying to tackle the 

problem due to the ambiguous term (Garcia-Garcia, et al., 2017). For instance, FAO 

separates food waste from food loss depending on which stage of the supply chain it was 

produced; where food loss covers the period from agriculture up to industrial 

transformation, while food waste is during the final retail and consumption stage 

(Gustavsson, et al., 2011). Whereas, the project funded by the European Commission FP7 

named Food Use for Social Innovation by Optimizing Waste Prevention Strategies (FUSION) 

refers to both of these as food waste (Östergren, et al., 2014). In addition, there are also 

differences in the edible and inedible waste produced and the avoidable and unavoidable 

(Adenso-Díaz and Mena, 2013). 

For the purpose of this research the following definition proposed by FUSION would be 

used: 

´any food, any inedible parts of food, removed from the food supply 

chain to be recovered or disposed´ (Östergren, et al., 2014).  

2.2. Circular economy  

The concept of circular economy has gained importance in the recent years. One of the 
main reasons is its potential to help decision-makers take better decisions regarding 
resources use, waste management and added value products, process and services for 
business, as well as its promise for society prosperity and environmental sustainability for 
future generations (EMF, 2015). For the purpose of this research the following definition of 
CE described by  Mitchell (2015) would be used:  
 

‘an alternative to a traditional linear economy (make, use, dispose) in 
which we keep resources in use for as long as possible, extracting the 
maximum value from them whilst in use, then recovering and reusing 
products and materials’ (Mitchell, 2015). 

 
As the author (Mitchell, 2015) describes CE aims to change the traditional linear economy 
to a circular model; where there is an optimum use of resources, raw materials and products 
by using them as long as possible, then reused and recovered to generated new products 
and materials. With the goal of reducing the extraction of raw materials and avoid waste 
and pollution produced at the end of the products life, closing the loop in the process.  
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In regard to food systems, CE implies to reduce the waste generated, re-use and utilize the 
by-products to increase economic value, create jobs opportunities, and reduce the use of 
raw materials and the environmental pressure (Rood, Muilwijk and Westhoek, 2017). As 
well as to significantly reduce food waste levels and create new opportunities that benefit 
industries in the food sector.  
 
The CE concept is a challenging task today for industries and society (Blomsma, 2018) due 

to the current linear economy models. There is a need to rethink how business has always 

been done and shift to a circular one. While environmental benefits are easy to grasp, the 

economic aspects are more complex (Asif, Lieder and Rashid, 2016). Generally, a new 

valorization route for side flows from the food supply chain will be associated with 

monetary and environmental impacts, for example for capital investments or developing 

new technologies. In the long term, however, this might lead to better resource utilization, 

which will result in lower running costs and reduced environmental impact (Östergren, et 

al., 2018).  

2.3. Assessment tools   

To determine the best or higher value use for residue streams various conceptual 

frameworks have been developed (Rood, Muilwijk and Westhoek, 2017). Such as the Waste 

Hierarchy and the Value Pyramid. The Waste Hierarchy applied to food production is a 

useful tool to rank waste management alternatives by their sustainable performance 

(Garcia-Garcia, et al., 2017). However, the specific order of the different options in the 

hierarchy is debatable, but the final aim is to prioritize options with better environmental, 

economic and social outcomes. Therefore, there are several slightly different adaptations 

of the food waste hierarchy. Figure 1 shows a food waste hierarchy based on previous 

versions of different authors including Garcia-Garcia, Woolley and Rahimifard (2015), 

Adenso-Díaz and Mena (2013), and Eriksson, Strid and Hansson (2015). Nevertheless, the 

food waste hierarchy has to be assessed further for each type of food waste.  



6 
 

                
Figure 1. Food Waste Hierarchy.  

(adapted from Garcia-Garcia, Woolley & Rahimifard, 2015; based on  Adenso-Diaz & Mena, 2013; 
Eriksson et al., 2015) 

 

The Value Pyramid concept is intended to determine the value of different biomass streams 

(Ministry of Economic Affairs, 2014). The pyramid shows the cascade of value-adding 

products which can be produced by residue biomass (Rood, Muilwijk and Westhoek, 2017). 

Materials high in the pyramid have a higher value but are only available in limited quantities. 

With each step lower down the pyramid, the use of the raw material or residue stream is 

slightly lower in value but has a larger market (Rood, Muilwijk and Westhoek, 2017). Figure 

2 shows a Value Pyramid based on the conceptual framework used by the Policy Document 

in Netherlands “Meer waarde uit biomassa door cascadering” [more value from biomass 

through cascading] (Ministry of Economic Affairs, 2014; Rood, Muilwijk and Westhoek, 

2017). 
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Figure 2. Value Pyramid. 

(adapted from Rood, Muilwijk and Westhoek, 2017). 
 

Both frameworks agree on certain aspects, such as, giving priority to food for people, 

followed by animal feed, and have fertilizers and energy generation lower in the pyramid. 

However, there are differences that can supplement each other. For instance, the value 

pyramid places medicines and fine chemicals higher than human food. This is because these 

products have more commercial value than food. The use of these frameworks can help 

businesses determining whether a process or management alternative meets the goals of 

circular economy, where the most high-value possible reuse of natural resources should be 

favored (Rood, Muilwijk and Westhoek, 2017). They can be used as tools by decision-makers 

to evaluate and prioritize the use of residual streams. However, a deeper and more specific 

evaluation of the process has to be done depending on the waste stream, the treatment 

needed and the environmental impacts it can cause (Rood, Muilwijk and Westhoek, 2017).  
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3. Methodology  
In order to achieve the aim of this research, a case study was made on cold-pressed juice 

production plant with the Swedish company Loviseberg presseri AB. In this section, the 

methodology used for the research is explained. Figure 3 shows the diagram of the 

methodology steps and Table 2 gives a brief explanation of each of them. It was decided to 

apply different methodologies to be able to get a better understanding and an integrated 

approach on the food waste management systems. The methodology used was chosen to 

be able to evaluate all the sustainable dimensions.  

 
Figure 3. Research methodology steps diagram. 

As shown in Figure 3, the first step was to do a literature review to provide an understanding 

of the specific aim of this research. Followed by step 2, 3 and 4 which were done based on 

data recollection from the company to identify the system boundaries, type, quantity, and 

location where the waste was generated. Steps 5 and 6 were used to identify the 

alternatives based on the methodology proposed by Garcia-Garcia et al., (2017): “A 

Methodology for Sustainable Management of Food Waste”.  However, Garcia-Garcia et al. 

(2017) methodology focus on the environmental and social aspects of food waste 

management, using the Waste Hierarchy as base to develop its decisions. Taking this into 

consideration, an assessment of the identified alternative (step 7) was done to analyze the 

economic and technical aspects of each identified alternatives. Finally, recommendations 

for the company were given as the last step (8). A more detailed explanation of each step 

of the methodology is described in the next sub-sections.  
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      Table 2. Research methodology steps. 

Figure Methodology steps  Actions    
 
 

  

Literature Review Search of relevant articles 

 
 

  

Production Stages System boundaries delimitation 

 

  

Waste Identification Data recollection 

 

  

Waste Analysis 
Material Flow Analysis and type of waste 

analysis  
 
 

  

Waste Categorizing 
Nine-stage categorization (Garcia-Garcia, 

Woolley and Rahimifard, 2015) 
 

  

Alternatives Identification 
Food Waste Management Decision Tree 

(Garcia-Garcia et al., 2017) 
 

 

  

Alternatives Assessment 
Options mapping and Multi-Criteria Decision 

Analysis 
 

 

  

Recommendation  

 

3.1. Literature review  

The first part of this research was based on a literature review with the aim of developing 

understanding and knowledge on the area of food waste and CE, as well as to be able to 

determine the theoretical framework and the methodology to be used.  

The review was based on several chosen keywords to obtain a range of articles to be 

analyzed on the topic. The keywords selected were: food waste, circular economy, food 

waste valorization, byproducts food industry and food processing waste. No geographical 

restriction was applied. The search was limited to papers published from 2010 to 2019, to 

have the most recent information on the topic. The online databases used were KTH library, 

Science Direct, and Scopus.  

3.2. System boundaries  

The methodology starts with the definition of system boundaries of the production stages 

and important variables. The system analyzed is the waste generated in the production site 

of Loviseberg presseri AB located in Tumba, Sweden. It was decided to evaluate waste 

generation in a period of one week, taking into consideration that the annual waste does 
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not vary during the different seasons (Hansson, 2019). The weekly waste generated was 

established by making an average of the waste produced in four weeks in the month of 

February 2019, provided by the company. The following materials were included in the 

assessment: raw materials, final products, and organic waste. 

3.3. Waste identification and analysis  

Data was recollected from the company by doing weekly in-person meetings with the 

company staff, Karl Hansson. The corresponding ethical considerations were taken. Open 

questions were asked during the meetings for the collection of data to describe the 

qualitative and quantitative information of the waste generated. Once the initial data was 

collected, further meetings were established and emails were sent to collect missing data 

and clarify different aspects of the information already collected.  

After the data was collected, cold-pressed juice production stages were established and 

waste streams were identified by making a material flow analysis (MFA). It was decided to 

use a MFA to be able to provide a more detailed description of the analyzed system and 

track each waste stream fraction (Cobo, Dominguez-Ramos & Irabien, 2018). A visual map 

of the MFA was created using Microsoft Word to show the main flows of the industrial 

activity analyzed.  Additionally, Microsoft Excel was used to undertake mass balances to 

ensure there were no errors in the calculations and to calculate the proportions of each 

type of waste generated. Afterward, an assessment of the different waste streams was 

made to determine which may provide sufficient volume and value to warrant further 

analysis for valorization options. The waste streams were evaluated on quantity and 

composition value.   

3.4. Waste categorization  

After the waste streams were identified, they were analyzed to understand their properties, 

using the nine-stage qualitative categorization proposed by the authors Garcia-Garcia, 

Woolley and Rahimifard (2015). The use of this categorization provides a systematic 

classification of different types of food waste, evaluating their environmental and social 

impacts and allowing a more appropriate selection of waste management alternatives. 

Figure 4 shows the categorization stages used in this research.  
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Figure 4. Nine stage categorization of food waste. 
(adapted from Garcia-Garcia, Woolley and Rahimifard, 2015) 

 

The authors (Garcia-Garcia, Woolley and Rahimifard, 2015) proposed the nine-stage 

categorization of food waste to allow decision-maker to have a better understanding of the 

different types of waste produced throughout the food supply chain. With the aim to 

provide guidance for the most appropriate methodology or technology to address particular 

waste issues, minimizing the environmental and social impacts. The categorization is based 

on nine characteristics that the authors considered the most important in order to prioritize 

the best management options for each kind of waste (Garcia-Garcia, Woolley and 

Rahimifard, 2015). In each stage of the categorization process, one characteristic out of two 

or three options needs to be selected. The explanation of each of the different 

categorization stages is described below:  

 

 

•Edible       • Inedible 

(1) EDIBILITY

•Eatable      • Uneatable    • Uneatable for humans, eatable for animals

(2) STATE

•Animal based       • Plant based

(3) ORIGIN

•Single product     • Mixed product 

(4) COMPLEXITY

•Meat       • Animal product         • Animal by-product

•In contact with animal products     • Not in contact with animal product

(5) ANIMAL PRODUCT PRECESENCE

•Processed        • Unprocessed

(6) TREATMENT

•Packaged        • Unpackaged/separable from package

(7) PACKAGING

•Biodegradable packaging         • Non-biodegradable packaging

(8) PACKAGING BIODEGRADABILITY

•Catering waste        • Non-catering waste 

(9) STATE OF THE SUPPLY CHAIN
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(1) Edibility: the waste is considered edible if it is or has been expected to be consumed 

by humans at any point during the life cycle, otherwise the waste is inedible. Inedible 

products include fruit skins, seeds, bones, vegetable stalks, etc. Various foods 

contain inedible parts when they are sold, such as orange and its skin; these food 

products are considered edible.  

(2) State: this characteristic must be assessed only for edible products. The waste is 

classified eatable if it still has the appropriate properties to be consumed in the 

moment of disposing. Uneatable waste can be products which expiration date has 

passed, that is rotten, or that has been badly processed. If the food had not lost 

those properties but requires further processing in the factory before being sold or 

consumed, it is classified as eatable and unprocessed (see indicator 6). A third 

category includes products uneatable for humans because of safety concerns, but 

still fit for animal feeding (e.g. fallen from the conveyor belt during manufacturing). 

(3) Origin: the waste classified animal-based if it was part of an animal or if it was 

produced by an animal, for example eggs, dairy, and honey. Otherwise, it is classified 

as plant-based.  

(4) Complexity: this characteristic is only required for plant-based waste. The waste is 

classified as single if it is formed of only one type of ingredient and it has not been 

in contact with other food material, otherwise the waste classified as mixed.  

(5) Animal product presence: when the waste is animal-based, it must be categorized as 

meat or by-product from animal bodies not intended for human consumption (i.e. 

by-products of slaughterhouses). When the waste is plant-based and mixed, it must 

be assessed as to whether the product contains any animal-based material or has 

been in contact with animal-based material.  

(6) Treatment: the food waste is considered processed when it has the same properties 

as the final product to be sold to the consumer (i.e. it has completed the 

manufacturing process, e.g. a ready meal; or the food does not need any processing 

before being distributed, e.g. fresh fruits and vegetables). If the food still needed 

any treatment at the moment of its management as waste it is unprocessed. 

Consequently, only edible and eatable waste should be assessed in this stage.  

(7) Packaging: the waste is classified as unpackaged if it is not contained in any 

packaging material.  

(8) Packaging biodegradability: this characteristic must be assessed for packaged foods. 

Commonly, the biodegradability of a material means that it can be digested by 

microorganisms, although the process may last for several months or years. 

Therefore, this stage refers to biodegradable package that is made from materials 

that have been tested and received certification of being suitable for anaerobic 

digestion or compostable.  
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(9) Stage of the supply chain: the waste is classified as catering waste if it is domestic 

waste or waste from food services, such as restaurants, schools, hospitals, etc. Non-

catering waste is generated in earlier stages of the supply chain, during farming, 

manufacturing, distribution or retailing. (Garcia-Garcia, Woolley and Rahimifard, 

2015). 

 

The results of this nine-stage categorization helped identify possible alternatives for food 

waste management (Garcia-Garcia et al., 2017). This assessment is the starting point to 

determine the most convenient waste management alternatives, followed by the Food 

Waste Management Decision Tree (FWMDT) described in the next sub-section. 

3.5. Alternatives identification and analysis  

A Food Waste Management Decision Tree (FWMDT), based on Garcia-Garcia et al. (2017) 

proposal, was used to identify possible waste management alternatives in this research. 

FWMDT is a flowchart, that was designed to be used with the results obtained from the 

nine-stage categorization (described in the previous sub-section 3.4), that proposes 

different waste management alternatives depending on the specific food waste analyzed 

based on the environmental and social impacts.  

Figure 5 shows a small part of the FWMDT proposed by the authors Garcia-Garcia et al. 

(2017).  The FWMDT is intended to be used after the nine-stage categorization is assessed. 

The user starts at the highest level of the flow chart and then moves through subsequent 

levels, following the arrows and selecting the assessed indicators. At the bottom of the 

FWMDT the user is presented with a set of waste management alternatives depending on 

the specific food waste analyzed (Garcia-Garcia, et al., 2017).  

The food waste management alternatives proposed in the FWMDT developed by Garcia-

Garcia et al. (2017) are the following: redistribution for human consumption, animal 

feeding, anaerobic digestion, composting, and thermal treatment with energy recovery. For 

the purpose of this research, the addition of extraction of compounds was added, 

considering the potential to add value to the waste stream through this alternative in the 

specific waste analyzed.   
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Figure 5. Food Waste Management Decision Tree. 
(Garcia-Garcia, et al., 2017) 

3.6. Alternatives options assessment  

Once the waste management alternatives proposed by the FWMDT were identified an 

assessment of each alternative was done using a Multi-Criteria Decision Analysis (MCDA). It 

was decided to use a MCDA to support the decision and increase the successful 

implementation of the selected valorization route. MCDA can be a useful tool in complex 

process systems like this one, due to its flexibility, systematic and transparency analysis 

allowing to identify important criteria and make decisions within multi-actor process (Loksh, 

Ladu and Summerton, 2018). The feasibility of food waste management depends on many 
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different conditions such as economic, technical, environmental and social; an analysis that 

can put them all together can help propose the most beneficial option for the company.  

First, an option evaluation for potential valorization routes was undertaken to identify the 

decision alternatives to assess in the MCDA. Afterward, the options were scored based on 

chosen criteria to evaluate its feasibility, as shown in Table 4 and described in the following 

sub-sections.  

3.6.1. Decision alternatives  

A literature review was done to identify possible valorization options for each alternative. 

A visual map was created to present the possible existing and new valorization options to 

show potential possibilities. Afterward, a discussion with the company staff was done to 

explore the opportunities and all ready-made contacts of valorization options with 

commercial potential in the area. With all this information three possible valorization 

options (decision alternatives) were decided to assess for each type of waste.   

3.6.2. Evaluation criteria  

To be able to make a decision on the chosen alternatives a measurement on how beneficial 

each alternative is for the company needed to be done. The degree of benefit of each 

alternative was scored in the MCDA by its characterization with respect to the chosen 

criteria. The scoring was evaluated using the values showed in Table 3.  

Table 3. MCDA scoring values. 

Linguistic variables  Number 

Very low 0.0 – 2.0  
Low 2.0 – 3.5 
Fairly low 3.5 – 5.0  
Medium  5.0 – 6.5 
Fairly high  6.5 – 8.0 
High  8.0 – 10.0 
Very high  10.0  

 

Since the environmental and social conditions had been taken into consideration in the 

FWMDT methodology, it was decided to assess only the economic and technical conditions 

of each valorization route in the MDCA.  The criteria used to assess was chosen to evaluate 

the extent on which each alternative is beneficial or not to the companies interest. Table 4 

shows the characteristics chosen to assess the valorization routes.  
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Table 4. Criteria for valorization options evaluation. 

Category  Criteria  Description of criteria  Value  

Economic 

Investment Investment to reach commercialization 
High = No beneficial 
Low = Beneficial 

Revenue 
Value of product and potential production 
from by-product 

Low = No beneficial  
High = Beneficial  

Market Size and trajectory of the market in Europe 
Small = No beneficial  
Large = Beneficial  

Technical 

Residue Volume and challenge to manage 
Challenging = No beneficial  
None = Beneficial  

Inputs 
Resources (energy, water, materials) inputs 
for processing 

High  = No beneficial  
Low = Beneficial  

Source: Adapted from WRAP (2017). 

In the case of the economic conditions, it was decided to evaluate the investment cost for 

the proposed alternative, the revenue for the company and the size of the alternative 

market. The evaluation of the investment for the defined scenarios was performed 

analyzing the needed investment to reach commercialization of each of the valorization 

routes analyzed. For this purpose, data was taken from making a literature review. The 

value was considered high benefit to the company when the investment in the scenario was 

low, and no beneficial when the cost of investment was high.  

The evaluation of revenues was made on the basis of the data from the literature for 

valorization of food waste, taking in consideration the value of the product and the 

potential of production from the by-product. Considering highly beneficial for the company 

when the revenue was high. With regard to the market evaluation, the assessment was 

done taking in consideration the size in Europe and future trajectory from a literature 

review. Scoring high benefit for the company when the market was large and with a 

tendency to grow.   

The technical conditions were chosen based on the challenges of the waste and the inputs 

needed to add value to it. In the case of the residue, it was decided to assess taking into 

consideration its volume and its challenge to manage. When the waste was challenging to 

manage the criteria for residue was valued as no beneficial. The information to evaluate the 

residue was taken from information provided from the company and literature review of 

the specific waste stream analyzed. As for the inputs, it was considered to assess taking into 

consideration that managing or valorizing organic waste will need inputs. Such as energy, 

water, and any ingredients or materials.  



17 
 

 Each characteristic, as mentioned before, will have a value to assess depending on how 

beneficial or not it is to the company needs. The ranges shown in Table 3, go from 0 to 10 

indicating how beneficial it is, with 0 being very low and 10 very high. Table 4 shows what 

each value means. For example, in the case of economic category a high investment will not 

be beneficial for the company because of the amount of money need to apply it. As well as 

a small market for the alternative options would not be beneficial either. After each 

criterion was evaluated and scored, the sum of each score was added to calculate the global 

score of each decision alternative. The alternative with the highest score was considered as 

the most optimum option. For the purpose of this study it was decided that each criterion 

had the same weight (20%).  

3.7. Recommendations  

Once all the analysis was done an assessment of the results was undertaken. Based on the 

results of the specific case study, recommendations for food waste valorization in a circular 

economy approach were presented.  
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4. Results and Analysis  
In this section, the results and analysis from the specific case study are shown.  

4.1. Case Study 

Loviseberg presseri AB is a local cold-pressed juice production company located outside 
Stockholm. Their cold-pressed juice is produced by using 3 different cold press methods to 
extract juice from fruit and vegetables. The juices are made from all fresh fruit and 
vegetables without any added ingredients. Since there is no heat involved in or after the 
extraction process all nutrients are preserved. The company produces 8 different juices 
containing the following as raw material: apple, orange, beetroot, carrot, lime, lemon, 
ginger, pineapple, kiwi, mint, spinach, and chili. As mentioned before, the production of 
cold-pressed juice produces high quantities of organic waste making it an interest of the 
company to look for alternatives for their organic waste management.  

4.2.  Production stages and identification of food waste 

Most of Loviseberg presseri AB fruits and vegetable are imported. When the fruits and 
vegetables arrive at the company, they are firstly stored in temperatures between 4°C and 
8°C degrees depending on the characteristics needed. For instance, apples and oranges 
need temperatures in between 4°C and 5°C degrees, while pineapple can be stored at 8°C 
degrees.  Afterward, the fruits and vegetables are moved to the processing area where they 
are transported by conveyor belts and washed with fresh and recirculated water from the 
same process. Fruits, such as pineapples and kiwi are first skinned before being pressed. 
Then the fruits and vegetables get pressed with different methods and mixed. The specific 
press methods are not explained due to confidentiality of the company, however it does 
not affect the results of this study. Finally, the juice is filled into their plastic containers and 
dispatched to their customers. 

Figure 6 shows the production stages at the plant. The food waste generated in Loviseberg 
presseri AB is mainly produced during the pressing process. The organic waste is 
transported 4 times a week and sold to SYVAB which produces biogas through anaerobic 
digestion (AD). Currently, the revenue from the organic waste is approximate of 20 SEK per 
ton of waste (Hansson, 2019).  As shown in Figure 6, Loviseberg presseri AB is responsible 
for the transport of the organic waste to the anaerobic digestion plant. Due to the low 
income from the biogas production and the cost of transport this option is not economically 
viable for the company. 
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Figure 6. Cold-pressed production stages at Loviseberg presseri AB. 

 

In a weekly period, Loviseberg presseri AB purchases an approximate of 159 tons of raw 

material (fruits and vegetables) and produces 78 tons of organic waste, which is the 49% of 

the purchase weight (Hansson, 2019). Figure 7 shows a material flow diagram of the main 

flow of each weekly stream, providing the specific quantity of raw materials, final product 

and organic waste produced. The data used for the material flow was provided by the 

company (Hansson, 2019). It included the amounts on the weight of the raw material 

bought weekly in the month of February 2019 and the percent of each that goes at waste, 

this information was given in one of the weekly meetings with the company staff. The 

specific amounts used in the flow were calculated in Microsoft Excel by getting an average 

of each weekly weight that goes to waste. The raw materials included were the following: 

chili, spinach, mint, ginger, kiwi, pineapple, lime, lemon, orange, apple, carrot, and 

beetroot. The waste produced comes from the pressing of the apple, orange, carrot, 

pineapple, lemon, beetroot, and lime.  
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Figure 7. Weekly material flow diagram for Loviseberg presseri AB. 
(Hansson, 2019) 

 

Figure 8 shows the proportion values of each food waste stream on a weekly basis. As can 
be seen, the highest proportion of waste comes from apple and orange, having 47% and 
43% of the total waste produced in the juice plant. The apple waste, also known as apple 
pomace, is composed by the peel, seeds and pressed body of the fruit (Hansson, 2019), 
which has been known to be a rich source of carbohydrates, minerals, vitamins and dietary 
fibers (Dhillon, Kaur and Brar, 2013; Sagar, et al., 2018). In the case of the orange, the waste 
produced after pressing is composed of the peel, seeds and inner fiber (Hansson, 2019) and 
is composed of soluble sugars, pectin, proteins, hemicelluloses and cellulose fibers 
(Cypriano, Silva and Tasic, 2018; Rezzadori, Benedetti and Amante, 2012). It was decided to 
focus the further analysis of identification and assessment of waste management 
alternatives in these two waste streams (orange and apple), due to its sufficient volume and 
value that makes them potential materials for valorization use.  
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Figure 8. Proportions of food waste streams. 
(Hansson, 2019) 

 

4.3. Categorization and identification of alternatives 

Table 5 shows the results of the nine-stage qualitative categorization (Figure 4) for the apple 

and orange waste. Each categorization was chosen following the parameter specification 

described in section 3.4.   

 

 
Table 5. Results of the nine-stage categorization of food waste. 

Parameter Apple waste Orange waste  

Edibility Edible Edible 

State Eatable  
Uneatable for humans, eatable 
for animals 

Origin Plant based Plant based 
Complexity  Single product Single product 

Animal-product presence 
Not in contact with animal 
product  

Not in contact with animal 
product 

Treatment Processed Unprocessed 
Packaging Unpacked  Unpacked 
Packaging biodegradability N/A* N/A* 

State of the supply chain 
Non-catering waste 
(manufacturing)  

Non-catering waste 
(manufacturing)  

*N/A – not applicable for this case 

1%

4%

47%
43%

1%

0%

4%

Beetroot

Carrot

Apple

Orange

Lemon

Lime

Pineapple
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Using the results of the waste categorization a FWMDT flowchart based on Garcia-Garcia, 

et al. (2017) was proposed to identify the optimum food waste management alternative 

with the lowest environmental and social impact. Figure 9 shows the path followed for the 

apple waste and Figure 10 the one followed for orange waste. The proposed FWMDT was 

simplified and developed based on the specific waste analyzed in this study. For instance, 

the first characterization of edibility was not considered since both oranges and apples are 

produced to be consumed by humans, making them in this methodology both edible 

products. The origin and animal presence were also not included because the waste 

analyzed is plant-based and there is no animal presence in the process. The complexity was 

decided not to be added in the flowchart since the waste analyzed is a single product. In the 

case of packaging and state of the supply chain, taking in consideration that the waste is 

produced in the manufacturing stage it would not apply in this analysis.  

 

For the results, it was decided to add the alternative of extraction of compounds due to the 

CE approach and the potential for the valorization of the specific waste analyzed. The 

specific order of the optimum management alternative was chosen to taking in 

consideration the food waste hierarchy and the value pyramid explained in the theoretical 

framework, as well as the analysis made by Garcia-Garcia et al. (2017).  

 
Figure 9. Food Waste Management Decision Tree (FWMDT) followed for apple waste. 

 

As shown in Figure 9, the apple waste is classified as being in an eatable state because at 

this stage it has not lost its properties and could still be consumed by humans. The flowchart 

continues to the classification of treatment, where the apple waste was considered 

processed because it has the same properties as the final product.  In the case of orange 
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waste, the flowchart followed (Figure 10) shows that the state of the waste was classified 

as uneatable for humans but eatable for animals. This is because the waste produced is 

composed of the peel, seeds and inner fiber that are not fit for human consumption, but 

still fit for animal feed.  

 

 

 
Figure 10. Food Waste Management Decision Tree (FWMDT) followed for orange waste. 

 

To summarize Table 6 shows the alternatives identified. For apple waste, the identified 

optimum alternatives are human consumption, animal feed, and extraction of compounds, 

in that order. As for orange waste, the alternatives are first animal feed, second extraction 

of compounds and third AD. Table 6 also shows the current treatment and the approximate 

amount of waste produced per year. 

 
Table 6.  Identification of food waste management alternatives according to FWMDT. 

 Apple waste Orange waste  

Current treatment Anaerobic digestion                                                                                                                                                                                Anaerobic digestion   

Alternative according to the 
FWMDT 

1) Human consumption     
2) Animal feed 
3) Extraction of compounds         

1) Animal feed  
2) Extraction of compounds 
3) Anaerobic digestion   

Quantity  ≈2,108 t/year  ≈1,941 t/year 

Source: Based on Figure 9 and Figure 10.  

4.4. Alternatives assessment   

An assessment of the identified alternatives for each waste stream is shown in this section. 

First, a visual map of the possible opportunities was made to show all the potential options 

that are currently available and being research to have a broader vision of the options. Then, 
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a review of the viable options taking into consideration the location, interested 

stakeholders and already-made connections with interested companies was done. 

Afterward, a MCDA was made to assess the valorization options taking into consideration 

the economic feasibility, technical challenges, and market availability. The aim of this 

assessment of alternative is to evaluate the identified valorization options with a circular 

economy approach and benefits for the current situation of the company.  

4.4.1. Apple waste 

As mentioned before, the first alternative for apple waste is to be used for human 

consumption. Figure 11 shows the possible options that have been researched to add value 

to apple waste for human consumption. As it can be seen, different studies have suggested 

it can be used to add nutritional value to bakery products (Rabetafika, et al., 2014; Mir, et 

al., 2017; Sudha, 2011). As well as use as natural colorant and flavoring (Sudha, 2011; Mir, 

et al., 2017; Dhillon, Kaur and Brar, 2013). Finally, it has also been proposed to use as baker’s 

yeast (Dhillon, Kaur and Brar, 2013). 

 

 
Figure 11. Human consumption valorization options from apple waste. 
(Rabetafika, et al., 2014; Mir, et al., 2017; Sudha, 2011; Dhillon, Kaur and Brar, 2013; 

Metcalfe, et al., 2019) 
 

As shown in Figure 12, there are different options that can be taken in the animal feed 

alternative for the valorization of apple waste. It can be used fresh for ruminant feed or 

dried and ensiled to prolong its time range of usage and lower it cost (Perussello, et al., 

2017). It has also been used as feed for wild animals in the forest (Jönsson, 2010).   
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Figure 12. Animal feed valorization options from apple waste. 
(Jönsson, 2010; Metcalfe, et al., 2019; Perussello, et al., 2017) 

 

Due to its high content of polysaccharides, presence of mono-, di- and oligosaccharides, 

citric acid and malic acid, apple pomace is considered a potential source for extraction of 

value-added compounds (Dhillon, Kaur and Brar, 2013). Figure 13 shows the valorization 

options that can be extracted.  

 

 
Figure 13. Extraction of compounds valorization options for apple waste. 

(Dhillon, Kaur and Brar, 2012; Metcalfe, et al., 2019). 

 

After identifying all the available options an analysis of the current options in the area and 

with interest stakeholders was done throughout a discussion on the prime interest for the 

company with the company staff, as well as a literature review and online research. The 
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results obtained from this were the following: selling apple pomace to a local bakery, use 

the apple pomace for animal feed and selling the apple pomace for extraction of pectin.  

 
Selling apple pomace to local bakery  
The first option analyzed is selling the apple pomace to a local bakery to be used as an 
ingredient for bakery products. Table 7 shows the qualitative assessment of the chosen 
criteria. It was considered that the apple pomace would be sold fresh after being produced 
in the company and transported by the buyer, so no additional investment is needed to 
process the waste and reach its commercialization. Therefore, the beneficial value in the 
investment criteria is high because the company would not have to invest in any equipment 
or process to manage the apple pomace. As for the revenue of selling the apple pomace to 
a local bakery, it was classified as fairly low benefit, due to the low monetary value side 
flows from food processing have currently (Metcalfe, et al., 2019). The market on apple 
pomace used for bakery products, was decided to be valued as medium benefit because of 
the growing interest to use apple pomace to introducing dietary fiber and nutrients to 
various food items (Schieber, 2017; Sudha, 2011).  
 
Regarding the technical category, it was decided to value the residues as medium in benefit 
to the company because even when it is a challenging residue to manage due to its rapid 
spoilage nature (Jönsson, 2010; Metcalfe, et al., 2019) the score was not lower because it is 
considered that the apple pomace is going to be sold after produced and if needed it can 
be refrigerated by the company.  As for the input criteria, due to the fact that the company 
would not have to make any further treatment or management to the apple pomace it was 
decided to value this criteria as a high benefit.  
 

 
Table 7. Results of MCDA for bakery products. 

  Category   Criteria   Beneficial   0   1   2   3   4   5   6   7   8   9    10  Value 

  Economic  

  Investment    High            8.0 

  Revenue   Fairly low            3.5 

  Market   Medium             5.0 

  Technical 
  Residue   Medium             5.0 

  Inputs   High            8.0 

           TOTAL 59% 

Apple pomace as fresh animal feed 

The next option analyzed is fresh animal feed. As shown in Table 8, there is a high benefit 

value for the company in the investment because of the low cost need to commercialize it, 

since the apple pomace can be send as moist feed without additional treatment (Metcalfe, 

et al., 2019). Regarding its economic benefit, it was decided to give a value of fairly low 

benefit because animal feed does not generate a revenue, based on literature sources in 

Sweden (Jönsson, 2010) it is mostly given to farmers for free. In has also been identified to 

be used as feed for wild animals in the forest (Jönsson, 2010; Metcalfe, et al., 2019). The 
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market for apple pomace as animal feed in Sweden, specifically in the Stockholm area is 

small due to the fact that there is not a lot of apple production or apple processing. This is 

the main reason it was decided to evaluate the criteria of market as low benefit for the 

company.  

 

With regard to the technical category, the residue was evaluated as medium because of its 

high potential to spoil rapidly (Jönsson, 2010; Metcalfe, et al., 2019) and the assumption 

that it would be transported after being produced. As for the input, it was decided to have 

a high benefit value for the company since there are no additional inputs needed for its 

management.  

 

 
Table 8. Results of MCDA for fresh animal feed. 

  Category   Criteria   Beneficial   0   1   2   3   4   5   6   7   8   9    10  Value 

  Economic  

  Investment    High            8.0 

  Revenue   Fairly low            3.5 

  Market   Low             2.0 

  Technical 
  Residue   Medium             5.0 

  Inputs   High            8.0 

           TOTAL 53% 

 

Apple pomace for extraction of pectin 

The last option analyzed for apple waste is the extraction of pectin. Pectin is widely used as 

a gelling agent, thickener and stabilizer in food, cosmetic, and pharmaceutical industries 

(Schieber, 2017; Criminna, et al., 2015). It was considered that the company would sell the 

apple pomace for to a pectin producer, in this scenario the apple pomace would have to be 

stabilized by drying before being sold. To maintain the quality the pomace requires specific 

temperature limits of 2 hours at 105°C or less (Metcalfe, et al., 2019). As shown in Table 9, 

the criteria for investment was valued as very low benefit for the company, this is taking in 

consideration the cost of drum driers and the maintenance of them (Metcalfe, et al., 2019).  

 

The revenue is considered fairly high because even with the high prices of pectin and the 

growing market, the amount of apple pomace needed to produce pectin is very high. Out 

of 100 grams of pomace only an approximate of 3 grams of pectin is produced (Ciriminna, 

et al., 2015).  The market was evaluated as high benefit for the company, this considering 

that the global demand of pectin has been constantly rising in the past two decades 

(Williams and Phillips, 2012) and its world market demand for pectin is in excess of 30,000 

ton annually and continuously growing (Rezzadori, Benedetti and Amante, 2012).  
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Regarding the technical criterion, it was decided that the management of the residue to be 

medium value in benefit to the company. This because even when it is a challenging residue 

to manage because of its rapid spoilage potential (Jönsson, 2010; Metcalfe, et al., 2019) 

after being dried it becomes much easier to store and transport (Van Dyk, et al., 2013). As 

for the input criteria, it was decided to give it a very low value of benefit, due to the energy 

consumption needed for drying the apple pomace.  

 

 
Table 9. Results of MCDA for pectin extraction. 

  Category   Criteria   Beneficial   0   1   2   3   4   5   6   7   8   9    10  Value 

  Economic  

  Investment    Very low            0.0 

  Revenue   Fairly high            6.5 

  Market   High            8.0 

  Technical 
  Residue   Medium             5.0 

  Inputs   Very low            0.0 

           TOTAL 39% 

 

4.4.2. Orange waste  

According to Table 6, the identified alternatives for orange waste are animal feed, followed 

by extraction of compounds and afterward anaerobic digestion. Animal feed is the most 

common waste management option used in orange juice production plants (Rezzadori, 

Benedetti and Amante, 2012; Arvanitoyannis and Varzakas, 2008). Figure 14 shows the 

different valorization options that can be done for animal feed. The solid waste produced 

can be used as fresh or dried ingredients for animal feed (Wadhwa and Bakshi, 2013). It can 

also be ensiled to enhance nutrients in the forages used for animal feed (Vincent 

Corporation, 2018).  
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Figure 14. Animal feed valorization options from orange waste. 

(Wadhwa and Bakshi, 2013; Metcalfe, et al., 2019; Rezzadori, 
Benedetti and Amante, 2012) 

 

In the case of extraction of compounds, as shown in Figure 15, there are studies of different 

by-products that can be extracted and then used as ingredients in food, beverage, aromatic 

essences, cosmetics and perfumes (Rezzadori, Benedetti and Amante, 2012; Kosseva, 

2011). 

 

 
Figure 15. Extraction of compounds valorization options from orange waste. 

(Rezzadori, Benedetti and Amante; Kosseva, 2011) 
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Orange waste as fresh animal feed 

The first optioned analyzed for orange waste is to sell it as fresh animal feed. As shown in 

Table 10, the investment was given a high benefit value, this is due to the low investment 

needed to manage the orange waste since it would be used as fresh animal feed. The 

revenue in this specific scenario will be low being this the reason of the fairly low value 

given. Citrus are an important part of ruminant feeding systems in many areas of the world 

(Arvanitoyannis and Varzakas, 2008), however the market in Sweden is low mainly because 

there is no orange production in the country. As a result, the market criteria was scored as 

low benefit value for the company, taking into consideration that if this scenario was 

followed the market to sell the product would be small.  

With regard to the technical category as shown in Table 10, the residue was valued as 

medium because of the high content of water that the orange waste contains that make it 

challenging to manage (FAO, n.d) and its potential to fast spoilage (Metcalfe, et al., 2019). 

However, in this specific scenario it is considered that the waste would be given after being 

produced and used in a location closed to the processing plant, making it possible to 

manage (FAO, n.d). The technical input was decided to have a high benefit value since there 

are no additional inputs of energy or other materials are needed for its disposal. 

 
Table 10. Results of MCDA for fresh animal feed. 

  Category   Criteria   Beneficial   0   1   2   3   4   5   6   7   8   9    10  Value 

  Economic  

  Investment    High            8.0 

  Revenue   Fairly low            3.5 

  Market   Low             2.0 

  Technical 
  Residue   Medium             5.0 

  Inputs   High            8.0 

           TOTAL 53% 

 

Orange waste for essential oil extraction  

Table 11 shows the MCDA done for the extraction of essential oil extraction from the orange 

waste. In this scenario the company would made the essential oil extraction and sell it 

afterwards. As shown below (Table 11), the production of essential oils from orange waste 

has been determined to as profitable alternative since this by-product has high added value 

and several applications in the food and pharmaceutical industries (Rezzadori, Benedetti 

and Amante, 2012). Taking this in consideration the revenue and the market were decided 

to be evaluated as high benefit to the company. As for the investment the value was 

decided to be set as fairly low benefit to the company since they would have to invest on 

the technology to extract the oil. The method of extraction of essential oil depends on the 

application that is going to have, the most used methods are steam distillation, cold 
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expression, lipophilic solvents, supercritical fluids and steam exploitation (Golmohammadi, 

et al., 2018).  

As for the technical criterion, it was decided to evaluate the residue as fairly high in regard 

to the benefit to the company because in this scenario the orange waste would be treated 

right after being produced reducing the risk of spoilage and the challenges of storing it or 

transporting. The input was valued as fairy low benefit to the company, because the 

extraction method will generated a cost due to the energy needed to produce the essential 

oil.  

 
Table 11. Results of MCDA for essential oil extraction. 

  Category   Criteria   Beneficial   0   1   2   3   4   5   6   7   8   9    10  Value 

  Economic  

  Investment    Fairly low            3.5 

  Revenue   High             8.0 

  Market   High             8.0 

  Technical 
  Residue   Fairly high            6.5 

  Inputs   Fairly low            3.5 

           TOTAL 59% 

 

Orange waste for anaerobic digestion 

The last alternative option analyzed for orange waste is anaerobic digestion.  The process 

of anaerobic digestion from organic waste has been proposed as an efficient valorization 

rout for methane production. However. Orange waste due to its citrus essential oils content  

inhibits the bioprocess (Negro, et al., 2017; Ruiz and Flotats, 2014). To optimize the 

anaerobic digestion essential oils, in particular d-limonene, need to be removed or an 

anaerobic co-digestion treatment needs to be done in order to dilute the concentration of 

d-limonene (Negro, et al., 2017). Some of the methods that can be used for pretreatment 

of citrus waste are ensiling, aeration, thermal and alkaline treatments.  

Taking into consideration that the company needs to treat the waste before selling it for 

production of biogas, the value of investment and inputs, shown in Table 12, were decided 

to be classified as low benefit. This is assuming the company would need to invest on an 

equipment to extract the essential oil of the orange waste prior to selling it. As for the 

revenue, the production it was decided to value as fairly low because considering the 

company has to transport the waste and the prices of organic waste for biogas production 

it would not be a lot of profit. As for the residue criteria, it was considered to be medium 

value benefit because it would be treated right after being produced there would not be 

spoilage risk for the waste.  
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Table 12. Results of MCDA for anaerobic digestion. 

  Category   Criteria   Beneficial   0   1   2   3   4   5   6   7   8   9    10  Value 

  Economic  

  Investment    Low            2 

  Revenue   Fairly low            3.5 

  Market   Fairly high             6.5 

  Technical 
  Residue   Medium             5 

  Inputs   Low             2 

           TOTAL 38% 

 

4.5. Recommendations  

Loviseberg presseri AB produces 78 tons of waste per week, which is 49% of the total weight 

the company buys as raw material for the production of their products. Currently, this is 

sent to a biogas production company, but their current organic waste mix makes this option 

not viable for the company anymore. This study shows that there are alternative ways to 

manage the organic waste produced that have lower environmental and social impact, as 

well as higher economic benefits. Specifically organic waste produced from orange and 

apple, which are the type of waste with the highest quantity produced.  

As shown in the assessment of alternatives, section 4.4, the option for apple pomace with 

the highest percentage of benefit for the company is to be used as an ingredient for human 

consumption products in a local bakery with 59%, followed by fresh animal feed with 53% 

and lastly pectin production with 39%.  Selling to a local bakery would be the first 

recommendation for the apple pomace, however further analysis of the characteristic of 

the waste, such as moisture content and nutrients would increase the viability of the option. 

Animal feed would should also be further analyze, considering it could be apply to the other 

types of waste produced by the company that were not assessed in this study.  

As for orange waste, the extraction of essential oils and animal feed were identified as the 

highest optimal options, with 59% and 53% of benefit to the company. It is recommended 

to the company to do further analysis on essential oil extraction and to reutilize the 

remaining solid residue for animal feed or anaerobic digestion. Considering that animal feed 

had a high value in both types of waste, it is recommended to analyze the possibility of this 

option further.  

Applying circular economy into the process of an specific product production as was done 

in this case can also increase the value of the product and the company. Corporate social 

and environmental responsibility are concepts that have increase on the demands and 

being valued from the consumers today (Volpentesta, 2016). This was not considered in the 

revenue assessment, however it is recommended to the company that it can be seen as a 

marketing strategy to increase the value of their products.   
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5. Discussion   
In recent years, the concept of circular economy has received increased attention in 
different fields, mostly related to the goal of achieving a more sustainable development. 
However, due its broad scope it has created confusion and challenges when putting into 
practice (Reike, Vermuelen and Witjes, 2018). Reporting successful circular economy 
implementation practices may help decision-makers gain circular economy knowledge and 
contribute towards sustainable consumption and production patterns (Principato, et al., 
2019). In addition, there should be more research to contribute to help companies to 
reduce and reuse food waste, by showing relevant results obtained by applying circular 
economy approach.. 

 
The results of this research, focused on identifying and analyzing alternatives for food waste 
generated in juice production, showed that the food waste created along the production 
stages can provide valuable insights on the application of circular economy perspective in 
order to reduce food waste. In particular, it was found that analyzing specific side-flows and 
quantifying the waste produced is vital for a good understanding and taking further 
decisions. It was found that apple waste produced from cold-pressed juice extraction can 
be reused as the following: products for human consumption, animal feed and extraction 
of compounds; and that orange waste can be reused as animal feed, extraction of 
compounds and anaerobic digestion.  
 
After further analysis, it was identified that for the specific location and stakeholders 
interest the optimal valorization options are: use for bakery ingredients for apple waste and 
extraction of essential oils and AD for orange waste. According to literature, the main issue 
remains in finding valorization routes that are environmentally and economically viable for 
businesses and consumers (FAO, 2014). By observing the results of different studies, 
policymakers and business should focus their efforts on realizing more viable, closing loop 
options taking into account feasibility and overall systems effects (Reike, Vermuelen and 
Witjes, 2018).  

 
As regards to the specific case study, organic waste produced in cold-pressed juice 
production proved to be a substantial amount. In the case of Loviseberg presseri AB it was 
found to be the 49% of the weight of the purchased raw materials. This high amount (78 
tons) of organic waste produced every week opens a range of opportunities for the 
company to apply a circular economy approach to close the loop, reduce food waste and 
increase its economic value. In particular, the study showed that by analyzing and assessing 
the waste produced could be useful to identify alternatives for organic waste management 
to obtain more value and less environmental impacts in the production stage. However, 
further research should be done to support companies to find the best alternative and 
markets to close the loop. 
 
In particular, the study showed that through characterizing of each specific side-flow more 
detailed information can be obtained for the selection of management alternatives. The 
results from the nine-stage characterization showed the difference between the two waste 
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types analyzed and facilitated the alternative identification. Nevertheless, some parts were 
complex to characterize, for instance the edibility of apple waste, although it is needs 
further process to be consumed it was classified edible. Additionally, to have more detailed 
identification and analysis of alternatives it is recommended to do a further analysis of the 
waste which includes the specific properties of the food waste such as, nutrients and 
moisture content to enable a more tailored solution for each specific waste type generated. 

 
The use of FMWDT provided the bases to identify the most optimal alternatives. The 
alternatives suggested could be further analyzed, for instance, the extraction of compounds 
the different valorization options should be further researched for a higher added value 
route. As for the assessment of the alternatives it is recommended that a deeper analysis 
of economic evaluation is done to identify the viability of the chosen waste management 
option and get closer to a circular economy practice. 

 
The methodology proposed in this study can be used to give recommendations of the 
alternatives for the optimum use of organic waste. However, it showed to be a starting 
point for identifying alternatives and further analysis should be done to have a closer 
opportunity to close the loop in food industries. It is recommended to analyze the 
stakeholders and market opportunities in order to get closer to a circular economy 
approach and have options that are feasible and affordable for the companies. Further 
research must be carried out in order to tackle waste challenges in the food supply chain. 
 

5.1. Limitations 

Complex systems such as waste management, have levels of uncertainty that can affect the 
results and mostly depend on the chosen methodology and used data. This study is limited 
by the validity of the data, taking in consideration that all the data used was given by the 
company staff and not measured or weighted for the purpose of the research. Another 
limitation is the use of qualitative analysis (MCDA) which is limited by the selection of 
parameters and the decision of score given to each one based on literature review and the 
authors criteria.  
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6. Conclusion  
Food waste generated in the food industry is a global issue that needs to be undertaken to 
reduce environmental, social and economic impacts. The linear economic strategy that is 
applied today has consequences throughout all the food supply chain that can be reduced 
by valorizing waste and reutilizing materials. The reduction of food waste and the 
valorization of waste streams can be accomplished with the support of decision-making 
tools that assess the consequences. 
 
This research showed the high amount of waste is produced in the production of cold-
pressed juice. It was identified that in the juice production plant of Loviseberg presseri AB 
most of the food waste is produced during the pressing of the fruits and vegetable and the 
highest amount comes from apple and orange. After an assessment of the environmental, 
social, economic and technical aspects of different possible waste management 
alternatives, it was proposed that an improvement would be to sell the apple pomace to a 
local bakery to be used as ingredient for human consumption products. As for the orange 
waste, it was proposed that an improvement for the organic waste management would be 
to extract the essential oil and utilize the solid residue as animal feed or anaerobic digestion.  
 
In conclusion, it was found that a circular economy approach as well as a deep analysis on 
waste and alternatives can provide support on the decision made regarding food waste 
management in the food production industries. By identifying the stages of production and 
assessing the specific type of food waste produced it can support the decisions for optimum 
alternatives of the waste management. Better informed decision can be made when 
different sustainability aspects are considered when deciding waste management 
alternatives which can benefit the companies and the environment that surrounds them.   
 

6.1. Future work  

Nevertheless, as shown in this research a deeper understanding on the waste is needed to 
identify the optimum and viable alternative. An analysis on the waste characterization, such 
as nutrients and moisture content, can facilitate the process of alternative selection.    
Further research on market and stakeholders interest would also be of great value to 
support the decision on the alternatives planned to be used.  
 
To increase the success of the alternative implementation and justify the viability a deeper 
economic assessment should be analyzed to support the decision. As well as an increase on 
public policies that contribute to reducing food waste and the development of new 
technologies to facilitate the processes to valorize waste. Finally, the cooperation of 
industries is vital to succeed in a circular economy.   
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