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ABSTRACT 

AL-OBADI, MUNA, Masters: June: 2021. Master of Sciences in Engineering 

Management. 

Title: Carbon Footprint Analysis of Dairy Food Waste: A Farm-to-Fork Life Cycle 

Based Assessment Along Dairy Value Chain. 

Supervisor of Thesis: Galal Abdella and Murat Kucukvar. 

Reducing the agricultural industry's carbon footprint is a severe challenge, as 

around a third of the produced food is wasted along the supply chain globally. Despite 

attempts to reduce carbon emissions from the agri-food system, agriculture contributes 

significantly to Greenhouse Gas (GHG) emissions, with approximately 51 billion tons 

of carbon dioxide equivalent globally. Although ruminant animals are a primary source 

of meat and dairy products, livestock's supply chain, including their wastes, releases a 

considerable greenhouse gas such as methane, nitrous oxide, and carbon dioxide. The 

presented paper starts with bringing up a mini literature review on several methods for 

quantifying food waste, assessing the environmental impact of food waste, identifying 

the potential stages along the food supply chain, and providing circular food economy 

findings for reducing the emissions released from the food waste globally. The study 

has emphasized that food waste in mass does not necessarily indicate the food waste-

related impact. Although animal-containing products have relatively low waste in terms 

of mass, they have a significant food waste-related impact explicitly in global warming 

potential (Kg C02 eq). The results reveal that milk is the top dairy product responsible 

for the wastage of dairy products in terms of mass and wastage Carbon Footprint (CF). 

The consumption stage accounted for nearly 50% of dairy food waste in terms of mass. 



  

iv 

 

The primary production stage is responsible for most of the dairy sector's carbon 

intensity from farm-to-fork life cycle assessment. The study explains the reason why 

animal-containing food waste carbon intensity gets exacerbated in the primary 

production chain. Although the wastage carbon footprinting varies among different 

geographical locations, the United States dominated the top wastage dairy emissions, 

followed by United Kingdom, Turkey, Slovak Republic, and Germany. Further policy 

recommendations have been suggested to mitigate the impact of dairy food waste 

emissions eventually. The paper attempts to support strategic decision-making towards 

the transition to a sustainable food supply chain in the dairy sector to mitigate food 

waste challenges ultimately.  



  

v 

 

DEDICATION 

 

 

 

 

 

Dedicated to my family, friends, and university instructors. 

 

  



  

vi 

 

ACKNOWLEDGMENTS 

 I would like to express my thanks and gratitude to God for providing me the 

strength, commitment, and knowledge to undertake this research study.  I would also 

like to thank Qatar University for giving me the opportunity to complete my master’s 

degree. Great thanks and gratitude to the thesis supervisors Dr. Galal Abdella and Dr. 

Murat Kucukvar, for their valuable guidance and support throughout this journey. 

Many thanks to Eng. Adeeb Kutty for his kind and continuous support for assessing me 

to complete the research work. Finally, the acknowledgment will not be done without 

expressing my thanks to my strength, my family. I want to thank them for their patience, 

not only on this research work but throughout my entire life. This research work will 

not be achieved without their tremendous support. 

  

 

 

  



  

vii 

 

TABLE OF CONTENTS 

DEDICATION ............................................................................................................... v 

ACKNOWLEDGMENTS ............................................................................................ vi 

LIST OF TABLES ........................................................................................................ ix 

LIST OF FIGURES ....................................................................................................... x 

LIST OF EQUATIONS ................................................................................................ xi 

LIST OF ABBREVIATIONS. ..................................................................................... xii 

Chapter 1: Introduction .................................................................................................. 1 

1.1 Background. ......................................................................................................... 2 

1.2 Problem Statement. .............................................................................................. 5 

1.3 Objectives. .......................................................................................................... 10 

1.4 Scope. ................................................................................................................. 10 

1.5 Study Outline...................................................................................................... 11 

Chapter 2: Literature review. ....................................................................................... 13 

2.1 Review Method. ................................................................................................. 14 

2.2 Knowledge Fragmentation. ................................................................................ 15 

2.3 Quantifying Food Waste. ................................................................................... 19 

2.4 Environmental Assessment of Food Waste. ....................................................... 22 

2.5 Supply Chain Analysis of Food Waste. .............................................................. 25 

2.6 Circular Economy of Food Waste. ..................................................................... 27 



  

viii 

 

2.7 Conclusion. ......................................................................................................... 30 

Chapter 3: Methodology. ............................................................................................. 32 

3.1 Research Flow Chart. ......................................................................................... 32 

3.2 Dairy Food Waste Data Collection. ................................................................... 34 

3.3 Dairy Food Waste Carbon Footprint. ................................................................. 36 

3.3.1 Classifying Dairy Food Category. ............................................................... 36 

3.3.2 Defining Milk Supply Chain: The Dairy Value Chain. ............................... 38 

3.3.3 Assessing Dairy Food Waste Carbon Footprint. ......................................... 41 

3.4 Dairy Waste Visualization Dashboards.............................................................. 45 

Chapter 4: Results and Discussion. .............................................................................. 49 

4.1 Food Waste Related Impact Assessment. .......................................................... 49 

4.2 Dairy Waste Quantifications and Categorization. .............................................. 53 

4.3 Wastage Carbon Footprint of Dairy Products. ................................................... 56 

Chapter 5: Summary and conclusion. .......................................................................... 59 

5.1 Conclusion. ......................................................................................................... 61 

5.2 Recommendation and Future Work ................................................................... 62 

References .................................................................................................................... 66 

 

 



  

ix 

 

LIST OF TABLES 

Table 1. Reports the leading food waste-related main categories adopted within the 

selected studies. The symbol (√) means that the element is considered in the study. . 22 

Table 2. Summary of the main food waste-related supply chains adopted within the 

selected studies. √ means that the supply chain stage is considered in the study. ....... 27 

Table 3. Milk and milk product categories are classified based on FAO definitions. . 37 

Table 4. Food waste product categories along the value chain. ................................... 51 

Table 5. Global Warming Potential measured in (Kg C02-eq) factor along value chain.

...................................................................................................................................... 52 

Table 6. Environmental impact (GWP) of the nine indicator waste categories. .......... 52 

Table 7. Carbon Footprint of Dairy Waste Categories in 1000 tonnes CO2-eq .......... 59 

  



  

x 

 

LIST OF FIGURES 

Figure 1. The position of food loss and waste from the total food production. ............. 4 

Figure 2. Review Method. ........................................................................................... 15 

Figure 3 Number of relevant documents per keyword search. .................................... 16 

Figure 4 Number of relevant documents per search keywords (2009 – 2020). ........... 17 

Figure 5 Journal Distribution of Carbon Footprint Food Subject Area. ...................... 18 

Figure 6. Three stages of the food system in a circular economy ................................ 29 

Figure 7 Research flow chart. ...................................................................................... 33 

Figure 8. Milk supply chain: the dairy value chain (Rodríguez-Enríquez et al., 2015).

...................................................................................................................................... 40 

Figure 9. The system boundary of dairy food waste and waste-related emissions. ..... 41 

Figure 10 Steps for Data Visualization. ....................................................................... 46 

Figure 11. Dairy food waste visualization dashboards pyramid .................................. 48 

Figure 12. Dashboard 1: Food Waste Related Impact Assessment. ............................ 50 

Figure 13. Dashboard 2: Dairy food waste categorized by product across the food 

supply chain. ................................................................................................................ 54 

Figure 14. Milk & dairy products avoidable food waste in the UK (Kg per one tonne of 

waste). .......................................................................................................................... 56 

Figure 15. Dashboard 3: The wastage carbon footprint of dairy products. ................. 58 

 

 

 

 

 



  

xi 

 

LIST OF EQUATIONS 

Equation (1) ................................................................................................................. 44 

Equation (2) ................................................................................................................. 44 

Equation (3) ................................................................................................................. 45 

Equation (4) ................................................................................................................. 45 

 

 



  

xii 

 

LIST OF ABBREVIATIONS. 

1. GHG: Greenhouse Gases. 

2. FAO: Food and Agriculture Organization for the United Nations. 

3. OECD: Organization for Economic Co-operation and Development. 

4. CF: Carbon Footprint. 

5. CO2e: Carbon dioxide equivalents. 

6. FSC: Food Supply Chain. 

7. GWP: Global Warming Potential. 

8. FLW: Food Loss and Waste. 

9. IPCC: Intergovernmental Panel on Climate Change. 

10. UCSUSA: United Nation Framework Convention on Climate Change. 

11. LPS: Livestock Production System. 

12. LCA: Life Cycle Assessment. 

13. LCSA: Life Cycle Sustainability Assessment. 

14. SIANI: Swedish International Agriculture Network Initiative. 

15. UNECE: United Nations Economic Commission for Europe. 

16. IUCN: International Union for Conservation of Nature. 

17. FAOSTAT: FAO Statistical Databases. 



  

1 

 

CHAPTER 1: INTRODUCTION 

The livestock sector has gained extensive attention from different researchers 

for the potential contribution of livestock to boost emissions and other environmental 

aspects (Steinfeld et al., 2006). Discarded edible food originates food waste causing the 

loss of many valuable natural resources exposed to scarcity, including waste, land, and 

fuel for electricity and transportation (Depta, 2018). Approximately 4.4 gigatonnes of 

greenhouse gas emissions are released annually from natural resources for producing 

food that is ultimately wasted along the food supply chain (Rezaei & Liu, 2017). The 

tremendous loss of natural resources along the value chain is an emerging critical global 

issue (Hegnsholt et al., 2018). Although some food waste elements are inevitable, 

reducing food waste volume will significantly impact global food security and 

sustainable agricultural development (Brett, 2013). Therefore, tackling food waste in 

an integrated sustainable manner should always be treated as the right chance to feed 

people globally and optimize natural and financial resources simultaneously (Rezaei & 

Liu, 2017). 

Rotted discarded foods are kept in the landfills generating methane, a potent 

GHG with a GWP 25 more than carbon dioxide (Depta, 2018). The carbon footprint 

released from the food waste, including dairy food waste, is approximately 3.3 billion 

tonnes of carbon dioxide equivalent annually (FAO, 2013). The same report has shown 

that the anthropometric methane emissions released from landfills food waste deemed 

one of the largest significant sources of GHG emissions. According to the UNECE 

report, approximately 60% of global methane emissions are raised by human activities 

(UNECE, n.d.). The report shows that the agricultural industry, including the livestock 

dairy sector, is one of the primary contributors to anthropogenic methane emissions. 

According to FAO (2013), the Agricultural sector is in charge of most plant threats and 
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the animal species threats tracked by IUCN. Reduction in atmospheric Greenhouse 

Gases plays a significant role in achieving a healthy environment and making our planet 

more inhabitable (Scholz, 2013). The world has witnessed the impact of GHG through 

global warming, rising sea levels, and climate change.  

1.1 Background. 

In the past years, due to the dramatic and rapid development of industrialization 

and globalization, natural resources, including resources used for the production of 

dairy products, have peaked, leading to the concentration of atmospheric greenhouse 

gases, including carbon dioxide (Steinfeld et al., 2006; United Nations, 2015). 

Consequently, the seriousness and riskiness of climate change phenomena have gained 

a great deal of attention from the research and the public. The dairy sector is facing 

substantial challenges due to the need to increase the production of dairy products to 

cope up with the world population growth need, while at the same time reducing the 

number of emissions to respect the global target of not exceeding a temperature of 2°C 

(Grossi et al., 2019; Masson-Delmotte et al., 2019). The production of dairy products 

will increase to reach 177 tons by 2050; simultaneously, the consumption rate per capita 

per year for dairy products also expected to increase by 0.8% and 1.7% in the developed 

countries comparing to a 0.5% and 1.1% increase in developed economies (FAO, 

2016).  

Livestock activities significantly influence several aspects of the environment. 

Almost all environmental elements, including air, water, land, climate change, and 

biodiversity, are significantly affected by the livestock sector activities (Steinfeld et al., 

2006). The livestock production system of dairy products is continuously contributing 

to influence not only the water, land, biodiversity resources but also climate change and 

polluting gases (FAO, 2010b, 2016, 2017b). Animals and their wastes contribute 
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directly and indirectly through grazing or feed crop production to climate change 

(Steinfeld et al., 2006). Unsurprisingly the livestock sector is sharing around 18% of 

GHG anthropometric emissions measured in carbon dioxide equivalent (Steinfeld et al., 

2006). The livestock sector shares a considerable amount of greenhouse gases, e.g., 

producing 15 % methane, 17% nitrous oxide, and 44% ammonia (FAO, 2016; Grossi 

et al., 2019; Steinfeld et al., 2006). The warming potential of nitrous oxide, one of the 

greenhouse gases produced by the livestock sector, is approximately 296 times greater 

than the warming potential of carbon dioxide (FAO Livestock Policy Brief, n.d.). 

A recent research study by the United Nations Panel on Climate Change 

(International Monetary Fund. Communications, 2019a) shows that the way food is 

produced and how nations are eating the food has a more outstanding contribution to 

climate change and human health burning fuel.  Globalization has boosted greenhouse 

gas emissions from half of the total atmospheric emissions by 2050 compared to only 

a quarter of the total emissions in 2019, according to a special report in IPCC on climate 

change (Masson-Delmotte et al., 2019). Dairy food waste is acting as a complementary 

factor for raising the carbon footprint. Around one-third of the food produced for human 

consumption is either lost or wasted from the early stage of food production until the 

consumer stage (FAO, 2014b), as shown in Figure 1. All food production stages along 

the Food Supply Chain (FSC) contribute towards boosting the level of greenhouse gas 

emissions released into the atmosphere (Scholz, 2013). Approximately 1.3 billion tons 

of edible food per year are not reaching the nations as it is lost during food production 

stages and causes emissions (FAO, 2014b). The effect of food waste extends to 

starvation. (FAO, 2017a) roughly estimates that out of 7.6 billion people worldwide, 

almost 815 million people suffer from hunger and unbalanced nourishment. Under the 

current distressful circumstances, there is an imperative need to adopt sustainability 
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development and monitor the number of greenhouse gases released to the atmosphere 

from food waste, including dairy waste.   

 

 

 

Figure 1. The position of food loss and waste from the total food production. 

 

 

Food and Agriculture Organization (FAO, 2014a) has defined sustainable 

development (SD) as the management of natural resources and the orientation of 

multiple technological and institutional changes to maintain and satisfy the human's 

need for present and next generations. In other words, sustainable development ensures 

that current human needs are fulfilled without compromising future generations' needs. 

Addressing sustainability in the food industry and monitoring atmospheric greenhouse 

gas emissions becomes essential for humans to meet their demand for food and maintain 

a green and healthy environment. Food is one of the basic needs of human beings to 

survive. Livestock products, such as milk, meat, and eggs, are the critical factors for 

food security, providing 34% of the proteins, fats, and other nourishing elements 

necessary to grow up, build, function, and repair the body (FAO, 2017b). Without the 

livestock sector's valuable food sources, human body function will start to atrophy, 

1/3
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Global food loss and waste 

Food Waste Food Produced



  

5 

 

affecting internal body organs' health conditions. (Staniškis, 2012) claimed that 

human's need for food is increasing dramatically in the last 50 years, in which human 

food consumption is 30% more than the actual capacity. There is a proportional relation 

between the amount of food produced/consumed and atmospheric greenhouse gas 

emissions. As food waste and loss increase along food production stages, the number 

of emissions released from that waste increases. Therefore, reducing food waste and 

loss (FWL) will tremendously influence the atmosphere. Growth in prosperity, quick 

urbanization and population growth are factors that contribute to rising carbon 

emissions. The world population is anticipated to increase significantly in the next 15 

years by approximately one billion people to reach around 8.5 billion people in 2030 

(United Nations, 2015). The report has also shown that population growth will continue 

to rise further to get 9.7 and 11.2 billion people in 2050 and 2100, respectively. As a 

result, population growth is predicted to increase even more over time. Such a boost 

will increase the need to ensure and secure a green and healthy environment by reducing 

anthropometric carbon emissions. 

1.2 Problem Statement. 

Reducing dairy food waste has been a growing area of interest in the agricultural 

research industry (Raak et al., 2017). Several initiatives, studies, and projects aim to 

increase food waste issues, raise people’s awareness, and foster collaboration across the 

food supply chain to reduce food waste and corresponding emissions (SIANI, 2017). 

However, research on food waste is still an emerging field as there is a lack of 

knowledge about food supply chain function, the amount of food being wasted along 

the value chain, and the corresponding causes of food waste globally (SIANI, 2017). 

Ruminant animals are a significant source of meat and dairy products; however, 

livestock's supply chain, including their wastes, releases a considerable greenhouse gas 
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such as methane, nitrous oxide, and carbon dioxide (FAO, 2017b); (B. Kim et al., 2015). 

The livestock supply chain emissions account for approximately 50% methane, 24% 

nitrous oxide, and 26% carbon dioxide (FAO, 2010b). According to the International 

Monetary Fund Communications (2019b), the emissions released from the livestock 

sector are equivalents to all the world's emissions from cars, trucks, airplanes. Recent 

studies have shown that animal-containing food waste, including dairy food waste 

products, is increasingly seen as a potential factor affecting the environment. Despite 

its relatively low waste in terms of mass, animal-containing food waste has the majority 

share of emissions related to climate change category (Brancoli et al., 2017). These 

results are acknowledged by Jeswani et al. (2021) and Scherhaufer et al. (2018), 

showing that although livestock food waste, including dairy products, represents only 

10% of the total food waste, the significant contributors of food waste-related 

emissions. FAO showed that dairy food waste mainly occurs during the consumption 

stage, especially in Europe, America, and Asia, as shown in Figure 2. Pocketbook 

(2013) has shown most dairy waste in the UK occurs in the consumption stage.  
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Figure 2. Percentage of dairy food waste, including milk, along the food supply chain 

stages at different regions. 

 

 

The current food system failed to promise to secure daily food products for 

humanity and respect the maximum rise temperature from emissions (Loboguerrero et 

al., 2020). As mentioned earlier, the dairy sector faces a real challenge between 

increasing production to meet population growth demand and reducing polluting 

emissions. The emissions are not strictly limited to carbon dioxide, one of the leading 

chemical gases contributing significantly to the greenhouse effect. According to 

Montzka et al. (2011), carbon dioxide is not the only contributor to greenhouse gases. 

Other anthropogenic emission gasses, methane, oxide, nitrous, and ozone-depleting 

substances, also alter the earth's climate. According to the same study, several sectors 

studied their emissions of non−CO2 gases and their contribution to the total 

anthropogenic emissions; these sectors are agriculture, energy-related, landfills, 

biomass burning, and other sectors. Unsurprisingly, the agriculture sector contributes 

to 13.5% of total annual anthropometric greenhouse gas emissions with a significant 

contribution of approximately 70% nitrogen dioxide, 50% methane, and 25% carbon 
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dioxide. Multiple factors drive greenhouse gas emissions. One of the best contributors 

to increasing the emissions released to the atmosphere is the agricultural sector; 

therefore, the impact of climate changes and global warming has risen to its doubled 

original amount (Muthu., 2014). According to (Montzka et al., 2011), agriculture is the 

largest participant with a significant fingerprint to anthropogenic greenhouse gas 

emissions. The Sustainability Development (SD) has been defined by Commission on 

Environment (1987) as "Meeting the needs of the present without compromising the 

abilities of future generation to meet their own needs." There is a must to mitigate 

emissions released to the atmosphere by developing a carbon footprint model for food 

waste. The anthropometric greenhouse gas emissions are anticipated to increase more 

if there are no actions considered to mitigate the negative impact of emissions on the 

environment and nations. 

Several researchers classified the types of environmental footprint to confine 

and quantify food waste's ecological impact globally. Čuček et al. (2012) have 

categorized various kinds of scientific indicators for environmental footprint, including 

Carbon Footprint (CF), Water Footprint (WF), Energy Footprint (ENF), Emission 

Footprint (EMF), Nitrogen Footprint (NF), Land Footprint (LF), Biodiversity Footprint 

(BF), and other footprints such as Phosphorus Footprint (PF). Humans in different 

demographics are taking advantage of natural resources' existence without a precise 

quantification measurement of environmental impact. Therefore, the classification of 

environmental footprints raises the opportunity to quantify the ecological impact on a 

local and global scale (Nairobi, 2016). Recently, Carbon Footprint (CF) has become 

one of the main pillars of sustainable environmental indicators. Čuček et al. (2012) has 

clarified the carbon footprint definition from different researcher's perspectives. For 

instance, according to Galli et al. (2012), the carbon footprint is defined as a quantitative 



  

9 

 

measurement used to measure the number of greenhouse gas emissions, whether they 

are caused by activities or accumulated over the product's or service life stages directly 

or indirectly. These activities could include human activities or activities caused by 

individuals, organizations, companies, industry sectors, or any other type of activities 

that could be used to measure greenhouse gas emissions. However, Solé et al. (2018) 

have defined Carbon Footprint (CF) as the total amount of carbon emissions released 

to the atmosphere; these emissions could be direct or indirect emissions released from 

an activity or accumulated over time for the life stage of a product. The Carbon 

Footprint of dairy waste products comprises emissions such as methane, carbon 

dioxide, and nitrous oxide along the value chain, including production, distribution, 

processing, transportation, retail, consumption. According to Čuček et al. (2012), there 

are different terms used to represent greenhouse gas emissions, such as climate 

footprint, CO2 footprint, footprint, methane footprint, and Global Warming Potential 

(GWP) footprint.  

The research questions that are going to be addressed in this research are the following: 

1. What are the most significant dairy waste categories responsible for 

contributing potentially to carbon footprint-related emissions along the dairy 

value chain? 

2. What do dairy value chain stages account for most dairy waste in terms of mass 

and wastage CF derived from the dairy sector?  

Although some studies have addressed the quantification assessment of food waste-

related impact along the supply chain, almost no scientific research has been conducted 

for dairy food-waste carbon footprint along the food supply chain. Recent 

investigations have worked on carbon modeling in different sectors other than dairy 

food waste, such as developing a comprehensive model for determining the carbon 
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footprint for fossil fuel electricity, the modeling carbon footprint of textile products, 

and creating a model of success of reducing the organization's carbon footprint. 

1.3 Objectives. 

The key objectives of the research study can be summarized as the following:  

 Quantify food waste by determining the amount of dairy food waste at each 

food supply chain stage based on the available data. This helps in identifying 

the stages along the value chain that contribute potentially to the dairy food 

waste. 

 Analyze the quantitative assessment of environmental impact, explicitly carbon 

emissions, related to dairy food waste along the food supply chain. This helps 

develop visualization dashboards for the dairy food waste vs. supply chain and 

dairy food waste vs. emission intensity for different countries. 

 Recommend practical policies that support strategic decision-making towards 

the transition to a sustainable food supply chain in the dairy sector to mitigate 

food waste challenges ultimately. 

1.4 Scope. 

The study's scope has been tightened to comprises the emissions released for 

the dairy food waste only, excluding the emissions released from dairy food and 

ruminant animals' production. Although sustainability has three main pillars: economic, 

environmental, and social, in this research, the focus will be on assessing the wastage 

carbon footprint of dairy food waste throughout a well-defined life cycle, mainly from 

farm to fork. The assessment comprises the wastage derived from milk and milk 

products. Several indicators are classified under the agri-environmental hands: fertilizer 

indicators, land use indicators, land cover, livestock patterns, livestock manure, 

pesticide indicators, emissions shares, emissions intensities, and temperature changes. 
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However, due to this research's nature, indicators related to dairy emissions will be 

addressed only for the carbon footprint of dairy food waste across the supply chain to 

support managers and decision-makers for making better-informed decisions towards 

the transition of sustainable and circular food economy system. Even though the 

livestock sector consumes natural resources and contributes significantly to global 

greenhouse gas emissions, the focus will be only on the carbon emissions released from 

dairy food waste. The emissions released from ruminant animals used for milk 

production, such as enteric fermentation and manure storage, are excluded. Grossi et 

al. (2019) have shown that the livestock sector releases emissions estimated by 7.1 

gigatons of carbon dioxide equivalents from different sources. Direct livestock 

emissions come from enteric fermentation (39%), manure excreted and applied to the 

soil, and manure storage (10%) of total emissions. Indirect sources processing & 

transportation (6%), transportation, feed processing agricultural operation, fertilizers 

and chemicals, and land-use change are indirect emissions from feed production, 

contributing to 45% of the total emissions.  

1.5 Study Outline. 

In this study, five chapters are included to assess the carbon footprint modeling 

for dairy food waste across the value chain from farm-to-fork for four dairy waste 

product categories. In chapter 1, a brief introduction is used to provide a comprehensive 

picture showing the livestock sector's contribution to global emissions and the need to 

develop a detect the wastage carbon footprint to mitigate the environmental impact of 

GHG emissions derived from the dairy sector. The same chapter has also highlighted 

the research objective, scope, and problem statement. A microscopic review of the 

current research studies (literature) for quantifying food waste, identifying the 

environmental impact related to food waste along the value chain, assessing the stages 
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of food supply chain which contributes potentially to food waste, suggesting circular 

food economy techniques for mitigating food waste in the agriculture sector, is shown 

in chapter 2. Thus, the literature chapter aims to review the history of food waste, 

including dairy waste, and the corresponding emissions along the supply chain.  

Chapter 3 is used to describe the research methodology for quantifying dairy 

food waste, calculating the greenhouse gas emissions at the different food supply 

chains, and assessing the wastage carbon footprint derived from the dairy food waste 

sector. Indeed, chapter 3 demonstrates the method of collecting the data, structuring the 

research process flow chart, assessing the CF of dairy waste, and visualizing the results. 

The illustration and discussion of the acquired results after analyzing the data are 

discussed in chapter 4. The chapter also indicates the data visualization results obtained 

from chapter 3 and the wastage carbon footprint. Although the research investigates the 

emissions of dairy waste products across the value chain associated with the wastage 

carbon footprint, some limitations have to be mentioned to be addressed in future work, 

as discussed in chapter 5. Besides, chapter 5 aims to summarize and conclude the main 

findings obtained in this valuable study. 
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CHAPTER 2: LITERATURE REVIEW.  
 

Globally, the agricultural sector plays a substantial role in the survival of 

humans. Today, with the population growth, the human's need for food is increasing 

drastically in the last 50 years, in which human's food consumption is 30% more than 

the actual capacity (Staniškis, 2012). The agri-food system faces a severe challenge 

feeding around nine billion by the twentieth century with climate change (Stock et al., 

2012). Agriculture contributes significantly to Greenhouse Gas (GHG) emissions, with 

approximately 51 billion tons of carbon dioxide equivalent globally (FAO, 2018). The 

review is organized into four sections starting with an introduction that details the 

necessity of reducing food waste and associated emissions across the food supply chain. 

Section 2.1 attempts to outline the research methodology undertaken for the review 

process briefly. Section 2.2 fragments carbon footprint knowledge in food waste 

sustainability to understand the growing interest in carbon footprint-related studies for 

food waste management. In the context of food waste, Section 2.3 aims to quantify the 

food waste categories across the value chain for several food sustainability-related 

studies highlighting geographic location's impact when quantifying considerable 

amounts of food waste along the value chain. The environmental impact of food waste 

coupled with life cycle assessment tools on several food sustainability-related studies 

are covered under Section 2.4. Section 2.5 identifies the stages along the food supply 

chain that contribute significantly to food waste accumulation, including primary 

production, handling, processing, distribution, and consumption stages. Finally, Section 

2.6 presents the circular food economy findings towards reducing the food waste 

emissions and food waste related impacts along the value chain. Section 2.7 

summarizes the review of the presented chapter with some recommendation pathways 

for future research. 
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2.1 Review Method. 

This paper presents a comprehensive review of the literature on dairy food waste 

related to the environmental impact assessment of dairy waste along the supply chain 

to address the research objectives. In the early stages, the paper shows the research 

objectives and identifies the research questions to be addressed. Then, the paper 

restricts the study's boundary by identifying the scope and defining the study focus.  

A  keyword-based search in Science Direct online database including a 

combination of words such as "dairy products," "waste," "carbon footprint," "supply 

chain," "waste minimization," etc. for selecting relevant peer-reviewed journals, 

articles, book chapters, and open access content. The authors have chosen mostly peer-

reviewed articles, few published books, and book sections on the Science Direct online 

database. Further search on Google Scholar using the same keywords has been widely 

searched for scholarly literature in the English language's dairy food waste area. All 

articles written in a language different from English are excluded: Spanish, Chinese, 

French, and German. This search was conducted to review the existing available 

literature in the calculation of food waste, environmental impact assessment of food 

waste, supply chain analysis of food waste, circular economy for food waste, and 

applications of carbon footprint models in different industries.  

The scope of the literature review to cover relevant publications during the 

timeline between 2009 to 2020. The total number of articles coming from the 

combination of the research keywords are around 3593 reviewed articles, of which 351 

articles were related to the selection criterion; that is, the publications timeline, English 

language, and articles related to environmental impact assessment of dairy food waste. 

These articles were further examined and checked after skimming through the paper's 

abstract. The process of further checking the novelty and relevancy of the collected 
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materials led to the breaking down the selected articles into 73 documents.  

 

 

 

Figure 2. Review Method. 

 

 

As mentioned earlier in chapter 1, sustainability has three main pillars: environmental 

indicators go under sustainability assessment indicators. Environmental indicators (EIs) 

are used to measure the goods and services burdens on the environment. Carbon 

footprint is an ecological indicator of greenhouse gas emissions. The metric measure of 

carbon footprint is carbon dioxide equivalent. CO2 equivalent is a standard scale used 

to compare various greenhouse gas emissions with different impacts and contributions 

to global warming into a single metric of emissions (Babiker et al., n.d.); (Ritchie & 

Roser, 2020). 

2.2 Knowledge Fragmentation. 

In the last decades, many studies have elaborated on the environmental impact 

of food waste, greenhouse gas emissions on the environment, and the food waste supply 

chain. To investigate the researchers' interest in this field, particularly the area related 

to emissions released from food waste, the authors have sorted the relevant number of 

publications in the Science Direct online database by keywords. Figure 1 shows that 

most of the research keyword documents are from the research articles and review 

articles. The highest number of research articles and review articles are corresponding 

to the carbon footprint keyword. The carbon footprint area has gained various 
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researchers' attention in different fields to implement sustainability and reduce 

greenhouse gas emissions on the environment. However, most of the carbon footprint 

applications are focused on reducing the emissions in the transportation, electricity, 

industries, commercial, and residential, where few of them only address the application 

of carbon footprint in the agricultural sector to some extent. 

 

 

 

Figure 3 Number of relevant documents per keyword search. 

 

 

Due to the importance of sustainability and increasing its awareness by the 

researchers. Authors have decided to figure out the distribution of publications in 

carbon footprint, dairy waste minimization, and supply chain analysis of dairy food 

waste overtime in the last decade. It is evident from Figure 3 that the number of 

published papers is rising over the specified timeline mentioned in the previous section 

(2009 – 2020), especially in the carbon footprint field. Different studies have been done 

in the food supply chain field's production and consumption phases in the early 1990s. 

Therefore, it is no longer a new field and tends to become relatively conventional. 
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However, the distribution of dairy waste and dairy waste minimization keywords 

increases overtime slightly compared to the dramatic rising carbon footprint field. 

Therefore, the purpose of the study's literature review to find the combination of 

relevant carbon footprint and dairy waste minimization papers to find out the research 

gap and extent of the published research in the context of carbon footprint analysis in 

dairy food waste. 

 

 

 

Figure 4 Number of relevant documents per search keywords (2009 – 2020). 

 

 

There is a steady increase in the number of publications related to carbon 

footprint over the last decade. Thus, it is necessary to conduct further investigation of 
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Environment and Resources, Conservation & Recycling with  1457, 419, and 360 peer-

reviewed academic articles, respectively. Unsurprisingly, most of the published articles 

on the carbon footprint of food waste are dominated by the Journal of Cleaner 

Production. It mainly focuses on subject areas related closely to cleaner production, 

environmental, sustainability assessment, sustainable development, and sustainability 

in which carbon footprint falls under the sustainability assessment of food waste subject 

area. It is not necessarily all the collected documents for reviewing the peer-reviewed 

academic articles related to the carbon footprint of dairy food waste that will be selected 

from the Journal of Cleaner Production. The presented study relies heavily on other 

journals related to food security, waste minimization, and resource conservation. Most 

of these keywords are primarily covered in Waste Management, Global Food Security, 

Resources, Conservation & Recycling, and Science of Total Environment journals.  

 

 

 

Figure 5 Journal Distribution of Carbon Footprint Food Subject Area. 

 

 

0 200 400 600 800 1,0001,2001,4001,600

Chemical Engineering Journal

Desalination

Energy Conversion and Management

Renewable Energy

Sustainable Cities and Society

Biomass and Bioenergy

Fuel and Energy Abstracts

Ecological Economics

Ecological Indicators

Energy Policy

Resources, Conservation and Recycling

Science of The Total Environment

Journal of Cleaner Production



  

19 

 

2.3 Quantifying Food Waste. 

Quantifying food waste helps in reducing the impact of food waste along the 

value chain. Several research types have taken the initiative to quantify food waste 

along the supply chain globally, regionally, and locally. The quantification of food 

waste in the Agri-food system is essential for strategic decision-makers to identify the 

root causes behind the increasing food waste pattern and settle well-planned waste 

management policies (Thyberg & Tonjes, 2016). Thus, this section aims to identify 

food waste categories along the value chain for several food sustainability-related 

studies.  

Addressing the quantification of food waste categories along the value chain 

accelerates the sustainable food system's assessment. Eighty-nine metric tons of food 

waste is generated annually in Europe, where fresh cheese, potato, and sugar from sugar 

beets during production are quantified as the top three food products with 85-90%, 80%, 

86% of waste, respectively (European Commission, 2010).  The research published by 

(Caldeira et al., 2019) claimed that three main food categories are responsible for the 

most considerable proportion of food waste along the supply chain: cereals, vegetables, 

and fruits. Attempts to investigate and quantify the food waste categories corresponding 

to the highest percentage of mass waste are still under development. The cereal food 

waste category, including bread, is seen as the dominant food waste factor in terms of 

mass. Bread has the highest portion of food waste with a relative mass of around 6.7 

tons annually, followed by fruits and vegetables corresponding jointly to 6.4 tons in the 

supermarket food waste (Brancoli et al., 2017). This result is acknowledged by 

(Scherhaufer et al., 2018), emphasizing the cereal food waste products, excluding beer, 

which has the highest portion of mass waste with 24,962 measured in 1000 tons of 

respected waste. Besides the cereal waste category, milk, excluding butter, and 
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vegetables explicitly potato products, has the second relatively high waste of 11,999 

and 10,592 measured in 1000 tons. Fruits and vegetables are the most categories wasted 

along the supply chain, accounting for 45% (FAO, 2019). The repetition of identifying 

the fruits and vegetable categories as one of the most wasted food groups among other 

food waste classification has stimulated several researchers. (Eriksson & Spångberg, 

2017) has investigated four waste treatment methods for five types of supermarket fruit 

and vegetables.  

Highlighting the geographical location when addressing food waste 

quantification along the supply chain becomes necessary to account for the highest food 

waste proportion. Unusually dairy products are considered the top waste products 

representing a high portion of waste in the United Kingdom, Netherlands, Austria, and 

the United States. However, again fresh fruits and vegetables represent the highest 

proportion of waste, mainly in Turkey (Parfitt et al., 2010). The quantification of 

avoidable and unavoidable fruit and vegetable wastes differs from one geographical 

location to another. Recent research published by (De Laurentiis et al., 2018) shows 

that the highest inevitable (unavoidable) fruit waste corresponds to Germany is 10 Kg 

per person annually, followed by Denmark and the United Kingdom, representing 9 

and 8 Kg per person per year in the household supply chain. Although the study 

conditions do not change, the same category is quantified during the same household 

phase, different food waste values are obtained. Three additional studies have 

quantified household food waste derived from fruit waste categories: (Quested, 2009) 

showed that 8.8 in the United Kingdom (G. Hafner, J. Barabosz, F. Schneider, Dr. S. 

Lebersorger, S. Scherhaufer, H. Schuller, 2012) 7.5 in Germany, while (Edjabou et al., 

2016) has estimated household fruit waste as 9.1 in Denmark all measured in Kg per 

person annually. 
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It is evident from the articles mentioned above that the authors are attentive in 

quantifying food waste along the supply chain. If food waste is not quantified or 

confined, it would not be possible to identify waste causes and reduce its related impact. 

The growing recent publications attempting to quantify food waste acknowledge 

researchers' focused efforts in the food waste field and the importance of food waste 

quantification. Researchers have a consensus on the practical significance of 

quantifying food waste along the value chain. Nevertheless, no studies agreed on a 

single approach for quantifying food waste. Food quantification methods are related to 

food waste; as long as the definition of food waste varies across the value chain, no 

standard guideline for quantifying food waste is recommended (Caldeira et al., 2017). 

Food waste-related categories are comparatively acquired by the recent studies 

adopted within the last five years. Table 1 summarizes the most recent studies 

conducted in the food waste-related categories field. Depending on the study aim, 

boundary (national, global, regional), and available data, the studies have selected their 

product basket. Most of the researches is conducted in Swedish supermarkets with a 

limited selection of food waste-related categories, including (Brancoli et al., 2017); 

(Eriksson & Spångberg, 2017); (Scholz et al., 2015a). Few of them have extended their 

research boundaries to European Union countries. Only one study (Corrado & Sala, 

2018) has included some food waste-related categories' global scope. However, the 

study does not include all sub-categories of dairy food waste, i.e., cheese, butter, yogurt, 

cheese. The research has included only milk as one of the global dairy food waste 

products.  
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Table 1. Reports the leading food waste-related main categories adopted within the 

selected studies. The symbol (√) means that the element is considered in the study. 

Study 

Food waste-related categories 

Fruits 

& 

Veg. 

Cereal Meat Milk Egg Fish Oilseed 

& 

Pulses 

Roots 

& 

Tubers 

Deli 

(Brancoli et 

al., 2017) 

√ √ √       

(Corrado & 

Sala, 2018) 

√ √ √ √ √  √ √  

(Eriksson 

& 

Spångberg, 

2017) 

√         

(Scherhauf

er et al., 

2018) 

√ √ √ √ √ √ √ √  

(Caldeira et 

al., 2019) 

√ √ √ √ √ √  √*   

(Scholz et 

al., 2015a) 

√**  √  √***     √ 

(De 

Laurentiis 

et al., 2018) 

√         

*Sugar Beets; ** Fruit; ***Dairy & cheese. 

 

 

2.4 Environmental Assessment of Food Waste. 

Food waste addresses one of the essential environmental contributors to 

greenhouse gas emissions globally.  The requirement to feed around seven billion 

people worldwide increases the ecological burdens. The more food is produced and 

wasted along the food-related supply chain, the more environmental and economic 

costs. This section aims to identify food waste's environmental impact on several food 

sustainability-related studies along the value chain.  

The food waste in terms of mass does not necessarily indicate the food waste-

related impact. Several studies have shown the importance of measuring food waste's 

environmental impact instead of emphasizing only food waste in terms of mass. Food 
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waste categories have shown a distinct contribution in terms of their effect on the 

environment. For instance, a study conducted by Caldeira et al. (2019), Brancoli et al. 

(2017), and Jeswani et al. (2021) reveal that the cereal food category, including bread, 

responsible for the highest amount of food waste in terms of mass. However, although 

animal-containing products have relatively low waste in terms of mass, they have a 

significant food waste-related impact contribution explicitly in Global Warming 

Potential (Kg C02 eq) (Brancoli et al., 2017); (Jeswani et al., 2021). A supportive study 

presented by Scholz et al. (2015a) reveals that top three products with the highest 

wastage carbon footprint: deli 20%, cheese 22%, and dairy department 31% among all 

the food waste categories in which meat wasted mass accounted for 3.5%, but its total 

wastage carbon footprint is relatively high estimated by 29%. Therefore, animal product 

waste show be reduced to minimize the environmental impact of waste carbon footprint. 

This result is acknowledged by Scherhaufer et al. (2018) showing that animal-

containing food products share most of the food waste environmental impact, 

accounting for 69% Global Warming Potential, 88% Acidification Potential, and 89% 

Eutrophication Potential of whole food waste-related impact. Livestock supply chain 

emissions account for approximately 50% methane, 24% nitrous oxide, and 26% 

carbon dioxide (FAO, 2010b). According to International Monetary Fund 

Communications (2019b), the emissions released from the livestock sector are 

equivalents to all the world's emissions from cars, trucks, and airplanes. Therefore, it is 

critical to assess the food wastage's environmental impact to improve emission intensity 

and use the resources more efficiently (Cattaneo et al., 2020). 

Life Cycle Assessment is commonly used to assess the food industry's 

environmental impact. A diversity of studies adopted by Brancoli et al. (2017), 

Omolayo et al. (2021), and Ascher et al. (2020) have used life cycle assessment to assess 
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the environmental impact of food waste. Environmental impact assessment of food 

waste, including life cycle assessment, is increasingly seen as a critical factor towards 

the transition in supporting sustainable agri-food systems (Notarnicola, et al., 2017a). 

The overall food waste-related impact in Europe is estimated at around 170 metric tons 

of carbon dioxide equivalent (European Commission, 2010). The global warming 

potential of food waste in Europe is evaluated by 186 metric ton carbon dioxide 

equivalent annually compared to acidification 1.7 metric ton Sulphur dioxide 

equivalent and eutrophication potential of 0.7 metric ton phosphate-equivalent 

(Scherhaufer et al., 2018). Although the ultimate way of reducing the agri-food system's 

ecological load is through saving food (Gao et al., 2017), life cycle assessment is still 

used as a methodological approach to determine the optimal combination of 

technologies towards supporting decision-maker strategies and maximizing 

environmental benefits along the supply chain (Omolayo et al., 2021). 

Nevertheless, recent research has shown that life cycle assessment is not the 

only assessment approach towards assessing food waste environmental impact and 

minimizing food waste-related impact. According to a study conducted by Hallström et 

al. (2015), shifting to a dietary food lifestyle plays a powerful way in reducing the 

environmental potential of food waste and loss up to 50% in terms of greenhouse gas 

emissions and land use demand. Valuing food and diet is among the most robust 

prevention measures to prevent food waste volume along the food supply chain (Diaz-

Ruiz et al., 2019). Meat replacement in dietary food-based can reduce greenhouse gas 

emissions by 34%; however, dietary food-based adherence does not always mitigate 

the emissions (van de Kamp et al., 2018).  Dietary shifting might move the 

environmental burden of food waste from one life cycle stage to another or from one 

food waste-related impact category to another (Notarnicola et al., 2017a). Therefore, 
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life cycle assessment becomes essential towards assessing and reducing food waste-

related impact along the supply chain. 

2.5 Supply Chain Analysis of Food Waste. 

The food supply chain is increasingly seen as a critical key to ensuring a 

sustainable food system. There is a considerable consensus emphasizing the need to 

reduce the food waste-related chain (Diaz-Ruiz et al., 2019). Several organizations, 

particularly the food and agriculture organization, have estimated that around one-third 

of the food produced for human consumption is lost or wasted along the food supply 

chain (FAO, 2014b). All food production stages along the food supply chain contribute 

to boosting greenhouse gas emissions released into the atmosphere (Scholz, 2013). 

Therefore, this section aims to identify the food supply chain stages contributing mostly 

to food waste emissions and environmental impact. 

Many researchers have continuously wanted to spot out which food waste-

related chain is responsible for the most outstanding food waste and loss. Recent 

publications have addressed the impact distribution of food waste along the supply 

chain. Most of the food is being wasted in its production stage, in which the production 

phase's contribution to global warming potential is 73%, compared to food processing 

6%, retail and distribution 7%, food consumption 8%, and food disposal 6% within the 

European context's food waste (Scherhaufer et al., 2018).  The food waste's 

environmental impact is exacerbated along the supply chain when food is wasted in the 

consumption phase; rather than the production phase (Brancoli et al., 2017). Although 

recent studies consensus mainly on highlighting that the other food is wasted along the 

supply chain, the more related food waste-related occurred, significant discrepancies 

occurred when comparing the food waste-related chain results among different studies. 

For instance,  Caldeira et al. (2019) showed that most food waste is mainly derived 
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from the food waste supply. While (Brancoli et al., 2017) claimed that most of the food 

waste in terms of mass and related environmental impact is deriving from the 

production supply stage. Prominently food waste is generated in the household 

accounted for 53% of total food waste grouped by the supply chain stage (Stenmarck 

et al., 2016). Food waste emissions are mostly developed in the household value chain 

representing 1.62 tons C02-eq followed by food services, 1.53 tons of C02-eq, 

distribution and retail of 1.35 C02-eq, and manufacturing of 1.26 tons C02-eq 

(European Commission, 2010). Complementary, food and agriculture organization has 

shown that food waste is mainly generated during vacations, events, weddings, and 

restaurants due to customer behavior and habits (FAO, 2019). The selection of food 

waste-related category, functional units, system boundaries, study aims, and objectives 

is the main reason for obtaining different study results.  

Food supply chains are complex systems, and their substantial impact is broadly 

seen on the environment. The existing chains mainly depend on fossil fuels and non-

renewable resources (Markussen et al., 2014), and their contribution is causing resource 

depletion (Holden et al., 2018). Thus, the transition towards sustainable food-related 

supply chains becomes essential (Holden et al., 2018). A non-ambiguous supply chain 

evaluation to enhance the food supply chain's environmental performance towards 

achieving a sustainable food system is clearly needed (Vidergar et al., 2021). A recent 

study conducted by Read et al. (2020) shows that food waste and loss along the supply 

chain are responsible for most of the United States' environmental emissions. The 

article further indicates halving food waste and loss along the supply chain can reduce 

the value chain's environmental burden by 8 – 10%. Educating in values and diet 

valuation is considered a vital prevention measure to reduce food waste volume along 

the supply chain compared to initiating campaigns to increase customer awareness, 
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treated as a weak prevention measure (Diaz-Ruiz et al., 2019). Table 2 summarizes food 

waste supply chains for recent studies conducted in the last five years. Some internal 

chains like transportation are neglected to simplify food supply chains tables. 

 

 

Table 2. Summary of the leading food waste-related supply chains adopted within the 

selected studies. √ means that the supply chain stage is considered in the study. 

1Manufacturing; 2Processing; 3Household; 4Household and Food Service. 

 

 

2.6 Circular Economy of Food Waste. 

The transition towards a sustainable circular economy in the food supply chain 

becomes increasingly substantial.  Instead of wasting food in the disposal facilities, 

food waste and loss should be treated and processed to ensure the switch from 

conventional to circular food economy (Santagata et al., 2021). Circular economy 

targeting the environmental burden by handling waste and extracting the maximum 

value of the resources wasting along the food supply chain. Consequently, a circular 

economy constitutes a compulsory reference for a food waste-related management 

Study 

Food waste-related supply chains 

Agricultural 

Production 

Storage 

& 

handling 

Manufacturing 

& processing 

Distru-

bution 

& 

Retail 

Consumption 

(Brancoli et 

al., 2017) 

    √ 

(Corrado & 

Sala, 2018) 

√ √ √1  √ √3 

(Scherhaufer 

et al., 2018) 

√  √2 √ √3 

(Caldeira et 

al., 2019) 

√ √ √ √ √4 

(Scholz et al., 

2015a) 

   √  

(De Laurentiis 

et al., 2018) 

    √3 
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framework (Ciccullo et al., 2021).  

Food waste treatment methods are recommended to transition towards a circular 

food economy properly. There is a sequence of waste treatment technologies used for 

handling food waste, including anaerobic digestion, in-vessel composting (heat-

moisture reaction), landfilling, and incineration (Gao et al., 2017). However, food waste 

treatment methods' impact differs in reducing environmental load and economic costs. 

On average anaerobic digestion, among the other waste management treatments, has 

the lowest environmental impact of food waste in terms of global warming potential 

(Gao et al., 2017); (de Sadeleer et al., 2020); (Slorach et al., 2019); (Tonini et al., 2020); 

(Paritosh et al., 2017). In contrast, according to de Sadeleer et al. (2020), the 

incineration waste process has relatively high energy efficiency compared to anaerobic 

digestion. Landfill waste treatment has a significant impact on climate change; it is one 

of the highest contributors among other treatment processes to global warming 

potential. According to Slorach et al. (2019), in-vessel composting is the worst waste 

treatment option with the highest environmental impact among the other methods. 

Although the ultimate way of reducing the agri-food system's ecological load is through 

saving food (Gao et al., 2017), circular food economy treatments, explicitly anaerobic 

digestion, play a sustainable alternative in reducing environmental and economic costs. 

Food waste definitions and frameworks are required in establishing an efficient 

circular food economy. Surplus, food loss, edible and inedible waste are different types 

of food waste that must be categorized towards improving food waste quantification 

methods. Researchers have distinguished between different kinds of food waste along 

the supply chain to identify food waste root causes and propose sustainable alternatives. 

Jurgilevich et al. (2016) has summarized the food system's circular economy phases as 

shown in Figure 6. A recent study conducted by Teigiserova et al. (2020) shows that 
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unclear food definition can minimize food waste quantification methods' efficiency. 

Therefore, the study has distinguished six different food categories for measuring food 

surplus, waste, and less efficiency. A circular economy framework developed for food 

surplus, waste, and loss is suggested to prioritize the knowledge of unavoidable or 

edible waste at each stage of the food supply chain (Teigiserova et al., 2020).  

 

 

 

Figure 6. Three stages of the food system in a circular economy  

 

 

Tackling food waste and loss by introducing a circular economy is seen as a 

critical factor towards the transition to Europe's circular economy. The prevention of 

food waste through a circular economy model is rationally a new concept that should 

be addressed in future studies. There is a necessity to develop a holistic, 

interdisciplinary, and integrated circular economy model to address and tackle food 

waste availability. Before 2015, there was no clear policy for the circular economy 

concept's applicability in the Agri-food system in Europe (Dora et al., 2020). Lately, 

the European Commission has initiated remarkable actions toward a circular economy 
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system to conserve the resources and maintain their values in the economy as long as 

possible. The commission has also shown that the transitions towards a circular 

economy are essential in developing a sustainable competitive economy with low 

carbon emissions  (European Commission, 2015). 

2.7 Conclusion. 

The agricultural sector plays a substantial character in human survival. The 

dairy food supply chain is an indispensable sector of the entire agricultural system 

because ruminant animals represent meat and dairy products' primary source. However, 

livestock's supply chain, including their wastes, releases a considerable greenhouse gas 

such as methane, nitrous oxide, and carbon dioxide. Generally speaking, the current 

agri-food system contributes to (GHG) emissions, with approximately 51 billion tons 

of carbon dioxide equivalent globally. Furthermore, population growth is burdening 

and challenging the current food system. The human's need for food is increasing 

dramatically in the last 50 years, in which human's food consumption is 30% more than 

the actual capacity. To adapt to the speed jump in population, the agri-food system is 

facing a real challenge between increasing production to meet population growth 

demand and reducing food-waste polluting emissions. 

Creating a balance between increasing production to meet population growth 

demand and reducing the polluting emissions of food waste remains a concern when 

addressing a sustainable food system. Throughout this study, a mini-scale literature 

review is presented to confine carbon emissions of dairy food waste covering three 

main sections: calculating food waste, environmental impact assessment of food waste, 

and supply chain analysis of food waste. The literature review scope covers relevant 

publications related to food waste minimization and the carbon footprint of dairy waste 

during the last decade, between 2009 to 2020. The total number of articles coming from 
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the research keywords' combination is approximately 3593 reviewed articles. Although 

most of the articles are related to carbon footprint, the carbon footprint model's 

applicability was mostly focused on reducing transportation, electricity, industries, 

commercial, and residential sectors. A few of the current articles address the global 

relevance of carbon footprint in the agricultural sector. 
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CHAPTER 3: METHODOLOGY. 

The methodology of collecting the dairy food waste data, conducting a research 

flow chart to illustrate the process from quantifying dairy food waste to visualizing the 

dashboard of dairy waste and the corresponding carbon emissions will be discussed in 

this chapter. Throughout this study and before drilling down into the dairy waste and 

their related emissions, the dairy food categories are classified based on Food and 

Agriculture organization definitions to harmonize dairy food waste. Moreover, the 

dairy value chain, including the milk supply chain, has been defined to partition the 

dairy food supply chain into different activities. Farm-to-fork life cycle assessment is 

considered for the dairy food-waste carbon footprint. The method of calculating the 

dairy food-waste carbon emissions is based on the existing literature factor of carbon 

footprint expressed in kg CO2e per kg product for different dairy products. Finally, 

three visualization dashboards have been generated to illustrate the position of dairy 

food waste among other waste categories, identify dairy food waste per product along 

the dairy value chain, and assess carbon emissions per dairy waste product compared 

to the dairy food waste along the food supply chain. 

3.1 Research Flow Chart. 

A research flow chart showing the paper's flow progress from quantifying the 

dairy food waste to eventually generating the three visualization dashboards of dairy 

waste and their corresponding related emissions is shown in Figure 7. The research flow 

chart acts as a visual map illustrating the overall steps of quantifying dairy food waste, 

identifying waste along the supply chain, formulating and calculating the carbon 

footprint of dairy food waste, and eventually visualizing the dairy waste data to interpret 

the results for the three dairy waste and waste-related emissions dashboards namely, a) 

developing a comprehensive picture of food loss and waste globally to identify the 
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position of dairy waste among other food waste categories b) quantifying dairy food 

waste accumulation along the value chain for the four dairy waste categories and, c) 

evaluating the environmental impact of dairy waste, explicitly carbon emissions, and 

identifying the stages along the value chain that contribute potentially to the food waste-

related emissions and ecological impacts. 

 

 

 

Figure 7 Research flow chart. 
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3.2 Dairy Food Waste Data Collection. 

In this study, the data used for dairy food waste and dairy wasted-related 

emissions along the food supply chain are mixed between collected data and generated 

data. Dairy food waste data is collected mainly from the FAOSTAT & OECD database; 

however, wastage carbon footprint data is calculated based on the collected dairy waste 

data. The wastage carbon footprint was calculated for different dairy food products 

wasted along the dairy supply chain. The availability of the collected data differs 

substantially over the years and among analytical parameters. The FAOSTAT & OECD 

database provides accurate, integrated, and detailed statistics for FWL, mainly 

supported by scientific publications, technical reports, and governmental statistics. 

These databases use several sources such as academic research, analytical reports 

derived from public or private sectors, international organizations, governmental 

statistic institutes, delegations, private industry or governmental analytical reports, and 

many other related sources to support their statistics. Multiple resources have been used 

to provide a holistic, integrated view about when, where, and why dairy food waste is 

being wasted along the dairy value chain for different countries. Dairy food waste 

derived from United States, United Kingdom, Turkey, Slovak Republic, and Germany 

in 2013 is considered in this study. Although the period covered in the database differ 

across a range of different countries depending on the availability of data, usually 

between 1993 to 2013 for OECD and 2000 – 2018 for FAO, the authors have tight the 

scope for one year only to avoid misleading and provide consistency for the study’s 

result.  

Even though FAOSTAT (Food and Agriculture Organization of the United 

Nations) provides a global database for food waste, including dairy food waste per 

product such as milk, yogurt, and other products, it does not provide detailed statistics, 
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where food loss takes place in the food supply chain. Most of the dairy food waste data 

shown in the FAOSTAT database indicates that food is wasted in the entire supply 

chain. A complementary database, such as OECD, and other relevant peer-reviewed 

journals and reports for dairy food waste data are needed to provide holistic and 

integrated data for quantifying dairy food waste, assessing the environmental impact of 

the dairy waste, and identifying the stages along the value chain that contribute 

potentially to the dairy waste-related emissions. The study’s primary data sources 

include the following: 

 Food and Agriculture Organization for United Nations (FAO) database. 

 Organization for Economic Co-operation and Development (OECD) food waste 

database. 

 Environmental impacts of food waste in Europe (Scherhaufer et al., 2018). 

 Atlas Food Waste Database for Dairy Food Waste. 

 Greenhouse Gas Emissions from the Dairy Sector A Life Cycle Assessment 

(FAO, 2010a) 

 Global Food Losses and Food Waste (Gustavsson et al., 2011) 

 Food Wastage Footprint & Climate Change (FAO, n.d.-b) 

 Peer-reviewed journals. 

The available data for food waste – food loss category across different databases 

and reports are expressed in different units (tons, kg/capita, kg/household, Million Kg, 

kg, and percentage) for the dairy food waste category. Dairy food waste in terms of 

kg/household and percentage of the waste is excluded from the study analysis. The 

reference unit used food for all dairy products food-waste categories is either tons or kg 

to harmonies the dairy food waste results. 
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3.3 Dairy Food Waste Carbon Footprint. 

In this study, dairy food is classified into four main categories and the dairy 

value chain definition before drilling into calculating the wastage CF of the dairy food 

waste.  This section is divided into three sub-sections, namely, 3.3.1) milk classification 

categories, 3.3.2) milk supply chain: the dairy value chain, 3.3.3) dairy food-waste 

carbon footprint calculation.  

3.3.1 Classifying Dairy Food Category. 

Several organizations and research have classified food categories for the seek 

of harmonizing the food industry. In this study, dairy food classification, including milk 

and milk products, is based on (FAO, n.d.-a). Food and Agriculture organizations have 

grouped the food categories into 18 food classification groups in which the dairy 

products are classified (milk and milk products) category. Milk and milk product 

categories are split into four subcategories: milk, fragmented milk product, cream, and 

cheese, as shown in Table 3. Milk is the first sub-category that falls under the milk and 

milk products. Milk includes only fresh and processed milk, where fermented milk 

products such whey, cheese, and other milk products are excluded. Fermented milk 

products are the second sub-category, including fermented milk products such as 

flavored and non-flavored yogurts, sour and fermented milk. The four dairy categories 

corresponding to their definitions are shown in Table 3. The use of a standard food 

classification and description system from different countries, covering different ages, 

contributes to harmonizing food data globally and reaching coordinated and consistent 

results. 
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Table 3. Milk and milk product categories are classified based on FAO definitions. 

Dairy Categories Definition 

Milk Fresh and processed milk are considered where processed 

fermented milk products including, yogurt, cream, whey, butter, 

cheese, and other milk products, are eliminated in the milk 

category. The milk considered in this category is derived from 

cattle, and other mammals or ruminant animals, including 

additional items and products derived from the milk. This sub-

category includes evaporated milk as well as condensed and dried 

milk protein. It also comprises processed milk products such as 

healthy dairy snacks and flavored milk by either reducing the 

amount of water or increasing the sugar content. All fragmented 

milk products are not considered under this category. 

Fermented milk 

products 

Fermented milk products, including yogurts, kephir, kumis,  and 

fermented milk, flavored and non-flavored manufactured 

commodities derived from mammal’s milk, are falling under the 

fermented milk products category. 

Cream Any cream, whey, and sour cream derived from the mammal’s 

milk, including cow’s milk, sheep’s milk, and goat’s milk, is 

considered under the cream category. It also includes creamy 

powdery products such as dried whey/cream and powder sour 

cream. The cream category comprises manufactured items such 

as flavored and non-flavored whey, cream, and sour cream 

produced from mammal's milk. Fermented milk commodities 

and several kinds of cheese are excluded from the cream. 
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Dairy Categories Definition 

category.  As one of the leading milk products, the cream is 

obtained by segregating its different components such as cream, 

whey, and other milk products by isolating the milk's fats.  

Cheese All types of cheese produced from mammal’s milk, including 

cow, sheep, and goat milk, fall under the cheese category. 

Various kinds of cheese such as cured/uncured cheese, 

pickled cheese, soft and hard ripened cheese are included. Rind 

and spreads (processed cheese) are also considered under the 

cheese category. 

 

 

3.3.2 Defining Milk Supply Chain: The Dairy Value Chain. 

Several studies have clearly defined the food supply chain stages of different 

food categories. A non-ambiguous food supply chain is required harmonizing food to 

reduce waste and thus mitigate carbon emissions derived from the food waste sector. 

Food and Agriculture Organization has defined the general value chain stages where 

food loss and waste take place. Food loss and waste occur along the value chains, 

namely a) production and harvest, b) transportation, c) processing, d) packing, e) retail, 

f) export, and g) consumption (FAO, 2019). In the milk supply chain context, 

(Rodríguez-Enríquez et al., 2015) have defined eight stages for the milk along the 

supply chain to understand the full supply chain cycle Figure 8. The definition of each 

milk supply chain stage can be explained as the following: 

1. Production of feed for cows:  Dairy value chain, including the milk supply chain, 

starts with growing crops and grass. Cows mainly feed on corn, hay, and 
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soybeans to produce milk. The production of cow’s feed falls under the pre-farm 

stage, before ruminant animals' milking process. 

2. Milk production: Dairy cows and cattle are grazed, housed, fed, and milked on 

an intensive specialized dairy farm. The production of milk on dairy farms is 

considered the primary production phase of milk at the farm. 

3. Milk transportation: After the milk production stage is completed, milk is 

transported from the dairy farms where the cows are milked to an insulated tanker 

temperature-controlled trucks to conserve the transported milk's freshness.   

4. Processing:  After the milk is produced and transported, the milk is further 

processed in the processing factories to transform fresh and processed milk into 

cheese,  whey, yogurt,  ice cream, powdered milk, butter, and other products.  

5. Packaging: Dairy processors packed the processed dairy products into 

paperboard or plastic containers in different sizes designed to keep the products 

healthy, fresh, and clean. 

6. Distribution: Dairy products are typically distributed by the distribution 

companies that transfer milk and milk products from the processing factories to 

retailers, restaurants, schools, hospital services, and other outlets in refrigerated 

temperature-controlled trucks.  

7. Retail: Dairy products are now available at retail outlets to be accessed by the 

consumers offering all shapes and sizes of milk and milk products. 

8. Consumer: Milk and milk products, including cheese, yogurt, cream, are 

delivered to customers. Products derived from milk contain nine essential 

nutrients to consumers.  
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Figure 8. Milk supply chain: the dairy value chain (Rodríguez-Enríquez et al., 2015). 

 

 

In this study, the stages are simplified and grouped into the four main categories 

from farm-to-fork life cycle to evaluate and quantify the dairy waste along the food 

supply chain. The groups are:  1)  primary production at the farm level (milk production, 

mainly milking the cows), 2) processing (transforming raw milk to yogurt, cheese, and 

cream) and packaging milk and milk products, 3) Distribution and retail where dairy 

products are distributed into different retails and 4) consumption, including household 

only. Food waste that occurs in food services is excluded. Dairy value chain stages, 

including the production of feed for cows, milk transportation, milk disposal, and milk 

waste management, are not considered in this study.  

Life cycle assessment is a commonly used methodology for assessing a process 

or product's environmental impact through its life cycle (Roy et al., 2009). Several 

different life cycle assessments, including cradle-to-grave and cradle-to-cradle, are 

implemented for assessing the environmental impact for all the stages of the products 
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from the early stages of extracting the raw materials until disposal treatments 

(Muralikrishna & Manickam, 2017). Cradle-to-gate and gate-to-grave life cycle 

assessment approaches are also used to assess the impact, explicitly ecological impact, 

of the product’s life in particular stages. In this study, farm-to-fork life cycle assessment 

is used within the dairy value chain context, comprising dairy production, processing 

and packaging, retail and distribution, and consumption. Figure 10 shows the system 

boundary of dairy food waste and waste-related carbon emissions from farm-to-fork 

life cycle assessment. Waste and emissions derived from the diary food waste are 

considered. However, emissions released from the production of dairy products and 

emissions from waste treatment management are excluded from the study.  

 

 

 

Figure 9. The system boundary of dairy food waste and waste-related emissions. 

 

 

3.3.3 Assessing Dairy Food Waste Carbon Footprint. 

Assessing the environmental aspects of food waste-related impacts becomes 

necessary to achieve a sustainable agricultural system (Scholz et al., 2015a). Several 

studies have quantified dairy food waste along the supply chain using different life 
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cycle assessment approaches. Researchers have assessed and calculated the 

environmental impact of dairy products under various activities and circumstances for 

several other production systems in the past decades. Nevertheless, scarce studies have 

studied the effects of different dairy products and the carbon footprint derived from the 

dairy waste sector. Flysjö (2012) has calculated various dairy products' carbon 

footprints, including milk, cheese, yogurt, and cream produced at Arla dairy company. 

In this research, dairy products' carbon footprint values per Kg are obtained from the 

existing literature of Life Cycle Assessment (LCA) of dairy food waste based on the 

study conducted by Flysjö (2012). Table 4 shows the primary four dairy products 

carbon footprint expressed in kg CO2e per kg product along the dairy supply chain 

considering the milk production at the farm stage up to the consumption phase. Flysjö 

(2012) has defined different products under each dairy waste category. For instance, 

whole milk, semi-skimmed milk, and skimmed milk fall under the milk category and 

similarly for cheese, yogurt, and cream. This study will calculate the carbon footprint 

derived from whole milk, yogurt, cream, and yellow cheese. In this study, the 

discrepancies between dairy food waste quantities, mass, and wastage carbon footprint 

derived from dairy food products wasted will be analyzed. The carbon footprint is 

expressed in terms of carbon dioxide equivalent (C02e) common standard unit. Gasses 

such as carbon dioxide (C02), nitrous oxide (N2O), methane (CH4) are included in 

which the global warming potential of nitrous oxide and methane gasses is expressed 

relative to carbon dioxide based on IPCC report (Solomon et al., 2007). 
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Table 4. Carbon footprint (kg CO2e per kg product) of different dairy products 

partitioned into farm-to-fork activities. All numbers are excluding emissions from land-

use change (Flysjö, 2012). 

Dairy Products 

Dairy food waste-related chains (kg CO2e per kg) 

Total 
Farm Processing Packaging 

Retail & 

Consumption 

Milk – Whole milk 

(1 liter) 

1.00 0.05 0.04 0.23 1.32 

Yogurt - Yoghurt 

(1 Liter) 

1.06 0.10 0.04 0.25 1.45 

Cream – Cream 

(0.5 liter) 

5.07 0.05 0.03 0.24 5.39 

Cheese - Yellow 

cheese (800 g) 

8.71 0.76 0.03 0.30 9.8 

 

 

As mentioned earlier, farm-to-fork life cycle assessment considering the four 

main dairy value chains is considered in the dairy value chain. The carbon footprint 

factor values initiated by Flysjö (2012) show the emission factor of other dairy food 

waste along the supply chain in different activities. The retail and consumption stage's 

carbon footprint factor is combined as a single value for different dairy waste products, 

as shown in Table 3. Food wastage footprint & climate change report by FAO (n.d.-b) 

has been used to distinguish the carbon factor for each stage separately as defined in 

this study previously. The report shows that 15% of food waste's carbon footprint 

corresponds to retails and distribution while 35% corresponds to the consumption 

phase. Therefore, retail and distribution factor of carbon footprint for whole milk 

0.23*0.15 = 0.0345 compared to 0.23*0.35 = 0.0805 for consumption. Similarly, for 

the other three dairy food waste products, including yogurt, cream, and cheese.  

In order to calculate the wastage CF of dairy food waste, the specific CF factor 

of the dairy waste product acquired from the existing literature, comprising emissions 
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related to the primary production of milk at the farm stage up to delivery to the 

consumers, multiplied by the total mass of the wasted respective product. Equation (1) 

is used for calculating the sum of milk waste-related impact (IMW), explicitly, carbon 

footprint along the dairy value chain, including primary production (IMW/PP), 

processing (IFW/FP), distribution and retail (IFW/RD), and consumption (IFW/FC). 

∑ IMW = ∑ IMW
PP

∗ mMW
PP

+ ∑ IFW
FP

∗ mMW
FP

+ ∑ IFW
RD

∗ mMW
RD

+ ∑ IFW
FC

∗ mMW
FC

                           (1) 

 A holistic, integrated view of food waste and their related emissions to identify 

the position of dairy waste among other food categories has been developed using the 

approach and data adopted by Scherhaufer et al. (2018). The more food wasted occurs 

along the food supply chain, the more significant environmental impact occurred. The 

total food waste-related impacts (IFW) along the food supply chain is calculated at each 

stage of the value chain to determine the environmental impact of food waste-related 

emissions. In this study, the impact will be calculated at each step in the value chain, 

including production, processing, distribution, and consumption for different products. 

Equation (2) shows a sample to calculate the environmental impact of food waste-

related emissions initiated only by the primary production stage. Similarly, it will be 

applied for the other three stages of the food waste-related chains.   

∑ IFW/PP = IPP1−9 ∗ mFW1−9/PP + IPP1−9 ∗ mFW1−9/FP +. . . . +IPP1−9 ∗ mFW1−9/FC      (2)      

 

  Alternatively, Equation (3) used to calculate the environmental impact of food 

waste by multiplying the sum of the specific product’s impact by the corresponding 

food waste mass along the food supply chain generated from the primary production 

stage (IMILK). In this equation, the primary production stage is taken as an example 

because all the food waste is initially produced in the primary production chain. 
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Similarly, the same procedure will be applied for calculating FW in the processing, 

retailing, and consumption dairy value chains. 

∑ IMILK/PP = IPP/MILK ∗ [mMILK/PP+mMILK/FP+mMILK/RD+mMILK/FC]                        (3) 

   

 The same process will be applied to the other stages and categories along the 

value chain. Eq. (4) used to calculate the sum of the total food waste-related generated 

throughout the entire food supply chain stage. 

∑ IFW = ∑ IFW/PP + ∑ IFW/FP + ∑ IFW/RD + ∑ IFW/FC                                                   (4) 

 

3.4 Dairy Waste Visualization Dashboards.  

Data visualization is the graphical representation transforming unstructured and 

scattered data into meaningful and understandable information fitting the human visual 

mind (Aparicio & Costa, 2014). Visualization tools generate elements like charts, 

graphs, and maps to provide a reachable and convenient way to observe, understand, 

and analyze data trends and patterns. (Few, 2007). In this study, Microsoft Power PI 

and Microsoft Excel were used to provide insights for dairy food waste as an attempt 

to translate raw dairy data into useful and visible information to assess the decision-

making processes for better decisions, detect relevant information, and find out 

relationships among dairy waste categories and their associated emissions. Data 

visualization tools provide quick, clear, and informative data that synthesize large 

volumes of data into understandable and coherent dashboards (Few, 2007). Several 

studies have shown that translating the raw data into meaningful information to support 

the decision-makers represents a real challenge (Vellido et al., 2011). Data has to be 

classified, cleansed, and organized before jumping to visualization to avoid ignored, 

misunderstood, and ineffective use of the presented data (Few, 2007). Unfortunately, 

according to Midway (2020), many figures incorrectly demonstrate information across 

scientific disciplines or, when not incorrect, still use suboptimal data visualization 
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practices. In this study, to avoid misleading or inaccurate visualization results, the dairy 

food waste data collected from multiple resources have been categorized, cleaned, and 

filtered based on the study’s need. The data is then retrieved into Microsoft Power BI 

to be visualized and interpret the results eventually found on the constructed 

dashboards. Figure 10 shows the process from collecting the data to categorizing and 

cleaning data to provide a visualization dashboard ultimately. Microsoft Power BI can 

visualize data from multiples sources into visual figures, graphs, and charts that are 

easy to understand and draw insights with the ability to share multiple dashboards 

(Becker & Gould, 2019). 

 

 

 

Figure 10 Steps for Data Visualization. 

 

 

Today, data visualization is increasingly taking its rightful place as an essential 

data-driven business intelligence tool (Few, 2007); (Morabito, 2016); (Kumar et al., 

2018). It has been applied in different industries globally due to the pictures' strength 

for effortless recognizing and processing than words to recall due to ancient human 

nature (Dewan, 2015). Bragas & Abundez (2016) have applied data visualization to 

improve the fire safety system by creating useful dashboards to visualize fire incident 

hotspots and high response-time areas for statistical measurements allowing the 

industrial specialists to shape better-informed decisions for achieving a safer world. 

Ejaz et al. (2012) has generated 3D visual interactional data cubes for high dimensional 

Data Collection Data Cleansing Data Categorizing Data Visulaization
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analytical processing data analysis of social network data using cloud computing. In 

comparison, Rübel et al. (2010) presented an integrated visualization framework and 

an analytical model for encouraging and guiding data clustering users to examine new 

complex data groups.  

Studies implementing visualization in the food waste industry are relatively 

small compared to other sectors. In this study, three visualization dashboards are 

initiated to dive from the top base dashboard representing the total food waste and their 

related emissions to eventually visualizing the carbon emissions related to dairy food 

waste. Figure 11 shows the pyramid structure of visualizing dairy food waste 

dashboards split into three parts for the three visualization dashboards. The base of the 

pyramid represents the top idea of dashboard #1 to provide a comprehensive full picture 

for food waste categories to identify the position of dairy food waste. In the middle, 

dashboard #2 is used to drill down to find the waste for dairy food waste categories, 

including milk, cheese, yogurt, and the dairy value chain. Finally, the last dashboard 

representing the pyramid peak shows the dairy waste carbon footprint in different food 

waste activities.  
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Figure 11. Dairy food waste visualization dashboards pyramid. 
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CHAPTER 4: RESULTS AND DISCUSSION.  

The data analysis and discussion of the acquired results are discussed in the 

following sections. The results of this study are mainly divided into three significant 

subsections, namely, a) developing a broad overview picture of food loss and waste 

impact assessment in Europe to identify the position of dairy waste among other food 

waste categories b) quantifying dairy food waste accumulation along the value chain 

for the four dairy waste categories and, c) evaluating the corresponding carbon 

emissions related to dairy food waste concerning the stages along the value chain that 

contribute potentially to the dairy food waste-related emissions. This chapter compares 

and discusses the carbon footprint associated with different categories of dairy food 

waste and the corresponding supply chains responsible for accumulating food waste. 

Discussion about the results' findings by giving some practical policy 

recommendations, including prioritizing the food supply stages accountable for the 

potential waste associated with the most extensive dairy food waste product, will be 

partially discussed in this chapter, explained in detail by the preceding chapter. 

4.1 Food Waste Related Impact Assessment. 

Assessing the environmental impact of food waste is increasingly seen as a 

critical factor due to its significant contribution to greenhouse gas emissions and global 

warming potential (Al-Rumaihi et al., 2020). The first interactive dashboard provides a 

big view, a comprehensive picture, for showing dairy food waste, mainly milk, among 

other food waste categories. The food waste categories and the environmental impact, 

global warming potential are being analyzed, calculated, and visualized. Animal-

containing food wastes, including milk, beef, pork, chicken, and other categories such 

as bread, tomato, and potato, are considered. Figure 12 shows the first interactive 

dashboard of food waste categories and their related impact of the four main supply 
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chain stages, production, processing, retailing, and consumption. The dashboard shows 

the percentage share of dairy waste along the supply chain regarding mass and waste-

related environmental impact, explicitly global warming potential. Animal-containing 

food waste, including milk, is the major contributor to food waste associated with GWP 

measured in 1000 tons CO2 equivalent. Milk occupies the 4th most wasted food 

categories contributing to global warming potential. Food waste in terms of mass does 

not necessarily indicate the contribution of the corresponding food waste-related 

impact. Although animal-containing food waste, mainly beef, have relatively low waste 

in terms of mass, its contribution to the environment is relatively high.  

 

 

 

Figure 12. Dashboard 1: Food Waste Related Impact Assessment. 

 

 

The interactive dashboard shown in Figure 12 is customized and divided into 

four main visual elements, including charts and graphs. The top-left chart shows the 
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food waste categories mass compared to the corresponding environmental impact; 

global warming potential measured in 1000 tonnes CO2 eq. The food waste product 

categories along the value chain associated with the total waste per product and per 

stage are shown in Table 4. The top right pie chart in Figure 12 shows the percentage 

share of food waste global warming impact categories. It illustrates that milk is one of 

the top four wastage categories generating carbon emissions in the scale of Europe. 

Most of the food waste categories, including milk food waste, are wasted in the 

consumption stage, as shown in the bottom left chart. The global warming potential 

indicator used for calculating food waste for each value stage is shown in Table 5. The 

environmental impact numerical values of food waste categories related to emissions 

and global warming potential are shown in Table 6. Notwithstanding, most of the food 

waste-related impact derived from animal-containing food waste, including milk, 

occurred in the primary production stage, as shown in the bottom left chart.  

 

 

Table 4. Food waste product categories along the value chain. 

Category Production Processing Retail Consumption Total food waste 

Apple  363 103 175 1489 2131 

Tomato 504 116 245 1891 2755 

Potato 2331 3593 496 4172 10592 

Bread  832 6577 527 17026 24962 

Milk  861 1352 259 9527 11999 

Beef 43 367 137 904 1452 

Pork 126 948 336 2337 3746 

Chicken 66 527 187 1300 2080 

Fish 17 98 67 179 361 

Indicator 

total 

Waste 

5143 13681 2429 38825 60078 

 

 



  

52 

 

Table 5. GWP indicator measured in (Kg C02-eq) factors along the value chain. 

Indicator categories Production  Processing  Retailing Consumption 

Apple 0.100 0.025 0.180 0.091 

Tomato, field 0.250 0.100 0.330 0.110 

Tomato, greenhouse 2.100 0.100 0.150 0.110 

Tomato, total 0.720 0.100 0.290 0.110 

Potato, fresh 0.150 0.000 0.120 0.690 

Potato, frozen 0.250 0.530 0.220 0.920 

Potato, chilled 0.440 0.790 0.580 0.290 

Potato, total 0.190 0.200 0.160 0.760 

Bread 0.550 0.140 0.130 0.091 

Milk 1.100 0.083 0.120 0.110 

Beef 2800 0.490 0.440 1.300 

Pork 5.900 0.200 0.630 1.100 

Chicken 3.000 0.210 0.460 1.100 

Fish 2.600 0.160 0.930 0.400 

 

 

Table 6. Environmental impact (GWP) of the nine indicator waste categories. 

Indicator  Production Processing Retailing Consumption Total GWP 

Apple  213 44.175 299.52 135.499 692.194 

Tomato 1984.32 225.2 619.44 208.01 3036.97 

Potato 2012.48 1652.2 746.88 3170.72 7582.28 

Bread  13729.1 3378.2 2281.89 1549.366 20938.556 

Milk  13198.9 924.454 1174.32 1047.97 16345.644 

Beef 40628 689.92 458.04 1175.2 42951.16 

Pork 22107.3 724.2 1683.99 2570.7 27086.19 

Chicken 6240 422.94 684.02 1430 8776.96 

Fish 938.6 55.04 228.78 71.6 1294.02 

Total 101051.7 8116.329 8176.88 11359.065   

 

 

In terms of wastage mass and wastage carbon footprint, milk and milk products 

emerge a pressing need to determine the types of diary waste products contributing 

potentially to waste and emissions by giving some practical policy recommendations. 

Although dairy food waste products have a low mass fraction compared to other 

categories, they have a high environmental impact per Kg (Brancoli et al., 2017). 
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Therefore, dairy food waste-related impact might have a significant contribution to the 

environmental emissions.  According to Parfitt et al. (2016), around 50% of the total 

waste occurred in meat and dairy products. Dairy food waste products represent 

approximately 23% of the entire avoidable waste in the United Kingdom (Parfitt et al., 

2016). Therefore, drilling to investigate the dairy waste categories accounted for the 

wastage emissions along the value chain becomes necessary.  

4.2 Dairy Waste Quantifications and Categorization.  

Several attempts have been initiated to quantify food waste driven by the need 

to highlight the scale of waste globally (Parfitt et al., 2010). This section discusses and 

quantifies dairy food waste accumulation along the four dairy waste categories' value 

chain. The section digs down into dairy food waste categories along the value chain 

from farm-to-fork, including producing, processing, retailing, and consuming. Figure 

13 shows the interactive dashboard for visualizing the dairy waste per product across 

the dairy value chain. The dashboard is customized and divided into two main sections: 

the left side illustrates the most wastage of dairy food products and demonstrates a mini 

online world map showing the top five countries contributing to dairy food waste. 

Similarly, the right side presents the dairy chain stages responsible for most dairy waste 

in terms of mass. It also shows the different dairy waste categories at different stages 

in the food supply chain.   
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Figure 13. Dashboard 2: Dairy food waste categorized by product across FSC. 

 

 

The results show that dairy food waste products, including milk, cheese, yogurt, 

and cream, is mostly wasted at the consumption stage. This study results in consensus 

with the finding obtained from several studies. (Caldeira et al., 2019) has shown that 

food waste mostly occurs in the consumption stage. According to the FAO report 

initiated by (Gustavsson et al., 2011), dairy food waste occurs at the consumption level, 

making up approximately 40-65% of total food waste in all three industrialized regions, 

including Europe, North America, and Oceania, and industrialized area as shown in 

Figure 14. Significant amounts of dairy wastes occur in the consumption stage mostly 

during vacations, religious holidays, weddings, ceremonies, gatherings, restaurants and 

hotels (FAO, 2019). According to (Fisher & Whittaker, 2018), the consumption stage 

is accountable for a significant volume of milk waste, reaching 290,000 tonnes per year 

in 2012 in the United States, distributed among the following factors: 
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 Approximately 55,100 tonnes of milk are wasted when the milk is not used 

within the use-by date and discarded once it is opened and not used for a long 

time. 

 101,500 tonnes of wastage milk occur because milk and milk products are not 

used in time, reaching the expiry date before using them.   

 Roughly 63,800 tonnes of milk products are being wasted due to over-pouring 

and excessive serving in restauranters, hotels, and hospitals. 

 More or less 43,500 tonnes of milk products are discarded because of people’s 

personal preference. 

 Explicitly 26,100 tonnes of milk products are discarded due to leakage or 

breakage of products packaging. 

Although the percentage of dairy waste differs among geographical locations, 

dairy food wastage mainly occurs in the consumption supply chain stage, followed by 

production/manufacturing, processing, and retailing. This result is acknowledged by 

the studies conducted by (Pocketbook, 2013); (Gustavsson et al., 2011), emphasizing 

that waste at the consumption stage should be tackled and minimized to mitigate food 

waste-related impact along the value chain. 

Milk is the top wastage of dairy products representing almost 50% of dairy food 

waste along the value chain, followed by cheese 23%, yogurt 20%, and cream 8%. The 

result is acknowledged by Tonini et al. (2018), showing that milk is the most dairy 

product wastage representing almost half of the UK's dairy food waste. According to 

Tonini et al. (2018), milk waste is roughly estimated at 334 kg per one ton of avoidable 

food waste in processing, retail, and consumption, followed by cheese and yogurt 

wastes accounts for 90 and 30 kg, as shown in Figure 14. 
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Figure 14. Milk & dairy products avoidable food waste in the UK (Kg per one tonne 

of waste). 

 

 

The generation of dairy food waste differs among different geographical 

locations. Despite geographical variations, food waste's catastrophic impact is still 

deemed a critical issue for developed and developing countries globally (Kosseva & 

Webb, 2020). The analysis shows that the United States and the United Kingdom 

dominate most dairy waste, followed by Turkey, the Slovak Republic, and Germany. 

(Venkat, 2012) The avoidable food waste in the United States has recently exceeded 

approximately 55 million tons wastes annually, representing around 29% of total 

production annually. This result is acknowledged by (Statista, 2017) showing that the 

United States is the second top country contributing to food waste per capita, followed 

by Turkey and Germany in 2017. 

4.3 Wastage Carbon Footprint of Dairy Products. 

Carbon footprinting calculation is the first essential step towards quantifying 

and thus reducing the carbon emissions released from the food industry (Awanthi & 

Navaratne, 2018). Recently, several research works have been done in carbon 

footprinting to identify opportunities for mitigating carbon emissions in the food supply 
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chain (Espinoza-Orias et al., 2011). The wastage carbon footprint should be calculated 

to assess food waste-related impact as food waste in terms of mass does not necessarily 

provide sufficient information for the associated environmental impact  (Scholz et al., 

2015b). The carbon footprint should be considered a useful tool to keep track of waste 

reduction goals (Scholz et al., 2015b); (Awanthi & Navaratne, 2018). Nearly 95% of 

food waste, including dairy products, are ended up in the landfills emitting carbon, 

methane, and other GHG emissions (Melikoglu et al., 2013). Accordingly, this section 

aims to evaluate the environmental impact of dairy waste, explicitly carbon footprint, 

and identifying the stages along the value chain that contribute potentially to the dairy 

food waste-related emissions. This section also discusses the discrepancies between 

dairy waste in terms of mass and dairy waste emissions.  

The wastage dairy and wastage carbon footprint released from the dairy sector 

per product at different stages along the FSC are shown in Figure 19. The dashboard is 

mainly divided into two main sections. The left-hand section illustrates the percentage 

of dairy waste categories compared to wastage carbon footprint for different countries. 

However, the right-hand demonstrates the pie charts for dairy waste and wastage CF. It 

also shows the C02- Equivalent emissions accumulated along different stages along the 

supply chain associated with the dairy waste in terms of mass.  
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Figure 15. Dashboard 3: The wastage carbon footprint of dairy products. 

 

 

The results reveal that dairy food waste emissions mainly occur in the primary 

production followed by the processing, consuming, and retailing stage. Nearly 50% of 

the wastage carbon footprint are originated from production, followed by processing 

contributing to 20%, consuming 10%, and retailing 5%, as shown in Figure 12. 

Although food consumption is among the main environmental impact drivers 

(Notarnicola et al., 2017b); (Tan et al., 2013); (FAO, n.d.b), the primary production 

stage is responsible for most of the insensitive carbon emission in the dairy sector. This 

result is acknowledged by Scherhaufer et al. (2018), confirming that most of the 

environmental impacts of animal-containing food waste are driven by the GHG 

emissions from the primary production stage. Besides the wastage CF derived from the 

dairy food waste at the primary production, methane representing the potent source of 

GHG emissions, are also generated during the production chain from enteric 
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fermentation (Broucek, 2014); (Moss et al., 2000); (Alemu et al., 2011).  

The wastage of dairy products, including milk and milk products, contributes to 

carbon footprinting. Milk is the top dairy product responsible for the wastage of dairy 

in terms of mass and wastage emissions representing roughly 50%, followed by cheese 

24%, yogurt 20%, and cream 7%, as shown in Figure 21. Table 7 summarizes the 

carbon dioxide equivalents released from the dairy waste categories measured in 1000 

tonnes CO2-eq. FAO (2010a) has been demonstrated that the milk commodity alone is 

contributing to 1328 GHG emissions (million tonnes CO2-eq) compared to the total 

production of 553 million tonnes, as shown in Figure 20, driven by the production, 

processing, and transportation steps of the chain. Emissions from milk production are 

estimated by 4.6 gigatonnes CO2-eq representing around 30 percent of the livestock 

sector emissions (Opio et al., 2013).  

 

 

Table 7. Carbon Footprint of Dairy Waste Categories in 1000 tonnes CO2-eq 

Dairy waste category CO2 – Equivalent Emissions. Percentage (%) 

Milk 10950 84.99 % 

Cheese 1190 9.25 % 

Yogurt 570 4.46% 

Cream 113 1.3% 

 

 

Carbon intensity highly diverse based on the geographical location depending 

on their production system and management practices (Opio et al., 2013); (Alamar et 

al., 2018). Although the wastage CF varies among different countries, as shown in 

Figure 21, US is still dominating the first place in wastage CF of dairy products. UK 



  

60 

 

occupies second place, followed by Turkey, Slovak Republic, and Germany. The GHG 

emissions in the US have exceeded 112 million metrics of CO2-eq per year, driven by 

55 million metric tonnes of food waste (Venkat, 2012), compared to 23.7 metric tonnes 

of CO2-eq year in Turkey (Cakar et al., 2020).  
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CHAPTER 5: SUMMARY AND CONCLUSION. 

In conclusion, the wastage CF of dairy products is assessed throughout this 

research to provide insights into the dairy wastage's environmental impact. This section 

summarizes the main findings of this research as well as the discussion of the key 

highlight. Policy recommendations are also discussed in this section, and the 

recommendation and future work exploring ways to extend this research work.  

5.1 Conclusion. 

Assessing the carbon footprinting of dairy food waste becomes necessary as 

animal products tend to have a relatively high impact. Therefore, it is essential to 

emphasize the prevention of wastage CF (Scholz et al., 2015b). The study aims to 

confirm that quantifying dairy food waste is insufficient as it does not provide enough 

information about wastage CF. Throughout this study, three visualization dashboards 

are generated to provide insights for identifying the position of dairy waste among other 

food waste categories, quantifying different dairy food waste products accumulated 

along the supply chain, and finally assessing the wastage CF associated with the 

wastage of dairy in different geographical locations. The study’s results reveal that 

animal-containing food waste contributes significantly to the environmental impact, 

explicitly global warming potential, compared to their relatively low quantity. 

Further investigation was required for identifying the dairy food waste 

categories responsible for the emissions intensity. Accordingly, milk shows the highest 

dairy product contributing to the wastage quantity and wastage CF. Dashboard 2 reveals 

that the consumption stage mainly drives dairy waste. However, the primary production 

stage accounts for approximately 50% of carbon footprinting intensity. Although dairy 

food waste varies mostly across different geographical locations, the United States and 

the United Kingdom dominated the top countries in wastage quantity and wastage CF. 
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5.2 Recommendation and Future Work 

The ultimate way of reducing food waste is by saving it. However, some dairy 

food waste elements are inevitable. There is a pressing need for adopting policy 

recommendations to take appropriate measures towards reducing the food waste 

burden, including wastage of dairy products (Paritosh et al., 2017). A combination of 

actions is required to trigger changes rather than focusing on a single solution 

(Aschemann-Witzel et al., 2015). Policy recommendations for reducing and treating 

dairy food waste along the supply chain are summarized as the following: 

1. The implementation of a circular food economy helps towards mitigating the 

significant impact of animal-containing emissions. Different waste 

management techniques are suggested to treat food waste, including anaerobic 

digestion, in-vessel digestion, and waste composting instead of discarding dairy 

food waste in landfills emitting around 95% of GHG emissions (Melikoglu et 

al., 2013); (Gao et al., 2017); (de Sadeleer et al., 2020); (Slorach et al., 2019); 

(Tonini et al., 2020); (Paritosh et al., 2017). 

2. The adoption of blockchain technology along the value chain improve the 

process of tracking, transporting, and selling food digitally across the food 

supply chain (Kamilaris et al., 2019). Blockchain provides detailed, transparent, 

and accurate information about the food items including their batch number, 

storage temperature, expiry date,  and shipping details stored in blocks (Caro et 

al., 2018). The tracking records of food items are stored in blocks along every 

stage of the food supply chain allowing food traceability, supply chain 

transparency and auditability, which ultimately reduces the amount of food 

being wasted (Kamilaris et al., 2019); (Duan et al., 2020); (Tian, 2017). 
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3. Innovative food waste treatments should be adopted as the current waste 

treatment options are not offering an environmentally sustainable solution for 

food waste management. Ensuring innovative waste treatments that avoid 

endangering human health without imposing additional costs or harming the 

environment are urgently required to mitigate wastage food risks 

(Arvanitoyannis, 2008). 

4. Increasing the awareness of daily food waste and loss to the public, e.g., shop 

smart, save leftovers, and donate. Aschemann-Witzel et al. (2015) has shown 

that consumers’ motivation to avoid food waste should be prioritized as it has 

an extensive influence on the consumer's food waste behaviors.  

5. The development of FLW governmental protocol is increasingly seen as a 

critical factor in measuring food waste and, therefore, monitoring systemically 

the wastage food accumulated in the value chain (Lipinski et al., 2013). If food 

waste is not measured or quantified, there are no possible practical actions that 

can be implemented to reduce food waste-related burdens. 

6. Enteric methane emissions derived from the dairy cows can be reduced by  

feeding cows an algae meal high in DNA (Moate et al., 2011). Methane 

emissions originated by the natural process of enteric fermentation in ruminant 

animals are greatly related to feed intake (Patra, 2016). The existing mitigation 

strategies changes the nutrient components used for feeding ruminant animal to 

reduce methane by manipulating ruminant fermentation (Boadi et al., 2004). 

The authors recommend sustainable alternatives to resolve food waste-related 

emissions. For future research, the authors suggested extending the literature review 

scope by introducing circular strategies to mitigate the food waste burden along the 

supply chain.  Instead of wasting food in the disposal facilities, food waste and loss 
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need to be treated and processed to ensure the switch from conventional waste 

management practices to a circular food system (Santagata et al., 2021). Circular food 

strategies can play a vital role in developing a sustainable and low carbon environment 

coupled with conserving the resources and maintaining their values in the economy as 

long as possible (European Commission, 2015); (Kucukvar et al., 2019a); (Kucukvar 

et al., 2019b); (Kutty & Abdalla, 2020). 

When addressing sustainability concerns in the food industry, a hybrid life cycle 

assessment (H-LCA) approach is essential to cut down the emissions from food waste 

and propose alternative waste management strategies (Jepsen et al., 2014). To better 

understand the applications and steps involved in the H-LCA approach, the authors 

recommend directing to (Kucukvar & Tatari, 2012); (Kucukvar et al., 2016). Paes et al. 

(2020) developed a tool to reduce the GHG emissions released from municipal food 

waste in Brazil, which can also be applied globally. 

Moreover, reducing the GHG emissions along the food supply chain requires a 

proper understanding of many food waste-related sustainability assessment tools (Kutty 

& Abdalla, 2020); (Kutty et al., 2020a); (Alsarayreh et al., 2020); (Elhmoud & Kutty, 

2020). Several researchers recently adopt statistical and machine learning techniques to 

provide integrated insights on food waste management (Abdella & Shaaban, 2020); 

(Kutty et al., 2020a); (Abdella et al., 2021a). Integrated and holistic frameworks based 

on machine learning techniques become necessary when addressing sustainability 

concerns across the food industry from multiple dimensions (Abdella & Shaaban, 

2020). Moreover, Shaikh et al. (2017) has applied statistical techniques to 

comprehensively understand four sustainability metrics, including carbon footprint, to 

globally analyze the largest food producers' environmental and socioeconomic impacts. 

In the context of statistical techniques, the authors suggest applying time series analysis, 
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factor analysis, correlation, and online control charts for detecting any fluctuations that 

might occur in sustainability assessment of the food industry over time (Abdella et al., 

2017); (Kim et al., 2019); (Abdella et al., 2012); (Abdella et al., 2021b). Multiple 

objective-based best-subset approaches adopted by Abdella et al. (2019b) can also be 

used for promoting the accuracy of the sustainability assessment in the food industry. 

Combining LCA with practical techniques can support sustainability assessment in a 

comprehensive manner (Tatari & Kucukvar, 2012); (Park et al., 2015); (Egilmez et al., 

2016); (Onat et al., 2017); (Kutty et al., 2020c). To better understand several empirical 

assessment techniques that can widely be applied in the field of sustainability research, 

the readers can refer to (Abdella et al., 2016); (Abdur Rouf et al., 2018); (Al Sheeb et 

al., 2019); (Abdella et al., 2019a); (Abdella & Shaaban, 2020); (Onat et al., 2021); 

(Kutty et al., 2020b). Also, recycling food waste using food recycling machines and 

converting food waste into fertilizers can reduce food waste-related emissions 

(Bennbaia et al., 2018). Finally, although the sustainable alternatives for mitigating 

food waste across the value chain can play a significant role in mitigating GHG 

emissions, it is everyone’s responsibility to save and reduce the amount of food waste 

globally. 
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