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Abstract 

Packaging helps to protect the product and safety handover the product from 

producer to end user. When the packaging leaves the closed loop it creates 

environmental issues. Also, the material focused packaging development process 

creates trade-off among supply chain actors. The sustainable packaging would 

reduce the overall cost and environmental impact, increase the value of the packed 

product in the whole system. The project is handled by company X and the company 

is interested in knowing the sustainable packaging for a frozen meal. The purpose 

of the project is to select two types of the frozen meal packaging system and to 

analyse their packaging performance in the supply chain, and to find out the 

important packaging features of the supply chain that need to be considered while 

developing a sustainable frozen meal packaging system. Two types of packaging, 

i.e. carton frozen meal packaging system and plastic frozen meal packaging system 

were selected and mapped in the supply chain from the producer level to consumer 

level. The detailed activity mapping was established for each actor in the supply 

chain to understand the different stages and ways of packaging handling. Fifteen 

packaging features were identified under four areas: product waste, logistics, value 

adding and packaging material. The data was collected through interviews, 

observations and survey. The collected data was interpreted and analysed in 

packaging scorecard and scatter plot. The plastic packaging system performed better 

with producer and the carton packaging system performed better with all other 

supply chain actors. The packaging features such as product protection and 

production efficiency were given the highest importance by the producer. Volume 

and weight efficiency, convenience and packaging waste were given the highest 

importance by other supply chain actors. The convenience and packaging waste 

were given the highest importance by consumers. Further, the top 5 important 

packaging features were identified for the supply chain actors and for consumers, 

and found that the product protection, circular economy and convenience are most 

important features for the whole supply chain and for the frozen meal packaging 

system. The result suggests the carton based sustainable packaging system could be 

developed for the frozen meal, due to better handling of packed product and 

packaging waste. The development process could be carried out in a holistic view 

by incorporation the supply chain actor’s requirements. 

Key words: Frozen meal packaging, packaging performance, packaging features, 

supply chain.   
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Executive Summary 

Introduction 

The sustainable packaging is a trend nowadays, which aims to reduce the 

environmental impact and increase the value of the packed product. The holistic 

view of sustainable frozen meal packaging development process avoids the risk of 

sub-optimization. The process includes all the requirements, such as product 

requirements, supply chain actor’s requirements, consumer requirements, etc. 

Purpose of the project 

To identify the performance of frozen meal packaging in the supply chain for carton 

and plastic packaging system, and to find out the important packaging features of 

the supply chain that need to consider while developing the sustainable frozen meal 

packaging system. 

Methodology 

Carton packaging system and plastic packaging system were selected for analysing 

the performance in the supply chain. The packaging scorecard methodology 

framework described by Pålsson (2018) was used in this study. The framework 

further developed into four steps, at step 1: The supply chain was mapped from the 

point of product production to the point of product consumption and the detailed 

activity mapping was carried with each supply chain actors to visualize the 

packaging system and supply chain. Then 15 packaging features were identified and 

developed the packaging system interaction framework to understand which 

packaging features are applicable to whom in the supply chain. Step 2: Data was 

collected through interviews and observations. At step 3: The collected data was 

analysed through packaging scorecard and scatter plot and presented in graphically, 

and also analysed the supply chain challenges. At step 4: the supply chain actors’ 

requirements were found as top 5 important packaging features, i.e. for the producer, 

distributor and retailer. Further, consumer interviews and survey were conducted to 

find out the consumers requirements as top 5 important packaging features.     

Result and Discussion 

1. Overview of the product and packaging 

Product A and product B contains vegetables with sauces as main ingredients. 

Product A is produced in one of the Scandinavian countries and product B is 



vi 

 

produced middle Europe, and both the products sold in Scandinavian countries in 

frozen condition (18ºC or colder).  

Primary packaging 

The product A’s primary packaging consists of carton tray, sealed with LDPE film  

and carton box. The product B’s primary packaging consists of the plastic tray, 

sealed with LDPE film and carton wrap.  

Secondary packaging 

The product A and product B uses a corrugated cardboard box. Both the secondary 

packaging consists of 8 primary packaging. 

Tertiary Packaging 

Product A and product B uses euro pallet and roll container. Product A’s tertiary 

packaging (pallet) contains 56 secondary packages. The product B’s tertiary 

packaging (pallet) contains 45 secondary packages. 

2. Supply chain mapping  

Product A and product B uses similar supply chain activities. The supply chain 

activities were carried out from the point of product manufacturing to the point of 

product consumption. The products are produced in the production plant sent to the 

distributor warehouse by distributor truck and then the products are sent to the 

retailer warehouse. Further, the products are sent to the retailer stores through third-

party transportation. Finally, the consumer purchases the products from the retailer 

store and consumes the product in homes, workplaces, etc.  

Further detailed activity mapping was developed for the producer, distributor, 

retailer warehouse, retailer store and consumer, and visualize the activities and 

analysed the different activities taking place within the supply chain actors and 

consumers.  

3. Packaging system performance 

The packaging performance is analysed based on 15 packaging features by 

importance vs satisfaction of each packaging features, where importance means 

‘how much importance is given for a particular packaging features by an actor’ and 

satisfaction means ‘how much an actor is satisfied with that particular packaging 

features’. 

At the producer level, the plastic packaging system performed better. This is due to 

the convenient handling of the packaging system, less packaging cost and efficient 

in production efficiency. At the distributor warehouse level, the carton packaging 

system performed better, due to the effective logistic performance. At retailer 

warehouse level, the carton packaging system performed better, due to the volume 

and weight efficiency and size of the packaging. At retailer store, the carton 

packaging performed better, due to the convenience, unitization and size of the 
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packaging. At the consumer level, carton packaging performed better, the difference 

is observed due to the fact of environmental concern, that is related to the packaging 

waste handling.  

4. Supply chain challenges  

Lead Time: The products are maintained under the frozen condition and it consumes 

high energy to maintain the temperature. Thus, the reduction of lead time would 

reduce the total energy consumption.  

Temperature: The temperature monitoring process increases the complexity of the 

supply chain because the monitoring process takes place at different stages in the 

supply chain. The rise of temperature deteriorates the product’s sensory and quality 

properties. Frozen transportation and storage are highly costly because it requires 

energy to maintain the temperature, and the frozen temperature affects the working 

environment. 

High environmental impact: The frozen supply chain has a negative impact on 

environmental, due to the emission of CO2 from the transport refrigeration and the 

cold storage refrigeration.  

Premium Product: The products are positioning in premium categories and lead to 

higher consumer expectation in terms of product quality as well as the appearance 

of the product. The packaging damages are avoided throughout the supply chain. 

5. Supply chain actors’ requirements and consumer requirements 

According to literature, the sustainable packaging development process is looked in 

a holistic view (Hellström and Olsson, 2017; Vernuccio et al., 2010; Azzi et al., 

2012). The holistic view includes the different supply chain actors’ requirements, 

consumer requirements, etc. These requirements are expressed in terms of 

packaging features as described in the methodology. The important packaging 

features are identified as top 5 important packaging features for supply chain actors, 

i.e. producer, distributor and retailer based on the scatter plot. Further consumer 

requirements are found as top 5 important packaging features. Further supply chain 

actors’ requirements and consumers requirements are summarized and mentioned 

in Table 1. Table 1 shows the top 5 important packaging features for the frozen meal 

packaging system. 

Primary packaging Secondary packaging Tertiary packaging 

- Protection and containment 

- Size of the packaging 

- Convenience to handle 

- Circular economy 

- Production efficiency  

 

- Protection and containment 

- Volume and weight 

   Efficiency 

- Track and traceability 

- Convenience to handle 

- Circular economy 

- Protection and containment 

- Volume and weight 

   Efficiency 

- Track and traceability 

- Circular economy 

- Unitization. 
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Conclusion and further research  

 

It is important to develop the sustainable packaging system, which aims to reduce 

the overall cost and environmental impact, increase the value for the packed product 

with the supply chain actors and consumers. The packaging performance was 

performed for both the packaging system with the supply chain actors based on the 

15 packaging features and found that the carton-based packaging system performed 

better with most of the supply chain actors and with consumers. The plastic 

packaging performed better only with the producer of frozen meal. The features: 

product protection was ranked highest importance among all the supply chain actors, 

consumers for all level of packaging. Volume and weight efficiency were seen as 

the highest importance for secondary and tertiary packaging. Circular economy of 

packaging was seen among all level of packaging system as well as among supply 

chain actors. The study suggests the company X to include the requirements of 

producer, distributor, retailer and consumer while designing the packaging system. 

 

Further studies can be focused in these areas:  

1. Study to find out the packaging performance with other actors, such as 

packaging material supplier and packaging waste handler.  

2. Study to analyse the detailed environmental impact of the packaging system 

for product A and product B, for example, LCA, EEFP tool, etc. 

3. Study to find out other requirements such as a) Product requirements, b) 

Marketing requirements, c) Co-packer/ Producer requirements/facilities, d) 

Packaging supplier requirements/demands d) Packaging waste handler 

requirements. 

4. This research aimed to find out the different supply chain actor’s 

requirements, and do not include the design thinking process. So, after 

gathering all the requirements, further study could be done for 

designing/developing the sustainable frozen meal packaging system. 
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1.Introduction  

This chapter introduces the background, problem faced and its description, purpose 

of the project and the research questions. The delimitation of the project and the 

outline followed are also discussed in this chapter. 

1.1 Background 

1.1.1 Packaging and supply chain 

Food is a basic need for human being to survive and it is highly perishable in nature. 

Preservation technique is used to preserve the food (Sohail et al., 2018). The most 

commonly used preservation techniques are drying (Sun, 1999; Pu and Sun, 2016; 

Pu and Sun, 2017), cooling (Wang and Sun, 2001; Sun and Eames, 1996) and 

freezing (Sun and Pu, 2016; Pu et al., 2015). In addition, packaging plays a major 

role in protecting the product and prolonging the shelf life (Yam et al., 2005). 

Further, the packaging helps to transfer the product from the producer to consumers 

in every day (Molina-Besch, 2018). Packaging is often looked as a whole system, 

which consists of primary, secondary and tertiary packaging (Jonson, 2000). 

 

Packaging affects the supply chain operations, interns of performance and efficiency 

(Klevås and Saghir, 2004). In supply chain, the packaging is handled by multiple 

actors and it affects the environmental and logistics efficiency (Jahre and Hatteland 

2004). Molina-Besch and Pålsson (2014) mentioned that supply chain operations 

need to be considered for developing the packaging system. The change of 

packaging system would affect the entire supply chain operation, for e.g. warehouse 

system, transport system, handling equipment and information system. 

 

Sustainable packaging being a trend now a days, which aims to reduce the 

environmental impact and increase the value of packed product (Research and 

markets (10AD), 2018). Many authors concluded that the development of 

sustainable packaging needs to include all the actors, who are involved in the entire 

process that is from the stage of production to the stage of consumption (for e.g. 

product manufacturer, marketing, logistics, consumer etc.). Holistic view of 
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packaging development avoids the risk of sub optimizations (Svanes et al., 2010; 

Verghese and Lewis, 2007). One of the ways to do so, is to find out the trade-offs 

with the existing packaging system and to identify the potential area to incorporate 

into the new packaging system.  

 

Trade-offs is used between the actors and packaging features to evaluate the 

packaging performance in the supply chain (Pålsson, 2018). Often it is hard to 

satisfy all the actors in the supply chain, as some packaging features are more 

favourable to some actors. For example, product manufacturing focuses on 

packaging cost and filling efficiency, whereas marketing focuses on information and 

packaging design. Also, the change in one packaging feature will affect another 

packaging feature. For example, reducing the packaging material will reduce the 

material cost but increase the need for material stack-ability. This makes an 

evaluation process more complex and challenging. It is important to identify the 

right packaging features that has the highest degree of benefits. Zoom-in and zoom-

out tool could be used to analyse, each actor individually and the whole system as 

together (Pålsson, 2018). Zoom-in means viewing an individual part in the whole 

supply chain, to understand the detail activities taking place inside the individual 

actor. Whereas, zoom-out means viewing the links between each actors and the 

overall supply chain activities (Pålsson, 2018). This approach helps to understand 

the balance between the packaging features and the actors in the supply chain.  

1.1.2 Frozen meal and packaging 

The demand for a frozen meal in Scandinavian countries is increasing nowadays, 

due to lifestyle changes (Hexa research, 2019). Scandinavian countries showing the 

compound annual growth rate (CAGR) of 2.3% and the market volume of CAGR 

increased with 1.7% and reached the total volume of 2014.4 million kilograms in 

2017 (Market research, 2017). Sweden leads the frozen food consumption compare 

to other Scandinavian countries. (Frozen food Europe, 2018). Economic growth 

makes the consumers to buy the food which is easy to prepare and consume. Frozen 

meal is described as “raw material or agricultural commodity, which is 

processed/minimally processed, packaged, and then stored and sold under frozen 

condition (-18ºC or colder)” (Mallett, 1993). Frozen/freezing technique helps to 

preserve the food for longer period with required quality standards. The food waste 

with frozen meals is less, while compare to other ready-made food commodities 

during the storage and distribution (Janssen, 2017). 

 

Packaging material of frozen meals needs to have sufficient barrier properties to 

protect against microorganism attacks, dehydration, soiling, etc (Interpack 

processing and packaging, 2019). Combination of packaging materials used from 

decades to achieve the required barrier properties (Sun, 2016). Further, the 
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packaging withstands the cold temperature during storage and distribution, hot 

temperature during microwaveable heating. The most common types of frozen meal 

packaging are cartons, plastics and aluminium (Sun, 2016). Frozen temperature in 

the cold supply chain affect the packaging performance. For example, gain of 

moisture from the environmental to the packaging material will reduce the material 

strength and effect in stack-ability. Packaging features helps to understand the trade-

offs among the packaging functions and the supply chain.  

1.1.3 Business approach  

The author of this project has signed a confidentiality agreement with the project 

handling company, and as per the agreement the company’s name is kept 

anonymous (further referred to as “Company X”). The Company X comes under the 

categories of food industries and operates as a group of business. The company is 

located in one of the Scandinavian countries and works closely to minimize the 

environmental impacts through sustainable production in the entire food chain. The 

company’s objectives are defined, such as energy, waste, raw material loss, water, 

sustainable farming and environmental awareness. These objectives are carried out 

through the company’s environmental program.  

As mentioned above, the company is giving higher importance for environmental 

related issues in the ongoing and future projects. The company’s project 

(environmental program) is focused on the food packaging, where the future food 

packaging and packaging system need to be more sustainable/environmentally 

friendly. Thus, the company aims to develop a sustainable packaging for frozen 

meals, and also aims that the developed packaging needs to be fully recyclable or it 

should not cause any undesirable effect to environmental.  

Environmental labelled packaging and ethical concerns are influenced by 

consumers for their product choice (Rokka and Uusitalo, 2008). Also, the product 

choice is influenced by sustainable packaging (Lindh et al., 2016). In this direction, 

the company aims to develop the sustainable packaging for frozen meal by taking 

the aspect of account environmental, social and economic requirements. For that, 

this project aims to understand and to evaluate two types of frozen meal packaging 

and to come up with an idea of what kind of packaging material and what packaging 

features need to be considered for developing the sustainable packaging.  

1.2 Problem discussion 

Globalization and industrialization are one of the main reasons for environmental 

issues, and this causes an in-favourable effect on water and land spices. Now a days 



4 

 

many organizations, national and international bodies are more concern about the 

environmental impact. Sustainability could be an option to reduce the environmental 

impact. Sustainability is defined as fulfilling the current needs without 

taking/consuming the future generation’s needs (World Commission on 

Environment and Development, 1987).  

Food production is highly dependent on natural resources and it consumes 70% of 

freshwater, 30% of earth's land (Wohner et al., 2019) and 80% of deforestation, and 

it emits 30% of greenhouse gas (Nellemann, 2009). These resources have been 

wasted when the produced food is not consumed. The food and agricultural 

organization (FAO) say that around 1.3 billion metric tons of foods are wasted every 

year. According to Wohner et al., (2019) one-third of the produced food is being 

wasted every year and this waste is equivalent to around 3.3 billion metric tons of 

CO2, 1.2 billion hectares of land and 250 km3 of blue water (FAO, 2013). Most of 

the food waste is accrued at the primary production stage and at retailer stage (Parfitt 

et al., 2010), and it continued along the supply chain (Gustavsson et al., 2011).  

Packaging plays a crucial role in protecting and saving food from getting wasted 

(Parfitt et al., 2010; Williams and Wikstrom, 2011). Packaging is made up of any 

material, which is placed over the goods, and it is a coordinated system (Hellström 

and Olsson, 2017).  In the supply chain, food waste can be reduced by appropriate 

packaging (Manalili et al., 2014). Apart from saving the food, packaging helps to 

communicate to the end user about how to handle and store the food. Food industries 

use different types of packaging materials, for example, plastics, glass, etc., to have 

efficient protection (shelf life) and transportation (volume efficiency).  

As mentioned above, the packaging provides several applications in day to day life 

and finally end up as packaging waste, and when it ends up into land and water, it 

causes environmental effects. The food products come under FMCG (Fast Moving 

Consumer Goods), hence the demand for the food products are higher, and would 

increase the need for packaging.  

Marsh and Bugusu (2007) mentioned two- thirds of the packaging waste are coming 

from food packaging. Plastics and combination of plastics are being dominant in 

frozen meal categories, due to the benefits, such as cheap material cost, good barrier 

properties (Krochta, 2006). In 2013, 78 million metric tons of packaging plastics are 

produced, in that 32% ended into land and ocean habitats (World Economic Forum, 

2016).  

In order to reduce the environmental impact, there is a need to move towards 

sustainability. As mentioned earlier, sustainability aims to reduce environmental 

impact. The environmental effects of the packed products (frozen meals) are 

classified as direct and indirect effects (Pålsson, 2018). The direct effect relates to 

the packaging material, that occur at the production stage, and at the end stage as 

packaging waste. The indirect effect relates to supply chain, such as transport 
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efficiency, preventing the product waste. Often the indirect effect is greater than the 

direct effect (Pålsson, 2018). 

Hence, this project aim to evaluate frozen meal packaging (carton and plastic) in the 

supply chain. The frozen meal is maintained under frozen condition in the supply 

chain to maintain the quality properties and the freshness of the product (Sun, 2016). 

Refrigeration uses a high amount of energy in the supply chain, as it needs to keep 

the temperature under control. In many cases, the refrigeration condition is not fully 

utilized. For example, the trucks are not fully loaded during the logistics operations 

and the space in the pallets are not fully utilized. Analysing the trade-offs between 

the actors, helps to understand, where and what needs to be improved. Many authors 

concluded, the holistic view on packaging could improve the supply chain efficiency 

(Jahre and Hatteland 2004). The small change in the packaging system could affect 

the entire supply chain operation. Packaging scorecard is used to identify the trade-

offs in the supply chain for the frozen meal packaging.  

1.3 Purpose and scope of the project 

The purpose of the project is to select two types of the frozen meal packaging system 

and to analyse their packaging performance in the supply chain, and to find out the 

important packaging features of the supply chain that need to be considered while 

developing a sustainable frozen meal packaging system. 

The scope of the project is to map the cold supply chain from the stage of product 

production to the stage of product consumption for frozen meal (carton and plastic 

packaging). Packaging scorecard is used to evaluate and to present the packaging 

performance. Further, the packaging features help to identify the supply chain 

actors’ requirements and consumer requirements to develop the sustainable frozen 

meal packaging system. 

1.4 Research questions 

The following research questions are identified, based on the purpose and scope of 

the project. 

 

1. What is the performance of frozen meal packaging in supply chain, i.e. from 

production stage to consumption stage?  

2. Based on a supply chain perspective, which packaging features need to be 

considered for developing a sustainable packaging system for frozen meal? 
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1.5 Research focus and delimitation 

The project is focused on the cold supply chain of frozen meal packaging. The term 

“Cold supply chain” is described as the continuous interpretation of refrigeration for 

temperature control in the supply chain operations (Sykes, 2018). Carton and plastic 

frozen meal packaging system are analysed in this project and the type of frozen 

meal packaging is chosen based on the company X’s suggestions and other types of 

frozen meal packaging are not included in this study.  

 

Packaging is often looked like a whole system that is primary, secondary and tertiary 

packaging (Jonson, 2000). The study analyse the packaging as the whole system, 

where the higher importance has given to the primary package. The primary 

packaging is accounted as a sales packaging and the packaging is handled by the 

consumers. The secondary and tertiary packaging are well handed for reuse and 

recycle by the supply chain actors, and these packages are not handled by 

consumers. Mostly the primary packagings are end up into land and water and that 

effect the environment. 

1.6 Outline of the thesis 

The project consists of five chapters that will help the reader to follow the structure 

and the flow of information. The description of each chapter is mentioned as below.  

 

Chapter 1: Introduction. This chapter describes the background study, its 

purpose, research questions and project focus and delimitations.  

 

Chapter 2: Theoretical framework. This chapter describes the background 

study as literature review to support and accrue the relevant information. 

 

Chapter 3: Methodology. This chapter describes an overall framework that 

applied to carry out the project and to solve the research questions.   

 

Chapter 4: Result and discussion. This chapter describes the data 

interpretations and presents the identified results. 

 

Chapter 5: Conclusions and limitations. This chapter describes the research 

finds under two research questions and the limitations of this research.    

Chapter 6: Suggestions and further research. This chapter provide 

suggestions to the company X based on conducted research and provide 

recommendations for further research.    
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2.Theoretical Framework  

This chapter introduces the theories, concepts and findings from previous research. 

This chapter is structured into four parts to have a better view for the reader to 

follow the information. 

2.1 Structure 

The overview structure of this chapter is mentioned in Figure 1. Firstly, the chapter 

describes the basic concepts of food and frozen meal and then describes the 

packaging system and development, and finally describes the supply chain system. 

Additional, subheadings are provided under each part to have a better structure for 

the reader.    

 

Figure 1: Structure of the theoretical framework 

2.2 Frozen Meal 

2.2.1 Food 

Food is any form of commodity, which helps in body growth, reproduction, 

maintenance and repair (Manay, 2001). Food is the most basic need for survival 

when compared with the other two forms of needs, such as cloth and shelter (Manay, 

2001). Food is a vast category, and it is available in different forms, for example, 

liquid, semi-liquid, solid, etc. Many authors have classified the food into several 

categories based on the specific applications. Monteiro et al. (2010), classified the 

food into three categories, such as unprocessed and less processed food, culinary 
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ingredients (processed and unprocessed), and ultra-processed food (Monteiro et al., 

2010). Food and beverage industries are considered as one of “major industries” in 

global, and it handles multiple types of food in a day to day basis (Chandrasekaran, 

2013). One of the significant challenges that food industries face is prolonging the 

product life with appropriate quality (Chandrasekaran, 2013). Freezing is a well-

known technique, which is used into food to overcome the challenges mentioned 

above (Sun, 2016). 

2.2.2 Frozen meal 

Frozen meal is a prepared food which is preserved in extreme cold temperatures (-

18ºC or below) that inhibit the growth of microorganisms (Robertson, 2013; Cheng, 

Sun, and Pu, 2016). Foods that have high in water activity such as, fruits, vegetable 

and ready meals are generally frozen. The water or moisture that are available for 

the microbial growth is converted to ice, which ultimately leads to microbial 

inhibition thereby increasing the shelf life of the product (Robertson, 2013; Pu, 

2016). Also, Wang (2012) mentioned, freezing is a well-known and widely used 

long-term food preservation process. Nowadays, the demand for frozen meals is 

growing as more women enter into workforce and the change of lifestyles among 

people (Broad bia, 2016; Barbosa-Cánovas et al., 2005). Also, a frozen meal is a 

convenient way to enjoy healthy meals. Over the past few years, the retail food 

industries of Europe have witnessed significant growth in the sector of frozen meal 

(Barbosa-Cánovas et al., 2005). Hexa research (2019) mentioned the frozen meal 

market is growing in Scandinavian countries, for example per capita consumption 

of frozen food (includes frozen meal) is estimated as 52Kg in Sweden. 

The nutritional quality of foods is also preserved during freezing. The quality of the 

frozen meal depends mainly upon the raw material quality and also on packaging, 

storage temperature, duration of storage, and the thawing procedure (Seyhun et al., 

2014). Freezing technology provides better taste and quality that is close to fresh 

products, and it has become an essential food commodity in the retail store, fast food 

chain, etc. (Hui et al., 2004). Even, a slight fluctuation in temperature during 

manufacturing, storage and transportation can hinder the frozen meal quality.  

2.2.3 Frozen technique 

Several techniques are employed for the manufacturing of frozen meals. Most of the 

freezing techniques are developed based on these three factors i.e., 1. Freezing by 

indirect contact, 2. Freezing by direct contact (immersing in a refrigerant medium) 

and 3. Freezing in a blast of cold air (Sahay and Singh, 1996). Industrial freezing 

technology started up as a quick-freezing technique when Clarence Birdseye over 

80 years ago found a way to flash freeze food (Valigra, 2012). In the later stage, 

https://www.foodqualityandsafety.com/author/lvaligra/
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many novel technologies have been developed. The common industrial techniques 

involved for freezing are mentioned below (Khan and Mittal, 2017). 

1. Air-blast freezing: refrigerated air at a certain velocity is blown over the 

food products.  

2. Contact freezing: food products are placed in contact with metal surfaces. 

3. Fluidized-bed freezing: food products are moved along a conveyor belt 

and kept in suspension by an upward-directed stream of sufficiently cold 

air. 

4. Equipment utilizing a cryogenic substance (such as nitrogen or carbon 

dioxide). 

Some of the novel and innovative freezing techniques involve impingement 

freezing, pressure-assisted freezing, hydro fluidisation freezing, ultrasound-assisted 

freezing, microwave-assisted freezing, magnetic resonance-assisted freezing, 

radiofrequency-assisted freezing, electrostatic-assisted freezing and dehydro-

freezing (James, 2015). 

2.3 Packaging development 

2.3.1 Packaging 

Paine’s et al (1981) described the definition of packaging as:  

1) packaging is a combined system that helps to prepare the goods, for handling, 

protection, transportation and presentation.  

2) packaging helps in delivering the goods from the point of production to the point 

of end use in a safe condition.  

3) packaging is a techno-economic function that aims to increase the efficiency in 

delivery and save the cost.  

The founder of Tetra Pak, Mr. Ruben Rausing, used to say “The package should 

save more than it costs” which means that the packaging has a major role in 

protecting the goods. In another word, the packaging is described as “silent 

salesman” and being interference between the consumers and the product 

(Hellström and Olsson, 2017; Beckeman and Olsson, 2005; Olsson and Larsson, 

2009). The main role of the packaging is to protect the product and to deliver to the 

ultimate end user (Hellström and Olsson, 2017). Packaging has several functions, 

which are categories into six basic functions and mentioned in below Table 1 

(Lockamy, 1995; Robertson, 1990; Hellström and Nilsson, 2011; Saghir, 2004). 
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Table 1: Packaging functions and its descriptions. 

 

Packaging 

Function 
Description Example 

Protection 

Protecting the product from 

physical, chemical and 

biological hazards.   

Air tight packaging protect the frozen 

meal from freeze burn. 

Containment 
To hold the product and protect 

from external environmental  

If the secondary package contains 

primary package evenly, then an 

additional support is avoided. 

Unitization 

The appropriate fit of the 

primary package into a 

secondary package and the 

second into a tertiary package   

Maximum utilization of space in the 

packaging system. 

Apportionment 

To provide manageable size to 

supply chain actors and end 

consumers  

Optimize the product quantity to the 

end consumers.  

Communication 

To provide information, 

traceability and recognition 

about the content  

Scanning (Barcode, QR code) and 

printed information on the packaging 

system provide information to the 

supply chain actors and end users. 

Convenience 
To simply the use of end 

consumers  

Packaging system/package provides 

easy to handle/use. 

2.3.1 Packaging system 

Packaging is considered as a coordinative system, which consists of primary, 

secondary and tertiary packaging (Hellström et al., 2017; Pålsson, 2018; Paine, 

1981; Jonson, 2000). Primary packaging is defined as the packaging that holds or 

cover the product directly and it is closest to the product. The main function of the 

primary package is to protect from the external environment, which is often called 

as “retailer packaging” or “consumer packaging”. The secondary packaging 

contains a number of numbers of primary packages. The main function is to provide 

additional protection to primary package against physical abuse, which is often 

called a “distribution packaging”. The tertiary packaging contains the number of 

secondary packages. The main function is to provide convenience in movement and 

transportation, which is often called a “transport packaging” (Pålsson, 2018). Figure 

2, shows the tertiary package in the top, which contains a number of secondary 

packages and the secondary packages is shown in the middle. The secondary 

packages contain a number of primary packages and the primary package is shown 

at the bottom of the figure 2. 
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Figure 2: Packaging system level (Hellström and Saghir, 2016) 

 

The product and the packaging are considered as an interactive component (Esse, 

1989; Griffin et al., 1985). Thus, the change in the primary package will affect the 

product, as well as the secondary and tertiary packages (Hellström and Olsson, 

2017). 

2.3.2 Packaging development (PD) 

The packaging development is a complex process, as it needs to fulfil the 

requirements of multiple actors and overcome the constraints (Molina-Besch, 2018). 

Often to overcome the constraints in the development process many authors 

suggested an integrated development process. An onion structure of integrated 

packaging development process was suggested by Hellström and Olsson (2017), 

where each layer represents of each actor in the supply chain, such as logistics, 

marketing, retailer, etc. A conceptual framework for new packaging development 

was suggested by Vernuccio et al (2010), with the integration of marketing, logistics 

and ethics. Azzi et al (2012) describe the PD process as an integrated process under 

five areas, such as ergonomic, safety, marketing, logistics and sustainability. 

Generally, the packaging development process takes place at the end of the product 

development stage and lesser importance is given to packaging while compared to 

a product (Simms, 2012; Verghese and Lewis, 2007). Thus, many researchers 

suggest that the development of packaging needs to be considered as an integrated 
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system. According to Pålsson (2018) the packaging development needs to be 

considered along with product development. 

2.3.3 Sustainability in packaging 

2.3.3.1 Sustainable development 

The concept of sustainable development was introduced in 1987 by the world 

commission on environment and development as “sustainable development is 

development process that meets the current needs without compromising the future 

generation’s needs” (Emas, 2015). The International Union for the Conservation of 

Nature and Natural Resources (IUCN) in 1991 describes as “improving the quality 

of human life by taking care of surrounding environmental” (Bluszcz, 2018). 

Hopwood et al., (2005) describe sustainable development is a process of achieving 

and maintaining the current system as environmentally friendly. The concept also 

includes other areas like health, democracy and freedom (Williams, 2011).  

Williams (2011) mentioned as the use of resources within limits and sought the 

equality between the generation and within the generation. When it comes to 

development and innovation, there is always a concern about environmental issues. 

The current decades have faced several issues, such as global warming, reduction 

of groundwater, etc (Wohner et al., 2019; Nellemann, 2009). So, it is necessary to 

think about sustainability, when speaking about industrial development. The term 

sustainability reflects in reducing the environmental impact (Morawicki, 2011). 

In sustainability, a three-pillar concept was introduced, which focuses on people, 

plant, price (Elkington, 1997). In the simple definition, people represent – social 

responsibilities, planet represents – environmental consideration, the price 

represents – economic  profitability (Hellström and Olsson, 2017).  

Further, sustainable development is focused on the “waste hierarchy”, based on the 

3 R's concept (Hotta, 2014). The 3 R's are 1) reduce, 2) reuse, 3) recycle (Hellström 

and Olsson, 2017). Walmart (2014) upgraded the 3 R's into 7R’s, and further to 

10R’s (Brad Follett, 2019; 10-R’s of Sustainability 2014), the 10 R's concept is 

described as 1) Respect, 2) Refuse, 3) Reduce, 4) Reuse, 5) Renew, 6) Recycle, 7) 

Responsibility, 8) Rethink, 9) Replant and 10) Restore. The waste hierarchy needs 

to focus as an entire system, instead of an individual part. Because the result of 

alternation in one system could affect on another system, for example, reduction in 

packaging material could increase in product waste (Hellström and Olsson, 2017).  

Many authors conclude about sustainability under three areas, such as social 

sustainability, economic sustainability and environmental sustainability (Hellström 

and Olsson, 2017; Williams, H., 2011; Elkington, 1997). To have a better 

sustainability, the business operation needs to have balanced importance in these 

three areas (Williams, 2011). According to Diabat and Govindan (2011) achieving 
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three-dimensional sustainability (social, economic and environmental) is hard and 

not easy to get success. At the same time, many types of research mainly focused 

on environmental suitability and it has a higher impact when compared to social and 

economic sustainability (Verghese and Lewis, 2007). This project includes three 

areas of sustainability to some extent. The higher importance is given to 

environmental sustainability because when the frozen meal packaging leaves from 

the human system, it creates environmental issues, for example, plastics ending up 

into oceans would affect the livelihood of water species. Also, the frozen meal 

required a cold supply chain and refrigeration condition during the storage and 

transportation of the product, and it consumes more energy. In addition to that, the 

carbon emission from the refrigeration system is higher and it would affect the 

environment. 

2.3.3.2 Sustainable packaging development (SPD) 

The approach of looking towards sustainability in recent years for designing and 

developing a packaging is to reduce the food loss and to enhance the performance 

that could have a lesser environmental impact (Verghese and Lewis, 2007). In 2007, 

Sustainable Packaging Alliance (SPA) Australia, described the definition for 

sustainable packaging under four principles, that is “packaging should be effective 

(both cost‐effective and functional for all the users in the value chain), efficient 

(using material resources and energy as efficiently as possible), cyclic (enabling 

recovery through industrial or natural systems) and safe (as non‐polluting and non‐

toxic and therefore not posing any risk to humans and ecosystems)”. Additionally, 

in 2005, the Sustainable Packaging Coalition (SPC) the USA, describes as 

“sustainable packaging is safe and healthy throughout its life cycle, and it meets 

the market requirements interns of performance and cost. Renewable or recycled 

material used in a clean manufactured process, that has a lesser environmental 

impact”. 

The companies focus on sustainability is to take into account of social responsibility 

(Labatt, 1997) and it also helps the companies in cost saving by enhancing the 

effectiveness (Hellström and Nilsson, 2011). Sustainability is a recent trend, which 

is used to attract the consumers as a market strategy (Alwitt, L.F. and Pitts, R.E., 

1996). Consumers do give value to ethical products and environment‐friendly 

products (Rokka and Uusitalo, 2008). Environmental impact is taken into account 

for developing the framework of SPD (Selke, 2012). Lewis et al (2007) mentioned 

the SPD needs to have balanced incorporation of different actors into the 

development process. Also, in an integrated system, it is often hard to find out the 

degree of each actors’ requirements. The study could be used to identify the 

requirements of different actors, and it helps to find out where and who is benefited 

the most in the supply chain (Lai et al., 2008), for example, machinability is more 

beneficial for the producer. 
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2.4 Frozen meal packaging 

Food packaging plays a virtual role in prolonging the shelf life and protecting the 

product from physical, chemical and biological hazards. Frozen meal food 

packaging (FMP) developer often develop or alter the packaging to achieve the 

desired shelf life and to maintain the sensory qualities (Robertson, 2009). FMP 

undergoes ambient temperature to freeze temperature (-18ºC) under normal 

distribution and storage conditions. Further, if the product is heated in the 

microwave, then the packaging undergoes the temperature of 300ºC or above 

(Kennedy, 2000; Lee, 2005).  

Heldman et al. (2018) mentioned, that the frozen meal packaging system needs to 

withstand the temperature and to protect the product, for example from the colour 

fading. Barrier properties of packaging material prevent the product from ‘frost’, 

frost occurs due to gain or loss of moisture (Kennedy, 2000). However, to maintain 

frozen meals in perfect condition, Paine & Paine. (1992) suggested four major 

packaging roles as to avoid dehydration caused by moisture vapour evasion through 

the wall or seals of the package. Secondly, to limit oxidation promoted by enzymes 

not eliminated by blanching if air penetrates the package. Third, to inhibit oxidation 

particularly with a high-fat content, which can be accelerated by light as heat can 

induce increased enzyme activity and chemical and bacterial deterioration.  And 

finally, to avoid flavour or volatile loss and the absorption of airborne odours which 

are unlikely to occur at the same time as pre-packaged foods remain frozen. 

Frozen meals packaging maintained at a low temperature and this remains a 

challenge for coding. The low, wet and humid environments can impact the code 

adherence and legibility. When the codes are damaged the identification process in 

terms of date codes, lot codes and batch codes become difficult which affects the 

tracking throughout supply chain management. The cold temperature affects the 

adhesiveness and results in the seal opening. In frozen condition, the product 

becomes harder, sometimes like sharp edges that could damage the package and 

result in product loss. The atmosphere kept inside a frozen meal packaging is 

relatively dry. When a dry environment persists, there is a chance for the product to 

get freeze burn (Heldman et al., 2018). Proper packaging material with good 

moisture vapour transfer rate (MVTR) is needed to avoid freezer burn. Also, a 

suitable heat transfer packaging material helps to prepare the food in an energy 

efficient way, which makes convenient to the consumers. 

The important developments in Frozen food packaging are listed by Sun (2016) as 

mentioned in Table 02, where he mentioned the decades and the developments. The 

advanced packaging, such as self-venting packaging, modified atmosphere 

packaging, vacuum packaging is being a trend in frozen meal (Sun, 2016). At the 

same time, active and intelligent packaging have a broader scope in frozen meals 

(Prasad and Kochhar, 2014). 
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Table 2: The Important development in frozen food packaging. 

 

Decade Developments 

1960s 

LDPE-coated paperboard cartons 

Spiral wound composite juice cans with tear-off aluminium ends 

Flexible pouches 

Boil-in/microwave-in-bags 

1970s-1980s 

Stand-up and resealable pouches 

Microwavable materials 

Microwave susceptors for browning and crisping 

1990s-2000s 

Microwaveable PP and PP-coated paperboard trays 

Dual-Oven able PET and PET-coated paperboard trays 

Microwaveable defrosting HDPE frozen juice cans 

Intelligent (communication and responsive) packaging 

Patterned microwave susceptors 

2000s-2010s 

Incorporation of recycled content into paperboard and plastic trays 

Self-venting bags, pouches and trays for steaming product during microwave 

cooking 

Susceptors capable of creating grill pattern on microwave sandwiches 

  
Griffin et al. (1985) classified the food packaging into three forms, such as flexible 

– e.g. pouches, rigid - e.g. metal cans and semi-rigid - e.g. paperboard cartons. 

Combination of packaging materials is used in frozen meal to achieve the desired 

functional properties, such as barrier properties, packaging weight, etc. The most 

common types are paperboard, plastics and metals (Sun, 2016). Packaging world 

(2008) mentioned the demand of packaging for frozen food in Figure 3, where boxes 

and bags have the higher demands and the trays has 9% in total.  
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Figure 3: Demand of packaging for frozen food (Packaging world, 2008) 

 

2.4.1 Paper based frozen meal packaging 

Paper is the general term used for a wide range of matted or felted webs of vegetable 

fibre (mostly wood) that have been formed on a screen from a water suspension 

(Tanner and Amos, 2006).  Paper and card are commonly used for packaging frozen 

foods. Card or paperboard is used to produce both folding and rigid cartons, often 

not in direct contact with the food product. The board often consists of plies made 

from different materials (Tanner and Amos, 2006). A widely used board, white lined 

chipboard, has a white surface on one side made from a bleached virgin pulp, with 

the bulk being composed of “chip,” which is usually gray and made from a high 

proportion of recycled. Paine and Paine (1992) also state that cartons made from 

paperboard, originally coated with wax but now more commonly with polyethylene, 

with locking bases and lids and coated paper overwraps are common. 

Paperboards are useful for packaging of wet products due to the enhanced water-

resistant characteristics coming from the coated board. The carton itself gives 

physical protection and protection against moisture and oxygen transfer is provided 

by a barrier overwrap or a sealed inner pouch or liner. A typical overwrap is coated 

polypropylene. Internal liners are frequently made of polyethylene (Holdsworth, 

1988). 

2.4.2 Plastic based frozen meal packaging 

 

Polymers, means ploy (many) mer (parts) is the common term used for plastics, and 

the plastic available in different forms such as Low-density polyethene (LDPE), 

High-Density polyethene (HDPE), PP, etc. polyethene terephthalate (PET) and 

polypropylene (PP) are the most commonly used plastics for frozen meal (Sun, 

2012). Plastics are good in oxygen and moisture barrier. Plastics that using for 

microwave and oven should have a high melting point temperature. PP has the 

melting point of 171ºC and the PE has the temperature of 260ºC that makes 

convenient to use in frozen meal categories (Ono, 1990). Whereas LDPE has a low 

melting point 104ºC that perform better at the sealing process. Also, LDPE is used 

in carton boxes as a moisture resistant material.     
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2.5 Packaging logistics and supply chain 

2.5.1 Supply chain 

Supply chain aims to achieve a coordinative system and linkage between different 

actors, who involved in the entire process that is from supplier level to consumer 

level (Christopher, 2016). In 1982, Oliver and Webber analysed the trade-offs and 

understood that the traditional way of supplying the goods, such as purchasing, 

production and distribution is no longer worked well, and they introduced the term 

supply chain management. Supply chain management is described as managing the 

upstream and downstream with all the actors in the supply chain to deliver superior 

customer value (Christopher, 2016). In another word, it is called as “demand chain 

management”, where the demand raised from the market. The actual supply chain 

process is very complicated than how it looks like. Aitken, (1998) described the 

supply chain as “a connection of network between the organization and 

cooperatively work together to manage, control and flow of information and 

material from supplier to end consumers” and the complexity of operation is 

mentioned in the below Figure 4. Due to the number of operations and distribution 

channel, the supply chain operation affects the economic and environmental 

effectiveness (Fernie and Sparks, 2004). 

 

Figure 4: Complex process of supply chain (Aitken, 1998) 
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2.5.2 Packaging in supply chain  

Packaging helps in the supply chain to hold and deliver the product to the right 

customer. Packaging interacts with different actors in a supply chain that is from the 

point of production to the point of end consumption (Pålsson and Hellström, 2016). 

According to Johnson (2018) packaging provides value to different actors, such as 

facilitating the handling, providing the information, and increasing the sales. 

Packaging achieves a smooth and efficient operation in an international context 

(Pålsson and Hellström, 2016). Packaging has a significant role in reducing the 

impact of carbon emission in the supply chain (Livingstone and Sparks 1994).  The 

sustainable supply chain enhances operational efficiency and reduces the 

environmental impact (Lockamy III, A., 1995; Pålsson and Hellström, 2016). In 

order to achieve sustainability, the packaging development needs to consider as an 

integrated and holistic approach, rather than sub-optimization (Hellström and 

Saghir, 2006). The sub-optimization is required more time and energy and it 

accounts for the higher cost (Fernie and Sparks, 2004).  

2.5.3 Packaging role in manufacturing 

The frozen meal gets into contact with packaging material, during the packing 

process at the packaging machine. Manufacturers use a different level of packaging, 

such as primary, secondary and tertiary packaging (Pålsson, 2018). Food 

manufacturers use the largest amount of packaging material in the world while 

compared to other industry, as the food is consumed in every single day (Bourlakis 

et al., 2011). The food manufacturer key focuses on packaging material is cost 

effective and flexibility in the packaging machine to have higher productivity 

(Hellström and Saghir, 2006). These factors depend on the type of food product, 

packaging material and packaging machine. Hellström and Saghir (2006) mentioned 

that the application of label has a crucial role in the production line, as it takes extra 

time, labour cost. The label is applied for secondary and tertiary packaging at shop 

floor. This helps to provide an information throughout the process to have a smooth 

flow goods (Kimberley Watson packaging, 2015). For the primary packaging, 

online printing is carried out by the online printer at product filling stage. 

The filling process of frozen meals followed as manual or automated, the process is 

controlled well to have the right quantity of product in the package. Further, the 

primary packages are filled into secondary packages. The size and the design of 

secondary packages affect the handling efficiency (Pålsson, 2018). The size of the 

secondary package depends on the primary package and their size also affect the 

space utilization in the tertiary package. This cause in half pallet/low volume 

efficiency throughout the process. The packaging material strength affects the 

stacking process and manufacture uses interlocking and align the stacking system. 

Higher the weight carrying capacity is achieved by doing the align stacking at 
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bottom and interlocking at the top, and the number of layers depends on the size of 

the pallet and secondary packages. Two types of tertiary packages such as pallets 

are used at the food manufacturer level.  

2.5.4 Packaging role in transportation  

In the supply chain, transportation is described as the movement of goods from one 

place to another place (Cambridge dictionary, 2019). The right packaging makes it 

possible to get the product from producer to warehouse and warehouse to retail store 

and finally to consumer's hand. Tertiary packages, such as pallet and roll container 

are handled during transportation in the supply chain. Hellström and Saghir, (2007) 

mentioned the important factors are readability, stackability and weight and volume 

efficiency. In addition to that Pålsson and Hellström, (2016) mentioned important 

factors are weight and volume efficiency, utilization and material handling. Space 

utilization in the truck could be an important factor for frozen meal, as the product 

is carried under refrigeration condition. Proper utilization of refrigeration condition 

helps in cost saving. Heap (2006) mentioned, around 1.2 million refrigerated trucks, 

650,000 refrigerated container and 80,000 refrigerated rail cars are used in 

worldwide.  

The packaging undergoes several vibration and handling during the process and the 

packaging system needs to pack in the right condition to avoid the dropping of 

secondary packages in the pallets (Lancioni and Chandran, 1990). The label 

mentioned in the pallets and roll container helps in providing the information to the 

right actors and reduced the waiting time. This also helps to avoid keeping the frozen 

meal in a normal condition for a longer period. Apart from this, packaging 

undergoes several movements inside each actor, for example production line, 

warehouse and retail shop. These movements and transport activities of packaging 

and packaging system result in product damage, that mainly occur during loading 

and unloading activities (Lancioni and Chandran, 1990). 

2.5.5 Packaging role in warehouse 

Once, the frozen meal is produced and packed, further, it sent to the warehouse prior 

to the retail store. warehouse helps in storing/accumulating the products and 

delivering to the right customer/retailer in time. Secondary and tertiary packages are 

handled at the warehouse (Hellström and Saghir, 2007). The product is stored in 

tertiary packaging and secondary packaging is used during picking and stacking 

(roll container). The plant layout, order system, equipment availability would affect 

the warehouse handling efficiency (Hellström and Saghir, 2007). Pålsson and 

Hellström, (2016) mentioned the important factors such as product protection, 

handleability and flow of information. The standardized packaging size/ pallet size 
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is easy to store and distribute which reduced the cost (Murray, 2019). The product 

maybe is stored for a longer duration in that case the packaging needs to withstand 

extreme weather condition. Packaging collapse occurs in cold storage, due to the 

moisture gain (Murray, (2019). Also, the damage occurs during different operational 

activities, such as forklift drops, pallet breakage (Warehouse fulfilment, 2017).  

The consumers and customers should not face the situation - out of stock, this could 

happen due to transport delay or faulty stock. The warehouse also helps in 

postponement, and postponement is described as delaying the activities of a 

manufacturer, transporter or packaging in the supply chain (Pålsson, 2018). Also, 

Pålsson, (2018) listed the effect of packaging in postponement under four areas, 

such as 1) full postponement “postponement in manufacturing and transport” 2) 

manufacturing postponement “speculation postponement in transport” 3) logistic 

postponement “postponement in transport” 4) full speculation “speculation 

postponement in manufacturing and transport”. Postponement strategy results in a 

cost reduction of transportation and inventory (Twede, et al., 2000).  
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3.Methodology  

This chapter introduces the research approach and the research design. The 

research design describes the data collection methods, the framework of packaging 

scorecard. The carton and plastic frozen meal packaging were selected for the 

analysis.  

3.1 Research approach 

The project focused to solve the two identified research questions presented in 

chapter 1. The first research question is to determine the packaging performance of 

the frozen meal packaging (carton and plastic) in the supply chain. The selection of 

supply chain actors was carried out by a systems approach. The system approach is 

defined as fixing a boundary in the supply chain for the analysis. It is essential to 

understand what types of actors are involved in the supply chain. Once, the actors 

are understood well enough, then the investigation is done to understand who is 

handling what level of packaging. The second research question is to identify the 

most important packaging features that need to be considered while developing the 

sustainable frozen meal packaging. The packaging performance in the supply chain 

is affected by the packaging functions and features (Hellström and Saghir, 2007). 

The first two research questions are solved by using the packaging scorecard 

framework and scatter plot as described by Pålsson (2018).  

As mentioned in chapter 1, the author had a confidentiality agreement with the 

company. Due to the confidentiality, the selected packed product and the supply 

chain actors were kept as anonymous. As mentioned in Table 3, in this research two 

types of packed products were selected, which are referred as Product A – Carton 

packaging system and Product B – Plastic packaging system. Product A – stands for 

‘the product (frozen meal) packed in carton tray’ which is further referred as 

“Carton packaging”. Product B – stands for ‘the product (frozen meal) packed in 

plastic tray’ which is further referred as “Plastic packaging”. The producer name is 

referred as “Producer A” (for product A – Carton packaging) and “Producer B” (for 

product B – Plastic packaging).  

Further, producer A’s distributor wasrehouse is referred as “Distributor warehouse 

A”, and producer B’s distributor wasrehouse is referred as “Distributor warehouse 
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B”. Similary the retailer is referred as “Retailer A and Retailer B”. Retailer A is 

further referred as “Retailer warehouse A” and Reatiler store A and B), similar 

Retailer B is further referred as “Retailer warehouse B” and Reatiler store (C and 

D), as mentioned in Table 4. 

The company X does not produce any frozen meals at the moment and company X 

is looking for the frozen meal market in the near future. The company X wants to 

develop a sustainable packaging system for the developing frozen meals. So, the 

company X aims to analyse the current frozen meal packaging which is available in 

the current market. Hence, company X suggested to select the two types of 

packaging that is carton packaging system and plastic packaging system. These two 

types of packaging are selected because the company X is interested to select the 

better-performed packaging system, i.e. carton packaging system or plastic 

packaging system. 

 
Table 3: Selection of packaging for the study. 

Name of the product Name of the producer 
Type of Primary 

package 
Referred as 

Product A Producer A 
Carton tray (Frozen 

meal packaging) 

Product A – Carton 

Packaging 

Product B Producer B 
Plastic tray (Frozen 

meal packaging) 

Product B – Plastic 

Packaging 

 
Table 4: Supply chain actors are referred. 

Product referred 

as 

Producer 

referred as 

Distributor 

referred as 

Retailer 

warehouse 

referred as 

Retailer store 

referred as 

Product A Producer A 
Distributor 

warehouse A 

Retailer 

warehouse A 

Retailer A 

Retailer B 

Product B Producer B 
Distributor 

warehouse B 

Retailer 

warehouse B 

Retailer C 

Retailer D 

 

Product A is handled by producer A, distributor warehouse A, Retailer warehouse (A and B), 

Retailer store (A, B, C, D) 

Product B is handled by producer B, distributor warehouse B, Retailer warehouse (A and B), 

Retailer store (A, B, C, D) 
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3.2 Analytical framework 

To align and to fulfil the purpose of the project, an overall framework is developed. 

The overall framework is mentioned in Figure 5, it is comprised of 6 stages. The 

first step starts with establishing the need and scope of the project. At the second 

stage, two research questions were established to fulfil the scope of the project. At 

the third stage, the theoretical framework was created to occur information through 

secondary and primary research. At the fourth stage, a detailed methodology was 

established to understand how to carry out the project. At stage five, the data was 

collected, analysed and interpreted. At the final stage, the identified results are 

reported and presented in the project. The detail explanations of these steps can be 

found in the mentioned chapter, chapter 1 (stage 1, 2), chapter 2 (stage 3), chapter 

3 (stage 4), chapter 4 (stage 5), chapter 5 (stage 6). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Overall framework 

3.3 Data collection 

Data collection is defined as a gathering of information and it is a fundamental step 

for any type of research (Athukorala, 2011). The balanced quantitative and 

qualitative data collection method was used (Blaikie, 2003). The data collection is 
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followed as secondary and primary data, and it is summarised and mentioned in 

Figure 6, where it shows the different steps followed for secondary and primary data 

collection. 

 

 
 

Figure 6: Primary and secondary data collection 

3.3.1 Secondary research 

Secondary data is described as any data that is already collected by different authors 

for different purposes and that is referred in the study (Blaikie, 2003). Secondary 

data provides information in a quick and faster way and in a cost-effective manner 

(Radey, 2010). Radey (2010) mentioned that secondary data is the point where the 

primary data takes place. The secondary data has some disadvantages as (i) 

researches could be used with some assumptions (ii) all the area of the research may 

not be included and (iii) sometimes the data could be too old to use. 

In this research, the secondary data is referred to collect the holistic information of 

the packaging system, supply chain and their interaction in the supply chain. The 

data was obtained mainly from two sources, such as literature and database 

(information from the company). The keywords are used for collecting the 

secondary data, which are listed below.  

 
1) Food/Carton/Plastic frozen meal packaging. 
2) Packaging/Packaging features/Packaging logistic/Sustainable packaging 

development. 
3)    Supply chain/Cold supply chain. 

 
The above-mentioned information was retrieved from different scientific papers, 

journals, specialized magazines. The primary database used in this study was from 
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the Lund University (LUB search) and Google search engine. Also, research articles 

and thesis published by Lund University in the areas of packaging logistics. The 

packaging recycling manual and the guidelines for the use of plastic packaging from 

the FTI - Förpacknings-och Tidningsinsamlingen (FTI manual, 2018) is received 

from the company X. 

3.3.2 Primary research 

The primary data is described as the data collected by the author who designs the 

study (Blaikie, 2003). Driscoll (2011) mentioned that the primary data is not found 

in any database or book and is collected as first-hand. The ultimate goal of the 

primary research is to learn something new and that can be agreed on by others 

(Driscoll, 2011). 

A well-structured framework helps to collect balanced qualitative and quantitative 

data. A methodology framework “packaging scorecard” described by Pålsson 

(2018) was used in this study; the author is familiar with this methodology 

framework. The author used the packaging scorecard framework for the course of 

“packaging logistics” at Lund University, Sweden. Pålsson (2018) framework steps 

are mentioned in the following Table 5, where the steps, methods, descriptions and 

the tools are described. Further, each step is explained in the following text. 

 
Table 5: Methodology framework 

Steps Methods Description Tools and Methods 

Step 1 

Map the packaging 

system for a frozen 

meal throughout the 

supply chain 

To understand the 

packaging system, supply 

chain and product 

characteristics 

1) Product characteristics 

2) Mapping of supply chain 

actors 

3) Packaging system 

interaction 

Step 2 

Collect data for the 

packaging system in the 

supply chain 

To collect data to create 

the packaging scorecard. 

1) Identification of 

packaging features 

2) Interview 

3) Observation 

4) Survey 

 

Step 3 

Evaluate and 

graphically present the 

data. 

Presenting the gathered 

data and visualize them in 

graphically. 

1) Scatter plot 

2) Packaging scorecard 

3) Packaging challenges in 

the supply chain. 
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Step 4 

Analysis of the 

packaging as a whole 

system 

Presenting the results. 

1) Present the performance 

of packaging system. 

2) Present the important 

packaging feature 

specification table 

  

3.3.2.1 Step 1: Mapping of supply chain and packaging system 

The step 1 focuses on the mapping of the frozen meal packaging system and the 

actors in the supply chain. This step helps to get the insight about the product, 

packaging system and the supply chain. Three tools are used in this step, which is 

discussed below. 

Tool 1: Product characteristics 

The product characteristics are described as the attributes which added to the 

product definition to further illustrate the product nature, for example, price, quality, 

shape, and these characteristics are further used to filter or search (open bravo, 

2014). Miracle (1965) explained it as the combinations of consumer and market 

characteristics. In a packaging point of view, this tool is used to understand what 

packaging features need to focus and which packaging functions need to be provided 

higher importance. For example, the focused product is a frozen meal, hence the 

product needs to be maintained at a certain temperature thought out the supply chain. 

Thus, to understand how each product characterises are affecting the packaging 

system as well as the supply chain. Product nature, supply chain conditions, 

production process are taken into consideration while developing the product 

characteristic framework. 

Tool 2: Mapping of supply chain actors 

The supply chain mapping is described as the linkage between different actors who 

are involved in the mapped system boundary (Jayaratne et al, 2012). Jayaratne 

(2012) also mentioned that the mapping helps to visualise the degree of each actor’s 

involvement in the supply chain as upstream and downstream. According to Gardner 

and Cooper (2003), to achieve optimal performance in the supply chain, a strategic 

mapping of the supply chain is required. In this project, a system boundary is fixed 

before mapping the supply chain. The system boundaries are fixed from the point 

of product production, which is named as “producer” and the point of product 

consumption, which is named as “consumer”. The supply chain actors are mapped 

based on the interviews and the information received form the Company X. The 

actors involved in the supply chain are 1) Producer (product manufacturer), 2) 

Transport (Distributor Transport), 3) Warehouse (Distributor warehouse), 4) 

Transport (Retailer Transport), 5) Warehouse (Retailer warehouse), 6) Transport 

(Retailer Transport), 7) Retailer store and 8) Consumer. 

Tool 3: Packaging system interaction 
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The interaction is described as the process of two or more than two things which 

have an effect on each other and work together (Mayor, 2009). In this case, the 

packaging system’s interaction with the supply chain actors. The packaging 

interaction for packaging system is applied to all the actors in the supply chain. 

Under each packaging system (primary, secondary and tertiary packaging) a table 

was created where the relevant packaging features (out of 15 packaging features) 

are mentioned. Only the relevant packaging features were analysed for that 

particular packaging system. For example, packaging waste is applicable to primary 

and secondary packaging and not applicable for tertiary packaging, so in this case 

the packaging waste analysis is done only for primary and secondary packaging.  

 

3.3.2.2 Step 2: Data collection 

The step 2 focuses on collecting the data for the packaging system in the supply 

chain. The data was collected through interviews, observation and survey which are 

further explained below.  

Method 1: Identification of packaging features 

Features are described as a typical quality or an essential part of something 

(Cambridge dictionary, 2019). Similarly, packaging features is a typical quality or 

essential part of the packaging system. Initially, the packaging features are identified 

based on the supply chain and the type of food product as described by Pålsson 

(2018). Further, the identified packaging features were discussed with the company 

X and selected 15 packaging features for the analysis, and it is attached in Appendix 

A.  

After selected the required packaging features, a primary data collection was carried 

out with different actors in the supply chain and consumers. In this research, 

interview, observation and survey were selected for the primary data collection.  

Method 2: Interviews 

Driscoll (2011) describes an interview as asking the participants as one to one or 

small group setting. It can be used at any stage in the research process and it is a 

most flexible research tool (Breakwell, 1995). Semi-structured interview with open-

ended (to collect the actor’s need and suggestion) and fixed questions (to collect the 

information on supply chain practices) were used in this interview. The semi-

structured interview questions were prepared under three categories as mentioned 

below. 

1. Packaging features-based questions. 

2. Current practices, suggestions and their needs-based questions. 

3. Challenges and risk-based questions. 
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The prepared questions were discussed with the Company X to select the most 

important interview questions. The interview script is attached in Appendix B and 

C. 

Ten interviewees were selected based on the mapped supply chain and the selected 

Product A and Product B. The interviewees were contacted through company’s 

webpage, personal emails, personal phone call and direct visit to the place of 

interviewees. Managerial level employees were selected for the interview from the 

level of producer to the level of retailer store. The list of interviewees and their 

experiences, and the activity followed in the interview were mentioned in Table 6. 

The interview was organized as an individual event and performed as face to face 

and on phone call. The interview script was sent to some of the interviewee, because 

of the convenience and the interviewee’s request. An introduction and the purpose 

of the project were explained prior the interview process.  

Also, the interviews were conducted for target consumers as shown in Table 6. The 

target consumers were selected based on the below criteria, such as 1) diet 

behaviour: Flexitarian or vegetarian, because the company X is focused to develop 

the frozen meal for these category consumers. Flexitarian consumers refer to the 

people who predominantly consume vegetarian diets and occasionally consume 

animal products, animal products include meat and fish (Dagnelie and Mariotti, 

2017). Vegetarian consumers refer to the people who consume all categories of 

vegetarian diets, including animal by-products, such as milk, honey, etc. Vegetarian 

consumers exclude animal products, such as meat and fish (Dagnelie and Mariotti, 

2017). 2) Market area: Scandinavian consumers, the consumers who born and live 

in any one of the Scandinavian countries and International consumers, the 

consumers who are working or studying or living in any one of the Scandinavian 

countries. Hence, five interviews were conducted (three from Sweden (Swedish 

consumer – 2, International consumer – 1), one from Denmark (International 

Consumer), and one from Finland (Finish Consumer). 

In the packaging scorecard framework numerical data was used in a five-point 

Likert scale to get the level of importance and satisfaction with respect to each 

packaging features. Hence, a separate document was prepared in a table format, and 

given to the interviewees and asked to give the score in a five-point Likert scale for 

each relevant packaging features. The scores and the interview answers were 

interpreted for the analysis. 
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Table 6: Interview respondents – supply chain 

Actor 

Name of 

the 

company/A

ctor’s 

company 

name 

Respondent’s Role 
Respondent

’s Code 

Total year 

of 

experienc

es 

Date of 

interview 

Producer 

 

Producer A Production Manager P-1 12 11/4/2019 

Producer B Production Manager P-2 17 16/4/2019 

Distributor 

Warehouse 

Distributor 

Warehouse 

A 

Warehouse Manager DW-1 15 24/4/2019 

Distributor 

Warehouse 

B 

Warehouse Manager DW-2 12 19/4/2019 

Retailer 

Warehouse 

Retailer 

Warehouse 

A 

Warehouse 

packaging Manager 
RW-1 8 7/5/2019 

Retailer 

Warehouse 

B 

Warehouse Manager RW-2 11 3/5/2019 

Retailer 

Store 

Retailer 

Store A 
Store Manager R-1 15 6/4/2019 

Retailer 

Store B 
Store Manager R-2 20 4/4/2019 

Retailer 

Store C 
Store Manger R-3 18 8/4/2019 

Retailer 

Store D 
Store Manager R-4 9 9/4/2019 

 

Table 7: Interview respondents – Consumers 

Region 

Scandinavian 

/ International 

consumer 

Diet options 
Interviewee’

s Code 

Profession

al 

Date of 

interview 

Sweden 
Swedish 

Consumer 
Flexitarian C-1 Working 3/5/2019 
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Sweden 
Swedish 

Consumer 
Vegetarian C-2 Working 24/4/2019 

Sweden 
International 

Consumer 
Flexitarian C-3 Studying 24/4/2019 

Finland 
Finish 

Consumer 
Flexitarian C-4 Working 3/5/2019 

Denmark 
International 

Consumer 
Flexitarian C-5 Studying 26/5/2019 

 

Method 3: Observations 

The aim of the observation is to capture the real activities, target events, practices 

and occurrences in an objective way as possible. The level and unit of the analyses 

are based on the research objectives. Brewerton and Millward (2001) mentioned the 

observation into two types, such as participant and non-participant observation. In 

participation observation, the researcher/author is directly involved in the field and 

observes the activities along the target participants (Schwartzman, 1993). In non-

participant observation, the researcher/author is indirectly involved and observes the 

activities from a distance, which could be either by recorded data (video, pictures) 

and without a target participant (Schwartzman, 1993).  

The participant observations were carried with an employee from the respective 

company/actor. A checklist document was prepared based on the packaging features 

and in-house activity, and the document was used during the observation activity to 

collect the information. During the observation activity, semi-structured questions 

were asked to the employees and voice recorded the discussion for analysis. 

Packaging system handling process, storage conditions, etc were observed during 

the observation activity. The checklist and observation questions were mentioned in 

Appendix D. Table 8, shows the list of observation activities, such as supply chain 

actors, place, date and duration. 
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Table 8: Observation activity 

Actor 

Name of the 

company/Actor’s 

company name 

Date of Observation 
Duration of 

Observation 

Retailer 

Warehouse 
Retailer warehouse A 07/05/2019 120 Mins 

Retailer Store 

Retailer store A 06/04/2019 90 Mins 

Retailer store B 09/04/2019 60 Mins 

Retailer store C 08/04/2019 90 Mins 

Retailer store D 09/04/2019 30 Mins 

 

Method 4: Consumer survey 

The consumer survey was conducted to identify the packaging performance at 

consumer level and aimed to identify the consumer requirements towards frozen 

meal packaging. The survey was conducted for target consumer based on the below 

criteria, such as 1) Diet behaviour: Flexitarian or vegetarian, because the company’s 

(X) product is focused on this category consumers. 2) Market area: Scandinavian 

and international consumers. The consumer survey was conducted online, through 

Facebook, emails, and direct contact with consumers (where the survey form was 

printed and handed over to the consumers). 110 consumers were contacted, in that 

85 respondents were received and the rate of response was 77 percentage. The 

survey was conducted from 28/03/2019 to 03/05/2019 and during this period the 

survey form was kept running to receive the consumers answers and the survey 

script is attached in Appendix E. 

Reflection about the different methods used for data collection. 

As mentioned above, three data collection methods were used in this research, such 

as interviews, observations and survey to acquire the qualitative data. Firstly, 

interviews were used to collect the information about the supply chain actors and 

consumers needs and their requirements for frozen meal packaging system, and to 

collect the information about the challenges and risks they are facing with selected 

packaging system (Product A and B). Also, to get their insight on the packaging 

system and supply chain process.  

Secondly, observations were conducted to understand and to map the whole supply 

chain process, such as how the packaging system is handled, what tools, and 

physical and environmental conditions are used to handle the packaging system.  

Thirdly, a consumer survey was conducted to find out the consumers requirements 

in general as a frozen meal packaging, such as packaging material type, buying 

behaviour, etc. 
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3.3.2.3 Step 3 and 4: Data analysis and presenting the results 

Tool 1: Packaging scorecard 

The packaging scorecard consists of four areas such as product waste, logistics 

efficiency, value adding and packaging material. The four areas include the six basic 

functions of packaging: protection, containment, apportionment, unitization, 

communication and convenience. The list of selected packaging features and their 

description was mentioned in Appendix A.  

The interviews were voice recorded with the permission of the interviewees. The 

voice recorded data is then transformed into a word document by listening the voice 

record, where the data/information is summarized under specific headings and 

mentioned in bullet points and sentences. Further information is interacted and 

presented in the results and discussion chapter of this thesis. 

Based on the primary data, for each actor’s a rationale of a packaging scorecard 

table was developed as mentioned by Pålsson (2018). The rationale of a packaging 

scorecard table was developed for each packaging feature with a five-point Likert 

scale. The importance and the satisfaction scores are filled in the tables based on the 

five-point Likert scale, which is attached in Appendix F. The importance is 

described as “how much importance does the actor gave for a particular packaging 

features (for example, protection)”. And satisfaction is described as “how much is 

the actor satisfied with that particular packaging feature (for example, protection)”. 

Likert scale for importance (1=least important, 2=below moderate important, 

3=moderate important, 4=important, 5=very high important), and for satisfaction 

(1=very less satisfied, 2=below average satisfied, 3=average satisfied, 4=above 

average satisfied, 5=very high satisfied). Further, the importance score is normalised 

to have a standard scale. Normalisation is calculated by dividing each importance 

values by the sum of all values in the packaging scorecard. The below-mentioned 

formula is used to calculate the normalised average of packaging performance, 

which is developed by Pålsson (2018). 

Normalized average packaging performance  

= 𝛴 [(Normalized importance (PF1) * Satisfaction value (PF1)) + 

(Normalized importance (PF1) * Satisfaction value (PF1))] / 

number of packaging features. 

*PF1 – Packaging feature 1, *PF2 – packaging feature 2 

 

Further, the calculated values are presented in a graph, where the x-axis represents 

the performance (i.e. low to high satisfaction), and y-axis represent the actors (i.e. 

producer to consumer). This graph illustrates the performance of the each  

packaging level (e.g. primary packaging) with each actor in the supply chain. 
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Tool 2: Scatter plot 

Also, a scatter plot was developed as mentioned by Pålsson (2018) by comparing 

the importance and satisfaction value for each packaging feature in the supply chain. 

This scatters plot gives the most important features that need to be considered to 

have high satisfaction in the supply chain and also it also shows the low important 

and least satisfied packaging features. Further, a specification table is prepared to 

list out the top 5 important packaging features in the supply chain for each packaging 

level and each actor. 

Tool 3: Packaging challenges in the supply chain 

The main function of this tool is to understand the challenges that are associated 

with the packed product in the supply chain. The most common challenges of the 

frozen meal are identified and reported. 
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4.Result and discussion 

This chapter introduces the overview of the product and packaging system of the 

two types of frozen meal packaging. It describes the supply chain mapping and 

detailed activity mapping of supply chain actors. The packaging system interaction 

helped to visualize the packaging features and their interaction with supply chain 

actors. The scatter plot describes the importance and satisfaction level of each 

packaging features with the supply chain actors and consumers. Then the packaging 

performance score illustrates the packaging system performance. Further the 

specification table describes the most important packaging features of the producer, 

distributor, retailer and consumer.  

4.1 Overview of the product and packaging 

4.1.2 Product characteristics  

The products chosen for this study was frozen meal packaging: Product A – Carton 

Package and Product B – Plastic Package. The product A – carton package contains 

the main food ingredients, such as vegetables with sauce. The product B – plastic 

package contains, pasta as the main ingredient, and with mozzarella, vegetables. 

The product A – carton package is produced in middle Europe and sold in 

Scandinavian countries, whereas product B – plastic package is produced in 

Scandinavian country and sold in Scandinavian countries. Both products are sold in 

frozen condition (-20ºC or colder) in different retail stores (R-2; R-4).  The retailer 

A price for the product A is 28 SEK and for product B is 34 SEK, and retailer C 

price for product A is 28 SEK and for product B is 35 SEK. The price changes 

frequently depending on the season and during the promotion days. The weight of 

the product A – carton package is 400g and product B – plastic package is 380g. 

Both the product’s packaging that is tray is directly placed in the oven or microwave 

for heating and consumption. The summarized products information is mentioned 

in Table 9. 
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Table 9: Characteristics of product A and product B  

Information 
Product A 

(Properties and characteristics) 

Product B 

(Properties and characteristics) 

Price 28 SEK (Retailer A and B) 
34 SEK (Retailer A) and 35 SEK 

(Retailer B) 

Packaging 

Materials 

Carton tray, LDPE film, carton 

box 
Plastic tray, LDPE film, carton wrap 

Main Ingredients Vegetables with sauces Pasta, Mozzarella and vegetables 

Product 

Measurement 
200 X 170 X 30 mm 145 (l) X 50 (h) mm 

Weight 400g 380g 

4.1.2 Packaging characteristics 

The packaging for both products consists of primary, secondary and tertiary 

packaging. The combination of primary, secondary and tertiary packaging is further 

referred as ‘packaging system’, which is described in detail below. 

4.1.2.1 Primary packaging: 

Product A – Carton packaging  

The primary packaging consists of carton tray and the top of the tray is sealed with 

LDPE(plastic film). The carton tray is placed into the carton box that acts as a selling 

box, where the printing has done outside the carton box. The carton tray is 

rectangular in shape with the dimension of 225 X 190 X 35 mm (lxbxh), and the 

packaging material weight is 23.3g. The carton box is in rectangular shape with the 

dimension of 225 X 195 X 38 mm, and the packaging material weight is 41.3g. The 

plastic film which is placed on the top of carton tray has the same dimension as 
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carton tray, and the weight of the packaging material is 1.2g, which is shown in 

Table 10 and 11. 

Figure 7: Product A – Carton tray 

Figure 8: Product A – LDPE film 

*picture of carton box is not included due to confidential. 

Product B – Plastic package 

The primary packaging consists of plastic tray and the top of the tray is sealed with 

LDPE(plastic film). The plastic tray is placed into the carton wrap that acts as a 

selling box, where the printing has done outside the carton wrap. The plastic tray is 

dimension is 185 X 70 mm (lxh), and the packaging material weight is 18.6g. The 

plastic film which is placed on the top of plastic tray has the same dimension as 

plastic tray, and the weight of the packaging material is 1.0g. The carton wrap has a 

rectangular shape with the dimension of 185 X 160 X 60 mm (lxbxh), and the 

packaging material weight is 20g, which is shown in Table 9 and 10. 

 

Figure 9: Product B – Plastic tray 

Figure 10: Product B – LDPE film 

*picture of carton wrap is not included due to confidential. 
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4.1.2.2 Secondary packaging: 

The secondary packaging consists of corrugated cardboard box for both the 

products. Eight number of primary packaging is placed on the secondary packaging. 

It is a stable corrugated cardboard box protecting the primary packages during 

handling and transportation. The corrugated cardboard box used for the product A 

has the dimension of 390 X 230 X 160 mm, and the weight of the packaging material 

is 183g. Whereas the corrugated cardboard box used for the product B has the 

dimension of  340 X 165 X 295 mm, and the weight of the packaging material is 

150g, which is shown in Table 9 and 10. 

 

Figure 11: Product A – Corrugated cardboard box                 

Figure 12: Product B – Corrugated cardboard box 

 

4.1.2.3 Tertiary packaging: 

Two types of tertiary packaging are used for both the products, namely wooden Euro 

pallet and roll container. The Euro pallet is used from producer level to retailer 

warehouse level, and the roll container is used from retailer warehouse level to 

retailer store. 56 secondary packaging is placed into the wooden Euro pallet (tertiary 

packaging) in 7 layers for product A – carton package. 45 secondary packaging is 

placed into the Euro pallet (tertiary packaging) in 5 layers for product B – plastic 

package (P-1; P-2; RW-1). The number of secondary packages (both the products) 

are placed into the roll container varies depend on the demand (RW-1; RW-2; R-2), 

which is shown in Table 10 and 11. 
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Table 10: Packaging characteristics for product A – carton packaging 

 
Primary 

Packaging 

Secondary 

Packaging 

Tertiary 

Packaging 1 

Tertiary 

Packaging 2 

Packaging 

material 

Carton tray, 

LDPE film, 

Carton box. 

Corrugated 

Cardboard box 

Wooden Euro 

Pallet 
Roll container 

Packaging 

Measurements 

(mm) 

225 X 195 X 

38 
390 X 230 X 160 

1200 X 800 X 

144 

800 X 600 X 

1600 

Packaging weight 

(g) 
66 183 2500 - 

Packaging weight 

with product (Kg) 
0.466 4.0 205 - 

Number of 

packaging 
1 9 56 (7 layer) 

Depending on 

the demand 

 

Table 11: Packaging characteristics for product B – plastic packaging 

 
Primary 

Packaging 

Secondary 

Packaging 

Tertiary 

Packaging 1 

Tertiary 

Packaging 2 

Packaging 

material 

Plastic tray, 

LDPE film, 

Carton wrap. 

Corrugated 

Cardboard box 

Wooden Euro 

Pallet 
Roll container 

Packaging 

Measurements 

(mm) 

185 X 160 X 60 

mm 

340 X 165 X 

295 mm 

1200 X 800 X 

144 mm 

800 X 600 X 

1600 mm 

Packaging weight 

(g) 
40 150 25 - 

Packaging weight 

(Kg) 
.420 3.5 221 - 

Number of 

packaging 
1 8 45 (5) 

Depending on 

the demand 



39 

 

4.2 Supply chain mapping 

The supply chain mapping for product A – carton frozen meal packaging system 

was carried out from the point of product production to the point of product 

consumption. The product is produced in the production plant and temporarily 

stored in an internal storage area. Then the product A is sent to the distributor 

warehouse by distributor truck. The producer A (product A) uses distributor 

warehouse A, which is located in Sweden. The product A is stored at distributor 

warehouse, and then the product A is sent to the retailer warehouse  which is located 

in Helsingborg, Sweden and retailer warehouse B which is located in Jönköping, 

Sweden. Further, the product A is sent to the different retailer stores in Skåne, 

Sweden through the third-party transportation. Finally, the consumer purchases the 

product A from the retailer store, and consumes the product in homes, workplaces, 

etc. (P-1; DW-1; RW-1).  

Similar to product A, the product B – Plastic frozen meal packaging system was 

mapped from the point of product production to the point of product consumption. 

The overall activities of product B are similar to product A. The product B is 

produced and stored in an internal storage area at production plant, then it sent to 

the distributor warehouse. The producer B (product B) uses distributor warehouse 

B, which is located at Helsingborg, Sweden. Then the product is sent to the retailer 

warehouse A at Helsingborg and retailer warehouse B at Jönköping, Sweden 

through the distributor transport. Further, the product B is sent to the retailer stores 

in Skåne, Sweden through the third-party distributor, and then the consumers 

purchase the product B and consumes at different places (P-2; DW-2; RW-1). 

Seven actors are mapped in the supply chain for the product A and product B, that 

is from producer level to retailer store (A and C), and producer level to retailer stores 

(C and D). In addition to that consumers are mapped in the supply chain. The supply 

chain is mapped, based on the interview with the producers and the retailers (P-1; 

P-2; RW-1; R-1). The whole supply chain mapping of one particular route for the 

product A and product B (Producer to retailer A) is described in the below Figure 

13. 
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Figure 13: Supply chain mapping of product A and product B 

4.2.1 Producer 

4.2.1.1 Product A – Carton packaging 

The production plant is located in Middle Europe. Figure 14, shows the detailed 

activity taking place in the production plant for product A. The production of frozen 

meal starts with the receipt of raw materials and the packaging materials. The 

different food ingredients (raw materials) are stored in different conditions, such as 

frozen (-18ºC or colder), chilled (-4ºC or colder) and room temperature (20ºC). The 

ingredients which are listed under allergic are stored separately in the storage area. 

The packaging materials are stored separately at room temperature. The process is 

controlled by the store team. 

The semi-automated production process is carried out at the production plant. The 

machine is calibrated prior to the filling process, and the different processed 

products (ingredients) are filled into the carton tray at different stages in the 

production line. Then the top of the carton tray is sealed with LDPE (Plastic film). 

Then the carton tray is placed in the container and stored in frozen condition (-18ºC 

or colder). Then the carton tray is placed into the carton box and sealed both the 

edges with glue, and printed the batch code and best before date. Further, manually 

8 primary packages (carton tray with carton box) are placed into the corrugated 

cardboard box (secondary packaging), and sealed.  

The secondary packages are sent through the conveyor belt and a label is placed on 

each corrugated cardboard box. Then the secondary packaging is stacked into the 

Euro Pallet. 9 secondary packages are stacked in one layer; thus, a total of 56 
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secondary packaging was stacked in the tertiary packaging (Euro pallet), which 

contains 7 layers. Stretch film is wrapped around the pallet for stability. Further the 

pallet is sent to the internal storage area (frozen condition), and after receiving the 

order from the distributor warehouse, the pallets are moved to the dispatch area (P-

1). 

 

Figure 14: Activity mapping of producer A for the product – A 

 

4.2.1.2 Product B – Plastic packaging 

The production plant is located in one of the Scandinavian countries and the detailed 

activity followed in the production plant is similar to product A. The production of 

frozen meal starts with the receipt of raw materials and the packaging materials. The 
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different materials are stored in different conditions, and the allergic and packaging 

materials are stored separately in the storage area. 

The fully-automated production process is carried out at the production plant. The 

different processed products (ingredients) are filled into the plastic tray at different 

stages in the production line. The packaging machine is calibrated by the machine 

operator to achieve the exact product weight. Once, the product is filled into the 

tray, then the top is sealed with LDPE (Plastic film). Then the plastic trays are placed 

into the container and stored in frozen condition (-18ºC or colder) in an internal 

storage area. Once, the product is reached the frozen condition, then the plastic tray 

is placed into the carton wrap and sealed the edges with glue. The batch code and 

the best before date is printed by the printer on the side of the carton wrap. Further, 

eight primary packages (plastic tray with carton wrap) are placed into the corrugated 

cardboard box (secondary packaging) and sealed with tape, where the operation 

takes place automatically. 

The secondary packages are sent through the conveyor belt and a label is placed on 

each corrugated cardboard box. Then the secondary packages are stacked into the 

Euro Pallet. 8 secondary packages are stacked in one layer; thus, a total of 45 

secondary packages are stacked in the tertiary packaging (Euro pallet), which 

contains 5 layers. Stretch film is wrapped around the pallet for stability during the 

material handling and transportation. Further the pallet is sent to the internal storage 

area (frozen condition) through the hydraulic hand lifter. once, the order is received 

from the distributor warehouse, the pallets are moved to the dispatch area through 

the fork lift (P-2).  

4.2.2 Distributor transportation 

The Product A – carton packaging system’s temperature and the article number (the 

unit label in the tertiary package) are verified, then the information is updated into 

the warehouse management system (WMS) by scanning the unit load label. Then 

the product is loaded into the truck by using fork lift. Two pallets are stacked in a 

column wise to utilize the maximum space in the truck container. The truck is 

maintained the temperature -24ºC throughout the transportation stage. An 

automated temperature monitor system is installed in the truck, so when the 

temperature goes more than -22ºC, an automated notification is sent to the truck 

employee as well as to the distributor warehouse A’s monitoring system. Thus, the 

temperature is controlled well throughout the transportation stage (DW-1).    

The Product B – plastic packaging system followed a similar transportation process, 

like product A. The overall process is monitored by distributor B. The temperature-

controlled system and the monitoring process works similar to distributor A system 

without any major changes (DW-2). 
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4.2.3 Distributor warehouse 

4.2.3.1 Product A – Carton packaging 

The product A is received from the producer to distributor A warehouse at 

Helsingborg by distributor and third party truck container.  Figure 15, shows the 

detailed activity taking place in the distributor warehouse A. The activity starts with 

the unloading of pallets from the truck by forklift. Physical damages and number of 

pallets are verified by scanning the unit load label which is pasted on the tertiary 

packaging. The temperature is checked immediately after unloading the pallets and 

the information is directly updated in the warehouse management system. Further, 

the pallets are moved to the buffer storage area for a short time (less than one hour). 

The frozen meals are sensitive to temperature, so the pallets are moved immediately 

to the storage area, where the temperature is maintained below - 24ºC or colder. The 

temperature is monitored by an automated temperature monitoring system. If the 

temperature is going more than -22ºC, an automated notification is sent to the 

distributor A monitoring system. Then an immediate action is taken to maintain the 

temperature in the storage area.  Once, the order is received from the retailer 

warehouse A and B, the pallets are moved to dispatch area by forklift. The number 

of pallets, article number and the temperature are verified and documented into the 

monitoring system by scanning the unit label. Then the pallets are loaded into the 

retailer truck and sent to retailer warehouse A and B (DW-1). 

 

Figure 15: Activity mapping of distributor warehouse 
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4.2.3.2 Product B – Plastic packaging 

The distributor B follows a similar procedure for the Product B – plastic packaging. 

The distributor B warehouse temperature monitoring and the controlled system 

works similar to distributor A. Also, distributor B sent the product to retailer 

warehouse A and B (DW-2). 

4.2.4 Distributor transportation 

The distributor transportation and the third-party transportation are used to deliver 

the products (Product A – Carton packaging system and Product B – plastic 

packaging system) from the distributor warehouse to retailer warehouse. The 

procedure and the activities are similar to the one mentioned above under distributor 

transportation.  

4.2.5 Retailer warehouse 

The product A – carton packaging system and product B – plastic packaging system 

is received at the retailer warehouse A. Figure 16, shows the detailed activity taking 

place at the retailer warehouse A. The retailer warehouse A is located at 

Helsingborg, from where the product is sent to the entire Skåne, Sweden. Once, the 

product is unloaded from the truck, the physical damages, the temperature is 

checked and the article number is verified by the scanner and it automatically 

updated into the warehouse monitoring system. If there is a temperature rise in 

temperature or physical damages with the products then the pallets are rejected and 

sent back to the distributor warehouse with the same truck. The quality accepted 

pallets are kept in the conveyor chain and sent to the next station, where the pallets 

are manually scanned again and the convey chain moves the pallets to the storage 

area. Two convey chains are used to move the pallets into the storage area. Once the 

pallets are moved inside the storage area, an automated carrier takes the pallets from 

the conveyor chain to the near available space. Then during the overnight hours, the 

automated carrier moves the pallets automatically and placed the pallets in the right 

serial order. Further, the pallets are moved automatically to the handling area, when 

there is an empty space. The products are stored up to four months and it is 

depending on the order and the demand. The temperature is maintained at -24ºC to 

-27ºC, also an automated monitoring system is installed, so when there is a 

temperature raise more than -22ºC, a notification is sent to the warehouse employees 

and the immediate action is taken to maintain the temperature.  

Once the order is received from the retailer store, the employee updates the order in 

the forklift monitor. Then the employee opens the tertiary package by tearing-off 

the stretch film with a knife. Based on the order, the number of secondary packages 
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are stacked into the roll container. Four number of roll containers are attached with 

the forklift and move around different places in the handling area. In a single roll 

container, product A and product B along with other frozen products are stacked. 

The different products have different size and weight of secondary packages. The 

employees are skilled to stack the packed products in the roll container to achieve 

the maximum volume efficiency. A new unit label with an article is pasted into the 

roll container. Then the roll container is moved to the dispatch area to load into the 

trucks. The stretch films are collected in a bin and further sent to the recycling unit. 

The empty pallets are moved by another warehouse employee and placed into the 

pallet dispatch area (RW-1; OW-1).    

Also, both the products are received at the retailer warehouse B. Retailer warehouse 

B receive the products from distributor warehouse A and B. The unloading, 

temperature monitoring and the verification process are followed similar to the 

process followed at retailer warehouse A. There is a slight variation in the automated 

handling, inhouse material handling and the monitoring system (RW-2) 
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Figure 16: Activity mapping of retailer warehouse 

4.2.6 Retailer – third party transportation 

The delivery order is placed to the third-party transporter by the retailer warehouse 

A. Then the third-party transporter’s truck reaches the retailer frozen - dispatch area, 

then the roll containers are verified by scanning the unit load label (article number) 

and checked the temperature by the truck employee. The information is 

automatically updated in the retailer monitoring system. Further, the roll containers 

are loaded into the truck and transport to retailer stores A and B (RW-1; OW-1).  

The similar procedure is followed at retailer warehouse B to retailer store C and D 

(RW-2; OR-3).  
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4.2.7 Retailer store 

Product A and product B are delivered to retailer store A thrice in a week, namely 

Tuesday, Thursday and Sunday. The detailed activity taking place at the retailer 

store A is mentioned in Figure 17. Once the truck reached the retailer store, the roll 

containers are unloaded. The physical damages and the temperature are checked, 

and if there is a major deviation then the products are sent back to the retailer 

warehouse. Then the unit load label is scanned by the scanner and updated into the 

monitoring system with the truck employee Identification Number.  The 

temperature is maintained from -24ºC to -27ºC with an automated temperature 

monitoring system.  

The retailer store maintains 20 primary packages under safety stock for product A 

– carton packages, and 25 primary packages for product B – plastic package. This 

is calculated internally based on sales per week. The roll containers are moved to 

the freezer, where the frozen meals are stored. The secondary packages are sealed 

with glue, so the store employee uses hand and sometimes knife to open the 

secondary package. Both the product’s primary package (frozen meal) are stacked 

in a vertical freezer that gives a clear view of the product to the consumers. The new 

primary package (frozen meal) are placed backside in the shelf to maintain the first 

in – first out order (FIFO). The temperature is maintained from -20ºC to -22ºC in 

the freezer. The secondary package waste - corrugated cardboard is taken to the 

compressor in the retailer store and crushed the package and then tied with a wire. 

Further the packaging waste in transport to Carl F for recycling.    

The consumer takes the product A – carton packaging from the shelf and placed into 

the retailer’s basket or hand trolley and takes to the billing area. After the purchase 

of product - A, the consumer carries the product A (frozen meal) in a consumer 

carrier bag or retailer carrier bag. The consumer follows a similar process for 

product B (R-1; OR-1). 

The retailer store B  follows a similar process, such as unloading and storing process, 

temperature monitoring process, shop floor control and the waste handling process. 

The differences are in safety stock volume, capacity of the freezer shelf and storage 

place (R-3; OR-3).  

Also, the retailer store C and D follows a similar process as mentioned above (R-3; 

R-4; OR-3; OR-4) 
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Figure 17: Activity mapping of retailer store 

4.2.8 Consumer 

Consumers buy the product A – carton packaging in a carrier bag and use different 

modes of transportation to carry the primary package (products) to their home or 

workplace. The detailed activity of the consumers is mentioned in Figure 18. After 

reaching the home or workplace, the consumer opens the carrier bag and place the 

primary package (products) into the freezer for later consumption. Or the consumer 

opens the carton box (primary package) and place the carton tray in the oven or 

microwave for the consumption. Further, they clean the carton tray and discard into 

the dust bin. Also, other packages, such as carton box and plastic film are discarded 

in the dust bin. Then the dust bins are moved to recycling bin which is further moved 

to centralized recycling unit by waste handling trucks (C-1; C-3)  

The consumer uses a similar process for product B – plastic packaging. 
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Figure 18: Activity mapping of consumer 

4.3 Packaging system interaction 

4.3.1 Primary packaging 

The packaging performance is analysed for the whole supply chain. The selected 

packaging features and their interaction with the supply chain actors are identified 

through the interviews and the observations. As described in methodology (chapter 

3.3.2.1 ) the packaging features interaction for the primary package (product A and 

product B) is shown in Table 12. The table shows, which are the packaging features 

applicable for the primary packaging, the applicable packaging features are marked 

as ‘X’ and the only the applicable packaging features (X) are analysed with the 

relevant supply chain actors. The primary package is handled by producer, retailers 

at store, and the consumers. 

The product wastage related features are applicable for all the actors who handle the 

primary package in the supply chain. For example, the failure of product protection 

could cause direct product waste to all the actors. The logistics related features are 
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not relevant for the consumers, and these information are useful for the producers 

and the retailers, who handles a large number of products. The value adding related 

features information is more useful to the consumers as it gives a clear picture of 

the product, for example, product information, such as product characteristics and 

product usage  

procedure. The packaging material related features are equally useful among all the 

actors. Packaging cost and the production efficiency are more applicable for the 

producers to reduce the manufacturing cost, whereas packaging waste and the 

circular economy are more applicable for consumers. 

Table 12: Packaging features interaction with supply chain actors for primary packaging.  

Area No. 
Packaging 

Feature 
Producer 

Retailer 

Store 
Consumer 

Product waste 

PW1 
Protection and 

containment 
X X X 

PW2 
Right amount and 

size 
X X X 

PW3 Food Waste X X X 

Logistics 

L1 Unitisation X X - 

L2 Stack ability X X - 

L3 
Volume and 

weight 
X X - 

L4 
Track and trace 

capability 
X X - 

Value adding 

VA1 
Product 

information 
- X X 

VA2 Convenience X X X 

VA3 
Promotional 

attributes 
- X X 

Packaging 

material 

PM1 Packaging cost X X  

PM2 Packaging waste X - X 

PM3 Circular economy - - X 

PM4 
Safety and 

Security 
- X - 

PM5 
Production 

efficiency 
X - - 
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4.3.2 Secondary packaging 

The packaging features interaction for the secondary package (product A and 

product B) is shown in Table 13 as mentioned for primary package. The product 

waste and logistics related features are equally important for all the actors. The value 

adding related features such as product convenience is useful to all the actors, and 

the product information and promotional attributes are not applicable, as this 

information is more useful for the primary package. The packaging material related 

features are similar to primary packaging, the packaging cost and the production 

efficiency are relevant to the producer, whereas the product safety and security is 

more relevant to retailers. 

Table 13: Packaging features interaction with supply chain actors for secondary packaging. 

 

 

Area No. 
Packaging 

Feature 
Producer 

Retailer 

Warehouse 

Retailer 

Store 

Product 

waste 

PW1 
Protection and 

containment 
X X X 

PW2 
Right amount and 

size 
X X X 

PW3 Food Waste    

Logistics 

L1 Unitisation X X X 

L2 Stack ability X X  

L3 
Volume and 

weight 
X X X 

L4 
Track and trace 

capability 
X X X 

Value adding 

VA1 
Product 

information 
   

VA2 Convenience X X X 

VA3 
Promotional 

attributes 
   

Packaging 

material 

PM1 Packaging cost X   

PM2 Packaging waste X  X 

PM3 Circular economy   X 

PM4 
Safety and 

Security 
 X X 

PM5 
Production 

efficiency 
X   
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4.3.3 Tertiary packaging 

4.3.3.1 Euro pallet 

The packaging features interaction for the tertiary packaging (pallet and roll 

container) for product A product B is shown in Table 14. The pallet is handled by 

producer, distributor and retailer at the warehouse. In all the four areas, a smaller 

number of packaging features are applicable to tertiary packaging, when compared 

to primary and secondary packaging. Traceability and the weight and volume 

efficiency are important packaging features. Packaging material related features are 

more relevant to distributor and retailer warehouse. 

The roll container is handled by the retailer at the warehouse and retailer store. 

Under product waste, product protection and size are more relevant features for 

retailers. Circular economy and security of the packaging are given higher 

importance in the area of packaging material.  

Table 14: Packaging features interaction with supply chain actors for tertiary packaging. 

Area No. 
Packaging 

Feature 

Pallet Roll container 

Produce

r 

Distributor 

Warehouse 

Retailer 

Wareho

use 

Retailer 

Wareho

use 

Retaile

r Store 

Product 

waste 

PW

1 

Protection 

and 

containment 

X X X X X 

PW

2 

Right 

amount and 

size 

X X X X X 

PW

3 
Food Waste - - - - - 

Logistics 

L1 Unitisation X X X X X 

L2 Stack ability X X  X X 

L3 
Volume and 

weight 
X X X X X 

L4 

Track and 

trace 

capability 

X X X X X 

Value 

adding 

VA

1 

Product 

information 
- - - - - 

VA

2 

Convenienc

e 
X X - X X 

VA

3 

Promotional 

attributes 
- - - - - 
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4.4 Packaging system performance  

The below session visualizes the packaging performance of primary, secondary and 

tertiary packaging for the supply chain actors, from the stage of product production 

to the stage of product consumption. The session initially analyses the importance 

vs satisfaction of 15 packaging features and then analyse the performance score for 

each packaging and then the session discussed the main findings of the results as 

explained in methodology (chapter 3.3.2.3). 

4.4.1 Primary packaging 

4.4.1.1 Scatter plot – importance vs satisfaction 

Product A – Carton packaging 

The product A’s primary packaging is handled by the producer, retailer at store and 

consumers, as mentioned in Table 12 (chapter 4.3.1). More number of packaging 

features are applicable for primary packaging. The primary packaging described as 

sales package that has direct interaction with the consumers (Verghese and Lewis, 

2007). The importance and the satisfaction of each packaging features for primary 

packaging (product A) is developed and mentioned in Figure 19. 

At producer level, packaging cost (PM1), product protection (PW1) and production 

efficiency (PM5) are given the highest importance, and followed by packaging size 

(PW2), food and packaging waste (PW3, PM2). The similar packaging features, 

such as product protection, size of the packaging (PW2) and packaging cost (PM1) 

are mentioned the highest importance by Pålsson and Hellström (2016). The main 

role of packaging is to protect the product and safely handover the product to end 

user (Pålsson, 2018). Also, many researches mentioned that the packaging needs to 

protect the product from mechanical and thermal impacts (Lindh et al., 2016). The 

packaging cost (PM1) and production efficiency (PM5)are important to keep the 

Packagin

g material 

PM

1 

Packaging 

cost 
X - - - - 

PM

2 

Packaging 

waste 
- - - - - 

PM

3 

Circular 

economy 
- X X X X 

PM

4 
Security - X X X X 

PM

5 

Production 

efficiency 
X - - - - 
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overall product cost (PM1) as low as possible. P-1 says “we give more importance 

for the primary packaging at production line. The packaging need to fit well into 

the packaging machine, and it has the direct influence with the production 

efficiency”. The least importance is given to stack-ability (L2) and convenience 

(VA2) of the packaging. The production line is semi-automated, so the producer 

gave less importance for convenience (VA2). The similar features such as packaging 

cost (PM1) and product protection are scored the highest satisfaction, and the 

convenience (VA2) of the packaging scored the lowest satisfaction.  

At retailer level, product information (VA1), stack ability (L2), unitization (L1) and 

convenience (VA2) are given the highest important packaging features, and the least 

importance is given for security (PM4), volume and weight efficiency (L3). The 

unitization of the packaging is given preference by the retailer, because it gives a 

better appearance of the packaging for the consumers. R-3 says “We use sliding 

system to place the package in the rack and it is important for us, that the packaging 

is fitting well in the rack and also the unitization effect the work efficiency”. The 

volume and weight efficiency (L3)are not given more importance, because the 

retailer said they have enough space to store the products. The features such as, 

product information (VA1), Stack ability (L2)are scored the highest satisfaction, 

and convenience (VA2) of the packaging scored the lowest satisfaction.  

At consumer level, the importance are given to packaging waste (PM2), food waste 

(PW3) and circular economy (PM3) which means the consumers gave more 

importance for environmental related issues. The convenience (VA2) and the size 

of the packaging (PW2) are given least important, and these features differs among 

consumers. But this result is controverse to the consumer interview (C-3, C-4) and 

it result in high importance for the size of the package (PW2). The consumers are 

not highly satisfied with any of the packaging features, but satisfied with above 

average with product information (VA1) and packaging waste (PM2). 
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Figure 19: Scatter plot – importance vs satisfaction for primary packaging (product A) 

 

Product B – Plastic packaging 

 

Similar to product A, the primary packaging of product B is handled by the 

producer, retailers at store and consumers, as mentioned in Table 12 (chapter 4.3.1). 

The importance and the satisfaction of each packaging features for primary 

packaging (product B) is developed and mentioned in Figure 20. 

At producer level, very important and important features are similar to the features 

found for product A. In addition to that security (PM4) and volume and weight 

efficiency (L3) are given very important. The stack-ability (L2) and packaging 

waste (PM2) are given least importance. P-2 says “we hardly received the damaged 

packaging from the supplier. We use fully automated production line and the 

packaging is fitting well in the production line, and we will not get packaging 

damages”. Product protection (PW1) and packaging cost (PM1) are scored the 

highest satisfaction and least satisfaction is found for size of the packaging (PW2) 

and production efficiency (PM5). 
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At retailer level, product information (VA1), unitization (L1), convenience (VA2) 

and product protection (PW1) are given the highest importance  similar to product 

A, and the least importance is given for security (PM4), packaging cost (PM1) and 

traceability (L4). The packaging cost (PM1), security (PM4), trace ability (L4) and 

product information (VA1) are scored the highest satisfaction.  

At consumer level, the importance is given to product protection (PW1), packaging 

waste (PM2), and convenience (VA2) of the packaging and the least importance is 

given to size of the packaging (PW2). The features such as protection (PW1), 

convenience (VA2) and circular economy (PM3) are scored the most satisfied.  

Figure 20: Scatter plot – importance vs satisfaction for primary packaging (product B) 
 

4.4.1.2 Packaging performance – Packaging score 

Based on the importance and the satisfaction score, the performance of the 

packaging with the supply chain actors is developed for product A – carton 

packaging and product B – Plastic packaging and mentioned in Figure 21.  

The carton packaging performed better with retailers and consumers, where the 

plastic packaging performed better with the producer. The plastic packaging 

material has better mechanical properties compared to the carton packaging (Cai et 

al., 2002). Product (PW3) and packaging waste (PM2) are faced by both the 



57 

 

producers. According to P-1, when the tray is not fitted well into the packaging 

machine, the product waste occurs, and the packaging gets damaged during the top 

sealing process. The carton packaging used more amount of packaging material for 

tray, LDPE film and carton box. The overall weight of the carton packaging is 

double then the overall weight of plastic packaging. The size of the packaging 

(PW2) is not seen as major issue for both the products. Product A used fully 

automated production line and product B used semi-automated production line, 

which have an influence in production efficiency. P- 2 says “The production line is 

not running with full capacity, because the product wastage occurs at filling stage”. 

The producers are willing to spend some extra cost for the packaging and producer’s 

mainly concern is “how the packaging will fit into the production line”. 

At retailer level, the carton package performed better, and the retailer’s main issue 

is packaging damage. R-4 says “The corner of the carton packaging gets damage 

during product handling and the consumers do not want to buy those packages, and 

the package will end up as waste or we will give to homeless people”. The size of 

the packaging (PW2) and convenience (VA2) to handle is mostly liked by the 

retailers. According to Pålsson and Hellström (2016), the packaging cost (PM1) is 

not highlighted as important factors for retailer, but the retailers think that the 

increase of packaging cost will increase the product cost and they gave importance 

for packaging cost (R-2). R-4 says “the packaging material should have the good 

thermal barrier properties; we face issues with the refrigeration system and 

sometimes the door does not close properly which result in rise of temperature”. 

At consumer level, environmental concern has a huge influence with the packaging. 

Other properties, such as convenience (VA2) to handle and protection (PW1) are 

performed better with the plastic packaging. C-2 says “one of the issues I am facing 

with the carton package is thawing, by the time I reach house from the store the 

product gets thawed”. The frozen meals are stored in the freezer and the consumer 

face challenges in the storing of the products. C-5 says “Carton package fits well 

into the freezer and it does not occupy much space, whereas the plastic package 

takes more space in the freezer”. But C-3 says “often I will remove the carton 

package outer box, because the package occupies the extra spaces in the freezer”. 
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Figure 21: Packaging performance score for primary packaging 

4.4.2 Secondary packaging 

4.4.2.1 Scatter plot – importance vs satisfaction 

Product A – Carton packaging 

The secondary packaging of product A is handled by the producer, retailers’ 

warehouse and retailers’ store, as mentioned in Table 13 (chapter 4.3.2). The 

importance and the satisfaction of each packaging features for secondary packaging 

(product A) is developed and mentioned in Figure 22. 

The producer gave highest importance for packaging cost (PM1) and production 

efficiency. Convenience (VA2) and the packaging waste (PM2) are given least 

importance. Wastage occurs at production plant when the packaging is not cut 

properly by the supplier. The size (L2) and traceability (L4) of the packaging is 

scored the highest satisfaction. The primary package is fitting well into the 

secondary packaging.  

Volume and weight efficiency (L3), traceability (L4) and product protection (PW1) 

being the highest importance for both the retailer at warehouse. Followed to that 

safety and security (PM4), stack-ability (L2) are given above moderate important. 

Size (PW2), traceability (L4) and the security (PM4) of the packaging scored the 

highest satisfaction. The cold temperature affect the glue in the package and result 

in opening of package while handling the package and the convenience (VA2) 

scored below average satisfied. 

The retailers gave more importance to the circular economy (PM3) of the packaging, 

and followed by product protection (PW1) and the convenience (VA2) of the 

packaging. The retailers properly handled the packaging waste and sent to the 
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recycling plant Carl F. Retailers highly satisfied with handling of packaging waste 

for circular economy (PM3), and the track and traceability (L4). The packaging is 

hard to unwrap while placing the primary package into the shelf. 

 

 

Figure 22: Scatter plot - importance vs satisfaction for secondary packaging (product A) 

 

Product B – Plastic packaging 

Similar to product A, the producer, retailers at warehouse and retailers at store 

handles the secondary packaging of product B, as mentioned in Table 13 (chapter 

4.3.2). The importance and the satisfaction of each packaging features for secondary 

packaging (product B) is developed and mentioned in Figure 23. 

The producer gave higher importance to the product protection (PW1), packaging 

cost (PM1) and the production efficiency (PM5), followed by convenience (VA2) 

and volume and weight efficiency (L3). The packaging material related features 

scored the highest satisfaction, and followed by convenience (VA2) and product 

protection (PW1). The packaging is not fitting well into the packaging system, and 

the stack-ability (L2) and unitisation (L1) scored the lowest satisfaction.  
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The product protection (PW1) and volume and weight efficiency (L3) are given the 

highest importance by the retailer’s warehouse, followed by unitization (L1), 

convenience (VA2) and security (PM4) of the packaging. Traceability (L4), security 

(PM4) and protection (PW1) are scored the highest satisfaction, and volume and 

weight efficiency (L3), unitization (L1) are scored the lowest satisfaction.  

The retailers gave highest importance for convenience (VA2), product protection 

(PW1) and traceability (L4) of the packaging, and followed by unitization, 

packaging waste (PM2). The lowest importance given to the security (PM4) of the 

packaging. Packaging waste (PM2) and security (PM4) are scored the highest 

satisfaction, and followed by protection (PW1) and stack-ability (L2). 

 

 

Figure 23: Scatter plot - importance vs satisfaction for secondary packaging (product B) 

 

4.4.2. Packaging performance – Packaging scorecard 

Based on the importance and the satisfaction score, the performance of the 

secondary packaging with the supply chain actors is developed for product A and 

product B and mentioned in Figure 24.  
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At producer level, plastic packaging performed better compared to the carton 

packaging. The producer B (plastic packaging) uses a fully automated production 

line, whereas producer A (carton packaging) used semi-automated production line. 

The main challenges faced by producer B are inefficient production and filling 

process.  The producer A gave higher importance for handling of packages. Later in 

the supply chain carton packaging performed better, this is mainly due to the size 

and convenience (VA2) of the packaging. The producers used similar kind of 

secondary packaging, where the producer A uses glue for closing and producer B 

used tape for closing the packaging. RW-1 says “The frozen temperature affects the 

glue in the package which result in opening of package while shifting the secondary 

package from pallet to roll container and it result in dropping of primary package. 

so, we need to allocate an extra employee to pack again the primary package into 

secondary packaging and in this cause, we use tape to avoid the same damages”. 

Also, during the visit, it was observed that the damaged packages are kept aside in 

the warehouse.  Using tape for the packaging suits better for retailer warehouse, and 

it gave trade-offs to the retailer at store. According to R-1 “The product A packaging 

is convenient to unwrap and we will not use knife for unwrapping. But the product 

B uses tape for the packaging and we need to use knife for opening and sometimes 

the knife damages the primary packaging.  

The product Buses coloured ink on the packaging and it has a negative impression 

to the retailer. According to FTI (2018)  the coloured ink causes problem for the 

water treatment during the recycling of packaging and it will affect the quality of 

the recycled material. Also, the tape stays with the packaging and it will affect the 

recycling process. Whereas product A uses only the packaging code on the 

packaging. But this could cause an identification issue if the secondary label missed 

from the packaging, and R-4 says “Often we get confused with the package, because 

the packages are stacked inside facing, which means the label is facing inside, in 

that case we need to cross check all the packages, and it is time consuming”.  

Overall both the packages performed in a similar way and the main difference 

noticed is size of the packaging (PW2).   
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Figure 24: Packaging performance score – secondary packaging 

4.4.3 Tertiary packaging 

4.4.3.1 Pallet 

4.4.3.1.1 Scatter plot – importance vs satisfaction 

Product A – Carton packaging 

The tertiary packaging Euro pallet for product A is handled by the producer, 

distributor warehouse and retailer warehouse, as mentioned in Table 14 (chapter 

4.3.3). The importance and the satisfaction of each packaging features for tertiary 

packaging (product A) is developed and mentioned in Figure 25. 

The producer gave highest importance for the protection (PW1) and traceability 

(L4) and followed by security (PM4) of the packaging. The least importance is given 

for the size, handling and the convenience (VA2) of the packaging. The packaging 

features such as protection (PW1) and traceability (L4) are scored the highest 

satisfaction, and followed by production efficiency (PM5). Unitisation (L1) and the 

size of the packaging (PW2) are scored the lowest satisfaction with the producer. 

The features such as volume and weight efficiency, and security (PM4) are given 

the highest importance and followed by product protection (PW1), where the 

protection (PW1) and the traceability (L4) are scored the highest satisfaction. The 

least satisfaction is scored by convenience (VA2) of the packaging.  

Similar to distributor warehouse, the retailer warehouse gave higher importance for 

volume and weight efficiency (L3)and protection (PW1), and followed by 

unitization of the packaging. The features such as stack-ability (L2) and circular 

economy (PM3) are scored the highest satisfaction, and the lowest satisfaction is 

scored by convenience (VA2) of the packaging.  
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Figure 25: Scatter plot - importance vs satisfaction for tertiary packaging pallet (product A) 

 

Product B – Plastic packaging 

Similar to product A, the producer, distributor warehouse and retailer warehouse 

handles the tertiary packaging pallet, as mentioned in Table 14 (chapter 4.3.3). The 

importance and the satisfaction of each packaging features for tertiary packaging 

(product B) is developed and mentioned in Figure 26. 

Volume and weight efficiency (L3), traceability (L4) and production efficiency 

(PM5) are given the highest importance by the producer, and the least importance 

is given to the size and convenience (VA2) of the packaging. The size and 

traceability (L4) are scored the highest satisfaction with the producer, followed by 

circular economy (PM3). Whereas the least satisfaction is scored by stack-ability 

(L2), convenience (VA2), volume and weight efficiency. 

Product protection (PW1) and packaging size are given highest importance, 

followed by stack-ability (L2) and traceability (L4) of the packaging for the 

distributors warehouse. The features such as convenience (VA2) and unitization 
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(L1) are considered as least important. The size (PW2), traceability (L4) and circular 

economy (PM3) are scored the highest satisfaction, and the least satisfaction is 

scored by unitization. 

Similar to distributor warehouse, the retailer warehouse gave higher importance to 

volume and weight efficiency (L3) and convenience (VA2), and followed by 

unitization of the packaging. The features such as stack-ability (L2) and circular 

economy (PM3) are scored the highest satisfaction, and the convenience (VA2) and 

traceability (L4) of the packaging are scored the lowest satisfaction.  

 

 

Figure 26: Scatter plot - importance vs satisfaction for tertiary packaging pallet (product B) 

 

4.4.3.1.2 Packaging performance – Packaging scorecard 

The performance of tertiary packaging pallet with the supply chain actors is 

developed for product A and product B and mentioned in Figure 27.  

The standard tertiary packaging Euro pallet is used for product A and product B, 

and the similar performance is achieved with different supply chain actors. At 
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distributor warehouse the carton package’s tertiary packaging performed higher, 

this is due to the difference in handling and the volume efficiency.  

 

 

Figure 27: Packaging performance score for tertiary packaging pallet 

 

4.4.3.2 Roll container 

4.4.3.2.1 Scatter plot – importance vs satisfaction 

The tertiary packaging roll container for product A and product B is handled by the 

retailer warehouse and retailer store, as mentioned in Table 14 (chapter 4.3.3). The 

retailer warehouse and the retailer store used the same tertiary packaging roll 

container for both the products. The importance and the satisfaction of the 

packaging features for tertiary packaging roll container for product A is mentioned 

in Figure 28, and for product B is mentioned in Figure 29.   

At retailer warehouse, the right size, traceability (L4) and convenience (VA2) are 

marked the most important features, and followed by protection (PW1), circular 

economy (PM3) and security (PM4) are marked as above moderate importance. The 

security (PM4) of the packaging scored the highest satisfaction and the lowest 

satisfied features are size (PW2), unitization (L1), volume and weight efficiency 

(L3). 

At retailer level, volume and weight efficiency, convenience (VA2) and circular 

economy (PM3) are scored the highest satisfaction. The features such as protection 

(PW1), right size (PW2) and convenience (VA2) are scored the lowest satisfaction. 
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Figure 28: Scatter plot - importance vs satisfaction for tertiary packaging roll container 

(product A) 
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Figure 29: Scatter plot - importance vs satisfaction for tertiary packaging roll container 

(product B) 

 

4.4.3.2.2 Packaging performance – Packaging scorecard 

The performance of the tertiary packaging roll container for the supply chain actors 

is developed for product A and product B and mentioned in Figure 30. Both the 

packages have the similar packaging performance among retailers’ warehouse and 

the retailers’ store. The retailer store scored lesser compared to the retailer 

warehouse. According to the observation, the roll container’s wheel got damages 

and are hard to move at the unloading stage and inside the store. Even though the 

secondary packages are stacked with the trained employee at retailer warehouse, 

still there are gaps between the packages. R-1 say “we receive the roll container 

with different size of secondary packaging in the same roll container that damages 

the product and also the secondary packages are over stacked which result in falling 

down from the roll container during the movement, and also the packaging stacked 

at the bottom of the roll container often gets crushed (damages)”. 
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Figure 30: Packaging performance score for tertiary packaging roll container 

 

4.5 Trade offs 

The trade-offs could be used between the supply chain actors and consumers to 

evaluate the packaging performance. According to Pålsson (2018), trade-offs that 

occur in the supply chain could be two types. The first one occurs in the supply 

chain, due to different supply chain actors and the second one occurs in the supply 

chain, due to environmental and economic impacts. The various packaging features 

and their trade-offs among supply chain actors have mentioned in Table 14. The 

feature: Packaging size, the producer prefer the packaging that is easy to handle and 

efficient in the production line, whereas distributor and retailer warehouse prefer 

volume-efficient packaging, and retailer store prefers visibility of packaging that 

promotes sales, and consumers prefer easy handling packaging. Similarly, for 

labelling, producer and distributors prefer easy identification label that enables the 

logistics activities, retailer and consumers prefer labels with graphically clean and 

easy to get the required information. 
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Table 15: Trade-offs of the frozen meal supply chain. 

4.6 Supply chain challenges 

Lead time 

The products A and product B are maintained under frozen condition throughout the 

supply chain, that is from the point of production to the point of consumption. 

Frozen condition consumes high energy to maintain the temperature. The product B 

travels a longer distance than product A. Thus, the reduction of lead time would 

reduce the total energy consumption.  

Supply chain disruption resilience is one of the major challenges and gaining more 

importance. Lead-time could be one of the drivers of impact propagation since 

demand uncertainty is amplified, which disrupts the balance between supply and 

demand and competitive economies (Chang and Lin, 2018).  

Temperature 

The temperature is monitored at different stages in the supply chain, which increases 

the complexity in the supply chain, where the temperature monitoring and control 

(TMC) devices are used in the cold supply to monitor the temperature (Ashok et al., 

2017). At any point in the supply chain, if the temperature rises then the products 
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deteriorate it’s sensory and quality properties. Real-time temperature monitoring 

technologies, Radio Frequency Identification (RFID) tags and Wireless Sensor 

Networks (WSN), and Time-Temperature Integrators (TTIs) are probably the most 

widely employed systems used to measure, record, and monitor the product 

temperatures in food cold chain. (Ndraha et al., 2018) 

Frozen transportation and storage are highly costly because it requires energy to 

maintain the temperature. Also, the frozen temperature affects the working 

environment, and employees need special protective cloths to withstand the cold 

temperature.  

Track and Traceability 

Better trackability and the documentation is required to ensure the food quality of 

the products throughout the supply chain. Traceability can provide support to public 

health and help authorities determine the causes of contamination or help the 

companies reassure customers and increase competitiveness on the market through 

sales and market share. Primarily, the responsibility belongs to those who develop 

the products and offer them to consumers. (Turi et al., 2013) 

High environmental impact 

The frozen supply chain has a negative impact on environmental, due to the 

emission of CO2 from the transport refrigeration and the cold storage refrigeration.  

Premium product 

Product A and product B are positioning in premium categories, which leads to 

higher consumer expectation in terms of product quality as well as the appearance 

of the product in the retailer store. Thus, the Good Handling Practices (GHP) needs 

to follow throughout the supply chain. 

Freeze burn in the supply chain  

According to Pack and Lee, (2002) frozen meals faces the freezer burn, this is due 

to the surface dehydration of badly packaged frozen meal. Freezer burn becomes 

progressively worse when badly packed or demaged packs are stored for a long time. 

PE are widely used to packaging for frozen meal to prevent dehydration (Robertson, 

2013; Jenkins, 1991). 
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4.7 Consumer requirements 

The below session describes the consumer requirements based on the conducted 

consumer interview (mentioned in chapter 3.3.2.2 method 2) and survey (mentioned 

in chapter 3.3.2.2 method 4). The survey results are mentioned in Appendix G. 

4.7.1 Consumer characteristics  

In the conducted consumer survey 55% of the consumers are flexitarians and 31% 

of the consumers are vegetarians. According to literature, consumer’s age factor 

influences the food choices and the buying behaviour of food products (Yoon and 

Occeña, 2015; Ribeiro, 2018). R-1says “frozen meals are purchased equally among 

different age group of consumers”. 54% of the consumers from the age group of 15 

to 25 years, where the consumers are grouped into three age groups, that is 1) 15 to 

25 years, 2) 25 to 45 years and 45 years and above for the study. The major part of 

the consumer survey are conducted with the Scandinavian consumers (originally 

from Scandinavia), where 71% of the consumers are from Sweden, 15% of the 

consumers are from Denmark and 13% of the consumers are from Finland. The 

study is mainly conducted to the consumers who is living in Sweden, due to the lack 

of time and availability of resources.  

4.7.1.1 Purchase of frozen meals. 

The frozen meals are highly consumed by the consumers who has a busy lifestyle 

and not have enough time to cook the food (Broad bia, 2016). The similar responses 

are received from the consumer interviews. For instance, C-2 says “I used to buy 

the frozen meals, when I do not have time to cook and when I am busy with my 

work”. The frozen meals are not considered as a regular meal by the consumer, as 

mentioned earlier, most of the consumers buy frozen meal when they need a quick 

food. Most of the consumers say, they are always willing to cook the food, but due 

to the tight work schedule they are going with frozen meals. The consumer survey 

show 66% of the consumers buys the frozen meal once in a month and 17% of the 

consumers buys once in a week. One of the reasons why consumers buys frozen 

meals instead of fast foods, because the frozen meals are less costly and it is 

convenient to store at the home or workplaces. 

The retailer’s monitoring system shows the highest purchase of frozen meal during 

the weekdays, and especially on Wednesday and Thursday. 42% of the products 

(product A and product B) are purchased on these two days compared to rest of the 

week in retailer store A. The similar pattern is followed for other brands of frozen 

meals.  

Generally, consumers have the perception that the frozen meals are not good for 

health, because they believe the frozen meals may contains preservatives and this 
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will affect the buying behaviour (C-1). The analysed products (product A and 

product B) do not contains preservatives.  

Four main criteria, such as price of the frozen meal, health and nutritional benefits 

of the frozen meal, right size or quantity of the frozen meal, and environmental 

concern of the frozen meal are mentioned. The consumers were asked to choose two 

main criteria when they purchase the frozen meals. The consumers gave higher 

importance for price as 64%. 54% of the consumers are from the age group of 15 - 

25 years, and the young adults gave higher importance to the price of the product. 

The similar information is found from the retailer interview. R-1 says “It is very 

important for us to keep the price as low as possible for the product, and the price 

has the direct impact on consumer buying behaviour”. Also, the retailers have very 

strict instructions with the suppliers, that means the supplier cannot increase the 

price for the frozen meals without any valid reasons. This means the suppliers need 

to give a clear and satisfied reasons for an increase of price for the frozen meals (R-

1). According to the study conducted on the cheese packaging, Ribeiro et al., (2018) 

mentioned the price is considered as main criteria when the consumers purchase the 

products. Eldesouky and Mesias (2014) mentioned the low-priced product 

motivates the consumers to buy the food products.  

Followed by price, next highest importance is given to health and nutritional 

benefits as 63%. The consumers are more concern about their healthy diet and they 

gave higher importance (Mitchell et al., 2012). C-1 say “I spend extra time at the 

retailer store to read the ingredients list, because I am more concern about my diet 

options”. The international consumers have a language barrier issue, as the 

information is mentioned in local language and it is very hard for international 

consumers to read the information on the packaging.  

The consumers are given the highest importance to environmental related issues 

during the consumer interviews. But the environmental concern has given the third 

priority when compare to price and health benefit of the frozen meal. 40% of the 

consumers are given importance to environmental concern. The consumers are more 

aware about the environmental issues, especially with the food packaging which is 

ending into land and water. 

4.7.2 Influences of packaging  

According to the results of the consumer survey, the consumers are highly 

influenced by the frozen meal packaging, such as packaging shape, colour etc. The 

consumer survey shows 80% of the consumers are influenced by frozen meal 

packaging, during the product purchase. Many researchers concluded that the 

consumers are influenced by the packaging (Ribeiro et al., 2018; Broderick et al., 

2015; Eldesouky et al., 2015). The packaging is also called as silent salesman 

(Hellström and Olsson, 2017; Olsson and Larsson, 2009). The marketing teams uses 
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different colours and designs to attract the consumers, and the packaging is used as 

marketing tool by the producer (Ogba and Johnson, 2010; Rundh, 2005).  

 

4.7.2.1 Appearance and Convenience of the packaging 

The consumers gave average importance for the appearance of frozen meal 

packaging. The consumers gave importance for the handling of frozen meal 

packaging. Frozen meals are handled in frozen condition and the cold temperature 

affects the material handling. If the product is not stored immediately into the freezer 

then the product deteriorates its product quality. C-3 says “It is very hard for me to 

store the product in the freezer, the different brands use different size of packaging 

and the package won’t fit well in the freezer. Some of the frozen meals uses extra 

packaging, sometimes I remove the outside carton box, before placing the product 

into the freezer”. In this consumer survey, 36% of the consumers gave above 

average importance for the convenience of handling and storage of frozen meals. 

22% and 16% of the consumers gave average and very high importance for the 

convenience of handling and storage of frozen meal packaging. 

4.7.2.2 East to open and Easy to disposal of packaging. 

Results from the consumer survey shows that the consumer gave very less 

importance for easy opening of packaging. The consumer survey includes 54% of 

the consumers from the age group of 15-25 years, and the age factor effects the 

result. According to literature, aged consumers gave more importance for the easy 

opening of packaging (Hensler et al., 2015). Mostly the young adults are healthy 

and they gave less importance for easy opening of packaging. 

Disposal of the packaging material is challenging for most of the consumers. Often 

the frozen meals packages uses mixed packaging materials, that is a mixer of plastic 

and carton packaging material. C-5 says “It is very hard to separate the packaging 

materials, and also it is hard to identify the type of packaging material”. FTI 

mentioned that the 30% of the household plastic packaging waste placed into the 

plastic recycling bin are other type of plastic packaging waste, and those packaging 

waste should not be place into the recycling bin (FTI manual, 2018). The consumers 

like to see more instruction about the packaging waste handling on the package, they 

also mentioned that some of the frozen meal packagings do not have the packaging 

waste handling instructions. This information is very important when the package 

contains several types of packaging materials. 53% of the consumers gave above 

average and very high importance for the easy disposal of frozen meal packaging 

materials. 

4.7.2.3 Environmentally friendly packaging  

The brand owner gave importance for the environmental concerns for their product 

and package to attract the consumers (Labatt, 1997; Rundh, 2005).  Environmentally 
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friendly packaging become the marketing trend among the brand owners, because 

the consumers are easily attracted by the environmental related message (Rundh, 

2005). In and the consumer survey, 36% of the consumers gave very high 

importance, followed by 29% of the consumers gave as above average importance 

and 18% as average importance for the environmentally friendly of frozen meal 

packaging. 

4.7.3 Value of packaging  

4.7.3.1 Reuse, Recycle and Biodegradable packaging materials 

The consumers are not willing to reuse the packaging material. The frozen meal 

packaging-tray could be manufactured as a reusable packaging. C-3 says “I am 

buying the frozen meal at least more than two times in a month, and every time I do 

not want to reuse the tray and it will accumulate as an extra item in my storage 

space. So, I prefer not to use the tray for further use”. The consumer interview and 

survey, most of the consumers gave average and less than average importance for 

reusable frozen meal packaging-tray. Whereas, Jarupan et al (2004) mentioned that 

the reuse of packaging has several advantages such as material saving, cost of 

product manufacturing and disposal operation.  

Most of the frozen meal packaging are single use packages and once the product is 

consumed the packaging’s are disposed for the recycling. 80% of the consumers 

gave above average and very high importance for recycling of frozen meal 

packaging. FTI mentioned that 92% of the Swedish consumers sort their household 

plastic packaging waste for recycling (FTI recycling manual, 2018). C-4 says “I 

clean the frozen meal packaging tray before disposing into the recycling bin, and 

often I found hard to clean the packaging tray”.  

The consumers gave fewer preferences for biodegradable packaging material. This 

consumer survey shows, 23% of the consumers gave average importance, 29% of 

the consumers gave above average importance, and 25% of the consumers gave very 

high importance for the biodegradable frozen meal packaging. The biodegradable 

packaging has less value in the packaging system, because the packaging is used 

only once and removed from the system. Many researches recommended to use the 

packaging in a closed loop, which means proving the second life for the packaging. 

The packaging could be reused or recycled to maintain in the closed loop and to 

create value from the packaging materials. 

In recent years the use of biodegradable packaging is increased (FTI manual, 2018). 

The biodegradable plastic packaging are further classified into compostable, 

biodegradable and oxo-degradable. FTI do not have the facility to sort the 

biodegradable plastic packaging, and if the biodegradable plastic packaging enters 
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into recycling process it reduces the value of the recycled materials (FTI manual, 

2018). 

These results show the consumers prefer recycling-based packaging for the frozen 

meals rather than reuse-based packaging or biodegradable-based packaging. Even 

the producer manufactured the products with reuse-based packaging, the consumers 

still disposing the packaging into the recycling bin after the single use. The reusable 

packaging uses more material and it is double the thickness when compared to the 

single use packaging (Dubiel, 1996). So, the disposal of reusable packaging result 

in more energy and material waste. 

 

4.7.3.2 Circular economy 

Circular economy is an economic system, which aims to retain as much value as 

possible from the products by optimal reuse, remanufacturing, recycling (Rizos et 

al., 2017). According to EEA (2014) the circular economy is to use the waste as a 

resource to produce the new produces and it reduce the needs of primary resources. 

The consumers are well aware to use the circular economy for the frozen meal 

packaging to keep the packaging material in loop. 65% of the consumers gave very 

high importance, and 24% of the consumers gave above average importance for the 

circular economy.  
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5.Conclusions and limitations  

This chapter introduces the conclusion by answering the research questions of the 

project, which is mentioned in chapter 1.4. The chapter aims to discuss the research 

findings along with the research questions and then the chapter summarizes the 

overall findings of the research. 

5.1 Conclusions 

RQ 1: What is the performance of frozen meal packaging in the supply chain, i.e. 

from production to consumption?  

The performance of frozen meal packaging system was analysed for product A – 

carton packaging system and product B – plastic packaging system in the supply 

chain. The supply chain was analysed from the point of product production to the 

point of product consumption. At the producer level, the plastic packaging system 

performed better. This is due to the convenient handling of the packaging system, 

less packaging cost and efficient in production efficiency. At the distributor 

warehouse level, the carton packaging system performed better, due to the effective 

logistic performance, such as security (PM4) and unitization of the packaging 

system. At retailer warehouse level, the carton packaging system performed better, 

the secondary packaging performed better and there is no much difference with 

tertiary packaging. The secondary packaging performed better due to the volume 

and weight efficiency, size of the packaging (PW2) and hand-ability of the 

packaging. At retailer store, the carton packaging performed better, the difference 

in performance was higher with primary and secondary packaging, and no much 

difference in tertiary packaging. This is due to the convenience, unitization and size 

of the packaging (PW2). At the consumer level, carton packaging performed better, 

the difference is observed due to the fact of environmental concern, that is related 

to the packaging waste handling. In response to the research question, this study 

found that the carton packaging system performed better in the supply chain, except 

at the producer level.  
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RQ 2: Based on a supply chain perspective, which types of packaging features need 

to be considered for developing a sustainable packaging system for the frozen meal? 

Important packaging features specification table – Supply chain requirements  

As mentioned in the theoretical framework, the sustainable packaging development 

process is looked in a holistic view. The holistic view includes the different supply 

chain actors requirements. These requirements are expressed in terms of packaging 

features as described in the methodology. The following packaging features are 

identified as top 5 important packaging features for the packaging system based on 

the scatter plot and mentioned in Table 16. These features are identified based on 

the analysis conducted for product A and product B. 

 
Table 16: Specification table – Supply chain requirements. 

 Primary packaging Secondary Packaging 
Tertiary Packaging 

(pallet + roll container) 

Producer 

- Protection and 

containment 

- Right amount and size 

- Food Waste 

- Packaging cost 

- Production efficiency 

- Protection and 

containment 

- Stack ability 

- Volume and weight 

efficiency 

- Packaging cost 

- Production efficiency 

- Protection and 

containment 

- Right amount and size 

- Volume and weight 

efficiency 

-Track and trace 

capability 

- Production efficiency 

Distributor 

warehouse 
- - 

- Protection and 

containment 

- Stack ability 

- Volume and weight 

efficiency 

- Track and trace 

capability 

- Circular economy 

Retailer 

warehouse 
- 

- Protection and 

containment 

- Volume and weight 

efficiency 

- Track and trace 

capability 

- Convenience to handle 

- Security 

-Protection and 

containment 

- Unitisation 

- Volume and weight 

efficiency 

- Track and trace 

capability 

- Convenience to handle 
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Retailer Store 

- Protection and 

containment 

- Unitisation 

- Product information 

- Convenience to handle 

- Promotional attributes 

- Protection and 

containment 

- Volume and weight 

efficiency 

- Track and trace 

capability 

- Convenience to handle 

- Packaging waste 

- Protection and 

containment 

- Unitisation 

- Volume and weight 

efficiency 

- Track and trace 

capability 

- Convenience to handle 

 

 

Important packaging features specification table - Consumer requirements  

This session identified the important packaging features based on the analysis 

conducted for product A and product B, and the conducted consumer interviews and 

survey. The top five important packaging features of the primary packaging under 

specification table is mentioned in Table 17.  

 

Table 17: Specification table – Consumer requirements  

Important packaging features based  

On the analysis conducted 

Important packaging features based  

on the consumer interview and survey 

- Protection and containment 

- Product information 

- Convenience to handle 

- Packaging waste 

- Circular economy 

- Protection and containment 

- Convenience to handle and store 

- Environmentally friendly packaging 

- Right size of the packaging 

- Circular economy 

 

Some of the packaging features are listed several times with the supply chain actors 

and some features are listed once as most important. Further, the important features 

are summarized for a frozen meal packaging system that is primary, secondary and 

tertiary packaging and mentioned in Table 18. 
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Table 18: Top 5 packaging features for the frozen meal packaging system. 

 

Primary packaging Secondary packaging  Tertiary packaging 

- Protection and containment 

- Size of the packaging 

- Convenience to handle 

- Circular economy 

- Production efficiency  

 

- Protection and containment 

- Volume and weight 

   Efficiency 

- Track and traceablity 

- Convenience to handle 

- Circular economy 

- Protection and containment 

- Volume and weight 

   Efficiency 

- Track and traceablity 

- Circular economy 

- Unitization. 

5.2 Limitations  

This research does not include the designing of the packaging system. Prior to 

designing the packaging system, it is important to collect other requirements, such 

as product, co-packer/producer, marketing, waste handlers requirements. 

Developing the packaging with some information could lead to poor performance 

to some actors in the supply chain and it leads to further optimization in a later stage. 

Further optimization or sub-optimization requires higher cost and resources, and 

consumes a lot of time. Also, company X has not finalized the characteristics of a 

frozen meal such as type of product, product size, market volume, etc. So, this 

research focused to select the type of packaging system and different supply chain 

actors’ requirements for developing sustainable packaging in the later stage. 
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6. Suggestions and Future Research  

6.1 Suggestions 

The first research question facilities to choose the type of packaging material and 

packaging system which is available in the market. The plastic and carton packaging 

systems are commonly used packaging for frozen meals in the market. Both the 

packaging systems have pros and cons to some extent. For example, production 

efficiency is better with plastic packaging system and packaging waste is better with 

the carton packaging system. The overall packaging performance was performed for 

both the packaging system in the supply chain based on the 15 packaging features. 

The result suggests the company X to choose the carton-based packaging system, 

because the carton packaging system performed better with most of the supply chain 

actors and with consumers. The plastic packaging performed better only with the 

producer of the frozen meal.  

It is important to develop the sustainable packaging system, which aims to reduce 

the overall cost and environmental impact, and increase the value for the packed 

product in the supply chain. The research findings suggest the company X to include 

the requirements of producer, distributor, retailer and consumer while designing the 

packaging system. The features: product protection was ranked highest importance 

among all the supply chain actors for all level of packaging. The product protection 

includes a mechanical, thermal, barrier and sealing properties. Volume and weight 

efficiency (L3)were seen the highest importance for secondary and tertiary 

packaging, which suggests the company X to develop the primary packaging that fit 

well into the secondary and tertiary packaging. Circular economy of packaging was 

seen among all level of packaging system as well as among supply chain actors. The 

research suggests to include all the supply chain actors while developing the 

sustainable packaging system with the aim of sharing the benefits among all the 

actors. The research findings highlight the supply chain challenges, such as 

temperature control, lead time, etc. Finally, the research develops a specification 

table for each actor and for each packaging level, and that could help company X to 

point out the most important packaging features during the development process. 
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6.2 Future Research 

This research analysed the frozen meal packaging system from the stage of 

production to consumption and found the above-mentioned result, i.e. carton 

packaging is performing better. The research recommends further study in these 

areas as mentioned below.  

1. The packaging performance of product A and product B was conducted for 

producer, warehouse, retailer and consumer. Further, the research could be 

done in a similar way to find out the packaging performance with other 

actors, such as packaging material supplier and packaging waste handler.  

 

2. This research analysed the environmental impact of packaging (product A 

and product B) to some extent. Further, the research could be done for 

detailed environmental analysis, for example, LCA, EEFP tool, etc. 

 

3. This research finds out the producer, warehouse, retailer and consumer 

requirements in terms of the top five most important packaging features. 

Further, the research could be done to find out other requirements such as 

a) Product requirements, b) Marketing requirements, c) Co-packer/ 

Producer requirements/facilities, d) Packaging supplier 

requirements/demands d) Packaging waste handler requirements. 

 

4. This research aimed to find out the different supply chain actor’s 

requirements, and do not include the design thinking process. So, after 

gathering all the requirements, further research could be done for 

designing/developing the sustainable frozen meal packaging system. 
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8. Appendix 

8.1 Appendix A: 15 packaging features and their 

description 

 

 

Area No. Packaging Feature  Description  

Product 

waste 

PW1 
Protection and 

containment 

Ability to protect the product from the 

physical, chemical and biological 

hazards. 

PW2 
Right amount and 

size 
Right size of the packaging 

PW3 Food Waste Minimal amount of food waste  

Logistics 

L1 Unitisation Right fit of different level of packaging 

L2 Stack ability 

Ability to stack as many shipment units 

as possible at warehouse and during 

transport 

L3 Volume and weight 
Ability to use all the available volume 

and load capacity 

L4 
Track and trace 

capability 

Capacity to trace the packaging/products 

in the supply chain 

Value 

adding 

VA1 Product information Provide product information 

VA2 Convenience Simplify the use of packaging 

VA3 
Promotional 

attributes 
Promote and sell the product 

Packaging 

material 

PM1 Packaging cost The cost of the packaging 

PM2 Packaging waste Minimal amount of packaging waste 

PM3 Circular economy Maintain the packaging in closed loop. 

PM4 Safety and Security 
Ability to protect the product from the 

thefts 

PM5 
Production 

efficiency 

Enable efficient processing in 

production 
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8.2 Appendix B: Interview Questions – Supply chain 

actors  

 

A. Producer 

 

1. Could you please tell me a bit about your background? 

a. Education 

b. Total experiences and the experience in this company   

c. Roles and responsibilities 

Protection and containment & Right amount and size 

2. Could you please tell me, do you face any product damages due to this 

packaging? If yes, could be please tell me in what way?  

3. Does this package fit well into the packaging system? And do you give 

importance for right size and amount packaging? And for what reason? And 

how much do you satisfy with this packaging? 

Material Handling & Convenience 

4. Could you please tell me, how the packages are handled (for e.g. automatic 

or manual)? Do you use any special tools/equipment for handling the 

packaging? 

5. Does all level of packaging is convenient to handle, do you face any trouble 

while handling the packaging?  

Volume and weight efficiency & Stack ability 

6. How do you fill the pallet (half or full pallet)? if half, what could be the 

reason? How do you stack the secondary packaging (for e.g. interlocking or 

normal align stacking)? 

Track and Trace capability & Production Efficiency 

7. What type of documents do you use for track and traceability? How often 

do you carry out the track and trace process? 

8. Does this package fit well in the production line? Do you have any specific 

problem with the packaging machine? Are you satisfy with the production 

efficiency? 

Packaging waste & Circular economy 

9. What kind of packaging waste do you handle? And how do you manage the 

packaging waste (recycling, energy recovery, landfill)? 

10. Does the packaging waste have a circular economy? How important is 

proper handling of packaging waste, and why? And how much do you 

satisfy with this packaging? 

Unwrapping & Packaging cost 

11. How do you do the wrapping process and do you face any issues with that? 

Do you have any product damages while wrapping process? 



95 

 

12. Do you think that the increase or decrease in packaging cost, will affect the 

product quality and the purchasing power of the consumer? and do you give 

importance to packaging cost and does it have an influence? 

Other areas  

13. What are the main challenges and risk you are facing with the packaging 

system? Where/at what stage you are facing those challenges and risk? Does 

this packaging system affect the work and time, if yes in what way? 

14. Does the environmentally friendly packaging would increase the selling 

capacity of the product? What type of packaging do you like the most, and 

why so? 

15. What are the three main things you like with the current packaging system? 

What are the three main things you like to change with the current 

packaging system?  

16. What are the things need to consider while developing environmentally 

friendly packaging?  

17. Do you give importance to environmentally friendly packaging? what type 

of packaging do you prefer? Plastic based or carton based for frozen meal? 

 

B. Warehouse  

1. Could you please tell me a bit about your background? 

  - Education 

  - Total experiences and the experience in this company   

  - Roles and responsibilities 

Protection and containment & Right amount and size 

2. Could you please tell me, do you have faced any product damages due to 

this packaging?   Also, do you faced any product damages in the relevant 

packed product?  

3. Why do you think that the product is getting damaged? Could you please 

give me 3 to 5 main reasons? 

4. Does this package fit well into the packaging system and storage space? 

And do you give importance for right size and amount packaging? And for 

what reason? And how much do you satisfy with this packaging? 

Material Handling & Convenience 

5. Does all level of packaging is convenient to handle, do you face any trouble 

while handling the packaging? 

Volume and weight efficiency & Stack ability 

6. How do you receive the pallet (half or full) and do you have a problem with 

that? How the packages are stacked before and after? Does the package get 

damage, due to this type of stacking practices?  

Track and Trace capability 

7. What type of documents do you use for track and traceability? What 

information do you want to trace when something goes wrong? How often 

do you carry out the track and trace process? 
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Packaging waste & Circular economy 

8. What kind of packaging waste do you handle? And how do you manage the 

packaging waste (recycling, energy recovery, landfill)?  

9. Does the packaging (2º, 3º) have a circular economy? How important is 

proper handling of packaging waste, and why? And how much do you 

satisfy with this packaging? 

Unwrapping & Security 

10. How do you do an unwrapping process and do you face any issues with 

that? Do you have any product damage while unwrapping process? 

11. Do you lose any packed product in the supply chain? if yes could you please 

tell me how and where?  

12. Does the cold temperature have an effect on the package? do you face any 

problem to maintain the temperature throughout the process? 

Other areas  

13. What are the main challenges and risk you are facing with the packaging 

system? Where/at what stage you are facing those challenges and risk? Does 

this packaging system affect the work and time, if yes in what way? 

14. What type of packaging do you like the most, and why so? And what type 

of packaging you don’t like, and why so? Do you prefer returnable 

secondary packaging, if yes, why? 

15. What are the three main things you like with the current packaging system? 

What are the three main things you like to change with the current 

packaging system?  

16. What are the things need to consider while developing environmentally 

friendly packaging?  

17. Do you give importance to environmentally friendly packaging? what type 

of packaging do you prefer? Plastic based or carton based for frozen meal? 

 

C. Retailer  

1. Could you please tell me a bit about your background? 

  - Education 

  - Total experiences and the experience in this company   

  - Roles and responsibilities 

Protection and containment & Right amount and size 

2. Could you please tell me, do you face any product damages, due to 

packaging? Also, do you faced any product damages in the relevant frozen 

meal packaging?  

3. Why do you think that the product is getting damaged? Could you please 

give me 3 to 5 main reasons? 

4. Does this package fit well in the packaging system and the shelf? And do 

you give importance for right size and amount packaging? And for what 

reason? And how much do you satisfy with this packaging? 

Material Handling & Convenience 
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5. Does all level of packaging is convenient to handle, do you face any trouble 

while handling the packaging?  

Volume and weight efficiency & Stack ability 

6. How do you receive the roll container (half or full) and do you have a 

problem with that? How the packages are stacked, does the package get 

damage, due to this type of stacking practices?   

Track and Trace capability & Promotional attributes 

7. What type of documents do you use for track and traceability? What 

information do you want to trace when something goes wrong? How often 

do you carry out the track and trace process? 

8. How do the packages help in information flow in the supply chain? What 

kind of promotional attributes influence the consumer buying behaviour? 

Packaging waste & Circular economy 

9. How do you manage packaging waste (recycling, energy recovery, 

landfill)? Does the packaging (2º, 3º) have a circular economy?  

10. Do you think that the increase or decrease in packaging cost, will affect the 

product quality and the purchasing power of the consumers? And do you 

give importance to packaging cost and does it have an influence with selling 

capacity? 

Unwrapping & Security 

11. How do you do an unwrapping process and do you face any issues with 

that? Do you have any product damage while unwrapping process? 

12. Do you lose any packed product in the supply chain? if yes could you please 

tell me how and where? 

13. Does the cold temperature have an effect on the package? Do you face any 

problem to maintain the temperature throughout the process? 

Other areas  

14. What are the main challenges and risk you are facing with the packaging 

system? Where/at what stage you are facing those challenges and risk? Does 

this packaging system affect the work and time, if yes in what way? 

15. Does the environmentally friendly packaging would increase the selling 

capacity of the product? What type of packaging do you like the most, and 

why so? And what type of packaging you don’t like, and why so? 

16. What are the three main things you like with the current packaging system? 

What are the three main things you like to change with the current 

packaging system?  

17. What are the things need to consider while developing environmentally 

friendly packaging?  

18. Do you give importance to environmentally friendly packaging? What type 

of packaging do you prefer? Plastic-based or carton-based for frozen meal? 
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8.3 Appendix C: Interview Questions – Consumers 

1. Could you please tell me a bit about yourself? 

Protection and containment & Right amount and size 

2. Could you please tell me, do you face any product damages due to this 

packaging? If yes, could be please tell me in what way?  

3. Does this package fit well into the storage place? And do you give 

importance to right size and amount of packaging? And for what reason? 

And how much do you satisfy with this packaging? 

Convenience & Product Information 

4. Does the packaging is convenient to handle, do you face any trouble while 

handling the packaging, for example easy to open? 

5. Does the package is missing any sort of information, what you are looking 

for?  

6. Do you have enough information to provide a consumer complaint, when 

you realise that the product is not safe to consume? 

Promotional attributes & Packaging waste 

7. Do the promotional attributes influence your buying behaviour? What kind 

of promotional attributes influence you the most? 

8. Does the package is convenient to separate different materials? What are 

the challenges do you face? Does the package is easy to empty? And do you 

face any product waste in the package? 

9. Do you have the sufficient information about the reuse or recycling process? 

Circular economy 

10. Does the packaging waste have a circular economy? How important is 

proper handling of packaging waste, and why? And how much do you 

satisfy with this packaging? 

Other areas  

11. What are the main challenges and risk you are facing with this packaging? 

Where/at what stage you are facing those challenges and risk?  

12. What are the main things you like with the current packaging system? What 

are the main things you like to change with the current packaging system?  

13. What are the things need to consider while developing environmentally 

friendly packaging?  

14. Do you give importance to environmentally friendly packaging? what type 

of packaging do you prefer? Plastic based or carton based for frozen meal, 

for why? 
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Packaging Scorecard Table - producer  

(Similar packaging scorecard table was developed for other supply chain actors) 

 

 

8.4 Appendix D: Observations 

Retailer warehouse 

1. How the product is received from the producer/distributor warehouse, could 

you please explain me the overall process? 

2. Also, could you please explain and show the following activities -> 

unloading activities -> document verification process -> storage activities -

> internal movement -> repackaging process-> further loading to truck? 

3. Could you please explain me the temperature monitoring process through 

the activities?   

4. What are the main challenges and risk you are facing in this process? 

Where/at what stage you are facing those challenges and risk? If possible, 

could you compare with other produces (similar type) and show me the 

differences? 

Check list: 

Sl. 

No 

Packaging 

features 

How they are 

doing? 
+ - 

1 

Protection 

and 

containment 

   

2 
Right amount 

and size 
   

3 
Material 

Handling 
   

4 
Convenience 

 
   

5 

Volume and 

weight 

efficiency 

   

6 Stack ability    

7 

Track and 

Trace 

capability 
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8 
Packaging 

waste 
   

9 
Circular 

economy 
   

10 Unwrapping    

11 Security    

Others 

   

   

   

   

 

Additional Questions 

 

Additional comments 

 

 

Retailer shop 

1. How the product is received from the warehouse, could you please explain 

me the overall process? 

2. Also, could you please explain and show the following activities -> 

unloading activities -> document verification process -> storage activities -

> internal movement -> repackaging process -> further storage at shelf?  

3. Could you please explain me the temperature monitoring process through 

the activities?   

4. What are the main challenges and risk you are facing in this process? 

Where/at what stage you are facing those challenges and risk? If possible, 

could you compare with other produces (similar type) and show me the 

differences? 

Check list: 

 

Sl. 

No 

Packaging 

features 

How they are 

doing? 
+ - 

1 

Protection 

and 

containment 
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2 

Right 

amount and 

size 

   

3 
Material 

Handling 
   

4 
Convenience 

 
   

5 

Volume and 

weight 

efficiency 

   

6 Stack ability    

7 

Track and 

Trace 

capability 

   

8 
Promotional 

attributes 
   

9 
Packaging 

waste 
   

10 
Circular 

economy 
   

11 Unwrapping    

12 Security    

Others 

   

   

   

   

 

Additional Questions 

 

Additional comments 

8.5 Appendix E: Survey Questions – Consumers 

Consumer – Survey 

 

1. Could you please tell me, about your diet options? 

2. Indicate your age group? 
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3. Could you please tell me, where do you live or work or study (for short or 

long period)? 

4. How often do you purchase the frozen meal? 

5. Which packaging do you like the most for the product - frozen meal? and 

could you please explain the reason? (as shown in the above picture) 

6. According to you what are the two main criteria you consider when buying 

a new frozen meal? 

a) Price, b) Health/nutritional benefits, c) Right size (or quantity) of the 

product, d) Environmental concern  

7. Does the type of packaging material and design influence you while 

purchasing the product? 

8. What is important for you, when it comes to frozen meal packaging, Rank 

1 (Less important) to 5 (Very important) 

a) Appearance, b) Convenient to handle and store, c) East to open, d) Easy 

to disposal, e) Environmentally friendly  

9. What is important for you, when it comes to frozen meal packaging, Rank 

1 (Less important) to 5 (Very important) 

a) Reuse the packaging material (tray) b) Recycle the packaging material 

(tray), c) Use of biodegradable packaging material  

10. According to you, how important it is to use a circular economy in 

packaging? 

11. Please choose the relevant sentence? 

a) I choose: A frozen meal which is packed in an echo friendly packaging, 

which is expensive 

b) I choose: A frozen meal which is packed in an echo friendly packaging, 

which is expensive 

12. Do you face any challenges with frozen meal tray packaging, if yes, what 

are the three main challenges? 

13. Is there anything else you would like to add or suggest? 

 

8.6 Appendix F: Rationale of a packaging scorecard 

table 

*Importance Score – How much importance do you give for this packaging, based 

on the packaging features. 

*Satisfaction Score – How much do you satisfied with this packaging, based on the 

packaging features. 
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Producer: 

 

 

 

 

 

Area 
Packaging 

Feature 
Description 

Importance 

Score  

(Kindly, give 

your score 

from 1 to 5, 

where 1 = 

less 

important 

and 5 = most 

important) 

Satisfaction 

Score 

(Kindly, give 

your score 

from 1 to 5, 

where 1 = 

less satisfied 

and 5 = most 

satisfied) 

Comments 

Product 

waste 

Protection and 

containment 

Ability to protect the 

product from the 

physical, chemical 

and biological 

hazards. 

   

Right amount 

and size 

Right fit of product 

into package 
   

Logistics  

Unitisation 
Modularization of the 

packaging levels 
   

Material 

handling  

Ability of efficient 

handling of packaging 
   

Stack ability 

Ability to stack as 

many shipment units 

as possible at 

warehouse and during 

transport 

   

Volume and 

weight 

Ability to use all the 

available volume and 

load capacity 

   

Track and 

trace 

capability 

Capacity to trace the 

packaging/products in 

the supply chain 

   

Value 

adding 

Product 

information 

Ability to display 

product information 
   

Convenience 
Simplify the use of 

packaging 
   

Packaging 

material 

Packaging cost 
The cost of the 

packaging 
   

Packaging 

waste 

Minimal amount of 

packaging waste 
   

Production 

efficiency 

Ability of packaging 

use in the production 

line 
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Distributor warehouse: 

 

 

Area 
Packaging 

Feature 
Description 

Importance 

Score  

(Kindly, 

give your 

score from 

1 to 5, 

where 1 = 

less 

important 

and 5 = 

most 

important) 

Satisfaction 

Score 

(Kindly, 

give your 

score from 

1 to 5, 

where 1 = 

less 

satisfied 

and 5 = 

most 

satisfied) 

Comments 

/ Insights 

Product 

waste 

Protection 

and 

containment 

Ability to protect 

the product from 

the physical, 

chemical and 

biological hazards. 

   

Right 

amount and 

size 

Right size of the 

packaging material 
   

Logistics  

Unitisation 
Right fit of the 

packaging levels 
   

Material 

handling  

Ability of efficient 

handling of 

packaging 

   

Stack 

ability 

Ability to stack as 

many shipment 

units as possible at 

warehouse and 

during transport 

   

Volume and 

weight 

Ability to use all 

the available 

volume and load 

capacity 

   

Track and 

trace 

capability 

Capacity to trace 

the 

packaging/products 

in the supply chain 

   

Packaging 

material 

Circular 

economy 

It is an economic 

system, which aim 

to reuse the 

packaging material 

(Pallet) in the 

supply chain. 

   

Security 

and safety 

Ability to protect 

the product from 

the thefts 
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Retailer warehouse: 

 

 

Area 
Packagin

g Feature 
Description 

Tertiary Packaging 

– 

Pallet 

Tertiary Packaging 

– Roll Container  

Secondary 

Packaging – Carton 

Box 

Importa

nce 

Score 

Satisfacti

on Score 

Importa

nce 

Score 

Satisfacti

on Score 

Importa

nce 

Score 

Satisfacti

on Score 

Product 

waste 

Protection 

and 

containm

ent 

Ability to 

protect the 

product from 

the physical, 

chemical and 

biological 
hazards. 

 

 

 

 

 

 

Right 

amount 

and size 

Right fit of 

product into 

package 

 

 

 

 

 

 

Logistic
s  

Unitisatio

n 

Modularization 

of the 

packaging 

levels 

 

 

 

 

 

 

Material 

handling  

Ability of 
efficient 

handling of 

packaging 

 

 

 

 

 

 

Stack 

ability 

Ability to stack 

as many 

shipment units 

as possible at 

warehouse and 

during 
transport 

 

 

 

 

 

 

Volume 

and 

weight 

Ability to use 

all the available 

volume and 

load capacity 

 

 

 

 

 

 

Track and 

trace 

capability 

Capacity to 

trace the 

packaging/pro

ducts in the 

supply chain 

 

 

 

 

 

 

Convenie

nce 

Simplify the 

use of 

packaging 

 

 

 

 

 

 

Packagi
ng 

material 

Circular 

economy 

It is an 

economic 

system, which 

aim to reuse the 

packaging 
material 

(Pallet) in the 

supply chain. 

 

 

 

 

 

 

Security 

and safety 

Ability to 

protect the 

product from 

the thefts 
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Retailer store 

 

 

Area 

Packag

ing 

Featur

e 

Description 

Primary 

Packaging 

Secondary 

Packaging – Carton 

Box 

Tertiary Packaging 

– Roll Container 

Imp

orta

nce 

Sco
re 

Satisfacti

on Score 

Importa

nce 

Score 

Satisfacti

on Score 

Importa

nce 

Score 

Satisfacti

on Score 

Prod

uct 

waste 

Protecti

on and 

contain

ment 

Ability to protect the 

product from the 

physical, chemical and 

biological hazards. 

      

Right 

amount 

and size 

Right size of the 

packaging 
      

Logis

tics 

Unitisat

ion 

Right fit of different 

level of packaging 
      

Materia

l 

handlin

g 

Ability of efficient 

handling of packaging 
x x     

Stack 

ability 

Ability to stack as many 

shipment units as 

possible at warehouse 

and during transport 

  x x x x 

Volume 

and 
weight 

Ability to use all the 

available volume and 
load capacity 

      

Track 

and 

trace 

capabili

ty 

Capacity to trace the 

packaging/products in 

the supply chain 

      

Valu

e 

addin

g 

Conven

ience 

Simplify the use of 

packaging 
    x x 

Product 

informa

tion 

Ability to display 

product information 
  x x x x 

Promoti

onal 

attribut

es 

Promote and sell the 

product 
  x x x x 

Pack

aging 

mater
ial 

Packagi

ng cost 

The cost of the 

packaging 
  x x x x 

Packagi

ng 

waste 

Minimal amount of 

packaging waste 
x x   x x 

Circular 

econom

y 

It is an economic 

system, which aim to 

reuse the packaging 

material (Pallet) in the 

supply chain. 

x x     

Securit

y and 
safety 

Ability to protect the 
product from the thefts 
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8.7 Appendix G: Survey Results  

Influence by the packaging material 

 

Two main criteria of frozen meal packaging 

 

Purchase of frozen meal 

 

Appearance of the frozen meal packaging 

Influenced by the

packaging material

Not Influenced by the

packaging material

20.5%

79.5%
Influence by the packaging material

64% 63%

20%
40%

Price Health/nutritional benefitRight Size (or Quantity) of the productEnvironmental concern

Two main criteria of frozen meal packaging

10%

66%

8%

17%

More than once in a month

Once in a month

More than once in a week

Once in a week

Purchase of frozen meal
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Convenience of the frozen meal packaging  

 

Easy to open the frozen meal packaging 

 

Easy to dispose the frozen meal packaging waste 

 

17%

16%

31%

24%

12%

Very Less Important

Below average important

Average important

Above average important

Very high important

Appearance of the frozen meal packaging

10%

17%

22%

36%

16%

Very Less Important

Below average important

Average important

Above average important

Very high important

Convenience of the frozen meal packaging 

33%

19%

17%

19%

12%

Very Less Important

Below average important

Average important

Above average important

Very high important

Easy to open the frozen meal packaging

7%

16%

24%

36%

17%

Very Less Important

Below average important

Average important

Above average important

Very high important

Easy to dispose the frozen meal packaging waste
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Importance of environmentally friendly frozen meal packaging   

 

Reuse of frozen meal packaging (Tray) 

  

Recycle the frozen meal packaging (Tray) 

 

Biodegradable frozen meal packaging 

2%
14%

18%
29%

36%

Very Less Important

Average important

Very high important

Importance of environmentally friendly frozen meal 

packaging  

8%

18%

39%

22%

13%

Very Less Important

Below average important

Average important

Above average important

Very high important

Reuse of frozen meal packaging (Tray)

5%

7%

8%

39%

41%

Very Less Important

Below average important

Average important

Above average important

Very high important

Recycle the frozen meal packaging (Tray)
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Circular economy in frozen meal packaging 

 

 

 

 

 

 

 

 

5%

18%

23%

29%

25%

Very Less Important

Below average important

Average important

Above average important

Very high important

Biodegradable frozen meal packaging

0%

0%

11%

24%

65%

Very Less Important

Below average important

Average important

Above average important

Very high important

Circular economy in frozen meal packaging


