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PREFACE 

The Learning scenario Bio-packaging has been developed as part of the Erasmus + project 

BioComp. In that project, the most relevant competences for professions in the sector “Bio-

packaging” are analysed, described, and ranked. Based on these competences, this 

Learning Scenario has been developed for EQF-level 3-4. The focus is on technical 

competences. Please see https://navigator.biocompetences.eu/ for further information.   

         

The Bio-packaging learning scenario addresses the topic of food for packaging (in a 
biobased economy (BBE) context) as presented and analysed in IO1 and the final 
competence ranking list which gives the following results: 
 
 Cultivation of Tomatoes (in a BBE context) 

Nr Competences Ranking points 

T1 Working in a greenhouse – identifying the instructions of climate 
control (light, heat, humidity) 

Biomass production in BBE 
context (2) 

T2 Cultivation of tomatoes – Identifying and monitoring the growing 
process and maintaining quality control 

Biomass production in BBE 
context (2) 

T3 Working in a greenhouse – identification and preparation of the soil 
and nutrition/water system and planting 

Biomass production in BBE 
context (2) 

T4 Working in a greenhouse – identification and management of 
biological pest control 

Biomass production in BBE 
context (2) 

T5 Harvesting tomatoes – Identification and management of harvesting 
of tomatoes and post harvesting activities 

Biomass production in BBE 
context (2) 

T6 Harvesting tomatoes – Identification of the plant and 
implementation of harvesting of the tomato plant 

Biomass production in BBE 
context (2) 

 

Cereal production (in a BBE context) 

This is finalized as “cereal production” which is more general 

Nr Competences Ranking points 

C1 Harvesting rice/cereals – identification and management of harvest 
methods; estimation of by-products and biomass potential 

Biomass production in BBE 
context (2) 

C2 Energy uses – Identification of by-products for non-energy and 
energy uses 

Biomass production in BBE 
context (2) 

C3 Biomass evaluation – Identification of biomass as a by-product of 
the food production process that can be re-used 

Biomass production in BBE 
context (2) 

C4 Biomass production and management – identification of plan, 
organizization and performance of farming operation to grow 

Biomass production in BBE 
context (2) 

 

Packaging process 

Nr Competences Ranking points 

P1 Control of process – Identification and monitoring of manufacturing 
quality standards 

Control of process (4) 

P2 Ecological benefits – Identifying the benefits of bio packaging Ecological benefits of bio-
packaging (1) 

P3 Production of bio-packaging material – identifying technological 
and chemistry responses: to know the process of fermentation and 
processing methods/types  

Production of bio-based (or 
bio-packaging) material (3) 

https://navigator.biocompetences.eu/
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P4 Biobased material – Identifying physical and mechanical 
features/characteristic of biobased material 

Production of bio-based (or 
bio-packaging) material (3) 

P5 Production of bio-packaging material – identifying new packaging 
concepts 

Production of bio-based (or 
bio-packaging) material (3) 

P6 Quality control – identifying the testing procedures Control of process (4) 

P7 Control of process – Identifying the Standard Operating Procedures 
(SOP) 

8,04 

P8 Quality control – Identifying the test procedures and the ICT 
systems 

7,99 

P9 Production of bio-packing material – Identifying the technical 
features, benefits, and limits of bio packaging 

Control of process (4) 

P10 Logistics – Identification of potential manufacturing deadline 
pressure 

7,81 

 

The Bio-packaging learning scenario includes the production and supply of the initial 

biomass (cases: tomato and cereals), the production of the material suitable for packaging, 

and the technical characteristics of the bio-packaging products. The 20 identified 

competences derived from IO1 were evaluated according to the average values and its 

coefficient of variation and were grouped according to similar content wherever possible. 

This Learning Scenario is based on these competences and has been developed for EQF-

level 3-4. It has the following 6 modules: 

 
1. Circular economy 

2. Introduction 

3. Ecological benefits of bio-packaging  

4. Biomass production in BBE context 

5. Production of bio-based material  

6. Technical characteristics of bio-packaging 

Module 3 provides the general principles of the identification of the environmental impact 

of a product. This will help us identify and list the main ecological benefits of bio-packaging. 

The benefits of the use of bio-based packaging to combat pollution and the negative 

environmental impacts caused by the use of fossil-fuel based plastics are analysed in this 

section.  

Apart from these 6 text documents, the scenario also has a trailer and a WIKI with 

background information. To support the teacher, didactic guidance is available. It can be 

used for all scenarios and also includes suggestions for learning activities to develop 

personal and transversal competences. For this guidance, see the Pedagogical Guidelines in 

the Navigator.  

 

The project is focused on food. The central objective of this work is food packaging. 
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CONTENT 

 

Module 3 contains the following topics: 

1. Introduction 

2. Parameters to assess the environmental performance 

3. Bio-packaging vs conventional packaging 

4. The ecological benefits of bio-packaging 

5. Practical exercise 

6. Quiz 

7. Sources 
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MODULE 3 

 

1. INTRODUCTION 

Currently, the majority of food packaging is produced and consumed in an unsustainable 

way causing important environmental problems and pollution. 

It is estimated that 37% of packaging material used for food packaging are rigid and flexible 

plastics, making plastic the most used packaging material for food packaging (Rexam, 

2011). As food packaging, plastics have the advantages that they are versatile and durable 

with reliable gas and water barriers to protect the food (Bradley, 2010), but their 

production process isn’t sustainable and is harmful to the environment. 

Video of the Food and Agriculture Organization and National Geographic regarding the 

environmental effects of the use of plastics 

 

https://www.youtube.com/watch?v=vgJ3et8KK_o&t=27s   

Source: Food and Agriculture Organization, FAO 

Alternative educational resource: 
https://www.youtube.com/watch?v=HQTUWK7CM-Y   
Source: National Geographic, as 2nd choice. 

 

Why is this happening? 

1. The production of fossil-based plastics needs large quantities of oil that is a non-

renewable resource and is connected with high emissions of the so-called Greenhouse 

Gases (GHG): carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and ozone (O3). 

A high increase of these gases in the atmosphere contributes to the phenomenon of 

the Greenhouse Effect. The Green House Effect is one of the main causes of global 

warming and climate change.  

https://www.youtube.com/watch?v=vgJ3et8KK_o&t=27s
https://www.youtube.com/watch?v=HQTUWK7CM-Y
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2. Plastic food packaging is often designed for single use, then goes into the garbage and 

very often ends up in a marine environment. Annualy, 8 million tons of plastic leak 

into the ocean = 1 garbage trucks’ worth of plastic ends up in the ocean every minute.  

3. Wildlife organisms eat these plastics and die. Gradually plastic enters the food chain 

and this could affect human health. Plastics practically stays here forever, they break 

down into smaller pieces called micro plastics (they may be invisible but still exist!) and 

may possibly finally end up in our stomachs. 

4. The communites and economies which are next to the sea are directly threatened on a 

large scale. 

There is no doubt that the current use of food packaging has a negative environmental 

impact. However, the use of biobased food packaging materials has ecological benefits and 

may offer a solution. 

2. PARAMETERS TO ASSESS THE ENVIRONMENTAL IMPACT 

Nowadays, it is obvious that food packaging creates a big waste problem, however, it is 

important to identify and quantify the environmental parameters that may systematically 

affect the environment in order to effectively protect it.  

What method can I use? 

Assessment of a product’s environmental impact is not an easy task because many 

parameters are involved in the production process that may cause negative effects on the 

environment. A commonly used methodology established for the assessment, 

identification, and measuring of the environmental impact of a product is the Life-Cycle 

Assessment or Life-Cycle Analysis (LCA) (https://en.wikipedia.org/wiki/Life-

cycle_assessment#).  

LCA supports sustainable development and goals and takes into account the main steps of 

the production process that includes: 1. Extraction: includes the type of resources and raw 

material extraction, 2. Production: includes all the procedures regarding processing and 

manufacturing, 3. Distribution: examines the requirements for transportation, 4. Use, and 

5. End of life: what is the end-of-life scenario of the product after its use (Fig. 1). 

LCA assesses the environmental impact connected with all the stages of the life-cycle of a 
commercial product, process, or service. This is a very complex work and an important 
objective of environmental science, so a further analysis is beyond the scope of this course.  

Only general outlines are presented here as a good starting point for understanding the 
ecological benefits of bio-based food packaging products. 

In the case of a food packaging product, environmental impacts are evaluated from the raw 

material extraction and processing (cradle) stage through the product's manufacture, 

distribution and use, to the recycling or final disposal of the materials composing it (grave).  

https://en.wikipedia.org/wiki/Life-cycle_assessment
https://en.wikipedia.org/wiki/Life-cycle_assessment
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Figure 1. A scheme of life cycle assessment.  

One of the most important environmental impact categories is  global warming 

(greenhouse effect). This is connected with the amount of carbon dioxide (CO2) released 

into the atmosphere as a result of the activities of a particular individual, organization, or 

community - the so-called carbon footprint as a result of greenhouse gas emissions (GHG 

emissions). Another important parameter often studied is the depletion of the non-

renewable resources, that is, if the resources used during an activity or production process 

can be replaced or not (EIPRO, 2006). 

 

  

Figure 2. Important ecological parameters are closely related. The rise in the burning of fossil fuels 

and an increase in the carbon footprint across the globe is leading to an excess of CO2 in the 

atmosphere. 

2. PRODUCTION 

1. EXTRACTION 

3. DISTRIBUTION 

4. USE 

5. END OF LIFE 
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Keeping the above-mentioned in mind, the environmental trade-offs and the lifecycle of 

bio-packaging materials vs plastic materials are outlined in the next section. 

3. BIO-PACKAGING VS CONVENTIONAL PACKAGING 

This section will focus mainly on the comparison between plastics (conventional/fossil-

based) and bio-plastics (bio based plastics) because they cover the majority of food 

packaging materials. 

How can I identify the differences? 

By adopting a life cycle thinking process related to food packaging  

As was previously mentioned, in order to be able to recognize the ecological impact of 

packaging, we need to adopt a life cycle thinking process. 

In the food packaging sector the main stages in the lifecycle of a packaging product are 

outlined in the following scheme, according to the Sustainable Biomaterials Collaborative 

(SBC): 

 

 

Figure 2. The main stages in the life cycle of a packaging product (SBC, 2009) 

The lifecycle of a packaging product starts with the extraction of the initial raw materials, 

its processing and manufacturing, distribution across different networks and estimation of 

connected transportation costs, its use (if it is designed for single-use or multiple use), and 

end-life scenario. 

This module will focus on the first and last stage because these stages cause the highest 

negative effects in the case of plastics, which make up the majority of packaging materials. 

This will help students sufficiently understand the basic differences within bio-packaging 

and conventional packaging solutions. A comparison between fossil-based vs bio-based 

materials is presented to realize and identify the ecological impacts of bio-packaging and 

underline the need for sustainable packaging solutions. 

What are the differences? 

 

 

A basic difference between fossil-based and bio-based materials is the feedstock resource, 

the inital resource that is used for their production. 

A. What is the source of Fossil-based materials? 

Feedstock 

production 

Processing & 

manufacturing

Product 

distribution & use 

End-of-life 

scenario 

EXTRACTION 
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Fossil-based packaging materials are derived from the exploitation of a non-renewable 

source: fossil fuels. Fossil fuels formed from the fossilized remains of dead plants after 

exposure to heat and high pressure in the Earth's crust over millions of years.  As a result, it 

is not possible to replace them (non-renewable source). 

During the last century, the use of fossil resources had a central role in the industrial 

process of conventional plastic production. All fossil fuels release CO2 when they burn; this 

increases the share of CO2 in the atmosphere, (higher carbon footprint and greenhouse gas 

emission, GHG). The greenhouse effect causes an increase in the average global 

temperature and thus accelerates climate change.  

B. What is the source of Bio-packaging materials? 

Bio-packaging materials (biobased materials suitable for packing) derive from a renewable 

source: biomass.  

The primary source of biomass is Agriculture, which includes biological organisms such as 

crops, plants, crop residues, and grasses. Agricultural biomass is an important renewable 

source existing in a very large quantity and can be used for the production of biobased 

materials. 

For example: 

Corn starch is a renewable raw material for the production of bioplastic;  

Cereals and tomatoes are important crops cultivated in large areas which produce high 

quantities of biomass that is the source of starch (e.g. mainly from cereals, starch-based 

products), cellulose (e.g. tomato residues, cellulose based products), sugars, and oils; 

The production of agricultural biomass in the EU, whether used for food, feed, material, or 

energy, has to meet a series of statutory environmental rules regarding the quality of 

water, soils, and air;  

Source: https://ec.europa.eu/info/food-farming-fisheries/sustainability/economic-sustainability/bioeconomy_en  

Finally, another source of biomass that is a by-product of the primary feedstock is  

secondary biomass feedstock which mainly consists of by-product streams from food, 

feed, and other materials mainly referred to as food residues and/or organic waste. 

https://ec.europa.eu/info/food-farming-fisheries/sustainability/economic-sustainability/bioeconomy_en
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Figure 3. a) Fossil fuels derived from fossilized dead plants that do not exist anymore, b) and c) 

Agriculture is a source of biomass that grows every year, food waste is produced every day. 

 

 

 

 

 

The end-of-life scenario refers to the after-use fate of the different types of packaging 

material. After their use the main options for disposal of packaging materials are: 1. 

Recycling, 2. Organic recycling, 3. Littering (adapted from FAO, 2016). 

 

 

 

A. What is the “fate” of conventional and fossil-based materials after use? 

Conventional and fossil-based packaging materials (e.g. aluminum, glass, paper, plastics) 

can be recycled. However, food packaging often has food residues making the recycling too 

costly. In addition plastic (fossil-based packaging material) recycling can be harmful to the 

environment because when the material is melted down, toxic components are released 

into the air. These components are harmful to plant, animal life, or even humans. Also, 

after the first round of recycling, plastic is very rarely suitable for a second round. 

Therefore, the material will end up in the waste and have the same fate as all the garbage 

initially disposed of. 

END OF LIFE 

Official studies report that biobased materials emit less GHG compared to fossil-based 

materials (OECD, 2013). 

hhj 

Biobased materials have more end-of-life sustainable scenarios compared to fossil-

based materials (FAO, 2016). 

hhj 
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The most common disposal method of conventional and fossil-based materials is 

littering. This has huge negative environmental effects to marine environments, coastal 

economies, animals survivor and human health. FAO (2016) reports that 31% of the plastics 

in the marine ecosystems are derived from food packaging composed of fossil-fuel plastics. 

The plastics, when released into the natural environment, are not degradable. Instead, 

they just break down into smaller pieces that are invisible (microplastic) and can enter the 

food chain.  

 

 

 

B. What is the “fate” of Bio-packaging materials after use? 

As was explained previously, bio-packaging materials are biobased materials which have 

characteristics making them suitable for food packaging use. Biobased materials have the 

advantage of being composed wholly or partly of biological material that can decompose 

into simpler components. In general, organic recycling refers to the process in which 

materials are transformed into water, CO2, and simpler organic matter. 

Organic recycling is distinguished by two categories that are very much alike but have 

important differences: 

1. Composting:  It is certain that the materials will turn to soil.  This refers to a specific 

type of organic recycling and complies to specific standards. Composting is defined 

as the process of someone controlling how natural organic wastes are broken down 

into smaller parts (decomposes) under controlled moist, self-heating, and aerobic 

conditions to obtain a stable material that can be used as organic fertilizer. 

2. Biodegradation: This refers to the process where material can be decomposed by 

microorganisms (bacteria and fungi) to simpler components (water, CO2, and CH4). 

BUT, if the conditions of the environment are not appropriate this will never 

happen. The term “biodegradable” is important to couple with the specification in 

which particular environment the biodegradation can happen.  

Not all biobased materials are 100% degradable, this is a confusing point.  

The prefix 'bio' may refer to, on the one hand, the biological origin of the material or, on 

the other hand, the biological degradability of the material. However, both aspects are not 

necessarily related (Figure 4).  

The possible options for fossil-based materials after their use are 

 recycing (with restrictions) and littering 
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Figure 4. The life cycle of a fully biodegradable and compostable bioplastic made of corn starch. The 

full life cycle of bioplastics that are biodegradable is the ideal case since not all bioplastics are 

biodegradable. However, even in those cases, the use of plant-based material reduces pollution by 

a grade.  

Source: https://plasticpollutionblogsite.wordpress.com/2016/10/31/solution-technology-1/  

 

 

 

 

Biodegradable packaging is cheap, environmentally friendly, "oil-independent" plastic 
which has a completely degraded chemical structure within a reasonable period of time 
(several weeks or months) when the material is exposed to suitable conditions 
(microorganisms in soil and water, and sometimes, in the presence of oxygen).  

Biodegradable polymers are produced from renewable plant materials, such as corn, 
potatoes, legumes, wheat, beets, tapioca, poplar, and aspen which can be used almost 
continuously. 

 

Biobased materials have more end-of-life sustainable options compared to fossil-

based materials (FAO, 2016). 

hhj 

https://plasticpollutionblogsite.wordpress.com/2016/10/31/solution-technology-1/
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Figure 5. A visual presentation of the term biodegradable.  

Source: https://immago.com/biodegradable-plastic-bags/  

Sustainable food packaging materials, environmental concerns, and climate protection 

Conclusively, estimation of environmental impact is a rather complicated approach and 

investigates the invisible impacts on the environment. In this module, a general approach is 

attempted, focusing on the most important advantages of biobased materials. 

Biobased plastics have a unique advantage over conventional plastics in that they reduce 

dependency on limited fossil resources and reduce greenhouse gas emissions. 

Consequently, biobased plastics can help the EU to meet its 2020 targets for greenhouse 

gas emission reduction.  

Moreover, they can make a considerable contribution to increased resource efficiency 

through a closed resource cycle and the use of cascades, especially if the biobased 

materials and products are being either reused or recycled and eventually used for energy 

recovery (i.e., renewable energy). 

The substitution of products which need fossil resources in industrial processes will 

contribute to the decrease of CO2 emissions in the atmosphere. This may contribute to the 

mitigation of the greenhouse effect which is linked to global warming and climate change.  

 

 

 

 

 

 

https://immago.com/biodegradable-plastic-bags/
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4. THE ECOLOGICAL BENEFITS OF BIO-PACKAGING 

In the previous section, the basic principles of LCA were presented; now, a comparison 

between bio-packaging and conventional packaging will attempt to identify and list the 

main ecological benefits of biobased materials suitable for food packaging. 

 

The most important benefits are presented below: 

 

✓ Reduction of Carbon footprint 
 
Bio-packaging contributes to independenc from fossil oil that is connected with high GHG 
emissions. This contributes to the reduction of individual carbon footprints and thus 
environmental protection. 
 

✓ Biodegradable 
✓ Re-usable 
✓ Reduction of the use of plastic  

 

90% of all the plastic that once existed on planet Earth still exists, and accumulation 

continues full speed ahead. This causes great damage to nature and the environment, thus 

worsening the already deplorable state of today's ecology. Polymer packaging is disposed 

of with household waste, ends up in landfills, or is simply incinerated by special waste 

processing plants. Thus, garbage dumps are gradually expanding, occupying the area of 

forests and agricultural land, and the burning of polyethylene is extremely harmful to 

human health. All this causes irreparable damage to nature while also having a detrimental 

effect on the ecology and climate of the planet, which in the future may cause 

meteorological anomalies and natural disasters. 

Although recycling is a solution for plastic disposal, it can also be environmentally harmful. 

Another potential solution to this problem is starting the production of special 

biodegradable polymers that have partly or wholly originated from a biological resource. 

This will contribute to the reduction of plastic.  

 
✓ Environmental friendliness - does not harm during production during operation or 

during disposal 
 

The use of organic packaging provides a great opportunity for environmental protection. 

Primary decomposition takes place under various conditions, whether it is the influence of 

“heat” or “light”. Decomposition products are completely safe for humans and nature, as 

such material decomposes into water, humus, and carbon dioxide. Biodegradable 

packaging is harmless for future generations. Their production is significantly more 

environmentally friendly, with less harmful emissions than traditional plastic products and, 

at the same time, renewable or recycled materials are used to the maximum. 
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These packages are compostable - they decompose into industrial compost in a maximum 

of 12 weeks and can be disposed of with general waste. Studies show that compostable 

packaging is inert and does not release methane during disposal. 

 
✓ Bioplastics from starch, cellulose, wood, and sugar show great potential for 

reducing CO2 emissions during production, consumption, and disposal.  
 
Packaging must leave no trace on the environment. Bioplastics emit significantly less 
greenhouse gases than conventional ones. During their decomposition, there is no increase 
in carbon dioxide because the plants that bioplastics are made of absorb exactly the same 
amount of carbon dioxide during the growth process. The technology is absolutely safe for 
human health. It can also be applied to packaging that comes into contact with food and 
meets European safety and ecotoxicity standards. 
The use of recycled plastic is a response to the requirement to reduce CO2 emissions, 
promote environmental sustainability, and follow related legal requirements. 

 
✓ Bio-based packaging can reduce waste 
✓ Renewability of raw materials 
✓ Perception as "material of the future" 

 
There are a huge number of technologies involved in the creation of biodegradable 
polymers. One of them is the implementation of a special additive with hydroxy- 
biodegradable substances, thanks to which polymers can decompose in water and carbon 
dioxide within a short period of time - from one year to a year and a half. It is absolutely 
harmless for the environment and people and contributes to the reduction of the use of 
plastic. 
 

✓ High abundance of cellulose resources 
 

Cellulose is derived from organic matter that can be found in big quantities, this ensures 

high availability of the initial feedstock source. 

 

Conclusively, bio-packaging can offer a sustainable solution to replace conventional 

materials wholly or up to a grade. Bio-packaging may offer a sustainable solution towards 

climate protection and the decrease of CO2 emissions, which is a central part of 

environmental policy around the globe due to the far-reaching negative consequences of 

climate change.  
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5. PRACTICAL ACTIVITIES 

1. What is the difference between biobased plastic and compostable? 

 

 

2. PLA - to which group of organic packaging does it belong? 
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5. PRACTICAL ACTIVITIES 

ACTIVITY 1: Life Cycle Assessment (LCA)  

Please use the labelled diagram below to help you conduct a Life Cycle Assessment on a 

plastic supermarket shopping bag and a biobased shopping bag made of corn that is 

100% compostable. Please focus mainly on the first and final stage of the LCA. 

 

 

 

 

 

 

 

 

 

 

 

 

   

Extraction   

Production   

Distribution   

Use   

End of life   
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6. QUIZ 

 

1. What is the first stage of LCA? 

a. extraction 

b. production 

c. use 

Correct answer: a) 

 

2. The initial source of traditional plastic packaging material is 

a. Cellulose 

b. Starch 

c. Fossil oil 

Correct answer: c) 

 

3. The “fate” of conventional plastic materials after use is 

a. Natural degradation 

b. It practically exists forever 

c. Composting 

Correct answer: b) 

 

4. Please choose the correct order of the main stages of the life cycle of a product 

a. Feedstock Production, Processing & Manufacturing, Distribution & Use, End-of-life 

b. Feedstock Production, Distribution & Use,  Processing & Manufacturing, End-of-life 

c. End-of-life, Feedstock Production, Processing & Manufacturing, Distribution & Use 

Correct answer: a) 

5. All biobased materials are 100% biodegredable? 

a. Yes 

b. No 

Correct answer: b) 

6. The “fate” of 100% biodegradable materials after use is 

a. Degradation to natural simple elements  

b. Environmental pollution 

c. A part of the material practically stays forever in the sea environment 

Correct answer: a) 
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