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PREFACE
The learning scenario Biogas has been developed as part of the Erasmus+ project BioComp. In that
project, the most relevant competences for professions in the sector BBE are analysed, described
and ranked. See https://navigator.biocompetences.eu/. Based on these competences this learning
scenario has been developed for EQF-level 3-4. The focus is on technical competences.
Nr

Competences, ranked according importance

Modules

B1

Management - Identifying needs and mechanisms of the overall management of
the biogas production process.

1, 2

B2

Operate biogas plant - Operate equipment, which treats energy crops and waste
from farms, called anaerobic digesters. Ensure the equipment functions correctly
in the transformation of biomass to biogas, which is used for the generation of
heat and electricity.

1

B3

Resolve equipment malfunctions - Identify, report and repair equipment damage
and malfunctions; communicate with field representatives and manufacturers to
obtain repair and replacement components.

4

B4

Composting of organic waste (Biomass) - Identifying needs and technological
responses: to know the types of bio-waste, the recovery routes (composting,
digestion, incineration).

5

B5

Recycling - Identifying needs and technological responses - To know the circular
economy, compost processing and the use of fermentation.

1, 3

B6

Composting of organic waste (Biomass) - Identifying needs and technological
responses: to know the chemistry and biological processes of composting.

1, 5

B7

Bioconversion process - Identifying needs and technological responses - To assess
needs and to identify, evaluate, and control the heating process of biological
material, control the combustion process, know and be able to analyse the
chemical, thermal, and biochemical methods.

3, 5

B8

Composting of organic waste and management - Identifying needs and
technological responses - To assess needs and to identify, evaluate, and control
the heating process of biological material, control the combustion process, know
and be able to analyse the chemical, thermal, and biochemical methods.

5

These 8 most relevant competences are covered by the following 6 modules:
1.
2.
3.
4.
5.
6.

Circular economy
Introduction
Health and Safety
Maintenance
Malfunctions
Composting and disposal

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.
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Circular economy and the Agenda 2030 for sustainable development
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MODULE 1

CIRCULAR ECONOMY

1. Circular economy and the Agenda 2030 for sustainable development

Video as an introduction:
Re-thinking Progress: The Circular Economy - www.youtube.com/watch?v=zCRKvDyyHmI

_________________________________________________________________________________
Climate change, population growth, and unsustainable lifestyles: To meet global challenges like
these, new approaches are needed, including from the business community. Consumption and
production must move away from the idea of one-time use - because waste is not a sustainable
approach. More and more people on earth are consuming more and more resources. Raw materials
are becoming scarcer and the amount of waste is increasing.
The UN estimates that the annual global consumption of resources will double by 2060 and that
greenhouse gas emissions will continue to rise dramatically. At the same time, the World Bank
estimates that global annual municipal waste will have increased by 70 percent by 2050.
Produce, consume, throw away - this form of economic activity is proving to be a one-way street.
The traditional linear economy is not compatible with the current global challenges and does not
do justice to the efforts to preserve our planet. EVERBODY IS ASKED!
Society and the economy must find a responsible way of using our limited resources and make a
cycle the new guiding principle: using products long and repeatedly. Avoid waste. Understanding
and using discarded products as a resource instead - along the entire value chain. And in addition,
develop other sustainable sources of raw materials such as biomass and, more recently, even CO₂.
All in all, it is important for companies to design cycles efficiently and with renewable energy and to
make a genuine circular economy possible.
What can our contribution be to climate protection, fair standards in the world of work, and to
combating hunger and poverty?
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As part of the Agenda 2030 for sustainable development, the United Nations agreed on the
objectives for sustainable development in 2015. Each of the 17 goals with their 169 targets
addresses a global challenge. This was adopted by 193 heads of state and government at the
United Nations Summit in New York on 25 September 2015. Agenda 2030 is a "global treaty on the
future". With this treaty, states commit themselves to ensuring that all people can live in dignity by
2030. To achieve this goal, we in the European Union must also change our way of life.
Agenda 2030 lists five core messages, which precede the 17 goals as principles for action:
1. Focusing on human dignity,
2. Protecting the planet,
3. Promoting prosperity for all,
4. Promoting peace,
5. Building global partnerships.
The objectives take all three dimensions of sustainability - social, environmental, and economic equally into account and apply to all countries in the world: industrialised, emerging, and
developing countries. They make it clear to share responsibility for the world.

TASK
Watch the video on the 17 goals of sustainable development: [#17Goals]
Do it for yourself and the world!

www.youtube.com/watch?v=0XTBYMfZyrM

Figure: 17 goals of sustainable development

Source: European Commission

In order to get a quick overview of the progress of each Sustainable Development Goal (SDG) and
its sub indicators, please click on the images in the wheel below.
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ACTIVITY in the classroom
Use of the SDG icons to get information about indicators (Eco-system status, Land degradation, and
Biodiversity)
https://ec.europa.eu/eurostat/web/sdi/key-findings
Two sustainability goals are briefly presented here:
GOAL 12: SUSTAINABLE CONSUMPTION AND PRODUCTION
Humanity has long lived beyond its ecological means. This is particularly true for
the industrialised countries and the growing upper and middle classes in many
emerging countries. The change to an economy and lifestyle that respects the
natural limits of our planet can only succeed if we change our consumption habits
and production techniques. This requires internationally applicable rules for
occupational safety, health, and environmental protection.
GOAL 13: CLIMATE PROTECTION MEASURES
Water scarcity, drought, hurricanes, and floods are just some of the many
consequences of global climate change which cause migration. Currently, around
20 million people have been forced to leave their homes because of climaterelated events. Climate change does not stop at national borders, and its effects
are not limited to individual policy areas, economic sectors, or social groups.
International efforts to mitigate climate change must also consider the many
interactions that arise between these areas. Therefore, it is necessary to improve
preservation and sustainable use of natural resources.
Source: https://www.un.org/sustainabledevelopment/sustainable-development-goals/
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2.

EU Action Plan for circular economy

Development of the circular economy started in the 1970s as an alternative economic model,
challenging the traditional linear industrial economy. The linear economy is based on a linear
process, optimised towards high throughput and low production costs relying on the abundant
availability of raw materials at relatively low cost. The typical process consists of a series of steps –
resource extraction, manufacturing, consuming and disposing of products at the end of their life
cycle – which is also referred to as a take-make-consume-dispose model.
The circular economy aims at low environmental impact by minimising waste and excessive
resource use by turning goods at the end of their lifespan into resources for others through re-use,
re-manufacture, re-cycle, waste reduction and other practices. In other words, the circular
economy is restorative by design and intention.
To achieve sustainability and increase Europe’s competitiveness globally, we need an urgent shift
from a linear to a circular economic model. The objective of a circular economy is to maintain the
value of resources in the economy for as long as possible.
The move towards a circular economy will bring the following benefits:
➢ This should alleviate some of the risks related to the supply of raw materials.
➢ It should boost the European economy by up to 7% of GDP.
➢ It should increase the competitiveness of European businesses and create new business
opportunities (re-use sector) and bring about innovative products, technologies, and
services, which can create new jobs in the EU.
➢ This would also bring valuable benefits to the environment –less waste, less GHG
emissions, and other benefits such as better air, water, and soil quality.
In 2015, the European Commission adopted an ambitious Circular Economy Action Plan, which
includes measures that will help stimulate Europe's transition towards a circular economy, boost
global competitiveness, foster sustainable economic growth, and generate new jobs.
The EU Action Plan for the Circular Economy establishes a concrete and ambitious programme of
action, with measures covering the whole cycle: from production and consumption to waste
management and the market for secondary raw materials as well as a revised legislative proposal
on waste.
page 8 of 22

The annex to the action plan sets out the timeline when the actions will be completed. The
proposed actions will contribute to "closing the loop" of product lifecycles through greater recycling
and re-use, and bring benefits for both the environment and the economy.
The revised legislative framework on waste entered into force in July 2018. It sets clear targets for
reduction of waste and establishes an ambitious and credible long-term path for waste
management and recycling.
Key elements of the revised waste proposal include:
➢ A common EU target for recycling 65% of municipal waste by 2035;
➢ A common EU target for recycling 70% of packaging waste by 2030;
➢ Recycling targets for specific packaging materials:
- Paper and cardboard: 85 %
- Ferrous metals: 80 %
- Aluminium: 60 %
- Glass: 75 %
- Plastic: 55 %
- Wood: 30 %
➢ A binding landfill target to reduce landfill to a maximum of 10% of municipal waste by 2035;
➢ Separate collection obligations are strengthened and extended to hazardous household
waste (by end of 2022), bio-waste (by end of 2023), and textiles (by end of 2025).

Closing the loop - An EU action plan for the Circular Economy
The document, entitled Closing the Loop - An EU Action Plan for the Circular Economy, can be seen
as a long-term strategy paper of the Commission, but it is not legally significant in itself. The
contents have therefore still to be translated into legislative provisions by the EU in the form of
directives (framework provisions by the EU) or regulations (ordinary EU laws) and implemented by
the Member States.
The first comprehensive and strategic approach to solve the largescale problem of plastic waste
and marine litter was introduced by the European Commission on 2nd December 2015.
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The Commission released a communication called “Closing the loop – An EU Action plan for the
Circular Economy”. This action plan can be seen as a long-term strategy paper without legislative
significance of their own.
The measures proposed need to be realized in single legislative steps and implemented by the
national states.
The general goal of the EU-Action Plan is to try to accelerate the transition of the EU and the whole
world towards a circular economy, increase global competitiveness of the EU economy, promote
sustainable economic growth and generate new jobs. Very generally speaking the Commission
defines a circular economy as an economy “where the value of products, materials and resources is
maintained in the economy for as long as possible, and the generation of waste minimized […]” 1.
This very general definition alone makes clear that a circular economy is not compatible with single
use products usually made of plastic, low recycling rates, and resources escaping the waste
management stream.
In the strategy paper, Brussels identifies five priority areas where to specifically accelerate the
transition of their value and production chain towards a more circular process:
❖
❖
❖
❖
❖

Plastics,
Food waste,
Critical raw materials,
Construction and demolition,
Biomass and bio-based materials.

These five areas have to solve specific challenges concerning the transformation towards a circular
economy. This is due to the specificities of their product- or value-chains, their environmental
footprint, or their dependency on (raw) materials from outside Europe. Following the title, Brussels
wants to ‘close the loop’ of a product’s lifecycle from production and consumption, over repair and
remanufacturing, to waste management and marketing as secondary raw materials. As for plastics,
plastic waste and marine litter is a complex and important issue. Therefore, the Commission
announced a specific strategy focusing on the challenges posed by plastics throughout the value
chain. Brussels wanted to take the entire life-cycle into account.4
By setting 54 measures for ‘closing the loop’, this action plan for a circular economy is “an essential
contribution to the EU’s efforts to develop a sustainable, low carbon, resource efficient, and
competitive economy”. The action plan is also said to be “instrumental in reaching the Sustainable
Development Goals (SDGs) by 2030 […].4
https://ec.europa.eu/environment/circular-economy/pdf/report_implementation_54_actions.pdf

1

POLICY DOCUMENT
Closing the loop - An EU action plan for the Circular Economy COM/2015/0614 final
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The circular economy targets all phases of a product’s life cycle:
Firstly, both the design phase and the production processes have a big impact on resource use, the
recyclability and reusability of the product and, in reverse, also on waste generation or prevention.
It is already this early phase of a product’s lifecycle that is decisive for the circular potential of the
product. From an economic point of view, however, to transform and innovate this first phase does
not yet seem profitable for the economy.
Secondly, the consumption phase is vital for preventing and reducing the generation of household
waste. Every single consumer can support or hamper the transition towards a circular economy.
Only if profound alterations in the consumption patterns and recycling efforts of consumers
towards sufficiency can be achieved will the transformation towards a circular economy as a whole
be possible.
Thirdly, waste management plays a crucial role in establishing a circular economy. It is this phase
which determines how the waste hierarchy of the EU is put into practice. In theory, there is a
priority order from prevention, preparation for re-use, recycling, and disposal such as landfilling.
Lastly, in a circular economy recycled materials are injected back into the economy as new
materials. Waste management practices have a direct impact on the quantity and quality of
secondary raw materials. At present, these secondary materials account for just a small proportion
of all materials used in the EU. By its very nature, a circular economy is supposed to increase this
rate.4
It is the interplay, the interconnection, and the repetition of the four phases of the life of a product
that are fundamental for the idea of a circular economy. Especially the last step, the re-use of
recycled materials as secondary raw materials, manifests the principle of operation of a circular
economy. To successfully inject waste back into the economy as secondary raw materials all four
phases have to be geared towards each other. As the transition to a circular economy is a systemic
change, the action plan introduces actions aiming at each phase of the value chain and the priority
areas mentioned above. Furthermore, Brussels also puts forward horizontal measures and a
monitoring scheme in order to create “the conditions under which a circular economy can flourish
and resources can be mobilized”.4

Activity in the classroom
Watch this video and read more: www.switchtogreen.eu/?p=846
Documents: https://ec.europa.eu/commission/presscorner/detail/en/MEMO_19_1481
https://ec.europa.eu/commission/presscorner/detail/en/IP_19_1480
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For detailed knowledge about circular economy we have prepared in the learning scenario BBECompany the following topics:
-

FIVE reasons to think about circular economy

-

What is circular economy?

-

From the linear economy to the circular economy

-

NINE principles of circular economy

Please have a look at: https://navigator.biocompetences.eu/setting-up-a-bbe-company/
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3.

Circular Bio-economy

The transition to a more circular economy will bring positive benefits, which will be repeated here:
➢ Reducing pressure on the environment: reducing total annual greenhouse gas emissions by
2-4 %, avoidance of environmental damage caused by resource extraction,
➢ Improving the security of the supply of raw materials,
➢ reduction in manufacturing and transportation costs by increasing national productivity,
➢ Creation of new green industries and jobs and boosting economic growth,
➢ Providing consumers durable and healthy products that will increase their quality of life and
save them money in the long term
The ‘bio-economy’ is attributed to those parts of the economy that exploit renewable biological
resources from land and sea including forests, animals, microorganisms such as algae, along with
utilization of biological processes and principals to produce sustainable food, components, and
energy.
Figure: The circular bio-economy: its elements and role in European bio-economy clusters

Source: Paul Stegmanna, Marc Londob, Martin Jungingerc - https://www.sciencedirect.com
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Figure: The circular bio-economy and their branches

Source: uploaded by Naresh Kumar Amradi

Bio-economy covers all sectors and systems that rely on biological resources (animals, plants,
microorganisms and derived biomass, including organic waste), their functions, and principles. It
includes and interlinks: land and aqua ecosystems and the services they provide; all primary
production sectors that use and produce biological resources (agriculture, forestry, fisheries, and
aquaculture); and all economic and industrial sectors that use biological resources and processes to
produce food, feed, bio-based products, energy, and services.
To be successful, the European bio-economy needs to have sustainability and circularity at its heart.
This will drive the renewal of our industries, the modernisation of our primary production systems,
and the protection of the environment which will enhance biodiversity.
The purpose of this update to the 2012 Bio-economy Strategy is to address these challenges
through a set of 14 concrete actions, which will be launched in 2019 at the latest. These actions
reflect the conclusions of the 2017 review of the Strategy.
Therefore, a ‘circular bio-economy’ is a zero-waste closed system, which is the global destination
to protect a sustainable future. The bio-economy can turn algae into fuel, recycle plastic, convert
waste from the food production chain into new clothing, and transform industrial by-products into
valuable bio-based materials.
“…The current policy context highlights the need for a sustainable, circular bio-economy. The policy
context in which the bio-economy operates has changed significantly since 2012, with EU and
global policy developments such as the EU Circular Economy, the EU Energy Union, the Paris
Climate Agreement and the 2030 Agenda for Sustainable Development. In consequence, various
stakeholders develop the concept of a sustainable, circular bio-economy. The scope of the 2012
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Strategy and Action Plan and the relevance and focus of its objectives and actions have to be
looked at in light of these developments."2
(For more information on the Bio-economy Stakeholders Panel, please visit:
https://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&lib=panel)
Figure: Bio-economy: more than Circular Economy

Source: Dipl Phys. Michael Carus, nova-Institut GmbH

2

European Bio-economy Stakeholders Manifesto, November 2017
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As an example, the process "microalgae carbohydrates and proteins" is mentioned here.
Figure: Microalgae Carbohydrates and Proteins: Synthesis, Extraction, Applications, and Challenges

Source: https://link.springer.com
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4. CIRCULAR ECONOMY AND BIOGAS
The biogas plant – the hub of bioeconomy
The anaerobic digestion process is a fermentation process which takes place in a closed airtight
digester where organic raw materials such as manure, food waste, sewage sludge, and organic
industrial waste are converted into biogas and digestate as products. The produced biogas is a
mixture of 50 – 70% methane and 30 – 50% carbon dioxide and smaller amounts of water vapour,
hydrogen sulphide, and other minor components and trace elements. The wet digestate results
from anaerobic digestion of the substrates, which are pumped out of the digester tank, after the
extraction of biogas.
The digestate consists of slow degradable, stable organic components such as lignin, nitrogen, and
phosphorous in various forms as well as inorganic salts containing phosphate, ammonium,
potassium, and other minerals.
Very simple biogas digesters have been used in China, India, and many other Asian countries for
many years. A recent IEA Bioenergy report (McCabe et al, 2018) discusses local applications of
anaerobic digestion (AD) in more detail. These types of digesters produce heat for cooking and
flames for lighting as well as digestate for fertilizer.
Figure. Basic form of a digester

Source: A representation of a basic form of a digester primarily used for manure treatment. (McCabe et al.,
2018; modified from Bond and Templeton, 2011)

Industrial applications of biogas production started well over 50 years ago as a means of stabilizing
sewage sludge at waste water treatment plants. The biogas industry expanded in the 1970’s and
1980’s as increased production of different organic materials (such as manure and industrial
wastewater from sugar refinery and pulp mills) became more widely used.
Starting in the mid 1990’s extraction of landfill gas (low quality biogas) came to the fore, along with
the construction of farm-based biogas plants and anaerobic digestion of solid wastes from food
industry and food waste.
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At the turn of the new millennium, increased interest in, and acceleration of, construction of farmbased biogas plants took place and an industrial sector was established. There is a strong linkage
between the bio-based economy, the circular economy, and the biogas plant.
Two views are prominent:
➢ Biogas production is the last step in a cascading biomass system, where a renewable energy
carrier (biogas) is simultaneously produced with sanitized bio-fertilizer (digestate).
➢ Alternatively, and often in conjunction with the former, anaerobic digestion is viewed as a
process step where value is created from waste. Hence, a problem of disposing waste is
transformed through upcycling (Martin and Parsapour, 2012) to a high-value product
stream, via the biogas production facility.
Figure. Concept of anaerobic digester-based bio-refineries

Source: An example of how a modern co-digestion biogas plant fits into the circular economy
(Al Seadi et al, 2018)
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5. QUIZ
This module contains a quiz. The quiz can be answered on-line, by using QR code below.
The student receives per question an answer of either correct or incorrect and has to
correct each wrong answer before proceeding to the next question.

(Scan with your Smartphone camera / QR Code reader app to access the quiz)
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Which 3 economic types do you know?
a.
b.
c.

linear – recycling - digital
simple – digital - circular
linear – recycling – circular

Answer: c
What are the 5 reasons for circular economy?
Please fill in the missing words:
a.
b.
c.
d.
e.

Growing trend
…. saving
Higher quality economy
New …. markets
…. Value

Answers: b = costs // d niche // e environmental
How many goals of sustainable development are formulated in the EU-Action-Plan?
a. 17
b. 12
c. 19
Answer: a
The document “Closing the Loop - An EU Action Plan for the Circular Economy” can be seen as
a long-term strategy paper of the Commission and therefore has legal significance.
a. true
b. false
Answer: b
The strategy paper of the European Commission to transform the EU towards a circular
economy identifies 5 priorities:
a. plastics – food waste – critical raw material – construction and demolition – biomass and
bio-based material
b. food waste – energy reduction - biomass and bio-based material - critical raw material –
digital development
c. energy reduction - biomass and bio-based material – food waste – digital development –
critical raw material
Answer: a
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What are the Circular Bio-economy principles? (Multiple answers)
a. Resource efficiency
b. Optimizing value of biomass over time
c. Sustainability
Answers: a + b + c
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