
Factsheet No. 1

»Establishing a bioeconomy in Europe holds 
a great potential: it can maintain and create 
economic growth and jobs in rural, coastal and 
industrial areas, reduce fossil fuel dependence 
and improve the economic and environmental 
sustainability of primary production and 
processing industries.«

Innovating for Sustainable Growth: 
A Bioeconomy for Europe

Bio-based products can

• Reduce the economy’s dependence on fossil feedstocks.

•  Make a positive contribution to meeting the EU’s climate 

goals.

• Relieve pressure on ecosystems through feedstock 

diversification.

•  Help create green jobs in the EU, particularly in rural areas.

•  Help drive European innovation.

What are bio-based 
products?

Bio-based product

Product wholly or partly derived from biomass.

•  The bio-based product is normally characterised 

by the bio-based carbon content or the bio-based 

content.

•  Product can be an intermediate, material, 

semifinished or final product [see page 2].

•  “Bio-based product” is often used to refer to a product 

which is partly bio-based. In those cases the claim should be 

accompanied by a quantification of the bio-based content.

EN 16575 “Bio-based products – Vocabulary”

Bio-based products and sustainability 

Sustainability of bio-based products is dependent on 

multiple factors, such as sourcing of feedstock, design of the 

production process, adequate choice of disposal option, etc. 

Life Cycle Assessments and environmental product labels 

(such as third party managed ecolabels) provide reliable 

information for some products.

Sustainable sourcing and smart use of biomass can lead 

to the production of goods which are improved versions of 

traditional fossil-based alternatives or completely new items, 

and thus can contribute positively to savings in greenhouse 

gas emissions, toxicity, waste reduction and a long-term 

shift away from finite resources. Check out our website and 

upcoming factsheets for more information on this topic.
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End-of-life of bio-based products – issues 
regarding biodegradability, recyclability, etc.

Bio-based products offer alternative end-of-life options 

compared to their conventional counterparts, but can 

also enter traditional disposal routes, such as recycling or 

incineration. Depending on the product’s use, not all end-of-

life options make sense from an environmental perspective. 

Bio-based products can be biodegradable, which can set them 

apart from many conventional products and can be beneficial 

in many ways, since new biomass can be won from it and 

the resource can be used several times. If bio-based products 

go into a process of anaerobic digestion after their lifetime, 

Sustainability of
bio-based products
Bio-based products are made from renewable feedstocks 

such as wood, straw, sugar, maize, cassava, algae or biowaste 

(‘biomass’ can be used as an umbrella term). Products made 

entirely or partially from biomass present an alternative to 

products solely produced by conventional and non-renewable 

resources – that is petroleum, coal, natural gas – and thus 

present the potential for a long-term shift away from fossil-

based towards a bio-based economy. However, in order to be 

sustainable, a non-fossil feedstock base is not enough. Other 

aspects, such as agricultural practices for the cultivation 

of the biomass, energy used in the production process, 

process agents such as chemicals, solvents, etc. have to be 

considered to ensure that a product is sustainable across its 

life cycle. On the other hand, bio-based products can offer 

improved functionalities with reduced greenhouse gas (GHG) 

emissions, less toxicity, less waste and better end-of-life 

options for final disposal. 

Feedstocks

The choice of feedstock can have a huge impact on the overall 

sustainability of a bio-based product: agricultural cultivation 

often uses significant amounts of water, fertilisers, and 

pesticides. Working conditions on the fields might not be 

compliant with international labour standards. Or, in the case 

of wood, forestry practices may not be in line with sustainable 

forestry. On the other hand, bio-based feedstocks replace 

fossil-based materials, which are often sourced by technologies 

that are very detrimental to our environment (e.g. fracking, 

oil sands or oil spills through accidents) and can have severe 

impacts on society, too. The right bio-based feedstock for a 

product can be land and resource efficient, save on emissions 

and be a good substitute for finite resources.

How to make sure that bio-based feedstocks are 
sustainable? See the section on “Certification and 
labels”.
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biogas can be generated and what remains can be used as 

nutrients for agricultural purposes. However, recyclability is 

also a very important issue for sustainability, and processing 

energy demand as well as transport to composting facilities 

also needs to be taken into consideration when deciding on 

the most suitable end-of-life option.

Furthermore, not all biodegradable products biodegrade 

under the same conditions. Often, high temperatures are 

necessary, and in almost all cases biodegradability does not 

mean that products will degrade in the open environment, 

such as on the ground or in water, but require controlled 

environments in order for this to happen (as in e.g. industrial 

composting). As one example, biodegradability makes sense 

within a closed system, but not necessarily in mixed waste 

streams. For instance, for a hospital which has integrated 

anaerobic digestion facilities that can provide energy directly 

to the hospital while keeping potentially contaminated 

products on site, the use of biodegradable products can 

provide benefits in functionality and for the environment. See 

Factsheet #3 on Biodegradability for more information. 

Measuring environmental impacts – Life 
Cycle Assessment (LCA) and Product 
Carbon Footprint (PCF) 

Greenhouse gas (GHG) emissions

The production and use of products and services can cause 

different gases to be emitted into the atmosphere. According 

to the Kyoto Protocol, the six most relevant gases are 

carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 

hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and 

sulphur hexafluoride (SF6). They are responsible for absorbing 

and emitting radiation at specific wavelengths within the 

spectrum of infrared radiation emitted by the Earth’s surface, 

the atmosphere and clouds. This can result in an increase of 

global temperatures, commonly referred to as the greenhouse 

effect, with the mentioned gases often referred to as GHG.

Life cycle assessment (LCA)

LCA is an international standardised methodology used to 

evaluate a product’s impact on the environment over the 

entire period of its life – from cradle (that is, from raw material 

extraction) to grave (that is, disposal or recycling, etc.). 

GHG emissions are one aspect of an environmental LCA to 

show the impacts related to the global warming of the Earth’s 

atmosphere. Other environmental impact categories that can 

be considered are non-renewable energy use, fossil resources 

depletion, eutrophication, acidification, etc. 

LCAs can be helpful in a public procurement process to evaluate 

the inputs, outputs and potential environmental impacts of 

purchasing a particular product throughout its life cycle. Life 

cycle considerations of products and/or materials are included 

as part of some eco-labels, namely type I and type II eco-labels. 

LCAs are important for establishing the sustainability case for 

bio-based products – thus more information will be available 

in the InnProBio Factsheet #5 on LCA.

Product carbon footprint (PCF)

A carbon footprint measures the total GHG emissions caused 

directly and indirectly by a person, organisation, event or 

product. A carbon footprint is measured in tonnes of carbon 

dioxide equivalent (tCO2e) and considers the six Kyoto Protocol 

GHGs. A PCF is a means for measuring, managing and 

communicating GHGs related to goods and services. They 

cover emissions over the whole life of a product or service, 

from the extraction of raw materials and manufacturing 

process right through to its use and recycling or disposal. A 

carbon footprint is generated based on LCA but focuses on a 

single issue: global warming.

Certification and labels

Sustainability certifications and labels can help public 

procurers to define their requirements regarding bio-based 

products in their public tenders. 

Under the new EU Public Procurement Directives (2014) 

contracting authorities have the possibility of using labels as 

a source of information for defining technical specifications 

or award criteria. Labels also offer a sure way to procurers to 

check compliance with these requirements, by accepting the 

label as one means of proof of compliance with the technical 

specifications, for instance. Further details governing the 

requirements for using labels in public procurement are 

provided in the Directives themselves and in the European 

Commission’s latest guidance on green public procurement: © fotolia – psdesign1

https://en.wikipedia.org/wiki/Anaerobic_digestion
http://www.globalecolabelling.net/what-is-eco-labelling
http://ec.europa.eu/growth/single-market/public-procurement/index_en.htm
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the "Buying Green!" Handbook – the third edition was 

published in April 2016.

The following is a (non-exhaustive) list of different labels, 

certification schemes and standards that may be considered 

when purchasing bio-based products or services:

ISO 14024 Type I Ecolabels specifying bio-based products:

 ● EU Ecolabel (“the Flower”):

Lubricants: Lubricants receiving the EU Ecolabel need to 

prove a minimum content of bio-based carbon between 

>45% and >70% (depending on the type of lubricant). 

More information is available here.

 ● Nordic Ecolabel (“Nordic Swan”)

Sanitary products: This product group includes bio-

based materials in the form of fluffy pulp and bio-based 

polymers. Material composition must either include 

a share of 7% of all polymers from renewable raw 

materials, a share of 50% of all materials derived from 

renewable resources or the global warming potential of 

all the materials cannot be above 2.1 kg CO2-equivalents/

kilogramme of the product. More information is available 

here.

Disposables for food: A minimum of 90% by weight 

of the product must be produced from renewable raw 

materials (except for inorganic fillers which can make 

up to 20% of the product). More information is available  

here.

 ● Blue Angel (“Blauer Engel”):

Office materials (writing utensils and stamps): A very 

recent revision of the criteria for these products has 

included the provision that they need to be produced 

either from 60% renewable raw materials or from 80% 

recycled materials. More information is available here (in 

German).

Private, third-party certifications for 
different aspects:

Sustainable feedstocks

The cultivation of renewable resources (usually from forestry 

and agriculture, sometimes from marine aquaculture) has 

a huge impact on the sustainability of the final bio-based 

products. Due to the EU’s renewable energy policy, a 

multitude of certifiers have developed certification schemes 

for agricultural biomass that adhere to the conditions laid 

down in the EU’s Renewable Energy Directive (RED). Most of 

them have by now adapted their schemes in a way that they 

can be applicable also to materials, not only to energy. For 

wood, sustainability certification schemes were developed 

before the renewable energy policy due to concerns about 

unsustainable forestry practices in many parts of the world.

 ● Wood

 ○  Forest Stewardship Council (FSC)

 ○ Programme for the Endorsement of Forest Certification 

(PEFC)

 ● Agricultural biomass

 ○ International System for Carbon Certification (ISCC 

and ISCC+) – all agricultural biomass

 ○ Roundtable on Sustainable Biomaterials (RSB) – all 

agricultural biomass

 ○ REDcert – all agricultural biomass

 ○ Better Biomass – all agricultural biomass

 ○ Roundtable on Sustainable Palm Oil (RSPO) – only 

palm oil

 ○ Bonsucro – only sugar

 ○ Roundtable Responsible Soy (RTRS) – only soy

A report from WWF assessing the different certification 

systems, comparing strictness, etc. is available here.

Bio-based content

Existing certification of bio-based content refers to bio-based 

carbon and is based on the American standard ASTM 6866 

“Standard Test Methods for Determining the Biobased Content 

of Solid, Liquid, and Gaseous Samples Using Radiocarbon 

Analysis”, but also refers to CEN TS (technical specification – 

not the same as a standard) 16137 “Plastics – Determination 

of bio-based carbon content”. Once the European standards 

on bio-based content have been finalised and published, it is 

expected that European certification bodies will also consider 

them.

© fotolia – skarin

http://ec.europa.eu/environment/gpp/pdf/Buying-Green-Handbook-3rd-Edition.pdf
http://ec.europa.eu/environment/ecolabel/products-groups-and-criteria.html
http://ec.europa.eu/environment/ecolabel/documents/lubricants.pdf
http://www.nordic-ecolabel.org/criteria/product-groups/
http://www.nordic-ecolabel.org/criteria/product-groups/?p=2
http://www.nordic-ecolabel.org/criteria/product-groups/?p=2
http://www.nordic-ecolabel.org/criteria/product-groups/?p=1
http://www.nordic-ecolabel.org/criteria/product-groups/?p=1
https://www.blauer-engel.de/de/produktwelt
https://www.blauer-engel.de/de/produktwelt/haushalt-wohnen/schreibgeraete-stempel
https://www.blauer-engel.de/de/produktwelt/haushalt-wohnen/schreibgeraete-stempel
https://ic.fsc.org/en
http://www.pefc.org
http://www.pefc.org
http://www.iscc-system.org/en/
http://www.iscc-system.org/en/
http://rsb.org
http://rsb.org
http://www.redcert.org/index.php?lang=en
http://www.betterbiomass.com
http://www.rspo.org/about
http://www.bonsucro.com
http://www.responsiblesoy.org/?lang=en
http://awsassets.panda.org/downloads/wwf_searching_for_sustainability_2013_2.pdf
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 ● OK biobased  (owned and awarded by Vinçotte)

 ● DIN-Geprüft Biobased (owned and awarded by DIN  

 CERTCO)

End-of-life options

There are some private, third-party certifications and labels 

that highlight possible special end-of-life options of bio-based 

products, such as compostability, biodegradability in soil, 

biodegradability in sea water, etc. For clarification on these 

terms, please have a look at the InnProBio Factsheet #3 on 

Biodegradability. The following are the three most popular 

certifications used in Europe to prove compliance with the 

compostability norm EN 13432.

 ● Industrial compostability

 ○ The Seedling (owned by European Bioplastics, 

awarded by DIN CERTCO and Vinçotte)

 ○ DIN-Geprüft Industrial Compostable (owned and 

awarded by DIN CERTCO)

 ○ OK compostable (owned and awarded by Vinçotte)

For an overview of all globally available logos demonstrating 

compostability, see a summary report of the KBBPPS 

(Knowledge Based Bio-based Products’ Pre-standardization) 

project on compostability standards.

 ● Home compostability

 ○  OK home compostable (owned and awarded by 

Vinçotte)

 ○ DIN-Geprüft Home Compostable (owned and 

awarded by DIN CERTCO)

 ● Biodegradability in soil

 ○ OK biodegradable soil (owned and awarded by 

Vinçotte)

 ○ DIN-Geprüft biodegradable soil. (owned and awarded 

by DIN CERTCO)

 ● Biodegradability in sea water

 ○ OK biodegradable marine (owned and awarded by 

Vinçotte)
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http://www.okcompost.be/en/recognising-ok-environment-logos/ok-biobased/
http://www.dincertco.de/en/dincertco/produkte_leistungen/zertifizierung_produkte/umwelt_1/biobasierte_produkte/biobasierte_produkte_mehr_nachhaltigkeit.html
http://www.okcompost.be/data/pdf-document/Seedling%20Certification%20Scheme_Jan%202016.pdf
http://www.dincertco.de/en/dincertco/produkte_leistungen/zertifizierung_produkte/umwelt_1/industriell_kompostierbare_produkte/industriell_kompostierbare_produkte.html
http://www.okcompost.be/en/recognising-ok-environment-logos/ok-compost-amp-ok-compost-home/
http://www.biobasedeconomy.eu/media/downloads/2013/01/130226%20KBBPPS%20Deliverable%206_1.pdf
http://www.biobasedeconomy.eu/media/downloads/2013/01/130226%20KBBPPS%20Deliverable%206_1.pdf
http://www.biobasedeconomy.eu/media/downloads/2013/01/130226%20KBBPPS%20Deliverable%206_1.pdf
http://www.okcompost.be/en/recognising-ok-environment-logos/ok-compost-amp-ok-compost-home/
http://www.dincertco.de/en/dincertco/produkte_leistungen/zertifizierung_produkte/umwelt_1/produkte_aus_biologisch_abbaubaren_werkstoffen/produkte_biologisch_abbaubaren_werkstoffen_heimkompostierung_gartenkompostierung.html
http://www.okcompost.be/en/recognising-ok-environment-logos/ok-biodegradable/
http://www.dincertco.de/en/dincertco/produkte_leistungen/zertifizierung_produkte/umwelt_1/biodegradable_in_soil/biodegradable_in_soil.html
http://www.okcompost.be/en/recognising-ok-environment-logos/ok-biodegradable/
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bio-based polyethylene (BioPE) or polyethylene-terephthalate 

(BioPET)). These bio-based materials are chemically identical 

to the fossil-based ones, so they carry the same properties. 

They are also called drop-in solutions. But there are also 

novel bio-based polymers that are durable, such as bio-based 

polyethylene furanoate (PEF), which is expected to enter the 

market in 2017. PEF is primarily aimed for bottle production 

and is said to have better barrier properties than PET, which is 

commonly used for bottle production.

Biodegradability. Exposing 
some of the myths and facts  
Sometimes it seems that being “biodegradable” is all the 

rage for bio-based and other materials. It sounds so good: 

at the end of its life, a product will decompose and go back 

to where it came from. That is, decompose back into the 

natural environment and reduce littering. However, looking 

a bit more deeply into the issue, it becomes clear that 

many misunderstandings, myths and confusion govern the 

discussion. Here is our contribution to a bit more clarity.

MYTH #1: All biodegradable products are 
made from bio-based materials

FACT: While biodegradability is a property inherent to many bio-

based products (products made from renewable feedstocks 

– see Factsheet #1 on What are bio-based products?), there 

are also quite a few fossil-based chemicals and polymers on 

the market that are completely biodegradable. Examples of 

these are the fossil-based polymers polybutylene adipate-co-

terephthalate (PBAT) or polycaprolactam (PCL) that degrade 

completely, too.

MYTH #2: All bio-based products are 
biodegradable

FACT: While biodegradability is a property inherent to some 

bio-based products, many of them are durable (which means 

they will not biodegrade in any case). This is in fact the case for 

bio-based versions of traditional fossil-based plastics (such as 

Not all biodegradable products are made from 
renewable resources. And vice versa, not all 
bio-based products are biodegradable.

Biodegradation is a chemical process, 
disintegration is a physical process. Both have 
to occur together, for a product to decompose 
completely.

1
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MYTH #3: If a product is biodegradable, I 
can throw it into the environment and it will 
disappear, almost like magic

FACT: Now it gets complicated. Firstly, throwing waste into the 

environment is never a good idea. Secondly, biodegradability 

is a very broad term and does not automatically mean that 

a product will degrade in any environment. Degradation 

is dependent on factors such as temperature, time and the 

presence of bacteria and fungi in the specific environment. 

Below is a list of the most used and misused terms and a 

picture that gives an overview of the different environments 

that determine the biodegradability of different polymers. In 

most cases, biodegradability means that these products will 

only degrade under specific conditions and not in the open 

environment. And on top of that, the biodegradability of 

the final product is not just determined by the properties of 

its polymer, but also by additives or organic fillers etc. that 

are added for final consumer products. As said before,  it is 

complicated.

MYTH #4: Biodegradability is a quick 
solution

FACT: Biodegradation takes quite a bit of time. How much 

exactly, is very dependent on the environment. In industrial 

composting (see below), materials need to biodegrade within 

six months, but in open environments, it will take much 

longer, often at least a year or several years. And if you wait for 

hundreds of years, even “durable” goods will start to degrade. 

Biodegradation is not always biodegradation – 
details are important. Time is key, and also the 
temperature and presence of microorganisms 
in the specific environment.

Home composting and industrial composting 
are not the same. Higher temperatures 
and controlled conditions make industrial 
composting the much easier environment for 
plastics to decompose.

© fotolia – tortoon
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Term End result How Remarks

Biodegradation Carbon dioxide, 
methane and biomass

Chemical process; micro-
organisms break down the 
material to CO2, methane and 
biomass, using oxygen and 
biomass

Biodegradation and 
disintegration have to occur 
together for a material to 
decompose completely

Disintegration Little – sometimes 
even microscopic – 
pieces of material

Physical process; break down 
of material caused by multiple 
factors like wind and weather, 
tear force, UV radiation, 
microbial activity, etc.

Oxo-biodegradability/
Oxo-degradability/
Oxo-fragmentability

Microscopic plastic 
particles remain

Oxo-degradable materials only 
disintegrate ( = break down), 
no chemical conversion takes 
place

“Oxo-biodegradability” is a 
misleading term (because 
there is no real degradation, 
only disintegration, and 
microplastics remain in 
the environment); huge 
opposition to this term from 
science, society and policy. 
Now frequently called “oxo-
fragmentability”

Compostability Carbon dioxide, 
methane and biomass 
which can be used as 
compost

Biodegradation and 
disintegration take place to 
produce compost

See the difference between 
industrial composting and 
home composting

Industrial composting Carbon dioxide, 
methane and biomass 
which can be used as 
compost

Biodegradation and 
disintegration take place 
in an industrial facility 
to produce compost; 
controlled environment, high 
temperatures

Due to high temperatures, this 
is much quicker than home 
composting; standardised in 
norm EN 13432

Home composting Carbon dioxide, 
methane and biomass 
which can be used as 
compost

Biodegradation and 
disintegration take place in, i.e. 
a garden to produce compost; 
changing environment, lower 
temperatures (depending on 
region)

Takes much longer than 
industrial composting; 
some bio-based materials 
need higher temperatures 
to biodegrade than home 
composting can achieve. So if 
a bio-based plastic is labelled 
“compostable” according to 
EN 13432, it does not mean it 
will also be home compostable

Biodegradation in soil,
fresh water or sea 
water

Carbon dioxide, 
methane and biomass

Biodegradation and 
disintegration take place in 
open environment; changing 
conditions, sometimes 
very low temperatures; low 
population of micro-organisms 
like bacteria and fungi (which 
are needed for the process)

Open environment is the 
most difficult condition for 
biodegradation; especially 
the cold sea water with low 
population of micro-organisms 
makes it hard for materials to 
decompose

The most important terms around biodegradability and what they actually mean*

* For more detailed explanations, please see the text on page 5.

http://greenplastics.com/wiki/EN_13432
http://greenplastics.com/wiki/EN_13432
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Home composting: ca. 1 year
Soil: ca. 2 years

Industrial composting: ca. 3 months

PBAT*, PBST* •
PBS*, PBSA* •

PLA + PBAT (?) •
Chitin, chitosan •

Wood •
Lignin •

Mechanical pulp •
Bast and leave �bres (with lignin >5%) •

Polymers from all squares •

Starch-based: starch, 
starch/PCL*, TPS

Protein-based: 
casein, gluten, silk, 

spider silk, wool
PHA

Chemical pulp, cellulose, 
cotton, bast and leave 

�bres (with lignin <5%), 
regenerated cellulose 
(viscose), lyocell etc., 
 cellulose esters 

(acetate, nitrate)

+ All from 
the left

…

Starch-based: starch, 
starch/PCL, TPS
Protein-based: 

casein, gluten, silk, 
spider silk, wool

PHA
Chemical pulp, cellulose, 

cotton, bast and leave 
�bres (with lignin <5%), 

regenerated cellulose 
(viscose), lyocell etc., 
 cellulose esters 

(acetate, nitrate)

+ All from 
the bottom

…
PBAT*, PBST*
PBS*, PBSA*

PLA + PBAT (?)
chitin, Chitosan

Wood
Lignin

Mechanical pulp
Bast and leave 

�bres (with lignin >5%)

+ All from 
the bottom

…
PLA

CO2-based: 
PPC, PEC (?)

+ All from 
the left

…

Biodegradable, bio-based polymers in various environments

50°– 60°C

Mesophilic digestion
Fresh water: ca. 1 month | Marine: ca. 6-12 months
Land�ll: ca. 6-12 months

Thermophilic digestion
Biogas: ca. 3 weeks

Plastics derived from these biodegradable polymers only keep this property if also all additives and �llers are biodegradable, too.
BOLD: Bio-based polymers with relevant production volumes in 2014 (>10,000 t/year) ?: Not �nally con�rmed, further testing necessary.
*: PBS, PBST, PBSA and PBAT so far mainly petro-based, but in the future bio-based; PCL so far only petro-based.

• Starch-based: starch, starch/PCL*, TPS
• Protein-based: casein, gluten, silk, spider silk, wool
• PHA
• Chemical pulp, cellulose, cotton, bast and leave �bres 
 (with lignin <5%), regenerated cellulose (viscose), lyocell etc., 
 cellulose esters (acetate, nitrate)

• PLA
• CO2-based: PPC, PEC (?)

Starch-based: starch, 
starch/PCL*, TPS

Protein-based: 
casein, gluten, silk, 

spider silk, wool
PHA

Chemical pulp, cellulose, 
cotton, bast and leave 

�bres (with lignin <5%), 
regenerated cellulose 
(viscose), lyocell etc., 
 cellulose esters 

(acetate, nitrate)

+ All from 
the bottom

…

< 35°C
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Aerobic (compost & soil)
Bacteria & fungi

Aerobic (water) + Anaerobic 
Bacteria, no fungi

50°– 60°C

< 35°C
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Partners:

Biodegradation vs. disintegration
Biodegradation means that a material goes through a 
chemical reaction in which it uses oxygen (O2) and hydrogen 
(H) from the material itself or from its environment and 
then dissolves into water (H2O) and gases such as carbon 
dioxide (CO2) and methane (CH4) or also new biomass. For 
this reaction to take place, micro-organisms also need to be 
in place. This means that – in the ideal chemical process 
– nothing remains of the original material. Disintegration 
means that materials break down physically into little – 
sometimes even microscopic – pieces. This can be caused 
by a multitude of factors, such as wind and weather, tear 
force, UV radiation, microbial activity, etc. Even though the 
remaining pieces might not be visible to the naked eye after 
this process, they are still there. If a material biodegrades, 
both processes usually take place: the material first breaks 
down into smaller pieces, and later, the real biodegradation 
starts after which, only water, CO2 and biomass are left.

Oxo-biodegradability, oxo-degradability, oxo-fragmentability
Now it gets tricky. Oxo-degradability is a term invented 
by plastics manufacturers that is clearly misleading. As 
opposed to being really biodegradable (that is, going through 
the reaction described above), oxo-degradable materials 
only disintegrate into microscopic pieces when exposed to 
sunlight and oxygen. Which means, they do not disappear, 
but stay in the environment for a very long time, often as 
microparticles (also called “microplastics”). There has been 
more and more opposition to this term from society and 
science and these materials are now frequently called oxo-
fragmentable to make clear that they only fragment (that is, 
fall apart into smaller pieces) and do not properly degrade.

Compostability
Compostability is a term used for products which are 
suitable for organic recycling (i.e. compostable in an 
industrial composting plant). This means it is one kind of 
biodegradation in a specific environment, but in order for 
a product to be called “compostable”, it also needs to fulfil 
other requirements, such as disintegration in a defined time, 
no harmful substances or ecotoxicity. These requirements 
are laid down in European standard EN 13432 Requirements 
for packaging recoverable through composting and 
biodegradation – Test scheme and evaluation criteria for the 
final acceptance of packaging (2000). 

Home composting vs. industrial composting
If a material is compostable, it does not automatically 
mean that you can add it to your garden compost to begin 
composting. Usually a distinction is made between home 
compostability and industrial compostability. In the 
garden, temperatures and volumes are a lot lower than 
those in industrial composting facilities, and conditions are 
less stable. Consequently, the process also works slower 
under home composting conditions. Products labelled as 
“home compostable” need to demonstrate at least 90% 
biodegradation within a year at temperatures of below 
30°C and at least 90% disintegration within six months. In 
an industrial composting facility, conditions are controlled 
and constant. There are usually temperatures of over 50°C, 
in which industrially compostable materials degrade in 
approximately three to six months. Products that need a 
thermal trigger to start degrading (for example PLA) will be 
compostable in an industrial composting facility, but will 
remain intact under home composting conditions.

Biodegradation in our natural environment – soil, fresh 
water or salt water
For a few materials, it is actually true that they will degrade 
in specific open environments, such as in soil, fresh water 
or salt water. This is still not an excuse for littering – but 
it might be a good idea for products that typically end up 
in these environments (i.e. agricultural mulch films for soil, 
fishing nets for the ocean). However, again the problem 
is in the details: soil, fresh water and salt water are very 
different environments and make biodegradation harder or 
easier, depending on a number of different factors. What 
these environments have in common is that temperatures 
are below 35°C. The differences are mostly the presence 
of bacteria and fungi. In water, there are no fungi, which 
are helpers for biodegradation. That means that the cold, 
fungi-free ocean is actually the hardest place for materials to 
biodegrade, whereas it is much easier in soil. The conditions 
in soil are comparable to those in home composting, 
however, the time required is a lot longer. There are different 
test methods that can verify the biodegradability of materials 
in these very specific conditions, but research on their validity 
and optimisation is still going on.
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Factsheet No. 4

By focusing on a more circular economic system, the EU aims 

at boosting its competitiveness and creating new business 

opportunities. A new approach to resource utilisation may 

encourage the development of new business models for 

a more sustainable growth, e.g. sharing or leasing models 

instead of product ownership, which will contribute to retaining 

raw materials in the value chain and facilitate achieving closed 

resource loops. This will also encourage the transition from a 

resource-intensive to a labour-intensive economy. Circularity 

will also increase new skills focused on services, such as 

repairing and leasing/renting.

Due to the fact that all resources can be broken down to 

essential materials, to make an economy truly circular all 

products need to be divided according to their waste streams, 

under a waste hierarchy. This can be easily understood in 

the picture below. The hierarchy of material use should be 

prioritised from the centre of the picture to the exterior, being 

landfill a process to be completely banned.

Bio-based Products and Services 
in the Circular Economy

What is the circular economy?

Although still loosely defined, according to the EU the “circular 

economy (is the economic space) where the value of products, 

materials and resources is maintained in the economy for as 

long as possible, and the generation of waste minimised”. It, 

therefore, aims to keep products, components, and materials 

at their highest utility and value at all times, making use of 

waste prevention, recycling, up-grading and cascading uses.

Throughout its evolution and diversification, our industrial 

economy has hardly moved beyond one fundamental 

characteristic established in the early days of industrialisation: 

a linear model of resource consumption that follows a ‘take-

make-dispose’ pattern. Companies harvest and extract 

materials, use them to manufacture a product, and sell the 

product to a consumer – who then discards it when it no 

longer serves its purpose.

A circular economy is an industrial system that is restorative 

or regenerative by intention and design. It replaces the ‘end-

of-life’ concept with consecutive cascade usage aiming at 

restoration, shifts towards the use of renewable energy, 

eliminates the use of toxic chemicals, which impair re-use, 

and aims for the elimination of waste through the superior 

design of materials, products, systems, and, within this, 

business models. Since waste will still occur for a long time, 

an increasing implementation of the waste hiearchy, with a 

strong focus on recycling, is a crucial aspect of the Circular 

Economy, too.

McKinsey estimates shifting towards circularity could 
add $1 trillion to the global economy by 2025 and 
create 100,000 new jobs within the next five years. 
McKinsey and Ellen MacArthur foundation, 2015.

“90% of the raw materials used in manufacturing 
become waste before the product leaves the 
factory while 80% of products made get thrown 
away within the first six months of their life.” 
(Girling 2005)
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Circular Economy, Circular Procurement 
and other Bio-based Public Procurement 
schemes

What is Circular Procurement?

 ● Circular procurement is a different way of acquiring goods 

and services that promotes consideration of the whole 

lifetime of the products throughout their supply chain and 

focuses on the use of the products and associated services 

rather than their ownership (ICLEI – Local Governments 

for Sustainability).

Procurement as an enabler of circular economy:

 ● Public authorities spend approximately 1.8 trillion euro 

annually, representing around 14% of the EU’s gross 

domestic product. By purchasing products that can 

contribute to closing resource loops, public procurers could 

play a significant role in the transition towards a circular 

economy. The different national and EU procurement 

policies should aim to shift the traditional procurement 

practices to support the circular transition.

 ● Examples:

 ○ Circular Procurement of furniture – City of Venlo, The 

Netherlands

 ○ Creating a circular approach to fashion in Europe, 

ECAP – European Clothing Action Plan

Green Public Procurement:

 ● In recent years several voluntary GPP criteria for different 

products and service categories have been developed 

in the EU. These criteria aim to facilitate the inclusion of 

green requirements into tender documents. The European 

Commission seeks to make sure that more attention is 

placed on the aspects of products that are relevant to the 

circular economy. Durability and reparability of products and 

other circular economy aspects will be given more emphasis 

when developing and/or revising future EU GPP criteria.

Possible creation of local jobs

 ● The circular economy focuses on keeping resources 

in the economy, rather than extracting more from the 

environment. This demands a high level of remanufacture, 
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reuse and servitization, to keep resources in use for as 

long as possible products need to be taken apart and 

refurbished. One of the results of encouraging the circular 

economy is that it increases economic activity as a result 

of increasing labour intensity. This is significant to local 

communities as product refurbishing is typically done as 

locally as possible.

Circular Economy and bio-based products 
and services

It is widely accepted that biomass flows and the cascading 

principle are part of the circular economy. However, the 

concept of bioeconomy and the bio-based economy go far 

beyond the circular economy (see figure below). The main 

differences are caused by the resource basis and end of life 

options.

While the circular economy should be based on renewable 

and sustainable resources, the bioeconomy’s raw resources 

are sustainable and renewable by nature (literally!), in so long 

as they are properly managed.

As products reach their end of life, assumptions are usually 

made on the capacity of bio-based materials to be circular. 

Although commonly made believe that they are circular by 

nature, not all bio-based products, for a variety of reasons, are 

circular. However, the bioeconomy can provide products that 

contribute to the enhanced circularity of our economic model:

 

 ● Use of by-products and waste

 ● Biodegradable solutions being returned to the circle

 ●  Successful recycling of wood and paper

 ●  Innovative additives from oleo-chemicals enhancing 

recyclability of other materials

 ● After threshold volume reached: Recycling of bioplastics

Bio-based plastics and recycling

Plastics are composed of a variety of components, 
some of which can be bio-based. Some of the 
bio-based components, such as PE and PET, are 
chemically identical to currently used petroleum 
plastics and can, therefore, be recycled through 
already existing recycling systems.

However, in order for recycling to be economically 
viable, a volume threshold needs to be surpassed 
for each ‘plastic family’. Unfortunately, this results 
in several plastics (both petro- and bio-based) not 
being economically attractive for recycling, even if 
they are technically recyclable. Already now, of the 
dozens of plastics available on the market, only a 
small number of fossil plastics are recycled in the 
existing systems (PE/PET, PP, PVC and PS), with 
most others ending in landfill or incineration as 
their volumes are too low to justify their collection 
and separation.

Recent research (www.open-bio.eu) has shown 
that bio-based plastics, when they enter existing 
recycling streams, do not contaminate these 
streams any more than any of the other existing 
petro-based plastics do. In consequence, this 
means that bio-based plastics have the exact same 
impacts in terms of circularity as any plastic which 
is not recycled for the economic reasons explained 
above. It should be noted that thermal recycling 
(incineration) has been accepted by EU authorities 
as a valuable disposal route for a circular economy 
as well.

© fotolia – TSUNG-LIN WU
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Sources

European Bioeconomy Alliance 2016: MEP ASSISTANT 

LUNCHTIME BRIEFING. Brussels. 23 September 2016. 

http://ebcd.org/wp-content/uploads/2016/10/EUBA-

Presentation.pdf

European Commission 2015: Communication from the 

Commission to the European Parliament, the Council, 

the European Economic and Social Committee and the 

Committee of the Regions. Closing the loop – An EU Action 

Plan for the Circular Economy. Brussels 02.12.2015. 

http://eur-lex.europa.eu/resource.html?uri=cellar:8a8ef5e8-

99a0-11e5-b3b7-01aa75ed71a1.0012.02/DOC_1&format=PDF

Girling, R. 2005: Rubbish! (Dirt on our hands and crisis ahead)

ICLEI – Local Governments for Sustainability 2017.

http://www.procuraplus.org/interest-groups

McKinsey and Ellen MacArthur foundation 2015.

ht tps://www.ellenmacar thur foundation.org/assets/

downloads/TCE_Ellen-MacArthur-Foundation_9-Dec-2015.pdf
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 ●  Results of LCAs can be used for:

 ○  the identification of so-called ‘hot-spots’, which are 

aspects of a product or service that exert significant 

impacts on the environment, humans and/or natural 

resources. Revealing these hot-spots can then lead to 

identification of approaches to mitigate the impacts 

and/or the development of less harmful processes, 

product or service solutions

 ○ enabling the comparison of different products and 

services (benchmarking)

 ○  supporting public policies (such as for sustainable 

procurement)

 ○ for use as the basis for eco-labeling, such as Type I or 

Type I-like labels according to ISO 14024.

Life Cycle Assessment (LCA)
and Life Cycle Costing (LCC)
What is LCA?

 ● LCA is a method to assess the potential environmental 

impact of a product or service throughout its entire life cycle. 

That is, from the supply of raw materials and production, 

to use, disposal or end-of life waste management (cradle-

to-grave).

 ● It is an internationally standardised method under ISO 

14040 and ISO 14004.

 ● LCA assesses environmental impacts, such as climate 

change or eutrophication over the life cycle of a product or 

service, as well as the impacts on natural resources and/or 

human health.

1

Figure 1: Stages of a life cycle assessment (LCA) according to DIN EN ISO 14040 (JRC 2017)
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https://ic.fsc.org/en
https://ic.fsc.org/en
https://ic.fsc.org/en
https://ic.fsc.org/en
https://ic.fsc.org/en
http://eplca.jrc.ec.europa.eu/?page_id=43
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LCA and public procurement

Green Public Procurement (GPP) is defined in the EU 

Communication (COM (2008) 400) “Public procurement 

for a better environment” as “a process whereby public 

authorities seek to procure goods, services and works with 

a reduced environmental impact throughout their life cycle 

when compared to goods, services and works with the same 

primary function that would otherwise be procured.” GPP is 

a voluntary instrument, which means that EU Member States 

and public authorities can determine the extent to which they 

implement it.

LCAs can be helpful in a public procurement process to 

evaluate the inputs, outputs and potential environmental 

impacts of purchasing a particular product throughout its life 

cycle. 

Life cycle considerations of products and/or materials are 

included as part of some eco-labels. The latter can help public 

procurers to define their requirements regarding bio-based 

products in their public tenders. For more information on eco-

labels and certifications, please see InnProBio Factsheet #2.

What is LCC?

LCC is generally defined as an assessment of all costs which are  

related to a certain product, directly covered by one or several 

actors in the life cycle of the product (Hunkeler et al. 2007). 

Life Cycle Costing (in contrast to only focusing on the 

purchase price) is especially useful if a relevant share of costs 

are incurred during the use or end-of-life phase of the analysed 

product or service. The nature of life cycle costs depends on 

the specific product in question. Different cost elements are 

taken into account, depending on the product type.

LCC and public procurement

When using LCC to determine cost during the evaluation of a 

Call for Tenders, the EU Public Procurement Directives (2014) 

lay out clear rules for how this should be carried out and what 

may be included.

At the award stage of a public procurement procedure, a 

procurer evaluates the quality of the tenders received and 

compares costs. Under the EU Public Procurement Directives 

(2014), all contracts must be awarded on the basis of most 

economically advantageous tender (MEAT). This means that 

contracts can be awarded on the sole basis of purchase price 

or overall cost-effectiveness, which opens the door for using 

a life cycle costing approach to establish the real cost of a 

purchase. This is particularly relevant for bio-based products 

as these tend to have higher purchase prices, however, may 

entail lower disposal costs.

How do you define the cost of a product over its life cycle? The 

following costs may be taken into account, whether they are 

borne by the contracting authority or other users:

(a) costs, borne by the contracting authority or other users, 

such as:

(i) costs relating to acquisition,

(ii) costs of use, such as consumption of energy and 

other resources,

(iii) maintenance costs,

(iv) end of life costs, such as collection and recycling costs.

(b) costs imputed to environmental externalities linked to the 

product, service or works during its life cycle, provided 

their monetary value can be determined and verified; such 

costs may include the cost of emissions of greenhouse 

gases and of other pollutant emissions and other climate 

change mitigation costs.

What are the advantages of using LCA?

 ● It provides a quantitative measurement of a 
product’s potential environmental impact.

 ● Since LCA includes all stages of a product’s life 
cycle it avoids sub-optimisation i.e. it avoids 
optimising a process in the life cycle which would 
lead to worsening the impact from another 
process within the same life cycle.

 ● There is a common basis (ISO standards) for 
how to conduct LCAs, which allows for at least 
a minimum of transparency and reproducibility. 

http://innprobio.innovation-procurement.org/fileadmin/user_upload/Factsheets/Factsheet_n_2.pdf
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Sources

(1) European Commission 2016:

 http://ec.europa.eu/environment/gpp/what_en.htm

(2) European Commission, Joint Research Centre 2017: 

http://eplca.jrc.ec.europa.eu/?page_id=43

(3) EU Directive 166 (2014): http://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=celex%3A32014D0166

(4) The Procura+ Manual (2016):

 http://www.procuraplus.org/fileadmin/user_upload/

Manual/Procuraplus_Manual_Third_Edition.pdf

(5) https://www.umweltbundesamt.de/en/topics/economics-

consumption/green-procurement/life-cycle-costing

The National Agency for Public 
Procurement in Sweden

Several product specific LCC calculation tools available online (in Swedish). These are 
available here.

SMART SPP Guide and Excel 
Tool

A Microsoft Excel (R) tool specifically designed to calculate LCC and CO2 in public 
procurement, with accompanying guidance and examples. It is available here.

Clean Fleets LCC tool A tool to calculate LCC for vehicle purchases, which incorporates the methodology of 
the Clean Vehicles Directive for monetising externalities.

SEAD lighting costs calculator Tools to evaluate the light quality, energy consumption, and life cycle costs of indoor 
and street lighting alternatives.

LCC for sustainable construction Methodology for LCC in construction developed on behalf of the European 
Commission, together with guidance and examples.

Harvard University LCC 
calculator

LCC calculator for new construction, renovation, equipment replacement and other 
projects.

Buy Smart Tools A general LCC calculation tool produced by the Berliner Energieagentur (Berlin Energy 
Agency) within the Buy Smart project, together with specific tools for the product 
groups: lighting, vehicles, domestic appliances, IT and green electricity.

LCC and LCA

Where LCC calculates the costs of a product throughout 

its life cycle (which can include giving a monetary 

value to environmental externalities), LCA assesses the 

environmental impacts, such as global warming potential, 

over the life cycle.

Both aspects are of course important for the application 

of sustainable procurement. However, whereas LCC can 

easily be applied by procurers, LCA requires a lot more time 

and specialist expertise. It is therefore worth making use of 

already existing LCA comparisons, such as those used in 

the preparation of ecolabel criteria. Source: The Procura+ 

Manual (2016), page 75.

LCC tools for use in public procurement

Further practical information and guidance on how LCC can 

be used in public procurement is available from the Buying 

Green! Handbook on GPP (3rd edition published by the 

European Commission) and from the Procura+ Manual (3rd 

edition published by ICLEI). LCC tools available are as follows:

http://eplca.jrc.ec.europa.eu/?page_id=43
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014D0166
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014D0166
http://www.procuraplus.org/fileadmin/user_upload/Manual/Procuraplus_Manual_Third_Edition.pdf
http://www.procuraplus.org/fileadmin/user_upload/Manual/Procuraplus_Manual_Third_Edition.pdf
https://www.umweltbundesamt.de/en/topics/economics-consumption/green-procurement/life-cycle-costing
https://www.umweltbundesamt.de/en/topics/economics-consumption/green-procurement/life-cycle-costing
http://www.upphandlingsmyndigheten.se/omraden/lcc/lcc-kalkyler/
http://www.smart-spp.eu
http://www.smart-spp.eu
http://www.smart-spp.eu/guidance
http://www.clean-fleets.eu/fileadmin/files/documents/Publications/LCC_tool_Aug_2015/Clean_Fleets_LCC_tool_-_EN.xlsm
http://www.superefficient.org/Tools/Street-Lighting-Tool.aspx
https://green.harvard.edu/topics/green-buildings/life-cycle-costing
https://green.harvard.edu/topics/green-buildings/life-cycle-costing
https://green.harvard.edu/topics/green-buildings/life-cycle-costing
http://gpp-proca.eu/downloads/calculation-tool/
http://www.procuraplus.org/fileadmin/user_upload/Manual/Procuraplus_Manual_Third_Edition.pdf
http://www.procuraplus.org/fileadmin/user_upload/Manual/Procuraplus_Manual_Third_Edition.pdf
http://ec.europa.eu/environment/gpp/pdf/Buying-Green-Handbook-3rd-Edition.pdf
http://ec.europa.eu/environment/gpp/pdf/Buying-Green-Handbook-3rd-Edition.pdf
http://ec.europa.eu/environment/gpp/pdf/Buying-Green-Handbook-3rd-Edition.pdf
http://ec.europa.eu/environment/gpp/pdf/Buying-Green-Handbook-3rd-Edition.pdf
http://www.procuraplus.org/fileadmin/user_upload/Manual/Procuraplus_Manual_Third_Edition.pdf

