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1	 	Introduction 

There are many definitions of bioeconomy, which contain a lot of overlap, but do not always cover 
the exact same scope. This paper will refer to the definition used at the “Global Bioecomomy Summit 
2015” in Berlin, November 2015 (GBS 2015):

“Bioeconomy is defined in different ways around the world. We have not aimed for a unified definition but note 
that an understanding of ‘bioeconomy as the knowledge-based production and utilization of biological resources, 
innovative biological processes and principles to sustainably provide goods and services across all economic 
sectors’ is shared by many.”

Some authors make a further differentiation between “bioeconomy” and “bio-based economy”. Whilst 
“bioeconomy” also includes the food and feed sector, the “bio-based economy” only comprises the 
sectors of bio-based materials and products (incl. pharma) as well as bioenergy / biofuels. In this 
paper, we will use this stricter definition when we talk about the bio-based economy and we limit 
the scope to land-based biomass.

According to the European standard EN 16575 “Bio-based products – Vocabulary” a “bio-based 
product” is a product that is partly or fully derived from biomass. 

As can be seen from the above definitions, there is often a clear link between bio-based economy 
and sustainability as well as green economy. This is not surprising as the use of biomass induces a 
sustainable use of carbon i.e. carbon absorbed by plants is used to produce bio-based products, which 
is then released at the end of the products life cycle (so called ‘green carbon’) without increasing 
the atmospheric CO2 concentration. In contrast to this, fossil-based products use fossil (“black”) 
carbon, which was previously stored underground and release this additional CO2 to the atmosphere.

There is increasing scientific evidence that a significant proportion of these fossil resources need to 
stay underground if the world is to reach its climate goals. According to McGlade and Ekins (2015), 
one third of the global oil reserves, half of the gas reserves and over 80 per cent of the currently 
known coal reserves need remain unused between 2010 and 2050 in order to meet the 2°C target.

There is a strong link between bio-based economy and climate change.

•	 In terms of adaptation, bio-based economy, if implemented sustainably, can offer opportunities 
to farmers, since a more diverse production of crops for food, feed and industrial markets can 
provide more security and stability. Through the local production of feedstocks for bioenergy 
and bio-based products, farmers become more resilient and can adapt better to climate change, 
which is especially beneficial for the socio-economic development of rural areas.

•	 So far, biomass is the only renewable carbon source for organic chemicals and the plastic 
industry, which provide so many important goods for people’s daily life. Using biomass in these 
applications is crucial in order to lower the release of GHG emissions. While bio-based economy 
can significantly contribute to climate change mitigation, it is not by default a climate friendly 
concept. Along bio-based products’ value chain, from biomass production to the final product, 
there are additional GHG emissions (on top of what is released at the end of the product’s life 
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cycle). Moreover, direct and indirect land use changes can cause significant GHG emissions 
linked to the production of bio-based products and the bio-based economy. Currently, some 
companies seek to source their feedstock for bio-based products from local agriculture, instead 
of importing it. This is due to the impacts of climate change on agriculture in subtropical 
climates, from which some types of biomass are commonly imported. An example of this can 
be locally sourced rubber from dandelion instead of tropical rubber trees. The shift to local / 
regional production aims to reduce the risks of short supply of biomass from these areas. To 
locally source the biomass would bring about GHG emission reductions from transportation, 
but it could also bring (i)LUC and related emissions. 

•	 Additionally, bio-based products temporally sequester carbon during their lifespan. This can 
be only a few days (for packaging) or even 50 to 100 years (in buildings).

It is worth noting that, in the future we will also be able to utilize CO2 directly in combination with 
renewable energies; this will lead to an additional renewable carbon source.

2	 GHG emissions along the bio-based economy value chain

The total amount of GHG emissions for bio-based products along their value chain depends on 
multiple factors, such as sourcing of feedstock, design of the production process, adequate choice 
of disposal option, etc. Therefore, sustainable sourcing and smart use of biomass can lead to the 
production of goods that 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.

Life Cycle Assessment (LCA), which uses the global warming potential (GWP) as a matrix for GHG 
emissions is a common method to measure and evaluate the impact of GHG emissions. In addition 
to the GWP, LCA also considers other environmental impacts, including non-renewable energy use, 
fossil resources depletion, eutrophication and acidification. 

Although LCA is an established method used, for instance, for eco-labelling, comparing the results 
of LCA studies for bio-based products and their fossil counterparts is a challenge. This is not least 
due to the lack of clear assessment rules for bio-based products (for biofuels, there are clear standards 
set down in the Renewable Energy Directive (RED)). Still, despite this challenge, there are some 
clear trends: 

Most bio-based products show clear advantages concerning global warming (cradle-to-grave GHG 
reduction in the range of 10% to 50%) and fossil resources depletion – see Table 1 with the example 
PLA vs fossil PE. Compared to these values,

“GHG criteria for biofuels in the Renewable Energy Directive (2009/28/EC) require minimum savings (including 
direct land use change and supply chain emissions) of 35% today increasing to 50% in 2017 and 60% for new 
installations in 2018. Savings of 35% can be met easily by most systems when net carbon emissions from land 
use change are not considered” (van Hilst 2015).
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Table 1 shows an example calculation of the GWP of corn-based PLA (poly-lactic acid) and fossil-
based PE (polyethylene) in CO2eq./kg polymer along the different parts of the production chain 
(Vink & Davies 2015, PlasticsEurope 2012).

Table 1:	Comparison of LCA results related to GWP for corn-based PLA and fossil-based PE along the production chain		
	 (Vink & Davies 2015, PlasticsEurope 2012)

Corn-based PLA

(CO2eq./kg polymer, GWP100)

Fossil-based PE 

(CO2eq./kg polymer, GWP100)

C (as CO2) uptake from the atmosphere -1.84 –

Polymer production, cradle-to-gate 2.44 (0.25 from agriculture) 1.9

Product manufacturing 0.7 0.7

Incineration, CO2 release to the atmosphere 1.84 2.75

Credit for replaced electricity production 

(EU mix 2010) with incineration

-1.05 -2.49

Total (cradle-to-grave) 2.09 2.86

Note: positive value indicates the release of GHG emissions into the atmosphere, a negative value indicates reduction of GHG by either the 
adsorption of CO2 from the atmosphere, or the prevention of GHG emissions due to a substitution effect

Corn-based PLA shows, from a cradle-to-grave perspective, an overall 27% (i.e. 2.09/2.86) lower 
GHG footprint compared to fossil based PE. This is mainly due to CO2 being taken out of the 
atmosphere during the production stage, i.e. corn growth, and being released back to the atmosphere 
at the end of life – a so called net zero CO2 balance. However, the PLA production stage has a higher 
GHG footprint, caused by a less optimized processing in comparison to the more matured fossil-fuel 
based PE process (though further improvements for the PLA process can be expected). In addition 
to this, PLA gets a lower credit for replaced electricity production, due to its higher oxygen content. 
The latter means a lower heating value and accordingly less electricity production in comparison to 
PE. However, in the long run, improvements, especially with respect to processing will make bio-
based materials such as PLA even more climate friendly.

Another factor coming into play is that the EU electricity mix will increasingly include renewables. 
This means that the credits in Table 1 will be much lower in the future (because the incineration of 
PE or PLA will replace lower amounts of fossils in the electricity mix), which leads to additional 
benefits for PLA: For example, if the credits decreased from -1.05 to -0.5 for PLA and from -2.49 
to -1.2 for PE, this alone would lead to 36% lower GHG footprint for PLA compared to fossil based 
PE – in comparison to the EU electricity mix of 2010 (27% lower GHG footprint). This example 
also gives an impression of the complexity of the LCA methodology.

To summarize, in the above-mentioned example, improved processing technologies and more 
renewables in the energy mix will increase PLA’s environmental advantages compared to fossil 
fuel-based PE. However, the final GHG balance depends on the different processes involved in the 
production of each type of bio-based product. 

The remaining part of this paper briefly discusses how climate change is linked to the four stages 
of the bio-based economy, i.e. biomass production, processing of bio-based products, utilization of 
bio-based products and disposal/end-of life.
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Regarding other impact categories, bio-based products show advantages regarding photo smog. 
For many other categories, there is almost no difference between bio- and fossil-based products. 
However, as regards eutrophication and acidification, bio-based products from agricultural biomass 
often show a higher impact compared to their fossil counterparts due to the application of fertilizers. 
(Rettenmaier et al. 2014) 

Coming back to GHG emissions, the main life cycle stages linked to the release of GHG emissions are:

•	 Biomass production – direct effects;
•	 Biomass production – indirect effects; agriculture and forestry (less importantly: marine 

cultivation) might lead to land use change (LUC and iLUC) and related GHG emissions; there 
is no established method yet on how to include iLUC in LCA; 

•	 Processing, from biomass to bio-based product;
•	 Use phase (multiple in case of recycling / circular use);
•	 End of life.

The following sections will provide a deeper insight into these four life cycle stages.

2.1	 Biomass production

The production of biomass can entail the release of numerous GHG emissions, stemming from 
various activities along the agricultural value chain:

•	 Ploughing and harrowing
•	 Fertilizer (N, P and K) application (incl. fertilizer production and emissions from the application) 

and manual weeding
•	 Sowing (incl. seed production)
•	 Plant protection, pesticide application (incl. pesticide production & pre-sowing applications)
•	 Harvesting, transport & storage
•	 Direct and indirect land use change

The use of synthetic fertilizers, especially nitrogen fertilizers, is often a main cause of GHG emissions. 
This is caused by two factors: (1) the high energy intensity of the production of these fertilizers, and 
(2) the release of N2O emissions after application (N2O is approximately 298 times more climate 
damaging than CO2 (100-yr time horizon). However, reducing the amount of nitrogen fertilizers via 
e.g. precision farming, could lead to a considerable decrease of fertilizer-induced GHG emissions. 
For example, experts estimate that the application of nitrogen fertilizer could be reduced by about 
20% with precision farming and the use of herbicides by 30% and insecticides by 20% – compared 
to good practice.
 

„Precision agriculture is a whole-farm management approach with the objective of optimising returns on inputs, 
while improving agriculture’s environmental footprint. Precision farming is a relatively new management practice, 
which has been made possible by the development of information technology and remote sensing. […]

Precision agriculture can contribute to higher productivity and resource efficiency in regards to both natural 
resources and farm inputs, thereby mitigating environmental problems associated with agriculture. In addition, 
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precision agriculture has the potential to improve the environmental footprint beyond farm-level (e.g. by its more 
efficient water productivity management).“ (OECD 2016)

The cultivation of crops for bioeconomy can also lead to direct land use change (LUC), e.g. land 
use is changed from a previous use to the cultivation of energy crops or feedstock for biopolymer 
production. This, in turn, can lead to indirect land use change (iLUC), i.e. a change of land use 
that is induced by the cultivation of a bio-based feedstock but that occurs in an area geographically 
disconnected from the biomass feedstock production. The impact of LUC and especially iLUC on the 
release of GHG emissions is a complex research topic and thus far, no agreement has been reached 
on how to calculate and allocate iLUC emissions.

“The magnitude of the change in above and below ground biomass and soil organic carbon as a result of converting 
one type of land use/cover to bioenergy crop cultivation depends on the original land use, the type of biomass 
cultivated after conversion, the management of land before and after conversion, and the local biophysical 
conditions such as soil and climate conditions (Gibbs et al. 2008). Even if the land cover remains the same (e.g. 
forest) but the management or the use changes, it could result in a change in carbon stocks. Large carbon losses 
occur when e.g. forests are cleared or when organic soils are managed. This results in carbon payback times of 
decades or even centuries. However, when low carbon stock land e.g. (abandoned or marginal) agricultural land 
or degraded pastures are used for the cultivation of high yielding crops or woody / herbaceous biomass, soil and 
phytomass carbon is likely to increase.” (van Hilst 2015)

While the above sections focus on the climate impact related to agricultural practices, it also needs 
to be noted that agriculture can help mitigate climate change through Climate-Smart Agriculture 
(CSA) practices. Among others, the conversion of degraded land (e.g. degraded pasture) to cropland 
is a potential mitigation strategy, as it increases the amount of carbon bound in soil and biomass. 
In addition, certain practices such as no-tillage and conversion to organic farming bear high GHG 
reduction potentials. However, the exact quantification of these potentials is still in its infancy, and 
significant work is under way in that respect through the promotion of Climate Smart Agriculture 
(CSA). 

As regards adaptation of agriculture to climate change FAO (2007) proposes the following strategies: 
•	 seasonal changes and sowing dates;
•	 different variety or species;
•	 water supply and irrigation system;
•	 other inputs (fertilizer, tillage methods, grain drying, other field operations);
•	 new crop varieties;
•	 forest fire management, promotion of agroforestry, adaptive management with suitable species 

and silvicultural practices.

In comparison to agriculture, which is mainly an annual input output system, forestry and the 
estimation of its related GHG emissions is much more complex, often linked to complex modelling. 
This leads to very different GHG balances for products stemming from forestry, ranging from a GHG 
footprint comparable to that of agricultural biomass use to a significantly higher footprint, (based 
on the fact that it takes ten to fifty years to compensate the use of wood by growing new trees), as 
is appropriately summarised by van Hilst (2015): 
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“The time it takes before the use of wood for bioenergy achieves higher GHG emission savings than a reference 
scenario can range from several years to more than several 100 years (Agostini et al. 2013; Lamers & Junginger 
2013; Buchholz et al. 2015). The ‘pay-back’ time highly depends on a number of factors, such as which fossil fuel 
is replaced (coal leads to a shorter time than natural gas), the efficiency of the supply chain, the forest regrowth 
rate, whether the effect of wildfire is included, and the counterfactual scenario, i.e. what would have happened 
if the feedstock had not been used for bioenergy (Lamers & Junginger 2013; Buchholz et al. 2015). The exact 
methodology how to calculate a carbon debt and pay-back time is still debated amongst scientists (Ter-Mikaelian 
et al. 2015; IEA Task 38 2014).” (van Hilst 2015).

In addition to growth time, further issues related to forestry include:
•	 The release of CO2 and methane emissions from decaying roots (when roots are left in the 

ground). Though these emissions could be avoided by removing the roots, this will not help 
the GHG balance, as it will lead to soil carbon emissions. 

•	 The release of GHG due to harvested wood decaying during storage time e.g. as piled wood 
chips, sawdust or pellets.

However, there are not only climate problems related to wood based products. In fact, long living 
wood products used in construction and as furniture can serve as a temporary carbon sinks.

To conclude, it will take years to find a scientific agreement on how to calculate the net GHG 
emissions of different types of wood products in different regions.

In addition to dedicated crops, also biogenic side streams and bio-waste, such as residues from 
harvesting and from processing, as well as post-consumer residues, can be used as a feedstock in 
the bio-based economy. Moreover, although these streams are interesting from a GHG point of view 
(low GHG footprint), their limited availability makes their widespread use impossible. 

Factors that limit the availability of side streams and waste include:
•	 A certain amount of residue needs to stay on the ground for fertilization purposes;
•	 Competition with other already existing uses such as animal feed; 
•	 Competition between different application sectors in the bio-based economy. A good example 

for this are by-products from animal processing (animal fats) which can be used both for 
biodiesel or oleochemicals. Policy incentives such as quotas play an important role in directing 
these waste streams into one application or the other.

 
There are nowadays certification systems that guarantee the sustainable production of all kinds 
of biomass, However, most systems cover mainly environmental aspects (GHG emissions and 
biodiversity), with insufficient or no attention to social (e.g. food security) and economic aspects. 
The systems that address agricultural and waste feedstocks explicitly include a calculation of GHG 
emissions related to the amount of produced biomass (see e.g. ISCC 2016). Wood certification 
systems do not include such calculation methodologies. A recent publication by the InnProBio project 
(http://innprobio.innovation-procurement.org/bio-based-products-services/factsheets) gives a good 
overview of the different certification schemes and other sustainability issues related to bio-based 
products (InnProBio 2016).

http://innprobio.innovation-procurement.org/bio-based-products-services/factsheets
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2.2	 Processing of bio-based product

From a GHG emissions perspective, the processing of biomass to a bio-based product is often more 
decisive than the biomass production stage (see e.g. Table 1). However, due to the multitude of 
conversion processes used in bioeconomy (see Figure 1), making a general statement is challenging.

With a 90% share, the use of physical-mechanical, chemical and thermochemical processes dominates 
the bio-based industry. Although these are very traditional processes, there is the potential of further 
improvement with new developed knowledge-based technologies, and with this the potential to make 
the processes more competitive to the highly efficient and mature systems used in the petrochemical 
industry.

Biotechnological processes are – in most cases – much younger than the above types of processing. 
Although the term ‘biotechnology’ summarises a whole group of process options, the denominating factor 
is that either microorganisms such as bacteria and fungi or enzymes are used to convert sugars, starch, oil 
or lignocellulosic biomass into a broad range of different chemicals, building blocks and intermediates.
 
In particular, the new knowledge-based processing routes promise a high potential for reduced energy 
consumption and reduced GHG emissions. In the last ten years, basic and applied research projects 
have been conducted worldwide to find new and improved conversion pathways. New bacteria and 

Bio- and CO2-based Economy: feedstocks, processes and products 

©                 – Institute.eu | 2016
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Figure 1:	 Feedstocks, processes and products in a bio-based and CO2-based economy (nova 2016)
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enzymes have been discovered and developed, and the efficiency of the biotech processes is still 
improving. New gene editing methods such as CRISPR/CAS9 bring additional advantages regarding 
efficiency and target molecules.

In addition to the type of conversion process, the energy used for this process is of significant 
importance. Besides more energy efficient processes, for example, the use of biofuels, solar and 
wind power can lead to lower net GHG emissions. 

The reduction of GHG emissions is only one aim of the new bio-based economy. In addition to this, 
increased resource efficiency, lower toxicity of intermediates, as well as new functionalities and 
properties are also aimed for. 

Figure 2 shows the GHG savings for bio-based processing routes for a wide range of chemicals 
and polymers compared to petrochemical pathways for different feedstocks. In almost all cases, the 
authors found strong GHG savings. “Today” and “future” stands for: today’s and future (improved) 
biomass production and processing (Hermann et al. 2007) 

Figure 2:	 Greenhouse gas emission savings per ton of industrial biotechnology chemicals compared with their 	
		  petrochemical counterparts for current and future technology cradle-to-grave (adapted from Hermann	
		  et al. 2007)
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2.3	 Utilization phase (incl. re-use and recycling)

The most important aspect that influences the GHG emissions of bio-based products related to their 
use phase is how long the products stay in use, whether they are re-used or whether their constituents 
can be converted into other products at the end of their life (recycling). Within the framework of 
the bio-based economy, the latter if often called “cascading use”. It should be noted that we make a 
strict differentiation between “coupled production” which is the utilisation of different part of one 
crops in different applications (i.e. oil crop is used for biodiesel and the by-product glycerol goes to 
chemicals) and “cascading use”, which is the sequential usage of the same parts of a crop. A concise 
definition is given below and this text focuses on cascading use.

While long-living products such as furniture, construction items or durable plastic products certainly 
have a positive impact on climate change mitigation by storing carbon for a long time before 
releasing it back to the atmosphere, these positive aspects are not yet considered in the current LCA 
methodology on GWP. Even though the storage impact of currently existing products over the next 
20 – 50 years might be decisive for climate change mitigation strategies.

Concerning the cascading use, environmental experts understand this as a strategy to increase resource 
efficiency. 

“Cascading use is a strategy to use raw materials such as wood or other biomass, in chronologically sequential 
steps as long, often and efficiently as possible for materials and only to recover energy from them at the end of 
the product life cycle.” (WWF & mondi 2016)

It should be stressed that there are also other ways to increase resource efficiency, for example 
through coupled production as mentioned above. 

There are many articulations of cascading use based on different conceptions of what cascading 
means (Keegan et al. 2013; Dornburg 2004; Fraanje 1997). Along with repairable products and 
second-hand products, these concepts also include complex combinations of main and by-products 
in so-called primary and secondary cascades (Sirkin & ten Houten 1994). The concept of cascading 
use overlaps with other topics such as the circular economy and recycling. (Vis et al. 2016)

The analysis of approximately 40 definitions and concepts shows that there is no agreed definition of 
“cascading use”, although there are common elements in the different understandings of cascading 
use. Differences concern which kinds of biomass are included, whether they are strictly descriptive 
or encompass a strategic perspective, whether they consider the value of products, and also whether 
they are quantifiable.

“The only concept that combines all these aspects is the definition published by Carus et al. 2014 and Essel & 
Carus 2014 within a project on cascading use for the German Environmental Agency. This concept is still being 
discussed with scientific, political and industrial stakeholders and is not officially endorsed. However, since this 
definition comes closest to covering the criteria set out above, it is proposed here as a “working definition” that 
is open for further discussions. In this concept “biomass” means all types of biomass, including primary biomass, 
by-products as well as residues.” (WWF & Mondi 2016)
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In ‘material use’, biomass serves as a raw material to produce all kinds of goods or is directly used 
in products. This differentiates it from energy use, where biomass serves purely as an energy source, 
as well as from the use for food and feed purposes (Carus et al. 2010). 

Single-stage cascading use already involves a significant increase in resource efficiency compared to 
direct energy use and allows for the inclusion of many existing bio-based value chains. Multi-stage 
cascading use results in a greater increase in resource efficiency, but has so far only been achieved 
for a very small number of biomass sources or can only be achieved with a limited number of value 
chains.

Figure 3 makes a clear distinction between single-stage and multi-stage cascading use.

Cascading use of biomass takes place when biomass is processed into a bio-based final 
product and this final product is used at least once more either for materials or energy. 

Cascading use of biomass is described as single-stage, when the bio-based final product is 
directly used for energy.

Cascading use of biomass is described as multi-stage when biomass is processed into a bio-
based final product and this final product is used at least once more as a material. It is only 
after at least two uses as a material that energy use is permitted.

-Institute.eu | 2014© * other material use: biomass serves as raw material and �ller for the production of all kinds of goods.
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Nowadays we find multi-stage cascading in the wood industry (pulp & paper, particleboards), in the 
cotton industry (several stages in textiles and non-wovens) or with bio-based PET bottles, which 
can be recycled several times for bottles, and finally for non-woven textiles.

In most definitions of cascading use, bioenergy will only appear as the last step of the cascade. In 
some cases, the by-products of bioenergy utilization can serve as a starting-point for new cascades. 
For example, the by-products of biogas production, fibres, can be used for particleboard production, 
which can be a starting point for a cascade.

Although cascading use usually increases resource efficiency, the direct connection to a reduced 
release of GHG emission is complex. Reduction only takes place if the emissions caused by the 
collection, separation and processing of the bio-waste stream for another bio-based product are 
lower than the emissions caused by sourcing and producing another new product. However, there 
is no general rule about this. In some cases, after cascading stage two or three, the additional energy 
needed for processing etc. cannot justify an additional use. In other cases, for example pulp and 
paper, even long cascades show positive effects. Using renewable energy, including bioenergy, will 
make more cascading stages justifiable from a GHG footprint perspective.

Moreover, additional limitations exist. Along the cascade, products can accumulate toxic or critical 
substances; which can serve as barriers for further recycling or even incineration.

In practice, the biggest issue is who decides or which legal framework regulates the sequence of the 
use of biomass, especially if economic or market demand aspects are not in line with the cascading 
principle. The following additional aspects should be kept in mind:

•	 If climate change mitigation is the priority, cascading stages with long time carbon sequestration 
– should have priority.

•	 Economy: On the short term, bioenergy will probably be the most economic use, while bio-based 
products can be more profitable in the long-term due to higher market prices. The energy use 
requires less investment costs and bears less risks, but it will also yield much lower income. 

•	 The creation of “wrong” incentives; which make energy use more attractive than material use 
even though the material use can save more GHG emissions (depending on the complex factors 
mentioned above) should be avoided.

•	 Energy needs. Two considerations are relevant in that respect:
o	 If households need biomass – for instance for cooking – energy use can have priority 

(although biomass used for cooking often leads to strong local particle emissions) from an 
energy security point of view;

o	 Energy is needed to produce any type of bio-based product, at whatever stage of the cascade. 
Given the objective bio-based economy to reduce the use of fossil fuel, this means that in 
as much as possible renewable energy should be used to produce bio-based products, and 
this includes bioenergy – hence also wood energy.

•	 In the future, the demand for feedstocks for bio-based products (CAGR1 3-4%/year) in 
comparison to bio-based energy (CAGR 1%/year), will grow much faster. 

•	 Regulation should keep in mind that a preferential cascading use will release all of the biomass 
for bioenergy use again. There will only be a delay because the biomass is stored during the 
lifetime of the products along the cascade.

__________

1	 Compound Annual Growth Rate: The annual growth rate over a period of years, calculated on the basis that each year‘s growth is 
compounded, that is, the amount of growth in each year is included in the following year‘s number, which in turn grows further.
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•	 The cascading principle can only work with good data on biomass flows and a good logistic 
system connecting the different sectors.

•	 In the case of residues from agriculture or forestry, the cascading approach should also take 
into account of the use of such biomass for soil management (i.e. fertility and protection) and/
or animal feed. 

 
Summing up, the decision on the sequence of use of biomass depends on local circumstances and 
should be decided by local stakeholders, taking all the above-mentioned aspects into account.

Biomass flows and the cascading principle are part of the circular economy (see Figure 4), However, 
the concept of bioeconomy and the bio-based economy go far beyond the circular economy (see 
Figure 5), including a lot more aspects such as innovation, functionalities and properties of products 
compared to the singular objective of a circular economy. This means that both concepts are 
overlapping, but none is fully part of the other.

© – Institute.eu | 2016
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2.4	 End of Life

The end of life of a bio-based product has strong impacts on the total GHG emissions along the 
value chain. Recycling and incineration often show, depending on the application, much lower GHG 
emissions than controlled (land filling) or in-situ biodegradation.

Bio-based products offer alternative end-of-life options compared to their conventional counterparts, 
but can also enter traditional disposal routes, such as incineration. Depending on the product’s use, 
not all end-of-life options make sense from an environmental point of view. 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 gained from it and the resource can be used several times. 
If bio-based products go into a process of anaerobic digestion after their lifetime, 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 need 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).

ⓒ                 –Institute.eu｜2016
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From a GHG emission perspective, biodegradation of bio-based products is a favourable end-of-life 
option if:

•	 bio-based products cannot be collected or recycled (surfactants, lubricants (depending on the 
application), but also tree protectors, grass trimmer), biodegradation can avoid micro-plastics 
in the environment or other environmental impacts;

•	 bio-based products give additional benefits, such as biodegradable mulch films for the farmer: 
Easy to handle, no plastic parts left on the field (micro-plastics) and additional fertilizer;

•	 bio-based products are strongly contaminated with organic food waste and separation is hardly 
possible (table ware at festivals), and

•	 there are indirect benefits, such as collecting more organic waste with compostable organic 
waste bags.

These are important applications, but if collection, separation, recycling or even incineration (with 
fuel substitution) are possible, biodegradation is the worst end-of-life option – from a GHG emission 
perspective (see Figure 6, for thermoplastic starch (TPS), a biodegradable plastic). The reason is 
that in recycling or incineration a substitution takes place – another material or electricity / heat, 
and normally only CO2 is emitted and not methane, as is the case for composting or controlled and 
in-situ biodegradation (“landfill”; methane is much more climate active than CO2). 

Figure 6:	 Comparison of end of life options for TPS on the global warming score (adapted from Rossi et al. 2012)
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3	 Summary and concluding remarks

The idea of creating a Bio-based Economy is exciting for the sectors producing materials, goods 
and products: It promises to introduce new chemicals, building-blocks and polymers with new 
functionalities; to develop new process technologies such as industrial biotechnology; to deliver 
solutions for Green and Sustainable Chemistry and Circular Economy. It is supposed to help 
mitigating climate change through the substitution of petrochemicals by materials with lower GHG 
emissions, as well as replacing chemical processing with bio-based processes, such as bio-catalysis 
or fermentation. It could bring new business opportunities, investment and employment to rural 
areas, foster regional development and support SMEs. And finally, the whole utilization of biomass 
could be optimized by new biorefinery concepts.

But what does this mean with respect to climate change? This report provides an overview of different 
connections between the bio-based economy and climate change and how these links interact. The 
following table summarises the findings of this paper.

Table 2:	Links between bio-based economy and climate change

Stages of the bio-

based economy 

value chain

 GHG emission reduction Sequestration Climate change adaptation

Overall + Most bio-based products show a lower 

GHG footprint compared to fossil products

+ Bio-based products 

sequester CO2 during 

lifetime

+ Higher diversity in applications increases 

security, stability and resilience of farmers

Biomass 

production

– Production of biomass leads to GHG 

emissions

+ Agricultural practices can be optimized 

by precision farming

+ Carbon sequestration 

in agricultural soils (if 

good soil and water 

management practices), 

forests and oceans

+ Higher diversity in applications in-creases 

security, stability and resilience of farmers

– Due to climate change impacts in some 

areas, biomass production is displaced to 

be locally sourced, creating insecurity in the 

former production areas and possible i(LUC) 

risk

Processing from 

biomass to bio-

based product

+ Most bio-based fuels, chemicals and 

polymers show lower GHG emissions 

in comparison to their petrochemical 

counterparts

+ Significant improvements in efficiencies 

of new biotech pathways possible

+ Regional production brings GHG 

emissions reduction from transport

+ Future carbon capture 

and use technologies 

will use renewable CO2 

sources

+ Regional production brings employment 

and value added to rural areas.

Use phase 

(cascading)

+ Long-living products show lowest GHG 

emissions

– Recycling can lead to additional 

energy consumption and additional GHG 

emissions

+ Long living products 

show long sequestration

+ Cascading use 

can expand the CO2 

sequestration

+ specific benefits of locally used 

(traditional) bio-based products, e.g. 

construction materials, medicine, energy

End of Life + Incineration substitutes fossil energy

+ / – Biodegradation is only a good option 

in certain applications

– –
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Bio-based products are of a high importance when it comes to climate change mitigation, GHG 
emissions and sequestration. While the energy sector can be almost fully decarbonized, the chemical 
and plastics sector depend on carbon, and with this on renewable carbon for lowering their GHG 
impact. Currently, the only source for this renewable carbon is biomass, and in the future, potentially, 
CO2 from carbon capture. 

Although bio-based economy uses renewable carbon, bio-based products are not per se climate 
friendly. Along their value chain, from biomass production to the final product, there are additional 
GHG emissions (on top of what is released at the end of the product’s life cycle).

To realise the full climate mitigation potential of bio-based products, biomass production in agriculture 
and forestry needs to be improved by:

•	 using sustainable agriculture intensification, e.g. precision farming and soil and water 
conservation; and other climate-smart agriculture practices; and

•	 avoiding direct and indirect land use changes. 

For all kinds of biomass, there are nowadays certification systems that guarantee the sustainable 
cultivation and harvesting of the plants with regards to environmental, economic and social impacts.
Biomass processing to bio-based products still has a high potential for improvement. This is especially 
true for the new knowledge-based biotech processes, which are still in an ongoing process of efficiency 
improvement.

The cascading use of biomass, with the substitution of several fossil-based products along the 
cascade stages, can lower the release of GHG emissions and increase resource efficiency and carbon 
sequestration. However, in order to fully realize these potentials, the energy input for collection, 
separation and recycling needs to be as low as possible. This is mainly a logistical challenge. 

Finally, the most suitable ‘end of life options’ for the different bio-based products and their applications 
have to be identified and implemented.



18© nova-Institute 2017Bio-based economy and climate change

List of references

Carus, M., Raschka, A., Piotrowski, S. 2010: The development of instruments to support the material use 
of renewable raw materials in Germany (Summary). (available at www.bio-based.eu)

Carus, M.. Raschka, A., Iffland, K., Dammer, L, Essel, R., Piotrowski, S. 2016: How to shape the next level 
of the European Bio-based Economy? (available at www.bio-based.eu)

Dornburg, V. 2004: Multi-functional Biomass Systems. Dissertation at the University of Utrecht. 	
http://dspace.library.uu.nl/bitstream/1874/1165/9/full.pdf

EC (European Commission) 2012: Innovating for Sustainable Growth. A Bioeconomy for Europe. 
Communication from the Commission to the European Parliament, the Council, the European 
Economic and Social Committee and. the Committee of the Regions. Brussels, 2012-02-13. 
http://ec.europa.eu/research/bioeconomy/pdf/official-strategy_en.pdf

FAO, A. 2007: Adaptation to climate change in agriculture, forestry, and fisheries: perspective, 
framework and priorities. Rome.

Fraanje, P.J. 1997: Cascading use of pine wood. In: Resources, Conservation and Recycling 19: 21-28.

GBS (Global Bioeconomy Summit) 2015: Communiqué Global Bioeconomy Summit 2015, Making 
Bioeconomy Work for Sustainable Development, Berlin, 2015-11-26. http://gbs2015.com/
fileadmin/gbs2015/Downloads/Communique_final.pdf

Hermann, B. G., Blok, K., Patel, M. 2007: Producing Bio-Based Bulk Chemicals Using Industrial 
Biotechnology Saves Energy and Combats Climate Change. Environ. Sci. Technol. 2007, 41, 
7915-7921.

InnProBio (Forum for Bio-based Innovation in Public Procurement) 2016: Factsheet #2: Sustainability of 
bio-based products. Huerth.  http://innprobio.innovation-procurement.org/fileadmin/user_upload/
Factsheets/Factsheet_n_2.pdf

ISCC (International Sustainability & Carbon Certification) 2016: Greenhouse Gas Emissions. 
ISCC 205. Version  3.0.  Cologne. http://www.iscc-system.org/uploads/media/
ISCC205GHGEmissionCalculationMethodologyandGHGAudit.pdf

Keegan, D., Kretschmer, B., Elbsersen, B., Panoutsou, C. 2013: Review: Cascading the use of biomass. 
Biofuels, Bioprod- Bioref. 7:193-206 (2013). http://dx.doi.org/10.1002/bbb.1351

McGlade, C., Ekins, P. 2015: The geographical distribution of fossil fuels unused when limiting global 
warming to 2°C, in: Nature (517) 187-190.

OECD 2016: Farm Management Practices to Foster Green Growth. OECD Green Growth Studies. 
Paris 2016 (http://dx.doi.org/10.1787/9789264238657-en).

http://www.bio-based.eu
http://www.bio-based.eu
http://dspace.library.uu.nl/bitstream/1874/1165/9/full.pdf
http://ec.europa.eu/research/bioeconomy/pdf/official-strategy_en.pdf
http://gbs2015.com/fileadmin/gbs2015/Downloads/Communique_final.pdf
http://gbs2015.com/fileadmin/gbs2015/Downloads/Communique_final.pdf
http://innprobio.innovation-procurement.org/fileadmin/user_upload/Factsheets/Factsheet_n_2.pdf
http://innprobio.innovation-procurement.org/fileadmin/user_upload/Factsheets/Factsheet_n_2.pdf
http://www.iscc-system.org/uploads/media/ISCC205GHGEmissionCalculationMethodologyandGHGAudit.pdf
http://www.iscc-system.org/uploads/media/ISCC205GHGEmissionCalculationMethodologyandGHGAudit.pdf
http://www.iscc-system.org/index.php?eID=tx_nawsecuredl&u=0&file=fileadmin/content/documents/ISCC-Zertifizierungs-Prozess/Zertifizierung/Systemdokumente/ISCC_EU/ISCC_205_GHG_Emissions_3.0.pdf&t=1481381258&hash=5d0841cf699f91fe10c7d75facd75bf31e1a2330
http://dx.doi.org/10.1002/bbb.1351
http://dx.doi.org/10.1787/9789264238657-en


19© nova-Institute 2017Bio-based economy and climate change

Paustian, K., Lehmann, J., Ogle, S., Reay, D., Robertson, G. P., & Smith, P. 2016: Climate-smart soils. Nature, 
532(7597), 49-57.

PlasticsEurope 2012: High-density Polyethylene (HDPE), Low-density Polyethylene (LDPE), Linear 
Low-density Polyethylene (LLDPE) PlasticsEurope. Brussels.

Powlson, D. S., Stirling, C. M., Jat, M. L., Gerard, B. G., Palm, C. A., Sanchez, P. A., & Cassman, K. G. 2014 : 
Limited potential of no-till agriculture for climate change mitigation. Nature Climate Change, 
4(8), 678-683.

Rettenmaier, N., Detzel, A., Keller, H., Kauertz, B., Gärtner, S., Reinhardt, J. 2014: Ökologische 
Innovationspolitik – Mehr Ressourceneffizienz und Klimaschutz durch nachhaltige stoffliche 
Nutzungen von Biomasse. Anlage: Lebenszyklusanalyse für ausgewählte bio-basierte Produkte 
Langfassung des AP 4-Berichts. IFEU-Institute for Umweltbundesamt (UBA-FB 0001865).

Rossi, V. et al. 2012: Life Cycle Assessment of End-of-Life Options for Two Biodegradable Packaging 
Materials: In Support of Flexible Application of the European Waste Hierarchy. 2nd LCA 
Conference, Lille 2012.

Sirkin, T., ten Houten, M. 1994: The cascade chain – A theory and tool for achieving resource sustainability 
with applications for product design. In: Resources, Conservation and Recycling 10 (3): 213-276.

van Hilst, F., Hoefnagels, R., Junginger, M., Shen, L., Wicke, B. 2015: Sustainable biomass for energy 
and materials: A greenhouse gas emission perspective. Working paper: Copernicus Institute 
of Sustainable Development, Utrecht University, Heidelberglaan 2, 3584 CS Utrecht, the 
Netherlands Sustainable biomass for energy and materials: A greenhouse gas emission perspective 
(“manuscript in preparation”). Available at: https://uu.nl/sites/default/files/sustainable_biomass_
for_energy_and_materials.pdf (Last accessed February 2017)

Venkat, K. 2012: Comparison of twelve organic and conventional farming systems: a life cycle 
greenhouse gas emissions perspective. Journal of Sustainable Agriculture, 36(6), 620-649.

Vink, E. T., & Davies, S. 2015: Life cycle inventory and impact assessment data for 2014 Ingeo™ 
polylactide production, in: Industrial Biotechnology, 11(3), 167-180.

Vis M., Mantau, U. Allen, B. Allen (Eds.) 2016: Study on the optimised cascading use of wood. No 394/
PP/ENT/RCH/14/7689. Final report. Brussels 2016. 337 pages.

Wollenberg, E., Tapio-Bistrom, M. L., Grieg-Gran, M., & Nihart, A. (Eds.) 2013: Climate change mitigation 
and agriculture. Routledge.

WWF (Worldwide Fund for Nature) & mondi group (ed.) 2016: Mapping study on cascading use of wood. 
Paris. http://wwf.panda.org/wwf_news/?263091/Cascading-use-of-wood-products-report

https://uu.nl/sites/default/files/sustainable_biomass_for_energy_and_materials.pdf
https://uu.nl/sites/default/files/sustainable_biomass_for_energy_and_materials.pdf
http://wwf.panda.org/wwf_news/?263091/Cascading-use-of-wood-products-report

