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Abstract: In this article we explore the quantitative challenges posed by the intended circular biobased
economy. To do this, we present the relative sizes, in terms of mass and energy, of the agro-food and
fossil production system, and the interrelations in the system of transformation to food, feed, materials,
and energy. We deduce that the flows in the fossil system are of a comparable magnitude to the
agricultural / biomass production in terms of mass and energy. This implies that replacing a significant
fraction of fossil-derived products by biobased products will be a huge challenge. Solving this
challenge will require both efficiency improvements and circular innovations. The analysis reveals major
inefficiencies in the current system. In terms of mass, the pathways from agricultural production to food
seem quite inefficient, on average less than 10%. This suggests space for efficiency improvement.
The relatively low efficiency of livestock production confirms the relevance of diet change. Likewise,
enhanced utilization of side streams appears significant. However, we show that in the current system
of linear chains, such solutions are insufficient to provide an alternative to the current volume of fossil
use. We argue that, next to biobased solutions, multifunctional use and recycling will be essential if
we want to maintain current living standards and reduce dependence on fossil feedstock. We reflect
on this consideration, and define four different cycles in the combined biomass / fossil system. These
circles may be optimized and extended to improve the circularity of our carbon-based production
systems and to fight climate change. © 2020 The Authors. Biofuels, Bioproducts, and Biorefining
published by Society of Chemical Industry and John Wiley & Sons, Ltd
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Introduction

C

arbon is the main constituent of food and feed. It
is the most important energy carrier and it is the
main constituent of a broad range of materials – in
particular wood, wood products, paper, board, and plastics.
(Metals and minerals other than those used for agriculture
are outside the scope of this paper.) Bound carbon is essential

for these products and is therefore one of the necessities of
modern societies. It comes from two sources: fossil feedstock
and biomass feedstock.
Feedstock, processes, and products based on biomass
resources are often studied separately from those based on
fossil resources. We argue that, in the light of the need to
reduce the non-circular exhaustion of fossil carbon and the
need to feed and shelter the growing world population, both
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the fossil-based and biomass-based carbon systems should be
considered from an integrated perspective.
Fulfilling the projected food demand is considered realistic
by, among others, the United Nations Food and Agriculture
Organization,1 by efficiency improvements and other major
changes in the agro-food system.2–6 Conijn et al.7 show
that food demand can be met within planetary boundaries
through diet changes and production improvements
(projected feed conversion rate and crop-yield improvement).
However, demands for non-food applications are not taken
into consideration, or are taken into consideration to a very
limited extent, in this and similar studies. Circularity and
the biobased economy are broadly recognized paradigms for
largely reducing dependency on fossil resources in a more
sustainable society. To quantify the actual potential and extent
of the challenges, in this paper we present the relative sizes
and existing or possible present and future interrelations
between the biomass and the fossil production system. We
also make suggestions as to how circularity and thus resource
use efficiency in these interrelated systems could be increased.
This paper focuses on biomass production potentials. We
are aware that various environmental effects of the agrofood system are violating planetary boundaries, and that
these demands further increase the total strain. However,
for practical reasons we confine the extent of the system
considered. Likewise, we exclude qualitative considerations.

Linear agro-food and fossil economy
Figure 1 gives a quantitative overview of the main feedstock
sources and their connections to the main application areas of
both the biomass production system and the fossil production
system in a Sankey diagram. In this diagram the widths of
the lines show the mass flows in the global system. The data
presented in Fig. 1 are all given as Gton per year dry matter and
are for 2010. The same flows’ energy content is given in Fig. 2.
The volumetric data were collected from, and double checked
on, a wide range of sources8–16 (just the volume of grassland
production / harvesting varies among different studies;
apparently volume of harvested and ‘lost’ grass is associated
with a lot of uncertainties). The volumes were converted to
energetic flows based on ratios derived from Alexander et al.17
The graphs reflect the fact that the biomass system is
mainly used for the production of food and the fossil system
mainly for the production of energy. Nevertheless, there is
also some overlap of the two systems. Some other highlights
from the graphs:
•• Coal has been, up to now, the main feedstock for the
production of heat and electricity worldwide, and is a
large supplier in the carbon economy.
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•• Natural gas is also an important feedstock for heat and
electricity.
•• The main application of fossil oil is transport fuels.
For the petrochemical industry fossil oil is the main
feedstock, even though the amount of fossil oil going
to the petrochemical industry is much smaller than the
amount going to transport fuels and energy.
•• Both in terms of the volume and the energy value of the
sources, the production of energy is by far the largest
purpose of fossil sources; in terms of energy value the
ratio of current fossil demands for energy, fuels, and
petrochemicals is about 9:3:1.
•• The total use of fossils (15 Gton, 440EJ) is higher than
the total wood, crop, and grass production (harvested:
12 Gton, 110EJ; unharvested and burned residues: 15
Gton, 190EJ). It is consequently unrealistic to expect
that all non-food demand can be filled in through agro
(including side) streams. Moreover, significant losses will
occur in transformations.
•• The strongest link between the fossil and the biomass
system is found in wood, which is used abundantly
worldwide for the production of heat and electricity. The
amount of wood used in terms of dry matter is about
a quarter of the total amount of fossil plus biobased
feedstock used for electricity and heat. However, due
to the lower energy content of wood versus the fossil
feedstocks, the amount of heat and / or electricity
produced is far less than a quarter of the total. Even if
we would utilize felling losses, energy potential from
available wood sources is not at all sufficient to cover
current heat and electricity demand. In other words: if
wood were to be used instead of the fossil feedstocks to
produce all heat and electricity, a much larger amount
would be needed than the total amount of feedstock that
could presumably be made available from the current
forests. The development of alternative renewable energy
sources is thus a necessity for a sustainable future.
•• From the total production of crops, a significant percentage
are crop residues; these are crop parts that are left on the
field, either below ground or above ground, or crop parts
that are burned near the field, mostly to recover nutrients.
•• Livestock is presented in the graph as a separate
intermediate for food production. From the total
production of crops a relatively large part goes to
livestock. Another important feedstock for livestock is
pasture land. In terms of weight, about half of livestock
feed comprises crops and by-products, half comprises
pasture / grazing. The livestock system, however,
produces only a very limited amount of food in terms of
dry matter weight. By far the largest output of the system
is manure. Manure contains concentrated minerals and
is an essential segment for the circularity of the agrofood-biobased system. Currently, however, as we shall
see later on, it is not always produced at the optimal site.
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Sankey diagram gross material flows in the fossil fuels & agro-food-biobased system 2010
(units: billion ton per year, dry matter)
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Figure 1. Global carbon-based material flows in the current agro-food and fossil system (in billion tonnes dry matter per year).
Orange arrows stand for biomass flows; brown arrows denote fossil flows.

•• Looking from the demand side, the largest demand for
carbon-based materials is related to energy. Food, transport
fuels, and materials comprise a much smaller amount. On

the other hand, even though, in the consumption phase, food
comprises only a small amount, the amount of feedstock
used to produce this amount of food is immensely higher.

© 2020 Society of Chemical Industry and John Wiley & Sons, Ltd | Biofuels, Bioprod. Bioref. 14:187–197 (2020); DOI: 10.1002/bbb.2080

189

HL Bos, J Broeze

Perspective: Effects of reducing inefficiencies and the potentials for circularity

Figure 2. Energy content of the global carbon-based material flows in the current agro-food and fossil system (in exajoules
per year). Orange arrows stand for biomass flows; brown arrows denote fossil flows.

It follows from the above that the growing demands for
renewable materials, renewable energy, and renewable fuels
cannot simply be met by a few residues from the agro-
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food system. Further integration of the systems will be
essential to satisfy the growing demands in the non-food
domain next to food demands, reducing GHG emissions,
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and taking into consideration the limited global agroproduction capacity.

Perspectives on a circular
bio-economy
In a circular economy, biomass feedstock will be essential
to meet (part of) the carbon-based non-food demands. It
is anticipated that a significant part of the need for energy
and fuels can be met through renewable sources other than
biomass, like wind, or solar energy. On the other hand,
however, driven by growth of the world population and
growth of the population welfare, demand for food, feed and
for energy, materials and chemicals / plastics is expected to
increase substantially (Table 1).
The projections for food and feed come from FAO.1
The projection of the demand for energy is based on the
projections of the International Energy Agency (IEA)18 for
2040 and then calculated toward 2050, using the commodity
annual growth rate (CAGR) of 1.2 deducted for the period
between 2010 and 2040.
The demand for chemicals and polymers in 2010 was
documented by the IEA.18 The projections of the demand
for chemicals in 2050 are based on the method described
by Bos and Sanders.19 The market size in years close to 2015
was deducted from several sources for the following base
chemicals: ethylene20 propylene,21 butadiene22 and benzene,23
toluene24 and xylene,25,26 and methanol27. From these market
size data the expected demand in 2015 was deduced using
an CAGR of 4,7%. This number was chosen because it is the
Table 1. Expected growing demands from 2010 (as
presented in the Sankey diagrams) to 2050 in Gton
per year, based on data from FAO projections,
IEA and own projections for chemicals (assuming
annual growth rates of 4%).1,10,18
Category

Demand
2010

Demand
2050

Food

1.5

2.4

Feed

7

8.3

Materials: Wood, paper, board, textiles

1

1.5

Energy consumption (mtoe)
Fuels
Chemicals incl. polymers
TOTAL DEMAND (corrected for double
counted animal-derived products)

12
2.5

19
3.5

0.7

1.8

24.5

36.5

Demands are totals not specifying the resources/feedstock.
We are aware that Gtons fossil and biomass should not be
directly compared (for instance because heating values differ
significantly). However, we leave these nuances to future
quantitative work.
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mean CAGR for the period 2010 to 2020.28 The expected
demand for 2050 was then calculated using a CAGR of 4.
We chose a value somewhat lower than the expected CAGR
for the period before 2030,28 which is anticipated to be 4.2,
because the CAGR shows a slow downward trend.
The current and expected demand for materials, fuels, and
chemicals is high, but of a comparable magnitude to that
for food and feed. Energy demand, however, is dramatically
higher. Inevitably, other renewable sources in addition to
biomass will be necessary, in combination with additional
energy-saving measures.
However, even with the broad introduction of solar, wind,
and other non-biobased energy, biomass is essential, as the
Energy Watch Group has argued.29 If all electricity needs
were to be met by non-biobased renewable energy sources
– currently electricity requires 40% of the primary energy
sources – the remaining energy demand for 2050 would
still be equal to the current total energy use. And of course
substantial amounts of thermal energy can be replaced by
electricity-alternatives, but in a circular economy inevitably
a substantial fraction of materials, energy, fuels and
chemicals demand most likely will be derived from carbon
based molecules. If we at the same time want to phase out
fossil feedstock these molecules need to be derived either
from biobased sources, or from CCU (Carbon Capture
and Use). CCU however is a technology that is still in
development.30
The question is which measures can help to substantially
meet biobased needs through biomass and to what extent?
Depending on the growth of productivity alone will not
be enough. All options, increasing productivity, reducing
demand (saving energy), and increasing effectiveness of
the production and supply chain (solving inefficiencies
and ineffectiveness, valorizing waste streams) as well as
introducing new circularities will be necessary. We see
different possible areas for action:
•• Intensification of crop production systems: Through
intensification of production management (improving
fertilization and protection, and weed, water, and harvest
management, etc.) yield can be increased. The typical
historical average yield increase is estimated at 1.7%; future
yield increases are estimated at 0.7% to 0.8% per year.1,31
When we extrapolate productivity with a 0.75% increase
per year, total biomass production is expected to increase
from 21.1 Gton in 2010 to 28.5 Gton dry matter per
year in 2050. Based on the efficiency of the current food
system even this growth seems insufficient to keep up with
increased food needs, let alone to meet biobased demands.
Other measures, such as intercropping, agroforestry and
the use of degraded land for biomass production, e.g., by
perennials, will also be essential.
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•• Unused crop and forest residues: Krausmann et al.11
estimate that 6.6 Gton of dry biomass is ‘unused’, of which
1.9 Gton is below ground biomass, 1.5 Gton cropland
residues, 2.5 Gton burned residues, and 0.7 Gton felling
losses in forests. In Fig. 1 we used values that were a few
percentage points lower because of the statement by
Krausmann et al. that others came to somewhat lower
values. A large proportion of the unused residues are
essential for soil health and, when they are removed,
alternative sources of minerals and organic matter are
essential. Collecting such biomass and conversion to
valuable products will require much effort and energy, but
may significantly contribute to reducing feedstock use.
•• Losses from meadows and pastures: No exact data are
available for inefficiencies in grazed systems; they are most
likely to be higher than 2.5 Gton dry matter.2,32 Through
more intensified systems, part of this can be harvested,
most likely in combination with an increase in productivity.
Utilization may be further enhanced through grass refinery.
•• Recycling of materials: Demand (1 Gton dry matter
per year, see Fig. 1) refers to the ‘virgin’ input required;
current recycling rates (mainly paper) are already
included in the figures.
•• Inefficiencies along the food chain: In comparison
with energy and materials, the food domain is highly
inefficient in terms of biomass volumes (see Fig. 3).
⚬⚬ Inefficiencies in food processing, logistics, and retail
are relatively small on the scale of this study, but still
significant: both losses and other residues are estimated at

0.2 Gton dry matter per year.13 These residues are mostly
marketed and converted to feed, but part is treated
as waste (landfilled, burned, or composted / recycled
with a relatively very small contribution to bioenergy
production). Application as feed (as well as composting)
is considered valuable because nutrients can then be
recycled. The largest inefficiency (in terms of biomass
volume), however, is related to livestock production.
⚬⚬ Inefficiencies of livestock production: A large part of
the biomass that is produced is used to feed livestock.
Through this livestock only a small amount of food is
produced compared to the feed biomass volume. This
food, however, is of high nutritional value. The main
output of the livestock system is manure. In terms of
dry matter, the feed:food:manure ratio is estimated
at 32:1:18 in Fig. 1. This ratio differs from the Feed
Conversion Ratio, which is based on total product
weight (wet basis). A large proportion of livestock
research aims to improve this inefficiency; in the
current study it is relevant to note the fundamental
inefficiency of the livestock production systems,
but also the relevance of livestock in the biological
cyclic system. From a productivity point of view,
continuing a certain level of livestock production is
justified by the availability of certain crop residues and
by-products and residues from food chains. The same
reasoning is applicable for grazing on soils that are
unsuitable for other crops.33 Improving the efficiency
of livestock systems may also lower feed demand.

Efficiency and feedstock use in the carbon economy
18
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Figure 3. Comparison of dry matter production and consumption for food, energy, and materials. The dotted parts of the bars
on the right shows the amount of the respective category that is based on fossil feedstock, the solid parts give the amount
that is based on biomass. The numbers used are the same as presented in the Sankey diagram in Figure 1.
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•• Crop selection and production systems: According
to data from the Food and Agriculture Organization
Corporate Statistical Database (FAOSTAT),9 pastures
and meadows use 3.3 Gha of land world-wide, cropping
systems 1.5 Gha and wood production systems 4 Gha.
Transformation of pastures and meadows to food and
/ or biomass crop production systems would be part
of reducing the (relatively inefficient) role of livestock
production. Switching toward crops with higher
productivity and / or more useful / valuable residues
could also contribute. Trade-offs (including the
effects of changes in indirect land use on greenhouse
gas emissions) should be seriously taken into
consideration.

Increasing circularity
To increase circularity for bio-mass derived materials it
is necessary to recognize the essentials of the biological
production system. This system is founded on three
essential cycles:
1. The soil organic matter cycle; sufficient organic matter
values are essential for the recycling of soil quality and
nutrients. Soil organic matter levels depend on crop
residues left behind and applied manure and compost.
2. The mineral cycle, mainly through excreta / manure,
where minerals and nutrients are recycled in the soil
(although often supply and uptake are not balanced);
in other streams they are considered lost. Conijn et al.7
argue that 80% of total N input to the food system
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is lost. For replenishment, nutrients and minerals
are mined (P and K) and brought to the fields from
elsewhere or produced chemically (N). Current N use is
150% higher than fits within planetary boundaries.7
3. The carbon cycle, where the carbon is recycled through
the air, including not only CO2, but also the more
potent greenhouse gas, CH4. This cycle is fed by
photosynthesis.
Similar cycles exist in aquatic and marine systems.
The current societal consumption system (concerning
fossils as well as agro-food products) is largely based on the
rule of linear production and consumption. Products and
by-products are used for a single purpose. A small fraction
may end up as compost; a larger fraction is either landfilled
or burned, or ends up in wastewater treatment. Losses and
residues are thus, to a limited degree, exploited in the circular
system. Nutrients are mined (P and K) and brought to the
fields from elsewhere or produced chemically (N). Sludge (the
main sink of nutrients in wastewater treatment) is commonly
burned. Manure is utilized to a limited extent. Likewise, by far
the most fossil feedstock is used directly for energy production
or is transformed into transport fuels and subsequently used.
Figure 4 shows the main circles of the biological system
complemented with an essential circle at the ‘consumption
stage’ for the combined biological and fossil system. In
view of the circular economy, by far the largest part of the
feedstock that is used in this combined system, approximately
93% of the total feedstock production, is used either as food
or feed or as energy, and thus ends up as CO2. Reuse or

Figure 4. Main circles of the carbon economy system.
© 2020 Society of Chemical Industry and John Wiley & Sons, Ltd | Biofuels, Bioprod. Bioref. 14:187–197 (2020); DOI: 10.1002/bbb.2080
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recycling of this feedstock in a small circle is not possible.
Only a small amount of the feedstock is actually used in
materials. In contrast to energy or food use, material use gives
the possibility of reuse or recycling in Fig. 4.
As proposed in the EU Action Plan for the Circular
Economy34 ‘the transition to a more circular economy, where
the value of products, materials and resources is maintained
in the economy for as long as possible, and the generation
of waste minimized, is an essential contribution to the EU’s
efforts to develop a sustainable, low carbon, resource efficient
and competitive economy.’ The action plan addresses four
focus points: 1. production (facilitate reuse / recycling through
adequate product design; apply resource-efficient production
processes including by-product valorization), 2. consumption
(encourage repair, reuse, etc.; extend the value chain), 3. waste
management (apply recycling processes), and 4. using (former)
waste as a resource (boosting markets for secondary raw
materials and water reuse).
To create a circular system in the carbon economy, two
main challenges exist:
1. We need to meet future demand with significantly
less feedstock and preferably without fossil feedstock.
The challenge of achieving a circular economy, fed by
a biobased economy, is not only the development of
biobased solutions (as explained in the Ellen MacArthur
Foundation’s Circular Economy System Diagram), but
involves making biomass available through extending the
essential cycles of the biological system mentioned above.
2. We need to ensure that the biomass / agricultural
production system remains healthy (respecting the
essential cycles mentioned above).
In a transition toward a circular economy, cycles therefore
need to be closed, and new circularities will develop. In line
with the recommendations in the EU action plan for the
circular economy, the leading principles are: enabling material
reuse, valorizing by-products, and returning organic wastes to
the soil. We have applied these principles to the essential cycles
of the biological production system to end up with four ‘circles’:
The first circle (Fig. 5) concerns the valorization of crop
residues and the challenge of keeping enough soil organic matter
on the fields for soil health. Crop residues may be valorized
for food, feed, materials, and energy, but their use in biobased
industries should not exceed certain levels.35 According to
this principle, for instance, straw-burning practices should be
replaced by functional utilization options (material and / or
energy use) while measures are taken for maintaining the soil
mineral balance and soil organic matter content. After use,
organic wastes can be returned (as compost or in other forms)
to the soil to contribute to the organic matter content.
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Figure 5. The first circle, production of crops / feedstock,
including valorization of crop residues.

Figure 6. The second circle, improvement of nutrient
management, minimization of losses and ineffective use.

Smart crop rotation plans are also considered relevant for
maintaining soil quality.
The second circle (Fig. 6) aims to improve nutrient
management in relation to livestock: to reduce nutrient losses
and improve use, meanwhile minimizing dependence on
artificial fertilizers (of which the N component is based on a fossil
energy-based process and the P and K components are mined).
The current use of manure from livestock systems and other
nutrient-rich (waste) streams is rather ineffective, mainly due
to large spatial variations in manure production and demand.
Surpluses in livestock concentration areas like The Netherlands
are discarded, whereas shortages elsewhere are compensated
by artificial fertilizers or result in agricultural land loss.
Improving circular agro-production systems, in which
nutrients from manure are more effectively fed back to
farmlands (either in local systems or in global systems
where nutrients are returned to the sourcing areas for feed
ingredients) can reduce the use of artificial fertilizers. Manure
processing and agricultural management practices (think of
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crop rotations, also related to circle 1, cover crops, etc.) will
help to optimize the valorization of organic nutrients. At the
same time in various cropping systems better fertilization may
lead to higher yields, and thus to either a larger availability of
biomass feedstock and / or reduced pressure on land use.
Next to these two circles, directly related to cycles 1 and 2 of the
biological system respectively, we propose two cyclic principles in
the consumption stage, again in line with the recommendations
in the EU action plan for the circular economy.
The third circle (Fig. 7) comprises the sources of carbohydrates
for energy and materials. In the current system the resources
are largely spent: the fossil carbon used ends up as CO2 in the
atmosphere and valuable mineral resources and nutrients are lost
after use. For example, phosphorus from food is not recovered;
after food consumption and digestion human excrements end
up in the wastewater sewage system. About 90% is transferred
in sewage sludge.36 This sludge is commonly diluted and lost via
mixed-fed incineration (the ashes of which are not fed back to
the agricultural soil). Likewise, significant amounts of mineralrich animal-derived materials are lost from the system.
Circularity can be improved through more appropriate
biomass-processing pathways, preventing dilution and loss
of valuable compounds, and lowering the demand for fossil
feedstock. Alternative treatment of these waste streams may help
making valuable compounds available for circular reuse. The
rest and waste streams can serve as valuable source of nutrients
or organic matter (think of potential value as stable soil organic
matter, compensating for harvesting crop residues related to
circle 1). Extraction can help to minimize the application of
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undesirable components to farmlands. And minimizing (food)
waste can help to minimize the need for fresh feedstock.
The fourth circle (Fig. 8) comprises the multifunctional
use and recycling of carbon-based products, such as wood
products, paper and board, bioplastics and fossil-based
plastics and composites (and using side and waste streams
from food processing originating from the third circle for
products). In common linear chains these are often used once
and subsequently treated as waste. However, because they are
not consumed, they remain available for reuse or recycling.
The carbon in these products should preferably be captured
for a prolonged timespan. Using biomass in applications
with a long lifespan, such as in building materials, can help
to extend this circle, reducing demand for ‘virgin’ material,
and thus contributing to unburdening the fossil system. For
products with a shorter lifespan, such as packaging materials,
optimizing the effectiveness of recycling processes to produce
valuable feedstocks, with minimal loss of carbon to CO2, is
a way to extend the circle. Mechanical recycling, biological
conversion options, and chemical recycling pathways should
be considered for, e.g., (bio-)plastics. Likewise, part of the
generated CO2 may be recycled37 for instance by applying it in
greenhouses for enhancing plant productivity or in industrial
processes. Naturally this principle may also be applied to fossilderived material / plastics, consequently minimizing the need
for fossil and biobased sources.
Ultimately, at end of life, the residues may be processed
so that valuable compounds are conserved in the system
(according to the principles of circle 3).

Figure 7. The third circle. The main aspect of this circle is the fact that almost all carbon used (for food and energy) ends up
as CO2 in the atmosphere and needs to be recaptured. The feedstock demand of this cycle can be reduced by making better
use of unused side streams, diminishing wasting of food, and by multiple valorization of biomass feedstock.
© 2020 Society of Chemical Industry and John Wiley & Sons, Ltd | Biofuels, Bioprod. Bioref. 14:187–197 (2020); DOI: 10.1002/bbb.2080
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resources for recycling or other functional use. This paper has
classified such developments into four priorities:
1. Maintaining soil health, with responsible exploitation of
crop residues for biobased applications.
2. Improving manure management and utilization of the
minerals.
3. Replacement of fossil sources by renewables, valorization
of side streams, and recapturing carbon and nutrients after
consumption of food, materials, and energy.
4. Increasing multifunctional use and recycling of
(biobased) materials (further reducing dependency on
biomass production).
Figure 8. The fourth circle deals with carbon-based
materials, as these materials are the only products that can
actually be reused and recycled as such.

The above measures seem logical when considering
circularity as a paradigm. However, circular solutions
should serve the underlying goals (sustainability goals,
including reducing greenhouse gas emissions, increasing
food security, reducing dependency on fossil resources).
Only measures that have net positive effects on priority
sustainability indicators are considered relevant.

Concluding remarks
The quantitative comparison of current fossil source
consumption volumes relative to agro-food production
shows that the dependence on fossil sources is enormous.
Renewable sources like wind and solar power are expected
to meet the larger part of the demand for energy, but
biomass is still expected to contribute significantly to the
demand for fuels, energy, and materials. The data show
that a transition to a ‘biobased society’ is a huge challenge.
The predicted growth in demand will further increase this
challenge. The foreseen growth in agricultural productivity
is expected to meet the growth in food demand, but in such
analyses ‘new’ demand for biobased materials, energy, and
fuels is often neglected.
Because of the large mismatch between biomass supply
and expected demand, the current linear chains, consisting
of production, consumption, and waste processing, should
be rearranged. Large ‘inefficiencies’ in agro-food production,
processing and use / consumption are related to, among other
things, livestock production, losses, ‘unused’ crop residues, and
waste management. Loss of carbon in living organisms cannot
be prevented, but carbon, nutrients, and minerals in waste
and in wasted flows can be valuable. All materials, including
‘residues’ and ‘waste’ should be considered potentially valuable
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Integrated developments are essential. For instance, when
removing crop residues (circularity 3), other stable organic
matter may be needed to sustain soil quality (circularity 1).
In summary, this paper argues that biomass can play a
significant role in a transition toward a climate-smart and
biobased society, but careful decision taking on biomass
handling in agro-food systems and recycling (including
valorization of end-of-life ‘waste’) will be essential.
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