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Executive Summary

This position paper is a contribution to the recent controversial debate
about whether food crops should be used for other applications than
IRRGDQGIHHG,WLVEDVHGRQVFLHQWL¿FHYLGHQFHDQGDLPVWRSURYLGH
a more realistic and appropriate view of the use of food-crops in biobased industries, taking a step back from the often very emotional
discussion.
Our position is that all kinds of biomass should be accepted for
industrial uses; the choice should be dependent on how sustainably
DQGHI¿FLHQWO\WKHVHELRPDVVUHVRXUFHVFDQEHSURGXFHG
2IFRXUVHZLWKDJURZLQJZRUOGSRSXODWLRQWKH¿UVWSULRULW\RI
biomass allocation is food security. The public debate mostly focuses
on the obvious direct competition for food crops between different uses:
food, feed, industrial materials and energy. However, we argue that
the crucial issue is land availability, since the cultivation of non-food
crops on arable land would reduce the potential availability of food
just as much or even more, as will be discussed below.
:HWKHUHIRUHVXJJHVWDGLIIHUHQWLDWHGDSSURDFKWR¿QGLQJWKHPRVW
suitable biomass for industrial uses.
,QD¿UVWVWHSZHPXVWDGGUHVVWKHLVVXHRIZKHWKHUWKHXVHRI
ELRPDVVIRUSXUSRVHVRWKHUWKDQIRRGFDQEHMXVWL¿HGDWDOO7KLVPHDQV
taking the availability of arable land into account. Several studies show
that some areas will remain free for other purposes than food production
HYHQDIWHUZRUOGZLGHIRRGGHPDQGKDVEHHQVDWLV¿HG7KHVHVWXGLHV
also show potential for further growth in yields and arable land areas
worldwide.
7KHVHFRQGVWHSLVWKHQWR¿QGRXWKRZEHVWWRXVHWKHVHDYDLODEOH
areas. Recent studies have shown that many food crops are more landHI¿FLHQWWKDQQRQIRRGFURSV7KLVPHDQVWKDWOHVVODQGLVUHTXLUHGIRU
the production of a certain amount of fermentable sugar for example
– which is especially crucial for biotechnology processes – than would
be needed to produce the same amount of sugar with the supposedly
“unproblematic”, second generation lignocellulosic non-food crops.
$OVRWKHORQJWLPHLPSURYHPHQWRI¿UVWJHQHUDWLRQSURFHVVFKDLQVDV
well as the food and feed uses of by-products make the utilization of
IRRGFURSVLQELREDVHGLQGXVWULHVYHU\HI¿FLHQW
Another very important aspect that argues in favour of industrial
XVHRIIRRGFURSVLVWKHÀH[LELOLW\RIFURSDOORFDWLRQLQWLPHVRIFULVHV
If a food crisis occurs, it would be possible to reallocate food crops
that were originally cultivated for industry to food uses. This is not
possible with non-food crops – they can only ensure supply security
for industrial applications.
:HWKHUHIRUHUHTXHVWWKDWSROLWLFDOPHDVXUHVVKRXOGQRWGLIIHUHQWLDWH
simply between food and non-food crops, but that criteria such as land
DYDLODELOLW\UHVRXUFHDQGODQGHI¿FLHQF\YDORUL]DWLRQRIE\SURGXFWV
and emergency food reserves are taken into account.
7KLVDOVRPHDQVWKDWUHVHDUFKLQWR¿UVWJHQHUDWLRQSURFHVVHVVKRXOG
be continued and receive fresh support from European research agendas

nova paper #2 on bio-based economy 2013-07

DQGWKDWWKHTXRWDV\VWHPIRUSURGXFLQJVXJDULQWKH(XURSHDQ8QLRQ
should be revised in order to enable increased production of these
feedstocks for industrial uses.
$QGZHDVNIRUDOHYHOSOD\LQJ¿HOGEHWZHHQLQGXVWULDOPDWHULDOXVHV
of biomass and biofuels/bioenergy in order to reduce market distortions
in the allocation of biomass for uses other than food and feed.
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Introduction & Objectives

This paper aims to make a contribution to the recent discussion about
food vs. non-food crops for industrial uses. We want a framework that
supports the use of feedstocks that are truly the most advantageous
LQWHUPVRIVXVWDLQDELOLW\DQGUHVRXUFHHI¿FLHQF\DQGKHQFHLQWHUPV
RIIRRGVHFXULW\7RGRWKLVZHQHHGWR¿QGRXWZKLFKUHDOO\DUHWKH
best biomass feedstocks for industrial uses, and in this paper we will
SURYLGH DQVZHUV WR WKLV TXHVWLRQ EDVHG RQ VFLHQWL¿F HYLGHQFH DQG
detailed logical arguments.
7KHWRSLFLVFRPSOH[DQGFRQWURYHUVLDO8QIRUWXQDWHO\SXEOLFGHEDWH
RIWHQVHWWOHVIRUWRRPDQ\VLPSOL¿HGDQGSROHPLFDODQVZHUVVXFKDV
“using food crops is bad per se”. This paper will look into the manifold
DVSHFWVWKDWLQÀXHQFHELRPDVVXVDJHDQGLWVLPSDFWRQIRRGVHFXULW\
&RQVHTXHQWO\WKHSDSHUDQDO\VHVWKHODWHVWGDWDIRUELRPDVVXVHDQG
ELRPDVVDYDLODELOLW\XQGHUWKHFXUUHQWIUDPHZRUNVJLYHVGH¿QLWLRQVIRU
crops, and estimates the huge potential for biomass use (see Sections
DQG 2QWKHEDVLVRIWKHVH¿QGLQJVZHGH¿QHRXUSRVLWLRQRQ
the use of biomass for industry (see Chapter 5) and derive policy
recommendations.

3

Biomass use in the European Union and
worldwide

With an increasing world population, ensuring food security is the
¿UVWSULRULW\RIELRPDVVXVDJH$WWKHHQGRIWKHUHZHUHDERXW
7 billion people on our planet. The global population is expected to
UHDFKPRUHWKDQELOOLRQSHRSOHE\7KLVDORQHZLOOOHDGWRD
30% increase in biomass demand. Increasing meat consumption and
higher living standards will generate additional demand for biomass.
7KH(XURSHDQ&RPPLVVLRQFDPHWRWKHFRQFOXVLRQLQ³*OREDO
SRSXODWLRQJURZWKE\LVHVWLPDWHGWROHDGWRDLQFUHDVHLQ
food demand, which includes a projected twofold increase in world
meat consumption. […] As global demand for biomass for food and
LQGXVWULDOSXUSRVHVJURZVRYHUWKHFRPLQJGHFDGHV(8DJULFXOWXUH
IRUHVWU\¿VKHULHVDQGDTXDFXOWXUHFDSDFLW\ZLOOQHHGWREHVXVWDLQDEO\
increased.“
Food and feed clearly are the supply priorities for biomass use,
IROORZHGE\ELREDVHGSURGXFWVELRIXHOVDQGELRHQHUJ\)LJXUHVKRZV
WKHXVHRIWKHELOOLRQWRQQHVRIELRPDVVKDUYHVWHGZRUOGZLGHLQ
$QLPDOIHHGSUHGRPLQDWHVZLWKDVKDUHRIZKLFKZLOO
increase even further due to increasing meat consumption. If grazing
land is taken into account as well as arable land, the share of biomass
XVHGIRUIHHGH[FHHGV VHH)LJXUH 
$OWKRXJKDJULFXOWXUDO\LHOGVFDQEHVLJQL¿FDQWO\LQFUHDVHGLQPDQ\
developing countries and arable land can still be expanded by a few
hundreds of millions of hectares worldwide without touching rainforest
RUSURWHFWHGDUHDV HYHQLQWKH(8WKHUHDUHEHWZHHQDQGPLOOLRQ
hectares arable land that are not currently in use), arable land and
ELRPDVV DUH OLPLWHG UHVRXUFHV DQG VKRXOG EH XVHG HI¿FLHQWO\ DQG
sustainably.

nova-Institute

2

Huge potential for increasing
biomass availability
As the numbers above show, the industrial
material use of biomass makes up for only
a very small share of biomass competition.
Other factors have a much greater impact on
food availability, as will be discussed below.
Due to increasing demand for food and feed
as well as bioenergy and industrial material
XVHWKHFUXFLDOTXHVWLRQLVKRZWRLQFUHDVH
the biomass production in a sustainable way.
 Increasing yields: Tremendous potential
for increasing yields in developing
countries is hampered by a lack of
investment in well-known technologies
and infrastructure, unfavourable
agricultural policies such as no access
WRFUHGLWVLQVXI¿FLHQWWUDQVPLVVLRQRI
price incentives, and poorly enforced
land rights.
 ([SDQVLRQ RI DUDEOH ODQG 6RPH 
million hectares could be added to the
FXUUHQW  ELOOLRQ KHFWDUHV ZLWKRXW
touching rainforest or protected areas.
Most estimates calculate up to 500
million hectares. These areas will
UHTXLUHDORWRILQIUDVWUXFWXUHLQYHVWPHQW
before they can be utilized. (Dauber et
DO=HGGLHVHWDO
Both aspects mean that political reforms and
huge investment in agro-technologies and
infrastructure are necessary.

Use of harvested agricultural biomass worldwide (2008)
4%

4%

Food

32 %

Animal feed
Material use
Energy use

60 %
Total biomass
ca. 10 billion tonnes

©

Notes: Shares of food an feed based on FAOSTAT; gap of animal feed
demand from grazing not included (see Krausmann et al. 2008)
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Figure 1: Worldwide allocation of harvested biomass by production target (main product) in 2008. Respective
amounts include raw materials and their by-products, even if their uses fall into different categories.

Use of agricultural biomass worldwide,
including grazing (2008)
3%

3%
23 %

Food
Animal feed
Material use
Energy use

There is also huge potential for saving
biomass and arable land:
 Reduced meat consumption would free
Total biomass
up a huge amount of arable land for
ca. 14 billion tonnes
71
%
other uses. Deriving protein from cattle
UHTXLUHVWRWLPHVWKHELRPDVVLQSXW
Notes: Shares of food an feed based on FAOSTAT; total animal feed
©
-Institute.eu | 2013
demand and calculation of grazing gap based on Krausmann et al. 2008
than protein directly obtained from wheat
or soy;
 Reducing food losses will also free
Figure 2: Worldwide allocation of biomass, including grazing, by production target (main product) in 2008.
up huge areas of arable land. Roughly
Respective amounts include raw materials and their by-products, even if their uses fall into different categories.
one-third of food produced for human
consumption is lost or wasted globally,
First, second and third generation feedstocks
DPRXQWLQJWRDERXWELOOLRQWRQQHVSHU\HDU )$2 
 ,QFUHDVLQJWKHHI¿FLHQF\RIELRPDVVSURFHVVLQJIRUDOODSSOLFDWLRQV The use of biomass to obtain different chemicals and materials is
virtually as old as mankind (e.g. birch bark pitch use dates back to
by the use of modern industrial biotechnology;
 8VLQJDOODJULFXOWXUDOE\SURGXFWVWKDWDUHQRWLQVHUWHGLQDQ\YDOXH the late Paleolithic era). It has been conducted on an industrial scale
IRURYHU\HDUV)RUH[DPSOHVWDUFKLVXVHGRQDODUJHVFDOHLQWKH
chain today. Lignocellulosic residues in particular can be used in
paper industry. Today, a wide range of chemicals, plastics, detergents,
second generation biofuels and biochemicals;
lubricants and fuels are produced from agricultural biomass, mainly
 Finally, the use of solar energy, which also takes up land, for
IXHOOLQJHOHFWULFFDUVLVDERXWWLPHVPRUHODQGHI¿FLHQWWKDQ IURP VXJDU VWDUFK SODQW RLO DQG QDWXUDO UXEEHU WKH VR FDOOHG ¿UVW
generation feedstocks. Because of their potential direct competition
using the land for biofuels for conventional cars. In addition,
with food and animal feed, politicians and scientists have in the
solar energy can be produced on non-arable land, too. Increased
last ten years introduced the idea of using lignocellulosic feedstock
use of this means of transportation would release huge areas of
DV D UDZ PDWHULDO IRU IHUPHQWDEOH VXJDUV DQG DOVR IRU JDVL¿FDWLRQ
arable land that are currently used for biofuels. This should be an
Lignocellulose means wood, short-rotation coppice such as poplar,
LPSRUWDQWSDUWRIWKHVWUDWHJ\EH\RQG &DUXV
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willow or Miscanthus, or else lignocellulosic agricultural by-products
like straw. These are the so-called second-generation feedstocks. Very
recently, more and more research is being carried out into using algae
as a feedstock; this is known as a third-generation feedstock.
Whether the use of second-generation feedstocks will have less
impact on food security is questionable and will be discussed below.
Public debate only focuses on direct competition between food crops
IRUGLIIHUHQWXVHV7KHUHIRUHRQHRIWKHPRVWFRPPRQTXHVWLRQVUDLVHG
is: “When will your company switch from food crops to secondgeneration lignocellulosic feedstock?” From our point of view this is
WKHZURQJTXHVWLRQ7KHUHDOTXHVWLRQLV³:KDWLVWKHPRVWUHVRXUFH
HI¿FLHQWDQGVXVWDLQDEOHXVHRIODQGDQGELRPDVVLQ\RXUUHJLRQ"´,W
LVQRWDTXHVWLRQRIZKHWKHUWKHFURSFDQEHXVHGIRUIRRGRUIHHGLW
LVDTXHVWLRQRIUHVRXUFHDQGODQGHI¿FLHQF\DQGVXVWDLQDELOLW\The
competition is for land. Land used for cultivating lignocellulosic
IHHGVWRFNLVQRWDYDLODEOHIRUIRRGRUIHHGSURGXFWLRQ VHH&KDSWHU 

yet of course they are at the same time supporting the second and
WKLUGJHQHUDWLRQV,QWKH86IRUH[DPSOHDQLQFUHDVHGPDQGDWHKDV
been implemented for the inclusion of corn-based ethanol fuel and
chemicals, and it was stated in advance that this would be effective
IRUWKHQH[W\HDUVDWOHDVW7KHVHIDFWRUVJLYHWKH(8¶VFRPSHWLWRUV
DFOHDU¿UVWPRYHUDGYDQWDJH
Industry needs more time to develop the right technologies for
second- and third-generation feedstock usages and therefore the
¿UVWJHQHUDWLRQIHHGVWRFNVKRXOGEHFRQVLGHUHGDVDQLPSRUWDQW
long or even everlasting bridge to the second and third generations
±LIWKHVHWXUQRXWWREHPRUHHI¿FLHQWIURPDODQGXVHSHUVSHFWLYH
in the future.

5

A differentiated approach to ﬁnding the
most suitable biomass for industry

“The Bioeconomy Strategy and its Action Plan aim to pave the way
WR D PRUH LQQRYDWLYH UHVRXUFH HI¿FLHQW DQG FRPSHWLWLYH VRFLHW\
that reconciles food security with the sustainable use of renewable
resources for industrial purposes, while ensuring environmental
protection.” (European Commission 2012)
8QGHUWKHVRFLDOFKDOOHQJH³)RRG6HFXULW\VXVWDLQDEOHDJULFXOWXUH
PDULQHDQGPDULWLPHUHVHDUFKDQGELRHFRQRP\´WKH+RUL]RQ
proposal makes the following statement about biomass use: “The aim
LVWKHSURPRWLRQRIORZFDUERQUHVRXUFHHI¿FLHQWVXVWDLQDEOHDQG
competitive European bio-based industries.” In this context, a bioEDVHGLQGXVWU\LQIUDVWUXFWXUHEDVHGRQ¿UVWJHQHUDWLRQWHFKQRORJ\
(mainly starch, sugar and oil) is not seen as an appropriate future choice
IRU(XURSH%LRUH¿QHU\SURMHFWVWKDWIRFXVRQIRRGFURSVHVSHFLDOO\
tend to be viewed more critically in Europe than elsewhere.
7KHHIIHFWRIWKLVLVWKDW(8UHVHDUFKSROLF\LVIRFXVHGRQPRELOL]LQJ
HIIRUWVWREHWKHOHDGHULQWKHGHSOR\PHQWRIELRUH¿QHULHVWKDWUHO\RQ
second-generation lignocellulosic and third-generation algae feedstock.
6HYHUDO1*2V HJ*UHHQSHDFH2[IDP ZDQWWRIUHH]H
the use of food crops, especially for biofuels, because they fear
direct competition with the food market and a severe impact on food
SULFHVDQGIRRGDYDLODELOLW\IRUWKHSRRUHVW,QWKH(XURSHDQ
Commission reacted to these demands with a proposal to decrease
WKHELRIXHOPDQGDWHVZLWKUHJDUGWRIRRGFURSVDQG,/8&LQRUGHUWR
improve the environmental impact of biofuels (European Commission
E ,QWHUQDWLRQDOFRPSDQLHVDUHDOVRVHHNLQJWRDYRLGXVLQJIRRG
crops as part of their biomass strategies and are focussing instead on
second- and third-generation feedstocks.
7RGD\PRVWRIWKHELREDVHGFKHPLFDOVDQGSODVWLFVUHO\RQ¿UVW
generation feedstock, and the technology as well as the economies of
the second and third generation have yet to really prove themselves
viable beyond subsidized cases. Recently we have seen some promising
achievements in terms of enzyme costs and performance. On the other
hand, many projects failed and a lot of companies are stopping or
delaying activities in second- and third-generation endeavours, in part
due to the low cost of conventional carbon sources (e.g. shale gas).
%\ FRQWUDVW WKH 86 %UD]LO DQG &KLQD DUH SXVKLQJ DKHDG ZLWK
WKHGHYHORSPHQWRILQGXVWULDOELRUH¿QHULHVWKDWXVHIRRGFURSVDVD
feedstock with the aim of kick-starting their bio-based industries;

7KHUHLVQREODFNDQGZKLWHDQVZHUWRWKHTXHVWLRQRIZKDWFRQVWLWXWHV
the most suitable biomass for the bio-based economy. Depending on
local conditions, it is possible that any one – or indeed several – of
food crops, lignocellulosic crops or algae are favourable in terms of
sustainability, food security, environmental impacts and economy.
2QHLPSRUWDQWIDFWRULQÀXHQFLQJWKHVHLPSDFWVLVWKHXVHRIE\
products. If food crop or agricultural waste by-products are available
and not already used in other processes, these second-generation
feedstocks are expected to have the lowest impact and to be the most
favourable. But there is limited availability of by-products that are
QRWDOUHDG\LQXVH )15 DQGWKHSURFHVVHVIRUXWLOL]LQJWKHP
are not yet established.
So if arable land is planted with short-rotation coppice such as poplar
or willow, Miscanthus or other high-yield grasses instead, we are not
PXFKFORVHUWRDQVZHULQJWKHTXHVWLRQDERXWWKHGLIIHULQJDGYHUVH
impact of either food or lignocellulosic crops. Land-use and resource
HI¿FLHQF\±RYHUWKHZKROHSURFHVVFKDLQRIELRPDVVXVH±QHHGWREH
taken into consideration.
When politicians and industry reacted to public debate during
the 2008 food crisis, they gave too simplistic an answer to the
SRWHQWLDOIRRGYHUVXVLQGXVWU\FRQÀLFWFRQFOXGLQJWKDWLQGXVWU\
should switch to non-food crops as soon as possible.
From our point of view, the question of food versus non-food
FURSVIRULQGXVWU\LVLQLWVHOIRYHUVLPSOL¿HGDVZHOODVPLVOHDGLQJ
7KH UHDO TXHVWLRQV DQG FRQÀLFWV DUH GLIIHUHQW VLQFH ERWK XVHV
FRPSHWHIRUODQG:KLFKFURSVXVHWKHODQGPRVWHI¿FLHQWO\DQG
sustainably?
This means that any appropriate answer would include asking
whether there are free agricultural areas left in the country or region that
are not necessary for food and animal feed production, domestic use
or export. In most countries and regions, arable land remains available
to potentially produce biomass for industrial uses, whether material,
HQHUJ\RUERWK,QWKLVFDVHWKHUHDOTXHVWLRQLV³+RZFDQZHXVH
these free areas as a sustainable feedstock for industry with the highest
UHVRXUFHDQGODQGHI¿FLHQF\WKHKLJKHVWSRVVLEOHOHYHORIFOLPDWHDQG
environmental protection, and the lowest competition with food?”
'HSHQGLQJRQORFDOFRQGLWLRQVIRRGFURSVFDQIXO¿OWKHVHFULWHULDMXVW
as well as non-food crops, and this will remain the case in the future.
In some cases, they may even score higher in these categories. So the
dogma of “no food crops for industry” can lead to a misallocation or
underutilization of agricultural resources, i.e. land and biomass. We
provide some background information on food crops below.

1 Note: This paper does not distinguish between food and feed crops, since animal feed
is simply a precursor to food uses.

2$YDLODELOLW\GHSHQGVRQPDUNHWGHPDQGDQGLVLQÀXHQFHGE\LQFHQWLYHVFKHPHV$V
a general rule, by-products currently used as feed or as feedstock for industry are not
DYDLODEOHIRURWKHUSXUSRVHVLQWKHIRUHVHHDEOHIXWXUH±VHHDOVR&KDSWHU

4

Current frameworks for the industrial
use of biomass
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Facts about food and non-food crops

This section provides some basic facts about
the different uses of food and non-food crops
that are often overlooked in public debate.
It will look at the utilization of by-products,
UHVRXUFH HI¿FLHQF\ DQG WKH ÀH[LELOLW\ RI
potential uses.

Crop

Carbohydrates
%

Use

Sugar beet

65 – 70 % Industrial

Sugar cane

30 % Industrial

Wheat

60 % Industrial

Oils
%

Proteins
Use

%

Use

5 – 7 % Feed

Fibres (lignoce llulosic)
%

Use

5 – 7 % Feed
Industrial –
60 % 2nd
Generation

10 % Feed, Food

30 % Feed, Food

How are food crops utilized for
Corn
75 % Industrial
5 % Food
15 % Feed
5 % Feed
industrial material use today?
Feed, Food
Typically, all parts of a food crop such as
(soy milk and tofu from
Soy
20 % Industrial
Proteins and Fibres 80 %
extracted proteins)
VXJDUVWDUFKRLOSURWHLQVDQG¿EUHVDUHXVHG
Rapeseed/
LQDZLGHUDQJHRIDSSOLFDWLRQV%LRUH¿QHULHV
40 % Industrial
Proteins and Fibres 60 %
Feed
Canola
for food crops have existed for many years.
%LRUH¿QHULHVFRQYHUWDOOSDUWVRIDKDUYHVWHG Table 1: Valorization of components of food crops used in industry. This considers only the special case of
when all carbohydrates (sugar beet, sugar cane, wheat and corn) or oils (soy and canola) are used for industrial
crop into food, feed, materials and energy/
material use only, their by-products being subsequently used for food and feed.4
fuel, maximizing the total value. If this
Sources: Kamm et al. 2006; IEA Bioenergy, Task 42 Bioreﬁnery 2012: Country Reports.
maximum output value were not attained,
the prices of the food and feed parts would
go up.
For example, using sugar, starch or oil
Valorization of components of industrially used food crops
for bio-based chemicals, plastics or fuel
leaves plant-based proteins, which are an
important feedstock for the food and animal
100 %
Food/feed
feed industry. At present, the world is mainly
90 %
Industrial use
short of protein3 and not of carbohydrates such
80 %
as sugar and starch. This means that there is
70 %
no real competition with food uses, since the
60
%
YDOXDEOHSDUWRIWKHIRRGFURSVVWLOOÀRZVLQWR
50
%
food and feed uses.
7DEOHDQG)LJXUHEHORZJLYHDQRYHUYLHZ
40 %
of the valorization of processed fractions of
30 %
crops, if the main use is material use, dry
20 %
matter only. The percentage is related to
10 %
grain or fruit only; additional (lignocellulosic)
0%
¿EUHVIURPVWUDZOHDYHVHWFDUHQRWWDNHQ
Sugar
Sugar
Wheat
Corn
Soy Rape seed/
beet
cane
canola
into account.
Notes: Shares of food an feed based on FAOSTAT; gap of animal feed
For oil crops, the protein-rich press cake
©
-Institute.eu | 2013
demand from grazing not included (see Krausmann et al. 2008)
often constitutes a much larger share of the
harvested biomass than the plant oil used for
Figure 3: Valorization of components of food crops used in industry. This considers only the special case of
oleochemistry. Starch crops have protein-rich
when all carbohydrates (sugar beet, sugar cane, wheat and corn) or oils (soy and canola) are used for industrial
by-products such as vital wheat gluten or corn
material use only, their by-products being subsequently used for food and feed.4
gluten, which play an important role in human
nutrition or in the animal feed industry. The protein fraction and the
Resource efficiency
¿EUHULFKIUDFWLRQDUHDOZD\VXVHGLQWKHIRRGDQGIHHGLQGXVWULHV Food crops have been cultivated for a couple of thousand years. They
due to their high value in these markets, even in cases where the
ZHUHWKH¿UVWFXOWLYDWHGSODQWVDQGWKHUHKDYHEHHQODUJHLPSURYHPHQWV
carbohydrates are used completely for chemicals.
in yield per area. Furthermore, the use of sugar, starch and oil is well
established in the food, feed and chemical industries. The processes
Hence, an increase in the use of food crops for industrial applications
have been optimized and commercialized for decades – but advanced
increases local protein production for animal feed, replacing imported
ELRWHFKQRORJ\FDQQHYHUWKHOHVVOHDGWRIXUWKHUHI¿FLHQF\JDLQV
soy proteins. Also, from an animal nutrition perspective, it is better
IRUJURZWKWRIHHGWKHSURWHLQDQG¿EUHIUDFWLRQVHSDUDWHO\DQGQRW
In terms of fermentable sugar yields per hectare, sugar cane
the whole grain.
DQGVXJDUEHHWLQSDUWLFXODUFDQEHPRUHUHVRXUFHHI¿FLHQWWKDQ
second-generation lignocellulosic crops. A recent publication by
3 Even Europe is a net importer of plant proteins from North and South America. Local
%RVHWDOVKRZVWKDWWKHODQGXVHSHUWRQQHRIELREDVHG3/$
production of industrial crops, generating protein by-products, would decrease these
bio-based PE and bioethanol is lower for sugar beet and sugar cane
protein imports (and correlated land).
47DEOHDQG)LJXUHGRQRWJLYHDQRYHUYLHZRIDFWXDOFXUUHQWXVHRIIRRGFURSV
than for the lignocellulosic perennial crop Miscanthus, see Figure 4.
but only the special case when carbohydrates or oil are used exclusively for industrial
$OVRDYRLGDQFHRIQRQUHQHZDEOHHQHUJ\XVH 15(8 IRUWKHYDULRXV
PDWHULDOXVH7KHUHDOLW\LVVRPHZKDWGLIIHUHQW  0RVWRI%UD]LO¶VPLOOVFDQSURGXFH
bio-based products compared to their fossil-fuel-based counterparts is
both ethanol and sugar, but the amount of each product varies according to market
FRQGLWLRQV7KHUHJXODUPL[LVHWKDQRODQGVXJDU  :LWKRQHUDZPDWHULDO
greatest for sugar cane, sugar beet, followed by maize, Miscanthus and
the European starch industry serves different application sectors – confectionary and
wheat. Therefore sugar cane and sugar beet have the highest land-use
drinks, processed foods, feed, paper and corrugating, pharmaceuticals, chemicals/
polymers and biofuels – in an integrated, continuous and balanced manner.
nova paper #2 on bio-based economy 2013-07
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Flexible application of food crops –
emergency food reserve
Average carbohydrate yield of different feedstocks
One aspect that is rarely mentioned for some
reason is that food crops for industry can
Feedstocks:
corn
corn
sugar beet
sugar
also serve as an emergency reserve of food
global
USA corn
EU
beet NL
food crops
and feed supply, whereas second-generation
NL
rice
wheat
wheat
sugar cane
sugar cane
lignocellulose cannot be used in the same
SEA
EU
NL
Brazil
Brazil
way. This means that food security can
wheatstraw
bagasse
by-products/
EU
Brazil
be assured through the extended use
palmfruit
residues of
bunches
food crops
corncobs
of food crops. In a food crisis, sugar cane
USA
%UD]LO DQGFRUQ 86 IRUH[DPSOHFDQEH
immediately redirected to the food and feed
non-food crops
switch
miscanthus
(lignocellulosic)
market. This is especially possible with crop
grass
NL
YDULHWLHVFHUWL¿HGIRUIRRGDQGIHHG
7KLVDOUHDG\RFFXUUHGLQ%UD]LOLQYLDD
2
4
6
8
10
12
0
Annual carbohydrate yield ton/ha
ÀH[LEOHELRHWKDQROTXRWDZKHUHE\WKHTXRWDLV
de Bie,
Bos et al.
2012
2012
reduced if there is demand for food or feed. This
NLQGRIÀH[LEOHTXRWDFDQEHXVHGWRVWDELOL]H
Notes: Shares of food an feed based on FAOSTAT; gap of animal feed
©
-Institute.eu | 2013
demand from grazing not included (see Krausmann et al. 2008)
market prices for food and feed. In contrast, a
¿[HGTXRWDOLNHWKHRQHRSHUDWLQJLQWKH(8
Figure 4: Annual carbohydrate yield per hectare for different feedstocks. (nova 2013, based on de Bie 2013 &
DQGWKH86WHQGVWRGHVWDELOL]HPDUNHWSULFHV
Bos et al. 2012)
By contrast, lignocellulosic crops such as
HI¿FLHQF\LQWHUPVRIWKHDPRXQWRISURGXFWSHUDUHDDVZHOODVWKH short-rotation coppice (SRC) only provide industrial supply security.
SRC cultivation takes up land that cannot then be used for food and
smallest CO footprint.
6LPLODUUHVXOWVZHUHSUHVHQWHGE\GH%LHVHH)LJXUH7KH IHHGSURGXFWLRQ,QDIRRGFULVLVWKHELRPDVV\LHOGIURP65&¿HOGV
cannot be used for food and feed, thereby maintaining the pressure on
annual carbohydrate yield in tonnes/ha is highest for sugar beet in the
(8 ! IROORZHGE\VXJDUFDQHLQ%UD]LO  EDJDVVHLQ%UD]LO   the food and feed markets. The SRC-based lignocellulosic biomass
can only feed the industry, even during a food crisis. Land is often
FRUQ 86± VZLWFKJUDVV 86 DQGZKHDW (8± 
blocked for a relatively long period of time.
These results are not very surprising. Starch, sugar and plant oils are
First-generation crops also have the potential to give the farmer more
used by the crops as energy storage for solar energy, and easy to utilize
again. In contrast, lignocellulose gives the crop a functional structure,
ÀH[LELOLW\LQWHUPVRIKLVFURS¶VHQGXVH,IWKHPDUNHWLVDOUHDG\VDWXUDWHG
but is not built to store energy. This functional structure is built to last
with food exports of a crop, this allows the crop to be diverted towards
DQGSURWHFWWKHSODQWVIURPPLFURRUJDQLVPV2QO\VSHFL¿FHQ]\PHV industrial use. The reverse is also true when there is a food shortage.
(plus energy) are able to saccharify the lignocellulosic structure and
The same cannot be said of non-food crops with single, industrial use.
WUDQVIRUPLWLQWRIHUPHQWDEOHVXJDUV$OWKRXJKWHUUL¿FLPSURYHPHQWV
If the industry is forced to only use non-food crops, this will lead
KDYHEHHQDFKLHYHGLQWKLV¿HOGRYHUWKHODVWWZRGHFDGHVWKHSULFH to more land use for non-food crops, which would in fact induce an
RI WKH HQ]\PDWLF FRFNWDLO DQG LWV HI¿FLHQF\ DUH DORQJVLGH FDSLWDO DUWL¿FLDOVFDUFLW\RIODQGIRUIRRGFURSV*URZLQJIRRGFURSV±RQ
UHTXLUHPHQWVVWLOOWKHELJJHVWREVWDFOHWRWKLVVWUDWHJ\
land that is currently either not at all or not properly in use – will
$VDUHVXOWOLJQRFHOOXORVLFELRPDVVLVGH¿QLWHO\QRWWKHEHVWRSWLRQ however increase the global availability of these crops, increase the
for fermentation processes, because the conversion of lignocellulose
market volume and thus reduce the risk of speculation peaks as well
as shortages in certain parts of the world.
into fermentable sugars is energy-intensive and the technology for
using lignin is still in its infancy.
It is often argued that utilizing lignocellulose will not take up any land, as
ORQJDVRQO\E\SURGXFWVDUHXVHGDQGQRVSHFL¿HGFXOWLYDWLRQIRULQGXVWULDO
purposes takes place. However, the potential availability of lignocellulosic
Impacts of short-rotation coppice (SRC) on
by-products that are not already valorized in other applications is
greenhouse-gas balances
severely limited and cannot form the basis for an entire industry.
A recent study on the impact of increased SRC cultivation on
ground-level ozone shows once again that the choice of the most
Therefore, growing more food crops for
VXLWDEOHELRPDVVIRULQGXVWULDOXVHVLVFRPSOH[DQGLQÀXHQFHG
industry creates a quintuple win situation:
by many different factors.
According to the researchers, fast-growing trees such as
 The farmer wins, since he has more options for selling his
eucalyptus, poplar and willow evaporate more isoprene than
stock and therefore more economic security;
 7KHHQYLURQPHQWZLQVGXHWRJUHDWHUUHVRXUFHHI¿FLHQF\
traditional food crops. In combination with nitric oxide, this gas
of food crops and the smaller area of land used;
produces ground-level ozone. Extensive SRC cultivation would
 )RRGVHFXULW\ZLQVGXHWRÀH[LEOHDOORFDWLRQRIIRRGFURSV
therefore lead to an increase in ground-level ozone concentrations,
which would have negative impacts on human mortality and crop
in times of crisis;
yields.
 Feed security also wins due to the high value of the
The study highlights the need to consider more than simple
protein-rich by-products of food crops;
 Market stability wins due to increased global availability
carbon budgets or food vs. non-food arguments when deciding
ZKLFKIHHGVWRFNVWRFXOWLYDWH $VKZRUWKHWDO
of food crops, which will reduce the risk of shortages and
speculation peaks.
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Internal origin

attributes of the biomass

SWOT ANALYSIS: Food Crops for Industry
Helpful

Harmful

to achieving the objective

to achieving the objective
 Direct competition to food and feed market

 Established logistic and processes (varieties,
cultivation, harvest, storage, quality control)
 Sugar cane and beet: Highest yields of
fermentable sugar per ha (high land efﬁciency)
 Positive GHG balance and low non-renewable
resource depletion, high resource efﬁciency
 Protein rich by-product press cake or DDGS
(Dried Distillers Grains with Solubles) for feed

 Sensitive to drought and dry winter freeze

 Lower production costs than sugars from
lignocellulose

External origin

 Easy to use for biotech processes
attributes of the environment

 High volatility of the raw material prices
 Decreasing production would cause shortages
on animal feed markets

STRENGTHS

©

 Price level directly linked to food and feed
prices; high prices during food crisis

WEAKNESSES
 Under high pressure from public, NGOs and
politicians: Claimed impact on food prices and
food shortages

 Fast implementation and growth of the Biobased Economy; required technology is state
of the art

 Simple strong and populistic messages like
“No Food Crops for Industry”

 Food security only possible with a globally
growing volume of food crops: Emergency
reserves & market stabilization; (partial
substitution with non-food crops would lead
to artiﬁcial shortage)

 During food crisis: High prices and no secure
supply for the industry
 Insecure political framework; very complex
EU legislation concerning speciﬁc food crops
(e.g. sugar)

 Economic security for the farmer due to
more choices of selling his stock

OPPORTUNITIES

THREATS

-Institute.eu | 2013

Figure 5: SWOT Analysis of food crop use for industry (nova 2013)
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Level playing ﬁeld for industrial material
use and bioenergy/biofuels

$VVKRZQLQ&KDSWHUWKHUHDUHVHYHUDOIDFWRUVLQÀXHQFLQJRYHUDOO
biomass availability. However, allocation of biomass to the different
VHFWRUV DOVR SOD\V DQ LPSRUWDQW UROH 7KH ¿UVW SULRULW\ VKRXOG
always be food security, but after that the allocation of feedstocks
between energy and material uses should be based on criteria such
as the availability of possible substitutes, environmental friendliness,
climate protection, added value, employment and innovation.
Bioenergy and biofuels receive strong on-going support for
FRPPHUFLDO SURGXFWLRQ TXRWDV WD[ LQFHQWLYHV JUHHQ HOHFWULFLW\
regulations and more). By contrast, however, there is currently no
similar, comprehensive European policy framework in place to support
bio-based materials and products. Without comparable support, biobased materials and products will further suffer from underinvestment
from the private sector. Current policy leads to market distortion
regarding feedstock availability and allocation, which increases the
price for land and biomass.

nova paper #2 on bio-based economy 2013-07

There are several good reasons for differentiating between industrial
material use of biomass as opposed to bioenergy and biofuels and for
preferring the use of the limited biomass for materials over the use of
biomass for bioenergy and biofuels:
 The industrial material use of biomass leads to a much higher
turnover, added value and employment per tonne (and also per
hectare) along the long added value chain. Estimations show that
WKLVFDQEHWRWLPHVKLJKHUWKDQIRUELRHQHUJ\DQGELRIXHOV
 Bio-based materials and products show greater land and resource
HI¿FLHQF\WKDQELRHQHUJ\DQGELRIXHOVHVSHFLDOO\LIUHF\FOLQJ
and cascading utilization are realized, with energy recovery as
an end-of-life option;
 Bio-based materials and products serve as a carbon sink during
their lifespan in contrast to biomass for energy and fuel, which
rerelease the carbon immediately during their use phase and/
or end of life. More bio-based durable goods from industrial
use in particular will allow carbon to be captured and stored
during the critical period of climate change over the coming
decades;
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 Bio-based materials and products cannot be as easily replaced
by other renewables as bioenergy/biofuels can be by solar and
wind power;
 Due to their higher added value, bio-based materials and products
QHHGOHVV¿QDQFLDOVXSSRUWWKDQELRHQHUJ\ELRIXHOV±RUHYHQ
QRVSHFL¿FVXSSRUWDWDOOLIPDUNHWGLVWRUWLRQIURPXQEDODQFHG
support for bioenergy and biofuels is reduced;
 In total, industrial material use of biomass makes less demand
on resources than energy and fuels, so the potential pressure on
land and biomass is lower. Furthermore, much higher bio-based
VKDUHVFDQEHUHDFKHGLQWKHVSHFL¿FPDWHULDODSSOLFDWLRQVHFWRUV
than in the energy and fuel sectors.
A new political-economic framework is needed to rebalance the
¿QDQFLDOVXSSRUWIRUHQHUJ\DQGLQGXVWULDOPDWHULDOXVHRIELRPDVV
Whatever the application, this new framework should be linked to
FOLPDWHSURWHFWLRQUHVRXUFHHI¿FLHQF\HPSOR\PHQWDQGLQQRYDWLRQ
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Impacts on policy – what are we asking for?

All kinds of biomass should be accepted as feedstock for the
bio-based economy. This should be mirrored in public debate
DQG SHUFHSWLRQ DV ZHOO DV LQ VSHFL¿F SROLWLFDO PHDVXUHV Potential
SROLWLFDO DQG ¿QDQFLDO PHDVXUHV VKRXOG RQO\ EH EDVHG RQ
KLJKHU UHVRXUFH DQG ODQG HI¿FLHQF\ VXVWDLQDELOLW\ DQG D ORZHU
environmental footprint of the biomass and the lowest possible
level of competition with food. First, second or third generation
biomass itself should not be taken as the sole acceptance criterion,
but nor should it be ignored.
The acceptable biomass must of course also meet established
international sustainability standards (as it must to be eligible for
WKH5('TXRWDV FRYHULQJVXVWDLQDEOHODQGXVHQDWXUDOELRVSKHUH
protection and social sustainability. The criteria discussed in this paper
VXFKDVUHVRXUFHDQGODQGHI¿FLHQF\DORZHUHQYLURQPHQWDOIRRWSULQW
and the lowest possible competition with food should be integrated

nova-Institute was granted funding by the following associations
and companies to support on-going projects and research on food
crops for industrial use:
 AAF – European Starch Industry Association, Brussels
 Clever Consult BVBA, Belgium
3. European Bioplastics e.V., Berlin
4. 1DWXUH:RUNV//&86$
5. Novamont S.p.A., Italy
 Pfeifer & Langen GmbH & Co. KG, Germany
7. Corbion (formerly Purac), The Netherlands
 5RTXHWWH)UqUHV6$)UDQFH
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LQWRXSGDWHGVXVWDLQDELOLW\FHUWL¿FDWLRQVFKHPHV
The following Figure 5 sums up the advantages and disadvantages
of increased industrial use of food crops discussed above. It shows that
food security is higher with a global increase of food crop production,
VLQFHUHVRXUFHHI¿FLHQF\LVKLJKHUODQGXVHLVUHGXFHGDQGWKHÀH[LELOLW\
of crop allocation in times of crises is greater.
(XURSHDQUHVHDUFKDJHQGDVVKRXOGDJDLQVXSSRUW¿UVWJHQHUDWLRQ
processing lines for bio-based chemistry and materials to improve
UHVRXUFHHI¿FLHQF\DQGVXVWDLQDELOLW\DQGHVSHFLDOO\WR¿QGWKHEHVW
applications for all parts of the crop in the food, feed, materials and
energy sectors. This improvement should not be limited to second- and
third-generation feedstocks.
Research should also identify the most resource- and landHI¿FLHQW FURSV DQG SURGXFWLRQ SDWKZD\V IRU VSHFL¿F UHJLRQDO
conditions and applications.
Increase the European production of sugar for industry via a
reform of the existing quota systems. Sugar beet in particular can
be a very attractive feedstock for the European chemical industry –
without any negative impact on the food and feed sector. Increasing
yields are currently leading to decreasing areas under cultivation with
sugar beet in some member states.
,PSOHPHQWDOHYHOSOD\LQJ¿HOGEHWZHHQLQGXVWULDOPDWHULDOXVH
and biofuels/bioenergy. Today, European policy only provides
VLJQL¿FDQW VXSSRUW IRU ELRIXHOV DQG ELRHQHUJ\ HYHQ WKRXJK FULWHULD
such as environmental friendliness, climate protection, the availability
of possible substitutes, added value, employment and innovation
speak in favour of supporting the industrial material use of biomass.
The region in the world which will optimize and balance the
VXSSRUWRIWKHXVHRIELRPDVVIRUHQHUJ\DQGPDWHULDO¿UVWZLOO
SUR¿W IURP D FRQVLGHUDEOH JURZWK LQYHVWPHQWV JUHHQ MREV
LQQRYDWLRQLQFUHDVHGUHVRXUFHHI¿FLHQF\DQGDGGLWLRQDOFOLPDWH
SURWHFWLRQ«/LPLWHGELRPDVVVKRXOGEHXVHGPRVWHI¿FLHQWO\
Do more value added and create more employment – with less
biomass: Bio-based Products &DUXVHWDO

nova papers on bio-based economy
nova paper #1: Level Playing Field for Bio-based Chemistry
DQG0DWHULDOV
nova paper #2: Food or non-food: Which agricultural feedstocks
DUHEHVWIRULQGXVWULDOXVHV"
Download at: www.bio-based.eu/policy/en
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