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1 Introduction

In the Crops2Industry (in short: C2I) project, Work Package 5 (WP5) aims to

assess the sustainability impacts of selected RRM production systems and to
identify a ‘core’ list of standards and criteria for the environmental and socio-

economic sustainability of selected non-food crops used for biomaterials in a
global and country-specific perspectivel.

Although sustainability involves economic, environmental and social issues,
the work in WP5 focuses on environmental and social challenges, as the eco-
nomics of bioenergy and biomaterials are issues of markets and governmental
support, and the economic aspects are addressed in WP4.

As part of the WP5 work, both barriers and opportunities of non-food produc-

tion systems are of interest, and a key task is to identify challenges and con-

flict areas for non-food crops. This deliverable presents the relevant results of
the latter.

Non-food crops in the C2I project are the following:
¢ Oil crops such as rapeseed, sunflower and linseed
e fiber crops such as flax, hemp, and kenaf
e carbohydrate crops such as maize, potato, and sweet sorghum

e specialty crops such as American cornflower, peppermint, and
calendula.

Each of these crop groups has specific challenges and conflicts, but there are
also generic issues which are covered in this report.

The work for this report was able to take into account preliminary results from
the C2I WP 1 and 6, and also first results from WP 5.1 and 5.2. Furthermore,
the authors were fortunate to make use of internal results from other projects
on the national level.

1 Research on the sustainability of non-food crops systems is quite young, so that few studies and
very few empirical data are available. In the EU, most of existing data comes from Northern and
Central European countries, while the semi-arid or arid climates in Southern European countries re-
strict the application of results from “Northern” countries which have different soils and climates and
use different farming systems.
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2 ldentification of challenges: barriers for and opportunities
of non-food crops

The C2I project defines “challenges” as both barriers to be overcome, and
opportunities to be used in order to further the sustainable use of non-food
crops in the EU27.

Crops provide renewable materials which can substitute fossil or mineral re-
sources. Furthermore, they can benefit the environment by reducing green-
house gas (GHG) emissions, cutting waste, improve economic competitive-
ness of industry through development of new markets and products, and can
produce social benefits by stimulating rural communities through establish-
ment of local industries, and revenue. Nevertheless, these potentials need
linking between science, agriculture and industry to overcome several barri-
ers.

2.1 Barriers: What hampers the development of non-food crops?

2.1.1 Competition with fossil-based products and value chains

The potential of the bio-economy extends well beyond bioenergy: about 10%
of fossil oil is used for chemical production and the remainder for fuel and en-
ergy, but the economic value of food and bio-chemicals is approximately
equal. A long-term and sustainable market can be envisaged for technologies
producing bio-based chemicals, building and fiber materials and pharmaceuti-
cals from plant-based feedstocks which will supplement the demand for bio-
energy, and biofuels for transport (Langeveld 2010).

Still, the existing fossil-based material products such as plastics made from
fossil crude oil and e.g. energy-intense mineral-based thermal insulation ma-
terials are in competition to new bio-based products delivering similar ser-
vices. An important challenge for the acceptance of bio-based products is not
only that they have at least similar — and often superior - characteristics in
terms of e.g. degradability, GHG emissions, and water pollution, but also to
what extend their full supply chains can perform similar to the existing non-
bio-based ones.

The bio-based development potential, which basically combines global (mar-
ket, technology) perspectives with local (land, crops, farming systems) re-
sources and conditions depends on the availability of resources, and ade-
quate infrastructures (Langeveld 2010).

The potential for the production of chemicals, lubricants and other bio-based
products in terms of the size of (potential) bio-based markets is showing large
variations. Highest market volumes are reported for polymers, solvents and
surfactants; highest prices for pharmaceutical ingredients, enzymes and spe-
cialties such as solvents and surfactants (Langeveld 2010).
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Although the sector of industrial material use of renewable raw material
(RRM) is - including wood - still larger than the bio-energy sector, the non-
wood shares are rather small, and “new” products made from RRM such as
polymers and solvents gain only slowly in market acceptance.

Thus, restrictions in realizing the market potentials for RRM must be seen in
the comparatively low development of current supply chains for high-value
non-wood RRM, and their downstream processing, including logistics (EC
2009).

This barrier is a bootstrap-type problem: As long as RMM value chains are not
developed similar to their competitors, their business-to-business (not cus-
tomer!) acceptance will be restricted to niche applications where their perfor-
mance is superior, and their specific costs outside of those niches will remain
high, as technology learning and economies of scale depend on increasing
markets (EuropaBio 2010).

2.1.2 Regulatory aspects of non-food value chains

Bio-based materials are in competition not only on the product side, but also
for their feedstocks which can be used for bioenergy instead. There is current-
ly no European policy framework to support bio-based materials, while exist-
ing polities and regulation create higher attraction for using RRM feedstocks
for energy uses. High subsidies for energy crops lead to high biomass and
land prices that make industrial material use less attractive.

Besides direct support policies for bioenergy and biofuel use, also the current
set-up of the European Emission Trading (ETS) system further favors RRM
use for energy, as this system treats all bioenergy as carbon neutral, and re-
spective CO; credits can be generated from RRM when used in energy facili-
ties regulated under the ETS. Non-energy use of RRM is not eligible under the
ETS, though.

As can be seen from that brief summary, a new political-economic framework
is needed to rebalance the financial support for energy and industrial material
use for biomass (Carus 2011). Unless such a new framework is in place, the
market development of material use of RRM in order to provide enough feed-
stock for the growing bio-based economy, green chemistry and bio-based
plastics production will be significantly hampered. This new framework should
be linked to the aims to the EU Commission and the Parliament including cli-
mate protection, resource efficiency, employment and innovation (CC 2010).

2.1.3 Imports versus domestic supply?

In principle, the supply chains of bio-based products can be organized locally
or regionally, but global trade in RRM could stimulate exports from developing
countries where RRM potentials are comparatively high.

Still, bio-based value chains require investments in both logistics for large vol-
umes of RRM, and downstream processing into high value-added products.
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Developing markets for RRM products needs infrastructure and human capital
which is often lacking in developing countries. On the other hand, many de-
veloping countries have comparative advantages such as low land and labor
costs (SEI 2005).

Thus, the origin of RRM feedstocks will be subject to competition similar to
agricultural commaodities and imports of such feedstocks to Europe and their
“domestic” further processing to higher-value products seems to be at least a
partial answer to the further developing of bio-based products.

A bio-based economy that contributes to sustainable development goals re-
quires that feedstock production integrates into existing cropping and farming
systems, and uses sustainable production practices both in developed and in
developing countries.

While the principle technical potentials of bio-based production systems are
quite well defined, their integration in land use systems must be treated with
care especially in regions lacking formal protection of land rights (see Section
3.2). Such a development requires innovation frameworks not focusing on
fixed technological development but with a more process oriented setup
(Langeveld 2010).

2.2 Opportunities of non-food crops
2.2.1 Domestic production and innovative technologies

From a macroeconomic viewpoint, the material use of RRM has advantages:
An increasing material use combined with cascading utilization would enable
energy uses to be served from the same biomass resource base with addi-
tional benefits for resource use, area related output, climate benefits and sus-
tained added-value (PERI 2011).

The area of biofuels is likely to offer increasing opportunities due to rising
prices of oil and the growing policy support in order to combat climate change.

One of the major strengths in Europe is the presence of a strong chemicals
industry which is an important driver for the development of bio-based prod-
ucts, as many companies aim to diversify their feedstock supply — as has
been shown for e.g. Germany (IAP 2010; Loick 2010; Luther 2010; Vorlop
2010), especially for the fermentation industry (ECO 2011).

Another factor is that the variety of cultivated crops in Europe is still rather
diverse (including cereals, linseed, potato, sugar beet, etc.) and significant
opportunities exist in Eastern Europe in terms of abandoned arable land and
residues.

The US, on the other hand, will lead the market in producing 1% and 2™ gen-
eration ethanol, and, with a large share of the production of corn and soy, will
likely maintain its lead in the production of ligno-cellulosic bio-based materials.
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In countries such as Brazil, the large production of sugar cane and the com-
mercialization of bio-renewable carbon sources will be accelerated by the de-
velopment of bio-refineries producing not only bioethanol, but also bio-based
plastics.

GlZ (2011) assumes that the expected impact of the promotion of the use of
RRM for non-energy use on the world agricultural markets is limited, but the
additional demand for will increase the prices for agricultural goods.

Taken those dynamics into account, the market for RRM must be distin-
guished into two areas:

e There are markets where RRM are already in large demand, especially
the paper, rubber, fiber and textile industries. It is expected that until
2020, these markets will show growth similar to the previous years (GIZ
2011).

e The market for new RRM applications such as bio-plastics has a very
high growth potential. The bio-based materials will compete with exist-
ing fossil fuel alternatives and depending on the development of oil and
natural gas prices, a low feedstock cost might be the only incentive for
the use of RRM (GIZ 2011).

Non-food-crops such as non-edible oil plants for material use occupy a niche
with relatively small trade volumes. Only a few countries dominate the market,
but for producing countries the product is usually an important economic fac-
tor. For edible oils, Indonesia and Malaysia have driven the expansion of oll
palm cultivation, and Argentina and Brazil, together with the US, dominate the
soybean oil market.

India currently dominates the market for castor oil: 80% of the production
takes place in intensive irrigated cultivation with high input. The rest comes
from rain-fed agriculture on marginal and degraded land. Castor itself is not in
competition with food crops. Brazil introduced a “social” seal for castor oil pro-
duction for biodiesel, not for biomaterials.

Although Europe plays a leading role in research on bio-based products, it is
less successful in converting the science-based findings into commercially
valuable products.

This is why a so-called demand-based innovation policy war developed: The
Lead Market Initiative of the European Commission aims at fostering the
emergence of markets with potentially high economic and societal value. It
identified six lead market areas to serve as pilot markets for the approach and
for the implementation of their action plans.

The initiative promotes and stimulates innovation by strengthening the de-
mand base which in turn should enable enterprises to gain a better return on
their innovation efforts. One of the areas selected by the Commission is the
area of the bio-based products (CC 2010).
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According to the initiative, major opportunities for Europe are

e The presence of a highly developed chemical industry which is an im-
portant driver for bio-based products (EC 2009)

e The strong biotechnological and chemistry base in science and industry
(EuropaBio 2010; ECO 2011)

e The high diversity of crop cultivation with opportunities to opening-up
regional trade with Eastern Europe

The commercialization of biogenic carbon will be accelerated by the develop-
ment of biorefineries producing bioenergy, biofuels, and bio-based products
(STAR-COLIBRI 2011a+b; Vorlop 2010; WWF 2009).

Still, land use for RRM feedstock production will be a key issue to be consid-
ered (see Section 3).

2.2.2 Environmental opportunities

The use of bio-based materials is not a “new” concept — it has been discussed
and partially implemented already in the late 1970ies, following the first oil-
price “crisis”, and reappears every decade since then (Anex 2004). Since the
early 2000s, though, the concept is researched in more detail regarding its
potential for environmental benefits, especially possible greenhouse-gas
(GHG) emission reductions (e.g., Dornburg/Lewandowski/Patel 2004; Cun-
ningham et al. 2004; PE 2006; Garrain/Vidal 2007).

There are several opportunities for environmental improvements compared to
fossil-based products:

e When grown on land not in competition with other agricultural products,
or when using organic residues and wastes, the GHG balance of bio-
based materials is typically 50% or less, compared to fossil oil products
(Groot/Borén 2010; IFEU 2011; WWF/Novozyme 2009)2. On average
across all product lines, RMM uses can deliver a GHG saving of 5 - 10
t COzeg/hal/a, and if the potential for cascading utilization is included, a
reduction of 10 - 20 t COzeg/ha/a seems possible (nova 2010).

e Using intercropping, i.e. phasing RRM cultures into the normal agricul-
tural rotation, biomass feedstocks can be produces without land-use
competition. Such integrated cropping cycles can contribute to greater
habitat diversity, and reduce soil erosion.

e RRM cultivation systems encompass a wide range of commercially ex-
ploited niche crops which have a value in terms of agricultural biodiver-
sity: “old” crops appearing uncompetitive with modern high-input crop-
ping systems can become interesting due to their fiber content, re-
duced agrochemical or water input needs, or ability to be grown on less
fertile soils (EIHA 2011; WWF 2009)

2 For a discussion of GHG emissions related to land-use change (LUC), see Section 3.1.3.
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e Non-edible perennial grasses and short-rotation coppices have so far
been considered mainly for bioenergy use, but these crops are poten-
tially useful also for material use. They have, compared to annual
crops, beneficial effects on biodiversity, reduce soil erosion and
agrichemical inputs, and could complement more widely grown starch
and sugar species (nova 2010).

Moreover, after the useful life of bio-based products, the heating value could
still be used for energy, resulting in “cascading” or multiple utilization of RRM
(CC 2010; OEKO/IFEU 2010).

2.2.3 Social opportunities

The increasing demand for a sustainable supply of food, raw materials and
fuels is the major economic driving force behind growth of the knowledge-
based bio-economy (KBBE) which has been significant over the last few dec-
ades.

The sector can play an important role in creating economic growth. It is esti-
mated that the European bio-economy has currently an approximate market
size of over 2 trillion €, employing around 21.5 million people, and the pro-
spects for further growth are more than promising.

For a variety of reasons it is expected that in the next decade significant
changes will take place in this field. There is growing pressure on European
companies to diversify their portfolio of products. European companies to di-
versify their portfolio of products. As an example, some of the largest pulp and
paper producers, mainly in Northern-Europe, are conducting cutting-edge re-
search in the field of biofuels and biomaterials (CC 2010).

Table 1: Employment KBBE sector in Europe

Sector Biobased Products Employment (in 1,000)
Chemicals and plastics 150
Enzymes 5
Biofuels 150

Source: CC (2010)

On the feedstock supply step in those chains, the development perspectives
of a bio-based economy depend on type and amount of feedstock processed
and income generated for smallholders and farm laborers. Here, bio-based
products perform clearly superior if they are of domestic origin, and even for
imported feedstocks, income from bio-based feedstocks is typically far higher
than for non-renewable materials (G1Z 2011).

Employment effects and the added value are typically significantly more posi-
tive for the material use of RRM than for the energy recovery of biomass. Cal-
ibrated to the same raw material throughput (e.g. in t/year or t/ha), the materi-
al use can typically tie up 10-15 times more work force and can generate up to




>
Industry e

10 times more added value than energy use (nova 2010). This has been
shown for single competing value chains as well as for the entirety of employ-
ees in the field of material and energy use of renewables (UBA 2009). It
should be noted, though, that a comprehensive analysis and assessment for
the broad range of potential RMM uses is not available yet.

The increasing trend of previous years due to renewable resources for mate-
rial use will be continued. Especially new applications like bio-plastics will be
expected a rise of more than 20%. But due to the low market share today, the
impacts will be limited. Nevertheless, an increasing demand on the world agri-
cultural markets raises the pressure on existing land and on prices which in
turn has income effects:

¢ Rising prices can improve the economic situation of farmers.

e Increasing production improves the situation of more people and their
participation within the value chain.

Both developments increase the purchasing power, especially in rural areas
or developing countries. At the same time, increasing purchasing power will
improve the food security situation and avoid food scarcity.

It can be assumed that an increased demand of raw materials leads to rising
prices, but due to substitutability of products the price rice will be moderate.
The use of RRM offers a better utilization of scarce land resources and thus
can contribute to poverty reduction (GI1Z 2011).

10
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3 ldentification of conflict areas: critical environmental and
social aspects of non-food crops

3.1 Environmental conflict areas

The environmental impacts of biomass feedstock production for material use
can be — similar to bioenergy — either positive or negative, depending on the
cultivation system, its location and previous land-use, and the management
practices with their effects on biodiversity, soil and water. Furthermore, the
overall balance depends on the downstream processing of RRM into useful
products, the use phase of such products, and their end-of-life management.

3.1.1 Land Use

Fundamental to the cultivation of RRM is the competition for land — both di-
rectly in terms of changing previous land uses with could have been unman-
aged natural land such as primary forests, peatland or savannas, and indirect-
ly in converting arable land with the associated displacement of previous agri-
cultural production which implies risks of indirect land use changes (ILUC)3.

From an environmental point of view, land use is “the” critical issue for any
additional cultivation of biomass — disregarding if the feedstock is used for
bioenergy, or for bio-based materials.

3.1.2 Biodiversity

Due to the land use associated with biomass feedstock cultivation, the protec-
tion of biodiversity is a core concern (Alterra 2010; CBD 2010; Ecory 2009;
UNEP-WCMC 2009). The risk of negative effects strongly depending on loca-
tion, agricultural and forestry practices, previous and indirect land-use, and
the conversion systems used in the downstream chain (processing, distribu-
tion and consumption).

The international literature on protecting biodiversity (OEKO/IFEU 2010;
OEKO/IFEU/CI 2010) as well as the sustainability indicators recently agreed
on by the Global Bioenergy Partnership (GBEP 2011) focus on the following
two key issues for risk-mitigation strategies:

e Conservation of areas of significant biodiversity value, and
e agricultural and forestry practices with low negative biodiversity impacts.

In that regard, land use from the cultivation stage is the most quantitatively
relevant issue for biomass life-cycles.

3 tis beyond this paper to discuss ILUC — for a summary of the ongoing discussion, see e.g. Ecofys
(2011); Fritsche/Sims/Monti (2010); OEKO (2011), IFPRI (2011); JRC-IE (2011a+b), and Sanchez et
al. (2011).

11
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Habitat loss as a result of direct and indirect land-use changes is the major
threat to biodiversity, with over 80% of globally threatened birds, mammals
and amphibians affected wholly or in part by habitat loss (IFEU/CI/OEKO
2012). Areas of significant biodiversity value are qualified through

« the presence of threatened or endemic species, and
« rare and threatened ecosystems.

These areas are particularly concentrated in the Tropics, but exist also in e.g.
Europe, and North America. Prominent factors causing the decline of biodi-
versity are deforestation, conversion of wetlands, habitat fragmentation and
isolation, land-use intensification and overexploitation, invasive species and
adverse climate-change impacts.

In addition to land-use change related effects on biodiversity, the land-use
itself — i.e. the cultivation practices and harvesting of biomass — can be a
thread to biodiversity. Monocultures, agrochemical use and extraction practic-
es can threaten biodiversity, and even the use of residues can have significant
impacts (Curran/Howes 2011;Riffell 2011).

3.1.3 Emissions of Greenhouse Gases (GHG)

The majority of material uses of RRM typically result in significant GHG sav-
ings compared to fossil-fuel or mineral based products — but only if no land
use changes are included in the analysis. Most studies indicate that RRM
delivers GHG reductions at least equal to 1% generation biofuels (see Section
2.2.2), and several RRM systems can have higher GHG benefits than 2™
generation biofuels.

Still, GHG emissions from both direct and indirect LUC can dramatically
change this:

Direct LUC from converting e.g. tropical forests or peatland has GHG implica-
tions in the order of 10 t CO,eq/ha/a which could completely offset any GHG
saving compared to fossil-fuel products, and direct LUC from converting
grassland could still imply some 2-3 t CO,eq/ha/a, thus significantly diminish-
ing potential GHG savings.

If arable land is converted to RRM production, ILUC effects could occur in the
order of 3-5 t CO,eqg/ha/a which could again reduce most of the potential GHG
benefits.

Furthermore, the extraction of residues from agriculture (DBFZ/TLL/ILN/OKO
2001) and forests (Lippke 2011; Malmsheimer 2011; Whittaker 2011) can sig-
nificantly impact on the GHG balance due to changes in soil carbon.

Thus, the GHG balance of RRM is a key issue of concern, and further analy-
sis is needed to substantiate that net GHG reductions are achieved, taking
into account LUC-related effects.

12



ia?
Industry e

PROGRAMME

3.1.4 Environmental risks from GMO

Risks related to the application of genetically modified organisms (GMO) must
be evaluated prior to their application for RRM production.

A general assessment covering all GMO is not possible, but with respect to
human health and safety as well as environmental risks, policy (CBD 2010)
and scientific literature () indicate that a precautionary approach is needed,
distinguishing between “white” and “green” biotechnology4.

Furthermore, an important determinant is how the public perceives GMO-
related risks: with regard to the use of GMOs in agriculture, public attitudes in
Europe seem to have stabilized in being critical (CC 2010).

3.1.5 Water Availability and Quality

While land availability is the risk mentioned most frequently, freshwater re-
sources can be a similar limiting factor not only for bioenergy (OEKO/IFEU/CI
2010), but also for RRM in general.

A significant share of the freshwater used for irrigation at the moment is wast-
ed and improvements in management practices could free up some capacity

in use at the moment (UNEP/OEKO/IEA BioT43 2011). Developing technolo-
gies requiring less water will also help (CC 2010).

3.2 Social conflict areas

Managing land competition between RRM for material or energy use and food
and animal feed production is one of the key issues of a sustainable bio-
based economy. Increased demand for RRM feedstocks can reduce the
availability of food and feed crops when converting previously used arable
land and the displacement will imply (global) price impacts®.

For food importing countries, higher food prices on the world market will have
at least short-term negative impacts on food security, while for food exporting
countries, the higher prices can be helpful to increase income and, therefore,

to reduce poverty and food insecurity.

4 “White” biotechnology is the production of chemicals and fuels by application in fermentation and
enzymatic processes — here, risks seem manageable if safeguards such as multiple barriers and
containments as well as adequate waste treatment are applied. “Green” biotechnology comprehends
(pre-)production of chemicals in agricultural crops and its risks are far more uncertain, as GMO from
“engineered” crops could be released into the environment.

> Although the intense discussion on food security implications is currently focused on the impacts of
biofuel policies (see e.g., FAO 2011; FAO/OECD 2011; HFFA 2011), the issue is not restricted to
this domain (nor bioenergy in general) — it is a generic problem of bio-based products if arable land,
and edible crops are used as feedstocks.

13
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Farmers, maximizing economic returns, respond by increasing the amount of
land cultivated as well as the input application level while poor consumers will
rationalize their food purchases.

The consequences of this development (raising prices of food, land, inputs,
and increasing numbers of malnourished people) are likely to provoke coun-
teracting reactions. Increasing production costs (and reduced demand) will
force farmers to rationalize production (limiting land and input use) while poli-
cy makers may take action to restrict crop use for biofuel production (Lange-
veld 2010).

Also, higher food and feed prices will shift diets to less costly patterns, espe-
cially reducing dairy and meat consumption. This in turn will “dampen” the
price increase and respective food impacts.

3.2.1 Competition for land and water

Land use has not only effects on biodiversity and GHG emissions, but also
direct and indirect implications in the social realm. The social use of land is
primarily related to the theme of access to land, water and other natural re-
sources.

Land access is a consequence of land tenure. From a social sustainability
perspective, this might be one of the major concerns associated with bioener-
gy or biomaterials development in some areas (IFEU/CI/OEKO 2012).

The social sustainability of RRM development is directly related to changes in
land tenure and access. In many developing countries no land market has
been established. The local poor population grow agro-products (food and
feed mainly) even without having any kind of legal title or security of the land
used.

Similarly, permanent meadows and pasture lands are essential to communi-
ties’ livelihoods that depend on breeding livestock and consuming livestock
sub-products.

When arable lands and lands under permanent crop, permanent meadows
and pastures and forest areas are given in concession or leased to private
bioenergy investors, the local poor population might lose their capabilities to
ensure their life subsistence.

Land to be leased by the state or a domestic authority and/or sold through
one-to-one negotiations to individual or corporate investors for biofuel devel-
opment will require some kind of formal contract or titles from the government.
As land tenure as well as local community livelihood conditions are influenced
by land customary rights, land acquisition for RRM development must
acknowledge these conditions.

14
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Foreign land acquisition is on the rise. The High Level Panel of Experts on
Food Security and Nutrition formulated policy recommendations according to
land tenure in the following three areas (HLPE 2011):

1. the respective roles of large-scale plantations and of small scale farm-
ing, including economic, social, gender and environmental impacts

2. reviewing the existing tools allowing the mapping of available land

3. comparative analysis of tools to align large scale investments with
country food security strategies

The report reflects that many problems due to land investment could be dealt
with through more effective enforcement of existing policy and legislation on
national and local levels. Governments and investors get a better balance by
differentiation in terms of sector, level and actors involved (HLPE 2011).

Similarly, the Global Bioenergy Partnership’s sustainability indicators com-
promise land use and food security as key issues, and develop respective
methodologies which are applicable also for RRM (GBEP 2011).

15
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4 Conclusions and perspectives

The long term growth potential for bio-based products will depend on their
capacity to substitute fossil-based products and to satisfy various end-used
requirements at a competitive cost, to create product cycles that are low in
terms of GHG emissions and have lower environmental impacts, i.e. generat-
ing less waste, less energy and less water (UBA 2009).

The use of RRM has a good image in politics, industry and general public.
This is based mainly on the perceived environmental, climate and resource
protection, sustainability, health, security of supply through commaodity diversi-
fication, innovation and employment benefits. This positive image should be
used for improving the policy environment for material uses. It would be pro-
posed to develop more product and industry-specific measures. The excep-
tion is the potential negative image that might arise from a supposed conflict
with the food sector. Information campaigns may be beneficial. Furthermore
the positive image should be supported by linking with sustainability criteria
(nova 2010).

Access on the material use side arises from market development through
market analyses and the resulting marketing activities. Due to emphasis of
exports such activities are not just confined to Europe. The energy sector is
characterized by highly regulated markets, in opposite to the material use
markets, which is characterized by global markets with little public intervention
but highly competitive pressure (nova 2010). This result in greater difficulties
in providing the material use of biomass with systematic support compared
with the more regulated energy sector.

The contribution to rural development is lower in the case of material use. En-
ergy uses offer greater opportunities to raise value-added at the regional level
under current support frameworks. Depending on availability and type of
RRM, these impact almost entirely in rural areas where they are deployed.

A comprehensive resource management and commodity diversification pro-
grams that includes the material use of agricultural raw materials is essential
to secure the raw material base of industries. The challenge is to avoid the
conflict between food, feed and the technical use of biomass due to the
worldwide protein supply.

From the previous analysis, the conclusions of this paper can be summarized
as follows:

Non-food crops cultivated on non-arable land or land not in competition with
food and feed production, and not interfering with nature protection and using
land with low carbon soils are favorable options, but social safeguards against
land-tenure and land access related risks need consideration.
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In general, edible crops such as maize and potato, and crops delivering
edible oils do not qualify as sustainable options due to competition with
food uses.

Perennial crops seem more favorable than annual cultivation schemes,
but biodiversity-related issues concern siting, and management practic-
es.

In that regard, fiber and specialty crops seem most favorable, while car-
obhydrate and oil crops need careful evaluation.

A key concept to improve the overall sustainability of biomass use is the “cas-
cading” concept: material use first, then recovering the energy content of used
bio-based products. This would ensure a high resource efficiency in the use of
renewable resources, and would start with single or multiple material uses
(recycling economy) followed by energy use at the end of life. The secondary
and waste streams are recycled as fully as possible and/or used for energy.

Challenges that need to be successfully addressed in the next years and dec-
ades are the low performance of some bio-based plastics (e.g., thermoplastic
starch), their relatively high cost for production and processing and the need
to minimize agricultural land use and forests impacts in order to avoid compe-
tition with food and feed production, and adverse effects on biodiversity and
GHG emissions (Shen/Worrell/Patel 2010).

The central environmental aspects and requirements are that the product is
long-lasting and that it can be recycled. The most important macroeconomic
effects of the material and the bioenergy use of RRM are the employment
creation and the generated turnovers along the value added chain.

Currently, producing bio-based products is more expensive compared to tradi-
tional production routes. Therefore here is the need for a framework to sup-
port bio-based materials (Carus et al. 2011; CC 2010).

With regard to further work, the preparation of a list of sustainability criteria for
non-food crops (D 5.4) will take into account the key conflict areas, and will
describe a framework of criteria and indicators which could be used in future
RRM support schemes.
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