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III.

Background

This deliverable “D2.1 Report of general understanding of MagL” is mainly based on the task
as described in the Grant Agreement Annex I of the Horizon 2020 project SEEMLA (GA no.
691874).
Task T2.1 Literature review and review of scientific debate about MagL (Lead: IBC&SB, M1-7)
This task will review the literature and the common debate about MagL. It will prepare an
overview of MagL issues like status quo sustainability constrains (with WP4), assessment of
MagL availability, evaluation of suitable MagL for crops growing, harvesting techniques on
MagL, transport and logistics and issues of final (energy) conversion in the perspective of the
MagL debate. Work will be done by desk research assessing publicly available scientific
literature and other sources and publications (e. g. grey literature) as well as other (EU)
projects, e. g. (see also Annex to GA Annex I, Part B, Table 5 - List of relevant networks,
project and actors in the field of Marginal Lands). Furthermore, the consortium will discuss
and agree upon the most suitable definition for the type of MagL which will be used within the
project. Results will be gathered in a report, developed in WP6 that will give the relevant
stakeholder an overview of the above mentioned topics. Different chapters will highlight
details on each step of biomass production along the supply chain on MagL and its energy
conversion. The task is led by IBC&SB who will do the common analysis and a first draft
report. The consortium will contribute literature revisions (especially from their national
languages), national experiences and respective scientific expertise as well as supporting the
report development, which will be implemented in WP6 (SEEMLA tools development:
applications, guidebooks and policy recommendations).
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1
1.1

General understanding of Marginal Lands (MagL)
Definition of marginal lands

Historically, the term ‘marginal lands’ (MagL) emerged in 19th century in Land Rent
Theory of Ricardo (1817) which was developed for agro-economical purposes. Later this
theory was put as a basis for marginal productivity theory. In the scientific work of Hollander
(1895), marginal lands were defined as the poorest lands, which are used above the margin
of rent land payment. In the works of Peterson and Galbraith (1932), more attention was paid
to study major variables of marginal lands in terms of their location.
The scientific community of the last century suggested defining marginal lands as low
productive lands exploited on the verge of economic efficiency. According to current
knowledge, Kang et al. (2013) consider the concept of marginal lands which was undergoing
further development, expanding understanding of marginality to the physical inaccessibility of
land, soil and climate restrictions, high environmental risks, a fragile ecosystem that cause
low productivity of the soil and make it unprofitable.
Through the last century, understanding of marginal lands has been discussed in a
variety of different academic contexts and can be found in literature associated with topics of
agricultural development and agricultural economics (Nalepa 2011). According to Nalepa’s
(2011) definition, marginal land is ‘something on the outside; on the border or edge’ and can
be framed outside the current commercial and capitalist agricultural paradigm.
Having come through development and progress, concepts of marginal lands in the
present state-of-art scientific community developed into three definitions as following: (1)
physically marginal lands, (2) marginal lands reg. production and (3) economically marginal
lands, which are used for different backgrounds and concerns (Barbier 1989; Baldock et al.
1996; Hart, 2001; Wiebe 2003; Kramar et al. 2005; Strijker 2005; Schroers 2006; Acs et al.
2010; Shortall 2013). Shortall (2013) defined marginal land as followed: (1) unsuitable for
food production land; (2) ambiguous lower quality land, and (3) economically marginal
land.
Most scientific suggestions of marginality definition can be categorized in (1) economic
context of marginality, and (2) physical and production context of marginality.
Economic context of marginality. Such researchers as Peterson, Galbraith (1932),
and Barlowe (1986) defined marginal land as a land where revenue is equal to costs of
production. Also, Dale et al. (2010) and Tang et al. (2010) followed the same approach
having defined marginal land as a land where the combination of yield and price barely cover
the cost of production. Mostly, their conclusions are based on the Law of Ricardian Rent
which is one of the most established principles of economic theory (Ricardo 1817). This law
dictates that the best land will be used first since its cultivation relative to poorer quality land
results in lower production costs and higher yields. Ricardian rent assumes that land quality
is an inherent and quasi-permanent characteristic that will render certain areas better suited
for agriculture than others. According to Ricardo, the heterogeneous nature of different
parcels of land gives rise to land rents, as production practices are applied to land of different
quality. He noted that as land becomes scarce, and less productive land is cultivated to meet
the demand of the population, rents become extractable from land. As Ricardo phrased it,
‘When land of the second degree is taken into cultivation, rent immediately commences on
that of the first quality, and the amount of that rent will depend on the difference in the quality
of these two portions of land” (Ricardo 1917).
The land rent is a product of what Ricardo calls the “indestructible powers of the soil”
(Ricardo 1917), and what will here be referred to as “quality” of the land, meaning soil quality,
and also encompassing other physical factors such as climate and slope. While modern
economists might not agree that any characteristics of the soil are truly indestructible, it is
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generally accepted that the biophysical attributes of a unit of land are relatively stable and
contribute to its value.
Pollard (1997) presented an overview of marginal land in Europe starting from the Middle
Ages until the Anthropocene and concluded that marginal land became a subject of
economic and food demand. Increasing labor costs and intensification of agriculture led to a
decline in area of marginal lands.
According to Strijker (2005), Perlack (2007), James et al. (2010), agricultural policies and
incentives are among the major regulations causing land use change. These variables push
farmers to reclaim or abandon marginal lands as a result of changing breakeven prices.
Therefore, depending on specific circumstances marginal lands may not remain marginal.
Many researchers have found correlations between land marginality and agriculture
policies, macroeconomic conditions and cultivation techniques (Strijker 2005, Schroers 2006,
Kang et al. 2013). Kang et al. (2013) consider that land can be considered marginal only
under given site conditions, cultivation techniques, and agricultural policies. Changes in
technology, policy, and climate result in increasing or decreasing marginality; in the latter
case shifting the land into the arable category would be a concern, as direct last use change
(iLUC) must be taken into account.
Von Thunen (1826) paid attention to the location of a site dependence on the level of
land marginality. According to von Thunen’s theory of the ‘isolated state’ (1826), a land
located farther from a city produces extra costs dealing with transportation, and becomes
less profitable comparing with close location land. When growing heavier products on a farm,
higher transportation costs incur as compared with lighter products, which affect land use
efficiency.
Agricultural economists Barlowe (1986) and James (2010) identified the influence of such
variables as a range of land use options, input and output prices, technology, managerial
characteristics, and policy when considering land marginality.
Cai et al. (2010) found that such factors as food markets, technological innovations,
social and institutional adaptations, accommodations, and engineering infrastructural support
have a great influence on land marginality.
According to Wiegmann et al. (2008), land marginality is determined by improvements,
technological, legal, institutional, and macroeconomic conditions. The changes on the
extensive margin coursed by improvements made land more profitable than the previous use
(USDA 2011).
An investigation by Gopalakrishnan et al. (2011) that have been made in the Midwestern
states of the United States of America showed that installation and using tile drains on poor
agricultural lands made them suitable to grow corn since before the land was suitable only
for indigenous prairie plants. Nalepa (2011) found that increased use of irrigation and
fertilization practices in the middle of the 20th century on marginal lands has resulted into
higher agroeconomic productivity.
Among economy scientists there is place a permanent discussion how to identify
marginal lands and categorize them for effective management (Peterson and Galbraith 1932;
Gardner 1977; Barlowe 1986, James 2010). In an economic production context, “marginal” is
still is a much more relative and subjective concept relating to the productivity of individual
areas and not allowing categorizing and identifying marginal lands. Land that is marginal for
one use might be highly productive for another. What might be relatively productive land in
southern Spain may be considered to be ‘marginal’ in the Paris basin (James 2010).
An economic definition of marginality is focused on a single criterion – economic
efficiency or income received from separate plot of land. It does not concern soil
characteristic that define land productivity as well as environment and ecology restrictions
which are an important and in many aspects recognized by scientists as core part of
marginality. Gopalakrishnanet al. (2011) consider that explicitly incorporating three criteria –
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current land use, soil health, and environment degradation, allows finding proper approach in
identifying marginal land.
According to Allen et al. (2013) land can be considered marginal for a variety of reasons,
such as economic, environmental, or agronomic limitations or some combination of all of
these. Therefore, it is important to be clear from what perspective the land is being assessed
as ‘marginal’, whether or not it is marginal in other terms, and whether the relevant
considerations are permanent or just temporary.
According to Kang et al. (2013) marginal lands are a transitional state of land resources,
and very sensitive to natural processes and varied managements (Fig. 1). They often have
poor and heterogeneous soils and are situated at “transition zones” between highly fertile
crop land and vulnerable ecosystems like protected natural sites, restricting the possibilities
for conventional agricultural management. The decrease of land rent and increases of
market demands change marginal profits and breakeven prices, and may finally lead to
conversion of marginal lands into production. From the ecological point of view this
intensification of land use at marginal sites is often regarded as critical as unused sites often
accommodate rare biotopes or species (Plieninger and Gaertner 2011).

Figure 1. A transitional state of land uses – marginal lands (Kang et al. 2013)
According to James et al. (2010), Nalepa (2011) marginal lands are subject to frequent
change. For example, increase in the price of food or agrofuels influence extensive margin of
production and make farmers to adopt best practice. Thus the “marginality” of a land parcel is
determined by economic opportunities available at that moment and cannot be determined
by analyzing land suitability for a single productive use.
Thus, in the economic context, land marginality is a variable term which depends on a
number of factors and fluctuates with a change of agricultural policy, cultivation techniques,
is determined by land location and improvements provided. Being under the influence of
economic and environmental climate and determined technical framework, land marginality
left fluctuating index which is difficult to use in land use planning. In an economic context,
land classified as marginal for one purpose may be productive for another use.
Physical and production context of marginality. This concept is based on soil
suitability and restrictions and is often used by soil scientists and agronomists in land use
planning. Heimlich (1989) and Hart (2001) consider that marginal lands deal not only with low
productivity but also with limitations that make them unsuitable for agriculture.
Kang et al. (2013) define marginal land as: “Land unsuited for food production, e.g. with
poor soils or harsh weather environments; and areas that have been degraded, e.g. through
deforestation”. Kang et al. (2013) provided further development concept of marginal lands
based on physical inaccessibility, soil and climate restrictions, high environmental risk, fragile
ecosystem services, that course low productivity and therefore become unprofitable.
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Peterson and Galbraith (1932), Dangerfield and Harwell (1990), Lal (2005) refer term
marginal to land susceptible to erosion or other degradation, with ecology limitations and
poor quality for agriculture use.
By USDA-NRCS (2010) definition, marginal are the lands of a poor combination of
physical and chemical characteristics of the soils to produce food, feed, forage, fiber and
oilseed crops; the lands with low productivity potential.
Larson et al. (1988), Niu and Duiker (2006) point about the deviation of synonymously
used marginality terms in agriculture such as marginal agricultural land, marginal cropland,
and marginal farming land.
Nalepa (2011), Dauber et al. (2012) draw attention to the globally high influence of
human activities on disturbances and degradations of lands. Agricultural lands when often
overused are losing primary positive properties resulting in high erosion, acidification or
salinization.
Kang et al. (2013) consider that also landscapes which experienced intensive mining
activities, particular open cast mining, are often characterized by soils with a clearly reduced
fertility. With regard to the challenges of modern bio-economy in Europe these sites offer
potential space for mitigating the competition between food and bio-energy production on
arable land. This potential was explicitly postulated within the EU Directive 2009/28/EC:
“biofuels should be promoted in a manner that encourages greater agricultural productivity
and the use of degraded land” (point 78). Further, the directive specifies that “the restoration
of land that has been severely degraded or heavily contaminated and therefore cannot be
used, in its present state, for agricultural purposes is a way of increasing the amount of land
available for cultivation” (point 85).
Dale et al. (2010) pointed that definition of marginal land varies widely by country, local
conditions, and the organization studying the issue. They consider that biophysical
classification of marginality can be assigned to a given unit of land on a permanent basis.
Rossi and Lambrou (2008) pointed that in Indonesia, the definition of marginal lands
includes environment consideration. It includes lands that provide carbon sequestration and
other environmental benefits, but from an agroeconomic standpoint are unproductive.Barbier
(1989), Wiegmann et al. (2008) consider that marginal lands are always fragile and at high
environmental risk.
Majority of scientists, for example O’Connor et al. (2005) IPCC (2007), Searchinger et al.
(2008), Fischer et al. (2009), and Kang et al. (2013), incline to the opinion that marginal land
meet multiple concerns while dealing with environmental impacts, ecosystem services, and
sustainability,such as erosion, land degradation, biodiversity, and climate change mitigation.
In the United State, a basis for Conservation Reserve Program (CRP) comprised the
lands with a high level of erosion rate, which exploration practice incorporate soil health
considerations. Moulton and Richards (1990), Lovell and Sullivan (2006), Richardson et al.
(2008) find lands enrolled in the CRP as marginal because their exploration provides
valuable conservation benefits as well as management can be profitable and sustainable
under conservation practices.
Hoag and Skold (1996), Gopalakrishnan et al. (2011) consider that exploration of eroded
marginal lands for food production should be always considered together with the
requirement of land conservation and sustainability.
Lal (1991), Sugrue (2008), Wiegmann et al. (2008) emphasize an importance of land
location in defining marginality perspective. A location can make an impact on ecosystems
causing land marginality, even though the land is productive from an agroeconomic
standpoint.
According to Kang et al. (2013), a definition of land marginality should be based on the
understanding that land quality change across space and time. The qualities of the land in
one place or for one purpose can result in land being marginal, but in another location or for
a different purpose can be productive.
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According to Baldock et al. (1996), Krcmar et al. (2005), the concept of marginal land has
evolved through the time to meet multiple management goals. Today it incorporates the
compromise of environmental protection, preservation of ecosystem services and
sustainability.
Dale et al. (2010), Kang et al. (2013) consider that current definitions of marginality
require developing an approach that explicitly incorporates such criteria as current land use,
soil health, and environment degradation.
The majority of scientific community and authority, FAO (1993), Baldock et al. (1996),
Milbrandt and Overend (2009), Dale et al. (2010), Tang et al. (2010), United States
Department of Agriculture – Natural Resources Conservation Services (USDA-NRCS 2010),
Gopalakrishnan et al. (2011), tend to believe that the meaning of marginal land deals with
uncertainty, is changeable, varies across regions, countries and organizations meeting their
different management goals.
According to James (2010), term ‘marginal land’ is often defined as vague, and the
resource so delimited has been little researched. Marginal land is often considered as a land
of poor quality. There is still poor understanding of how land productivity potential,
environment, and ecology constraints relate to economic activity.
James (2010) consider that to determine which land is “marginal,” and where, and what
that means in terms of availability for biomass production, we need to understand that
marginal is a term describing the relative suitability of a unit of land for any specific type of
productive use.
Thus, physical and production approach based on soil productivity and ecology
constraints are stated on criteria which have physical parameters and restrictions allowing to
delineate the area of marginality, provide land use planning and management. Being still with
uncertainty to economic efficiency, this approach creates a solid foundation for the wide use
of marginal land in the field of bioenergy.
1.2

Categories of marginal land

Despite being widely used in academic literature relating to biomass, the term marginal
is not supported by either a precise definition or research to determine which lands that fall
into the category marginal.
Investigations made by James (2010) show that to identify marginal lands it is used
terminology/methodology which varies from a focus on physical characteristics to a focus
purely on current use of the land with most definitions falling somewhere in between.
Dale et al. (2010) identified term ‘Marginal’ as most commonly followed by ‘degraded’
lands, though in parallel with it widely used such terms as ‘abandoned’, ‘idle’, ‘pasture’,
‘surplus agricultural land’, ‘Conservation Reserve Programme’ (CRP)’, ‘barren and
carbon-poor land’.
Tang et al. (2010) included to ‘marginal’ a highly specified land category which other
scientists ignored: roadside land, land risers/boundaries, streamside land, and house
surroundings.
Among scientists, there is a big uncertainty regarding usage of term ‘marginal’. Some of
them apply terms ‘marginal’ in different combinations of economic and agronomy concern.
Tilman et al. (2006) apply term ‘marginal’ to describe land of lesser physical quality for
agriculture, while Kort et al. (1998) refer them to economically marginal land. James
(2010) deals with term ‘Abandoned’ referring it to the land of poor quality but in it economic
context.
Fargione et al. (2008) identified ‘barren and carbon-poor’ lands less ambiguously. He
categorized them as a land incapable of supporting much vegetation because of poor
physical characteristics.
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Most of the terms used to describe marginal land in some way describe how the land is
being used.Shortall (2013) identified marginal land as a part of a family to characterize the
type of land such as idle, unused, suitable, free, spare, abandoned, under-used, set aside,
degraded, fallow, additional, appropriate, under-utilised land.
Hoogwijk et al. (2003) defined “Conservation Reserve Programme (CRP)”, “pasture”
and “idle” as terms that refer to current land use, with a declining degree of specificity.
“Abandoned” on the other hand, describes land that was once used for agriculture and
currently is not, without addressing what the current use is.
To proper categorize and form a deeper understanding of the marginal land, more
attention is required to each term referring to ‘marginality’ of how it was originality appeared
and meaning that scientists insert in it.
Surplus agricultural land. Rounsevell et al. (2006), Faaij (2007), Lovett et al. (2009),
Jingura et al. (2011), and Dauber et al. (2012) review it as umbrella term which include a
number various categories of lands that are currently not used for agricultural or forest
production. They identified two different origins of ‘surplus land’: 1) land that is currently not
used for food and fibre production because of poor soil fertility, and 2) land that is not needed
any more for food and fibre production because of increase in yield resulted from
intensification and thus a decreased requirement for land.
According to World Bank (2010) definition, both marginal and surplus lands become
collective terms which include a number of land categories. To proper evaluate and
distinguish their place in land use practice the definition of marginality is to be precise and
clear. The World Bank recently concluded the amount of the remaining arable, or “surplus
land” that is uncultivated, not forested, and with population densities less than 25 persons
per square kilometer that could be dedicated to the five rain-fed crops of sugarcane, wheat,
maize, oil palm and soybean is estimated to be roughly 445 million ha.
Along with terminology marginal on practice for poor quality and degraded lands, there
are also used other terms which make some misunderstanding and confuse for proper
understand them. Gopalakrishnan et al. (2011) in his investigation defined marginal farmland
such as including idle or fallow cropland, abandoned farmland, and abandoned
pastureland. Others suggest including types of land with varying agronomic potentials and
environmental values such as grassland, saline land, marshland, reed swamp and tidal flats
(Yan et al. 2008). Even land risers, land boundaries, and land along highways and roads,
which were not subject to any prior sustainability considerations, have been suggested (Tang
et al. 2010).
Although there is no clear definition for a term of ‘surplus land’, Dauber et al. (2012)
consider that these lands are potentially suitable for bioenergy crops cultivation.
Idle land. According to OEKO (2008), Dauber et al. (2012), this term includes all types of
unused land, such as abandoned farmland, degraded land, waste land, and areas of
undisturbed wildlife. The term of idle is synonymously used with the terms of unused land
and mainly reflects its economic potential.
Abandoned farmland. The simple interpretation of this term is presented in works of
Schafer (1992), Kort et al. (1998) and means that it is a land that was previously used for
agriculture or pasture, but then was abandoned by crop producers for economic or political
reasons.
Strijker (2005),Wiegmann et al. (2008), Dauber et al. (2012) widened the meaning of this
term incorporating an environmental context of marginality to it. They concluded that
marginalization depends on the interaction of physical, environmental, social and economic
aspects.
According to Wiegmann et al. (2008), abandonment can occur everywhere on both fertile
and less fertile soils, which is usually caused by increasing labor and land costs, or lower
product prices, or applying new techniques. With improving the economic climate and price
policy outside agriculture, or lower product prices, it is usually accompanied by an increase in
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abandoned land area. From another side, an increase in land price makes producers choose
between providing an intensification of crops production or abandoning the land.
Wiegmann et al. (2008) identify three categories of abandoned land: 1) land abandoned
because of increases in agricultural productivity, 2) land abandoned because of its inferior
agricultural performance, and 3) land abandoned for economic reasons such as higher
income levels in industrial jobs, increasing rents or reduced subsidies.
Schafer (1992) emphasizes that abandoned farmland should not be mixed up with the
fallow land. Fallow is still left a part of crop rotation. A temporary suspension of cultivation of
this land for the term of several vegetation periods caused to achieve a recovery of soil
fertility.
Majority in scientific community, FAO (1976), OEKO (2008), Wiegmann et al. (2008),
Dauber et al. (2012), consider lands abandoned due to inferior fertility might be suitable for
energy crop growing, they still have appropriate agricultural productivity to produce biomass
without preceding restoration and should be in the focus of bioenergetics.
Degraded land. Investigation of Plieninger and Gaertner (2011) show that in the current
literature term ‘degraded’ is widely used and applied for different land cover, includes
abandoned farmland, postmining areas, and badlands. For the recognition and categorizing
degraded land is widely used data from FAO and UNEP (e.g. GLASOD degradation data,
Land Degradation Assessment in Drylands – LADA, FAO TERRASTAT).
According to Bai Dent (2006), Wiegmann et al. (2008), the process of land degradation
can be naturally induced or caused by intensive human activity such as overexploitation or
improper use of land, both in a long-term result in loss of ecosystem function and land
productivity. In UNEP (2007) interpretation land degradation is a loss of ecosystem function
and services, as a result of natural or artificial disturbances from which the system cannot
recover unaided. Bergsma et al. (1996) draw more attention to the improper use of the land
that to their mind is a major cause of land degradation today.
According to El-Beltagy (2000), all forms of land degradation result in a decrease of soil
fertility and productivity, which in turn causes loss of protective soil cover and increase the
vulnerability of soil to further degradation.
Wiegmann et al. (2008) refer term degraded to land productivity potential and identify
several slightly different definitions on this land, which concerns reasons inducing
degradation processes or characterizes state of ecological system: 1) land degraded
because of human activity or both human and naturally induced, 2) system required aided or
unaided recovery, 3) condition of time horizon which is observed over time and status of land
is considered.
Plieninger and Gaertner (2011) suggested a conceptual difference between degraded
and abandoned land. They consider that the term of degraded land should be used in
respect of severe and substantial loss of productivity and soil fertility.
Dauber et al. (2012) emphasize that both anthropogenically and naturally degraded lands
become valuable components of biodiversity. Even if not cultivated, these lands can provide
food or medicinal resources for indigenous peoples.
The concept of degraded land EU included in renewable energy Directive 2009/28/EC
(2009). These lands are a bonus of 29 gCO2 equivalent per MJ biofuel or bioliquid if biomass
is grown on them.
To the opinion of Dauber et al. (2012), a feasibility to use degraded land for bioenergy
crops production depends on the severity of degradation and productivity of the time horizon
which is under major degradation influence.
Reclaimed land. This term is widely used in the context of drainage and subsequent
agricultural use, postmining areas and land previously used for industrial purposes
(brownfields), and contaminated land improved by remediation (Daily 1995, Dauber et al.
2012).
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According to Dauber et al. (2012), reclaimed lands have solid underground of their further
use for biomass cultivation, but their potential will depend on the severity of the previous
human impact and input made for their reclamation.
Contaminated land. Daily (1995) defines this land as a separate category with an
ecology context which demonstrates increased level of pollution by hazardous waste. This
land has the potential to be reused once it is remediated. Their suitability to grow biomass
will depend on the level of land contamination and investments spent to reclamation
procedure.
Waste land. This is a term related to land productivity potential. Oldeman et al. (1991)
identify wasteland of low natural productivity potential that is unfavorable to do agricultural
activities. Wiegmann et al. (2008) include the wastelands area without agricultural potential
such as active dunes, salt flats, rocky outcrops, deserts, ice caps and arid mountain
regions. These lands, according to Wiegmann et al. (2008), cannot be cultivated under any
conditions because of boundaries set by climate and soil, and for this reason are not suitable
to produce agricultural and bioenergy crops.
According to Dauber et al. (2012), without improvements and external inputs, it will be
impossible to receive crops yield on waste lands as the agricultural activity will be always
limited by plants physiological needs.
Borland et al. (2009) consider the possibility of using waste lands in agricultural practice
only after the development of CAM plants such as agave, which are adapted to arid and
other unfavorable conditions.
Dale et al. (2010) speaking about perspective to use wastelands for agriculture and
bioenergetics, comes to the conclusion that crop breeding and biotechnology, including
genetic engineering, will be able to allow expanding boundaries for growing bioenergy
feedstock and may transfer the areas once being poor to agricultural suitable.
James (2010) came to the conclusion that because of extremely poor fertility such land
cannot be included in such category as well as biomass production on them is impossible.
Fallow land. To the opinion of Krasuska et al. (2010), Dauber et al. (2012), this land
should not be viewed as a marginal. Fallow land is a part of a crop rotation with a high-level
productivity, but suspension of its cultivation for at least one vegetation period was caused to
achieve a recovery of soil fertility. The temporary suspension of cultivation does not deal with
a limit of soil productivity potential it is based on the artificial decision to improve ecology and
fertility standards of this land.
Set aside land. According to Alexopoulou et al. (2010), Dauber et al. (2012) set aside
land is a category of land which agricultural use is limited by a politically motivated decision.
Suspension of this land cultivation caused either agri-environment scheme or by a
mechanism to reduce food production. Such land keeps high fertility potential and its set
aside for the agricultural exploration terminated for either rotation period or can follow
permanent basis. Set aside land can be attributed to marginal as its use stopped by artificial
decision.
Perlack et al. (2005) uses primarily land use categories from the US Census of
Agriculture to describe the types of land. This study notes that land for biomass plantations
can come from a wide range of current uses, including current cropland. However the study
takes all estimated food and materials production needs of a future population into account
before calculating amount of land available for biomass, thereby conceptually eliminating
competition among uses. Although the study is not trying to model how land use would
change under an active biomass crop, it does implicitly assume that biomass would not be
competitive with traditional food and materials crops, similar to the approach taken by
Hoogwijk et al. (2003).
According to Kang et al. (2013) the relationship between use and quality is not a direct
one. Use depends in part on quality, but may also depend on exogenous economic factors,
owner preferences or other factors. The majority of studies we reviewed identifies land as
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marginal relative to a selected land use, and then may or may not refine that target set of
lands with soil quality. Some studies do so in a conceptual manner, and others take
additional steps to actually quantify the lands they are describing.
Fargione et al. (2008), James (2010) when studying low-quality lands categorized them
into 1) land of low value that is still in production, and 2) land enrolled in the CRP program.
Low-value land in production is further qualified as degraded land in the CRP program is
labeled as ‘abandoned. The selected land use determined the terminology of these lands,
though they are attributed to similar productivity potential.
Wiegmann et al. (2008) find that many scientists attribute term marginal land to an
economic approach, but to his mind, this definition is not exact as it ignores subsistence
agriculture.
Schroers (2006), Kang et al. (2013) consider that land classified as marginal is often
subject to tenure issues where disputes arise on rights of those who use these areas.
Among discussed above terms to the category of marginal can be included lands which
were excluded from cultivation out of economic infeasibility, physical restriction to grow
conventional crops but still having potential to produce yield and apply alternative agricultural
practice which is bioenergy feedstock production (Fig.2).
Dale et al. (2010) and Dauber et al. (2012) considered that the term marginal land is
primarily used for describing degraded, abandoned, reclaimed or natural wastelands.
These are lands with characteristics that make them unsustainable or inappropriate for
common agriculture use under given agricultural practice, economic and political climate.
Dauber et al. (2012) emphasized that categorizing or quantifying marginal lands in
respect of availability and suitability for bioenergy crops cultivation underlies great
uncertainties and requires wide-ranging estimates.
According to Perlack et al. (2005), Gopalakrishnan et al. (2009), recent suggestions on
redesigning landscapes to incorporate sustainable bioenergy crop production on marginal
land have to include categories of idle and fallow cropland, land of Conservation
Reserve Programme (CRP), as well as growing bioenergy crops in buffer strips along
roadways, rivers and streams.

Figure 2. Scheme of the interrelation of different classes of surplus land, in this case focused
on marginal land (Dauber et al. 2012) and their relationship to the productivity and the needs
for land restoration
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Thus, the majority of the scientific community identifies land as marginal linking them with
a selective land use, and then may or may not relate them to soil quality. Among land
categories defined as marginal are noted degraded, abandoned, reclaimed, natural
wastelands. Categorizing and quantifying marginal lands for biomass cultivation is still
underlying great uncertainties and requiring further studies.
1.3

Approaches to develop marginal lands classification

One key feature in designing these landscapes is to develop methods that can identify
land that is marginal for conventional crops but not marginal for biofuel crops or other
functions, based on economic, soil health, and environmental criteria. Larson et al. (1998)
consider that in all of these studies a significant area of uncertainty is still arising from
classification and quantification of marginal land. These definitions should focus on
marginality of soil from the perspective of the agroeconomic profit of traditional crops (e.g.,
grain) grown using current agricultural practices.
Cai et al. (2010) and also Nalepa (2011) note that some research terms of marginal land
refer to land that is technically hard to cultivate. To determine this status, they applied a
research method that is based on evaluating soil biophysical characteristics, climate
conditions, and topography.
Early approaches to identify the quality or fertility of land had been established in
Germany already in the 1920ies with the “Bodenschätzung” (soil assessment) (Schnider and
Welz 1925). This method, primarily developed for fiscal purposes, gives a ranking score for
agricultural land (Boden-/Ackerzahl) which allows conclusions on the fertility of soils. Low
ranking scores indicate marginal site conditions. This method is still applied in Germany by
tax authorities for assessing the tax rate for agricultural land (Bodenschätzungsgesetz 2007).
In the 1960ies the US Department of Agriculture (USDA) published the Land-Capability
Classification system (Klingbiel and Montgomery 1961) which is still in use in the USA and
was adopted by several other countries, e.g. UK (Bibby et al. 1991). According to this
method land limited in use and generally not suited to cultivation is ranked in groups V -VIII
and can be regarded as marginal sites, therefore.
According to Ministry of Agriculture Fisheries and Food, UK (1988) land classification
arable land identified as economically marginal is grades 3 and 4 land. This classification is
based on the physical, climatic and fertility characteristics of the land, with grade 1 being the
most productive and grade 5 the least.
Nalepa (2011) considers that biophysical characterizations are not sufficient to determine
the marginality of one parcel of land relative to another since there are other factors that
influence land’s productivity value that can only be determined in a local setting.
Fischer et al. (2002) proposes that low-productivity soils are first classified on the basis of
limitations such as drought, wetness, or a too short vegetation period, the constraints must
include the thermal and moisture regimes of the soil.
To the opinion of Murray et al. (1983), Louwagie et al. (2009) marginality constraints must
include internal soil deficiencies that limit the rooting and nutrition of plants and hence their
productivity: shallow or stony soils, acidic or saline soils, soils with nutritional deficiencies, or
other adverse chemical conditions.
Fischer et al. (2002), Mueller et al. (2010) find important to classify marginal lands on
constraints incorporates topography: highly erodible, sloped, and inaccessible by humans or
their machinery.
James (2010) findsthat land quality is a decent proxy indicator for marginal land which is
a significant factor in determining land use and when it transitions from one use to another.
But, land quality being a consistentis not a dominant factor. Only a very small portion of land
use choice and land use transition is determined by land quality. Location differences appear
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to be equally as important, especially for land use transitioning out of cropland. The results of
this study were inconsistent with theory and require further investigation. There may be
useful links between the volatility of land of a certain class relative to certain economic uses
or volatility of land in certain locations, such as proximity to urban areas.
Orshoven et al. (2014) finds that soil, climate and terrain are the major determinants of
land suitability for agricultural use. Every crop type has a set of requirements with regards to
soil and climate. Biophysical criteria and thresholds for the future delimitation of the nonmountainous areas with natural constraints have been proposed within the new Rural
Development legal text (Art 33.3 of the proposed regulation on support for rural development
by the European Agricultural Fund for Rural Development (EAFRD) 2014-2020 – COM
(2011) 627 final/3).
According to Agricultural Organization, United Nation (FAO 1993), marginal land
classification is based on land limitations for plant cultivation such as erosion, wetlands, and
soil salinization.
Hamdar (1999) evaluated land capability classification that was based on grouping soils
on their capability to produce common cultivated crops and pasture plants without
deteriorating over a long period of time. He found that land capability classes IV-VIII have
severe limitations to grow crops and must be referred to marginal lands.
Wells et al. (2003) consider that marginality of the land can be determined both through a
number and even one criterion. The farmlands registered in the Conservation Reserve
Program (CRP) are vulnerable to erosion and under this criterion must be recognized as
marginal. The same view is held by Biggs (2007); he considers that land is marginal if even
one of limiting factors such as soil, landscape and climate take place.
According to South Australia Land Act (1940), the marginality of a land is determined by
its suitability to grow wheat. Inadequate rainfall or other limitations that make unsuitable to
fulfill technology operations refer such land to the category of marginal.
Some efforts for quantitative methods of marginal land assessment have been taken on
the basis of land capability classification. Larson et al. (1988) used a productivity index and
an erosion resistivity index to identify marginal agricultural lands in Minnesota; however,
other concerns such as wetland or soil limitations were not included.
Smith et al. (2000) developed a threat identification model for land sustainability
assessment where marginal lands were identified with expert knowledge of local land
management and their potential effects. Breuning-Masen et al. (1990) classified steep, wet
and droughty soils as marginal agricultural land, and generated marginal land maps based
on soil information in Denmark.
Research made by Gopalakrishnanet al. (2011) provides a framework for classifying land
as marginal on the basis of land use, soil health, and environmental criteria. However,
quantitative assessment of land marginality with respect to environmental suitability,
ecological services, and sustainability is limited because of a lack of suitable metrics and
criteria for multiple comparisons.
In recent years, soil productivity indices and erosion indices have been used to better
classify land as marginal (Larson et al. 1998). A fast and easy to apply field guide for
assessing soil fertility was developed in New Zealand by Shepherd (2000). This Visual Soil
Assessment (VSA) field guide was further developed and is now distributed as a FAO
standard method for soil classification under different land use systems (Shepherd et al.
2008). The VSA methods allows a simple assessment of fundamental soil properties and
functions by means of clearly described visual scores. A resulting ranking score indicates
potentially poor soil conditions with regard to specific land use options. Based on this
methodology Mueller et al. (2007) developed the Muencheberg Soil Quality Rating (SQR)
system. Similar to VSA the SQR method uses easy to access information about soil
conditions. Most parameters can be derived directly during field campaigns without further
analyses in the laboratory. The German Federal Institute for Geosciences and Natural
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Resources (BGR) used the SQR method to estimate the agricultural yield potentials of soils
and to edit a map of agricultural yield potentials of German soils (BGR 2014). This map
allows to identify regions with very low yield potentials or soil fertility (ranking scores <35)
which can be interpreted as marginal sites.
Scientists Murray et al. (1983), Fischer et al. (2002), Louwagie et al. (2009), Mueller et
al. (2010), and Gopalakrishnan et al. (2011) consider that soil productivity indices that are
widely proposed among scientific community have to include three groups of constraints: 1)
thermal and moisture regimes of the soil that allow classifying low-productivity (marginal)
soils on the basis of limitations such as short vegetation, drought, and wetness; 2) internal
soil deficiencies which limit crops productivity such as shallow topsoil, stoniness, acidity,
salinity, nutritional deficiencies; 3) topography constraints such as steep sloped and highly
erodible area within created environmental hazards and inappropriate to humans activity.
Kang et al. (2013) note that today, efforts of many scientists directed to develop maps of
marginal lands, which is mainly based on analysis of soil and agricultural productivity, but the
aspects of environmental quality, ecosystem functions, and sustainability are left out of big
attention.
Reger et al. (2007) found that simple approach to identify marginal land was used in
Germany. Based on satellite data and historical information of land cover dynamics it was
detected the abandoned of cultivation lands which were identified as marginal. The lack of
this approach that quantitative assessment of multiple land functions was not made as well
as social and economic factors because of high variability and absence of information were
not considered.
Nizeyimana et al. (2001) identified area of marginal lands in the U.S using the potential of
soil productivity that provides the basis for land use management. Milbrandt and Overend
(2009) using climate and soil restrictions identified 12 categories of marginal lands and
developed map of marginal land in the Asia-Pacific Economic Cooperation (APEC) countries.
Cai et al. (2011), based on soil productivity, land slope, and climate, identified and delineated
the global area of marginal agricultural land, and indicated their high availability to grow
bioenergy crops.
Fischer et al. (2002) consider that agro-ecological zones methodology (AEZ) originally
developed by Food and Agriculture Organization of the United Nations (FAO) in collaboration
with the International Institute for Applied Systems Analysis (IIASA) in 1978 can be a proper
instrument for determining agricultural production potentials of the marginal lands. An agroecological zone is comprised of all parts of gridcells on a georeferenced map that have
uniform soil and climate characteristics.
According to Cai et al. (2010) biophysical characterization based on agro-ecological
zoning is still a first step in determining the potential productivity of a land parcel and
becomes a relative term. These considerations are especially important for studies that aim
to rule out land that can be dedicated to specific food crops.
Thus, in spite of still existing uncertainties concerning the ways of evaluating,
determinating and delineating marginal lands, there are a big research data of soil
biophysical characteristics, which highly correlates with crop productivity; there are many
developments on environmental thresholds, ecosystem functions and sustainability of
feasible lands use for agriculture that can be stable indicators to classify and delineate
marginal lands.
1.4

Potential of marginal lands to produce biomass

The analysis made by Kang et al. (2013) shows that area of marginal lands in the world
under different evaluation methods and practices fluctuate from 320 million ha to 1.3 billion
ha. Wood et al. (2000) identified area of marginal lands that was about 36 percent of global
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agricultural land or 1.3 billion ha; Campbell et al. (2008) in his investigation suggested of
about 384 to 471 million ha; Cai et al. (2010) stated 320-702 million hectares of marginal
lands if “only abandoned and degraded cropland and mixed crop and vegetation land, which
are usually of low quality, are accounted”.
Converting marginal land to bioenergy crop production, according to Kang et al. (2013),
will allow producing about 1.4 to 2.1 billion tons of biomass globally.
By the investigations of Fischer et al. (2009) Europe’s agricultural land cover the EU27,
Norway, Switzerland and Ukraine comprise of 164 million hectares of cultivated land and 76
million hectares of permanent pasture. Cultivated areas dominate agricultural land in Eastern
Europe, while the bigger part of permanent grassland is located in Western Europe. By his
prognosis in the EU28 and Ukraine by 2030 under different economy development scenario
of some 44–72 million hectares could be freed up without compromising Europe’s food and
feed sectors and shifted to marginal area. Among EU28 in the Western Europe for EU15
about 10% of cultivated land is estimated to be freed up, whereas in Eastern Europe for
EU12 half of the cultivated land and in the Ukraine two-thirds might be freed up (Fischer et
al., 2010).
Investigations of Cai et al. (2011) which was based on physical conditions such as soil
productivity, land slope and climate, show that the countries/regions with major agricultural
production capacity in the world may have 256 to 463 Mha of land available for that purpose
if only abandoned or degraded cropland is used for biofuel production.
Calculations made by Cai et al. (2011) show that on marginal lands, depending on
scenarios of their use, it could be possible produce different amount of fuel and energy: 1) if
planting prairie grass, it provides about 2-7% of current world liquid fuel consumption; 2) if
planting second-generation biofuel feedstock – of about 8-34%. But, if converting marginal
grassland to energy production, which area is about 1,362 Mha, the requirement in liquid fuel
will be covered by 23-48%.
By IEA (2011) evaluation of different scenarios of land use, Africa alone may provide
from one-third to half land to produce biofuel; Africa and Brazil together may cover over half
of such requirement.
The productivity of bioenergy crops on the marginal lands highly depends on the level
and type of land marginality as well as on the selection of the most suitable bioenergy crops
(Tilman et al. 2006; Schmer et al. 2008).
Chum et al. (2011), Dauber et al. (2012) taking surplus as collective marginality term find
that for bioenergy production degraded land, abandoned land and marginal land are probably
the most important (Fig. 3). Depending on the objective and/or availability of data and crops
considered (annual crops, lignocellulosic crops), the global bioenergy potential of surplus
land ranges from 250 Mha to 1,580 Mha (IEA 2011).
In the scientific works of OEKO (2006), Searchinger (2008), and Wiegmann et al. (2008),
a big attention is paid to positive ecology and environment effect of using marginal land for
bioenergetics. Cultivation of biomass on degraded or abandoned farmland has safeguard
ecology influence. This farmland area is a harbor of high biodiversity and beneficial toward
natural habitats.
Carroll and Somerville (2009) consider that challenges for the world are to identify the
most highly productive plant species that can be grown on the various types of marginal or
abandoned the land and to develop innovative land use systems specifically designed for
energy crops that both have high energy productivity and support species diversity and
community development.
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Figure 3. Land and bioenergy potential of different surplus land categories (Dauber et al.,
2012)
Investigations by Gopalakrishnan et al. (2009), (2011) made in the state of Nebraska
(USA) showed that among 12 million ha (30 million acres) environmentally marginal lands,
8.4 million ha (21 million acres) are lands with nitrate-contaminated groundwater, the other
3.2 million ha (8 million acres) irrigated cropland (NCHRP 2005). The author found, the most
important and productive bioenergy crops for this area to be second-generation
lignocellulosic crops such as switchgrass (Panicum virgatum L.), miscanthus, and shortrotation woody crops that are expected to have limited environmental impacts.
Rockstrom et al. (2009) and Dauber et al. (2012) identified that crops used primarily for
second-generation biofuels are the most suitable to cultivate on marginal lands. Identification
of a sustainability criterion for bioenergy crop production on marginal soils could be a priority
of research which is currently conducted.
To the opinion of Cofie and Penning (2002), Dornburg et al. (2010), among the marginal
lands degraded are of high risk for efficient biomass production. Degradation requires big
efforts and a long time for the reclamation, and generally deals with a low nutrient efficiency
which results in low yield with the risk of harvest loss.
The experience of Germany illustrates positive scientific and agricultural practice to
produce biomass on highly degraded post-mining sites. Investigations by Quinkenstein et al.
(2012), Kanzler et al. (2015) showed that planting black locust (Robina pseudoacacia L.) on
severely disturbed post-mining areas despite low soil fertility can produce high biomass yield
with the creation of beneficial land-use system.
Russelle et al. (2007), Dauber et al. (2012) note about positive experience of producing
mixed biomass of native perennials grassland on degraded lands in Northern America.
Although the authors point out the risks dealt with potential nutrient losses and high
expenditures for weed control, such agricultural practice looks promising from a
bioenergetics perspective.
Faaij and Domac (2006), Krasuska et al. (2010) defined a high potential of abandoned
land for bioenergy supply. The conducted research on exploitation of abandoned land of
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below average quality for cultivation biomass showed that yields might be satisfying if energy
crops were proper selected.
Investigations by Fernando and Oliveira (2005) showed that growing bioenergy crops on
marginal land might not only affect the level of the yield but also its quality. Production of
bioenergy crops on the soils of contaminated area may cause accumulation of heavy metals
and other contaminants, hence compromising biomass quality.
Dauber et al. (2012) identified that accumulation of contaminants in the plants
dependsed on the level of yield. Lower yield concentrate nutrients, such as nitrogen,
compromising its use for combustion purposes, due to higher nitrogen oxides emissions.
Thus, there is a big area, about 100 million to 1 billion ha (Worldwatch Institute, 2006), of
marginal lands in the world with the potential to produce 1.4 to 2.1 billion tons of biomass
globally. Among categories of marginal lands, domain degraded and abandoned farmland
which is underground to produce bioenergy feedstock. The majority of scientific community
(Cook and Beyea 2000; Russelle et al. 2007; Faaij and Domac 2006; Boehmel et al. 2008;
Smeets et al. 2009; Rosenberg and Smith 2009; Anderson-Teixeira et al. 2009; BlancoCanqui 2010; Bhardwaj et al. 2011; Dauber et al. 2012) considers that second-generation
lignocellulosic crops such as switchgrass (PanicumvirgatumL.), miscanthus, and shortrotation woody crops are the most suitable to grow on marginal lands. The main challenges
for the Europe are to identify the most highly productive plant species that can be grown on
the various types of marginal land under different climate conditions.
1.5

MagL and the status quo sustainability constrains

Wolf et al. (2003) projected that by 2050 about 45% of the present agricultural land
area would be used for bioenergy production if high external inputs are applied; in the case
of low external input there would be no land for bioenergetics. According to Cornelissen et al.
(2012) the potential for sustainable bioenergy production is estimated at 340 EJ a−1 in 2050.
By this scenario, Spiertz (2013) identified an area of land needed for biomass production that
would be 250 million ha or is about one third of the land potential that can be used in a
sustainable way.
According to Spiertz (2012) land which is not currently used for food production (MagL)
should be a major basis to grow bioenergy crops. He found that marginal lands were usually
fragile, low fertility potential, harsh ecology hazards, spread over different climate and
economy conditions.
Many scientists, Dale et al. (2010), Fernando et al. (2010), Zimmermann et al. (2012),
Dauber et al. (2012), consider that cultivation biomass on marginal lands meet a number of
constrains dealing with ecosystem sustainability, environment hazards, and economic
efficiency. According to the Royal Society (2008) the risks associated with economic, social and
environmental sustainability are the biggest constraints for the development of the bioenergy
sector.
Zinck and Farshad (1995) considered a sustainable land management from two
positions: narrowly, when sustainable practice required of proper technology only and, more
broadly, when considered equilibrium between all factors involved in the land concept such
as biophysical (climate, waters, soil and plants), social (land tenure and labour), and
economic (capital and market). According to Zinck and Farshad (1995) in order to pursuit
land use sustainability, the integration of social, environmental and economic issues is
strongly recommended. Sustainable land management is tied to crop diversification, crop
subsidies and price support. A major challenge is to determine a sustainable equilibrium
between the natural resource base and its exploitation, as well as sustainability level reached
by a given agricultural system.
Bindraban et al. (2009) find impossible to receive significant yields of biomass on
marginal lands without compromising the natural character of the ecosystem. To be
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economically sustainable agricultural practice on marginal lands requires an increased
financial input for improving crops growing technologies, fertilizers application, plant
protection provision that result in increasing chemical load and ecology hazards for
ecosystem.
Spiertz (2013) considers that the most potential for energy crop production on marginal
land is located in regions with less developed agricultural production systems. Therefore, an
expansion of the exploitation of marginal and degraded land for bioenergy and industrial
feedstocks will require more external inputs such as irrigation water, macro-nutrients (N, P,
K), and biocides (herbicides, fungicides, and pesticides). According to Hein and Leemans
(2012) conversion of marginal land into biomass production for bioenergy will require
phosphorus supply by fertilizer or manure. At the same time Young and Somerville (2012)
keep more optimistic outlook considering that in such C4 crops as Miscanthus, biomass
yields can further be improved without an increase in external inputs (nitrogen, water, etc.).
According to Dornburg et al. (2010) degraded lands are of major constraints for biomass
production as they require a large efforts and a long period of time for reclamation and increasing
fertility of the soils.
Dale et al. (2010), Fernando et al. (2010) found that major challenges for sustainable
biomass cultivation on marginal lands are limited knowledge about proper selection of
feedstock type, its location in term of meeting environmental conditions, soil quality, and
terrain constrains, as well as influencing biodiversity and market climate.
Dauber et al. (2012) consider that despite of an advanced developments of bioenergy,
a regional solutions of designing and establishing sustainable bioenergy production systems
is of the most importance which resulting in social, economic and ecological benefits. After
identifying suitable option for bioenergy feedstock production, a proper bioenergy cultivation
system is required, which should be based on evaluating yield, input and costs, as well as
potential environmental and socio-economic impact.
Dale et al. (2010) believe that perennial bioenergy crops are the most appropriate
component for conservation farming systems. Such practice improves soil quality, reduces
erosion and does not require significant agricultural input. Though, Plieninger and Gaertner
(2011) identified that a monoculture if it is planted on marginal or degraded lands in smaller
plots can create a conflict with biodiversity conservation.
Spiertz (2013) consider that to meet demands of bioenergy production in a sustainable
way, the development of cropping systems that are highly productive, but also robust with
respect to abiotic and biotic stresses is under high requirement.
Many scientists, Fernando (2005), Zegada-Lizarazu et al. (2010), Zimmermann et al.
(2012), found that environmental benefits and high biomass productivity can be got if an
appropriate site-specific choices is made and technology of bioenergy crops growing is
optimized when cultivating them on marginal lands.
According to Fernando (2005) a cultivation of the dedicated perennial energy crops on
degraded lands improves these lands by restoring soil organic matter, stabilizing erosion,
preventing nutrient and contaminants leaching and run-off. Investigation of Zimmermann et
al. (2012) showed that planting SRC poplar, willow and miscanthus on marginal land
increased soil organic carbon; investigation of Makeschin (1994) identified improving soil
fertility and reduces of nitrogen leaching.
According to Rooney et al. (2009) woody perennial biomass crops provided a diverse
of microbial communities in soil including mycorrhizas, which resulted in improving both
biomass productivity and cropping security, and at the same time increased so il
biodiversity.
Smeets et al. (2009) identified that using perennial grasses in US Conservation
Reserve Programme minimized soil erosion and decreased ecology hazards. He found that
miscanthus, being moderately susceptible land-use type, can be planted in areas of high and
very high risk of soil erosion.
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Zinck and Farshad (1995) found that sustainability of land management varies in
space, according to climate, soil, technology and societal conditions. Because of its
complexity, sustainability is a difficult to measure directly and requires the use of appropriate
indicators for assessment.
Parry and Hawkesford (2010) consider that a quantitative system approach is needed
to perform integrated assessments of sustainability, resource-use efficiencies, ecological
services, and economic profitability to guide the choice of crop species and cultivars to be
grown in a target environment and region.
Schueler et al. (2016) found that in order to identify biomass that are used sustainably,
the EU Renewable Energy Directive’s sustainability criteria (RED) must be applied. These
criteria capture a broad sustainability concerns, including both biodiversity protection and
conservation such ecosystems services as carbon storage.
Thus, a sustainability of biomass cultivation on marginal lands is defined by selection of
appropriate bioenergy crops to grow in specific soil, environment and climate conditions, by
optimizing a technology of bioenergy crops growing which requires further research and
development as well as it depends on favorable economic climate that should be directed to
stimulate development of bioenergetics.
1.5.1

Potential sustainability impacts associated with the use of MagL

This section presents an overview of potential sustainability impacts associated with the
use of MagL. All pillars of sustainability are discussed individually by contrasting potential
benefits and risks in sections 1.5.2 to 1.5.4. Global/regional and local environmental impacts
are discussed separately following the approach that is taken in WP 4. A summary is given in
chapter 1.5.5.
As pointed out in sections Fehler! Verweisquelle konnte nicht gefunden werden. to
Fehler! Verweisquelle konnte nicht gefunden werden., a broad range of definitions for
MagL exists and various types of land may be included or excluded from the respective
definition. As a consequence, it is impossible to make a general statement regarding
potential sustainability impacts associated with the use of such land. Most impacts can only
be evaluated reliably if the range of boundary conditions such as the former use and
vegetation is narrowed down to a larger extent than current definitions of MagL allow for. The
impacts listed in the following sections thus usually refer to specific conditions.
1.5.2

Global/regional environmental impacts

In this section, environmental impacts that are typically covered by standard life cycle
assessment (LCA) methodology are discussed. In general, LCA results for bioenergy
systems show advantages as well as disadvantages compared to a conventional reference
system that is usually based on fossil resources. On the one hand, greenhouse gas (GHG)
emission savings and primary energy savings can be achieved. On the other hand, the LCA
results show disadvantages in most others environmental impact categories such as
acidification, eutrophication, ozone depletion or particulate matter emissions. Rettenmaier et
al. (2015) have shown that this ambiguous picture in terms of LCA results is also valid for
bioenergy systems on MagL. Compared to standard agricultural land which allows for typical
yields, material and energy requirements per MJ bioenergy are usually higher when biomass
is cultivated on MagL because MagL is less productive, i.e. higher amounts of fertilizers and
other inputs are needed. Also, MagLs may be located in remote areas and less
interconnected so that management and logistics are less efficient. For these reasons it may
be even more difficult to achieve positive LCA results by exploitation of MagLs (Rathmann et
al. 2010).
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In terms of GHG emission savings, the general perception of biomass production on
MagLs is optimistic and analyses have found high hopes connected to MagLs (PBL 2009).
For instance, low carbon dioxide emissions are presumed to be related to initial plantation
establishment because of the low carbon stocks of MagL. Likewise, it is assumed that
indirect land use changes are avoided by exploitation of MagLs (instead of standard
agricultural land) because MagLs are not used prior to biomass cultivation. However, it is
important to note that these boundary conditions are not always met. For instance,
depending on the definition used, MagL may also encompass land that has a high carbon
stock so that high carbon dioxide emissions are related to direct land use changes
(Reinhardt et al. 2007). Similarly, MagL may in some cases be currently used e.g. for
pasturing so that indirect land use changes may be caused. Furthermore, downstream use
as well as substituted energy provision heavily influence final results. In some cases, the
implementation of a value chain may even cause net GHG emissions. Thus, not even GHG
emission savings – one of the major reasons for cultivating energy crops on MagL – can be
taken for granted. Major benefits and risks regarding GHG emissions are summarised in
Table 1.

Table 1.

Benefits and risks regarding greenhouse gas emissions associated with
bioenergy production on MagL vs. conventional energy provision.
Benefits

 Net GHG emission savings achievable
through biomass production and use.
 In case the MagL was previously unused,
no GHG emissions resulting from indirect
land use changes are caused.

Risks
 Definition of land with high carbon stocks as ‘marginal’. In case of cultivation, high GHG emissions
from direct land use change are caused
 Definition of land that is currently used as
‘marginal’. The current use is displaced
elsewhere, causing GHG emissions from indirect
land use change.
 Some value chains lead to net GHG emissions –
even without considering land use changes.

With respect to the other environmental impact categories investigated in state-of-the-art
LCA studies, low-input systems based on the use of MagL can be rewarded with
extraordinarily good LCA results compared to other bioenergy systems for which significant
disadvantages regarding acidification, eutrophication, ozone depletion and particulate matter
emissions are frequently obtained (Rettenmaier et al. 2015). In most cases, zero/low-input
systems also lead to disadvantages in these impact categories, however, they are less
pronounced. Low environmental impacts can only be achieved by consideration of sitespecific requirements and by careful and responsible implementation (Rettenmaier et al.
2015).
Table 1 provides a summary of the just mentioned benefits and risks.
Table 1.

Benefits and risks regarding further global/regional environmental impacts
associated with bioenergy production on MagL vs. conventional energy provision.
Benefits

 Net primary energy savings achievable
through biomass production and use.
 Cultivation of perennials for bioenergy
leads to more beneficial LCA results than
annual biomass production systems.

Risks
 Usually disadvantageous LCA results in all impact
categories except for global warming and energy
demand.
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1.5.3

Local environmental impacts

Concerning local environmental impacts such as impacts on soil, local water bodies,
flora and fauna, etc. it is obvious that impacts cannot be determined accurately without
further specifications about the MagL in question. However, several general statements on
potential impacts can be made. For instance, if the MagL is degraded, bioenergy production
may result in an improvement of the physical soil structure which has positive impacts on the
water balance of the soil due to reduced surface runoff and which also reduces the risk of
erosion (Wicke 2011). Furthermore, biodiversity can be positively affected by cultivation
establishment (Tilman et al. 2006; Wicke 2011). Likewise, organic matter can be
accumulated which improves the soil fertility (Stromberg et al. 2010).
On the other hand, water availability on MagL might be very low in warm and dry
climates such as the Mediterranean region. In case irrigation is applied, negative impacts on
the water availability may result (Rettenmaier et al. 2015). Also, evapotranspiration may be
increased due to cultivation establishment. In addition, the use of herbicides and fertilizers
bears the risk of negative impacts on groundwater and adjacent water bodies. If the
considered MagL is vegetated, cultivation including initial clearing and continuous ploughing
may increase soil disturbance and erosion. Likewise, monocultural plantations as well as the
usually involved application of fertilizers and especially herbicides bear the risk of decreasing
biodiversity (The Royal Society 2008). This is even more valid if the MagL represents a
valuable habitat or acts as a reservoir for endangered species that is destroyed due to initial
plantation establishment (The Gaia Foundation et al. 2008). For instance, critical forest, peat
and grassland ecosystems are often classified as ‘marginal’ or ‘idle’ if they are perceived as
not contributing sufficiently to economic development (The Gaia Foundation et al. 2008).
A summary of these benefits and risks is given in Table 2.
Table 2.

Local environmental benefits and risks associated with biomass production on
MagL.
Benefits *

Risks

 Potential negative impacts on the water
 Improved physical soil structure.
availability.
 Reduced surface runoff and risk of erosion.
 Increased evapotranspiration.
 Positive impacts on the water balance of
 Negative impacts on groundwater and water
the soil.
bodies due to herbicides and fertilizers.
 Accumulation of organic matter and
improvement of soil fertility.
 Increased soil disturbance and erosion.
 Positive impacts on biodiversity.
 Decreased biodiversity.
*: The listed benefits are only valid in case the MagL is degraded.

1.5.4

Socio-economic impacts

MagLs are frequently located in remote and rural areas and income level of residents
often is below-average. The following socio-economic benefits and risks are thus especially
related to such boundary conditions. Benefits of the use of MagLs for biomass production
and energy use include that the planned value chains are of regional nature with employment
gains primarily in rural areas (Keller et al. 2015). Furthermore, initial plantation establishment
and continuous cultivation can increase soil fertility and restore its productivity which in the
long run increases available agricultural land for local inhabitants to diversify their sources of
income (Bringezu et al. 2009). In addition, the overuse of the fragile resource base may be
lowered (Rettenmaier et al. 2012).
25

Among the major socio-economic risks is the challenging economic viability of the
production chains which is mainly caused by several characteristics of MagL. These
characteristics include the difficult accessibility of the remote areas, the higher input
requirements for cultivation per ton of biomass, the distance to established markets, the
typically present structure of small holdings, etc. Thus, in many cases financial incentives are
required. Furthermore, if the MagL is actively used in any way and thus displaced to another
area due to biomass production, positive socio-economic impacts such as employment gains
may be far lower or disappear. On top of that, costly plantation establishments, possible yield
losses and the still immature nature of the production chains can cause high socio-economic
risks to local farmers. In addition, even if the land is currently not used land, competition is
increased because future land requirements e.g. for food production are constrained. Also,
large scale investors may be attracted impairing many possible socio-economic benefits.
Table 3 summarizes the socio-economic benefits and risks with biomass production on
MagL.
Table 3.

Socio-economic benefits and risks associated with biomass production on MagL.
Benefits

Risks

 Employment gains primarily in rural areas.  Challenging economic viability due to difficult
accessibility, higher input requirements, distance
 Increased availability of agricultural land for
to established markets, etc.
local inhabitants.

High socio-economic risks for local farmers due to
 Lowered overuse of the fragile local
costly plantation establishments, possible yield
resource base.
losses, etc.
 Increased land use competition.
 Attraction of large scale investors bearing the risk
of land grabbing.

1.5.5

Summary

The cultivation of biomass for bioenergy production on MagLs can have various potential
sustainability impacts including both benefits and risks. Several potential impacts are
summarized in chapters 1.5.2 to 1.5.4.
A major conclusion is that actual impacts have to be determined depending on the
specific boundary conditions and based on detailed knowledge on the specific MagL in
question. In particular, the former vegetation and use of the MagL on which biomass is to be
cultivated, the cultivation concept and the final use of the biomass determine the associated
sustainability impacts. However, several further aspects that characterise the production
chain may be strongly influential for the sustainability impacts.
The unclear definition of MagL is identified as a crucial problem that hinders the
postulation of general statements regarding the sustainability of biomass production on
MagLs. MagL is often incorrectly used as an umbrella term for all types of land ranging from
fallow and abandoned land to degraded land. Moreover, if the definition of MagL focuses
mainly on the economic dimension of land marginality, it cannot be used as a stable
definition. Unfortunately, other terms such as degraded land which are used synonymously
are just as diverse and unclear.
However, it is evident that – since MagL is inherently less productive than fertile land, i.e.
it provides marginal yields – higher agricultural inputs (e.g. fertilizers) and therefore
investments are required to obtain the same output as on fertile land. Thus, the
environmental impacts may be increased (Rettenmaier et al. 2012). Moreover, it must be
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guaranteed that the MagL in question is unused prior to biomass cultivation so that indirect
land use changes can definitely be precluded (Keller et al. 2015).

2
2.1

MagL in the SEEMLA approach context
Definition of MagL

Against the background of these widely differing and often contradictory definitions for the
term “marginal lands” the SEEMLA project consortium follows the approach of Dauber et al.
(2012). However, some modification of the original definition as shown in Fig 2 (above) were
made and summarized in Fig. 4.
potential cost efficient land use
change for biomass production
(SEEMLA approach)

fallow / set aside

economic
efficiency
too low for
biomass
production

sites BTU (Germany)

poor

fertility (soil quality index) / productivity

sites IBC&SB (Ukraine)
sites SALIX (Ukraine)

abandoned

marginal land (SEEMLA MagL)

marginal land
infertile sites /
potentially suitable
soils: not
for biomass
relevant for
production
biomass
(SEEMLA approach) production

ecological site quality

sites DAMT (Greece)

fertile sites / soils: primarily
relevant for food production

high

conflict between
biomass production
and food production /
nature conservation

degraded
(anthropogenic)

reclaimed

badlands
(natural
wastelands)

brownfields:
(anthropogenic wastelands,
often substantially contaminated)

need for land restoration / costs for land rehabilitation
low

economic inefficiency

high

based on the figure by
Dauber et al. (2012) (modified)

Figure 4. Classification scheme for marginal land in the SEEMLA approach context
(developed by BTU-CS) modified after and adapted from Dauber et al. (2012).
Marginal land according to the definition of SEEMLA mainly includes sites which were
affected by degradation processes, in most cases triggered by anthropogenic impact. These
sites exhibit clear economic inefficiencies with regard to agricultural usability and poor
ecological site conditions, as indicated by obviously reduced low soil fertility. Marginal land in
terms of SEEMLA does not included sites with potentially high productivity which were set
aside or were temporarily abandoned due to certain socio-economic reasons. In addition,
badlands with naturally extreme low soil fertility as well as most parts of brownfields or
anthropogenic wastelands are not within the focus of SEEMLA. The infertility of the latter
sites is regarded as a clear obstacle for a profitable biomass production. Using this definition
of marginal land conflicts with other land use options, such as nature protection, forestry or
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agriculture, should be minimized when underused land is selected for future biomass
production.

2.2

Assessment of MagL

According to this definition of MagL marginality is primarily defined by clearly reduced
soil fertility. Different approaches have been introduced to assess soil fertility and resulting
yield potentials of in most cases arable lands. Within SEEMLA the widely accepted Soil
Quality Rating Index (SQR) (Mueller et al. 2007, 2010) will be adopted. This method was
developed primarily for assessing agricultural crop yield potentials related to soil fertility.
Empirically based scores ranging from 100 (prime farmland) to 0 (no farming possible) are
well correlated with yields of common agricultural crops.
Calculated SQR scores below 40 indicate poor soil fertility conditions; scores below 20
stand for very poor conditions. Such sites with poor or very poor soil fertility are considered
as being “marginal” with regard to agriculture. Poor sites and parts of very poor sites,
however, are seen as potential sites for biomass production avoiding the competition with
food production on soils with higher productivity. Within SEEMLA the SQR method is
practicably applied to assess and characterize the degree of marginality of the different case
study sites.
The SQR system is designed as a field technique and most parameters can be easily
obtained by simple field investigations and measurements. Elements of other soil rating
methods (e.g. the Visual Soil Assessment (VSA) provided by FAO, see Shepherd 2001) are
integrated in this approach. Compared to other systems the SQR allows a clearly more
detailed evaluation of relevant soil parameters and includes additional ecological site
properties such as topography and climate conditions. Further, it takes into account so called
hazard indicators (such as contamination, salinization, acidification, drought etc.) which
represent the most important reasons for land degradation and therefore marginality.
Based on the SQR method the German Federal Institute for Geosciences and Natural
Resources (BGR) edited a map of agricultural yield potentials of German soils (BGR 2014).
Information for this map were derived from available soil maps of Germany using pedotransfer functions. For developing and applying the SEEMLA approach similar methods will
be used.
This map allows to identify regions with very low yield potentials or soil fertility (ranking
scores <35) which can be interpreted as marginal sites. According to the Soil Atlas of
Germany (also edited by BGR in 2016) the total amount of arable land with extremely low
agricultural yield potentials in Germany is 6.8 %.
2.3

Availability of MagL in Europe

According to Fischer et. al (2010), arable land in Europe (including Ukraine) comprised of
164 million hectares of cultivated land and 76 million hectares of permanent pasture. By
2030, some 44-53 million hectares of cultivated land could be used for bioenergy feedstock
production. The energy oriented scenario includes an extra 19 million hectares pasture land
for feedstock for second-generation biofuel production chains. Available land is foremost to
be found in Eastern Europe, where substantial cultivated areas can be freed up through
sustainable gains in yield in the food and feed sector.
The area of agricultural land per capita on average in Europe is 0.43 ha, arable land –
0.24 ha; in Ukraine – 0.81 and 0.71 ha, respectively, which identifies Ukraine as one of the
most affluent countries by arable land (Solovianenko 2012, Zinchenko 2012).
During the period of 1990-2014 years, the area of arable land in Ukraine decreased from
33.6 to 32.5 million ha or by 1.1 million ha, which was achieved by shifting degraded and
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low-productive land into the category of hayfields and pastures (Table 5). Along with the
change of land use structure in Ukraine, there was observed a significant decrease of drilling
area. In 2014, 27.7 million ha out of the total arable land area 32.5 million ha was involved
into crops production, hence 4.8 million ha of arable land was not used for agricultural
production. Suspension of arable land use was caused by the low fertility of soils,
environmental threats and low economic efficiency (Solovianenko 2012, Derzhheokadastr
2015).
Table 5. Dynamic of land area in SEEMLA countries for 1987-2014 years
Country

Year

Total area
6

10 ha
Germany

Greece

Ukraine

Total
6
10 ha
17,136
16,725
-0,411

Agricultural land
Arable
Pasture
6
6
10 ha
10 ha
11,559
5,330
11,869
4,651
+0,310
-0,679

set aside
6
10 ha
0,781
0,189
-0,592

Forestry
6
10 ha
10,385
10,816
+0,431

1991
2014
changes

35,73

1987
2007
changes

13,20

6,761
7,266
+0,505

4,958
5,546
+0,588

1,412
1,295
-0,117

0,391
0,425
+0,034

6,229
5,700
-0,529

1991
2014
changes

60,36

41,890
41,558
-0,332

33,600
32,500
-1,100

7,684
7,800
+0,116

3,328
3,237
-0,091

10,331
10,630
+0,299

According to Statistisches Bundesamt (2014) area of land use in Germany for selected
years 1991 and 2014 has been changed that major refer to the land resources are used for
agricultural production and for forests. Land use for settlement and traffic increased
continuously during last centuries whereas land use for agriculture slightly decreased over
time. The area of agricultural land reduced on 0.41 million ha that follow by increasing arable
land on 0.31 million ha and by reducing pasture and set aside lands reciprocally on 0.68 and
0.59 million ha.
In Greece for period of 1987-2007 years the change in land use major refers to the area
of agricultural land and forestry. During marked two decades square of agricultural and
arable lands were increased reciprocally on 0.51 and 0.59 million ha which follow by reduce
of forestry and pasture area (ELSTAT 2007).
Thus, for the period 1987-2014 yeas a land use in SEEMLA countries has been met
permanent change with some increasing arable lands in Germany and Greece due to the
plowing of the forest and pasture, and reducing arable lands in Ukraine which followed by
suspension of their cultivation on extra 4.8 million ha.
2.3.1

Ukraine

The whole area of arable lands in Ukraine equals 32,5 million hectares (under arable 7080%). According to Pankiv (2008) a territory of Ukraine is divided into three soil-climatic
zones: 1) Forest zone (north part) with poor fertility sod-podzolic soils, sandy or sandy-loam
texture, low nutrition and organic matter potential, with high percentage wetland, reclaimed
and acidic land. Average norm precipitation is 550-650 mm/year. The area is best suited for
growing willow, poplar, and partly miscanthus; 2) Forest-Steppe zone (central part) the
richest area with very fertile black soil, light-medium loam texture, high nutrition and organic
29

matter potential. Average norm precipitation is 450-550 mm/year. The area is affected by
erosion; in turn of bottom lands – by light salinization and over wetting. The area is best
suited for growing miscanthus, switchgrass, and willow on bottom lands; 3) Steppe (drysteppe) zone (south part) with medium fertility black and brown soils, heavy loam or clay
texture, high nutrition and organic matter potential. The fertility of these soils is limited by
salinization, erosion and low level precipitation. Average norm precipitation is 300-450
mm/year. The area is best suited for growing miscanthus and black locust.
Potentially, the area of marginal lands in Ukraine is over 9,7 m. ha, among them the
portion of medium and highly eroded land amounts to 4.5 million hectares, medium and
highly acid to 4.4 million hectares, salinity soils to 0.5, low productive sandy soils to 0.3
million hectares. Besides, there is 3.1 million hectares of highly contaminated soils (Pankiv
2008) (Fig. 5).

Figure 5. Structure of land use in Ukraine, Derzhheokadastr (2015)
To study a sustainability of bioenergy crops for growing on marginal lands in Ukraine there
were selected the following pilot cases:
1) Poltava Region (IBC&SB). Google coordinates: 49°39'51.41"N; 33°11'56.70"E (Fig. 6).
Over the past 40 years site was used for grazing and for hay. Intensive woody vegetation
growth in this area began in 1976. A characteristic feature of the site is highly fertile black soil
that is marginalized by a shallow groundwater table (less than 1 m) and high carbonates
level (pH 7.6).The pilot case site will be used for growing energy willow and miscanthus.
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Figure 6. Location of the pilot case sites of IBC&SB, Ukraine.
2) Vinnitsa Region (IBC&SB). Google coordinates: 48°59'51.41"N; 27°27'18.68"E (Fig. 7).
Pilot case site is presented by low productive (MagL) land on the slope with area of 1.5
hectares. Before 80-th last century it was area over 10% slopes. In 1984 the slope was
partially lined or cut for building football stadium. But, such building was not completed and
land was transferred into solid waste dumps (paper, plastic, glass, polyethylene, etc.). In
2015 land was cleaned of wastes. A characteristic feature of the area is low fertile gray soil
and slope to 10% on part of the site. The pilot case site will be used for growing energy
willow and miscanthus.

Figure 7. Location of the pilot case sites of IBC&SB, Ukraine.
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3) Volyn Region (SALIX). In this region it is selected three pilot sites with total land area
about 4.4 ha for growing energy willow and energy poplar. Google coordinates: 1 –
50°50'22.6"N-24°51'19.4"E; 2 – 50°50'28.4"N-24°51'34.1"E; 3 – 50°51'47.1"N- 24°49'19.2"E
(Fig. 8).These sites belong to reclaimed and abandoned lands which are used as pastures
and hayfields. Because of low productivity suspension of their cultivation was stopped 20
years ago. These sites are characterized by poor organic matter content and nutritional
status, low soil fertility, high moisture content (frequent flooding after rains and snowmelt)
and shallow soil depth. Soil texture is sandy with gleyic features. Groundwater table is within
0.5-2 m, pH – 5.5-7.

Figure 8. Location of the pilot case sites of SALIX, Ukraine.

4) Lviv Region (SALIX). In this region it is selected four pilot sites with total area about 7.5
hectares. Google coordinates: 4 – 50°16'08.4"N-24°17'51.8"E; 5 – 50°15'17.8"N24°08'14.4"E; 6 – 50°15'24.0"N-24°09'55.2"E; 7 – 50°15'24.5"N-24°10'20.5"E (Fig. 9). These
sites as well as the sites in Volyn region belong to reclaimed and abandoned land. The
characteristic features of this area are poor/medium organic matter content and nutritional
status, low soil fertility, high moisture content (frequent flooding after rains and snowmelt)
and shallow soil depth. Soil texture is sandy or sandy-loam with gleyic features. Soils are
partly and strongly compacted; groundwater table – within 1-2 m, pH – varies between 5-7.3.
The pilot case site will be used for growing energy willow.
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Figure 9. Location of the pilot case sites of SALIX, Ukraine.
2.3.2

Greece

Greece is a mountainous country where the arable land covers less than 30% of its total
land of 132 000 km2. According to Papanastasis (2007), the ratio of abandoned old fields
differs significantly among different prefectures, but almost everywhere these old fields used
to be of low productivity with soil depths of more than 30 cm and were predominantly used as
graze lands. The greatest reduction in arable lands is occurring in the mountainous zone,
above 800 m, where it is assumed that 27% of the agricultural land has been abandoned
between 1961 and 2000.
According to a comparative analysis of land data for the years 1961 and 1991, the most
abrupt reduction in agricultural land happened in the mountainous communities where
56 750 ha of arable land have been abandoned. In contrast, in the lowland communities, the
agricultural land expanded by 98 980 ha, but this expansion has been accompanied by a
double loss of pasture lands (ELSTAT 1961, 1991).
In addition, the most recent land classification data that have been published by the
Greek Statistical Authority and follow CORINE nomenclature for the year 1999 show that
from a total of 131 982 km2 only 26 752 km2 (20.27%) could fall under the specific conditions
in the category of marginal lands that are available and suitable for biomass production.
From the above possibly available area, 270 km2 are former mine fields and waste dumps
and 4 420 km2 are pastures consisted of open spaces with little or no vegetation. The sum of
these two numbers, 469 000 ha, is assumed to set a first gross approximation to the
available marginal lands for biomass production in Greece (ELSTAT 1998).
The perspective of establishing fast growing plantations in these marginal lands seem to
be a very promising solution, which in experimental scale and with selected species gave a
production of 10 t/ha per a year for Platanus and 16.5 t/ha per a year for Poplar
(Aravanopoulos 2010).
To study a sustainability of bioenergy crops for growing on marginal lands in Greece there
were selected three pilot cases (Fig. 10):
1) The site number one is public forest of Fillyra, Drosia village, 33 km from Komotini. Google
coordinates: 41°11΄24.39΄΄-25°38΄46.18΄΄, altitude: 590-600 m. Size of land site - 0.1 ha;
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current land use – grassland-pasture with limited cultivation. Soils are of sandy or sandyloamy texture, medium nutrition status, low organic matter content, pH – 5.1-5.7, slope – 1015%, stoniness – 10%, high compaction. The pilot case site will be used for growing pine
trees such as Pinus nigra, Austrian pine and Black pine.
2) The site number two is public forest of Ismaros, Pelagia village, 22 km from Komotini.
Google coordinates: 41° 00΄2.7΄΄- 25° 27΄42.73΄΄, altitude: 98 m. Size of land site - 0.1 ha;
current land use – forest/shrubs, bushes and grasslands. Soils are of clay texture, medium
nutrition status, low organic matter content, pH – 4.9-5.6, slope – 25-35%, stoniness – 5%,
low to medium compaction. The pilot case site will be used for growing pine tree – Pinus
brutia.
3) The site number three is public forest of Kalhantas, Sarakini village, 42 km from Komotini.
Google coordinates: 41° 17΄42΄΄-25° 32΄59΄΄, altitude: 500 m. Size of land site - 0.1 ha;
current land use – artificial plantation (Robinia pseudoacacia)/grassland-pasture occasional,
limited cultivation. Soils are of sandy or sandy-loamy texture, medium nutrition status, low
organic matter content, pH – 5.2-5.8, slope – 35-40%, stoniness – 5%, low to medium
compaction. The pilot case site will be used for growing Robinia pseudoacacia.

Figure 10. Location of the pilot case sites of DAMT, Greece.

2.3.3

Germany

About 6.8% of the total arable land in Germany (118 690 km2) is considered to have very
low yield potentials. This area amounts to approximately 8 000 km2 and can be interpreted as
marginal. A part of the arable land (in total 118 690 km2) in certain regions e.g. in
Brandenburg can be considered as economically marginal. At least 30% of the agricultural
land (total ~ 13 000 km2) of the state of Brandenburg which amounts to approximately 4 000
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km2 exhibit relatively poor soil qualities and yields respectively and can thus be considered
as marginal (Statistisches Bundesamt 2014, 2016).
A potential of marginal land for biomass production in terms of the SEEMLA definition
provided above is presumably contained particularly in categories operational sites and not
used/ cultivated.
To study a sustainability of bioenergy crops for growing on marginal lands in Germany
there were selected two pilot cases (Fig. 11):
1) The site number one (German railways, DB AG) is located (33U 452375 E, 5733730 N)
in the south eastern part of the city of Cottbus. The size is approximately 1 ha. The major
part of the site was used for wagon repair and maintenance. Part of the site hosted a
manufactured gas plant. In 2009 Brandenburg University of Technology Cottbus –
Senftenberg (BTU) in cooperation with Deutsche Bahn AG (DB AG) started to plant the area
successively in order to stabilize and revegetate the former production facilities and to
produce renewable energies from biomass. Species planted are hybrids poplar and black
locust. Generally, the site can be classified as a brownfield and thus as marginal land,
particularly in terms of soil properties.
The site is generally flat and the groundwater table is located approximately 9.3 m below
surface. Soils have a sandy texture, are of low nutrient and humus content and more over
contain gravel and construction debris to significant amounts (about 50% weight). Soils are
not contaminated and electric conductivity (ECSE electric conductivity in saturation extract,
calculated from 1:2.5 water extract) and pH levels are in a normal range and do not indicate
any hazards (ECSe ~ 1.0 mS cm-1 – 2.0 mS cm-1; pH ~ 5.0 – 7.5). The pilot case site will be
used for growing poplar and black locust.
2) The site number two (Welzow, reclaimed open cast mine) is located (33 U, 452858 E,
5719088 N) approximately 15 km south of the city of Cottbus. The still active lignite mine
named “Welzow Süd” plus additionally affected lands for operations and active and former
dump sites covers an area of about 50 square kilometers in size. The site selected for the
SEEMLA project is situated in the north part of the Welzow mine in a former dump area of
approximately 170 ha in size, which was initially projected for renewable energy production
from biomass. The actually chosen case study site Welzow may have a size of
approximately 4.5 ha.
Soils at that area are commonly degraded due to the mining activities and can be
characterized as unfavorably to poorly structured, compacted, low in nutrient and humus
content and partly highly acidic. Initial investigations at the designated SEEMLA site revealed
that soil texture is sand to weakly loamy sand, with pH values ranging between 3.0 and 6.0,
indicating partly high acidity. The electric conductivity in saturation extract (ECSE calculated
from 1:2.5 water extract) ranges between 0.1 and 30 mS cm-1 indicating partly highly saline
conditions.
The site is generally flat and the groundwater table is situated deep below surface (more
than 10 m) due to the ongoing mining activities which require for regional lowering of the
groundwater table below the lignite seam (about 100 m). The pilot case site will be used for
growing black locust which was already successfully cultivated in the energy forest.
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Figure 11. Location of the pilot case sites of BTU Cottbus, Germany.
3

Suitable bioenergy crops and techniques to grow on MagL in Europe

Soil and climatic conditions in most regions of Europe are favourable for growing
perennial energy crops of the C4 group that is capable of intensive transformation of solar
energy into energy-containing biomass. These plants are not demanding for soil fertility.
They do not require the application of the significant amount of fertilizers and pesticides.
They prevent soil erosion, contribute to the preservation and improvement of agricultural
ecosystems and provide high-quality biomass of low cost.
Thus, energy plants can be cultivated on low productivity lands (marginal lands).
Among promising energy crops for Ukraine are miscanthus, switchgrass, willow, poplar;
Germany – poplar, black locust; Greece – pine and black locust.
Miscanthus (Miscanthus) is a perennial cereal that has been growing in America and
Western Europe over the years as a source of bioenergy. High yield of dry biomass (up to 25
t/ha) along with the high calorific value (18 MJ/kg) and low natural moisture of the stems at
harvesting (up to 30%) makes miscanthus the most effective crop for the production of solid
biofuels when compared with other crops. Miscanthus stems can reach 4 meters in height
and contain from 64 to 71% cellulose, which makes it a plant of high energy value: one ton of
dry miscanthus is equivalent to 400 kg of crude oil, 1.7 t of wood, 515 m 3 of natural gas, or
620 kg of coal.
The technology of miscanthus growing includes pre-planting soil cultivation, planting with
rhizomes on the depth of 8-10 cm, using special planting machinery. The density of crops per
hectare is 10-15 thousand. During first vegetation year Miscanthus grows too slowly,
therefore main attention must be paid to weeds control. Under low norm of precipitation (less
than 350 mm/y) Miscanthus forms low productivity, less than 3 t/ha, so harvesting is
economically worthless. Mostly, Miscanthus is harvested after second year vegetation with
using typical fodder harvesters. Date of harvesting may range from late autumn until early
spring.
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Switchgrass (Рапіситvirgatum) belongs to the perennial cereals. Switchgrass comes
from North America and grows naturally as a prairie grass. Since the early 90s, in the United
States and Canada, switchgrass started to be considered as a perennial energy crop, the
raw material of which can be used to produce solid biofuels, and in cellulose industry.
Switchgrass is not demanding for moisture and nutrients, it has a high natural resistance to
diseases and pests allowing stable yield of dry biomass on low-productive eroded lands. The
height of switchgrass plants grown in an area of insufficient moisture in Ukraine ranges from
1.0 to 2.5 m, and the yield of dry biomass from 7 to 14.2 t/ha, depending on the varietal
characteristics. Providing proper tending crops, one plantation can be harvested for 15 years.
Taking into attention very small seeds of switchgrass, the particular attention must be paid
the to the quality of pre-sowing cultivation as a depth of sowing must be from 1 to 2 cm.
Switchgrass is drilled with common drilling machineries to a depth of 1-1.5 cm with sowing
rate about two millions seeds per hectare. In the first vegetation year, main attention must be
devoted to weeds control. Harvesting of switchgrass starts from second vegetation year with
using common harvesters and must be finished before snowing.
Willow (Salix viminalis) is among the fast-growing trees, which biomass can be used for
solid biofuels production, the best one is basket willow. Willow as an energy crop has been
grown in many European countries, in particular, Sweden, England, Ireland, Poland,
Denmark, etc. At present, the largest plantations of the crop have been established in
Sweden (about 20,000 ha) and Poland (over 6,000 ha). Willow is not demanding for the
availability of nutrients in the soil. It can grow on low-productive and sacid lands, although it
requires a lot of moisture. Therefore it is advisable to establish energy willow plantations in
zones of sufficient moisture, flood plains with high groundwater level. The average increment
of Salix viminalis under the conditions of Ukraine ranges from 1.5 to 2.0 m. The biomass can
be harvested every 2-3 years for 7-8 cycles.
Willow is planted as 18-25 cm length cuttings in two-row strips using special planters. In
the first year of vegetation, the space between rows is cultivated with milling machines. In the
second year, cutting is carried out to increase the emergence of shoots. Willow is harvested
every 2-3 years with special harvesters and this term depends on a variety and weather
conditions. The organization of field logistics requires telescopic loader with a bucket
capacity of 2.5 - 3 m3 and two or three trailers with a capacity of 25 m3. Storage is provided in
clamps in the open air.
Poplar (Pópulus) is a genus of dioecious fast-growing trees of the family Salicaceae.
Poplar, as well as willow, relates to the perennial energy wood crops. It is grown under
similar to willow growing conditions and technologies. Poplar is resistant to pests and can
grow on poor soils and contaminated land, but it is less frost-resistant than willow; therefore,
as a rule, it is not grown in the Nordic countries. The crop requires little or no use of
pesticides and fertilizers.
In industrial poplar plantations, dry mass yield amounts to 8-15 t/ha/year, and under the
best conditions, it can reach 16-20 t/ha/year. Poplar plantations remain productive for 20-25
years and longer, and during this period the biomass can be harvested every 2 or 3 years.
Poplar grows well in soils of any composition with pH levels varying from 5.5 to 7.5. Poplar
cuttings from 20 to 25 cm in length are used in mechanized planting. For this purpose,
usually, planters Ferrirotor and Spapperi are employed. Depending on the chosen row
spacing and planting schemes, the number of seedlings per hectare can be from 12 000 to
15 000. Poplar root system is strong, but mostly superficial and spreading far beyond the
projection of the crown. Starting from the middle of the second year, the trees have their root
system completely formed and hardly need any protection.
Harvesting shall be carried out during the dormant period of the trees between November
and March. Depending on the variety and the way of planting, the harvesting can be carried
out every 2 or 3 years using forage harvester (such as Claas Jaguar, John Deere 7300, etc.)
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with a special mounting attachment. A productive period of a plantation is 25 years after that
reclamation is needed and energy trees can be planted again in 1-2 years.
Black locust (Robinia pseudoacacia) is a medium sized deciduous tree that has been
widely planted and naturalized elsewhere in temperate North America, Europe, Southern
Africa and Asia and is considered an invasive species in some areas. The tree is a fastgrowing and reaches a typical height of 9-15 m with a diameter of 0.6-1.2 m. Exceptionally it
may grow up to 52 meters tall and 1.6 meters diameter in very old trees. Black locust is a
shade intolerant species and therefore is typical of young woodlands disturbed areas where
sunlight is plentiful and soil is dry. The tree is planted for firewood because it grows rapidly, is
highly resilient in a variety of soils. Black locust has nitrogen-fixing bacteria on its root
system, so it can grow on poor soils and is an early colonizer of disturbed areas. The
average weight of dry Black locust biomass is about 17-40 tons per hectare per year. The
calorific value of absolutely dry black locust wood is about 4,624 Kcal /Kg.
Robinia is planted by seedlings at the site preliminary cleaned of weeds and shrubs.
Seedlings are either hand-planted or machine-planted; the depth of planting should be at or
just below the root collar. Usually about 500-800 seedlings are planted per acre for a
pulpwood plantation. The rows on the planting site are most often 2 to 3 m apart and
seedlings are planted 2 to 3 m apart within the row that provides 726 trees per acre.
Pines: Black Pine (Pinus nigra), and Calabrian Pine (Pinus brutia).
Black Pine (also known as Austrian pine) is a large coniferous evergreen tree, growing to
20-55 meters high at maturity and spreading to 6 to 12 meters wide; commonly found at
elevations ranging from 250-1,600 meters over sea level. The tree is moderately fast
growing, at about 30-70 centimeters per year, requires full sun to grow well, is intolerant of
shade, and is resistant to snow and ice damage. This species grows on acidic, alkaline,
loamy, moist, sandy, well-drained and clay soils; acceptable pH - from 4.0 to 7.0 or higher.
Austrian pine transplants relatively easily, but requires irrigation during the establishment
period. The tree is relatively pest resistant.
Calabrian Pine (also known as Turkish pine) is a medium-size coniferous evergreen tree,
reaching 20-35 meters tall and with a trunk diameter of up to 1 meter; generally occurs at low
altitudes, mostly from sea level to 600 meters. It grows prolifically in well-lit conditions and is
amply adapted to infertile soils and dry climates.
Information regarding technology of bionergy crops growing on pilot case:
Technology of pine growing provides clearing site out of logging slash and vegetation by
using mechanical methods such as chopping, disking, shearing, and bedding. Pine is planted
by seedlings which should not be stored but should be planted immediately (within a week)
after lifting at the nursery. The best way to transport seedlings is in a cooler or refrigerated
vehicle. Seedling roots should not be allowed to dry therefore seedlings should be put in
buckets of water or covered with wet burlap to protect them until they are in the ground.
Seedlings are either hand-planted or machine-planted; the depth of planting should be at or
just below the root collar. Usually about 500-800 seedlings are planted per acre for a
pulpwood plantation. The rows on the planting site are most often 2 to 3 m apart and
seedlings are planted 2 to 3 m apart within the row that provides 726 trees per acre.
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Transport and logistics and issues of final (energy) conversion in the perspective
of the MagL debate

Transport, logistics and other components of infrastructure play important role for
delivering feedstock to consumer and final its conversion into energy. Mapping existing
infrastructure helps to identify areas that have good access to markets and are thus more
likely to be suitable for commercial operations. Key infrastructure to map includes transport
and communication infrastructure (e.g. major roads, railroads, ports and airports), and
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processing infrastructure (e.g. refineries or wood processing plants). The latter provide an
indication of existing opportunities for processing or preprocessing selected biofuel
feedstock. Mapping should also include availability and reliability of electricity supply and
telecommunications which are important utilities for industry. Decentralized energy supply
schemes for local use may need very little infrastructure to be feasible, and in fact may be
profitable precisely in areas where (grid) connection is absent or unreliable.
For harvesting biomass of perennial woody crops there are used two approaches: a
straight flow method and separately-staging method. By straight flow harvesting the plant
stems are cut off, crushed, loaded into a vehicle and transported to the place of storage or
their further processing (Fig. 12).

Figure 12. Harvesting biomass of the willow by a straight flow method (from own practice by
SALIX, Volyn Region, Ukraine)
Straight flow method of harvesting is less expensive and more cost efficient.
Disadvantage of straight flow method is a high humidity of wood chips (50%) and an inability
their drying by natural way. With applying straight flow harvesting method a better time to
harvest wood crops is late autumn or early spring when the humidity stems are minimal.
By separately-staging method of harvesting, shoots of perennial woody crops are cut off
with forming bundle (Fig. 13) for further their drying outside in fields (natural condition) and
receiving ships by grinding. This method is appropriate for small areas of growing woody
crops.
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Figure 13. Harvester for binding sheaves of energy willow shoots in a separately-staging
method (from own practice by SALIX, Volyn Region, Ukraine)
Separately-staging method of harvesting is used by farmers and small producers for
stocking fuel woody chips and further their sale. Small-scale production of fuel woody chips
become cost efficient mainly for energy heating systems with low power from 0.3 to 1.0 MW.
For harvesting woody crops in small farms the universal combined machines, which are a
combination of cutting and transporting chips’ machine are mostly used. Optimization of
logistics by using cutting and unloading machine reduces costs significantly. Containers for
transportation feedstock are the best to keep on the plantation. This prevents downtime and
increases efficiency.
Feedstock in form of fuel woody chips is stored under cover to prevent re-wet from the
rain. A large amount of chips is better to be stored in long piles up to 5 m tall. With this
method of storage it is formed a dense upper layer that does not let moisture into piles.
Biomass warehoused in piles is usually located near the main roads mostly paved, which
makes efficient use of the large truck for its transportation.
Transportation of fuel woody chips to large distance is made with using variables
container of volume from 30 to 50 bulk m3 (Fig. 14). When use simultaneously of 2-3
containers for transporting that increases the total volume of cargo to the 80-100 m3.
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Figure 14. Transportation and storage of fuel woody chips (from own practice by SALIX,
Volyn Region, Ukraine)
Chips are a traditional source of energy for space heating in rural areas and electricity in
CHP. The main components of woody crops biomass that determine their calorific value are
cellulose, hemicelluloses and lignin, which make up 99% of the dry weight of the wood
material.
Ash is incombustible residue that results from mineral part of biomass during its complete
combustion. According to EU standards a proportion of ash in solid biofuels (chips or pellets)
for premium class have to not exceed 1% and for industrial pellets - up to 4%. A high ash
content and low its melting temperature can adversely affect the reliability of the boiler.
The biggest negative impact on the calorific value of the biomass courses its humidity.
Water increases the amount of gas during combustion, worsens biomass combustion, and
absorbs a lot of energy. EU standards allow using fuel pellets with humidity to 10%.
Thus, an establishing proper logistics that includes harvesting biomass, delivering it to
consumer and final biomass processing are important elements of the whole chain that
provides efficient use of marginal lands in bioenergetics.

5

Summary and Conclusions

According to various expertises in the world there are about 1/3 of arable lands that are
unproductive (marginal), and become a basis for cultivation of biomass without competing for
land resources in the production of food and feed. The current classification of marginal land
which is flowing out of a status of their use is imperfect and does not allow practical land use
planning for biomass production. A provision of sustainable bases of biomass growing on
marginal lands requires further research on improving classification of marginal lands, which
should be based on the level of their fertility and environmental constraints; to determine
suitable bioenergy crops for cultivation on marginal land under different climate and
environmental risks, and to develop sustainable and cost-effective technologies of biomass
growing.
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Outlook

A development of Directory of bioenergy crops (D2.2), that includes biological
characteristics of plants and their demands to soil and climatic conditions, will allow
delineating area of different bioenergy crops cultivation within Europe. The introduction of the
principles of marginal land classification based on their fertility and environmental risks
(D2.3) will ensure a development of sustainable and cost-effective technologies for growing
bioenergy crops.
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