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EXECUTIVE SUMMARY

The global growth in energy demand continues, lheitway of meeting rising energy
needs is not sustainabl€he use of biomass enerigya widely accepted strategy towards
sustainable development tlsates the fastest rate with the most of increase in power
generation followed by strong rises in the consumption of biofuels for transport.

Agriculture, forestry and wood energy sector are the leading sources of biomass for
bioenergy. However, to be acceptable, biomass feedstock must be produced sustainably.
Bioenergy from sustainably managed systems could provide a renewable and carbon
neutrd source of energy.

Bioenergy systems can be relatively complex, intersectoral an@dsdescalespecific.
Theenvironmental benefits of biomaBw-energy poduction systems carary strongly,
depending on site properties, climate, management systémput intensities.
Bioenergy supply is closely linked to issues of water and landtusemportant to
understand the effects of introducing it as welk & necessary to promote integrated
and synergic policies and approaches in the sectorsesitfgy agriculture, energy,
industry and environment.

Biofuels offer attractive solutions to reducing GHG emissions, addressing energy security
concerns and have also other semionomic advantageGurrently produced biofuels

are classified as firgieneation. Some firstgeneration biofuels, such as for example

ethanol from corn possibly have a limited role in the future transport fuel mix, other ones
such as ethanol from sugarcane or biodiesel made from oils extracted from rerennial
crops, as well as mefood and industrial crops requiring minimal input and maintenance
and offering several benefits over conventional annual crops for ethanol production.are
promising Sugarcane ethanol has greenhouse gas (GHG) emissions avoidance potential;
can be producesustainably; can be cost effective without governments support
mechanisms, provide useful and valuablgoaducts; and, if carefully managed with due
regard given to sustainable land use, can support the drive for sustainable development in
many developig countriesSugarcane ethaneturrently the most effective biofuel at
displacing GHG emissiongs already mitigating GHGs in Brazilatropha curcag.., a
multipurpose, drought resistant, perennial plant has gained lot of importance for the
production of biodieselHowever, it is important to point out that nearly all of studies

have overstated the impacts of figgneration biofuels on global agricultural and land
markets due to the fact that they have ignored the role of biofymidalicts. Howewve

feed byproducts of firstgeneration biofuels, such as dried distillers grains with soluble

and oilseed meals are used in the livestock industry as protein and energy sources
mitigates the price impacts of biofuel production as well as reduce the démnand

cropland and moderate the indirect land use consequences.

The production of second generation biofuels is expected to start within a few years.

Many of the problems associated with figeneration biofuels can be solved by the

production of second geration biofuels manufactured from abundant ligathulosic

materials such as cereal straw, sugar cane bagasse, forest residues, wastes and dedicated
feedstocks (purposgrown vegetative grasses, short rotation forests and other energy
crops). These festbcks are not food competitive, do not require additional agricultural

land and can be grown on marginal and wastel@egending on the feedstock choice
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and the cultivation technique, secegeneration biofuel production has the potential to
provide bengts such as consuming waste residues and making use of abandoned land.

As much as 9B8% of GHG emissions could be avoided by substituting a fossil fuel with
wood fuel.Forest fertilization is an attractive option for increasing energy security and
reducng net GHG emissiorn addition to carbon dioxide the emissions of methane and
nitrous oxides may be important factors in GHG balance of biofuels. Forest management
rules, best practicder nitrogen fertilizer use and development of second generation
tedhnologies use reduce these emissions.

Soils have an important role in the global budget of greenhouse gases. However, the
effects of biomass production on soil properties are entirely site and prspéiciéic and
little is known about longerm impact. 8il biological systems are resilient and they do
not show any lasting impacts due to intensive site management activities.

Land management practices can change dramatically the characteristic and gas exchange
of an ecosystem. GHG benefits from biomassdamak use are in some cases

significantly lower if the effects of diretor indirect (ILUC) land use change are taken

into account. LUC and ILUC can impact the GHG emission by affecting carbon balance
in soil and thus ecosystem. To understand carboesluxan ecosystem large ecosystem
units and time scale are critical. Mitigation measures of the impact of land use change on
greenhouse gas emissions include the use of residues as feedstock, cultivation of
feedstock on abandoned arable land and useedfeck byproducts as substitutes for
primary crops as animal feed. Cropping management is the other key factor in estimating
GHG emissions associated with LUC and there is significant opportunity to reduce the
potential carbon debt and GHG emissionsugioimproved crop and soil management
practices, including crop choice, intensity of inputs, harvesting strategy, and tilling
practicesAlso a system with whole trees harvesting with nutrient compensation is

closely to being greenhoug@asneutral. Biochaapplied to the soil offers a direct

method for sequestrating C and generating bioenergy. However, the most recent studies
showing that emissions resulting from ILUC are significant have not been systematically
compared and summarized and current praxficeestimating the effects of ILUC suffer
from large uncertainties. Therefore, it seems to be delicate to include the ILUC effects in
the GHG emission balance at a country level.

The land availability is an important factor in determining bioenergy isastitity.

However, even though food and biofuel/biomass can compete for land, this is not
inevitably the case. The pattern of completion competition will e.g. depend on whether
food security policies are in place. Moreover, the great potential for unicarepol

biomass production lies in using residues and organic waste, introduction of second
generation biofuels which are more efficient in use of land and bioresources as well as
restoration of degraded and wasted areas. Agroforestry has high potential for
simultaneously satisfying many important objectives at ecosystems, economic and social
levels. For example, as a very flexible, but{mput system, alley cropping can supply

! Direct landuse change occurs when feedstock forustsf purposes (e.gogbean fobiodiesel) displace

a prior landuse (e.g. forest), thereby generating possible changes in the carbon stock of that land.

2 |Indirect landuse change (ILUC) occurs when pressure on agriculture due to the displacement of previous
activity or use bthe biomass induces lange changes on other lands.
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biomass resources in a sustainable way and at the same time provide edodogifitd

in Central EuropeA farming system that integrates woody crops with conventional
agricultural crops/pasture can more fully utilize the basic resources of water, carbon
dioxide, nutrients, and sunlight, thereby producing greater total biomadsQ@iedrall,

whether food prices will rise in parallel to an increase in biofuel demand will depend,
more on trade barriers, subsidies, policies and limitations of marketing infrastructure than
on lack of physical capacity.

There are plant species that gd®/not only biofuel resources but also has the potential
to sequestrate carbon to soil. For example, reed canary grass PRa&js

arundinacea L).indicates the potential as a carbon shiirvest residues are increasingly
utilized to produce energ$weden developed a series of recommendations and good
practice guidelines (GPG) for whole tree harvesting practices.

Water has a multifarious relationship to energy. Biofuel production will have a relatively
minor impact on the global water use. It is catly important to use lowuality water
sources and to select the crops and countriesuhde( current production
circumstancesproduce bioenergy feedstock in the wadtficient way. However, local

and regional impacts of biofuel production couldsbbestantialkKnowledge of watershed
characteristics, local hydrology and natural peak flow patterns coupled with site planning,
location choice and species choice, are all factors that will determine whether or not this
relationship is sustainableor exanple,bioethanol’s water requirements can range from
5to 2138 L per liter of ethanol depending on regional irrigation practices. Moreover,
sugarcane in Brazil evaporates 2,200 liters for every liter of ethanol, but this demand is
met by abundant rainfall.

Biomass production can have both positive and negative effects on species diversity.
However, woodfuel production systems as well as agroforestry have the potential to
increase biodiversity.

A regional energy planning could have an important role toiplayder to achieve
energyefficient and cosefficient energy systemg&losing the loop through the

optimization of all resources is essential to minimize conflicts in resource requirements as
a result of increased biomass feedstock production. A sysigpmeach where the

agricultural, forestry, energy, and environmental sectors are considered as components of
a single system, and environmental liabilities are used as recoverable resources for
biomass feedstock production has the potential to significemprove the economic,

social, and environmental sustainability of biofuels. The LCA (life cycle analysis)
approach takes into account all the input and output flows occurring in biomass
production systems. The source of biomass has a big impact onutCaénees and there

is a broad agreement in the scientific community that LCA is one of the best
methodologies for the GHG balance calculation of biomass systems.

Overall, maximizing benefits of bioenergy while minimizing negative impacts is most
likely to occur in the presence of adequate knowledge and frameworks, such as for
example certification systems, policy and guidelines. Criteria for achieving sustainability
and best land use practices when producing biomass for energy must be established and
adopted



PREFACE

There are many benefits of bioenergy to society, the economy, and the environment.
These include improving carbon balances, mitigating global climate change, the creation
of jobs, increased economic development, reduction in energy costietargly security,

debt reduction and the use of indigenous technology. Producing bioenergy is necessary.
However, it could bring environmental and seemnomic problems if management of

the source of bioenergy is carried out on an unsustainable basidelrto contribute to

the international debate on the relative impacts of production and processing of biomass
for energyand through a review of existing literature, this repaghlight some of the

key environmental factors highly important to the aungtbility of biomasgor-energy
production systems. These factors are: soil, land, water, productivity, biodiversity and
energy/carbon balance. The report more specifically present many contrasting examples
of the complex interrelationships between wdisod, energy and the environment and

as such it is useful both to illustrate various synergies and potential conflicts and to
indicate considerable implications for policy.
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framework for this report. The project partners are the Swedish University of Agricultural

Science, Department of Energy and Technology and the WorkhBigy Association.

The original project structure was changed somewhat along the way in order to be more

efficient. The upgraded project structure was agreed upon in a document dated October

9n, 2009. The updated structure of the project encompasses fiusition papers and
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. INTRODUCTION

The growth in world eergy demand is likely to continue; the International Energy

Agency predicts energy demand will increase by 40% between 2007 and 2030 (IEA,
2009a). However, global economy is dominated by the energy sector, which is dominated
by oil and fossil fuels that amaturally unsustainable and the way in which the world's
population currently meets its energy needs is thus not sustainable (e.g., Erbach and
Wilhelm, 2009).

The intense and unsustainable use of fossil fuels was the background of the explosive
populatian growth in the 20th century (from 1.65 billion in 1900 to 6.6 billion currently)
(Koutsoyiannis et al., 2009). The acute population growth will exceed 10 billion by the
year 2050 (Bilgen et al., 2004). Food production to sustain this population absolutely
depends on energy use (Pfeiffer, 2004). Cheap energy, increased human population,
economic development and the implied change of social and economic conditions
resulted in sprawling urbanization with increasing global environmental impacts and
consequence(e.g., Vlachos and Braga, 2001).

The argument against our continuing dependence on fossil fuels is further supported by

the realization that widespread burning of fossil fuels damages the biosphere and presents

increasing economic and security problg@siil, 2005; 2006). The growing interest in

renewable energy has been prompted by increasing concern over the resource depletion

(e.g. Bilgen et al., 2004). The importance of energy issues and their linkages to climate

have relatively recently started te bxplored. Since 1990 extensive funds have been

spent on research in climate change, but at the same time, research was misleadingly

IRFXVHG PRUH RQ WKH 3VA\PSWRP" L H WKH HPLVVLRQ RI JUHHQKRXV
SLOOQHVYV™ L H WK msilQuetkagatl Brie@\DpEod @@ tiorifutsolyiannis

et. al., 2009).

All'in all, rising energy prices, geopolitics as well as concerns over increasing oil prices,
national security of supply, and the impacts of greenhouse gas emissions on global
climate chage are driving largscale efforts to implement sustainable energy

alternatives and have prompted countries to develop policies that promote alternative
energy sources. Unless energy saving and use of renewable resources become the norm,
the unsustainahil of energy management will become the core problem of the next
decades and will span all aspects of life, economy, society, demography and science (e.qg.,
Koutsoyiannis et al., 2009). The time frame for conversion to an alternative energy

system when theewtechnologies consume less energy than they produce or the energy
payback is positive is typically/historically 75 to 100 years (Turner, 2004).

*FI WKH 3DQHO 'LVFXVVLRQ RQ 3&OLPBWRIl &KH JHVIRX® FQBIURUEGWRB OHQJH
Landau Nobel Laureate Meetings, 2008



I[I. BACKGROUND

There are today general concerns over increasing oil prices, national security of supply,
and the impacts of greenhouse gas emissions on global climate change. Adaptation to
global change requires substantial energy saving and development of renewable energy
sources. Numerous pilot projects undertaken over the years show that access to energy
generagd from locally or regionally available sources is a viable and sustainable option,
but for this strategy to become reality, however, weligned national policies and

targeted international support for the implementation process are essential (dey.eMul
al., 2008). According to the European Commission climate and energy plan a target of
20% of energy and a specific target of 10% of the energy in transport sector will come
from renewable energy sources in 2020 (European Commission 2008). Whitg4he 2
target can be met by wind, solar, lasgmle hydro power and bioenergy, the transport
target seems to be more dependent on biofuels.

1. Biomass energy
1.1. The term, overview, current status and global trends

The term biomass energy can refer to any sourea@fgy produced from neossil

biological materials. Biomass energy can e.g. come from ocean and freshwater habitats.
However, only biomass energy from land is of interest in this rejpartcent years there

has been large increase in interest in higyper energy from biomadsecause it is seen

as a solution to numerous problem facing society such as limited fossil fuel supplies (and
energy security), low agricultural and forest commodity prices and climate change (Bird
et. al., 2010). Biomass fuélsan contribute to climate change mitigation through
substituting fossil fuels when sustainably produced (Best, 2006). Liquid biofuels in
general, and biodiesel, in particular, have gained importance in the last years in many
countries leading to many comro&l projects.

The ability of biofuel§ to meet the above mentioned goals makes them an attractive
option to policymakers, offering solutions to a number of domestic challenges. However,
although much of the recent biomass energy discussion has focustthoal, biodiesel

and other liquid transportation fuels, the opportunities for biomass as a source for direct
combustion fuel can be comparable or even larger (Field et al., 2007). Such kind of
energy from biomass is widely used in cooking and heatitigeideveloping world.

There is momentum, globally, to increase the use of biomass for the production of heat,
power and liquid transport fuels (Rowe et al., 208@¥ore the start of the industrial
revolution, when energy demand was much lower thanmudesmand, biomass energy
dominated the supply of fuels. It is still important, accounting for roughly 10 % of world
energy demand at present (IEA, 2008).

All energy scenarios show a shift toward an increased percentage of renewable energy
sources, includig biomasS(GerbensLeenes et al., 2009 he use of renewable energy,
including biomass energy or bioenergy, sees the fastest rate with the most of increase in

® Biofuelsare a wide range of fuels which are in some way defied biomass
® Biofuel in this chapter is liquid transgation fuel produced from biomass
" In this report, we define biomass as a sum of all organic products, which are used for energy production.
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power generation followed by strong rises in the consumption of bidfoelsansport;
devebping Asian countries are the main drivers of this growth, followed by Middle East
(e.g., IEA, 2009a).

1.2. Bioenergy is a widelnccepted strategy towards sustainable development

The application of biomass used to substitute fossil resources for the prodictio

energy and fuels is a widely accepted strategy towards sustainable development (Weiss et
al., 2007) Sustainability will be a strong factor in the regulatory environment and
investments in bioenergy and there is a strong societal need to evaluatelarstand

the sustainability of bioenergy, especially because of the significant increases in
production mandated by many countries (e.g., Gopalakrishnan et al., 2009). Bioenergy
from sustainably managed ecosystems could provide a renewable, carborspaute

of energy throughout the world.

2. Bioenergy technologies

There are many ways to generate energy from biomass. Descriptions of different
bioenergy technologies are given in Figure 1.

Direct Thermal .
combustion gasification || PYrolysis Other ][ Mechanical Emerging
Th | - Ethanol from
e | 1 ermal cellulose: hydrolysi
Pile burnerg Slow depolymerizatiof Pellets
Fixed bed
Ethanol from
Hydrolysis = cellulose: thermal
- 3 F = ; . oo
GiiElE Ui =t /Fermentation Briquets gasification
Fluidized /Pressed log:
) bed
L| Suspension ) o | | Dimethyl ether
burners 4 Bio-gasification (DME)
|_JFluidized be
burners Chemical :
1 /Esterification | FECEATEREE
=1 Cofiring L Whole Tree
Burners

Figure 1.Bioenergy technologig§&ourceBioenergy Technolog$election Matrix
(http://www.nrbp.org/bioenergy/technology/index.f@wailable on line 201:Q1-25).

In addition, technologies such as pinghybrid electric vehicles (HEV) which can use
bothbiofuel and biopower exist in neaommercial form, and biopower can be obtained
from cogenerated heat and power (CHP) or eleotmig power stations (IGCC)
technologies which exist in fully commercial, economically viable form. A typical HEV

8 Note that there is a difference between the broad term bioenergy (used in households, transport and
industry) aand the much more limited term biofuels, used as transport fuels for cars, buses and trucks.
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reduces gasdine consumption by about 30% over a comparable conventional vehicle
(Markel & Simpson, 2006)

3. Biomass resources

To produce bioenergy, biomass has to be provided. This requires an analysis of existing
and potential biomass resourc€ke resources fdrsiomass use for energy come from a

wide range of sources that can be divided into forest biomass, agriculture biomass, waste
biomass and energy crops (e. g., Ladanai & Vinterback, 2009). However, in the present
significant switch from a fossil fuel to adfuelbased economy, agriculture and forestry

are the leading sources of biomass for biofuels such as fuelwood, charcoal, wood pellets,
bioethanol and biodieseln 2007 the dominant sources of biomass based liquid
transportation fuels were ethanol froorc or sugarcane and biodiesel from rapeseed,

soy, or palm oil (e. g., Coyle, 2007).

However,one of the world’s major raw materials is wood and the use of wood for energy
is important. About 53 percent of all wood consumed is used for home heating and
coking (Bowyer et al., 2003). In the future, forest fuels are still projected tiylhar the
dominating biomass energy sourt@e wood energy sectean important share of the
renewable energy sectois currently strongly influenced and supported bgrgg

policiesand this is despitdhe economic downturn of the last years that has had severe
effects on most sectors in the global economy (e.g., Hartkamp et al., Zh68).are

many options that can be pursued to ensure sufficient supplies ofrelazdl biomass

for energy. These include: intensifying forest management practices; increasing reliance
on high productivity tree plantation; gaining renewed public support for wood production
on public land; developing improved technologies for using foesstiues; expanding of
agroforestry practices globally; and using greater volumes of recycled wood materials
such as for example wood construction and demolition residues (e.g., Bowyer et al.,
2003).Increasing biomass production through forest fertiloratsan attractive option

for increasing energy security and reducing net GHG emission (e. g., Sathtre et al., 2010).

Biomass for energy potentials differ considerably among different redtavgever,

restoration of degraded areas is the greatest chellemthe way to a sustainable
development and if done properly it will, for example, increase the fertility and water
status of the adjacent agricultural lands (e.g., Metzger & Hitterman®), 20@enerate

and stabilize sustainably the global and esfigaainking water resources (Piao et al.,
2007).During recent years a renewed interest in restoration of areas, that have been
degraded and wasted in historical times by human activities everywhere in the world, has
spurred increasing efforts for lookiag) these areas as possible sources of renewable
energy (e.gBorsariet al. 2009).

Possible future energy sources such as hydrogen from engineered microorganisms or
electricity from photosynthetic cells could also be considered biomass energy, although
these will have a different series of technicalltdnges than those for current biomass
energy derived from terrestrial plants (Field et al., 2007). Hydrogen, the smallest

% With additional improvements in aerodynamics and engine technology, hybrid vebiagshave
demonstrated upwarad a 45% reduction in consumption as compdeed conventional vehicle.
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biological substrate, has great potential as an alternative energy carrier (Das and

Veziroglu, 2001). Microorganisms produce hydnogéa two main pathways:

photosynthes and fermentation. However, compared with photosynthetic processes,

fermentative hydrogen production generally yields two orders of magnitude higher rates,

does not rely on the availability of light, utilizes a varietycarbon sources such as

organic compounds, lowost wastes, or insoluble cellulosic substrates, requires less

HQHUJ\ DQG LV WHFKQLFDOO\ PXFK VLPSOHU DQG PRUH VWDEOH
2007).

4. Effects of increasing bioenergy: general

As the need for bioenergy increasesl producinglternative fuelss necessaryit is

important to understand the various effects of introducing fuels based upon feedstocks
other than petroleunThe choice of the fuel biomass is guided by environmental,

ecanomic and technical consideratiof$e utilization of untapped residues and the
establishment of energy crops can address environmental coridanesannual energy

crops can allow diversification and expansion of crop rotations, with benefits in terms o
water, soil and inputs management while deforested, degraded or marginal lands could be
rehabilitated as bioenergy plantations which could combat desertification and increase
food production (Best, 2006). Biomass feedstock production is also an important
contributor to social impacts from bioenergy.

However, though it may seem beneficial to use renewable plant materials for biofuel, the
use of crop and forest residues as well as other biomass for fuels raises many
environmental and ethical concerns (eRymentel, 2006)There is a view thdiiofuels

cannot provide a solution to our energy needs. Thus, as land resources for arable
substitution of transport fuels on the scale required are not available without further
extensive deforestation, which woulduse massive carbon dioxide emissions and

demand for forest land to provide biomass for burning or gasification would need to be

on a similarly large scale to meet emissions reductions targets, it is becoming
increasingly clear that the risks associateth whese landise changes may outweigh any
benefits(e.g., Righelato and Spracklen 2007). Undesired impacts on food prices have
also become a topic of discussion (Doornbosch and Steenblik 2007). In addition,
greenhouse gas reductions from switching tousbfise may be negated by other factors,
especially when forests needs to be cleared to make way for energy crops (Fargione et al.
2008, Searchinger et al. 2008jcreasing attention to biological concerns has focused
attention on the desirability of leizng coarse residues on the forest floor for wildlife

habitat, erosion control and nutrient recycli@y.erall, it is important to avoid possible
negative environmental impacts associated with biomass for energy systems such as loss
of biodiversity, organicepletion in soils, water depletion and possible negative energy

or carbon balances.

However, bioenergy systems can be relatively complex, intersectoral arghsitecale
specific. For example, the carbon balance between restoring forests and producing
biofuels is sitespecific and depends on biomass productivity, the efficiency with which
harvested material is used, the initial state of the surface vegetation, and the fossil fuel to
be displaced (Marland & Schlamadinger, 1997). In many circumstanoesa$s can

produce greater carbon benefit than saving or restoring forests, particularly when forest

11
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products are used efficiently to displace carbuansive fossil fuels, and when
productivity is high (e. g., Marland et al., 2007).

[ll. OBJECTIVE

While prodwcing renewable energy from biomass is necessary (Bi@aogui & Lal,

2007), impacts of this production on environmental quality must be carefully assessed.
However,environmentakvaluation of production and processing of biomass for energy
must take int@ccounthat theseactivitiescan have both positive and negative
environmental effects. Based on a review of available literature, the objective of this
report is to give insights into the environmental performandeoainergyby assessing

the opporturties and risks with increased biomass production.

V. METHODOLOGY

1. Quantitative overview of available literature onthe bioenergy issue

There isanearlier survey of the amount of scientific information on bioenergy (Ladanai
& Vinterback, 2009). However, theis a rapid development imanybioenergy issues.

How muchhasthe amount of scientific information on bioenergy increased with time? A
renewedsurvey could be compared with theeviousone to reveal and quantify the
growing interest in bioenergy.

In order to minimize negative impacts while maximig benefits, knowledge of potential

3 F U L VissUe®iOd key to the design of bioenergy production systems. Among possible
challenges to the bioenergy development that have recewesiderable mediattenton

are its effects on food/feed, water, land occupation and carbon balance. How well are
these differenissuegepresented within scientific literature?

In order to answer the above mentioned questions, we used the ISI Web of Knowledge
All Databases (ISMDKAD) #a highquality research database. We have followed
standardsearch rules when creating search queries. Queersarranged as subject
categories and can be traced via Topic index. Subject categeregood, water, feed,
landand bioenergy.

2. Literature review

A literature review a description of the literature relevant to a particular topic or field
is not in itself primary research, but rather it reports on other findirigsiterature
review is important for the understanding of thedppf what has already been done,
how the topic has been researched and what the key issues are.

Our literature review is partly descriptive and therefore seeks to describe the content of
primary information and to give an overview of the key writers.dduer, the review
summarises, evaluates, clarifies and/or integrates the content of primary information in
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these topics. As such, it providasritical assessment of the available literature in the
bioenergy fields, giving an overview of what has beed, saintrasting the views of
particular authors and raising questions.

The review uses as its database different written documents such as reports, published
articles, books as well as wlages. Based on the review, the report draws some
conclusions abouhe food/feed, soil, land and water implications of bioenergy
production forin particular,policies formulation.

As verbal codes must exist at some level simply because we can transmit and receive
verbally encoded messagsimilarly visual codes are negsary to account for our visual
capacitiesHowever,verbal and visual information are processed in differenswayr
examplewords are not needed think about the shape of a c@m the other hand,
different concepts and ideaan be represented ually to maintain an overview of them
and to keep context in mind at the same time when switching to abstract analyses of
problemslin order tomake written information easier to understand the reviewed ideas
and concepts were visualized.

V. QUANTITATIVE OVE RVIEW OF BIOENERGY LITERATURE

This section gives a quantitative overview of the literature available on the bioenergy
issue. The growing interest in bioenergy is reflected in the large number of articles
published as well as in an increase in the amouattmies during rather short time.
Thus, we found thahe number of recent papers indexed in ISIWOKAD with the word
¥enewable bioenergy LQ WKHLU @i S16E aDZRERN-Q3/NFigure 5)When

this new survey was compared withearlier one to gantify the development in the
bioenergy issues, we found that the amount of receadd 7 % highercompared to only
four montrs earlier (Figure 5).

How well arefood/feed, watedand and other subject categories represented within
scientific literatureon renewable bioenergyefiningthe previousioenergy records
using these subject categories regdéhat food, water and feed are topics which figure
prominently in existing literature on bioenergy. These topics are among the potential
issues that malge critical for bioenergy production systems. Knowledge of potential
issues is a key to the design of bioenergy production systems that minimizes negative
impacts to ecosystems while maximizing benefits. Thus, as food, water and feed
categories are conned with soil and water resources and properties, these
resources/propertiege the ecosystem attributes that may be affected by bioenergy
production systems. However, these ecosystem attributes aspetific in nature.
Consequently, the ressibf theinformation survey identified a strategic issWée need
site-specificinformationof environmental impacts of bioenergy production systems.
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Figure 5. Relative distribution of records of different subject categories (these are food,
water, feed, landrad other) within 5762 renewable bioenergy records available from ISI
WEB of Knowledge All Databases (ISIWOKAD) at 20@23. For comparison, the

amount of 4911 renewable bioenergy records available at ISIWOKAD about four months
earlier are given in the uger left part of the figure (Sourceenewable energy Togiin

all databases of ISIWOKAD refined by bioenergy Tbait different subject categories

Topics).
#renewable energy Topic: Topic=(renew* SAME energ*)
Pbioenergy Topic: Topic=(bio*)
“differert subject categorietopics: Topic=(food*) OR Topic=(water*) OR Topic=(feed*) OR Topic=(land*)

VI. BIOFUELS

Two types ofiquid biofuels are commonly distinguished. Thus, fgsheration are
produced from food crops like sugar, maize, and oil crops to pedaloethanol and
biodieselwhile seconegeneratiorbiofuelsare produced from the fibrous material
(lignocellulosic and woody biomass) from a variety of plants such as corn stalks and
wheat straw, native grasses, and forest trimmings. Liquid biofuelsaoffattractive

solution to reducing the carbon intensity of the transport sector and addressing energy
security concerns and are therefore given particular attention in this report.

1. First generation biofuels

The feedstock for producing firggeneration tofuels either consists of sugar, starch and
oil bearing crops or animal fats that in most cases can also be used as food and feed or
consists of food residues (IEA Bioenergy, 2009). Fyesteration biofuels are produced

in two ways. One way is throughetliermentation of either a starbased or a sugar

based produciTheother way is by processing vegetable oils into biodiesel, a
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nonpetroleurrbased diesel fuel. Firgteneration biofuels are the landing biofuels

which are on the market in considerabteounts today. The typical representatives of
first-generation biofuels are: biodiesel, {@thanol, vegetable oil and biogas. The demand
for first-generation biofuels, produced mainly from agricultural crops traditionally grown
for food and animal feed pposes as well as their production, continues to grow strongly
(e.g., IEA, 2008a). The main liquid and gaseous-{jssteration biofuels on the market
today produced from different biomass feedstocks are shown in Figure 2.

Biomass feedstocks ‘ 1st-generation biofuels

Sugarcontaining plants .
[ Cereal (grain) crops Bioethanol

Organic waste Biomethane (as landfill ga
Animal manure or biogas)

Vegetable oils Biodi !
Animals fats odiese

Figure 2. The main liquid angaseous firsgeneration biofuels on the market today
(Source: IEA, 2008a)

By far the largest volume of biofuel production comes from ethanol, produced from a
wide range of feedstocks but with 80% coming from corn (maize, mainly produced in the
US) and sgarcane (mainly produced in BraziBome firstgeneration biofuels can have

a limited role in the future transport fuel mix (e.g., IEA, 20B€rennial crops, as well as
nonfood and industrial crops offer several benefits over conventional annual erops f
ethanol production. These crops require minimal input and maintenance, whereas annual
crops such as maize require high input energy costs for planting, cultivation, and
fertilization (e.g. Sivakumaret al., 2010)For exampleJatropha curcad.., a

multipurpose, drought resistant, perennial platriging tothe Euphorbiaceae family

has gained lot of importance for the production of biodiesel. The propertlagopha

and its oil have persuaded investors, policy makers and clean development mechanism
(CDM) project developers to consider this cespa substitute for fossil fuels to reduce
greenhouse gas emissidBisdiesel can be made from oils extracted from rapeseed,
sunflower, soybean, palm oil, linseed, canola, castor, hemp, beef tallow and even algae or
from used frying oilIncreasing the usef biodiesel could also lead to improved

economic development and poverty alleviation, especially in rural areas, since it attracts
investment in new jobs and business opportunities for saradl mediurrsized

enterprises in the fields of production, paegttion, transportation, trade and use (Best,
2006).Sugarcane ethanol has greenhouse gas (GHG) emissions avoidance petential;
produced sustainably; can be cost effective without governments support mechanisms,
provide useful and valuable @voducts; ad, if carefully managed with due regard given

to sustainable land use, can support the drive for sustainable development in many
developing countries (IEA, 2008&)neexamples sugarcane ethanol producadtrently

in Brazil without subsidies followingii®ng supporting policies (IEA, 2008a).
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Today the production routes of the first generation biofuels give rise to several issues,
such as competition with food and feed industries for raw materials and fertile land,
potential availability limitation by sofertility and perhectare yields, limitation of the
effective savings of CQemissions and fossil energy consumption by the high energy

input required for crop cultivation and conversion, which simultaneously burden other
environmental impact categorisesch as eutrophication and acidification (e.g., Cherubini

et al., 2009; Zah et al., 2007). Due to an improved understanding of total greenhouse gas
(GHG) emissions as a result of detailed life cycle analyses, and related direct (LUC) and
indirect® land usechange (ILUC) issues, the perceived environmental benefits of first
generation biofuels have more recently been brought into question (IEA, 2008a).

It is an important challenge to develop new technologies to be able to convert the
chemical energy stored biomass, and in fossil fuels as well, to electrical energy much
more efficiently, avoiding the transformation to thermal energy (Metzger & Hittermann,
2009). For example, the Direct Methanol Fuel Cell has a theoretical efficiency close to
97%, although pesently still performs well below their theoretical potential (Olah et al.
2006). However, it is important to point out that nearly all of studies have overstated the
impacts of firstgeneration biofuels on global agricultural and land markets due fadghe
that they have ignored the role of biofuetfmypducts. Feed bgroducts of first

generation biofuels, such as dried distillers grains with solubles and oilseed meals are
used in the livestock industry as protein and energy sources, their presegatesihe

price impacts of biofuel production as well as they reduce the demand for cropland and
moderate the indirect land use consequences chfrstration biofuels (e. glaheripour

et al., 2010)

2. Second generation biofuels

The increasing criticra of the sustainability of many firgteneration biofuels has raised
attention to the potential of smlled secon@eneration biofuefs. Many of the problems
associated with firsgeneration biofuels can be addressed by the production of biofuels
manufactired from lignecellulosic feedstock materials. These includgobyducts

(cereal straw, sugar cane bagasse, forest residues), wastes (organic components of
municipal solid wastes), and dedicated feedstocks (pugrosen vegetative grasses,
short rotatiorforests and other energy crops). Simk-valueagricultural and forest

crops and residuess well as notfiood crop feedstocksakes the C&performance of
secondgeneration biofuels better than those of fgeheration. Depending on the
feedstock choicée.qg., lignecellulosic, agricultural, forest, energy crops, genetically
modified crops) and the cultivation technique, seegederation biofuel production has
the potential to provide benefits such as consuming waste residues and making use of
abandonedbnd. In this way, the new fuels could offer considerable potential to promote

10 The effect wheriofuels production on current land and use of biomass in a given region can induce
displacement of activities and latnde changes elsewhere is known as indirectimedchange (ILUC).

1 Second generation bigéls are produced from cellulose, hemicellulose or lignin.

2".generation biofuslcan either be blended with petrolelrased fuels combusted in existing internal
combustion engines, and distributed through existing infrastructure or is dedicated f&g theslightly
adapted vehicles with internal combustion engireg.¢ehicles for DME). Examples @"-generation
biofuels are cellulosic ethanol and Fisclieopsch fuels (IEA Bioenergy, 2009).
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rural development and improve economic conditions in emerging and developing regions
(IEA, 2010).

The production of secongeneration biofuels from lignoellulosic feedstockesan be

achieved through two very different processing rouigschemical and thermochemical

also known as biomads-liquids, BTL (Figure 3)Enzymes and microorganisms are

used to convert cellulose and hemicelluloses components of the feedstocks fisugar

to their fermentation to produce ethanol through biochemical passway. In contrast to the
biochemical approach, the thermochemical route for biofuel production is largely based
on existing technologies that have been in operation for a number dieddtBA,

2008a). Thus, in the thermochemical process, pyrolysis/gasification technologies produce
a synthesis gas from which a wide range of long carbon chain biofuels, for example
synthetic diesel, can be reformed. There is currently no clear comnwert@ahnical
advantage between theochemical (green colored area) and thermochemathlways,

both sets are under continual development and evaluation (e. g., Sims et al., 2010). On
the other handyhile thermochemical processing offers a higher degfeentrol over

product formation and a nearly complete conversion of biomass into usable products, the
main drawback is its large energy requirement. Moreover, although both routes have
similar potential yields in energy terms, different yields, in teoigers per tonne of
feedstock, occur in practice (Figure 3) (Sims et al., 2010).

These two pathways are not the only second generation biofuels pathways; several
variations and alternatives are under evaluation in research laboratories apthpikt

As the main issue here is the resistance of lignin to enzymatic degradation that can vary
between species, individuals and cell types, the main goal is therefore to increase the
availability of soluble polysaccharides from cell wall while decreasingael|

crystallinity and increasing accessibility to enzymes (e.g., Sivakumar et al., 2010).
Sacharification and fermentation are processes that mainly act on cell wall
polysaccharides (Sivacumar et al., 2010). Pyrolysis may therefore prove useful for
conveting residual biomass to energy (Johnson et al., 2007; Gomez et al., 2008).

However, althouglsecond generation cellulosic technologies that derive energy from
crop residues have the clear potential to augment biofuel production, these technologies
arenot yet available on a fully commercial scaledare expected to enter the market in

the coming five to ten years (IEA, 2010)mobably 1020 years away from commercial
reality (Hellegers et al., 2008j.seems obvious that secegdneration biofuel

techrologies (i.e., using biomass consisting of the residuaffood parts of crops as well

as bieenergy crops) must be promoted.
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Figure 3. Classification afecondgeneration biofuels from lignocellulosic festock,

their biochemical (green colored area) and therol@mical (blue colored area)

conversion routes and some biofuel and energy yield ranges per dry tonne of feedstock
(SourcesEhring & Dallos, 2009; IEA, 2008a).

The typical representatives of secayeheration biofuels are ligrzellulosic ethanol,

Biomass to Liquid (B.), bio-synthetic natural gas (SN@hd biesynthetic liquefied gas
(Figure 3).

VII. ENERGY H-OOD/FEED/L AND - ENVIRONMENT DEBATE AN D RESEARCH:
STATE OF THE ART
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1. Impacts on the environment general

Development of bioenergy has the potential to offset substantial use of fossil fuels and to
generate positive economic and environmental benefits. Many studies have proven the
great potential of bidbased energy, fuels and materials for redubivitp norrenewable
energy consumption and fossil carbon dioxide f3nissions (e.g., Weiss et al., 2007;
Dornburg et al., 2004; Patel et al., 2003; Reinhardt and Zamanek, 2000; Wihersaatri,
2005). There are other environmental issues that are ultimatpbrtant in making

choices between fossil fuels and biofuels such as soil, water and air quality, land
availability, biodiversity and productivity. Thus, development of bioenergy sources has
the potential to threaten conservation areas, pollute or relveite resources, cause
negative equity impacts and create distributional problems (e.g., McCornick et al., 2008;
Field et al., 2008; Hellegers et al., 2008). Impacts of harvesting of residues remaining in
the field following the harvest of agriculturalogs and forests on soil organic carbon

(SOC) sequestration, agricultural and forest productivity, and environmental quality must
be carefully and objectively assessed. Apart from this, as food and biofuels can depend
on the same resources for productioohsas land, water, and energy, diverse conflicts
exist in the use of land, water, energy and other environmental resources for food and
biofuel production (Pimentel et al., 2009).

However, the interrelationships that exist in different facets of the eiieogyfeed/land
environment interface are complex and sensitive (e.g., McCornick et al., 2008; de
Fraiture et al., 2008; Muller et al., 2008). Biofuels present new conflicts in this interface.
On the other hand, such conflicts also exist in modern inte@sig unsustainable
agriculture (e.g., Pfeiffer, 2004). Thus, during the past 50 years, agricultural activities
where external inputs of pesticides, herbicides, including plant hormone, inorganic
fertilizer and animal feedstuffs is a means to increasegoaduction, have tended to
substitute for natural processes and resources, rendering them more vulnerable (e.g.,
Pretty, 2008b). Technologicalgnhanced agriculture has eroded soil, polluted and
overdrawn groundwater and surface water, and even (ladtgelyo increased pesticide
use) caused serious public health and environmental prokdons.hydrocarborbased
products are needed to combat these problems, for exangdéon water requires

more energy to pump

The ecological evaluation of productiohbiomass for energy is complicated by the fact
that this process can have both positive and negative environmental effects. Moreover,
regional variations in the environmental impacts of biomass production are significant
(Kim & Dale, 2009). However, themphasis is often driven by a global perspective and
disregards environmental impacts relevant on a regional level, for example such as
eutrophication or acidification (Weiss et al., 2007). Water availability and pollution are
the other examples of theade issue, where only growing biomass usingdvised

species, or scale or design not appropriate to the site or region would pollute and
potentially reduce local availability of water.

An analysis of available information on the relative environmentphcts of production

of biomass for energy that is consisting in most cases of a mixture of scientific
knowledge, assumptions and subjective value judgments can be used for assisting the
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decision making process (e.g., Weiss et al., 20007%.same authorgmted out that
comparing and evaluating different environmental impacts is, moreover, by no means
straightforward because scientific knowledge and subjective value judgments have to be
combined in order to develop transparent evaluation crifEniafutue of biomass

energy is dependent on the complex interplay of a number of several potential
environmental factors highly important to the sustainability of biorf@ssnergy

production such as soil, water, land, biodiversity, productivity, and energgrfcarb

balance. These factors must be effectively integrated to maximize the benefits and
minimize the ecosystem and societal costs of biomass energy production.

The decision process in favor of or against comparable product alternatives often

involves weighng different environmental impact categories within a sustainability
framework (Kaenzig et al., 2004). Weighing of different environmental impacts,

therefore, always requires decisions regarding the priorities of impact assessment in order
to evaluate theverall environmental performance of a particular product (Weiss et al.,
2007). In particular, constraints owing to ecosystem characteristics, competition from
alternative land use and offsite impacts can lead to practical or desirable level of biomass
enggy production that are much smaller than theoretical potential levels and a clear
picture of these constraints can be an important asset in encouraging rational
development of the biomass energy industry (Field et al., 2007).

This chapter provides a lief known environmental impacts that should be assessed and
used to inform the creation of sustainable management of bidorassergy production
systems. Thus, with focus on consttaiowing to ecosystem characteristics, but rather
than examine the engéirange of relevant environmental impact categories in different
biomassfor-energy production systems, we asses soil -fanfood/feed, water,

biodiversity, productivity and energy/carbon balance as issues highly important to the
sustainability of thessystems. In each of the issues there are potential benefits and risks
to be considered. These issues will be discussed in turn.

2. Sustainability is important

Policy developments in the European Union (e.g., BEEhe US (e.g., CSBR LCFS¥)

and othercouwWULHV UHIOHFW SROLF\ PDNHUVY JURZLQJ HIIRUWV WR HQVXL
production.Important focus points of the policy discussions are the effects included in

economic, social and environmental standdbadsgrammatic visualization of

sustainability & biomass for energy production with a wide range of potential

environmental, economic and social impacts is givefigare 6.

12EU Renewable Energy Directive (REB)Directive 2009/28C of the Council of the European Union

on the promotion of the use of energy from renewable saufbesaim of this legislative act is to achieve

by 2020 a 20% share of energy from renewable sources in the EU's final consumption of energy and a 10%
shae of energy from renewable sources in each member state's transport energy consumption2

13 The Council for Sustainable Biomass Production (CSBP) was initiated to develop a voluntary
sustainability standard for biomass growers and bioenergy producers andrgypcompanies on

sustainable production methods for biomkased bioenergy in the United States

4 The Low Carbon Fuel Standard (LS} (issued on January 18, 2007) is a rule ¢h#is for a reduction of

at least 10 percent in the carbon intensity dff@aia's transportation fuels by 2020.
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Figure 6. Diagrammatic visualization of sustainability of biofuel feedstocks production
with a wide range of potential emonmental, economic and social impacts (Source: IEA,
2010).

According to the differentiation between sustainable and unsustainable or renewable and
nontrenewable biomass (e. g., Jurgens et al., 2006), a renewable and sustainable source of
biomass woulde one where the carbon stocks are not declining over time due {o over
exploitation.There are international efforts underway to find ways to regulate the

production and trade of bioenergy by establishing sustainability criteria (e.g., Palmujoki,
2009). Tre Decision Support Tool ToSIA (Tool for Sustainability Impact Assessment)

was developed to assess impact on different parts of the Forestry Wood Chain (FWC) for

a broad range of drivers, and to cover up to 80 percent of the wood flows within Europe.
ToSIAis the product of EFORWOOBPBan integrated project, funded under the EU
3*OREDO FKDQJH DQG HFRV\VWHPV3 UHVHDUFK DFWLYLW\ RI WKH (XUR
Programmewww.eforwood.com). ToSIA represents a dynamic susadility impact
assessment model that analyses environmental, economic, and social impacts of changes
in forestrywood production chains, using a consistent and harmonized framework from

the forest to the endf-life of final products. The difference betare ToSIA and other

similar, already existing, tools is that nondlu# latteraddresses all three sustainability
dimensions (environmental, economical and social) along the whole European FWC in a
balanced way.

However,sustainability is a term that hag bow many possible meanings. The most

widely quoted definition of sustainability asdstainable developmeistthat of the

Brundtland Commissionf theUnited NationsRQ ODUFK SVXVWDLQDEOH
development is development that meets thelseéthe present without compromising

the ability of future generations to meet their own néBasndtland, 1987)

Sustainability- a highly promoted principle in the last two decadssa relative

equilibrium among social and natural subsystems, ailitegum that is challenged to

reach. The natural and social subsystems is of great value because they provide the

context or the constitutional basis for personal and group identity, and for the formation

of the preferences that would give rise to a gigenception of well being (Pretty, 2008).
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The sustainable development debate is based on the assumption that societies need to
manage three type of capital: economic, social and natural.

Sustainability’s original meaning in the modern environmental déebktéed to a

steady state economy (Daly, 1995; Hueting and Reinders, 19@&pninable use of
biomass defined in that way is a type of use that can be continued indefinitely without an
increase in negative impact due to pollution while maintaining-alatesources and
beneficial functions of living nature relevant to mankind over millions of years, the
common lifespan of a mammalian speci@sifnders, 2006)The other way to define
sustainability is that wastes irretrievably lost should not substisirdiaceed the small
addition to the stock by geological procesdeainders, 2006)Although in the relation
with living nature sustainability is harder to define, a further reduction of the useful
functions of living nature, also called ecosystem sesyievould seem to violate
sustainability (Reijnders, 2003)hus, sustainability can be defined in terms of the
carrying capacity of an ecosystem. Carbon neutral and climate neutral can be the
specifications of sustainability in line with the requireméat £nvironmental pollution
should not increase. Regenerative and resetmoserving technologies and practices can
bring both environmental and economic benefits for farmers, communities and nations
(Pretty, 2008b). Overall, strategies that combine lgickl and technological approaches,
which conserve soil organic matter and nutrients, and which utilize organic wastes will
have the greatest chance of attaining sustainability (e.g., Kimmins, 1997).

The philosophical and conceptual richness of the sadigity concept can be viewed as
problematic (e.g., Jamieson, 1998). According to the social science definition,
sustainability is outcome of the collective decision making that arises from interaction
among stakeholders, identified in this case as natesalirce users and managers (e.g.,
Woodhil, 1993; Réling, 1988; Roling and Wagemakers, 2008). The formulation of
sustainability in this manner implies that the definition is part of the problem that
stakeholders have to resolve (Pretty, 1995). Unfor&liyatduring 1990searly 2000s the
social and institutional conditions for spread of for example agricultural sustainability
were less well understood and the political conditions for the emergence of supportive
policies were the least well established(ePretty, 2008aHowever,the concept of
sustainabilityis highly valuedas te sheer complexity of sustainability weighs against its
use as an idea that can mobilize mass political movements (e.g., Pretty, 2008).

However, securing agreement on whatgehall take sustainability to mean for a given
environment, is half the job of getting there (Réling and Wagemakers, 20@83hift to
sustainable development is not only technological fix, nor a matter of only new financial
investment, but is also athical shift (e.g., Kothari, 1994). Thus, while much of
sustainability issue focuses on how to increase the supply of basic staples (Figure 6),
Stokstad (2010) in contrast examines one idea for reducing demand: eating less meat.
Moreover, all importantgestions in the field of sustainable development have a very
strong demographic component. Ecological theory maintains that there is always a
sustainable level for a given species in a given area. The sustainability capacity of the
habitat derives from theatural limitation of the resources of the habitat. All populations
are limited in their development by the sustainability of their environment, for example,
food and energy resources, and the extent of pollution. However, the global population
continuedo increase in size and resource consumption. Thus, there are still a lot of
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countries with annual growth rates of 2% or more in contrast to all industrial countries
with averaged annual growth rates of 0,2% (e.g., Nentwig, 1999). Projections for human
population growth suggest that by 2050, more than 9 billion people will inhabit the earth
(US Census Bureau, 2009). However, the limits of sustainability have already been
guestioned with the 6 billion humans alive today (e.g., Nentwig, 1999). Moreovett recen
evidence suggests that the current human population is utilizing natural and industrial
systems at levels that are not biologically or energetically sustainable (Wackernagel et al.,
2002). Thereforethe most important issue facing the human race segmingly

unstoppable population growth (Farrell, 2009).

3. Climate change and bioenergy

Climate change appears to be caused by the present increase of anthropogenic greenhouse
gas emissions’he reduction of energlyased greenhouse gases emissions is a goal
worldwide.Promising approaches to reducing anthropogenic greenhouse gas (GHG)
emissions include energy generation from climate neutral biomass res@mbesnd

based or "terrestrial" carbon sequestration offers the possibility today oflzalge

removal of greenhouse gases from the atmosphere, through plant photosynthesis and no
strategy for mitigating global climate change can be complete or successful without
reducing emissions from agriculture, forestry, and other land uses (Scherr & Sthapit,

2010).

3.1. Energy/carbon balance or impact on climate

Carbon released as carbon dioxide when burning fossil fuels is the major part of the
anthropogenic greenhouse gas emissibrgeaseadhange over tbioenergy could result

in net emission savings of greenise gasedBiofuels use is an alternative to oil
consumption that reduces greenhouse gas (GHG) emissions (Pacala & Socolow, 2004).
That carbon dioxide emission is avoided when fossil fuels are replaced is the main reason
for renewable energy identified ptay an important role in mitigating climate change.
Moreover,the ability of biofuels to mitigate GHG emissions is a key facé¢ha&f?
environmental sustainabilitgalculatiors show that in a favourable situation as much as
97-98% of the greenhouse gamissions could be avoided by substituting a fossil fuel

with wood fuel, but even in an unfavourable situation the amount avoided should be
higher than 75% (e. g., Wihersaari, 2005).

The net effect of biomass energy production on climate forcing ne@udude changes
in the carbon content of the site. Generaihrbon content measurement is widely used
because stocks in biomass and soil are measurable at lowEtimsisating inputs of
fossil fuels and maintaining carbon stocks in soils and agowand biomass are
important elements in balancie§atmospheric carbon.

Adsorption of carbon dioxide by the growing biomass is one of the environmental
benefits of renewable fuels. Thus, thereareresults suggesting that increased stock of
forest biomas and thereby increased carbon sequestration as a result of forest
fertilization is an attractive option for reducing net GHG emission (Sathre et al, 2010).
Willow biomass crops can be sustainable from an energy balance perspective and can
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contribute addibnal environmental benefits. Thus, generating electricity from willow
biomass crops could produce 11 units of electricity per unit of fossil energy consumed,
assuming reasonable biomass transportation distance and energy conversion efficiencies
(Heller etal., 2003). Moreover, substituting inorganic N fertilizer with sewage sludge
biosolids increases the net energy ratio of the willow biomass crop production system
(ibid.).

Soils have an important role in the global budgets and emissions of the greeydsasse
The other main option for greenhougas mitigation is the sequestration of carbon in
soils. Thus, in terms of the biomass feedstock, the crops are carbon neutral and can be
carbon negative as a result of increased carbon sequestration in timel sodbtesbiomass

(Hill et al., 2006;Lemus and Lai, 2005; Huo et al., 200Bhere are plant species that
provide not only renewable biofuel resources but also has the potential to sequestrate
carbon due to its high C input to soil, especially throughuh®ter of roots and

rhizomes. For example, reed canary grass (R&1@laris arundinacea [..is of special
interest in this respect and indicates the potential as a carbon sinKi@g. Shao &
Katterer, 2010McLaughlin & Walsh, 1998; Tolbert, 1998)emporal variation in

carbon stocks and fluxes is an additional factor to consider when assessing the full impact
of individual bioenergy production systems on carbon budgets.

Land management practices have the potential to change dramatically the detacacter

and gas exchange of an ecosystem. Thus, while deforestation typically releases a large
fraction of the tree and soil carbon to the atmosphere (Houghton et al., 1983),
establishing biomass energy production on land degraded by agriculture, grazing, o
erosion can have the opposite effect of deforestation, increasing ecosystem carbon stocks
as a consequence of consistent inputs of root and shoot litter (e.g., Tilman et al, 2006).
For lands currently in agricultural production and not severely degrdmedarbon
consequences of a transition to biomass energy will depend on the cropping system, the
management practices and the inputs (Field et al., 2007). Thus, the cropping of willows
on agricultural land may also lead to the net sequestration of darboit (Heller et al.,

2003). There is also work that further substantiates the environmental benefits associated
with renewable fuels and demonstrates that with proper management, the integration of
livestock manures in biofuel cropping systems can reedn&HG remediation (Thelen et

al., 2010).

Sugarcandased ethanaolcurrently the most effective biofuel at displacing GHG

emissions (Sagar and Kartha, 200if) Brazil is already mitigating GHGs and that even
with a harvested area of 14.0 Mha by 2088hould be possible to fulfill 20% of one of

the seven wedg&sproposed by Pacala and Socolow (2004) (Pacca & Moreira, 2009). A
70 Mha® global harvested area of sugar cane for energy use (which corresponds to 4.7%

15 pacala an@ocolowestimatedeachwedgebasedni1 Gt of carbon mitigatiorrequiredby 2054.They

assumd alinearcontributionof eachwedge alon@ 50 yearperiodtill 2054.Thus,by 2039eachwedge
corresponds$o 0.7 GtCor 2.57Gt CO, (cited in Pacca & Moreira, 2009).

18 presently, global sugar cane harvested area for energy and food use is around 24 Mha (FAOSTAT,
2009). Thus, the sugar cane area for 2039, for food and energy use, should be just under 100 Mha,
assuming that sugar demand for food and beverage is increasing at a rate of 1% per year, while average
sugarcane productivity is evolving at 0.73% per year (based on data for the last #0 years

(FAOSTAT, 2009)). The 100 M ha should be compared with areatfos wheat and corn all over the
world, respectively 230 and 170 M fwted in Pacca & Moreira, 2009).
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of all agriculture/ cultivated land foobd and feed in 2005 (Hoogwijk et al., 2005) and a
sugar cane sector performance similar with the one in Brazil, would be enough to
mitigate 1Gt C (100% of one Pacala and Socolow wedge) or 20.df4ll GHG

emissions required to stabilize g@&mospheric ancentrations by 2039, as predictad

Pacala and Socolow (2004) (Pacca & Moreira, 2086yvever, the authors pointed out

that sugar cane plantation implemented only over tropical forests does not contribute to C
mitigation and should be avoided due iggjative carbon balance and other impacts

caused to the environment.

In an idealized case biomass energy does not contribute to the forcing of climate change
with greenhouse gases, but real production systems can differ from this ideal in some
important wag. Thus,modern bioenergy chains amesome exterdssociated with

burning fossil fuels which is not carbon neutfidie production of biomass energy almost
always entails the use of fossil energy for the farming, transportation and manufacturing
stages bthe process (e.qg., Hill et al., 2006hus, while CQ emitted in combusting
dedicated biomass is balanced by,@@sorbed in the growing biomass, production
process contributes to the system’s net global warming potential (Heller et al., 2003). The
subgitution of bioelectricity for fossil fuelbased electricity can mitigate carbon
emissionsHowever, the full realization of the bioelectricity potential when substituting
bioelectricity for fossil fuelbased electricity, the implementation of £§@quesation

GXULQJ IHUPHQWDWLRQ RI VXJDUFDQHYY MXLFH DQG WKH DGRSWLRQ

technologies are crucial to enhance the potential of the sugar cane system as a substantial
mitigation option (Pacca & Moreira, 2009).

3.2. Bioenergy and other importantgenhouse gases

There are mangreenhouse gasesthe atmosphere that affect our climate. Thus, in
addition tocarbon dioxide €O,), the emissions of methane (gQHthe most important
greenhouse gas next to g@. g., Langeveld et al., 1997) as vk emissions ohitrous

oxide (N2O) (e. g., Bouwman et al., 201:0nay be importanfactorsin the greenhouse

gas balance of biofuel$here are a lot of discussions on the availability of different
biomass sources for bioenergy applicasiand on the reduion of greenhouse gas
emissions compared to conventional fossil fugaissions from cropland are high
compared to grassland due to the fact that cropland (including energy crops) is generally
located in areas with good soils and climatic conditionslevehmajor part of the global
grassland area is in less favorable areas (Bouwman et al., Z8&6€g.is much less
discussion on the other effects of biomass such as the acceleration of the nitrogen cycle
through increased fertilizer use resulting in &sst the environment and additional
emissions of oxidized nitrogen (Erisman et al., 20AQomplete account of all the
greenhouse gases emitted and lost in otheswsaherefore required to asses this balance

" pacala an@ocolowestimateceachwedgebasedn1 Gt of carbon mitigatiorrequiredby 2054.They
assumd alinearcontributionof eachwedge alon@ 50 yearperiodtill 2054.Thus,by 2039eachwedge
correspondso 0.7 GtCor 2.57Gt CO, (cited in Pacca & Moreira, 2009).
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and determine if biofuels have a net negabr positive impact on the global warming
potential of fuel consumption.

Soils have an important role in the global budgets of greenhouse gases and understanding
nitrous oxide (MO) and methane (CHifluxes from agricultural soils is necessary to fully
assess greenhouse gas emissions from bioenergy cropping sy¥3tetzen et al. (2008)

and Smeets et al. (2008) addressed nitrous oxigle)(dmission as part of the

greenhouse gas budget of biofuels from créfmsvever, soil greenhouse gas fluxes from
bioenergy crop production in setarid regions are likely to have less influence on the net
global warming potential of biofuel production than in temperate climates (Barton et al.,
2010).Further, while tropical seasonaltlry ecosystems both in natural andnaged
conditions represent a significant source g®N4.4 T8y N,O year™) and a potential

CH, sink of 5.17 Tg CHyear™ on a global scale and as a consequence of the large area
they occupy, the limited information on fluxes from Mediterranean et&sgsdoes not
allow a meaningful scaling up (e. g., Castaldi et al., 2006).

In an overview of the state of knowledge on nitrogen and biofuels (Erisman et al., 2010)
it has been proposed that optimization of the nitrogen use efficiency and the development
of second generation technologies will help fulfill the sustainability biomas4 insed
economic and terrestrial biogeochemistry model examining direct and indirect effects of
possible laneuse changes from increasing production of biofuels predicirttiaéct

land use will be responsible for substantially more carbon loss (up to twice as much) than
direct land use; however, because of predicted increases in fertilizer use, nitrous oxide
emissions will be more important than carbon losses themseltexsns of warming

potential (e. g., Melillo et al., 2009). However, a global greenhouse gas emissions policy
that protects forests and encourages best practices for nitrogen fertilizer use can
dramatically reduce emissions associated with biofuels produgtielillo et al., 2009).

3.3. Greenhouse gas release from land use change

There isarelationship between land use and climate change. Thus, future changes in the
climate affect land use decisions, but there is also feedbacks from land use change to the
globd climate system through GHG fluxes.

Increased demand for biofuels is expected to produce changes in the presasgland
configuration. Biomass production will lead to intense pressures on land supply and can
increase greenhouse gas emissions fromisadhanges. By recent estimates land use
activities account for approximately 31 % of global emissions of carbon dioxide

equivalents (Sche& Sthapit, 2009). Greenhouse gas release from land use change (the
sOFDOOHG 3FDUERQ GHEW’  p#tdntiall¥digHifigaht@dti@bmaritb thé&s DV D
environmental profile of biofuels (Kim et al., 2009).

Landuse change is associated with a change in land cover and an associated change in
carbon stockdHoughton (1991) assessed seven types oflesedchangeot carbon stock
changes (Figure C).

¥T=107
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Land-use change

* Conversion of natural ecosystems to permanent croplands

* Conversion of natural ecosystems tor shifting of cultivation
= Conversion of natural ecosystems to pasture

+ Abandonment of croplands

+ Abandonm ent of pastures

» Harvest of timber

« Establishment of tree plantations

Figure C. Types of landse change for carbon stock changes (Source: Houghton 1991)

According to a lot of academic literature on the subject (e.g., Geist et al., 2002; Lambin et
al., 2003), land use chge (LUC) is driven by three primary forces: timber harvest,
infrastructure development (e.g., road building), and agricultural expansion. However, as
any one of these variables taken alone explains less than 20% of documented land use
changes worldwide,ut taken together, they explain over 90% of observed cases of land
use change, it is arbitrary and unreasonable to assume that all land use change worldwide
is driven primarily by agricultural expansion (e.g., Kim et al., 2009). Both grassland and
forest nay be involved in land use conversion, but we do not know in what relative
amounts (Kim et al., 2009).

The environmental effects of indirect lande change (ILUC) is the result of an action
occurring in a system that induces effects, indirectly, outhiglsystem boundaries but

that can be attributed to the action occurring in the system (Gnansounou et al., 2008). A
certain amount of feedstock obtained by biomass use substitution, crop area expansion
and shortening the rotation length in order to meetengdemand of biofuels, may result

in indirect landuse effects (e.g., Ghansounou et al., 2008). Recent studies have suggested
that GHG benefits from biomass feedstock would be significantly lower if the effects of
direct® or indirect (ILUC®) land use chage are taken into account (e.g., Righelato and
Spracklen, 2007; Fargione et al., 2008; Searchinger et al., 2008). GHG emissions from
ILUC are claimed to be more important than emissions from directusea¢hange (e.g.,
J)DUUHOO 2Y+DUH retal., @60B MddKl siudl&tion of EU biofuels

policy and global biofuels implementation indicate that the greenhouse gas emissions
associatd with ILUC are very significant and generally amount teG20g CQ #q/MJ
biofuels, equivalent to 285% of thecarbon emissions per MJ of the petotliesel

being substituted (Croezen et al., 2010).

However, the impact of land use change on greenhouse gas emissions can be mitigated
through agreeconomic mechanisms or technical developments. Mitigation measures
include the use of residues as feedstock, cultivation of feedstock on abandoned arable
land and use of feedstock-pyoducts as substitutes for primary crops as animal feed
(Croezen et al., 2010). Gnansounou et al. (2008) reviewing impacts of ILUC on GHG

19 birect landuse change occurs when feedstock forustsf purposes (e.g. soybeaniordiesel) displace

a prior landuse (e.g. forest), thereby generating possible changes in the carbon stock of that land.
?ndirect landuse change (ILUC) occurs when pressure on agriculture due to the displacement of previous
activity or use of the biomass induces larsg changes ortleer lands (Gnansounou et al., 2008).
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balance of biofuels, conclude that while ILUC may impact the GHG emission balance by
affecting carbon balance in soils and in the biomass produced on that land, these effects
are not necessarily negative. Thus, cropland established on highly disturbedraaly spa
vegetated lands and some grasslands can result in a net gain in both soil and biomass
carbon. Moreover, moving from a loitgrm cultivated system to a shifting cultivation

when the land is s&tside to recover from intense agricultural use, can eetheloss of
carbon. Furthermore, it is also worth to point out that changes in the carbon stock can
take place even if the langse does not changEhus, temporal variation in carbon stocks
and fluxes is an additional factor to consider when asses$sarfglt impact of individual
bioenergy production systems on carbon budgets. Moredvanges in the carbon stock
results from complex interactions and feedbacks among plant productivity,
decomposition, climate, soil properties, and human activitiesoimprehensively

understand the causes and magnitudes of ecosystem carbon fluxes and carbon storage, it
is critical to study the systems in meaningfully large units and over sufficiently large time
scaleqe. g., Zhao et al., 2010)

Both direct and indiredtUC analyses depend on a number of variables and assumptions.
One of the most significant sources of GHG emissions in LUC is from soil organic
carbon (SOC). Cropping management is the key factor in estimating GHG emissions
associated with LUC and theresiginificant opportunity to reduce the potential carbon
debt and GHG emissions through improved crop and soil management practices,
including crop choice, intensity of inputs and harvesting strategy Keng.et al., 2009.

Thus, for example, ntillage practice or the use of winter cover crops can improve soil
organic carbon levels and increase carbon sequestration rates in comparison to plow
tillage Bruce et al., 1999; Smith et al., 2Q0Bloreover, netillage practice combined

with the use of winter car crops is the best cropland management practice in reducing
the GHG emissions associated with direct and indirect LUC considered in order to
maximize cumlative GHG benefits of the biofuel (e. g., Kim et al., 2068)wever, as

the benefits of no tillagpractice may or may not be observed if the whole soil profile (1
m depth) is analyzedB({anco-Canqui et al., 2008; Angers et al., 2008)fin¢her
investigations of the effects of soil depth on carbon accumulation with tillage practices
are therefore neled (Kim et al., 2009). Unfortunately, according to Kim et al. (2009)
some existing studieSéarchinger et al, 2008; Fargione et al., 2@08 not take into
account the effects of different tillage methods when analyzing IG¥@p choice is the
other keyfactor in reducing potential carbon debt and GHG emissions. Thus, compared
to sugarcane and corn that are currently used for biofuel production in the world, sweet
sorghum habeen shown to be more suitable for this because it has higher tolerance to
saltand drought, much lower water and fertilizer requirements and high fermentable
sugar content which makes it to be more suitable for fermentation to ethanol (e. g.,
Almodares & Hadi2010).

Land use is an important factor in carbon sequestration chandjéiseaefore cannot be
ignored. Different land use typgaryin the amount of carbon stored in soil and

vegetation. Forest ecosystems represent the largest terrestrial storage of carbon and there
is increasing evidence that human activities are contraliegarbon cycle in forests at

the global scale through direct and indirect effects (Magnani et al., 2007). Thus,
management effects on the carbon cycle in forests are considerable and the impacts of
forest management on atmosphere and climsdberefoe a key issue of the
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sustainability of the forestry wood chain (Loustau & Klimo, 200&)t harvesting any
biomass from the forest will in a landscape perspective increase the carbon stock in the
ecosystem because the phases after-clgarwith low treébiomasses are avoided, but on
the other hand, the forests will then not provide any climate benefit by biofuels or other
renewable forest wood produdfsgren et al., 2010Forest SOC stocks tend to be higher
than pasture or cropland SOC stocks and caimeiof forest to pasture or cropland is
found to decrease SOC stocks, the opposite conversions usually lead to increased SOC
stocks (e g., Falloon et al., 2006). A system with whole tree harvesting with nutrient
compensation is closely to being greenhegaeneutral (G. Agren, personal
communication (cited in Levin arferiksson 2010)). Land use changes including arable
land to/from forest or Salix plantation indicate that no major changes in soil carbon
stocks are to be expected (Agren et al., 2010).

Thedebate about biofuels and ILUC effects continues. There is a growing concern about
the effect of lanedluse change on GHG emissions, biodiversity, food supply, soil and

water quality. However, it is argued that the most recent ranges of studies, showing tha
emissions resulting from ILUC are significant, have not been systematically compared
and summarized (Croezen et al., 2010). Moreover, current practices for estimating the
effects of indirect land use changes suffer from large uncertainties (Kim & Dai@). 2

Thus, it is argued that indirect land use change effects are too diffuse and subject to too
many arbitrary assumptions to be useful for4migking, and that the use of direct and
controllable measures, such as building statements of origin of Biafte the contracts

that regulate the sale of such commaodities, would secure better results (Mathews &Tan,
2009). At present, due to the lack of a robust methodology carbon reporting initiatives do
not consider ILUC. EU governments recommend using &lid for biofuels production

in order to avoid indirect effects (Gnansounou et al., 2008). It seems that even if ILUC
effects should be known and a causal relationship should be established, the
consequences (GHG emissions) are particularly difficult tacoerately attributed to the
expansion of biofuels production in a given country and consequently it would be
delicate to include them in the GHG emission balance at a country level (Gnansounou et
al., 2008). More research and consensus about system besradad allocation issues

are needed to reduce uncertainties related to the effects of indirect land use changes (Kim
& Dale, 2009).

3.4. Other climate forcing effects

One of the potentially negative impacts of biomass use on climate includes the @&ffect
soot and trace gases that are emitted into the atmosphere during comBilesioand

burn farming procedures, and deforestation, can also result in large amounts of smoke
and soot production. Soot particles in the atmosphere can originate fromgolooiin

fossil fuels and biomasbklowever, the contribution of wood burning to atmospheric
particulate carbon is regarded as a major source (e. g., Fr&@attell, 1990; Fine et

al., 2001).

It has been established that combustion generated partidudatesn important impact
on climate and rainfall (Ramanathan et al., 2001; Graf, 2004). Hovibearature and
extent of theemissiongroduced by the combustion of biomass depends on the
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combustion conditionshus,in order toefficiently use biomass fls as a source of heat,
stoves are needeHowever, in contrast to combustion of pulverised biomass in power
stations with controlled combustion where very much smaller quantities cdirgoot
produced, the majority of anthropogenic biomass derived bktion is a result of

cooking in small scale appliances, slash and burn farming procedures, and deforestation,
all of which result in large amounts of smoke and soot produgfitepatrick et al.,

2007)

The flue gases from the stoves can cause seriolth beablems and environmental air
pollution (e.g., Bhattacharya et al., 2002; EPA, 2001). However, the flue gas emissions
have different values depending on the characteristics of biomass fuels and stoves
thermal efficiency. Thus, biochathe stable, adonrich charcoal that results from
pyrolysist of biomass materialsis the most appropriate biomass fuel for use in the
spaceheating biomass stoves (an improved sgeEsting biomass stove) because its
combustion emits less smoke and the thermal eff@y of a particular stove is
approximately 46% (Koyuncu & Pinar, 2006). Moreover, biochar applied to soil offers a
direct method for sequestering C and generating bioenergy (e.g., Lehmann, 2007; Gaunt
& Lehmann, 2008Roberts et al., 20)@&nd may at presnt be financially viable as a
distributed system using waste bioméReberts et al., 2010.). Furthermousged as a

soil amendment, biochar can improve soil health and fertility, soil structure, nutrient
availability, and so#water retention capacity @Rdon et al., 2007; Kimetu et al., 2008;
Lehmanret al., 2003 Steiner et al., 2007), and is also a mechanism for long term C
storage in soil¢§Roberts et al., 2010)

The effect on climate forcing involves also the balance between absorption and reflection
of solar energy at the surface of the earth (Schaeffer et al., 2006). In general, the overall
balance is that while at high latitudes, forests (particularly evergreen forests) tend to

warm the climate because they are darker than grasslands and crpp#etimeis the

opposite in the tropics because forests increase evapotranspiration and cloud cover, which
produces a cooling effect through reflection of solar energy (e. g., Bala et al., 2007).

4. Land /Soil for Food versus Energy

There are sets of critarthat are crucial in determining the overall consequences of
expanding biomass for energy production. However, land comes first.

4.1 Land availability

Renewable energy systems such as wind, solar and biomass are significantly more land
intensive than traditinal fossil fuels. Thughe overall potential yield of biomass energy
depends on the land area allocated to producing it. Expanding the biomass energy
industry involves the possibility that new production of biomass for energy will occupy
land needed fogrowing food, feed and for conservation. Scenarios developed for the
USA and the EU indicate that while shtetm targets of up to a 13 percent displacement
of petroleumbased fuels with liquid biofuels (bioethanol and biodiesel) appear feasible

Z pyrolysis is the thermal decomposition of organic material in the absence of oxygenaksudain initial
stage in botltombustion and gasificatiqgerocesses (Bridgwater et al., 2008)
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on availdle cropland, more ambitious targets will have to be fulfilled with imports (Best,
2006).

The role of agriculture as a source of energy resources is gaining in importance. As
mentioned in Croezen (Croezen et al. 2010) significant volumes of biofuelserequir
significant areas of arable land, but there already appears to be little chance of the world's
current arable acreage being sufficient to produce enough food and feed to meet rising
future demand and therefore additional crop demand for biofuel is tixegguire extra
arable land that must be created by land use change. Many of the international
assessments of future food supply project a global expansion of crop area for food
production, with particularly high rates in Africa and South America (Brginsma

2003; Rosegrant et al., 2001). While bioenergy systems based on forest and agriculture
residues require no additional land resources as the land is used for timber or food
production regardless of how the residues are used, dedicated energyncttopsther

hand require land which is ofterdimited resource (Schlamadinger et al., 1997).

However, even if food and biofuels/biomass can compete for land, this is not inevitably
the caseThus, firstly, the greatest potential for biofuel productmtiin the present
agricultural system lies in using residues and organic waste, e.g., mold attacked matter
and crops of inferior quality. Secondly, the expansion of biomass energy agriculture
could be limited through regulations to surplus and abandaeed.aDespite that the
uncertainty for the abandoned area estimate can be substantial (probably 50% or more)
and even more uncertain is the estimate of the amount of marginal land that has never
been used for agriculture but that is potentially availatmdiomass energy production
(e.g., Field et al., 2007), agriculture for biomass energy can move into abandoned
agricultural land, degraded land and other marginal land that does not have competing
uses (e.g., Tilman et al., 2006; Hoogwijk et al. 2005;dwajk et al. 2003). Moreover,
degraded and marginal land could be rehabilitated by bioenergy plantations which could
combat desertification and increase food production (Best, 2006). However, the main
factor for the large biomass potentials is the avditglaf surplus agricultural land,

which could be made available through more intensive agriculture (IEA, 2010). Thus,
biomass energy modeling studies project that additional areas beyond degraded,
abandoned and marginal lands will become available asu#tgral land is abandoned in
response to surplus food supplies (Hoogwijk et al. 2005; Hoogwijk et al. 2003; Wolf et
al., 2003).

Thirdly, second generation biofuels, are often seen as a prominent candidate for realizing
not only reduced emissions and loeeoil dependency but also more efficient use of

land and bioresourses (e.g., IE®10).Sustainability of many firstieneration biofuelst
which are produced primarily from food crops such as grains, sugar cane and vegetable
oils thas been increasingfestioned over concerns such as reported displacement of
food-crops (IEA, 2010). However, secogeneration biofuels produced from agricultural

or forestry residues do not require cultivation of additional land (IEA, 2010). The use of
second generationdfuels shows a more efficient use of land and bioresources
(Campbell et al., 2009; Ohlrogge et al., 2009). The existing forests, especially primary
forests and forest areas designated for conservation of biodiversity, may be used only
partially for energysupply because of economical, ecological, and social reasons (FAO,
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2005). Pastures, especially poor pastures, may possibly be used for afforestation
depending on the conditions in the respective country and considering the fact that a
substitute fodder has be supplied (Metzger & Huttermann, 2009). The production of
lignocellulosic biomass and fodder for ruminants can be combined by, e.g., using white
rot fungi (Huttermann et al., 2000 addition, poorer quality land could possibly be
utilized. If the ligno-cellulosic feedstock is to be produced from dedicated energy crops
grown on arable land, energy yields (in terms of GJ/ha) are likely to be higher than if
crops grown for firsgeneration biofuels (and q@oducts) are produced on the same
land, evenf several concerns remain over competing land use.

However, there are the concerns, particularly present in many developing countries
regarding the identification of suitable land for sustainable feedstock production (e.qg.,
IEA, 2010). Global energy sufypmay be provided from biomass grown on degraded and
wasted areas. Some billion hectares of areas originally forested and covered with
vegetation have been degraded by mankind in historical times (Lal et al., 1980). Thus,
deforestatiorhas many and varigg@conomic, agricultural, demographic and cultural)
causes. Endangered biodiversity, destroyed and infertile soils, affected water cycle and
global warming are the consequences of deforestation at the local and the global levels
(e.g.,Karsenty, A, 2010).An aditional historical consequence of degramtabf forest

areas was increasing the global river runoff significantly during the twentieth century and
producing widespread watershed degradation (UN, 2006). Afforestation of degraded
areas is the greatest challenge on the way to a sustainable devel(deteger &
Huttermann, 2009). Thus, 1.28 Gha of land that should be available for energy biomass
production to give a primary energy potential of 9,216 Mtoe (IPCC, 2001) or about 82%
of the primary energy supply of the year 2004 (IPCC, 2001) correspoody less than

30% of degraded area. The other consequence of reforestation may be regeneration and
stabilization of the global water and especially drinking water resources (Piao et al.,
2007) as well as reduction of the frequency and severity ad-flelated catastrophes
(Bradshaw et al., 2007). Reforestation will slowly stop these processes. Furthermore,
deforestation resulted in increased sediment loads, with various impacts on downstream
and coastline habitats (UN, 2006). It can be expecteddfaestation will slowly stop

this process.

Land occupation is one of the most controversial issues. Current land use data are in

PDQ\ FDVHV QRW DFFXUDWH HQRXJK WR FODVVLI\ ODQG DV SGHJUDGH
Distribution of degraded/nedegraded aa in world's total land area is given in Figure

7.
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Figure 7. Distribution of degradedne®@ HJUDGHG DUHD LQ ZRUOGTV WRWDO ODQG DUH
(Source: Metzger J.O. & Hittermann A. 2009).

Cultivation on degraded arable lands is presently an uncertain, expensive and probably
unlikely option, but this maghange if policies (including biofuel policies) substantially
support the use of degraded land (e. g., Croezen et al., 2010). Arable areas are required to
produce food for the global population and have been thought to be not or only most
limited availablg(IPCC, 2001); see, however, the discussion by Smeets et al. (2004) and
by Hoogwijk et al. (2005)). Recently, based on the approach where the estimated
available land was combined with climatological NPRo estimate the potential for new
biomass energyrpduction that does not reduce food security, remove forests, or
endanger conservation lands, it was argued that increasing the area beyond the’386 Mha
used for the calculation runs the risk of threatening food security, damaging conservation
areas, or iareasing deforestation (Field et al., 2007). There is considerable agreement
that increasing yields on existing agricultural land, especially cropland, is a key
component for minimizing further expansion (Tilman et al., 2002; Evans, 2003; Lee et

al., 2006) There are, however, limitations and negative aspects of further intensification
of the use of croplan@Wirsenius et. al., 2010Thus, increasing yield per hectare does

not seem to be option because even with substantial external inputs, NPP fooowjor f
crops twhether destined for food or biomass energy use#l probably remain below

native NPP over several decades at least (e. g., Field et al., 2007). Also, high crop yields
depend on larger inputs of nutrients, freglater, and pesticides andntobute to

negative ecosystem effects, such as eutrophication (Tilman et al., 2002).

%2 Net Primary Production
%386 Mha equals 0.386 bn ha
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However, it is still uncertain how much arable land is required. Thus, for example, while
some studies give a picture where arable land is expanding (e. g., Croez@9Edxl

there are alternatigendicating that the future development could result in a more limited
requirement for extra arable land caused by less rapid increase in food demand in the
future than in the past due to slowing of global population grosvtg.( Morris 2009).
Moreover,investment in agricultural research is rarely mentioned as a mitigation
strategy, but agricultural intensification aingestment in yield improvements could

result in a more limited requirement for extra arable land. Fumnibver, there is

substantial scope for lasndinimizing growth of world food supply by efficiency
improvements in the foedhain, particularly in animal food production, and dietary
changes towards less laddmanding food (e. g., Wirsenius et al., 2010).

Thepattern of competition between fuel and food crops is not clear yet, and this will
depend, among others, on whether food security policies are in place (Hellegers et al.,
2008). Until 2008/2009, biofuels were considered among the best alternatives to oil
consumption in a captive market such as transport fuels but social and political consensus
about biofuels decreased sharply when their ability to strongly decrease overall GHG
emissions was questioned, and mainly when they were blamed of being resgonsible

the 20072008 foodprice increase (Ninni, 2010). In July 2008, the Farm Foundation
SXEOLVKHG 3:KDWTV 'ULYLQJ )RRG 3ULFHV"" UHYLHZLQJ RYHU WZR GR
and studies on the subject, all published in either 2007 or early 2008 (Abbqt26e08).

Much of the public discussion of the food price crisis has focused on the sharply
increased use of food commaodities for biofuel production, framing debate in simple food
versus fuel terms (Dewbre et al., 2008)od sovereignty, including a mooatum on

agrofuels, was argued to offer the best option for managing the crisis (e. g., Rosset,

2009)

However, wherbiofuels wereexamined in the context of the world food price crisis and
when both shoftand longterm causes of the crisis weassessediofuels werenot a

prime causal factor. There were multiple forces that drove food prices to high levels.
Thus, the degree to which the price of traded food commodities and the price of food are
related depends on a long list of factors, most of whighaip to dampen price

transmission and it was found that the distinction between high world prices for food
commodities and the consumer costs of food is an important one to make (Dewbre et al.,
2008). Moreoverthe longrun behaviour of prices is not weihderstood, the issue of

which are the main drivers of booms and slumps remains controversial and little is known
on the frequency, magnitude and persistence of price spikes such as one£i82007
(Commodity Market Review 20022010). Recently, In the Eopean Union, biofuels

policy is supported through a new Directive approved on April 23rd, 2009, including the
request for various certifications to prove the environmental sustainability of biofuels
(Ninni, 2010). Whether food prices willse owing to anincrease in biofuel demand will
depend, according to Fraiture et al. (2008) more on trade barriers, subsidies, policies and
limitations of marketing infrastructure than on lack of physical capacity. The new food
strategy is quite unique in both its poliegope and spatial scale, reintroducing national

and international food securiy/ defined as having enough food, in the right place, at

the right time?2 as a key concern both nationally and internationally (Marsden, 2010).
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4.2 Agroforestry

Sustainable combed production of food and biomass is possible on the same field.
Thus,agroforestryD Q G 31D U P &R ByHoviykhbls terms for land use practice, in
which both trees and agricultural crops or livestock are combined on the same field. The
idea of agroforstry systems is to grotrees or shrubm strips between crops to produce

an energy crop in addition to the food crop.

Agroforestry is an integrated natural resource management option (e.g., Nuberg &
Brendan, 2009)Simultaneously, especially in margirsakas, the ecological function of
the landscape can be improv&ahce the 1980s there has been a rapidly growing
community awareness of the need to integrate trees with agriculture to address natural
resources degradation in Australia (Inions, 1998us a farming system that integrates
woody crops with conventional agricultural crops/pasture can more fully utilize the basic
resources of water, carbon dioxide, nutrients, and sunlight, thereby producing greater
total biomass yield (Sanchez, 199Bje poential of agroforestry in meeting the deficit

of demand and supply in timber, fodder supply, bioenergy sector through tree biomass
and meeting the food/fruit security has been enumerated and the direct benefits like
employment generation and indirect oliks carbon sequestration and environment
restoration have been emphasized in respect of various agroforestry systeréyarg.,

et al., 2009)Careful development of on and dgérm benefits of bioenergy crops may
demonstrate that conflict with foodqgatuction is minimal; that the overall cost of
bioenergy from woody biomass feedstocks is quite competitive with other renewables;
that bioenergy can make major contribution to a more produatigtesustainable
agriculture; and that a wide range of envir@mtal benefits may be delivered by the
proposed systems (Bartle & Abadi, 2010)

Agroforestrycan be advantageous over conventional agricultural and forest production
methods through increased productivity, economic benefits, social outcomes and the
ecologcal goods and services providddhe benefits can include better catchment
management, the multiplier effects of incomes spent in regional communities derived
from processing activities, improved farm income, and the social impacts of increased
rural emplyment and associated opportunities (€Ra¢e & Curtis, 1996For example,

as a very flexible, but lownput system, alley cropping can supply biomass resources in a
sustainable way and at the same time provide ecological benefits in Central Europe
(Quinkenstein et al., 2009\ wide range of species may be used, including conventional
forestry species (for savtimber or pulp) or short cycle coppice for wood products and
bioenergy (Dickmann, 2006).

Overall,agroforestry has high potential for simultanglgwsatisfying many important
objectives: protecting and stabilizing the ecosystems; producing a high level of output of
economic goods; improving income and basic materials to rural population; conserving
natural resources through various systems inriffieagroclimatic regions (e.dphyani

et al., 2009)In aSummary Report of the XXIII IUFRO World Congrebe

development of agroforestry has been described as an approach for: poverty alleviation;;
food security; carbon sequestration; combating defatiea and desertification; fodder

and fuelwood supply; and environmental protecti®dFRO, 2010)
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4.3. Effects of biomass production systems on soil properties

Productive ecosystems require fertile soils. However, soil chemical, physical and
biological properties can be altered by biomass production systems. Adequate amounts of
soil organic matter (SOM) are important for maintenance of these properties (e.g.,

Burger, 2002; Scott et al., 2004). Soil organic matter is an important reserve for plant
nutrients; it improves soil structure and water holding capacity (Kahle et al., 2002) as

well as limits erosion (Troeh et al., 1980). Hence, maintenance of high level of soil
organic matter is one important factor in maintaining high biomass productivity (e.qg.,
Vance 2000).

Replacing currentonventionabgricultural and forestry systems with biomass for energy
systems is likely to affect soil carbon, because it will alter the balance between organic
matter inputs and losses from the soil carbon pluls,whena higher proportion of the
organic matter and nutrients are removed from the site of biomass production system
compared with conventional grain and timber production systieens isa risk of

depletion of soil carbon stockdowever,in generalgnvironmetal and management

factors govern the magnitude and direction of changes in an ecosysigsithe degree

to whichbiomass production systems affect SOM is dependent on how much biomass is
removed and how soil climate is alter&ibenergy systems suck aoppiced willow
switchgrass, or longotationtimber+biomass plantations are likely to enhance soill

carbon where these replace conventional cropping, as intensively cropped soils are
generally depleted in soil C (Cowie et al., 2006).

Biomass residues eoften regarded as a free source of energy. Appropriation of crop and
forestry residues for biofuels implies that such residues will no longer be returned to crop
and forestry lands, meaning that nutrients or organic matter previously recycled through
these sources must be replaced (presumably through fossbldset processes) if soil
productivity and hydraulic properties are to be maintained (Varvel et al., R&djue
retention is an important issue in evaluating the sustainability of forest lsdonas

energy productiorBioenergy from the forests is regarded as a possible replacement for
fossil fuels and logging residues are increasingly being used as a source of bioenergy.
There are studies aimed to measure the influence of various residudkasssite
management treatments on the plant nutrition status, nutrient contents in soil and the
biomass yield of the secomdtation stands. Thus, for some soils it has been
recommended to retain both harvest residues and forest floor materials for the
maintenance of soil C stocks in plantation forests (Jones et al. 2008). Howevéegriong
impacts of such retention have not been studied extensively, especiallytrogahl
environments (Tutua et al., 2008). The importance of the selection of thdingpde
approach when projecting the potential effects of forest management practices on forest
carbon balance has been underlinBuus, sing modelling approachittle difference in

the soil carbon stock has been observed between different harvestnsifiege but this

result is uncertain (e.g., Agren et al., 20IM3tection of residue management impacts on

C stocks in soils may require additional analysis.

The effect of intensified biomass extraction on forest ecosystems is a timely question
since havest residues are increasingly utilized to produce energy and the impacts of the
changed management practices are not always well understood (Palosuo et al., 2008).
Along with the growing interest in whole tree harvestowncerns have been raised
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about ptential ecological risks associated with this type of biomass harvesting such as
nutrient depletion, loss of the acid neutralization capacity of soil, negative effects on
biodiversity and soil carbon balance, effects on water chemistry, and decreasgesein f

site productivity (Egnell et al. 2006, Olsson 2008)ere is some evidence that WTH

after thinning can cause a reduction in tree growth, the other suggest negligible effects of
debris manipulation on soil productivity (e.g., Harrington & Schoenh®10).

However the effect of thinning on the soil or foliar nutrient status is poorly documented
(Jonard et al., 2006]T.hus, while wholdree harvesting including foliage increased

nutrient exports by 7A50% and fertilizers are likely to be requiredcompensate for the
additional removal of nutrients and to maintain site productivity in the next rotation,
intensive harvesting including removal of log residues and branches for biofuels but
leaving foliage on site increased in contrast nutrient expgregpproximately 30% but

did not exceed accession of nutrients over 30 years except opin@ns & Elms,
2009).Hence, longerm stem growth data will be needed to achieve a more
comprehensive understanding of the effects of WTH on the site nutrient status and
productivity (Luiro et al., 2010). Theemoval of stumgé for bioenergy production may
markedly affect the nutrient status and nutrient cycling of boreal foRakadinen et al.,
2010)butthe longterm effects of stump harvesting for energy on SOM and soil C are not
yet well known (Lattimoreet al., 2009)The review of available studies regarding the
effects of different harvesting intensities on S@Meal in agreement with other (e. g.,
Grigal, 2000) that differences in harvesting intensity and the amount of debris remaining
onsite geneally have little effect on SOM in the lortgrm perspective, for example after
15 yearsOverall although there may be some decline in soil carbon associated with
biomass production, this is negligible in comparison with the contribution of bioenergy
sydems towards greenhouse mitigation through avoided fossil fuel emissions (Cowie et
al., 2006).

In order to maximize the ecological sustainability and integrity of harvested sites, and to
ensure that ecosystem services and biodiversity are maintainatkéeissary to have
guidelines or legislated policies governing harvesting and site restoration practices (Levin
& Eriksson 2010). Sweden developed a series of recommendations anggmtide
guidelines (GPG) for WTH that are based on various sciestifidies and include
prescriptions and mandates to minimize environmental damage caused by whole tree
harvesting for bioenergy (e.g., Levin®riksson 7TKXV 6ZHGHQTV QHZ
and regulations include a directive that if WTH is to be undertalsbriezycling, first of

all, should be used to restore acid neutralization capacity and nutrients to harvested sites
(Swedish Forest Agency, 2008). Secondly, WTH operations should leave snhags in place,
leave slash from less common tree species, and ledaastR0 % of the slash from
harvesting operations on site, but should not be permitted where endangered species
might be negatively affected (Swedish Forest Agency, 2008). However, scientific
uncertainty still exists. For example, the importance of carbmoval from harvested

sites and the effects of WTH on letegym nutrient budgets and runoff water quality are

24 After a tree has been cut and felled, the stump or tree stump is usually a small remaining portion of the
trunk with the roots still in the groun8tumps are the largest coarse woody debris component in managed
forests.
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still being discussed and investigated. This suggests that dedicated feedstock production
will be required to provide most of the biomass ndadédulfill sustainable production

goals and, by extension, that future water resource impacts can be justifiably estimated
from land use changes required for this additional dedicated production (Evans and
Cohen, 2009).

Soil biological properties also Y@ a direct impact on SOM concentrations, soil C

storage, nutrient cycling and soil hydrology. There are concerns that residue removal can
change soil biological properties by removing substrate for soil microorganisms (e.qg.,
Lattimore et al., 2009; Karleet al., 1994; SalinaGarcia et al., 2001). However, soil
biological systems tend to be very resilient and studies have not yet shown any lasting
impacts due to wholeeeharvesting or other intensive forest management activities
(Grigal, 2000).On the ¢her handforest floor microbial communities composition

appeared to be strongly influenced by topographic position rather than stand related
differences and structural differences in microbial communities observed between sites at
higher and lower eleviains appear to be linked to seasonal patterns in moisture (e.qg.,
Swallow et al., 2009)Genomicrelated microbial researgeneratesnassive amounts of
data;one challenge still facing microbial ecology is the ability to link microbial

composition and furton (Langenheder et al., 2005; Ahlgren et al., 2006). Ovéhall,

effects of harvesting on the structure of forest soil microbial communities and the
functional consequences warrant more comprehensive investigation.

Sustainable enhancement of biomassipetion can be achieved if there are ways to
increase nutrient availability indefinitely (Vance, 2000). There are studies indicating that
removal of biomass nitrogen may increase the-kemgn retention of nitrogen (e.g.,

Goodale and Aber, 2001). On théet hand, the potential for biofuel production systems
to cause nutrient deficiencies is an issue of particular concern. That is, response in
nutrient retention/losses to biomass harvest intensity is a function-ekisteng site
conditions and data omi$ nutrients demonstrate a mixed pattern of accumulation and
depletion, depending on plot, farmer and location (e.g., Toulmin and Scoones, 2008).
However, nutrients present in ashes should be recycled to biomass production systems.
While this is not a may problem for nutrients such as Mg, K and Ca, because these
elements are relatively abundant, the element P is geochemically scarce. Indefinitely
increased availability of P in soils is critically dependent limiting losses due to
erosion/runoff and leachg and on high efficiency recycling of P present in biomass,
while keeping soil concentrations of hazardous compounds below critical levels
(Kvarnstrom and Nilsson, 1999). Moreover, strict control of the fate of elements such as
N, S, As and heavy metaladof relatively toxic organic compounds is necessary to fit a
steady state economy and the substance flows of such compounds to the environment
should be kept low. Meeting such conditions for sustainability requires a major effort
(Reijnders, 2006). Oveltawhile much is known about how forest management activities
contribute to nutrient removals on a variety of sites, little is known about how these
removals affect longerm forest productivity (Burger, 2002).

A detailed understanding of local solil typssd how they respond to specific treatments

is otherkey to sustainable production (Lattimore et al., 2009). According to literature on
the subject (e. g., Vitousek and Melillo, 1979; Hakkila, 2002; Lattimore et al., 2009) the
effects of biomass productisystems on soil nutrient levels and base captions saturation
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are entirely site and practispecific.Predicting stand productivity from soil properties
seems difficult (e.g., Ladanai et al., 2010). Oncespicific issues are identified,

practices caie designed to mitigate losses in soil nutrients and productivity (Hakkila,
2002). Potential measures may include: avoiding production on sensitive sites; choosing
an appropriate time of year for harvesting; leaving materials on site to dry; and applying
wood ash, lime or gypsum, where necessary (Lattimore et al., 2009).

While the effects of changes in soil chemical and biological properties otdongsite
productivity are still relatively ambiguous, the effects of physical site disturbances (e.qg.,
soil erosion and compaction) are better known (Lattimore et al., 2009). Thus, production
of annual and perennial crops as well as forest harvgstaaogicescan give rise to net

loss of land caused by soil erosion. There may be competition between thelasg of
residues for combustion and for combating erosion (Reijnders, 2006). Resource
conservation requires that loss due to erosion should be balanced by soil formation due to
such processes as natural weathering (Riksen et al., 2003). However, thezeottrerth
measures that can reduce erosion. These include judicious planting and harvesting
practices, conservation tillage, controlling drainage, terracing, planting windbreaks (to
reduce wind erosion) and using hedging and buffer strips to catch sed{Riemtstel et

al., 1997; Nisbet, 2001; Smolikowski et al., 2001; Mrabet, 2002; Nordstrom and Hotta,
2004). Site productivity can decline by 10% as a direct result of physical disturbances
including erosion and decreased aeration, water infiltration andjroath caused by

soil compaction after machinery use can last for ten years, and may be irreversible
(Grigal, 2000). Thus, the reviewed literature shows that changes in soil compaction due
to residuesemoval can be small in clayey soils and that comp&teval of residues

has greater adverse impacts than partial removal (Bi@aogui& Lal, 2009. The

greater the amount of residue mulch cover, the greater is its capacity to buffer the soil
against compaction. However, vulnerability to compactionegdiiom siteto-site, and

careful planning can help reduce its occurrence (Lattimore et al., 2009).

Overall, soil chemical, physical and biological properties are often altered in response to
management practices, but the effects of these alterationd pnosluctivity are still

largely unclear. Thus, a great deal is known about gbort effects of forest

management practices on soil productivity, but much less is known abottfomg

impacts. The combined effect of biomass harvest regime and sitBcspaaditions may
influence several processes, which exert important controls on nutrient retention and loss.
Magnitude of impacts of crop residue removal on soil structural properties is most
probably governed by differences in soil type (texture anteralogy), cropping system,
climate, and drainage conditions (Blar€anqui, 2009). Moreover, data on the impacts

of crop residue removal on soil properties at the aggregate or-stial® level are few
because most of the studies on residue removal amarpy focused on macrscale

soil properties (Lakt al, 1980; Karleret al, 1994; Sharratt al, 2006; Singh and

Malhi, 2006). However, microaggregates differ in their properties from the whole soil
due to the differences in the mechanisms of fleemation and turnover. For example,
microaggregates may, unlike the whole soil, remain undisturbed during plowing (Horn,
1990).

Taken as a whole, given the diversity of local context and the complex dynamics of soill
fertility change, the options to supponore sustainable soil management when

39



producing biomass for energy must combine different elements: technical choices,
strategies for intervention and a range of policy measures. Unfortunateffgrsbty
management itself has rarely been the maiget of such policies; rather, soil quality has
been considered not as a policy objective in itself, but as an input into achieving other
policy objectives (e.g., Toulmin and Scoones, 2008). However, soil degradation and
nutrient losses are unlikely togmpt changes in farmer behavior until and unless the
decision by farmers to invest effort and capital in improving the soil and productivity of
their farmland will depend, in part, on pressures to do so, the perception that changes are
necessary and theclaof other options (e.g., Toulmin and Scoones, 2008).

5. Hydrology and renewable energy

5.1. General

Water is an essential ecosystem component and hmaatifarious relationship to energy,

food and environmenEreshwater suppathe very survival of plant arghimal on the

earth, but adequate quantities of it are in short supply in many regions of the world.
Water plays an important role in producing renewable energy sources both directly in the
form of hydropower and indirectly in the form of biomass. Thabath hydropower and
biomass require substantial amounts of water. The new energy pursuit is likely to
increase the stress on existing water resources as well as current patterns of water
allocation.Disturbances from biomass management can subsequiatireatural

processes, including hydrologic flows and physical, chemical, and biological properties
of waterwaysThe water stress is particularly serious in parts of Asia that are already
water short or have difficulty in meeting existing water demand,also in suSaharan

Africa which is known for increasing population coupled with urdeestment in water
infrastructure. As a result, the water sector in these areas is likely to face major conflicts
between its energy and environmental goals omtieehand and food and livelihood

goals on the other. The issue of how to resolve these conflicts with acceptable tradeoffs is
going to be, therefore, a major policy concern in the Asian and African regions in
particular and other developing regions in gahé-raiture, 2008).

Hydropower is largely a nonconsuming water user though there are some consumption
losses through evaporation from reservoirs and timing of releases may conflict with other
consuming uses (Fraiture et al., 2008). As theory predidtse{fian et al., 2008) a

classic conflict between those who want to use the water in the dam strictly for
hydropower generation and those who want to divert some of it for industrial and
agricultural needs might be positive synergies when water first desdngdropower and
then provides agricultural benefits, as is the case in the lower Krishna Bagiaver,

that biofuels/biomass competes for water is not inevitably the case. Thus, afforestation,
reforestation and agroforestry practices where dispergblyelts of trees integrated

into conventional agriculture, can reduce wind erosion, improve shelter, reduce dryland
salinity, increase water status of adjacent agricultural lands, regenerate and stabilize
water resources antif properly sited, designeaind smart species selection used

having no significant impact on catchment flows. Water use in producing renewable
energy sources indirectly in the form of biomass is of particular interest in this report.
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5.2. Biomass production and water use

The increasg demand of energy worldwide will reflect directly and indirectly on water
dependent systems (Hellegers et al., 200B¢. production of biomass is a consumptive
use of water that may compete directly with food crop production for water and land
resourcegBerndes, 2002; Fraiture, 2008)owever, among the possible challenges to
biofuel development that may not have received appropriate attention are its effects on
water resource$Vater is required for both growing the feedstock cropiamdany cases
proaessing biofuels at the production facility. Howeweater needed to process biomass
into biofuel or bioenergy is negligible compared with the amounts required to grow it.

There are reports that warn that lasgale production of biomass may pose sigaiit
threats to both water supply and water quality. Thus, in October 2007, an expert panel on
the issue for the US National Academies' National Research Council (NRC) released a
report on the issue: Water Implications of Biofuels Production in the USisgds. The
report predicted that a serious hike in corn ethanol capacity could trigger local water
shortages, along with soil erosion and worrying rises in fertiliseofufNRC, 2007) A

a primary concern is that irrigation demands for feedstock ptmatuwill promote
unsustainable exploitation of surface and ground water, resulting in aquatic ecosystem
degradation and reduced future agricultural potential (NRC, 2007). However, high
energy demand of irrigation could be reduced by a factor 3 (24%if#ce water is used

for irrigation instead of water pumped from a depth (e.g., Cavalaris et al., 2008).
Irrigation can also pose issues related to water Yeeld, Baker et al., 200(hlowever,
changes in water yields will vary in scale and intensayfisiteto-site, depending on

local climate, soils, and management practices. TihuBy climates, or areas with high
water demands, energy plantations requiring irrigation may be more likely to contribute
to groundwater depletion than similar practioceareas with plentiful rainfall or low

overall extraction; alternatively, intensive irrigation can raise local groundwater tables
and increase soil salinity (e.g., Australia) (Baker et al., 20006hmbination of factors
related to climate, vegetationdawatershed characteristics can lead to-2&1 %

increase in water yield as well as increases in peak flow of up to 1,400%, causing
potential danger for humans, wildlife, property and livestock; conversely, some regions
show no increase in peak flow dit@eary, 2002) Overall, knowledge of local

hydrology, coupled with site planning, location choice and species choice, are all factors
that will determine whether or not irrigation is sustainable (Lattimore et al, 2009).

From a water perspective it malketarge difference whether for example biofuel is made
from fully irrigated or rairfed cropsin contrast to 80% raifed agricultural systems that
produce 60% of world food (Schoengold and Zilberman, 2007), irrigated systems
constitute 20% of agricultal land and produce 40% of agricultural output by volume
(Zilberman et al., 2008Biomass production goes hand in hand with large water
UHTXLUHPHQWYV +RZHYHU WKHUH LV UHVXOW LQGLFDWLQJ WKDW ELF
can range from 5 to,238 L perliter of ethanol depending on regional irrigation practices
(e.g., Chiu et al., 2009). This result highlights the need to take regional specifics into
account when implementing biofuel mandates. Putting this result in the context of the
consumer (in litersf water consumed/withdrawn per km traveled), the difference in
water intensity of various transportation fuels between irrigated andngated biofuel
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feedstock (up to 3 orders of magnitude in liters per km) shows the need to properly plan
for theirincorporation (e.g., King and Webber, 2008).

Theoretically, all crops can be used for energy and water use for a specific crop does not
depend on whether the crop is for energy or for food. However, in the shift towards a
larger contribution from bioenerdy total energy, it seems to be promising to select the
crops, tree species and countries that (under current production circumstances) produce
bioenergy in the most watefficient way. Choice of tree species has a moderate impact
upon water consumptigiiKatzensteiner et al., 2006). However, forests, compared to

other land use types, consume considerable amounts of water and tree species have an
impact on the water balance, acidity and nutrient content of water leaving the system, on
carbon stock and segstration and on soil acidity and negative impact can often be
related to introduction of coniferous on land naturally covered by broadleaves (e g.,
RaulundRasmussen et al., 2006). The multiple benefits of Jatragipical energy

crop, as well as itaugtability undere.g. (J\SW TV F O L Pd2 Watkr Ddpdiiovid- D U
(Abou Kheira et al., 2009), means that Jatropha can survive and produce full yield with
high quality seeds under minimum water requirements compared to other crops. The
ethical discussion owhether food crops can be used for energy should be extended to a
discussion on whether we should use our limited water resource base for food or for
energy (Gerbenkeenes et al., 2009). On the other hand, Jatropha is the least water
efficient for both &ctricity generation and biodiesel production, compared to many other
crops (e.g., Gerberleenes et al., 2009). However, rising energy price will make the
extraction and conveyance of water more costly and will be likely to encourage reform of
water polcy to more efficient systems (Zilberman et al., 2008).

From a global overview of the water footprints (fAr®f bioenergy from 12 crops it

was concluded thahe WF of bioenergy is large when compared to other forrea@fgy

(Gerbend_eenes et al., 200%1owever, WF does not take into account that we are

HITHFWLYHO\ LQ D FORVHG V\VWHP IRU ZDWHU DQG WKHUH LV QR 30R
which means that in every case the water involved is almost entirely transpired or passed

and returns to the atmulsere as water vapour. Thus, sugarcane in Brazil evaporates

2,200 liters for every liter of ethanol, but this demand is met by abundant rainfall

(Hellegers et al., 2008). Moreover, the WF of bioenergy shows large variation, depending

on 3 factors:if thecrop used,i{) the climate at the location of production, aiiig the

agricultural practice (Gerberieenes et al., 2009).

Soil hydrology and management practices of biomass production systems are related.
However, while in some studies negative efféetge been widely documented for

example of crop residue removal on soil water retention (e.g., Bfaanquiet al.

2007a), in contrast, in the other studies no differences was observed in water retention
and plant available water content between soith @96 and 100% residue removal
(Moracharet al1972; Karleret al.(1994). That is, available data show that crop residue
removal impacts on soil water retention can be large in some soils and small on others,
depending on soil texture, terrain, drainamed climate. Moreover, stover removal may
impact soil hydrology differently because such residues as wheat and soybean residues

% A concept for the calculation of water needs for consumer products is the water footprint (WF) (Hoekstra and Chapagain, 2007),
defined as the total annual volume of fresh water used to produce goods and services for consumption. In this study the WF is
assumegber unit of bioenergy [Agigajoule (GJ)].
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are less coarse and more decomposable than stover, which remains longer on the soil
surface (BlancaCanquiet al.2009). Repored in the literature impacts of residue muich
on water infiltration is inconsistent and published data highlight the complexity of the
impact of residue mulch and the large variability of water infiltration characteristics (e.g.,
BlancoCanquiet al.200%). Even physical properties of water can be changed by
increased sedimentation from runoff and by temperature changes from the clearance of
streamside vegetation (Jordan, 2006; Holopainen and Huttunen, 1992).

Woodfuel production systems can also have gea impacts on hydrological processes
and water qualityespecially during harvesting and site preparation. Thus, a high level of
N (and especially nitrates) is an indicator of reduced water quality and consequently site
disturbance. Forest harvestinfash removals (e.g., Neary, 2002) as well as forest
applications of wood ash from bioenergy conversion plants (e.g., Aronsson and Ekelund,
2004) can lead to leaching of nitrogen or heavy metals into streams or groundwater.
However, while removal of all ome trees has an impact on the water flow in general,

it has been observed that thinning of up to 60 % keep the plant uptake function intact and
without any increase in nitrogen leaching (e g., Knight et al., 1991). Moreover, in
general, levels of N sigiicant enough to threaten human health or to harm aquatic
ecosystems have not been found in streams draining harvested sites (Lattimore et al.,
2009).Overall, the main concerns are that groundwater and aquatic ecosystems in and
around woodfuel productiosites could be subject to: changes in water yield and peak
flow; changes in stream temperature and light infiltration; increased turbidity and
sedimentation; increased concentration of N and other nutrients; and accumulation of
toxic substances (e.g., Beng 2002; Dyck and Mees, 1990; Neary, 2002).

Water has a new integrative and regulating role to pay (Koutsoyiannis et al., 2009). Thus,
with increasing water demands to satisfy a growing population requiring more food, fuel,
and water, it will be criticayl important to use a lowguality water source, such as for
example, saline or reclaimed water (King and Webber, 2008), livestock wastewater (e.g.,
Cantrell et al., 2009;) and secondary treated effluent (Sugiura et al., 2008) as a valuable
water resource ihiomass production systems. For example, irrigation with swine

effluent by increasing K, Ca, and Na in the bermudagrass hay, may have positive
implications on future thermochemical conversion processes by promoting combustible
gas formation (e.g., Cantlelt al., 2009). Overall, the water resource implications of
biofuel production are less wedtudied than other environmental factors (Giampietro et

al., 1997; NRC, 2007However, knowledge of watershed characteristics, hydrological
processes and natupak flow patterns can help to determine likely effects on a
particular site (Lattimore et al., 2009).

Fraiture et al. (2008), using the WATERSIM model to give a global overview of the land
and water implications of increased biofuel production, condlakebiofuel production

will have a relatively minor impact on the global food system and water use. However,
local and regional impacts could be substantial. Thus, the strain on water resources would
be such in China and India that it is unlikely thaigomakers will pursue biofuel

options, at least those based on traditional field crops.

Overall, as water resources have already been stressed in many regions;téeriong
sustainability of water resources used for biofuel feedstisck&ey issue toansider.
Policies designed to conserve water and prevent the unsustainable withdrawal of water
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from depleted aquifers should be formulated. Thus, from a water quality perspective, it is
important to prevent an increase in total loadings of nutrient tasvaellulosic

feedstocks, which have a lower expected impact on water quality in most cases could be
an important alternative to pursue, keeping in mind that there are many uncertainties
regarding the largscale production of these crops.

6. Biodiversity

Healthy ecosystems are relatively stable and the diversity of the organisms they contain
enables them to adapt to changing circumstances. The complex diversity of animals,
plants and microorganisms, their interactions with each other and with the envitenmen

in which they have developed, keep life on earth in balance. This diversity provides us
with food, shelter and other material goods. We have always found ways of manipulating
our environment and the biodiversity they contain to satisfy our needs. Howegleing

so we have had an enormous impact on the world's ecosystems and in many places they
can no longer cope with the demands made on them or the speed of change (Amalu,
2008).

Biomass for energy production can have both positive and negative effiespecies
diversity. Woodfuel production systems as well as agroforestry have the potential to
increase biodiversity. Thus, afforestation of former agricultural lands will create new
habitat for some species, while thinning or replacement of degraadtets stan improve
forest structure for other species (Lattimore et al., 2009).

However, effects can occur at a number of levels, including landscapes (e.g., Egnell and
Valinger, 2003; Sanchez et al., 2006), ecosystems (e.ggnR#86; Egnell et al., 1998)
habitats, species (e.g., Roser et al., 2008) and genes (e.g., Egnell and Valinger, 2003); this
greatly increases the complexity of planning at a landscape level. For example, while a
decline in diversity can be expected on whole tree harvested sitesdéasgell 2007),

leaving a portion of slash on site, leaving old dead standing wood (snags), and leaving
slash of less common tree spe@esmeasures that can be taken to protect biodiversity
(e.g., Egnell et al. 1998, Jonsell 2007). On the other matehtion of sufficient mature

trees might be more important for biodiversity (e.g., Rauldadmussen et al., 2006).
Overall, maximizing benefits to biodiversity while minimizing negative impacts is most
likely to occur in the presence of adequate knogdeaind frameworks (e.g., certification
systems, policy, guidelines) (e.g., Lattimore et al., 2009).

7. Site productivity

A renewed interest in the intensive harvesting of biomass as a source of bioenergy raises
concerns about the impacts that this practieg have on the maintenance of site
productivity. Site productivity is the production that can be realized at a certain site with

a given genotype and a specified management regime. Site productivity sleptmadn

natural factors inherent to the site ammanagementlated factors.

Wood sources are expected to contribute a greater portion of energy in theltfliase.
beensuggested that much of the feedstock would come from the improved use of woody
materials remaining in the forest after harvegy.(evoody debris, stumps, and other
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logging residues), nemerchantable biomass (e.g., small trees and noncommercial
species), and waste from the creation or disposal of wood products (e.g., mill residues
and municipal wood waste) (e. g., Perlack et &l05). Additional material may also

come from shortotation woody crops of trees grown specifically for bioenergy
(Janowiak & Webster, 2010).

Many factors contribute to forest productivity, including site conditions, soll
characteristics, vegetative covand management history (Grigal, 2000). However, soil
organic matter is essential for tree growth. Research regarding the sustainability of forest
productivity emphasizes the importance of preserving soil quality by maintaining organic
matter and soil nuints (Vance, 2000; Burger, 2002).

Several shortand longterm studies have been conducted to assess the impacts of residue
removal on crop yields (Morachat al, 1972; Wilhelmet al, 1986; Karleret al, 1994;

Sowet al, 1997; Linderet al, 2000).The reviewed literature shows that impacts of
residue removal on crop yields are highly variable, and depend on the tillage method,
cropping systems, duration of tillage and crop managementssific characteristics

(e.g., texture and drainage), topaghy, and climate during the growing season. Thus, as
the yea#to-year variability in weather conditions (e.g., precipitation amount) can mask
the impacts of residue removal on crop yields and crop residue removal can, thus,
increase, decrease, or haveefiect on crop yields depending on sifgecific conditions
(BlancaCanqui and Lai, 2009a). However, even if in some soils, a small fraction of crop
residues may be available for removal without causing serious adverse impacts on the
environment (Lindstnm et al, 1979; Nelson, 2002; Kim and Dale, 2004; Graletral,

2007), but harvesting a small fraction of crop residues is neither logistically feasible nor
economically viable. To produce large volumes of bioenergy and other renewable energy
feedstocks mst therefore be developed as possible alternatives. Results from agricultural
studies indicate that maintenance of ldagn soil productivity may be possible in short
rotation, intensively managed forest systems (Vance, 2000). Thus, a shift from crop
resdues to dedicated energy crops (e.g.,wagason grasses and shatation woody

crops) is needed to produce alternative sources of biofuel feedstocks without adversely
affecting soil and environmental quality and agronomic production (Bi@aecmui and

Lai, 2009a).

Likely, the potential environmental impacts of forest residue harvesting on site
productivity, as indicated by tree growth response, depend also on site properties (e.g.,
Scott& Dean 2006; Egnell et al., 2@ It is therefore not surprisindat the sitespecific
differences that drive site productivity, plus different reforestation practices, can lead to a
range of responses after intensive biomass removals (Lattimore et al., 2009), from
decreased (Egnell and Valinger, 2003) to no differ¢Bemche et al., 2006) and even to
increased tree growth (Proe et al., 2001). Caution must be used in interpretirtgrshort
results (Sanclteeet al., 2006; Proe et al., 2001).

However, site and soil productivity are not necessarily synonymous; for examspl of
genetically improved stock, appropriate planting density and othespizfic

reforestation techniques may result in increased tree growth compared to the previous
rotation and thus mask detrimental soil impacts that would otherwise haweréstited
growth (Lattimore et al., 2009). While reduced tree growth is indicative of reduced site
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productivity, lack of apparent negative impacts on growth (or even improved growth)
does not necessarily indicate a lack of negative impacts on soils &cekied
biodiversity (Sanchez et al., 2006).

8. Biofuels offer an attractive solution

8.1. Future biofuels demand

There is a steady increase of global primary biorf@ssnergy consumption (e. g. IEA,
2010). In order to model future bioenergy demand, thediAides different scenarios,
based on different assumptions and time spans. Projections are based on Reference
Scenarios that models how global energy markets evolve if there is no change to the
existing policies, technology and measures. Overall, fiojecsee a rapid increase in
secondgeneration biofuels demand.

However, projections for global biomass demand in the scenarios differ. ThMgotluke
Energy Outlook 2000EA, 2009a)450 Scenaritf projects biofuels to provide 9% (11.7
EJ) of the totalransport fuel demand (126 EJ) in 2030 (Figure 4). In the most aositio
scenarie the Blue Map Scenarfd of Energy TechnologRerspectives 2008EA,

2008b)- that extends analysis until 2050, biofuels provide 26% (29 EJ) of total
transportation fuel (11E2J) in 2050, with secorgeneration biofuels accounting for
roughly 90% of all biofuels. This makes biofuels, together with electrification of the
vehicle fleet, the second largest contributor to, @ductions (17%) in the transportation
sector, right attr end use efficiency (52%) (IEA, 2010). More than half of the second
generation biofuel production in tlBue Map Scenarigs projected to occur in nen
OECD countries, with China and India accounting for 19% of the total production (IEA,
2010).

Overall,biofuels, together with electreehicles, are seen as an important technology and
secondgeneration fuels will play a major role after 2020. On the other lilaak is the
suggestion that the biofuel target of 10% in 2020 should be reconsidered {ekltpuE

et al. 2008).

%8 This scenario models future energy demand in light of a globaltking CQ concentration in the
atmosphere of 450 parts per million (ppm), which would require global emissions to peak by 2020 and
reach 26 Gt C@®equivalent in 2030, 10% less than 2007 levels.

%" This scenario models future energy demand until 2050, under thet@ayaeas the WEO 458cenario
(i.e. a longterm concentration of 450ppm G@ the atmosphere).
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Figure 4. Modeled futurgransportbiofuel demand (according to different scenarios
provided by the IEA and based on different assumptions and time spans). Source: IEA,
2010.

8.2. Biofuels in the market

Biofuel production has been imasing steadily over the last years and the most common
end use is the transport sector. Liquid biofuels in general, and biodiesel, in particular,
have gained importance in the last years in more than 21 countries leading to commercial
projects in Austriathe Czech Republic, France, Germany, Italy, Malaysia, Nicaragua,
Sweden and the USA (Best, 2006).

However, virtually all currently produced biofuel can be classified asgeseration,

whereas second generation biofuel production is in the demonsstgmwith the first
commercial plants expected to start production within a few years (IEA, 2010).

Currently, cellulosic ethanol production exists only at pilot and commercial
demonstratiorscales, because the technologies for breaking down the fib@fsi@hon

a commercial scale are still being developed and may be five or more years in the future.
Researckanddevelopment activities on secegdneration biofuels so far have been
undertaken only in a number of developed countries and in some largggreme

economies like Brazil, China and India (IEA, 2010).

Some companies have reported the start of commercial productiBhgerzration

biofuels within the coming years, but they will still depend on subsidies to be
economically viable for some yeamsdome (IEA, 2010). The&/EO 2009 450 Scenario
projects that #-generation biofuels will not penetrate the market on a fully commercial
scale earlier than 2015 (IEA, 2009a).The US and EU mandates could become important
drivers for the global development&¥-generation biofuels, since current IEA analysis
sees a shortfall in domestic production in both the US and EU that would need to be met
with imports (IEA, 2009b).
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8.3.

Environmental benefits of biofuels

Biofuels represent one of the most prominent te@imiptions in replacing the fossil

fuels and especially oil by renewable and more sustainable fuels due to possibility of
blending with fossil fuels and using in the existing cars without significant adaptations
(Gnansounou, 2010). However, to be acceptdibfuel feedstock should be produced
sustainably. There is widespread concern that the production of biofuels will increase
demand for new agricultural land at the expense of natural ecosystems. Hence, the big
global issues will be the impact on the Bomment, biodiversity, land and other

constrained resources. On the other hand, the negative environmental implications from
this resource perspective also need to be considered in the light of the potentially possible
positive environmental benefits obluels, for example, from the perspective of

pollution reduction (e.g., COnitigation).

The first generation of commercially available biofuels suffers from their reliance on
food crops and their eventual wide scale development raises concerns atobaindire
indirect effects on land use (e. g., Gnansounou, 2010). In this respect, the sustainable
production of bioethanol from lignocellulosic biomass is expected to become one of the
most credible alternatives within a few years (Gnansounou, 2010)asdror
lignocellulosichiomass is considered as feedstock for second generation biodiesel

(Figure A).

Second-generation biofuel feedstock

Dedicated energy crops

Primary residues

Short-rotation coppice: Perennial cultivation:

Miscanthus (iscanthus sinensis)
Switchgrass (Faricum vigrafm
Feed canary grass(Fhalaris arundinacea)
Other grasses

Poplat (Fopulus spec. )
Villow (Salix spec. )
Eucaliptus (Rucalipfus spee. )
Locust (Robinia spec. )

Agriculture:

Straw
Stover

Treetops
Branches
Stumps

’:Forestry and logging:

Secondary residues

Tertiary residues

Crop processing:
Coffee

Bugar and first-generation
bioethanaol production:
Rice

Com Sugar cane

Sweet sorgam
Sugarbeet

WVegetable oilproduction: Forestry processing:

Canola Sadwust
Oil palm Batk
Tatropha

Municipal solid waste:

Palettes
Funiture
Det olition tim ber

Figure A. Potential lignocellulosic feedstocks for seecgaderation biofuels (Sources:
based on IEA, 2007; RosilBalle et al., 2006; Faaij et al., 199 Bassam, 1998 (cited in

IEA, 2010))

Lignocellulosic biomass is everywhere around the globe and represents a much more
abundant feedstock for biofuel production (Figure B)ese feedstocks have the
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advantage of not affecting the human food chain by theimy diverted to make fuel
(Figure B).

Elitminates
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secord
generation
biofuels

Ml ture of Licre
cropscanbe efrvironm entalky
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Useful by
products are
produced which
canbeuszed

Figure B.Visualization of the advantages of secgmheration biofuels (Source:
AltProfits website, available ahttp://www.altpofits.com/ref/se/re/bio/sgb/sgb.himl

The most of feedstocks belonging to the second generation are no food competitive, do
not require additional land and can be grown in marginal and wastelands.

Galbe et al. (2007) identified the key drivers for radgd¢he production cost of
lignocellulosic ethanol, i.e. improvement of the ethanol yield, high ethanol concentration
during fermentation, improvement of gireatment techniques, enhancement of
saccharification step as well as production of cheaper anel efiective enzymes and
achievement of process integratiblowever, the policy instruments should explicitly
reward the higher value of lignocellulosic ethanol compared to first the generation
ethanol and gasoline (Gnansounou, 2010). The transitionitwegmated firstand 2°
generation biofuel landscape is therefore most likely to encompass the next one to two
decades (Sims et al., 2010).

9. Systensapproach for sustainable biomass feedstock production

Bioenergy can be produced in different forms amysvand in so many different

locations in the world, and so conditions vary widely. That is, bioenergy systems can be
relatively complex. For example, as ethanol production dependent upon the structures of
the individual systems it is not possible to sggaerally whether ethanol is good or bad

as regards the climate (e. g., Bérjesson, 20R8¢ently a number of objections have

been raised against the use of ethanol produced from agricultural products such as maize,
sugarcane, wheat or sugar beets apkacement for gasoline. Howevehile current
SURGXFWLRQ RI 6ZHGLVK HWKDQRO IURP ZKHDW FDQ EH VHHQ DV ppJF
emissions by some 80% compared to petrol and while ethanol based on sugarcane from
Brazil leads to a reduction afon aveage +85%, ethanol from maize in the USA leads

to a reduction of only 20% on average (Borjesson, 2@8anol from sugarcane, as
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produced in Brazil, is the preferred option for the production of fuel not only in terms of
cost but also as a favourablesegy balance (e.g., Goldemberg & Guardabassi, 2009) and
the reason for this is that fossil coal accounts, on average, for 25% of the fuel used in
ethanol plants in the US, and natural gas for the remaining 75% (Wang et al., 2007)
There is also the possility of expanding ethanol production to other sugeyducing
countries.

Approaches to improving the sustainability of bioenergy have typically focused on single
issues. Howevetp assess the bioenergy utilization prospects for their environmental
guality more system research is needEldus,for example, even if a reduction in GHG
emissions is achieved, it should not be disregarded that additional environmental impacts
(like acidification and eutrophication) may be caused and this aspect cannot be ignored
by policy makers, even if they have climate change mitigation objectives as main goal
(Cherubini & Jungmeier, 2010). Anothexample could be that sitting biomass feedstock
on marginally productive lands rather than highly productive croplands would ixgénim
competition with food productioCampbell et al., 2008but marginal lands often

require significant inputs of nutrients and water to maintain productisithimer et al.,

2008. In this case, a systems approach where the agricultural, energy vaodental
sectors are considered as components of a single system has the potential to significantly
improve the economic, social, and environmental sustainability of biofuels. Thus, the
inclusion of marginal land could contribute significantly to feedstproduction for
bioenergy and if the crops grown on these lands are irrigated and fertilized using
degraded water resources, feedstock production could be further increased with
concomitant environmental benefits obtained through the reuse and restofahese
resources (e.g., Gopalakrishnan et al., 208@dies indicating that water and nutrient
requirements can be met through the use of municipal wastewater to grososdtoonh
woody bioenergy crop8Bfrjesson and Berndes, 2QGiggest that oking the loop

through the optimization of all resources is essential to minimize conflicts in resource
requirements as a result of increased biomass feedstock production. Other benefits of
implementing this strategy include feedstock intensification toedese biomass
transportation costs, restoration of contaminated water resources, and mitigation of
greenhouse gas emissiomsh quantification of the carbon and nitrogen cycles at the

field scale, especially nitrous oxide emissiassanmportant areafofuture research

(e.g., Gopalakrishnan et al., 200®)oreover,in the futurethe cebenefits of bioenergy
production will need to be optimized and methods will need to be developed to extract
and refine highvalue products from feedstock before it isdif® energy production

(Sims et al., 2006)

A Life- Cycle Assessment (LCA)investigation and evaluation of the environmental
impacts of a given product or serviegs a methodology able to reveal the validity if
bioenergy to reduce greenhouse gas earissand dependence on fossil fuels. LCA
approach takes into account all the input and output flows occurring in biomass
production system#\ fundamental role is played by biomass supply, because the source
of biomass has a big impact on LCA outcomes (Gihiai et al., 2009). However, LCA
results may differ even for apparently similar biomass production systems. Differences
are due to several reasons: type and managements of raw materials, conversion
technologies, endse technologies, system boundaries i@ference energy system with
which the bioenergy chain is compared (Cherubini et al., 2009). Moreover, emissions
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from fields vary depending on soil type, climate, crop, tillage method, and fertilizer
application rates (Larson 200R)CA is promising becasean important variable in LCA
studies is the contribution to net GHG emissions 9 Nvhich evolves from nitrogen
fertilizer application and organic matter decomposition in soil (Ste&f@&tuwman
2006). Overall, there is a broad agreement in trenic community that LCA is one of
the best methodologies for the GHG balance calculation of biomass systams
Cherubinj 2010).

Various LCA studies demonstrate the great potential of bioenergy to reduce both the
consumption of nomenewable energigesources and greenhouse gas emissions. Special
attention is paid to the question of which alternative for biomass use (production of
energy, fuels, or materials) is generally most favorable from an environmental point of
view (e. g., Weiss et al., 200%)eighing can be used as an additional step at the level of
stakeholders aiming for decisions based on LCA results and various methods for
weighing environmental impacts were developed within the LCA community. Thus, by
applying distanceo-target weighingnethodology and aggregating LCA results to one
environmental index, it was shown that that the potential ebas®ed products to reduce
negative environmental impacts compared to their fossil counterparts strongly depends on
the value assumptions (e .Weiss et al., 2007). These results are largely caused by the
relative energy intensive conversion of plant oils into final fuel products. However, for
the interpretation of the final environmental index values it is important to note that as
energy and fels can be produced from biomass by using largely conventional
technologies, further reductions of negative environmental impacts of bioenergy and
biofuels can be expected from technological improvements in the future (e.g., Weiss et
al., 2007). Althoughtte result reveals also that leoergy and bignaterials offer
significantly higher environmental benefits than-hiels, but given the uncertainties and
controversies associated not only with distateetarget methodologies in particular but
also with weighing approaches in general, the authors strongly recommend using
weighing for decision finding only as a supplementary tool separately from standardized
LCA methodology (Weiss et al., 2007).

Ecologically sound development is possible when energy needstagrated with the
environmental concerns at the local and global leyeisanalysis of the cost

effectiveness of different applications of biomass gasification suggest that goals of
increasing renewable electricity production and at the same timeasgieg production of
biofuels could to some extent be counteractive and therefore prioritizing between
available options whether to produce green electricity or transport biofuels is necessary
(Borjesson &Ahlgren, 2010)lt is very important to point ouhat energy planning has

an important role to play in order to achieve enezfficient and cosefficient energy

systems (e.g., Hiremath et al., 2007; Borjesson & Ahlgren, 2&b@rgyplanning

involves finding a set of sources and conversion devicas $m meet the energy
requirements/demands of all the tasks in an optimal mgHiremath et al., 2007)
However,centralised electricity generating stations waste around two thirds of the energy
in the fuels they use by throwing away waste heat in wgaliater, up the cooling towers

and then in the electricity transmission wires and 65% of the energy is lost before it even
reaches consumers (Anon 2, 2007). Oveaaltording to Hiremath et al. (2007),

centralized energy planning (CEP) ignores energdsieérural areas and poor, has led

to environmental degradation due to fossil fuel consumption and forest degradation and
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cannot pay attention to the variations in semownomic and ecological factors of a
region, which influence success of any interi@ntin contrast, the central theme of the
energy planning at decentralized level would be to prepare afbased decentralized
energy planning (DEP) to meet energy needs and development of alternate energy
sources at leasiost to the economy and enviraent. Its use is already widespread and
mainstream in many European countries, including Swedentsiadate 1970s.

An important perspective for considering environmental risks and associated strategies to
reduce them is weighing the environmental todf$eby asking how dedicating land to
feedstock production will alter impacts from current land use. Thus, in terms of both
energy replacement and the perspective of carbon emissions reductions, as well from the
largely positive soil conservation attribstassociated with production of switchgrass and
other forage grasses, the switchgr@ssthanol cycle has significant advantages that

should make it an environmentally valuable supplement to corn in future ethanol markets
(e.g., McLaughlin and Walsh, 1998

Overall, the environmental benefits of biomé&sisenergy production systems vary
strongly, depending on soil, climate, management system and input intensities. Therefore,
in order to develop a tool that can be applied to asggsortunities and barnig in
biomassfor-energy production systems, and to help to understand what practices make
the biggest difference in any particular system, taking the circumstance on individual
fields and farms or other type of biomdes-energy systems into account rsicial. For
example, minimum tillage can lead to overall GHG savings under one set of
circumstances, but increase net emissions under another and practical advice in each
circumstance would therefore be helpful. Criteria for achieving sustainability ahd be
land use practices when producing biomass for ersdrgyld thereforbe established

and adopted.

10.To sum up

Overall the pursuit of increasing the share of biofuels and otheermogy sources in the
global energy supply is occurring within the braahtext of complex intelinkages

between energy, food, land, water and the environment as well as their economic, social
and ecological implicationdBest, 2006) Therefore,tiis necessary to promote integrated
policies and approaches in the sectorfoadstry,agriculture, energy, industry and
environment

This report preseamany contrasting examples of the complex interrelationships

between energy, food, land, water, productivity, biodiversity and the environment. The
literature overview and analygisesented in the repaga pooling of existing

knowledge from international contexts with respect to bioenergy issues. And as such the
reportmight beuseful both to illustramg synergiesand conflicts irthe bioenergy

environment debate. As revealedlhis report, management alternasiaémed at

optimizing environment services when producing biomass for energy is not always
unambiguous. In some cases biomass for energy sources may compete for important
inputs to existing activities, particularly agmitural land and water resources. In other
cases these sources may be complementary, and involve little competition for existing
resources. However, changes of both kinds can be perceived as threatening local social or
environmental values.
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Carbon stockand water resources are mostly highly resistant and reshessecuring
ecosystem functions in the future. However, as mature nature reserves did not sequester
much carbon, the very intensive alternatives might be optimal if carbon sequestration has
highest priority. On the other hand, such alternatives generally have lower carbon stocks
in the system due to harvesting and other operations that might cause a rapid release of a
part of the carbon stock. Negative impacts of thénawesting regime in aas with high
nitrogen load such as leaching of nitrate and hence accelerated soil acidification (Ritter
and Vesterdal, 2006) might be counteracted by biomass harvesting and fertilisation.

VIIl. CONCLUSIONS

All scenarios show a shift toward an increasedt@atage of renewable energy, including
biomassThe use of biomass enerigya widely accepted strategy towards sustainable
development andees the fastest rate with the most of increase in power generation
followed by strong rises in the consumptiorbadfuels for transporiDeveloping Asian
countries are the main drivers of this growth, followed by the Middle East.

To produce bioenergy, considerable amounts of biomass have to be provided.
Agriculture, forestry and wood energy sectors are the leadurges®of biomass for
bioenergy. Howevegsan adequate bioenergy supply is closely linkeadequate food,
water and landhe production of biomass for energy raises many environmental
concernsMoreover,bioenergy systems can be relatively compleendisciplinary,
intersectoral and ske@nd scalespecific. The interrelationships that exist in different
facets of the energgnvironment/food/feed/land interface are complex and sensitive but
the future of biomass energy depsmhthe interplay of thesfactorswvhich arehighly
important to the sustainabilityf biomass productiorit is important to understand the
effects of introducing fuels based upeedstocks other than petroleufie report
reveals both benefits and uncertainty regarding howhi@thassfor energy production
and in particularly, nexgeneration biofuels will fare on different environmental and
sustainability factors when produced on a commercial scale.

To be acceptable, biomass feedstock must be produced sustdiiabérgy fran

sustainably managed ecosystems could provide a renewable, carbon neutral source of
energy through the world and there is a strong societal need to evaluate the sustainability
of bioenergygespecially because of the significant increases in productiodatexhby

many countries.

Environmental impact categories in different biorafagssenergy production systems
(soil, land, water, productivity, biodiversity and energy/carbon balance) are shown in
Figure 8. A wide range of potential environmental resporedated to biomaskor-

energy systems have been identified (Figure 8).

53



Environmental impact cathegories in Wide range of environmental

different biomassfor-energy production responses to different biomafes-
systems (woodfuel, crop residue removal energy production systems
and bioenergy crops)
— Soil —_— — +/-/0
— Land — — + /-
— Water — | — + /-
Productivity = . +/-/0
Biodiversity = — + /-
Eneggl)gggébon —_—T . +/-/0

Figure 8. Environmental impact cathegories in different biorfas€nergy production
systems. Environmental responses: 0 no effergative influence; + posistive
influence.

In general environmental and management factors govern the magnitude and direction of
changes in an ecosysteReplacing current agricultural and forestry systems with

biomass for energy systems is likelyaiter the most of ecosystem propertigshough a

huge number of experiments have been conducted aiming at quantification of impacts of
biomass management operations on the ecosystems services several gaps. tilbexist

is the need to take regional specifics into account whetementing biofuel marates.

The ability of bioenergy to mitigate greenhouse gas emissions by adsorption of carbon
dioxide by growing biomass is a key facet of environmental sustainabilitgfand
environmental benefitédigh biomass yields are extremely important in achievigg hi

GHG emission saving&oils have an important role in the budgets of greenhouse gasses.
Understanding of nitrous oxide and methane fluxes from soils is necessary to fully assess
greenhouse gas emissions from biomass production sydtentsmanagementactices

have the potential to change dramatically the gas exchange of an ecosystem, with proper
management enhancing greenhouse gas remediation.

Land use is an important fact@reenhouse gas release from land use change is a
potential contributor to thenvironmental profile of bioenergiputemissiors have not

been systematically compared and summari@&tG emissionsre particularly difficult

to be accurately attributed to the expansion afaissproduction in a given country and
consequently it wodl be delicate to include them in the GHG emission balance at a
country level. Existing land use change studies did not consider many of the potentially
important alternative assumptions, scenarios and variables that might be important when
guantifying GHGemissions of biofuels. Neverthesethe impact of land use change on
greenhouse gas emissions can be mitigated througkeagnomic mechanisms or

technical developmentbitigationinclude the use of residues as feedstock, cultivation
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of feedstock on almaloned arable land and the use of feedstogrbglucts. Moreover,
areaglegraded and wasted in historical times by human activities are pdesiiskefor
biomass gromg. Restoration of degraded argdiglone properlywill increase the
fertility and water status athe adjacent agricultural lanstabilize sustainably the global
and especially drinking water resources.

Biomass and food can compete for land, but this is not always the case and the pattern of
competition between fuel and food is not clget, and deperscbn whether food security
policies are in placéAbandoned agricultural land, degraded and other marigima
rehabilitated by bioenergy plantations, surplus agricultural land made available through
more intensive agriculture are potextdiforconsiderabléiomass production. However,

land occupation is one of the most controversial ssue

Agroforestry has a high potential for simultaneously satisfying many important
objectives: protecting and stabilizing the ecosystems; producindndewvgl of output of
economic goods; improving income and basic materials to rural poputetioell as
conserving natural resources throughious systems under differergraclimatic
regions Agroforestryandwoodfuel production systems have the patno increase
biodiversity.

Soil chemical, physical and biological properties can be altered by biomass production
systems. One of the main options for greenhaasemitigation is the sequestration of
carbon in soils. Each biomass system (especiallicdisdi energy crops) should avoid

the depletion of carbon stocks or, at least, any declinarbbonstock of any pool should

be taken into consideration in calculating the GHG mitigation benefits of the system.
Perennial grasses like switchgrass Bhscanthuscan enhance carbon sequestration in
soils and can thus increase the GHG savings of bioenergy sysismReed canary

grass (RCGPhalaris arundinacea [)..is of special interest in this respect and indicates
the potential as a carbon sifke effet of intensified biomass extraction on forest
ecosystems is not always well understddowever, more sustainable soil management
must combine technical choices, strategies for intervention and a range of policy
measuresSweden developed a series of reamendations and goegractice guidelines

that include prescriptions and mandates to minimize environmental damage caused by
whole tree harvesting for bioenergy.

Water has a multifarious relationship to enetgytit is not inevitably the cagbat
biofuelgbiomass compete for water. It is critically important to usedonlity water
sources and is promising to select the crops and countries that produce bioenergy
feedstock in the most watefficient way. Howevernyvater issues abound in every region
haung its own distinct challengeKnowledge of watershed characteristics, local
hydrology and natural peak flow pattern coupled with site planning, location choice and
species choice, are all factors that will determine whether or not this relationship is
sustainable.

Biofuels contribute to GHG mitigation strategieghetransport sectoAll of currently
produced biofuel is first generation; second generation biofuel producsth is the
demonstration stag@il from JatrophgJatropha curcad..) is considered asna
interestingsubstitute for fossil fuel©epending on the feedstock choice (e.g., lkgno
cellulosic, agricultural, forest, energy crops, genetically modified crops, jatropha,
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switchgrass) and the cultivation techniqu®:generation biofal production has the
potential to provide benefits such as consuming waste residues and making use of
abandoned land. Perennial crops, for exardateopha as well as notiood and
industrial crops require minimal input and maintenance and thereforesefferal
benefits over conventional annual crops forfisebproduction.

A systems approach where the agricultural, energy, and environmental sectors are
considered as components of a single system has the potential to significantly improve
the economicsocial, and environmental sustainability of biofu€ksing the loop

through the optimization of all resources is essential to minimize conflicts in resource
requirements as a result of increased biomass feedstock production. Moreover, most of
the invesigations and experiments rely on a reductionistic research approach whereas the
impacts of the operations are on a system or a landscape level and should be assessed as
such.LCA is one of themost promisingnethodologies for the emission calculation of
biomass system3he most fundamental problem for a systepproach is the shert

term perspective of the experiments aiming at explaining effects that often have long
term impacts.

Regional energy planning could have an important role to play in ordehigvac
energyefficient and cosefficient energy systemdloreover, @equate knowledge and
frameworks, such as for example certification systems, policy and guidetudd be
helpful for maximizing benefits of bioenergy while minimizing negative impdeitgure

9 is a diagrammatic visualization of the sustainable biomass feedstock concept where
feedstocks neither compete with food crops nor directly or indirectly causel&arthg

and that offer advantages in reducing greenhgaseemissions\ numberof conditions
have emerged for the sustainability of biomBssenergy productiorPractices should

be such that levels of soil organic matter and nutrients in soils can be maintained
indefinitely. Water usage and erosion should not exceed additiongeoama soil

stocks. Emissions related with burning biomass of persistent organics, acidifying
compounds and heavy metals should be kept low and the bioenergy chain should be such
that there is climate neutrality. Meeting these conditions requires migasefs current

or presumable future practices may well be different.

Based on the review of the available literature, this report sigjgasts impacts are
site-specific in naturethe net environmental effects lsibbmassfor ienergy production
dependbn the relative magnitudes of their positive and negative effects, which can be
reckoned appropriately only in local and regional contexts. As such, impacts will vary
regionally and differ according to local ecological conditions and management practices.
Moreover, practices that are profitable and sustainable in one place or in one period may
result in substantial environmental damageerother conditionsSensitive sites, such

as those with shallow, coargextured, lownutrient soils, are more suscdgdé to long

term losses in soil productivity from removal of all or most of the algpoend biomass

than higher quality site€limate data and knowledge of local conditions and best
practices will therefore determine which issues are most criticalfatatfit sites. Overall,

we need sitespecific surveys of environmental impacts of bioenergy production systems.
However thevisualization ofthe sustainable biomass feedstock concept where
feedstocks neither compete with food crops nor directly or intireatise lanetlearing
suggest that multiple uses of land to provide food and fiber while enhancing carbon
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stocks and producing energy may present further opportunities to reduce greenhouse gas
concentrations with optimal use of resour(€gure 9).
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Figure 9. Visualization of the sustainable biomass feedstock concept where feedstocks
neither compete with food crops nor directly or indirectly cause-tdedring.
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