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Introduction DBFZ

The aspect of sustainability is a crucial factob@fmass production and use, subsequently also for
the biorefinery concept. In Star-COLIBRI, this imm@nce is highlighted through task 3.6
(Deliverable 3.6 - “Best practices in sustainapiléssessment”) and task 3.7 (Deliverable 3.7 -
“Sustainability aspects within StarClusters”). Ta3lé provided a comprehensive discussion of
sustainability assessment, the pillars that needetexamined and the implementation of life cycle
approaches for sustainability assessment in the agbiorefineries. As a natural continuation, task
3.7 examines the issues in 3.6 in the contextetthsters formed, with the purpose of promoting co
operation between projects within a cluster anidnaltely between clusters.

Initially, the primary goal of task 3.7 was to aysad the sustainability aspects within 8tar Clusters
formed (henceforth referred to alusters). A cluster would be formed around a central ppjéhe
Star Project(henceforth referred to atar) with smallerComet Projectghenceforth referred to as
comet9 complementing it and offering additional compe&n

The analysis would consist, at a first stage, of\aew of whether and how the stars deal with and
assess issues of sustainability within their owsjqats, at an individual basis. Since the stardtere
cores of the clusters, it was decided to place timethe centre of the sustainability discussiorihef
cluster they belong to. At a second stage, the tomeuld follow and a review of whether and how
they deal with sustainability aspects would takece| again at an individual basis. At a third stage
cluster analysis (i.e., beyond the individual bgsisuld take place, by identifying similarities and
differences of the sustainability considerationshef stars and comets that belong to the sameeclust
This analysis would point out whether the projercithin a cluster use same or similar methodologies,
definitions and tools concerning sustainabilityuiss and sustainability assessment. This would give
the opportunity to bring them together, promoteoperation and exchange of knowledge to achieve
consistency and harmonisation of approaches. Indffart, Deliverable 3.6 would be used as the
basis for the analysis. Co-operation on that raspmdd have different forms, for example:

The star conducts indeed a full life cycle sustaility assessment and sets the example for a
comet that focuses on the technical developmeatspiecific technology and for that reason does
not dedicate many resources to sustainability assast, but would like to.

A comet brings specific competence on the socialkedision of biorefineries, which is the pillar
of sustainability that is the least examined witthia entire cluster.

Star and comets have different views on the impeogaof sustainability for their purposes;
through this co-operation procedure they could ehia minimum consensus that would
conform to the European policy framework that death sustainability.

A comet has a strong local character (e.g. fieldstifrom cultivation of poplar) and could share
its database and inventory information, which wotdthforce the regional character of the,
otherwise more generic, Life Cycle Assessment (LEz)ducted within the star.
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Those examples simply point out the possibilititsamperation among projects within a cluster. As a
fourth stage, there would be an attempt to exarthiagossibilities of co-operation between different
clusters.

The entire analysis would be conducted on the lmdiglse current policy framework on sustainability,
in order to examine whether the approaches withénduster (and of the projects constituting it)
conform to it, what are the reasons if this is thet case, what kind of problems are encountered by
the clusters and what kind of actions would be edad that case. Thereby, potential areas where the
policy framework leaves open questions or thatcagdlenging in terms of interpretation and need to
be reconsidered could be determined.

The exact outcome of such a cluster analysis wiauntgbly depend on the level of involvement of the
projects in sustainability issues, their willingee® co-operate and exchange information on
methodologies and their dedication to the clusteprocedure.

The initial goal as described above is almost elptidependent on the formation and the actual
existence of a cluster. The clustering proceduesddbed in Deliverable 4.3 “Guidelines on the best
practice of establishing and managing a Star Gf)dtas resulted in the realisation that no clugter
the form that was initially planned could be form@e., comets that, through their projects, would
bring additional competences to complement the).stdubsequently, the initial goal of this
deliverable had to be adapted. A detailed desoriptixplaining the barriers encountered during the
clustering procedure will be provided in Delivemld.3. Briefly, those barriers include issues like
conflicts on Intellectual Property Rights (IPR)edefor Non-Disclosure Agreements (NDA) between
all parties involved, need for additional resourtest could be dedicated to co-operation, lack of
suitable comets and others.

From the initial attempt to create four clustersuaid the identified stars (i.e., EuroBioRef, Biagor
Afore, Bio4Energy), only the case of Bio4Energy whd potential for the formation of a co-
operation opportunity. Nevertheless, this doeshaoe the form of a cluster as was initially planned
within Star-COLIBRI (i.e., involving projects). s simply a form of co-operation between four
institutes that share a common interest in oneif§pedopic. In this case, the topic of interest is
biomass handling at the facility(i.e., after the gategnd the institutes involved are

The Swedish University of Agricultural Sciences (§Lmember of the Bio4Energy consortium
The University of Salerno (USL)

The University of Madrid (UM)

The Wolfson Centre for Bulk Solids Handling Techowy (WC)

To maintain a link with the initial task of analggi sustainability aspects within a cluster, Taskis.
adapted to give focus only dghis specific part of the entire biorefinery chain by highlightingdan
discussing sustainability issues (i.e., environmlerconomic and social considerations) of biomass
handling. The institutes involved are more oriertethe technical aspects of biomass handling and
the discussion here helps to extend the focus tawards sustainability issues. No sustainability
assessment of this part of the chain will be cotetyaather than a discussion of sustainabilityess
There are no projects behind this co-operationdhald be analysed in terms of their involvement in
the area of sustainability assessment, which is Dédiljverable 3.6 can not be used as a basis anymore
(contrary to what was initially planned).
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The second goal concerning the examination of ttieypframework related to sustainability issues is
indeed examined in this document, but now detadtmd the cluster analysis. The framework no
longer serves as background for the cluster arsatysto examine the conformity of the approaches
followed within the cluster, because there is nesi@r. Challenges and open questions deriving from
the sustainability policy framework that could belewant for biorefineries are, however, still
discussed in a more general way. This part is tedam as complementary to Deliverable 3.6 where
various initiatives in the field of sustainabiligsessment and sustainability criteria are listatnot
from the policy point of view (e.g. projects, wonkgs, certification schemes, standards, development
of criteria)

Following the description of the necessary adamtatito the original goal, the report consists af tw
parts that are no longer directly linked to eadteat

In the first part (chapter 2), a typical biomassxdismg chain will be defined, the stages
constituting it will be briefly described and sustbility aspects along the chain will be
discussed, wherever relevant. A description of gpecific points of interest of the institutes
constituting the group will follow; these could the course of time take the form of a new
project

In the second part (chapters 3), the current pdiiaynework concerning sustainability (e.g.
legislations or proposals) will be presented anéflgr analysed. This will be followed by a
discussion on challenges (generic ones but alffmeicontext of biorefineries) that are associated
with the policy framework and that could constitdtevers for reconsideration and updating of it
(e.g. areas where the framework could be ambigyonrpreted, areas that are not sufficiently
treated).

Being a subset of the whole logistics chain (irent field to the conversion facility), the importan
of biomass handling is often underestimated. Howeiteis a crucial aspect for the continuous
operation of the (biorefinery) facility and a dédiet design is one of the basic reasons for shutdow

Biomass handling is here defined as the activitadng place from the moment the biomass
feedstock arrives to the facility until it is fed the reactor, i.e. transport and other logistierapons
upstream for the supply of biomass to the biorefiriacility are not included in biomass handling in
this context. Focus is given on lignocellulosic enatl, since this is the main type of feedstock
considered within the formed group; this also cmies with the overall vision of the biorefinery
development regarding increase of the use of lighalosic resources. The basic stages of the chain
are presented and the discussion is centred arsustdinability considerations, wherever relevant.
For that reason, a detailed description of the meidal equipment and of the different available
technologies along the handling chain is avoidedt exceeds the scope of this document.

A typical handling chain in the plant includes 8tages depicted in Fig. 1. Whether this exact cisain
actually followed depends on many factors liketipe of feedstock, the type of conversion, theescal
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of the facility and others. This document follows tgeneral scheme of a typical handling chain,
keeping in mind that some of the stages may ta&eep{also) before the material is delivered to the
facility, or in a different order (e.g. optionalepscreening before storage), or even not take @ace
all.

Biomass supply
I

v
Receiving Storage
Conveying / In-plant transport ]
Feeding Preparation
| _
| System boundaries
v
Conversion
Fig. 1: Biomass handling chain

In a typical large scale biomass conversion fagititansported biomass is unloaded to the receiving
station (intermediate storage) and then deliverdally with conveyors or with loaders (depending

on the material) to the main storage area. Depgndim the transport mode used to deliver the
feedstock (usually truck or train), specialised ipment is used to unload the content (e.g., hoist
platforms receive the truck which is elevated atagle to allow the load to drop into the receiving

area; wagon tipplers grab the open-air wagon ataterdt 180 degrees to let the load drop into the
receiving area). A good design of the receivingirthi@.g. numbers of deliveries, loads received,

amounts withdrawn, etc.) ensures the uninterruptggbly of the material to the rest of the processes
which is crucial from an economic point of viewoRr the receiving area the material is conveyed or
transported to the rest of the chain (see als&R AL/

Technologies

Storage serves as the bridge of the time gap bataeeal of the biomass feedstock in the facility
and its treatment. The basic purpose is to retemdmss in a good condition for the subsequent
treatment and to ensure the continuous operatidheofacility even during discontinuous biomass
deliveries. Depending on the scale of the facilihg type of biomass and the climatic conditions,
storage could be:

Outdoor, uncovered or covered under a roof or witipecific material (e.g. tarpaulin)
Indoor, in properly designed halls or silos

For large-scale plants, above ground outdoor stoimghe most economical way. Biomass needs to
be piled in patterns that allow maximum flexibility retrieval and delivery. For indoor and protelcte
storage, silos (e.g. for grain storage) and endlds#ls (e.g. for straw bales) are typical options
depending on the material. Silos are tall and lamgdiameter cylindrical (usually) constructionsthwi

a flat-bottom reclaimer or have the form of conicappers. /1/, 12/
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Sustainability aspects

During storage, various metabolic activities of ma@rganisms take place, as a result of favourable
conditions in terms of temperature and moisturelevlrhese activities take always place, irrespecti
of the feedstock type, but affect especially thosgerials that need to be stored for a longer (eng
lignocellulosic material) and have a smaller infloe on material that is usually directly treatei@raf
production (e.g. oil seeds, grains) /2/. Theseogial activities are the reason for some of thesrisk
associated with storage. Those and other riskshaag an environmental (e.g. emissions), economic
(e.g. loss of material) and social (e.g. health safdty) impact and are discussed in the following.

Social aspects

As a result of metabolic activity of microorganisrtesg. fungi, bacteria) present in the stored
material, a rise of temperature can be observed.rate of the increase of temperature depends on
various parameters such as water content, despiggific surface (i.e., microbial activity takesqe
mainly at the surface of the particle), size digttion and inorganic elements of the material, tgpe
storage (e.g., outdoor/indoor, covered/uncoverdds)s air inflow, oxygen concentration in the
surrounding, etc. Biological activity can this wiaad to temperature increases up to@®OFurther
temperature increases can be attributed to a sefriesemical reactions taking place in the stored
material, but the exact mechanism is not clear. (pygolytic reactions, hydrolyses and catalytic
effects of present metals). In extreme casesgiin@ératures may increase excessively beyondQ00
that can initiate chemical oxidation of the maten¢hich combined with high compactions (e.g., tall
piles) and insufficient heat discharge through Namn may lead to self-ignition and burning okth
feedstock. In case of very small-sized particle®,8-mm) the combustion of the material can proceed
in very fast rates in form of explosions if the toie between air and dust particles lies between th
upper and lower explosion limits. Measures likeage volume limits, distances from and between
storage units (outdoor), control of ventilation fagat discharge, heat sensors are important taeensu
safe working conditions, which is an indispensdaétor of social sustainability. /2/

The metabolic activity of microorganisms is alssp@nsible for potential health risks during storage
At favourable temperature (i.e., 20 to 8 and water content (i.e., 30 to 50% of wet bicshas
conditions, fungal growth is observed. This is f@iced for densely compacted biomass, due to the
absence of air flow within the stored material. Tgipes of fungi grown vary depending on the
climatic conditions, the type of material, the dima of storage, etc. Spores can be released in the
atmosphere during loading/unloading and turninthefheaps and they can lead to health impacts like
allergies, respiratory problems, skin irritatiomstoxication up to more serious diseases like lung
cancer. Apart from monitoring and avoiding fungabwgth, other indirect measures, such as
automation of handling processes during storageickss and masks equipped with filters, correct
ventilation are ways to secure the working envirentn/2/

Economic aspects

The most important economic aspect during storadlee loss of material as a result of the microbial
activity. This loss of “usable” material (i.e., dease of the convertible organic fraction) subsetiye
leads to less product, which is an economic disatdgge for the operators. At the same time the
relative composition and subsequently the qualitthe material changes; the lower heating value of
the feedstock is decreased and the share of iniergaaterial is larger, since it is mainly the origan
fraction that is affected by the microbial activifyhis could mean for example that the ratio betwee
revenues and costs of ash disposal (where inorgaaiments end-up) after biomass gasification
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becomes unattractive. The percentage of matesal depends foremost on the material and the type
and duration of the storage. Table 1 presents sexaenples of material loss during storage for
lignocellulosic material.

Table 1: Material loss of stored lignocellulosicteréal
Material Water content Storage type Time Material loss  Source
Wood chips 50-55% (ar) Outdoor, uncovered 7-9 n®nth20-23% (dm) 11/
Wood chips 15% (dried) Outdoor, covered 7-9 months 2% (dm) 11/
Logging residue chips 42-58% (ar) (Indoor) 6 months.6-15.6% (dm) 13/

ar: as received; dm; dry matter;

Another important economic aspect is the retriemfabiomass from storage in a way that ensures
continuous feeding to the reactor and avoidanc#oefing problems. There are several technical
possibilities depending on the type of storage. (sagew-type dischargers for silos, push-floor or
crane systems for halls) /2/. When withdrawing as®) it is generally desired to ensure the first-
inffirst-out principle, i.e., the biomass batchttiaas first stored is the first one to be retrievéd
Flow problems in conical hoppers like rat-holingching, bridging and cake-forming can be
overcome with a careful design of the hopper, uncersideration of the type and size of the
feedstock, the slope angle of the discharge, the sf the discharge, the wall material and the
duration of storage.

Environmental aspects

The emission performance during storage is depérmlerthe type and duration of storage, on the
material itself and on the surrounding conditiohscording to a theoretical evaluation \Wihersaari
that was based on compost studies, outdoor stafaigpeest residue chips may lead to £ahd NO
emissions in the magnitude of 1.3% and 4.4% oirthial carbon and nitrogen amount, respectively;
the high degree of uncertainty of the estimatioas wpecifically pointed out. Furthermore, samples
of leachates (after precipitation) from piles ofidaood chips (stored outside) from the same have
also shown the existence of small concentrationgobfcyclic aromatic hydrocarbons (PAH) in the
magnitude of 27g/l. /3/

Another type of emission during storage are terpewalatile organic compounds (VOC) containing
one or more isoprene unitss(d; h) and constituting around 90% of the easily exedanaterial

in wood. VOCs are responsible for the formatiorgaiund-level ozone through a chemical reaction
with NO, (i.e., nitrogen oxides) and the presence of shhliferpenes are also known to cause
potential health effects in case of continuous sxp® (dermatitis, bronchial reactivity, respiratory
problems, etc). /4/, /5/, 16/

Preparation (conditioning) of the biomass takesela order to render the material suitable for the
subsequent conversion processes. In principle,dasic properties are altered here: the size, ijensi
and water content of the feedstock as well as #istemce of foreign materials. Any undesirable
conditions regarding those properties may lead itonor grave failures of the downstream process
units and serious economic damages for the operator

Screening
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The main foreign materials in biomass feedstockstores, glasses, ferrous metals (i.e. iron) and no

ferrous metals (e.g. aluminium). Stones and glass®g jam any conveying, feeding and process
equipment and are usually removed by means oftuilgraieves or trummels combined with suitable

air flow that separates materials according torthpécific gravity. Ferrous metals are removed with
magnets that can be placed in different placesgatbe feed line. Non-ferrous metals are usually
removed with the application of “eddy current” (j.ereation of opposite magnetic fields between a
spinning rotor and the metal particles, which aidie selective separation of the metal). /1/

Sizing

Depending on the specifications of the downstreapntgssing activities, feedstock needs to be
reduced in size. Chunking (50 to 250 mm), grind@0mm), chipping (5 to 50mm) and pulverising
(<10Qum) can be implemented for that reason. Oversizedegi that may clog any equipment can be
removed in trummels prior to sizing activities. /1/

Drying

Drying is one of the most common and at the same thallenging parts of the preparation chain.
Apart from natural drying taking place during stggaas a result of temperature increase or drying
without the use of technical equipment (e.g. dietuentilation), there is a large number of tecéinic
possibilities (e.g. band conveyor, perforated flaotary cascade, a.0.) using different drying medi
(air, steam, flue gas) and having different enelggand; which will be implemented depends on the
type of material and the specification of the sgbosat processes /7/. A typical heat demand for
drying (band dryer) of wood chips (40% wt. moisjusearound 0,9 KWh/kgoq_chips/8/. Usually, the
material to be dried has a moisture content oto380% wt. on delivery to the facility (dependiog
time of harvest, storage before delivery, type atterial, etc.) and requires a certain pre-treatment
(e.g., size reduction) before being fed to therdyyinit. A critical parameter for efficient dryingthe
size of the material; the drying rate (expresse#aseight loss due to diminished water content and
loss of organic material) increases for decreapmgicle sizes (i.e., 3 to 6 %/min for sizes ofo8 t
0,7 mm, respectively) /6/.

Sustainability aspects of preparation

Overall, the sustainability of the preparation ahaill be mainly determined by the efficiency okth
units involved. For example, a well-designed heaovery system (depending on the type of the
conversion processes) will permit the use of irdeheat sources (e.g., exhaust gases, excess proces
heat) for drying purposes; this would benefit nolyahe economic viability of the concept but also
the environmental performance, through saved GH@Gstams that would have been generated from
burning external fuel source for heat.

Another important aspect is the quality specifmasi of the feedstock, which determine whether it is
in an acceptable condition (i.e., in terms of pbgsand chemical properties) to be processed in the
conversion area. This is especially important ipesaof feedstock mixtures (e.g. co-firing of biomas
in coal combustion plants) where uniform flow cleaesistics and homogenisation of feedstock is
required. This aspect is important along the erttndling chain, since the first mixing is usually
taking place in the storage area or during the egimg of the different feedstock streams in the
preparation area.

10
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The main environmental concerns are situated irsthge of drying and the emissions there can be
classified under three groups /7/:

Volatile organic compounds (VOCSs) like terpenest thiart to appear at temperatures below
100°C. The distribution of the emitted terpenes (modo-,sesqui-) is dependent on the material
that is dried, on the temperature level and ordtlggng medium /6/

Condensable compounds like fatty acids, resin aaikhigher terpenes that are formed above
100°C and may condense on equipment surfaces and aisgcal problems. Additionally they
are the reason for the formation of the so callelde haze”, a discoloration observed at the
exhaust plume and can represent an odor and visisance and potential health hazard

Fine particles or dust (average yearly emissionthénmagnitude of 0.35 k@ qusftwood_chips fOr

belt drying of wood chips) /8/

While at the beginning of drying thermal decomgositis slight, above 15@ the material
decomposes (i.e., destruction of hemicelluloserafehse of alcohols, acids and aldehydes) at faster
rates with increasing temperatures, which ovegglesents loss in energy and material efficiency of
the process. Therefore it is generally recommenddaeep material temperatures during drying at a
low level (< 100C). /7/

In a recent study, IFEU compared technical andrahtirying of wood chips (40% wt. water) used
for heating purposes. From an environmental pdiniew, it was suggested that technical drying of
wood chips is friendlier (in terms of GHG emissipmsimary energy demand and particulate
emissions) than natural drying only if it involviegegration of unused (waste) heat produced within
the process, but not if external heat is requicedifying purposes. The necessary energy demand and
subsequent emissions from using technical meandrfiang the same amount of wood chips is offset
by the fact that natural drying leads to matensisl and provides an end-product with higher water
content than technical drying (which means that hesat can produced from the wood chips). /8/

The drying unit is also an area with a risk of fmeexplosion. Important parameters in that case ar
the oxygen concentration of the drying medium (&thawt be below 8 t010% vol.). The temperature
level is also important since high temperaturesadese the required ignition energy and promote
pyrolysis reactions and the subsequent releaseadifon monoxide which is combustible. That,
combined with the existence of dust particles (Wipcomote a very swift heat transfer), presents a
risk of explosion. The most important precautionargasures are ventilation, oxygen concentration
sensors and keeping the drying atmosphere ingré¢edly during start-ups and shut-downs). /7/

Given the existence of many mechanical parts dypmegaration (including conveying the material
along the preparation processes), this part ofctien exhibit risks for fire (e.g. sparks between
metallic surfaces, foreign material like small sgilRegular maintenance of the machinery and spark
sensors can minimise those risks. Furthermores fiskshutdowns (e.g., clogging due to insufficient
screening) apply here as well.

The type of feeding equipment (e.g. pneumatic ochanic) depends largely on the material and the
subsequent conversion process. The ability to natdrmeasure the fuel feed rate is crucial since it
will control the entire feed system. Failure instlinal part of the chain will apparently lead tmd
downtimes for the entire process and to respeettemomic losses. /2/

11
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Conveying is mentioned last because it can takee@d#ong the entire handling chain and delivers the
feedstock from one stage to the other. Depending tio@ material and the grade of
mechanisation/automation of the facility, sometinaedivery from one stage to another may be
alternatively achieved by vehicles (e.g. front ledfrom receiving area to storage area). Conveying
is a very crucial stage because it allows the gtdbmv of the material along the entire chain.
Therefore, the flow characteristics of the mateaira important here, too. /1/, /12/

Although a definite set of biomass feedstock is ywit established, the activities will initially use
lignocellulosic material. SLU will first comminutand dry to approximately 5% wt. two types of
materials:

Wood (Scots pine or Norwegian spruce) in chips (g2rand particles (<25x15x5mm)
Straw chips (40mm; barley or reed canary grass)

The materials (in quantities of around 300kg) v shipped to the rest of the partners that will
conduct a series of measurement and characteridasts in order to determine the specifications of
the material. These include tests for particle siribution, for tensile strength, concentratioh
extractives and ashes, shear tests, arching éepigsion test and others.

One key issue of interest for the partners of ttoelg is the characterisation of flow behaviourtfoe
avoidance of flow interruptions that can occur gldhe entire handling chain and could lead to
stoppages for several hours or even days. Thibuguosly translated into economic loss, not only
because of stopped production, but also becaugmtehtial repairs and additional investments to
replace or optimise equipment parts. Flow inteiiaus are basically dependent on the specifications
of the material, based on which the entire handtimgin is designed. For that reason charactensatio
activities and strict specification of material cheteristics are of high importance. The complewity
this issue increases in case of material mixtueas. (Co-firing), because of the inhomogeneity, the
different properties and the different composit{ery. a wood/coal mixture is more complex than a
wood_1/wood_2 mixture). Demonstrating good flowpmuies and performing flowing assessments
will minimise the necessity of specialised equipmendischarge the material and will also prevent
uncontrolled flows of material (e.g. sudden col@ps material during discharge in silos)

Although conversion processes determine what esgaatifications the material should have in order
to be processed without problems, the partners havvdetermined a fixed list of processes for which
the preparation of the material is envisaged. To& ¢ to research the flexibility of the handling
chain (and the processes involved) in order toeeitdsuitable for different materials and differen
conversion processes. Nevertheless, one procdsis thiainterest (for USL) is co-gasification ofeth
biomass material with coal in an integrated gaaift;mm combined cycle (IGCC) power plant. The
biomass share in the mixture will be approximatelp 4% wt. The primary goal is to verify that the
flowing properties of biomass are suitable for wiyematic handling in the existing feeding chain
(hopper, conveyor) of a coal gasifier and what kaféctions would be required to achieve that (e.g.
further preparation). Assuming no handling probleraplacement of coal with biomass will achieve
reductions of GHG emissions for power production.
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Further interest within the group is shown on theestigation of explosion during storage and the
behaviour of equipment parts in the case of expitgsiThe goal is to develop numerical models that
simulate and explain dust explosions in silos. @t reason characterisation of the material and
determination of the “explosibility” and ignitaliji are crucial and will lead to a safer design of
equipment and development of prevention and priotedevices.

This part of the report is dedicated to the polfcgmework dealing with sustainability and its
relevance to the biorefinery development. The goab discuss generic challenges that derive from
the framework and could be important also in thgecaf biorefineries. This could point out areas
where the policy framework needs reconsideratiahugptating

The European Union Directive on the Promotion o thise of Energy from Renewable Sources
(2009/28/EC), also called RED, establishes an diveirading target of a 20% share of energy from
renewable sources in gross final energy consumjntioine EU, as well as binding national targets in
line with the overall EU target of 20%. It also set 10% binding minimum target for renewable
energy (including biofuels) in transport, to be iagbhd by each member state by 2020. The directive
was supposed to be implemented to the national&tgin of the member states by 5 December 2010.
19/

The RED introduces environmental sustainabilitytecid for transportation biofuels and other
bioliquids". Only biofuels in compliance with these criteriaytbenefit from national support systems
and can be counted in the renewable energy tametsented in the RED. Fuel suppliers can
demonstrate their compliance with the sustaingiwliiteria by one of three means:

Through national schemes

Through voluntary schemes notified by the Commissio

Through bilateral or multilateral agreements wittird countries containing provisions on
sustainability criteria that correspond to thos¢hef Directive and that have been certified by the
Commission.

The directive presents three types of sustainghifiteria. Firstly, there are limitations concergithe
areas of origin of the raw materials for the bivfu@duction. For example, biofuels must not, sabje
to certain exceptions, be derived from raw matestghined from land with high biodiversity value,
land with high stocks of carbon, or peatlands. 8dho there are there are mandatory requirements
on the sustainable production of agricultural féeds for biofuels. These requirements can be
summarised under the term good agricultural praciied include criteria that are part of the cross
compliance rules. Thirdly, limitations concerningetGHG emissions produced during the life cycle
of the biofuels. The GHG emission saving from tee of biofuels compared to the use of fossil fuel
shall be at least 35% for current biofuels andast 50% from 1 January 2017. From 1 January 2018
the emission saving shall be at least 60% for leisfproduced in installations in which production
started on or after 1 January 2017. The RED prevalbst of default values of the emissions saving

! n this report the term “biofuels” is used for traportation biofuels and other bioliquids
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results for certain biofuels. It also introducesme@thodology for calculating GHG impacts of biofuels
and GHG emission reduction compared with fossilsfte be replaced. The RED also encourages the
use of waste and residues as raw material for &i®fias biofuels produced from waste or residues
and from non-food cellulosic and lignocellulosictergals can be double-counted towards the national
renewable energy targets for transport (i.e., JoMdiofuel from waste and residues can be courged a
2 MJ).

RED calculation methodology for GHG emissions of lafuels

The default values for GHG emission savings ofaierbiofuels provided in the RED may be used
under certain conditions. If the default value ®G saving of a production pathway is not provided
in the RED, producers wishing to demonstrate tbainpliance with the minimum levels are required
to calculate the actual emissions from their préidagprocess. Also, if by using the default valoe f
GHG emissions given in the RED, the GHG savingsbidow the required minimum level, the
producers can show that the actual emission savorg the biofuel process is higher than that
assumed in default values. The RED default valuebzaused if it is given for the specific biofuel
production chain and if the emissions from the oarbtock changes caused by land use change are
equal to or less than zero.

The calculation of the actual GHG emission saviiofsws the methodology presented in the part C
of Annex V of the RED. This methodology is basedttom LCA approach, as the GHG emissions of
the whole life cycle of biofuels are evaluated. Gei@issions are expressed in terms of geQ/MJ.
Emissions from the manufacture of machinery andpegent shall not be taken into account. For
waste and residue-based raw materials, the catmulet GHG emissions starts from the collection of
the raw material. The allocation of emissions betwihe products inside the system boundary should
be carried out in proportion to their energy coh{eetermined by a lower heating value in the adse
co-products other than electricity).

The Commission has published Communications the giore guidelines for the implementation of
the sustainability criteria. They provide furthasight on how the GHG emission calculation should
be conducted.

Communication from the Commission on the practiogdlementation of the EU biofuels and
bioliquids sustainability scheme and on countinigsuor biofuels 2010/C 160/02, 19.6.2010.
http://eur-lex.europa.eu/LexUriServ/LexUriServ.du2@J:C:2010:160:0008:0016:EN:PDF
Communication from the Commission on voluntary scbe and default values in the EU
biofuels and bioliquids sustainability scheme. 2@1®0/01, 19.6.2010.
http://eur-lex.europa.eu/LexUriServ/LexUriServ.du2@J:C:2010:160:0001:0007:EN:PDF
Commission Decision of 10 June 2010 on guidelinesHe calculation of land carbon stocks for
the purpose of Annex V to Directive 2009/28/EC f{fied under document C(2010) 3751).
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do2®J:1 :2010:151:0019:0041:EN:PDF

The RED calculation methodology excludes the emissifrom indirect land use change (iLUC).

ILUC emissions can occur when the production ofusbraw materials transfers the production of
other products (e.g. food or feed) to new areas,te.natural forest. The Commission is working on
this subject and has published a report relatékdegtdLUC. The report announces that the Commission
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will conduct an impact assessment, thereby takitm ¢onsideration potential changes to the existing
legislatiorf. /10/

The RED is directly relevant for biorefineries thmbduce transportation biofuels as a main or a co-
product. The RED has to be implemented in the Eunbkr States and the national legislation will
indicate the final sustainability criteria, whichet biofuel producers have to respect. The biofuel
producers have to be able to describe the wholdugption chain with all the input and output flows i
order to calculate the total GHG emissions. This ba quite challenging, when there are many
different flows and economic actors included in pneduction chain.

The biorefineries which don’t produce biofuels miglso be in touch with the RED as some of their

end, intermediate or co-products might be usechdaput in a separate biofuel process. In this case
the biorefinery actor has to be able to give tHermmation needed for the GHG calculation of the

separate biofuel product.

Soimakallio et alhave published a report, where they discussedubinability criteria established
in the RED with regard to biofuels consumed in $ggort, the associated terminology, and matters
relating to the calculation of GHG emissions. Thpart was produced to support the Finnish
Government in the national implementation of theDRftIstainability criteria in Finland. /11/

Several issues and problems with regard to thenitiefis, auditing practices and verification
requirements associated with the sustainabilitieda included in the RED can be identified. It is
obvious that detailed interpretations of certaiotises of the Directive must be included in the
national implementation. There is a risk that tifeercent Member States would make different kind
of interpretations of the RED and this way the aimgtbility criteria might vary between the Member
States. Different interpretations could be madesf@mple related to the criteria for the originmaiv
materials, the definition of waste and residuelse system boundary of the calculation and to the
parameters used for calculations and their cutoféria. As result, this situation may prove to be
problematic for both developers of certificationstgms and biofuel producers that may find
themselves in an unequal position across Membé¢esSta

In the following, some challenges and needs faharrdefinitions related to the RED are presented i
more detail. This kind of problems might be relevdar the biorefineries, if they produce
transportation biofuels or if the EU sustainabilifiteria would be expanded to concern also other
bioenergy or generally other uses of biomass, asahaterial use (see chapter 3.2).

Definition of waste and residue categories in the ED

The RED sets incentives for the use of waste asidues as raw material for biofuels. The
contribution made by biofuels produced from wastesesidues is considered to be twice that made
by other biofuels. Moreover, waste and residuesansidered to have zero life-cycle GHG emissions
up to the process of collection of these materialgich means that GHG emissions from the
production of the raw material do not have to bdeemainto account. This is why agreeing on the
definitions of ‘waste’ and ‘residue’ in the implentation of the RED is both extremely important and

2 Visit also: http://ec.europa.eu/energy/renewables/biofuels/larsé change en.htm
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problematic. The RED leaves the definitions opedme Tommission Communication 2010/C 160/02
gives some guidelines and examples, but still le@ypen questions. For example it states that “exces
production from a production process can be a weSidrhich is an ambiguous guideline. This means
that the Member States have to make their own pgreéations related to this question. The ideal
scenario is that all organic waste and residudshiédnae no other use are turned into biofuels, tbertet

is a significant risk that raw materials that wohldse been utilised in any case is recorded aseveast
residue in the production of biofuels. This coutdthe case for example with crude tall oil, whish i
already an important raw material for chemical stdy but might be considered as a residue
according to the RED (defined in the Commission @mmication 2010/C 160/02). The conflict
between the two use perspectives is obvious, aré ik no simple or appropriate solution in sidynt.
practice, the options are likely to be limited ither a rigid classification system or a case-bgeca
assessment of which material streams can be coedids wastes and residues. The problem with a
rigid classification system is that it is likely toecome outdated very quickly and may prove
inappropriate. On the other hand, a case-by-cassament routine may prove burdensome. It would
pose challenges to a competent authority or venfigo is making the interpretations on individual
fuel production pathways in practice. In order ts@e consistency between interpretations in the
validation process of applied methods, the competathority should harmonise and compile these
supply chain-specific issues in a public decisiopen to appeal, outlining a methodology for
monitoring production pathways, as well as termd eonditions that suppliers would have to meet
(reporting obligations, etc.) along with any neeegexplanations and guidelines. /11/

Determination of GHG emissions of biofuels in accalance with the RED

The framework provided in the RED for calculatinglG emissions is open to various interpretations
as regards the definitions given. Ambiguities eelébr example to the accuracy of the input
parameters used in the calculations, acceptablss@mi coefficients associated with material flows
that cause direct or indirect emissions, methodsddculating changes in the carbon stocks of soll
and forests, the definition of a biorefinery urafd certain principles relating to the allocatidn o
emissions. The Commission Communication 2010/CAB@Ives some guidelines to some of these
guestions, but these guidelines are sometimes aimisgand not binding. A simple example is the
emission factor of the electricity used in the balfproduction process, which can be the average
emission of electricity in the EU, but also be saottger regional average emission of electricityisTh
can have a significant impact on the GHG calcuhatesults. /11/

The Commission Decision C(2010) 3751 defines caton rules for carbon stock changes due to
direct land use change. However rules for considedarbon stock changes due to agricultural or
forest management (e.qg. tillage) are not providle@ddition, uncertainties associated with ecolalgic
processes as regards nitrous oxide emissions diggtiltser application are not given. No common
approach exists for taking these factors into astdu LCA. However, these factors often play a
critical role in assessments of the effects thafugils have on the climate system. This kind of
practices should be harmonised both across ther@Unghin individual Member States in order to
eliminate inappropriate deviations from the GHG ssitn calculations associated with different
biofuel production pathways. /11/

The GHG emission saving default values given in D represent typical European production
processes with conservative estimates for the ptamuof biofuels. However, the conservativeness
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and the suitability of the RED’s default values htie debatable. It can be questioned if the génera
default values are appropriate representationpagfiic biofuel chains in different parts of the EU

Suitability of the RED for sustainability assessmein

The RED sustainability criteria cover only the anigf the biofuel raw material and the GHG effects

of the final biofuel products. The RED does notegany criteria for other environmental impacts than
GHG emissions. However, the biofuel production rhigave important impacts e.g. on water use
(raw material irrigation), biodiversity, and on etlemissions than GHG. These effects might be very
important locally and should not be forgotten. he tEU some of these effects may be controlled
under other legislation but it is questionable, haell the sustainability of the biomass imported

outside the EU can be controlled and verified. RieD also excludes the iLUC emissions, which

might be very important, related to some biofuek renaterials (e.g. palm oil). The increased

production of biofuels can also have other indireffects, for example effects on food and feed

production and prices. These kind of social aspaetonly mentioned in the RED but there is no real
sustainability criteria established.

It can be questioned, if an LCA based tool, asotie presented in the RED is ready to move from an
analysis tool to a decision tool. The RED GHG clalton methodology for selecting the biofuels to
be promoted in the EU might not ensure that GHGssimins are reduced and the biofuel production
chains with the highest benefits in reducing GHGssmans are promoted. /12/

The RED establishes the target of 20 % share ofygrfeom renewable sources in gross final energy
consumption in the EU by 2020. This target is eigddo increase the use of solid and gaseous
biomass sources in electricity, heating and cooliflgus, the trade of biomass inside the EU and
imports from third countries are expected to inseeaMany countries have developed their own
sustainability criteria to control the sustaindbilof biomass used for energy purposes. To give
guidelines for the member states, the European Gssion has published a Report on sustainability
requirements for the use of solid and gaseous kssmaurces in electricity, heating and cooling®13/
The sustainability criteria proposed by the Comiuissare consistent with the EU RED
(2009/28/EC). The proposed sustainability critér@ude following:

A general prohibition on the use of biomass fromdlaonverted from forest, other high carbon
stock areas and highly biodiverse areas

A common GHG calculation methodology which couldused to ensure that minimum GHG

savings from biomass are at least 35% (rising t& 50 2017 and 60% in 2018 for new

installations) compared to the EU's fossil energy m

The differentiation of national support schemefaiwour of installations that achieve high energy
conversion efficiencies, and

Monitoring the origin of biomass.

3 Visit alsohttp://ec.europa.eu/energy/renewables/bioenergyasnability criteria_en.htm
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Contrary to the RED, the sustainability criteria other bioenergy than liquid biofuels are still
voluntary. As all bioenergy applications such aedpiction of electricity, heat and transportation
biofuels may use the same biomass feedstock ittrhigiproblematic that only a part of this feedstock
will be under the obligatory sustainability scheofie¢he EU. In this case, there would be two diffeere
kinds of biomass markets for bioenergy purposealénEurope; the biomass under the sustainability
scheme and the biomass without sustainability reqments. If the sustainability criteria concernyonl

a part of biomass (e.g. biofuel sector) thereriskathat the raw materials fulfilling the sustdilay
criteria will be used in this sector and the usele$s sustainable biomass would increase in other
sectors. Introduction of a harmonised sustaingtsiitheme for all bioenergy might help to avoid this
kind of indirect effects. However, the sustainapitiriteria and especially the GHG calculation sule
presented in the RED are not extensive enoughduorersustainable use of bioenergy. Instead, more
comprehensive approach is required along with exhdit data and indicators. /12/

If the sustainability criteria would become obligat to all bioenergy, it could have an effect te th
biorefineries, which often produce some kind ofdniergy as a main or a co-product. However, in the
voluntary sustainability criteria for bioenergyet@ommission has indicated that only producers with
the thermal or electrical capacity of at least 1 MMdld be included in the system.

From voluntary to obligatory

The voluntary sustainability scheme for other baygy than liquid biofuels presents a same kind of
criteria as the RED. As discussed in Chapter B84 sustainability scheme of the RED requires the
assessment of the whole life cycle of the bioen@rggucts in order to calculate the GHG emissions
of bioenergy product. This is a challenging proaass requires collection of information and process
data related to the whole bioenergy productionrcfram raw material production until the use of end
product (bioenergy). If the sustainability critew@uld become obligatory, this would cause a netabl

workload and additional costs for the actors ofrdfioery sector, especially for those that don't

produce biofuels as they should be able to refe@tGHG emissions related to all input and output
flows of the biorefineries. Also the allocationtbe emissions between the biorefinery products tigh
be challenging, as various end products might leel @ various purposes (eq. energy, fibres, food)
and finding a common allocation principle mightdiicult.

Expanding to all biomass uses

Biomass is also used for other purposes than @mrgrgy (e.g. food, feed, material, chemicals).etc.
If the sustainability criteria concern only biomges a part of biomass) used for energy purposes,
there would still be two different markets of bisseaand the same risk described earlier would still
take place. The biomass fulfilling the sustainapitiriteria could be used at energy sector androthe
sectors could use other biomass sources. Howeawmight take time until a common sustainability
scheme would be established for all biomass usgét éalso questionable whether such a system is
sensible and feasibl&oimakallio & Koponeroncluded that the overall use of biomass and fand
food, feed, fibre, fuels, and ecosystem servicesulshpossibly be based on a comprehensive,
integrated, and sustainable action plan /12/. hateg programs for land use and territorial plagnin
sectoral policies as well as targeted policy imsgnts, such as protected area networks were claimed
by European Environment Agency (EEA) to tackle ¢raffs between many interests for land use in
Europe /14/.
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The ambitious targets to increase the use of biggnaill put a significant pressure to the use of
biomass in the near future and this makes the iposidf the biomass used for energy purposes
special. The bioenergy targets are often justifidth the climate change mitigation and GHG
reduction purposes. Therefore it should be verjftedt the increased use of biomass in bioenergy
sector really is sustainable enough and has pesfiects on climate change mitigation

While policy frameworks such as the Renewable Bndbirective have a direct impact on
biorefineries and biorefinery outputs, other poliogtruments (both legally binding, or voluntary
schemes and guidelines) are broader but stille@lad sustainability and biorefineries in various
ways. Due to the heterogeneity of biorefinerieoitiass, products, technologies), topics that are
relevant for sustainability issues can be foundmiany fields of policy. Some of them will be
highlighted in this section.

In 2001, the European Commission produced a GregerPon Integrated Product Policy, as a
starting point for discussions of European actiothe field /15/. Its central objective was to improve
the environmental performance of a broad rangeradiycts throughout their life cycle. The Green
Paper proposes a strategy to strengthen and refoodsct-related environmental policies to promote
the development of a market for greener producte Products of the future should be more
resource-efficient, have lower impacts and riskght® environment and prevent waste generation
already at the conception stage. The Green Papeasdd on three main dimensions, namely demand,
supply and price mechanisms to develop marketgri®ner products.

Building further on the Green Paper, the Commisgiahlished a Communication on IPP, which
aims to minimise the impacts of products by lookiall phases of a product’s life cycle and taking
action where it is most effective /16/. Taking iroccount the wide scope of available products and
stakeholders involved the IPP approach calls fa& #@ise of a combination of different policy
instruments. Since the IPP promotes greener preduotit not specifically bio-based, the
implementation of the IPP can help promote the ephof biorefineries from the product-side, by
highlighting the environmental performance of tiyise of products

The IPP puts emphasis on three main aspects:

It promotes “life cycle thinking”, where considdmt is given to the whole of a product's life
cycle, from cradle to grave, when defining meastwasduce environmental impact.

IPP is flexible as to the type of policy measurebto used, working with the market where
possible. Many different policy measures influetfoe environmental impacts of products such
as taxes, product standards, labelling, and valyragreements. The chosen measure should be
the most effective, or the most effective set stimments. These policy measures as highlighted
in the IPP can today be found in the recommendsitemd action plan of the Lead Market
Initiative on Bio-based products, which focusesdaemand-side measures for greener products
1171.

* Visit also:http://ec.europa.eu/environment/ipp
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IPP requires full stakeholder involvement. Throughtheir long and complex life cycles, the
environmental impacts of products are affectedHsy dctions of many different stakeholders,
such as designers, industry, marketing peopleileestaand consumers. Reducing these impacts
requires that all stakeholders take action in thphrere of influence: for example, manufacturers
on the design and marketing of products, and coassirthrough product choices, use and
disposal habits.

In terms of concrete measures, the IPP introducéahtary IPP pilot projects aiming at identifying
ways to reduce the environmental impact of produig voluntary pilot projects were launched in
2004 to demonstrate how IPP can work in practite dhosen products were mobile phones (project
lead by Nokia) and on a tropical wooden gardenrdhgi Carrefour). The IPP also aimed at defining
product categories with the most potential for smwnental improvement, which was done at
Member State level. This type of pilot projects Idobe foreseen for a certain type of biorefinery
output for instance.

The progress report of the IPP Communication aedlyise progress towards the objectives set by the
IPP communication, highlighting key measures okl and Member State level /18/. As stated in
the progress report, the IPP is closely interlinteed number of policy initiatives at the EU level:

Eco-Management and Audit Scheme (EMAS)

EU Ecolabel Scheme

European Life Cycle Assessment Platform

Environmental Technology Action Plan (ETAP)

Green Public Procurement (GPP)

Ecodesign of Energy Using Product Directive (EuP)

European Compliance Assistance Programme - Envieoh& Small and Medium Enterprises
(SMEs).

Thematic Strategy on Sustainable Use of Naturabtess.

Thematic Strategy on Waste Prevention and Recycling

One of the conclusions was that the main challefgé’P implementation is to use these existing
tools in a coherent and mutually-enforcing mann#h whe new ones to achieve policy objectives.
Policy development should also involve stakeholdst® are involved in product development
throughout the value-chain. A number of EU polityategies and initiatives such as the ones stated
above are in line with the IPP principles. Thialiso the case for Member State-level programmes and
initiatives, but the main challenge lies in cregtancoherent framework. In order to better exyituat
synergies between the different IPP instrumentgetéer combination of voluntary and mandatory
approaches is required. The IPP approach is a lmergd framework covering a large variety of
products, of which biorefinery outputs can alsabssidered a part.

The European Commission published the Sustainabies@nption and Production and Sustainable
Industrial Policy (SCP/SIP) Action Plan in July 30@97. It encompasses a series of proposals on
sustainable consumption and production that wilhtgbute to improving the environmental

performance of products and increase the demandmfmre sustainable goods and production

5 Visit also:http://ec.europa.eu/environment/eussd/escp_en.htm
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technologies. A range of policies at EU and nafideneel already foster resource efficient and eco-
friendly products and raise consumer awarenesh, asithe aforementioned IPP framework, labelling
schemes, and financial incentives granted by Meribates to those that buy eco-friendly products.
The Action Plan complements and integrates thengiateof these different policy instruments, and
provides for new action where gaps exist. The Acttan proposes that only products that reach a
certain level of energy or environmental perfornsace eligible for incentives and can be procured
by Member States and the EU institutions. The Acfitan covers a wide range of measures, namely:

Ecodesign requirements for more products

Reinforced energy and environmental labelling

Incentives and public procurement for highly perforg products

Green public procurement practices

Consistent product data and methodologies

Work with retailers and consumers;

Supporting resource efficiency, eco-innovation amthancing the environmental potential of
industry

Promoting sustainable production and consumptitermationally

Extension of the Ecodesign Directive and labellingchemes promoting greener products

A public consultation of stakeholders of the SCP/®ommunication and Action Plan in 2007
included the extension of the scope of the Ecodedige results of the consultations were fed ihto t
Impact assessments on the SCP/SIP CommunicationAatidn Plan and the extension of the
Ecodesign Directive.

Ecodesign is the integration of environmental cdesitions at the design phase of the product. The
Ecodesign Directive (2005/32/EC) establishes a émmarnk for setting ecodesign requirements for
energy-using products (also called EuP Directiv&)/./ This initiative aims at improving the
environmental performance of products throughowtirthife-cycle by systematic integration of
environmental aspects at the earliest stage of thesign. Next to minimum requirements, the
Ecodesign Directive will also define voluntary ben@arks of environmental performance, achieved
by highly performing products. A number of otheeges of legislation address specific aspects of the
life cycle of products, such as waste.

The Ecodesign Directive is complementary and cagsptio the labelling schemes set by the Energy
Labelling Directive (92/75/EC), the Ecolabel Regiaa (see below) and other schemes developed by
Member States, retailers and other economic opsrai@vide consumers with information on the
energy and environmental performance of products.

The Ecodesign directive ensures a technical impneve of products, while labelling increases
transparency for consumers by indicating the envivental performance of products.

Standards

Both the European Committee for StandardisationNJCEBnd the International Organisation for
Standardisation (ISO) are working on the develogroéstandards for the sustainability of bioenergy
and bio-products in general. The working grddEN BT/WG/209vas established in an effort to
explore the potential of EU-wide bio-based prodstandards. The technical commit@EN/TC 383
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is working on the development of standards forvbefication of compliance with the sustainability
criteria for biofuels and bioliquids as they areegmnted in the RED Directive. The technical
committeelSO TC/248has the purpose of developing standards in the desustainability criteria
for the production, supply and application of biesgy (see also Deliverable 3.6, where these
standards are briefly described)

Labelling

As part of the EU measures to promote more sudtkirmaoducts, which falls within the principles of
life cycle thinking from the Integrated Product ieg) the European Ecolabel is a voluntary scheme,
established in 1992 to encourage businesses toetnargducts and services that are environment-
friendly. Products and services awarded the Ecbledey the flower logo, allowing end-users to
identify them easily. The EU Ecolabel criteria $hm@ based on the environmental performance of
products, taking into account the latest stratediectives of the European Union in the field o th
environment, such as the objectives set as painedRenewable Energy Directive. /21/

Scarlat & Dallemandhave recently published a global overview on recdevelopments of
biofuels/bioenergy sustainability certification @ime EU, United States, and in some other couitries
/22/. Their overall conclusion is that there isagki of harmonisation in the area of definitions,
approaches, and methodologies. The discussion ah igharmonisation, if and why it is necessary,
up to which level it makes sense, and what we u@ichieve with it is very wide and exceeds the
scope of this document. Assuming that a Europeaecbve is the general policy to be followed by
all member states (which by itself is a form ofrhanisation), harmonisation can have many goals
and many levels, for example:

harmonisation of interpretations of the Directiw&oi national policies,

harmonisation of interpretations of a national ppby different stakeholders,

harmonisation of methodologies (definitions, crédgto calculate a value required from a policy,
harmonisation of data inventories within the sane¢homdology among different practitioners,

It is apparent that an overall claim that harmaiisais always needed is not possible. Insteatpit
be carefully examined where harmonisation takesepéand what is the desired objective. This report
focuses on the presentation of some actual aesviin harmonisation:

GHG calculation in the RED - the BioGrace Project

BioGrace Align biofuel GHG emission calculations in Eurpps a three-year (i.e., 2010-2013)
project funded within the Intelligent Energy EurdPeogramme, with 8 participating organisatfons
BioGrace deals with the harmonisation of GHG erpisstalculations of biofuels throughout the
European Union. The aim of the project is to supgiee implementation of the RED in the Member
States by creating and providing tools to make eerify biofuel GHG calculations. This project
freely provides:

A list of standard conversion values that are néedg@erform biofuel GHG calculations
A software (Excel sheets) that allow stakeholdensearform calculations themselves

8 Visit also:www.biograce.net
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Excel sheets that include standard input data badshow how the 22 default GHG values as
listed in the RED and the FQD (Fuel Quality Diree)iwere calculated.

LCA practises - The ILCD handbook

In the Communication on Integrated Product Poli®P} the European Commission committed to
produce a handbook on best practice in LCA. In equence, the International Reference Life Cycle
Data System (ILCD) was developed by the Institute Environment and Sustainability in the

European Commission Joint Research Centre (JRCh-operation with the Directorate-General for
Environment. The ILCD handbook consists of a sedafuments with more detailed guidelines,
which aim to harmonise existing LCA practices imeliwith standards 1ISO 14040 and 14044 /23/,
124].

The purpose of this chapter is to review the ILGIndibook from the perspective of biorefineries. The
main focus is on th&eneral Guide for Life Cycle Assessmehich provides detailed guidance for
planning, developing, and reporting life cycle esiva and resource consumption inventory data sets
and LCA studies /25/. This guidance is applicablentny different decision-contexts and sectors. In
that document, provisions are given separatelytioze main goal situations encountered in LCA
studies. In some cases provisions are fairly simfda all of the situations, in which case only the
differences between situations A, and B and C isted. The three decision-context situations are
micro-level decision support (situation A), meso¢naalevel decision support (situation B), and
accounting i.e. attributional LCA (situation C).

Situation A is related to a life cycle based degissupport on micro-level, such as product- or
process-related questions. A key criterion is thatanalysed e.g. product has a limited share of
the total production of its sector, so that itsdurction, use and end-of-life can be expected not to
have large-scale consequences. For example thesas=® of potential environmental impacts
of a small-scale biorefinery possibly falls undituaion A when the biorefinery has only small
scale consequences (e.g. regional level).

Situation B refers to a meso/macro-level decisioppsrt for different strategies such as
technology scenarios, policy options etc. A keytecion is that the analysed decision has
conseqguences on changes in production, use andfdifigl-activities that will change directly or
indirectly parts of the economy through large-sadfects. For example an assessment of market
consequences of a large-scale biorefinery as wedll study on consequences resulting from the
policy to increase the share of biofuels could fpbgbe classified as situation B.

Situation C relates to studies that require a dasoe, accounting-type of life cycle modelling.
Studies falling under situation C are not interggteany potential consequences on other parts
of the economy but for example in the assessmergnefronmental impacts of a specific
product. The key difference of situation C compatedituations A and B is that the study is
interested in documenting what has happened orhaplpen based on decisions that have been
made (a decision to produce the specific prod&ithation C has two sub-types: C1 and C2.
The main difference between them is whether exjdb@nefits outside the analysed system are
considered or not (if the substitution effects amnsidered or not). When verifying and
monitoring of emissions related to product chameeqjuired, this type of accounting is suitable.
An example is the GHG calculation method presemebe Renewable Energy Directive (RED).

The provisions are given in terms of shall, shoaldgd may. “Shall” means that the provision is a
mandatory requirement and must be followed unleseetis named exceptions. “Should” means that
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the provision must be followed. However deviati@me allowed under specific conditions. “May”
signifies that the provision is only a methodol@dior procedural recommendation. Such provisions
can be ignored or addressed in another way witexpieinations or justifications.

The document gives provisions basically in everyomasue addressed in the ISO standards e.g. how
to define the goal of the study, when to use attiiimal and when consequential modelling, how to
select functional unit etc. From the perspectivéiofefineries, issues related to emissions frama la
use and land-use change related to biomass produgiroduct substitution, and solving multi-
functionality are in particular interesting. Muftinctionality poses a challenge to the assessment
because the products from the same process can dmdively different end use purposes (e.g.
electricity vs. chemical). Thus, it can be diffictd identify the most appropriate allocation metho

ISO 14044 states that the prior method for solvimgti-functionality is subdivision, then system
expansion and finally allocation /24/. The ILCD dawnt gives more detailed provisions on how and
in which situations these methods shall, shouldanday be performed. The document is applicable
for a wide range of sectors, so the provisionsrmanbe summarised to a one single rule that would
apply to all biorefineries in general. The ILCD kdaook can definitely be useful when performing
life cycle assessment studies on biorefineriesitblids to be noticed that although it completes the
existing LCA standards, the handbook can not gigi@t answer on how to handle the special
perspectives related to LCA studies on biorefireerie general, the procedure of conducting an LCA
study varies case by case. As various methodologitaces, for example selecting system boundary
and allocation methods may be reasonable deperwhinghe case, more detailed and objective
harmonisation of normative choices may be veryidalift.

It has to be kept in mind that uncertainties angsiwities are always involved when life cycle
assessments are being performed. The main soufa@scertainty are stochastic uncertainty (e.qg.
parameter uncertainty), choice uncertainty (e.gmadve choice of a system boundary and allocation
method), and lack of knowledge of the studied sygi@odel uncertainty). Monte Carlo simulation is
one of the recommended methods given in the ddtgilédance to assess stochastic uncertainty. The
document also emphasises the importance to catrgasoprehensive uncertainty analysis including
normative choices and model uncertainty in ordefind out the importance of the assumptions
whenever necessary.

Sustainability assessment for biorefineries

In the area of biorefinery research, the Europeami@ission has asked (June 2010) the four projects
of the Joint Biorefinery Call to work together irder to achieve harmonisation in different areat wi
sustainability assessment being one of them. Téjegis (also referred to as “sister projects”) are:

EuroBioRef (European Multilevel Integrated Bioredfig Design for Sustainable Biomass
Processing)

Biocore (Biocommodity Refinery)

Suprabio (Sustainable Products for Economic Praugssf Biomass in Highly Integrated
Biorefineries)

Star-COLIBRI (Strategic Research Targets for 20ZIbHfaboration Initiative on Biorefineries)

The first three are 4-year research projects withgoal of developing technologies and integrated
biorefinery chains. Each of them is planning todimt a sustainability assessment to the developed
processes. On the contrary, Star-COLIBRI is a 2-ymerdinating project that discusses the term
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“sustainability assessment” in a more theoreticaly wsee Deliverable 3.6 “Best practices in
Sustainability Assessment”). Although all threeemash projects will use similar techniques and
standardised approaches, the degree of freedomthibaé approaches offer may render results
incomparable. To avoid that and try to find comngoound, the three research projects have created a
working group (activities started July 2010) in @rdo exchange information on approaches and
methodological choices. The outcome of this codmrgso far) is a document sent to the European
Commission in September 2010 describing the festiits and the way forward /26/.

The working group will identify areas where harnsation can be definitely achieved, areas where
discussion is needed to overcome obstacles and adeere harmonisation is very difficult due to
different of objectives. For that reason, the mtgjehave created a spreadsheet, which includes the
various dimensions of sustainability assessmest, (environmental, economic, social but also
political and legal). Typical questions, open araad problems within these dimensions have been
short-listed and each partner will introduce thaiproach, in order to identify concordances and
differences and achieve harmonisation. Some exangbldese areas are shown in Table 2:

Table 2: Dimensions of sustainability and exampliggotential harmonisation areas
Environmental Economic Social
Attributional/Consequential LCA Currency Geogragahicoverage
System boundaries Price indices Functional unit
Indirect land use changes Costing method (e.g.ighnu Impact categories
Functional unit Costing metrics (e.g. IRR) Indicators
Data inventory (ELCD) Chain stages Stakeholders
Regional character Exchange rates System boundaries
Allocation between products Finance scenarios Allion between products
Impact assessment (midpoint/endpoint) Learning rates Data inventory
Sensitivity analysis Sensitivity analysis Sensitivdanalysis

First results of this promising procedure are saledtito become available in June 2011.

Calculation of product-specific climate impacts - lPoduct Category Rules

The harmonisation process should aim at estabfislitommon guidelines (developing global
standards and systems) for the calculation of mesipecific climate or other environmental impacts,
in order to make data associated with differend&inf products as comparable as possible in the
future. This is the aim of the Environmental PradDeclarations (EPDs) and the Product Category
Rules (PCRS) An EPD is a certified environmental declaraticeveloped in accordance with the
standard 1ISO 14025. The EPDs are used for varitactigal applications. Because different product
groups differ in their environmental performancaeme specific rules to the product group, so-called
Product Category Rules, are also needed. The PCBungmts are complementary to
general requirements of EPD programmes. The hagabon of general EPD programme
instructions and particularly PCRs is encouragetivben programmes to meet the principle of

" Visit also: http://www.environdec.com/
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comparability. This includes mutual recognition rofes with respect to PCR development, PCR
review and verification procedures, administrat@cedures and declaration format. To ensure
comparability, programme operators are encouragedotk cooperatively to achieve harmonisation
of the programmes and to develop mutual recognagreements (ISO 14025:2006). Specific PCR-
development process can be seen as an inevitaldeepim the pathway towards comparable
guantitative results /27/.

The contribution of a large scale bioenergy stmatiy a sustainable energy production has been
guestioned strongly by several researchers andgneernmental organisations over the last years.
Scaling up this discussion to a general bioeconsinateqgy is already beginning to take place antd wil
undoubtedly affect the development of the biorefin€oncept. Social aspects of feedstock
production, biodiversity issues, GHG emissions frdimect and indirect land use change effects as
well as several other aspects are often mentioméklis debate. As biomass and available land area
are limited resources, they should be used asteifcas possible to mitigate global warming /28/.
Furthermore, ambitious bioenergy and general bioaty goals will put significant pressure on the
use of biomass resources, a fact which will reriderneed for sustainability of production and use
indispensable. The previous paragraphs presented policy measures (and associated challenges
deriving fro them) that already exist and that dopbssibly be further expanded as a first basisfor
sustainable bioeconomy.

The RED is the core of the policy framework andegivspecial emphasis on savings of GHG
emissions from the production and use of transportéaiofuels and other bioliquids, compared to
reference fossil fuels. In the RED, an LCA basesteaay has been established for the calculation of
the GHG emissions, but it can be questioned,ié#f ieady to move from an analysis tool to a denisio
tool. The calculation methodology for selecting thiefuels to be promoted in the EU might not
ensure that GHG emissions are reduced and thegbipfaduction chains with the highest benefits in
reducing GHG emissions are promoted /12/. Nexh# aforementioned ones (e.g., social aspects,
emissions for land use change, etc.) other chalergych as coherent definition of waste and
residues, risk for different interpretations amadtifferent Member States, expansion of mandatory
sustainability criteria to bioenergy in generdystrate the need for updating the framework.

Sustainability is a multidimensional concept withenvironmental, economic, and social dimension.
The definition of system boundaries is perhapsntlest critical issue when determining the impacts
of production and use of bioproducts (e.g. bioeyerg8/. In principle, implementation of certain
sustainability criteria for biomass use is a reabtmtarget aiming to ensure that the use of bierizas
as sustainable as possible /28/. However, dueet@adimplexity of the issue, it is not clear whether
there should be only one common set of criteriaafbbiomass or more specified criteria for various
regions, raw materials, and end-use applicationarthBrmore, objective measurement of
sustainability is a very challenging task. Theraidsk that the use of a general methodology and
monitoring guidelines for sustainability assessmemttuld result in the promotion of biomass
utilisation significantly less sustainable thanices Consequently, the need for case-specific and
more comprehensive analysis with different perspestand indicators are obvious. Both micro-level
and macro-level analyses are required to ensutebtbmass use is as sustainable as possible with
regard to its various dimensions. Uncertainties aedsitivities related to the assessment of
sustainability should be accepted and consideredhoin the assessment procedure and in the
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interpretation of results. Consequently, more &ttanshould be paid on one hand on uncertainty
analysis and on the other hand on guidelines on thewuncertain results should be interpreted and
utilised in decision-making.
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