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Among the goals of the AGROINLOG project one is to develop generic IBLC dbadedies case
studies. The case studies in this context are elaborated descriptions of potential integrations of
biomass processing in value chains for food anefooa markets. The purpose of these case studies

is to, on the one hand gain insight in hthe identified opportunities that are technically feasible

can be developed into pathways for IBLCs in different sectors and markets, and on the other hand
to develop a stefby-step approach to feed the description of generic strategies for development of
IBLCs that will be applicable for different sectors and in different regions.

The detailed approach towards the desigihsuch generic strategies for the targeted sectors
consisted of the following activities:

9 refining the work plan;

1 performing case studs;

1 performing an integrated analysis of the cases studies;

1 determining a generic approach for strategy development;
1 performing MIP case studies.

To perform the actual integral analysis of the various case studies the outcomes of the various case
studies arecarefully studied and compareah the technical aspects of an IBLC pathway, namely:

1 feedstock supply;

1 logistics;

1 IBLC design;

9 intermediate biobased products;
1 final market.

Furthermore, also the netechnical aspectsf establishing an IBLC mwecompared between the
pathways of the various cases stud@#ferent ®urces of informationvere used and combined

develop a generic stelpy-step approachAmixed integer programming (MIP) model was developed

to be used in the case studies for quantitative analysis. These MIP studies give relevant insight in the
economic aspects of establishing a new and / or expanding an existing IBLC.

Sector case studies

The cases studies were performed in five different sectors: feed & fodder, olive oil mills (chain), wine
(cellars & distilleries), grain chain and sugar. The cases studies were thoroughly analyzed in a uniform
way, using a common data template so that theyld be compared more easily. The lessons learned
from each case study are first of all applicable for the specific sector at hand. Some examples of
sector specific lessons learn@edgarding successes, difficulties and solutions) and recommendations
are gven below:

1 Feed & fodder A competitive advantage over other producers can be obtained by saving
on average 80 % in terms of production cost in the IBLC. These lower production costs also
open new markets which were not profitable before due to mapkiees.

D6.4 Generic strategies for IBd€velopment 6
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9 Olive oil mills (chain) There are opportunities for new alliances between farmiecsl
authorities and agrservices with the aim to optimize the IBLC business mbdkbuld be
ensured that all actors involved in the chain will benefit dreteffore are inclined to
participate. The wrong assumptidimat underutilizd biomass can be obtained at no cost
should be avoided.

1 Wine (cellars & distilleries)t is important to transfer scientific knowledge in collaboration
with the customer to devep new productghat can be supplied by the IBLUGgislative
problems and obstacles should be overcome together with government and policy makers,
e.g. the issue that some {pyoducts are considered waste by legislation.

9 Grain chain It is necessary taléentify a secure market with added value when the IBLC is
producing a new biobased intermediate such as biochar.

1 Sugar- Actors in the value chain need to be willing and have the capacity to act and
collaborate if thdBLds going to be realised. Alsogth is a need for policies, norms, and
values in society that support the development of the IBLC.

More lessons learned can be found in ChaBté&ithough these lessis learned were sector specific,
some of them can also be applied in other sectors, possibly with some adjustmentse Bayvt
boiler technology that was developed for fieed & foddelBLQo gain the competitive advantage,
canprobably alsde exported to other sectors.

Integral analysis of the case studies

The results of the individual case studies were compared and analyzed in an integegjanding

the technical and notechnical aspcts of thér IBLC pathwaylhelessons learnewere grouped

per aspect of the pathway of an IBLC (feedstock supply, logistics, IBLC design, intermediate biobased
products & final market and finally noechnical aspects of establishing an IBLRAIs reslied in a
clustered overview of successe$alfle 4), difficulties Table 5), soldions (Table 6) and
recommendationsTable7). The lessons learned, including feetor where they were mentioned,
were labeled with a reference number of the related step in the generiebstefep approach. Most
2F GKS tSaazya fSIENYSR FLIWSEFEN G2 6S Ay (GKS
I YR tdh@icdl aLJSOGa 2F SadrofAaKAy3dI Iy L.[/Qd L
a broader impact than for only the specific sector at h&fehce they are indeed worthwhile to
compare. Logistics are often not mentioned at all in the cases studies and feedstock supply also only

has a limited number of lessons learned. Lessons learned regarding the actual IBLC design itself are

often related to compay or sector specific issues, and therefore more difficult to generalize.

Therefore, in these conclusions the focus isiokS OF 4 SI2NASa WLYGIGSNXYSRALFGS
FAYEFE YI NYWSOK yIAYOR t WH YIS O a A fefectidh dflihidegsbrs e/ 3 'y L .
and recommendations in these two categories that could apply to several sectors is described below

and more detailed information can be found in Chagter

(s}
LLl

]
a dz

¢ O
(V)

a

SuccessesResidues for power and heat production were an interesting business option. Achieving
more competitiveness was seen as a success. This was achieved e.g. by cost savings, but also by
collaboration. Factors that influenced the costs warergy savings, obtaining carbon credits, costs

of feedstocks and production costs. An economic success was the increase in equipment investments
in a region. Social successes were an increase of local employment opportunities, building alliances

D6.4 Generic strategies for IBd€velopment 7
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and knowlelge transfer to customers. A sustainability success was the reduction of greenhouse gas
and toxic gas emissions.

Difficulties- Difficulties occur due to competitions with alternative products, immature markets and
unprofitable biobased products. Economgpects are the significant investments that could be
needed to seup an IBLC, and the fear that it will take a long time for the IBLC to reach a mature
stage. Although collaboration was mentioned as a success in some case studies it was also often
mentioned as a difficulty, since the willingness and capacity to cooperate is not always there. Aligning
all actors is perceived as being difficult. Rules & regulations are also given as barriers for achieving
an IBLC, e.g. waste legislation. Furthermore, namasvalues in society are critical for success.
Public opposition can easily lead to failure.

Solutions Soecific handling systems were a solution to health problems. Furthermore, awareness of
competing use for the feedstocks is an important point to icensand market development is
necessary in some cases. An economic solution is to find (internal) customers for produced heat in
the IBLC. Social acceptance can be improved by information campaigns and starting dialog with the
stakeholders. Collaboratiw@novation and networks around the IBLC will strengthen the whole value
chain andwill shorten the time to market

Recommendationdt is recommended to secure the market for the (intermediate) biobased product
first, before investing in the IBLC. Produrcithat is focused on both energy and material recycling

of local biomass resources is considered a sustainable way forward. An economic recommendation
is to promote newly developed innovative business lines in an IBLC as a business for other companies
aswell. Collaboration of the stakeholders in the value chain (farmers, cooperativefmdiginy,

etc.) is considered a very important social aspect of establishing an IBLC. Support from administration
is needed through regulative or incentive aspectsl.tAare is a need for policies, norms, and values

in society that support the development of the IBLC. Finally, a sustainability implementation
potential needs to be secured.

Generic stegby-step approach

The insights gathered from the different case studies, their integral analysis, and the other
information from previous work in AGROInLOG and literature, made it possible to destejppya

step approachlts aim igo maximize the likelihood of acceptanand implementation of an IBLC
and it isconstructed in such a way that all relevant aspects are revieMedefore, it is a guide to
ensure companies that these relevant aspects are brought to the minimum attention during the
process towards the poss$tbdevelopment of an IBLC. However, the approach does not indicate a
mandatory ‘route’ to follow. In other words, there is not necessarily a mandatory sequemtially.
steps are grouped by the pathway of a value chain containing an IBLC:

1 Feedstock;

Logistics;

IBLC;

Intermediates / Biobased Product and Final Markets market;
Norttechnical aspects of establishing an IBLC.

= =4 -4 A
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The steps within these aspects of the pathway are described in more déalil@® and Table10
and the complete generic stdyy-step approach is visualizedrigures.

MIP case studies

The two MIP case studies giedevant insightsegardingthe economic aspects of establishing an
IBLC using the stdp/-step approach for the different topics of the pathwadlthough the
conclusions in Chaptérare very case specific, some more general indications emerggtfog up

an IB.C:

1 Raw material costs and processing cofitsn dominatethe total costs

1 Raw material transport costs have only a small contribution to the total costs in the case
when the transport distance to the IBLGelgtively smallAt larger distances thieanspot
costswill of course increase.

1 Anefficient planning of the use of process lines, stockpile, and storage capabiyiBLC
is needed.

1 Using the idle time of the existing processing equipment to proiobased products, such
asenergy pelletscan ircrease the profit of the IBLC

1 To determine the economic feasibility of additional process lines, accurate estimates of all
cost aspects, including investment costs for extra equipment, are required

1 The demand for théiobased producthould be adequat so markesizeshould be checked
in practice.

These indications can be taken into account when designing a new IBLC. However, they need to be
verified of course for the circumstances of that specific case.

D6.4 Generic strategies for IBd€velopment 9
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Among the goals dhe AGROInLOG projeateisto develop generic IBLC strategies based on case
studies The case studies in this context are elaborated descriptions of potential integrations of
biomass processing in value chains for food anefoot markets. The purposé these case studies

is to, on the one handjain insight in howhe identified opportunities that are technically feasible
can be developed into pathways for IBLCs in different sectors and markets) tother hand

to develop a stefby-step approachd feed the description of generic strategies for development of
IBLCs that will be applicable for different sectors and in different regions.

In this projectjt was decided to evelop a so callestep-by-step approacho be able tomaximize

the likelihoodof acceptance and implementation of an IBLC by constructing it in such a way that all
relevant aspects related to an IBLC development are reviewed. Thetbisr@pproachs a guide

to ensureindividual companies thatall these relevant aspects are bight to thar minimum
attention during the process towasdhe possible development of théBLCThis will lead to an
individual design and development pattsath a future IBL,Goweverfollowinga generic strategy

i.e. a pocess drivetBLGonceptf@ Y | O2Y LI yeQa LRAYyG 2F OASs

The development of this stdpy-step- generic approach is also basedpraviousoutcomes within

this AGROINLOG projectm0 G KS RSAONARLIIAZ2Y 2F (GKS OKIF NI Ol SNA
RSAONARLIGAZ2Y 2F |y LyidS3aNI (i d&detaildadaniormatidn apctitdhe 3 G A Oa  /
AaSOG2NER FTNRBY W. I aA0 Fylfteaira 2 hitedthausk® spadiied I NA O dz
Ay GKS NBLE2NI W 2YLINBKSYaAaA@dS ARSYUGAFAOFIGAZY 27F

0A202YY2RAGASE +FYR F2NJ | f23Aa0A0a AYyuGSaNIdAzy
desciptions of the three demoand (5) the sctor case studies.

The present documentasstructured as follow<Chapter2 describeghe methodology usedn this
research case studies ofriais ago-industrial sectorswere the main way of obtaining results.
Chapter 3 contains the summarizegksults percase study (which are describednitore detail in
Appendix B unthppendixH). Per case study a general description is given of the suggested IBLC and
the chosen pathway-urthermore lessons learned and recommendations for each specific sector
are mentionedln Chapte#, the casestudies are analysed in an igtated wayin order to obtain
generic solutions and recommendationsstdp-by-step- generic approachhat follows from the
analysis igliven in Chaptés. It is a guidgo ensure companies thaelevant aspects are brobgto
attention during the process towards the possible development of anllBC8apteb, an example

is mentioned of a furtheeconomicassessment of two cases studies with tixed Integer
ProgrammingNIIP) optimization. Final conclusions and recommendatiare part of Chaptd).
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The goal of an integral analysis of the various case studies is to find common aspects that can be of
use to determine genaristrategies for establishing an IRE€= Chapteb). The detailed approach
towards thedesignof suchgeneric strategies for the targeted sectaansisted of the following
activities:

T refining the work plan

performing case studies;

performing an integrated analysis of the cases studies;
determininga genericapproach foistrategy development
performing MIP case studies.

= =4 —a A

In the kickoff meeting WFBRresenteda summary of the methodolodiiat was designed at the
proposal stagelhe work to be performeiticludedconducingcase studiethat are needed to i) see

how the icentified opportunities can be develop@dreality into pathways¥ 2 NJ L. [ / Qa AY
sectors and markets and ii) to feed the descriptiogeaferic strategiefor the development of IBLCs

that will be applicable for different sectors and in different regidhs.initial methodology was

further discusse@ndseveral conceptdescriptede.g. case study, pathway & generic strateggre

further refined Based ora discussion iasecondmeeting the following definitions were adopted:

1 Acase studys preferably an existing situation to evaluate the current situation (lessons
learned) and to describe the pathways to develop a new IBLC or improve the existing IBLC.
It should cover all aspects of the IBLC: feedstock supply, logistics, technicae&mical,
economical, intermediate products, market and policy. Furthermmrgood balance is
needed in a case study between quantitative and qualitative data.

1 Apathway is a narrow / specific description of one possible way to utilize a certain raw
biomass feedstock with defined (idle) resources of an IBLC to produce a certain type of
intermediate/biocommodity that can then be used by an industry to produce bioenergy,
biofuels, biomaterials or biochemicals.

1 A generic strategys a theoretical and universal description of strategies for a stepwise
implementation to establish an IBLC based on general aspects that apply in several
pathways.

D6.4 Generic strategies for |Bi€velopment 13



Document: D6.4. Generic strategies for IBLC development
AGRO;, LOG Author:| WFBR Version: | Final
Reference; AGROInLOG (727961§.4 Date: 27/04/2020

A brainsorm of the partnersbased on the analysis of the tatgd agricultural sectotsand of the
identified opportunities for newusiness in these sectdied to a long list gbotential case studies
ideas. From this long ljshitially six sectors were chosen, thatl ideally present a variation in the
sectors and markets in which IBLCs can be establishedo a lack of intereshowed by the actors
involved in the vegetable adlector, it was decided to cancel the vegbla oil extraction case.
Gonsequently five case studies remaineDedicated ase study teams were formddr each of
these sectorsThe composition of theecase study team@ablel:) was based on the interesfthe
partnersand the experience with certain sectors in the previous ta8#kBR made a case study
methodology documerihcluding the expeed content of the case studi¢seeAnnex A.whichwas
discussedvith all partners involved. In principla@case studis donefor each sectorThe technical
partners CIRCE, ZLC, CERTH, RISE and WFBR weespoadible for datanalysis angvriting of
the sector specific templateport.

Chosen sctor Lead Technical Association partners
partner partners
Feed and fodder CIRCE RISE SPANISH GOPS, AESA
Olive oil mills (chain) CERTH CIRCE & ZLC INASGPASEGES, SPANISHDES,
AESA

Wine (cellars & distilleries CERTH CIRCE & ZLC INASGPASEGES, UBFME,
SPANISH GOPS

Grain chain RISE CERTH INASCGPASEGES, UCAB,
Lantménnen
Sugar RISE WFBR & ZLC UCAB

The association partnergrfjaniations representing specific agcompanies in their country) were
responsible for collecting data $obstantiate the technical feasibility and the optimal logistical chain
design of the case studieEhey also achievesiakeholdeé i@volvementby putting their needs and
expectations in the heart of the stemy for a local IBLJaking advantage of the@orkshops
organizedunderanother taskthe information compiledbrought very valuable input to the strategy
designin this taskA key-pointin the discusionwas thevariability among the case studiasd the
needto homogenizahe results as much as possillbile keeping of course the objective of the
work. However, he variability of the case studieannot be avoided completely so tluisrtainly
imposes difficulties fahe design of generic strategies development

1 AGROINLQQ@018 Basic analysis of targetadricultural sectorsCover report and six Annex country reports.
AGROINLOG project, Deliverable D6.2, 520 pp.

2 AGROINLOG2019 Comprehensive identification of opportunities for the production of biomass &
biocommaodities and for a logistics integratid@&ROINLOG project, Deliverable D6.3, 115 pp.
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Real versusypothetical case study

The questioraddressed waf areal or a hypotheticalasestudyshould be usedCharacteristics of

these real and hypothetical case stugges are given iable2. It was agreed that atudy of areal

existing IBLC does not necessarily have to be one existing IBLC, but it can also be done based on
comhbined experiences of certain parts of the value chdiom different casesE.g. the data on
feedstock sourcing can be from one example of a real situation and the experiences of using the idle
time of certain machines can come from another examptelBIC can be hypothetical, but by
combining information and data from existing compaties have implemented the IBLC concept
an|BLCasestudy can be defined.

A specificcountry was alwayschosen in relation to &asestudy if an existingreal IBLCwas
documented, becaustihat IBLOs of course located on a certain positiandtherefore addressing
specific circumstances associated t8#sed on thiposition the conditions faced or main keys that
could make the initiative successéuk closely rated to the site specific conditions (for instance
reduced distanceof the raw material supply wilead to reduced price of the input material
comparing to other possible location8)hypothetical IBLC case study could combine aspects from
multiple courtries. For the final market that uses the intermediates provided by teal or
hypotheticallBLCalways arexisting markeshould be used and not hypothetical estimates of a
market This idoecause dypothetical casstudyshould be kept as realistic pgssible to make the
case study more meaningful.

Issue Real IBLC Hypothetical IBLC
Description of type of Learn from an existing IBLC: what Design a hypothetical preferred 1Bl
study happened when they wanted to  for a company with realistic

become an IBLC, what steps did considerations and see if that coulc
they have to take, how did they = betechnicaly, economially, and

solve problems, etc. envirmmentaly feasible
Final market that uses An existing market should be usec An existing market should be used
the intermediates and not hypothetical estimates and not hypothetical estimates
Constraints output Outcome can be measured and  Output is calculated and depends ¢
case study depends on real data and real estimated data and assumptions
decisions that were made that can be madeluring the design
Character of study More a descriptive study of an More a feasibility study @f business
W Oldzl £t Q aAdGdzZ G plan
Type of study bases Evidencebased studies Model and/or experppinionbased
studies
Power for strategy High Relatively low
generalization
Sector Feed & fodder sector Qlive oil secto(ABEA)
Olive oilsector(NatacGroup Wine sector

Grain sector
Sugar sector
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As mentioned before an existing real IBlaSpreferred. However, since thevgerenot many IBLCs
operatingyet, hypothetical case studiesuldnot be avoided in some sectors. The feed & fodder
case studyvaspartially based oan existing IBLC. However, there were no IBLC cases found yet in
the olive oil sector. Focusastherefore on pathways based on experience of existing industries.
Alsqg noexisting IBLC casesreknown yet related to processing pruning residues in the wine sector,
so a hypothetical case study velesignedIn the grain sectarasetherewasa real site of an existing
company that could be willing to switch to an IBLC ¢alyce biochar. Finallin the sugar sector a
hypotheticall BLGase studyvasdesigned.

It should be kept in mind thaanalysng the case studies and the pathways must lead to insights
(lessons learned) to be able to generate a generic stratiyce case studies were chosen in such

a way that they will provide the necessary information (qualitative and quantitative) that is relevant
for generating this generic stratedyurthermore, gnchroniing the results of the different case
studies is important fogenerating the detailed generic strategy. Disclosure of (commercial) data
was considered carefully IBLC case studibased partially or entirely in real cas&s be able to
describe the case studies in a uniform wagoemmmon data templatevas devised (seAnnexA.
Common data templajeThis contained the following main categagreechincludingseveral detail
questions:

1. General introdation of the case study for specific sector
2. Description of the six stages of the chosen pathway
a. Feedstock supply
Logistics
IBLC design
Intermediate biobased products
Final market
f.  Nontechnical issues
3. Lessons learned
4. Recommendations for thigpecific sector

® oo

A general introduction of eadase study{l1) is needed to set the context of the specific sector in
which the IBLC is operatinginrwhich itwill be developed. The size of the sector is descyiued

its main economic activities. Furthermore, a general description is given of the suggested IBLC. Then
the six stages of the chosen pathway are described in (®tailhese data are needed to assess the

IBLC within the whole value chain. Both techingsuesZa.-2e.) and nortechnical issuef) were

given. These data wengsed in the integrated analysis of the case studies (see Section 2.3 and
Chapter 4) and for performing two MIP case studies (see Sectian®CGhapter 6). Each case study
template includes aection with lessons learned (3) and recommendations for the specific sector
(4). These two sections were summarized in Chapter 3, and also formed the basistegth&d

analysis of the case studiegjéinsee Section 2.3 and Chaptgr 4
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2.3 Performing an integrated analysis of the case studies

To perform the actual integral analysis of the various case stidiesitcomes of the various case
studiesare carefully studiednd comparean the technical aspects of an IBLC pathway, namely:

1 feedstocksupply;

logistics;

IBLC design;

intermediate biobased products;
final market.

=A =4 4 =2

Furthermore, also the netechnical aspects of establishing an IBLC will be compared between the
pathways of the various cases studies {Sgearel).

L . Intermediate biobased product
Feedstocksupp=> Logistics => IBLC Design e & Final Market

Nontechnicalaspects of establishing an IBLC

Figurel: Generic pathway visualisation.

2.4 Determining a generic approach for strategy
development
Different ®urces of informationvere used and combingd develop the generic strategy:

Reports ofWF6 - First of allthe description of the characteristics of ah@was used fro@pdated
conceptual description of an Integrated Biomass Logistics Centre §iBIT®en detailed
AYF2NXYEGA2Y | 02 HBasic andlySis of ta@diagridditura¥f Se@odwas used. And
finally, the generic strategiedso dependn the opportunities thatvere specified inthe report

3 AGROINLOG, 2017. Updated conceptual description of an Integrated Biomass Logistics Centre (IBLC).
AGROINLOG project, Deliverable D6.1, 59 pp.

4 Annevelink, E., B. van Gogh, F. Sebastian Nogués, S. Espatflerta Cruz, D. Luzzini, M. Karampinis, M.
Kougioumtzis & J. Olsson, 2017. Conceptual description of an integrated biomass logistics centre (IBLC). In:
Proceedings of the 25th European Biomass Conference and ExhibitidnJag@e 2016, Stockholm, Swede

200-203.

5 AGROINLOG, 2018. Basic analysis of targeted agricultural s€ctees report and six Annex country reports.
AGROINLOG project, Deliverable D6.2, 520 pp.
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LZomprehensive identification of opportunities for the production of biomass & biocommodities and
for a logistics integratid#

ThreelBLGlemos- The information in the business model descriptions of the three derasalso
used as input to determine ¢hgeneric approaciere these demos have a different sgt

Sector case studied he structure of the common data template was designed to reflect the topics

GKFG FNB AYLERNIFYyG Ay GKS 3ISYSNAO aidNlrGS3aIed ¢K!
wad2ya fSIENYSRQ INB AYLRNIIyYyd LINIa 2F GKS asSodaz
Literature- This can be e.g. on tHenergy Conversion PatkGP project (vww.ecpbiomass.el

where a stepwise appach was formulated to establish a-caled energy conversion park
(www.ecpbiomass.eu/node/176but also on other literature that was already studiegrigvious

tasks

In the context of thisvork, WFBR developed a mixed integer programming (MIP) model to be used

in the case studies for quantitative analysis. The MIP mousldinga separatemanua) is a
decision support tool to help optimize the food and-b&sed bumesses for an IBLC. The
optimization is subject to a specific set of realistic constraints including the availability of the raw
food and biomass feedstock, the storage and machinery capacities, demands, etc. Different types of
costs (e.g. transportationosts, storage costs and processing costs) are taken into account to
generate the best investment and operation plans that will maximize the total profits of the IBLC.
This model was designed in a flexible way that allows quick constructiamagdiof new model
scenarios (e.g. adding or deleting machines, raw materials, farms, storage facilities, etc.).

The MIP studies give relevant insight in the economic aspects of establishing a new and / or
expanding an existing IBLC. These economic aspects ates riel feedstock, logistics, the IBLC
(resources and capacity) and intermediates and final markets.

6 AGROINLOG, 2019. Comprehensive identification of opportunities for the productimionedss &
biocommaodities and for a logistics integration. AGROINLOG project, Deliverable D6.3, 115 pp.

D6.4 Generic strategies for IBid€velopment 18


http://www.ecp-biomass.eu/
http://www.ecp-biomass.eu/node/176

AGRO

Document: D6 4. Generic strategies for IBLC development
LOG Author:| WFBR Version: | Final
Reference; AGROInLOG (727961§.4 Date: 27/04/2020

The following topics frorthe Annedes B until G, describing the case studies in more detadre
summaried in eacttase studgectionbelow:

1
1
1

1
1

1d- General description of the suggested IBLC within the sector

2.1a- Types of available feedstock

2.3a- Available prdreatment & handling machinery, storage facilities, labour and other
infrastructure typs including average capacity per period (month)

2.3b- Idle period of available and suitable freatment & handling machinery, storage
facilities, labour and other infrastructure

2.4a- Types of intermediate biobased products made at IBLC

2.5a- Types offinal biobased products (that are made by another industry from the
FSSRaii201 WAYUSNXYSRAIFIGS 6A20laSR LINRPRdAzOGaAQ R
3a, b, ¢ & d (so aHRecommendations for this specific sector

4a- Recommendations

da™y

More details andhe rest of the informatiombout the case studiesan be found in the Annex8s

until G

General decription of the suggested IBLC

This casestudy isfocused orthe use of the surplus fodder to produce pellets, which are further
employedto produce thermal energy for the dehydration process. More detailed information can
be found inAnnex B.

The information collected in this deliverabl@éstiallyfocused on AGROPAL Sooop. case study,
includinga cheese factory (Quesos Cerrato Soc. Caop.a fodder dehydration factory (Villoldo)

owned

by AGROPAIhey use the foddederived pellets to achieven energetic selfonsumption.

Howeverdue to the lack of informatioretated to certain aspects of energy consumption and costs,
other inputswerereceived from othesourcesand companies of the sector.

Description of the chosen pathway

FeedstockHerbal waste, particularly cereal straw

IBLC (equipmenfywotypes of boilers were purchasedrsfly, a heating boiler for one of the fodder
dehydration factoriesandsecondlya steam production boiler for the cheese factdrynvolved an
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overally @S a i YSy G 2hHe steam boilen farthe chdesetfactdrgd a depreciation period
of 6 years, considering a boiler service life of 25 years.

Intermediate biobased produciBhe type of intermediate biobased products made at IBLC is solid
biofuels traw pelletsy YR 0 SOl dz&G2 $ ¥ dzV IKGA St Fli GKS L.[/ y2
are manufactured.

Feedstock Idle period IBLC Biobased Final market

(equipment) product
Intermediates

Lessons learned

Successe3he main success of the casthis geater competitive advantage over other producers
by saving on an averagelB % in terms of production coé$panish Gops, 2017)In generalower
production costs also open new marketkich were not profitable befordue to market prices
However, or AGROPAL this was not relevant because of theasifimption of the pelletsThis
case also shows thi#ttincreases locamployment opportunitiegnd increase of the equipment
investment in the region in the agricultlisector Besides thatit alsoshows that it igossibleto
developa new linein other companiesiue to the sale of carbon creditdnd last but not least
energetic savings and a decrease of the fossil fuels use, as well as amdwhee of fossil fus
market are shown byatural gas savinghat varybetween 2070 %, depending on the straw price
(Spanish Gops, 2017)

Difficulties Some of the main barriers found during the project development {@gmaw material
productionvaritions due to weather circumstances, (2) technical difficulties and cost related to
straw densification and the combustion process, (3) challenges related to prototyping the boiler, (4)
finding the right biofuel additiveghichcounteract the pernicious effects of the straw burnamgl

finally (5) the needed use sfarch and molasses binding materials in the pellet manufacturing
process

Solutions for problegof the needed use of starch and molasseisiading maerials wasackled by
testing dfferent matrixestested with the aim to find an optimal size to counteract the expansion
trend of the raw material during this procegsnd for the combustion systenthe boiler was
specifically designed for this type of fdak to the strawparticularfeatures, a temperatureariation
was studied and optimigen order to reach an equilibrium between the ashes fusion and the slag
formation. Additionally, an air dilution is performed by adding fresh air to the combustion air
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Recommedations for this specific sector

Originally, the energetic valorisation of straw attended to a strategy focused on removing straw
when having a production surplus, which created additional management and harvesting costs. This,
in addition to the impossility to burn this straw due to environmental concerns and need of
management, were the main causes to start this new valorisation Aime.ace the biofuel
fabrication process is implemented and optimized, promoting this business line is propoged as

of the major opportunities, by replicating the milling and granulating process in different cereal
industries And furthermorethe development of the speciflilers, the energetic costs could be
improved by the installation of this dmbc boiler moéls, in other consumption points owned by the
cooperative, such as: animal feeding production, second industry of fodder drying and cereal drying
industryand everexporting the boiler model to different consumption points, i.e. different sectors,
could bea great business opportunity

General dsecription of the suggested IBLC

The IBLC concept on the pomace mill (ABEA) owned by the Mills of Crete is studied. Crete and more
specifically Chania region produces, in annual,mbeige potential of residual biomass (e.g. olive

tree prunings and olive leaves) from the olive sector, quantities that ABEAntanidje for its

benefit, introducing new final bibased products in the local markéipart from this, ABEA has a

long idle period time (from August to Novembgrand thus it is considered suitable for the
implementation of one or both of the selected pathways that will be studied in the olive oil sector.
The first pathway will be focused on the exploitation of the residua tiee prunings and the
production of new bidased products (pellets), while the second pathway is based on the
exploitation of olive leaves and the extraction of olive phehdtse detailed inbrmation can be

found inAnnex C.

Description of the chosgmathway

FeedstockConsidering the first pathway, thiesidual olive tree prunings thatill be utilisedis a

a2dz2NOS 2F daoA2Ylaaéeé GKFG A& o AsNd Bsechnd pazhihdfyy T A NB a
the olive leaves that are separated in oliwéls and/or burned along the olive tree prunings, were

selected as raw materials.

IBLC (equipment) Concerning the first pathway and the olive tree prunings a new investment in
harvester/shredder machines like FACMA COMBY TR200 from the company sess@yéor the
harvesting of the raw material before entering the IBIH@. existing equipment of the pomace mill,

i.e. the belt dryer, the storage facilities, as well as the personnel that ABEA currently employs will be
available for the new activities the IBLC. As for the second pathway and the phenols extraction,
again some of the existing facilities (dryer, storage facilities) can be also used. However, biobased
products processes would require even higher investments than the ones needed for the
exploitation ofolive tree prunings pathway. The idle period for ABEA pomace mill ranges between
July and October
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Intermediate biobased productblong since in this case study the produced olive pedietwell as
the extracted polyphenolsre the findbiobased products delivered directtythe final consumers

Finalbiobased productsihe main types of final biobased products from the first olive oil pathway
are: olive prunings in the form of pellets, and there is an option for briquettes or eidbetha
prunings directly in hog fuel formhd final biobased products that can be derived from the second
pathwaycanbe various for instanceolive polyphenolssuch as oleuropein and hydroxytyrosol as
well as triterpenes (oleanolic and maslinic acidiéh unique applications ipharmaceutical,
chemical, animal feeding or nutraceutical markets.

Dryer Solid biofuels
Solid biofuel market, Industrial
end-users
biopower/ CHP

4t

Olive prunings
(shredded
material)
+

Grinder

Jul
¥ Pelletizer

(olive tree

October pellets, hog fuel

Storage facilities -

. Polyphenols Cosmetics,

Dryer Pharma, Food
Market

Olive leaves

Mixer
Storage facilities

Figure3: Pathway around the suggesti®LC

Lessons learned

As it was mentioned above both of the studeedes are hypothetical scenarios. For that reason,
wasbelieved thatit is better to present some lessons learned from an existing case (FIUSIS power
plant), which produces electricity exclusively from olive tree prunings and was examined in previous
project by CERTHFIUSIS power plant, follows the above mentioned logistitshis is the reason

why it was chosen to present its lessons learAdldheharvesting techniques as well as ttandling
processes of the olive tree prunings da an effetive example to imitate for the future IBLC.
Further to this, the plant owner and manager, is interested in expanding the business activities in
two new areas. The first is tipeoduction of olive tree prunings pellets for the domestic / industrial
sectorand the second one is the usktthe biomassash as a fertilizer

Based on FIUSIS experience the successes factors are relgt¢dhimhigh density othe olive
groves which lead on the reduction of ttransportation distances, (2) the high joiningeraf
farmers in the pruning supplement chain, (3) the high pruning surface amounts, (4) creating rural
employment and agricultural services companies, (5) giving opportunities to new alliances between
farmers, local authorities and agservices with thaim to optimize the business model, ¢&ating
value from an already sorted out residue that is utilized for heat and power generation today and (7)

7dzt gNHzy Yy A-gBY @2NJ SdzadrAylrofS adallXe 2F g22Re& o0A2YLF&aa FNRY
(https://www.up-running.eud ® ¢ KA a LINRP2SOG KlIa NBOSAOGSR FTdzyRAy3d FNRY GKS
innovation programme under Grant Agreement No 691748.

D6.4 Generic strategies for IB€velopment 22


https://www.up-running.eu/

Document: D6.4. Generic strategies for IBLC development
AGRO;, LOG Author:| WFBR Version: | Final
Reference; AGROInLOG (727961§.4 Date: 27/04/2020

establishing agreement with the neighbouring municipalities in order to involve farmers in stopping
pruning burning and adhere to the collecting procedures.

On the other hand the biggest difficulties are (1) convincing farmers to establish ways of
collaboration, (2) legislative problems/obstacles ferpbgducts that so far are considered waste by
legislation and used to bunt in open fires, (3) escalating the process towards industriahsid)

the fear that other types of competitive fuels (sunflower pellets, exhausted olive cake, wood pellets)
can attract the end users due to lower prices or higherduality However, in order to overcome

the reluctance of farmers, the best solution according to FIUSIS would be an intense information
campaign to promote the social acceptance far before the year of the investment.

Recommendations for this specific &ec

The implementation of an IBLC for the valorisation of olive tree pruning requires the active
collaboration of farmers and cooperatives. It is necessary to develop alliances between the local
authorities and the agricultural sector and try to overcomectimamon belief that burning prunings

in open fire is the easy way to treat prunings this way new opportunities for the regjdhe
environment and of course for the local market and its consumers will emerge.

General decription of the suggested IBLC

Underthe AGROINLOG projestrategic alliances betweeagroindustriesand biotech SMEsgvere
assessed to evaluathe extraction of new high added value dpimducts such as phenolBigure

4). The proposal for this sectamasinspired by the successful partnership that N&aguphaswith

the world leading olive pomace oil producer, Oleicola El {sgaond degree cooperative), with
whom they have created a joint venture called Innovaoleo. Nataapis aSpanish Biotech SME
dedicated tathe resear®, developnent, manufactue and marketingf natural ingredientsThanks

to this strategic alliance with the cooperative, they have access to all the necessary raw materials for
the production of olivederived extracts. In addition, this working formula allows to share several
costs related with storage, logistic amdrsport activities, leading to highly competitive products.
While agroindustriessupply the raw material and other assets such as infrastructure for storage,
logistics and processingpanish Biotech SiBrovide knowledge and technologylore detailed
information can be found iAnnex D.

Description of the chosen pathway

FeedstockTwo Phase Olive MWaste (TPOMW) and olive leavaa® the main raw materials
NBIjdzA NER FT2NJ KS LIKSy2ftaQ SEGNI OlA2y LINRPOS&A
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IBLC (equipment)nfrastructure facilities and eguipment related to auxiliary processes (fire
extinction, security, steam boiler, étand biomass managemeitashing, cipping,drying, mixing,
storage etc.)will be required during the procesdle period in the olive pomace oil industrfegen
faciities, equipmentind other compatible resources are availafile alternative purposeg)sually
goesfrom August to November.

Intermediate biobased produc@live pomace oil industries produce crude pomace oil, which is sent
to refineries for the obtaining aflivepomace oil for human consumption

Finalbiobased product®live extractor pharmaceutical, nutraceutical, animal feed and cosmetics
industrieswhich will be later incorporatedto final productsin addition, olive pomace oil industries
generate two solid biofuels at the end of their process that are also ready to market: olive stones
and exhausted olive pomace.

Dryer Cosmetics,

August Mixer Polyphenols Pharma, Fooc

RIS

November Storage Market
facilities

Oliveleaves

Figured: Pathway around the suggestiLC

Lessons learned

Successeare related to (1puilding alliances to allothe optimization of the business modégp)
existence of companies withng experience and teguality technical equipmerand (3)scientific
knowledgeransferinto new products in collaboration with the customer.

Difficultiesare (1) convincing farmeragreindustries and innovation centrés establismewways

of collaboration especially when the actors belongndifferent £ctors, (2) escalating the process
towards industrial size, (3) istative problems / obstaclesg. by-products that are considered
waste by legislation and (4) development of an IBLC requires long maturation timsigmificant
investments in ResedrdDevelopment & Innovation

The mairsolutionshould be to ensure that all actors involved in the chain will benefit and therefore
are inclined to participate. Another way towards succedseismplementation of models such as
collaborative innovatigrensuring success and shortegtime to market access

Things to avoidre assuming that undeexploited biomass wilbe obtained ano cost Becausall
the stakeholdersnvolvedshould benefithis also means that undexploited biomass should be
made available at a certain price / cost
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Recommendations for this specific sector

Itis necessary to (&arch for formulas to bring together agents from very different sectors, (2) seek
innovative business models so that all agecdsi gererate profits and (3) overconmnservative
thinking. It is important to be able to combine technological development, access to raw materials,
manufacturing capacity and, of course, international trade.

General dscription of the suggested IBLC

Suggested case study in the wine sector depicts a hypothetical alliance between didtiigsias,
companies and technological centerattivould allow both the vineyards pruning valorisation and
the extraction of phenols within thesgroindustries running as IBLCs. For this purpose, several
interviews were carried out to distilleries, to a logistic company (Athisa Biogeneracion) and to
Spanish Biotech SMBatacGroup. Therefore, the case study for the wine sector includes two
different pathways: vineyards pruning and phenMsre detailed inbrmation can be found in
Annex E.

Description of the chosen pathway

FeedstockRawmaterials for the proposed pathways aiieeyards pruning, grape pomace (which
contains grape seeds, grape skins and grape stalks), lees and filter pastes.

IBLC (equipmentConcerning the first pathwayost vineyard farmers already have tractors and
pulling systems to collect the vineyards pruning from the soil. Sometimes cooperatives and wineries
in general also have trailers which they can use to transport the pruning from farmers parcels to the
gatheringpointss & F2NJ G KS &S 02 y Rctitd) bivfeah SNMEsuTh a8&ac@roup Q S E (G NJ
take advantage of the assets and facilitiest agroindusties have.ln this line, through their
association with the distilleries, both the logistics himdech companiswould ensure the supply

of raw materiad and access to machinery for drying (trommel), storage facilities, etc., necessary both
for the valorisationof the pruning andhe extraction of the polyphenols. Ti#e periodin the
distilleries, when facilities, equipment or other resources comatitth the processing of biomass
would be available, extends from June to September, with the start and end months of this period
varying according to the region.

Intermediate biobased producisll the distilleries generate ashes by burning the exhaugtge
pomace that they selfonsume to meet their thermal needs. These ashes can be considered an
intermediate bieproduct for the manufacture of fertilizers. The same would occur in the
hypothetical case of satbnsumption of the chips and pellets proddcfrom pruning for energy
purposesDistilleries generate several intermediate biobased products such as grape seeds, tartrate
and alcohol.

Finalbiobased productdMain final products from vineyards pruning pathway are pellets, chips in
bulk andchips in balesRegardingthe phenol's pathwaythose would beproanthocyanidins,
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anthocyanins, flavonoidsesveratro] enocyanine, etcHowever, it should be noted that bigger
distilleries currently produce some of these and offireal bioproducts suclas tartaric acid, grape
seed oil, bioethanol, grape seed flour adburing agents. All distilleries produce exhausted grape
pomace Most of these products are destinedh@fuel,pharmaceutical, chemical, animal feeding
nutraceuticaland foodmarkets.

Solid biofuels
Vineyard .
prunings

RIS

Storage

o Al Phenols
facilities

June + (proanthocyanidins, Cosmetics,

Septembe

Rotary dryers
Other assets

Grape seeds, anthocyanins, p_harma,
tartrate, flavonoids, animal feed,
alcohol resveratrol, nutraceutical

enocyaning and food
Markets

Wine by
products

Figureb: Pathway around the suggestiLC

Lessons learned

Successeare related to(1) overcoming the high content of stones, sand and other remnants that
vineyards pruning usually preseste@ning equipment patented Pthisa Biogeneraciéor new
pre-pruning machinery developed within the operational group VidBiomasa), (2) creating rural (and
young) employment, (3puilding alliances to allow dptization of rural business modeid)
transferring scientific knowledge @ollaboration with the customdo developnew productsand

(5) thereduction of greenhouse gas emissions by promoting the substitution of fossil fuels.

Difficultiesare (1) convincing farmers to establish ways of collaboration, especially when tlse actor
are in different sectors, (®caling ughe process towards industrial size, (3)d&give problems /
obstacle=s.g. by-products that are considered waste by legislation and (4) development of an IBLC
requires long maturation times with significantéstments in BsearchPevelopment & Innovatian

The mairsolutionshould be to ensure that all actors involved in the chain will benefit and therefore
are inclined to participate. Another way towards succedseismplementation of models such as
collabaative innovationshorteringtimesto market access

Things to avoidre the common assumptiotisat underutilizd biomass will be obtained iab cost
All operators should benefit

Recommendations for this specific sector

Itis necessary to (1) search formulas to bring together agents from very different sectors, (2) seek
innovative business models so that all agentserpe profits and (3) overcome conservative
thinking It is important to be able to combine technological development, access toatesials,
manufacturing capacity and, of course, international trade.
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General decription of the suggested IBLC

One of the residues from the cereal production chain today is chaff. Chaff is the dry, scaly protective
casings of the seeds of cereal grain. It also consists of dust and damagebseedsys,tte chaff

is utilized in energy recovery. ©possible new tlization for the chaff is the production of biochar.
Production of biochar can refine the management of several waste streams, such as chaff, that are
difficult to utilize for anything more useful than energy recovAtyone of Lantmannef éereal
handing site they receive many different types of cereals and seeds. One facility is cleansing seeds
and one facility is drying and cleansing different types of material such as cereahgidotkier

peas.

Biochar is a solid material obtained from thebcaisation of biomass and is produced from
intentionally heating a biomass feedstock via pyrolysis (without oxygen) or gasification (limited
oxygen). Biochar can be used as a product itself or as an ingredient within a blended pragluct. On
possible furtherprocessing of the biochar is pelletizing. There are several possible markets for
biochar, such as soil improvement, carbon capture, filtration material, hfe@eé additive and
bioenergy More detailed information can be foundAmnex F.

Description othe chosen pathway
Feedstock The type of available feedstock is chaff, a-stdeam from cereal production.

IBLC (equipment)Possible IBLC equipment that can be utilized in the suggested IBLC is found in an
old feed factory on the site that was shutveh many years agdhe pyrolysis equipment does not

exist on the site today, a new investment is needed for lthigould also be optimal if the chaff can

arrive in containers to the signdthat the material is just tipped down into the pitth conveyors

so that there will be as little handlinghe material should also be stored in containEngre is an
existing equipment for pelletising on the site today, this could be utilized for pelletizing the chaff
which is another way to simplifiye handling of the chaff. At the feed industry on the site there is a
pelletizing machine, balers and mixers amongst others that could be utilized in the IBLC. The chaff
could be tipped indoor in a bunker silo. The biochar can be stored in bulk on eonithet roof

above.

Intermediate biobased productdhe type of intermediate biobased product made at the IBLC is
biochar.

Final biobased products The types of final biobased products are primary soil improver and
bioenergy. Alternative markets arerlsan capture, filtration material and animal feed additive.
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IBLC Final market

(equipment) Soil improvement
Biobased
product

Feedstock

Grinder Intermediates Carbon capture

Pelletizer
Biochar
Storage Pelletized biochar Animal feed

additive

Chaff Filtration material

Pyrolysis
equipment Bioenergy

Figure6: Pathway around theugigested IBLC

Lessons learned

Successeare (1) relative low investments compared to other possible investments in biorefineries
in the pyrolysis plant and (2) creating value from an already sorted out residue that is utilized for
heat and power generatiomowadays

Difficultiesare (1) to prodce biochar with a profit, (2) the biochar market is immature, (3) difficulty
to handle thebiochar due to risks in the working environment amongst others and (4) current
biochar technology is nefalthough pyrolysis technology is already at TRin®)t is not sure if
technology will work at specific efficiency levalgere are no examples thahé technology has
worked o largerscale

Solutions for problenare (1) the necessity wweate a market with added value for the biochar and
(2) minimizinghe difficulties with the chaff by handling it in containéfiareover,avoid investing
in a plant without having an available heat sink

Recommendations for this specific sector

Before the investments can bertwin the IBLC/Pyrolysis equipment a secuaekat for the biochar

has to be identified, preferable with an increased market n@ddochar production that is not only
focused on energy production but on both energy and material recycling of local biomass resources
is a sustainable way forward. Tikithe way to create added value for both the customers, the region
and the environment.

3.7 Sugar sector - Nordic sugar - Sweden

General dsecription of the suggested IBLC

Nordic sugaiis producing wgar in campaigns that usually last from late Septembe&atmary
Outside of the campaigron-site production capacityvould potentially be availabldn the
production of sugar from sugar beets severgbomducts, are generated. Beet pulp is theproduct
generated in largest quantitie§lobally there is a huge demand for-based materials to be used
in, for example, packaging. In the suggeste@, Bk beet puldsutilized as feedstodior produdion

of succinic acigSA) SA is a watesoluble crystal, traditionally made from fossil resources, that is
used as a chemical intermediate in a high number of chemicals and prdchistproduction cdd
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be conducted during the time of the year when there is no production in the sugar fadtey.
detailed information can be found in Annex G.

Description of the chosen pathway
Feedstock The type of available feedstocleset pulp, a ceproduct fromthe sugar industry.

IBLC (equipment)Evaporators and centrifuges are examples of existing equipment that can be
utilized in the IBLQbut the existing equipment must be adapted to be integrated with the IBLC.
Existing cleaning equipmerthe infrastructue for steam, electricity, water, computer systems,
laboratories etc. could also be utilized. The equipment on the site is not utilized during March to
August (six months). But it might be necessary to run the process also during the sugar campaign
since here is no storage area on the site for the pressed beet pulp.

Intermediate biobased product¥he types of intermediate biobased are SA, biomass, other organic
acids, residuals and water. Biomass and residuals could be used for production of biggee(equ
that could also be shared with the sugar factory).

Finalbiobased productsThe final product is polybutylene succinate (PBS). PBS is a polyester made
from SA and 1;#utanediol (1,48DO).

Lessons learned

Successeare (1) collaborations between Nordic Sugar and GAIA Biomaterials in producing SA and
PBS on a more regional scale, (2) although a teebooomic assessment is lacking and given the
fact thata production process often requires a certain size for economies of scale it is believed that
it could be economichl feasible (3) by creating an IBLC profit will most likely incraadean
WAYLINREGSR @I fdzS§ OKIAyQ O2 dzf iksugabgaisieye® 6 theTstighdy S NBE
price would fluctuate.

Difficultied NB om0 AAIYAFAOIYyG Ay@gSadySyd Attt oS ySOS
and collaborate as well as policies, norms, and values in society are critical for the@suadless,

(3) possibly the lack of institutional support and actor commitment and alignment for this
development in Sweden, (4) alignment of all actors along the whole value chain in a network that

strives towards a common goal of advancing the teclgyole necessary to bring about novel

technology development and market implementation.
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Solutions for problerese (1) technical research including experiments on different scales to prove
the concept and systems studies for assessment will be necesdsyatile to conduct a techno
economic assessment and a more realistic business case and (2) starting a dialog about the
production of SA in Ortofta and PBS in the Sk&ne county as a steppingstone for a potential future SA
network.Neverthelesst is woth pointing outthat the beet pulp is mainly utilized as feed today and

this needs to be considered in the business case both for economic reasons and to avoid negative
publicity due to environmental effects i.e. fuel vs. food.

Recommendations for thigpecific sector

Establishing an IBLC in Ortoféapotentially promising but more research and development is
necessary before any recommendations can be g&tamting from producing biobased SA through
the biotechnological fermentation of refined sugars or starch from cultivated crops (e.gcaddn)

be the way to start the production of SA for Nordic Sugar and then move forward towards utilizing
both C5 and C6 sugar as in the case with beet fiH@sever, emissions caused by land use change
(iILUC) should be added in this case to mirror-tenm sustainability issues caused by increased
production ofagricultural crops. And actors in the value chain netie willing and have the
capacity to act and collaborate if the case study is going to be realised. Alsds thereed for
policies, normsand values in society that support the development of the IBLC.
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The goal othe integral analysis of the various case studsimarizedn Chapter3 is to show
common aspects that can be of use to determingeneric strategfor establishing an IBL{D
Chapter5). This wa done bytakingthe main resultsof the various cas studies and comparing
them regardinghe technicabnd nontechnical aspects of th8LC pathwasy

First of allan overview othe main characteristiasf all thedescriptions of the chosen pathways in
the variouscase studies is given Trable3. Thenthe lessons learneffom the case studiewere
grouped per aspedif the pathway of an IBL{&edstock supply, logistics, IBLC design, intermediate
biobased products & final market anddlly nontechnical aspects of estikhing an IB)(Based on
these aforementioned aspectbe integral analysis is grouped in fawerarching topics order to
enable logical structuring

I successes

1 difficulties

9 solutions (and things to avoid)
1 recommendations
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Table3: Overview of thenain characteristics of the chosen pathways in the vaciasss studies.
Case study characteristics

AGROPAL additional ABEA NatacGroupg Distilleries Alliance with Lantméannen Nordic Sugar
information from Oleicola El Tejar Logistic andbiotech
other sources companies
Real Hypothetical Real Hypothetical Hypothetical Hypothetical
Cereal straw Olive treeprunings;  Two Phase Olive Mill Wine production by Chaff(a side Beet pulp(a ceproduct
Olive leaves Waste (POMW); products; stream from cereal from the sugar
Olive leaves Vineyards pruning; production) industry)

Vine strains that are

uprooted
Average distance Average distance Average distance Average distance 3.3 ki Average distance Average distance 200
15 km from field to 5-10 km from field to 0-1 km from industry and maximum 5 km 80-90 km from field km from industry to
intermediate storage IBLC to IBLC from field to IBLC to IBLC IBLC
70 km from Trucks Internal transport Trailers Container truck Tank trucks
intermediate storage
to IBLC
Trucks
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Sector Feed & fodder Olive oil mills Olive oil pomace
industries &
biotech companies

IBLC machinery Two boiler types Integratedharvester/ Machinery for

shredder for
harvestingorunings.
Existingpelt dryer
andstorage facilities;
Grnder, cooler,a
pellet press and a
mixer

washing, chgping,
drying, mixing and
storage facilities

Intermediates  Solid biofuels (straw  None None

pellets)

Olive extracts for
pharmaceutical,

Final market Seltconsumption IBLC Solid biofuelsmainly

pelletsand optionally

briquettes; nutraceutical, animal
Various olive feed and cosmetics
polyphenoldor industries
pharmaceutical,

nutraceutical, animal
feedand cosmetics
industries
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Wine

Rotary dryersstorage
platforms,forklifts and
tractors trommel dryer

Ash;

Grape seeds, tartrate,
food alcoholpeutral
alcohol,crude alcohol
Proanthocyanidins,
anthocyanins,
flavonoids, resveratrol,
enocyanine; Tartaric
acid, grape seed oil,

bioethanol, grape seed

flour, colouring agets;
Solid biofuels: pellets,

chips in bulk and chips

in bales

33

Grain

Equipment for
pelletising, balers
and mixers, bunker
silo

Biochar

Soil improver;
Bioenergy

Sugar

Evaporators,
centrifuges,
cleaning equipment,
infrastructure for
steam, electricity,
water,

computer systems,
laboratories etc

SQiccinic acid{A,
biomass, other organic
acids, residuals and
water, biogas
Polybutylene succinate
(PB%a polyester made
from succinic acigSA
and 1,4butanediol
(1,4BDQ.
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In Table4 to Table7 the findingsof the various case studiese sorted per item of the pathwagand
LINS&ASY(iSR dzy RSNJ 1KS KSFRAYy3 WwSadzZ 6aQd ¢KS 2NRARIA
study where it was mentioned in Chap8iF&F = Feed & Fodd€dOG = Olive Oil Gree€2QS =

Olive Qil SpaitWI = WineGR = Grair§U = Sugarhestepnumbers in the last column of the Tables

refer to the step numbers in thgeneric stegby-step approacthat will be describeth Chapters.

Themainsuccessesf the casestudiesare described ifTable4. Regarding the feedstock supply it
was important tdfind enoughfarmers that can supply sufficient biomass oéguiredquality. For

the logisticsa supply at relatively short distances needs to be achieved. A long experience with top
quality equipment was seen as a success féotdhe IBLC desigiMany successes were related to
intermediate biobased products and the final market. Residues for @owldreat production we

an interestingbusinessoption. Achieving more competitivenesgas seen as a succedis was
achieved e.g. by cost savings, but also by collaboration. Factors that influenced the costs were energy
savings, obtaining carbon cregjicoss of feedstocks and production cosEnally many success

were mentioned regarding netechnical aspects of establishing an IB\rCeconomic success was

the increase in equipment investments in a region. Social successes were an increaae of lo
employment opportunities, building alliances and knowledge transfer to customers. A sustainability
success was theeduction of greenhouse gas and toxic gas emissions

The mairdifficultiesof the case studiesre described ifable5. Raw material production vations

are a difficulty for the feedstock supply. No specific difficulties were mentioned in the case studies
regarding logistics. Technical difficultiesareling processes and technologies in the IBLC design are
mentioned in several caseRegarding the intermediate biobased products and the final market
difficulties occur due to competitions with alternative products, immature markets and unprofitable
biobased productsFinally, many difficulties are relatedriontechnical aspects of establishing an
IBLCEconomic aspects are the significant investments that could be neededuip aetiBLC, and

the fear that it will take a long time for the IBLC to rematature stage. Although collaboration was
mentioned as a success in some case studies it was also often mentioned as a difficulty, since the
capacityand or willingnesi cooperate is not always there. Aligning all actors is perceived as being
difficult. Rules & regulations are also given as barriers for achieving an IBLC, e.g. waste legislation.
Furthermore, norms and values in society are critical for success. Public opposition can easily lead to
failure.
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Tabled: The successes of the case studitspOumbers refer tohe generic stefpy-step approacin Chapteb).

Topic Resits SIEY
number
Feedstock 1 High joining rate of farmers the pruningsupgdy chain(OOG). 3
supply 1  High pruning surface amounts (OOG). 34
1 Overcoming the high content of stones, sand and other remnants that i:

usually present in prunings (WI).
Logistics 1 High density of olive grovésads tothe reductionof the transporation 13

distances (OOG).

1 Long experience artdp-quality technical equipment (OOS). 23
Intermediate  § Creating value from an already sorted out residue that is utilized for he: 31
biobased and power generation today (GR).
products & 1 Creating value from a residue that is currently burned on the field (prun 31
final market (O0G00S, Wi

1 Greater competitive advantage by saving on an aveE) % in terms of 33
production cost (F&F).

Transferring scientific knowledge in collaboration with the customer intc 33
new products (WI).

1 Collaborations in producirsgiccinic acigSA)yndpolybutylene succinate 33
(PB%on a more regional scale (SU).

1 Although a techne&conomic assessment is lacking and given the fact th 33

production process often requires a certain size for economies of scale
believed that it could be economical feasible (SU).

1 Bycreatingan BUIONR FAG @At Y2ad tAl]sta 33
OKI Ay Q O2dz R O2y @Ay OS FINNSNER :+
sugar price would fluctuate (SU).

1 Energetic savings and a decrease of the fossil fuels use, as well as an 35
independence of fasl fuels market are shown by natural gas savings th:
vary between 270 %, depending on the straw price (F&F).
9 Possibility to develop a ngwoductionline due to the sale of carbon credi 35
(F&F).
1 Lower production costs open new markets which were nafitable before 35
due to market prices (F&F).
Nontechnical An increase of equipment investments in the region in the agricultural 41
aspects of sector (F&F).
establishing Relative low investments compared to other possible investments in 41
an IBLC biorefineries in the pyrolysis plant (GR).
An increase of local employment opportunities (F&F) 42
Transfering scientific knowledge in collaboration with the customer into 42
new products (OOS).
Creating rural (and young) employment and agricultural services compi 42
(W1& OOG.
Building alliances to allow optimization of the business model, (OO& 42
Wi).
Estdlishing agreement with the neighbouring municipalities in orde:
involve farmers in stopping pruning burning and adhere to the colle 42
procedures (OOG).
The reduction of greenhouse gas and toxic gas emissions by promoting 45

substitution offossil fuels (WI1).

F&F = Feed & Fodder; OOG = Olive Oil Greece; OOS = Olive Oil Spain; WI = Wine; GR = Grain; SU = ¢
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Tableb: The difficulties of the case studfstepnumbers refer téhe generic stefpy-step approactin Chapteb)

Case study difficulties

Topic Results Sep
number
Feedstock 1 Raw material production variations due to weather circumstance 3
supply (F&F).
Logistics 1 Nothing mentioned about this in case studies -
IBLC design Technical difficulties and cost related to straw densification and t 23
combustionprocess (F&F).
Challenges related to prototyping the boiler (F&F). 23
Finding the right biofuel additives which counteract the perniciou 23
effects of the straw burning (F&F).
Needed use of starch and molasses a binding materials in the pe 23
manufacturing proess (F&F).
Escalating the process towards industrial size (OQO&WI). 23
Current biochar technology is negand it is not sure if technology 23
will work at specific efficiency levels (GR).
Intermediate 1 Competitive market of biofuelBear that other types afompetitive 33
biobased fuels(sunflower pellets, exhausted olive cake, wood pellets) can
products & attract the end users due to lower prioashigher fuel quality
finalmarket (O0G).
1 Difficulty to handle the biochar due tisks in the working 33
environment amongst others (GR).
1 The biochar market is immature (GR). 34
{ Difficult to produce biochar with a profit (GR). 35
N ECTe 1B 9  Significant investment will be necessary (SU). 41
aspects of 1 Development of an IBLC requires long maturation times with 41
establishing an significant investments inf® (O0S &WI).
IBLC 1 Convincing farmers to establish ways of collaboration, especially 42

when the actors are in different sectors (OOG, OOS & WI).

T '002NEQ gAfttAyadySaa FyR OF LI C 42

1 Alignment of all actors along the whole value chain in a network 42
strives towards a common goal of advancing the technology is
necessary to bring about novel technology development andeha
implementation (SU).

1 Legislative problems / obstacles e.gpbyducts that are considerec 43
waste by legislation (OOSOG& WI).

1 Policies, norms, and values in society are critical for the success
failure (SU).

1 Possibly the lack of institutional sigpand actor commitment and
alignment for this development in Sweden (SU).

F&F = Feed & Fodder; OOG = Olive Oil Greece; OOS = Olive Oil Spain; WI = Wine; GR = Grain; SU = Sugar

43

43
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Thesolutionsof the case studieare described ifTable6. No specific solutions were mentioned for
the feedstock supply and the logistics. For the IBLC desitpmical researctvasrecommendedo
prove the conceptombined withthorough testingof the technologies. Alssystems studies for
assessment will be necessary for a more realistic businesfRegarding thetermediate biobased
products & final marketpecific handling syems were a solution to health problems. Furthermore,
awareness of competing use for the feedstocks is an important point to consider and market
development is necessary in some cag@swlly,as already mentionethany solutionsre related

to nontechnrical aspects of establishing an IBbffen in response to the difficulties mentioned
before An economic solution is to find (internal) customers for produced heat in the3Bti@l
acceptance can be improved by information campaégs starting dialogvith the stakeholders
Collaborative innovation and networks around the IBLC will strengthen the whole valuanthain
will shorten the time to market

The onlythingto avoidfrom the lessons learned of the case studies was mentioned in the category
Norttechnical aspects of establishing an IRloGiot assume that underutiBzl biomas will be
obtained at "0" cost. IAthe stakeholders wolved should benefit

Therecommendation®f the case studieare described iTable7. No specific recommendations
were mentioned for the feedstock supply and the logisti€ancerning the IBLC one
recommendation was made implementthe IBLC stepy-step, first using easieeédstocks and
then more challengingones. Regarding the intermediate biobased products & final maitkist
recommended to secure the market for the (intermediate) biobased prdasgtbefore investing

in the IBLCRoduction that is focused on both emgy and material recycling of local biomass
resources isonsidereda sustainable way forwar®nce @ain most of the recommendations focus
on non-technical aspects of establishing an IBirG2conomic recommendation is to promote newly
developed innovatie business lines in an IBLC as a business for other companies as well.
Collaboration of the stakeholders in the value chain (farmers, cooperativesndgstry, etc.) is
considered a very important social aspect of establishing an $Bpfort from adrmistration is
needed through regulative or incentive aspegétsd there is a need for policies, norms, and values
in societythat support the development of the IBLEinally, a sustainability implementation
potential needs to be secured.
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Table6: The solutions of the case studigepnumbers refer téhe generic stefpy-step approaclin Chapteb).

Case study solutions

Topic Results Step
number
Feedstock 1 Nothing mentioned about this in case studies. -
supply
Logistics 1 Nothing mentioned about this in case studies -
IBLC design Technical research to prove the concept and systems studies for 22
assessment will be necessérya more realistic business case (SU).
The problers of binding materialsveretackled by testing different 23
matrixes(F&F).

For the combustion systera temperature variation was studied and 23
optimized in order to reach an equilibrium between the ashes fusio

and the slag formation (F&F).

Air dilution was performed by adding fresh air to the combustion ai 23
(F&F).

Intermediate | Be aware of the fact that the beet pulp is mainly utilized as feed toc 33
biobased for economic reasons and to avoid negative publicity (SU).

products & 1 Minimizing the difficulties with the chaff by handling it in containers 33
final market (GR).

The necessity to create a market with added value for the biochar ( 34
Nontechnical Avoid investing in a plant without having an available heat sink (GF 41
aspects of In order to overcome the reluctance of farmeasgeally good solution 42
establishing an would bean intense information campaign to promote social
IBLC acceptance before the yeaf the investment (OOG).

Ensure that all actors involved in the chain would benefit and there 42
are inclined to participate (OOS).

Implement models such as collaborative innovation ensuring succe 42
and shorten time to market access (0O0S).

Ensure that all actors involved in the chain would benefit and there 42
are inclined to participate (WI).

Implementmodels such as collaborative innovation ensuring succe 42
and shorten time to market access (WI).

Starting a dialog about the productionsafccinic acid (SA) and 42
polybutylene succinate (PB)a steppingstone for a potential future
SA network (3).

Develop alliances between the local authorities and the agricultural
sector and try to overcome the common belief that considers biom
burning inopen fires on field the easy way to treat pruni@®G)

F&F #eed & Fodder; OOG = Olive Oil Greece; OOS = Olive Oil Spain; WI = Wine; GR = Grain; SU = Sugar

42
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Table7: The recommendations of the case stu(sespnumbers refer tethe generic stejpy-step approaclin Chapteb).
Case study recommendations

Topic Results Step
number

Feedstock 1 Nothing mentioned about this in case studies. -

supply

Logistics 1 Nothing mentioned about this in case studies. -

IBLQesign Starting from producing biobasedccinic acigSA through the 24
biotechnological fermentation of refined sugars or starch from cultiva
crops (e.g. corn) could be the way to start the production and then m
forward towards utilizing both C5 a@b sugar as in the case with beet

fibres (SU).

Intermediate | Before the investments can be done in the IBLC/Pyrolysis equipmen 34

biobased secure(increasingjnarket for the biochar has to be identifiéd@R).
products & 1 A biochamproduction that is focused on both energy and material 34
final market recycling of local biomass resources is a sustainable way fofardodth

the customers, the region and the environment (GR).

Nonttechnical Once thebiofuel fabrication process is implemented and optimized, 41
aspects of promoting this business line is proposed as one of the major

establishing opportunities(F&F).

an IBLC The developed boiler model could be implemented at different 41
companies owned by the cooperative (F&F).

Seek innovatie business models so that all agents generate profits (C 41
& WI).

Obtain active collaboration of farmers and cooperatives (OOG). 42
Search for formulas to bring together agents from very different sectc 42
(O0S& WI).

Overcome conservative thinking (OOS & WI). 42
1 OG2NBEQ Ay GKS @I tdS OKFAy y&§sp 42
and collaborate if the case study is going to be realised (SU).

Support from administration is needed through regulative or incentive 43
aspects so farmers will not burn the prunif@©G).

There is a need for policies, norms, and values in society that suppol
development of the IBLC (SU). 43
Establishing an IBLC is potentially promising but more research and
development is necessary (SU). 44
It is important to be able toombine technological development, acces

to raw materials, manufacturing capacity and, of course, internationa 45
trade (OOS & WI).

Emissions caused ydirect Land Useh@nge (iLUC) should be added t 45

mirror longterm sustainability issues caused by iaserl production of
agricultural crops (SU).
F&F = Feed & Fodder; OOG = Olive Oil Greece; OOS = Olive Oil Spain; WI = Wine; GR = Grain; SU = Sugar
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Establishing an IBLC can be approached from several points of view: i) farmers: howxtem
incomebe obtainedby improving the residues/neéimod biomass management, ii) policy makers:
what measures are needed to reach several goalschas C@targets, regional development, etc.
andiii) companieshow can resources and idle pergdak optimizel to increase the profitability of
the agreindustry?

In this report thethird point of view (without ignoring the other twe)as adoptedThe starting

point are existing companies that see a possible business strategy for synergies in terms of
unexploited facilities, equipment and staff capabilities. They want to achieb thigersifying their
regular activities both on the input (food and biomass feedstock) and output (food, biocommodities
& intermediate biobased feedstocks) sideonsequentlythey want to investigate a possible
transformation towards an IBLC.

Inthe AQROINLOG repo®pdated conceptual description of an Integrated Biomass Logistics Centre
(IBLAY, it was stated that different subtypes within the IBLC concept may develop, depending on
which factor will serve as a catalyst in a specific setting (orethakvironment. Therefore, four
IBLC subtypesereidentified:

- Input driven concepts: availability of biomass residues / materials is leading
- Process driven concepts:  availability of (idle) processing, storage and personnel
capacity is leading

- Output driven concepts: market demand for biocommodities / new products is
leading
- Combined concepts: multiple drivers are leading

Combininghe point of view on how to approach an IBLC is comtandthe different subtypes an
IBLCGonceptmay developgeads toTable8.

Point of view IBLC Subtype
How to obtain extra income bmproving the

Farmer . . i
residues/norfood biomass management Input drive concept
How can resources and idle periods be optimizec .
Compan : - :
pany increase the profitability of the agindustry Process driven concept
Policy maker What measursare needed to reach several goal Output driven concept

such as C&targets, regional development, etc

8 AGROINLOG, 2017. Updated conceptual demmrigif an Integrated Biomass Logistics Centre (IBLC).
AGROINLOG project, Deliverable D6.1, 59 pp.
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FNRBY | O2YLIl yeQa LRAYyG 2F OASgd

As mentioned before, focusinthisrepgrh t £ 6S 2y GKS AYLI SYSydalridAizy 2
drivenconcefi a Q@ ¢ KS FdzidzZN® L.[/ Aa GF1Sy Fd GKS OSyds
of an ILBC can be long and does not always go optimally. With each step, a technically and
economically feasible project can be delayed or even rejected. Therefore AGROINLOG project

we propose a stepy-step approach to maximize the likelihood of acceptance and implementation

of an IBLC.

Apreviousrepoft2 ¥ G KS | Dwh A y [ h DScheihaBicd8sifian of @ IBLT linkhg dalu¢ W
chamM ®Tahlg9 i KS 3IASYSNAO a0GNFrdS3IASE 6FAYSR il wWieLlSac
WYl LIISRQ | O0O2NRAY 3 G2 (KA a TablbR) Bokekdmple, th©OdmBuntS 0 a K2 ¢
2F F@LAfLI0tS o0A2YlIAdazr GKS ljdz2rfAGe 2F GKS 0A2YI a3
02 0KS TFANBROG YragebdzYe/ KA & f SAKS aS RISt @SFa G KS L. [/ A
therefore it visualizes that this stdyy-step approaciselectghe point of view of the companies who

want to use heir idle time. Furthermore, specific pathways can be attached to the scheme. This

3dzA RSa (GKS RSOSE2LISNIAY  f23A0Ft greé& G2 F LIWNRBI O

Based on different sources of informatithie stepby-step- genericapproach was develepl.

1 Reports of WPéFirst of all, the description of the characteristics of an IBLC was used from
Q! LIRFGSR O2yOSLJidzr f RSAONARLIIAZ2Y 2% They, Ly (S 3NJ
RSGIATSR AYT2NNIGAZ2Y | 02dzi3 8KSR aISHNIR Gzt F deRIYE Y
was used. And finally, the generic strategies also depend on the opportunities that were
specified irthe report¥/ 2 YLINSKSy aA @S ARSYGATAOFGAZY 27F 2LJ
biomass & biocommodities and for a logiskicg i S3NIF G A 2y W

1 Three IBL@emos- The information in the business model descriptions of the three demos
(WP2) are also used as input to determine the generic approach were these demos have a
different setup;

9 AGROINLOG, 2017. Updated conceptual description of an Integrated Biomass Logistics Centre (IBLC).
AGROINLOG project, Deliverable D6.1, 59 pp.

10 AnnevelinkE., B. van Gogh, F. Sebastian Nogués, S. Espatolero, T. De la Cruz, D. Luzzini, M. Karampinis, M.
Kougioumtzis & J. Olsson, 2017. Conceptual description of an integrated biomass logistics centre (IBLC). In:
Proceedings of the 25th European Biomass Conferand Exhibition, 225 June 2016, Stockholm, Sweden,
200-203.

11 AGROINLOG, 2018. Basic analysis of targeted agricultural seCtawer report and six Annex country
reports. AGROINLOG project, Deliverable D6.2, 520 pp.

12 AGROINLOG, 2019. Comprehensieantification of opportunities for the production of biomass &
biocommaodities and for a logistics integration. AGROINLOG project, Deliverable D6.3, 115 pp.
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9 Sector case studie§ he structure of the common data template is designecttiect the
topics that are important in the generic strategy. The two different sections
WNBEO2YYSYRIGA2YyaQ yR WiSaazya fSINYSRQ | NBE A
were summarized in Chapter 3;

9 Literaturec This can be e.g. on the ECBjgct (vww.ecpbiomass.elwhere a stepwise
approach was formulated to establish a-catled energy conversion parlwvfw.ecp
biomass.eu/node/176but also on otheliterature that was already studied iim previous
tasks

This stegby-step approach to maximize the likelihood of acceptance and implementation of an IBLC
is thus constructed in such a winat all relevant aspects are revieweéltterefore it isa guide to
ensure companies that these relevant aspects are brought to the minimum attention during the
process towards the possible development of an IBLC. Howeeapphoach does not indicate a
mandatory 'route’ to follow. In other words, there is not necessarily a mandatory sequentially. To
stipulate the latter, ti approachdescribed in the following section was visualized

An important question isdw to visualize the steps in a way that shdévesr logic connections and
interactions without a mandatory sequentialjigure8 is a schematic representation of the step
by-step approach. It is meant to give iiragion to a developer of an IBLC. There is not a predefined
sequence of the topics that need to be dealt with wiraplementingan IBLC. Steps need to be
taken on different topics:

Feedstock;

Logistics;

IBLC;

Intermediates / Biobased Product and Final kdts market;
Nontechnical aspects of establishing an IBLC

= =4 —a A -9

These differenaspectsare represented by the varying colours of the siagsothTabled andTable
10andFigures.

¢KS L.[/ LXlFea I OSyiGaNIrt NRfS IyR LINRolofte I0O0a
the premises of the g2 0Sa a8 RNRARGSYy 02y OSLIia FHeweYerthis iO2 YLI y & Q
certainly not the stding point or condition for thgeneric stegby-step approachWwhen developing

towards an IBLC, a company must consider from every technical astdchoital aspect which

critical components deserve attentiofhis is indicated in the figure by placing these aspects

‘centrally' and shwing what these crucial components are. For example, a company can start with

the nontechnical aspects and from there 'treat' the relevant parts. In short, the 'white areas' are the

starting pointdrom which, for instanca companystarts askinghe right questionsThe method is

intended to helpavoidng missing the parts that are important for the success of the transiiton

an IBLC

D6.4 Generic strategies for |Bi€velopment 42


http://www.ecp-biomass.eu/
http://www.ecp-biomass.eu/node/176
http://www.ecp-biomass.eu/node/176

Document: D6.4. Generic strategies for IBLC development
HGH@G Author: | WFBR Version: | Final
Reference; AGROINLOG (7279@1§.4 Date: 27/04/2020

Table9: Generic strategies mapped according to the position of thernB&vialue chain.

AGRICULTURAL LOGISTICS INTERMEDIATE FINAL MARKET

PRODUCTION PROCESSING PROCESSING

FOOD
INDUSTRY

‘ FOOD

Processing

BIOMASS
(food & non-food

crops and residues)

BIOBASED
INDUSTRY

- BIOBASED
PRODUCTS

- IBLC Design Intermediate biobased producs&Final Market

Nontechnicalaspects of establishing an Igs€eTable10)
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Feedstock supply :>

Logistics

1. Assess and estimate the

theoretical potential of
the biomassoverall
maximum amount of
terrestrial biomass which
can be considered
theoretically available
a) Map seasonalitpf
availability of
biomass resources
Review location of
availablébiomass
resources

b)

11.

Consider the whole
logistics chairthe
whole logistic chain has
to be planned, thought
through and, assessed
from thefield to the
IBLC and from the IBL(
to the final agre
industrial processing
plant and / or final
market

21.

Version: | Final

Date:

27/04/2020

|:> IBLC Design  IEEEEp

Intermediate biobased produc&Final Market

Assess the available
resources and the idle
time: determine the
unexploited facilities
(including storage),
equipment and staff and
taking seasonality into
accounto ow much idle
time is theoretically

I g Afl o6f SKE

31. Determine the most interesting produptocessmarket
combinationbased on a techreconomic assessmerthe result is
which combinatioris most promising towards implementation
based on market potential

Assess and estimate the
technical potential of the
biomassfraction of the
theoretical poential
which is available with
the current technological
possibilities. Such as
a) harvesting
techniques,
infrastructure and
accessibility,
processing
techniques

12.

Diversify suppliers of arn
IBLQo guarantee the
supply with competitive
prices and to ensure thg
continuous working
mode of the logistics
chain

22.

Conduct a technical
assessment of the facility
and equipment:
determine what are the
technical possibilities for
processing thavailable
biomass

32. Basethe business concept on the real tested propertiethef
biomasaused properties and quality of the raw material will defir
the market of the final product and its price
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Feedstock supply :>

Logistics

3. Assess and estimate the
economic potential of the
biomass share of the
technical potential which
meets criteria of
economic profitability:

a) Look for
opportunities to
reduce biomass
harvesting and
collection costs

b) Look for biomass
that can be used for
large scale supplies
to reduce cost of raw
material

i) Lookfor residues
without
competitive uses

13. Optimize the
transportation chain
make as much use of
existing transportation
capacitythat is already
used bythe different
stakeholdersn the new
value chain

23. Determine the maturity

Version: | Final

Date:

27/04/2020

|:> IBLC Design D

Intermediate biobased produc&Final Market

of the existing

technology for

processing a new
feedstock use mainly
proven technologyn
order tobe able to start
on the short termand
lower risk Difficulties
linked to processing
technology include:

- lack of knowledge on
processing new types
of feedstock;

- investments in
additionalequipment
for processing (ofor
harvesting or
transport);

- compatibility issues
when processing
food and norfood
feedstocks or

- the difficulties to
meet biomass end
product compatibility
/quality
requirements.

33. Competitivenessbe assured that agricultural biomass is
competitiveand can be mobilized on a large scale. Consider:
a) al NJSia k OdaAaG2YSNERQ ySSRa
b) Quality requirements

c) Competibrs
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Feedstock supply :>

Logistics

4. Assess the biomass
quality:analyze the
quality of the raw
materials and make an
estimate of the necessar)
and requested quality by
the final marketin order
to define requirel pre-
treatments and most
efficient technologies to
obtainit

14. Storage at fieldook for
storage options athe
field to lower cost and
to flatten supply

Version:
Date:

:> IBLC Design )

24. Use existing capacityse

existing processing
equipment and storage
facilitieso & 2 K I
usedwhen transforming
intoan IBLK ¢ 0

Final
27/04/2020

q

Intermediates biobased produdgsFinal Market

34. Thoroughly assess the market potential:
a) getgood insight in the competitiveness in the local / regioni
national / international marketnd possible volumes
i.  astrong regional demand for specific biobased product
obviously, an advantage for an IBLC. Bioenergy and
biofuels will be more competitive with a local distributio
Biocommodities with a higher added value, may even h
a market at national or intaational level
b) Gain insight in potential volumes and focus on possibilities
mobilize at large scale

15. Alignharvestingand
logisticsplanning plan
and optimize the
harvestingand logistics
e.g the dependence
and influence of the
weather during
harvesting period

35. Conduct a cost analysis and determine the minimum selling pri
raw material cost + prreatment& operationscost + personnel
cost + investment (depreciation) + minimum profit desired by th
cooperative
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Tablel0: Nontechnical aspects of establishing an IBLC

Nontechnical aspects of establishing an IBLC

41. Economic:
a. Also gain insight in the contribution to the local economyplidy incentives
b. Aninvestorwill needa clear picture of the financial commitment required and the payback time.

42. Social acceptancéncreasing sustainability awareness improves the overall social acceptance o
alternative products produced in an IBLCs. Unfortunately, IBLC development may also face ro
farming practices that prevent the use of residues or the reluctance of fainers OK | y 3 S
dza dzlt wilEb@ conveniento give insight in environmental preservation via soil preservation and
pollution.

43. RegulationsCurrent regulation sometimes hinders the use of agriculturptdgucts and residues.
Changes are erpted as the EU gears towards a stronger Circular Economy, however, presentl
causes uncertainty.

44. Local Stakeholder involvemehbcal communities can be affected by the operation of an IBLC. E
small onfarm scheme can affect the neighbdt®ne, consultation of local stakeholders in advanc
even if very informal, is recommended. Look for synergies with public sector and respond to sg
challenges.

a. Creatindocal supportlocal stakeholders are consulted to obtain more support. For exalogdd
authorities and industry are contacted to inform them of the ideas on the one hand and, on the
hand, to consider their interesind possible collaboratiomteemes.

b. Further consideration needs to be given to doenmunicatiorplan to involvehe localstakeholders

45. Sustainable implementation potentidhe sustainable implementation potential is not a potential
its own, but rather the result dftegrating environmental, economic and social sustainability critg
in biomass resource assessmeiiscus on therdiction of the economic potential that can be
implemented within a certain time frame and under concrete spolitical framework condibins,
including

a. Poalicy interventionsand

b. Economic, institutional and social constraints
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Figure8: Schemestepby-step approach
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A mixed integer programming (MIP) model was built by WFRIRriwe relevant insights in the
economic aspects of establishing a new IBLC an@Xpandingan existing IBLC. These economic
aspects are related to the technical aspects of an IBLC pathway, namely feedstocks, logistics, the
IBLC design (resources and capacity), intermediate biobased products and final market. Two
hypothetical case studies wereaden to be further evaluated using this MIP model: a case related

to the feed & fodder sector and a case related to the olive oil sector. Both cases were defined with
the information from the related demo cases of the AGR@ni©ject as a starting poimiowever,

for modelling and demonstration purposes, the cases were made more generic. The parameters with
the largest influence on the resulteme varied in a scenario ana/sthe results and conclusions of

the scenari@nalysigive insight in the ecamic aspects of establishing an IBLC.

The IBLC optimization model is built with the Mixed Integer Programming (MIP) technique which
deals simultaneously with both continuous and integer decision variables. It is a decismm supp
tool that can jointly optimize the profit of food and biomass supply chédthsan IBLC subject to a

set of realistic constraints such as the availability of raw food and raw biomass products, the storage
and machinery capacities, market demands, l¢talso takes into account both the logistics of the
value chain and the inngilant process aspects within an IBLC toveethe optimal logistic and
processing plans. A schematic overview of the MIP model is preseRigdrieO.

Starting withfeedstock sourcingnultiple farms can be modelled with multiple feedstocks which are
categorized as raw food and raw biomass products. Those feedstocks are awahabldifferent
harvesting periods. In each harvesting period, for each farm, the model decides the quantities of
feedstocks in both types that are stored on the farm or movedadBi.C. The total availabildly

the feedstockss different from one taanother within certain sourcing radiuses iloietersof the

IBLC. The farm gate price of each feedstock (i.e. the raw material price) is defined as the price of the
feedstock excluding the efarm storage costs and excluding the transportation costs tinenfarm

to the IBLC. Those two types of cast defined separately. The weight decay of the feedstocks on
farms due to degradation is also considered by the model.

Thetransportation costs of the feedsto¢ke. costs for raw material transport frometfarm to the

IBLC) depend on the volume of the feedstock, the transport distances from the farm to the IBLC and
the unit transport costs per cubic meter per kilometer. The bulk density of the feedstock is used to
convert the mass of the feedstock to tbguivalentvolume.
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Figure9: The schematic overview of thtP model for IBLC optimization.
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After transporting the feedstocks to the IBLC, the model can decide eitpesdessthem fully in

the same period when they arriver to move themfully into the storageof the IBLC, or
combination of the bothTo process a feedstock, a certain processing line with multiple types of
machineries is used. Each of the machines Hased processing capacity per period. When the
capacity of the machine is a limiting factor for processing the feedstocks, the model allows the IBLC
to purchase an extra machir{e an investment) The required investment costs are annualized
considering a@epreciation period of 10 years and no interest.

Ancaher type of costhat isassocited with the processing linetise variable processing costs. These
costs depend on the throughput of the feedstocks in that specific processing line. The MIP model
allows ceprocessing multiple feedstocks in one machine at the same time. If this is the case, the
current version of the MIP model is not able to include switching emstscleaning costs. This
restrictionwas accepted, because in the two cases studies at, ltla@se costs turned out to be
marginal compared to other costs Finally, a conversion factor is applied for each processed
feedstock in each machine line to account for the processing losses of the raw foodraw the
biobased productWith respect tathe storage costs in the IBLC, the fixed storage costs per period
are incurred based on the cubic meters that are used for storing the feedstocks and the processed
products. When the storage capacity is a limiting factor, dgsiple for the IBLC to @bh extranew

fixed storage capacity (cubic meters) at defined annual costs. Both for the feedstocks and the
processed products in the storage of the IBLC, a decay factor per time period can be defined.

The selling price of the products are assumed tludlecthe outbound transportation costs (from

the IBLC to the buyer). These product transport costs depend similarly to the inbound transportation
costs (from the farm to the IBLC) on the volume, transport distance, and transport costs per cubic
meter per Kometer.

The MIP model takes into consideration all the aforementioned aspects and calculates the optimal
solution (i.e. the highest profit) for the combined food and biobased supply chains subject to the
following constraints:

1 demand constraints for thprocessed products;
feedstock availability constraints;
machine capacity constraints;
storage capacity constraints.

E e

The outputs of the model based on the optimal solution provide the insights in terms of:
total costs of different types (e.g. transportation costs, processing costs);

storage plans for the feedstocks and processed products on farms and in the IBLC;
processing schedule of the IBLC;

utilization rate of the machines in IBLC;

utilization rate of the storage capacity of IBLC,;

investment plans for extra machinery and storagpacity in the IBLC.

= =4 -4 —a -—a -8

13 However, another version of the MIP model is available for future cases stadidschswitchirg costs
and cleaning costs can be handled if theyrelevant.
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6.3.1 Model Parameters

The MIP case study of the feed & fodder seatasbased on data provided by CIRfE the APS

demo caseHowever 6r modelling and demonstration purposes, the evaluatéd bhse was made

more generidby adding data from other sources and by estimating certain values that were not
available The goal if this MIP case study was not to exactly model the APS demo, but to design a
more general example of an IBLC in the feeddddr sector, that can be implemented in an
imaginary new situatiorA description of the used input data is giveAmmex HBased on this data
simplified process lines are definedrmblell.

Distance of
Process . . . . Feedstock
. Description process line Process line equipment feedstock to S
line availability
IBLC (km)
1 Lucerne bulk is processed dryerc cooler 1¢ baler 10-30 April to
into lucerne feed bales November
2 Lucerne bales are processe grinderc mill ¢ pelletizerg 10-100 April to
into lucerne feed pellets cooler 2. November
3 Wheat straw (60 %) and wood grinderg dryer 100 July and August
wood chips (40 %) are hopper¢ grinderg mill ¢
processed into energy pelletizerg cooler 2
pellets

Remarkthe databelowin the text is what we assumed in the MIP case study

9 Process line Z'he lucerne bales usually have a lowelityicompared to lucerne bulk.

1 Process line 3he compositiomf wheat straw and wood chifps chosen based on the ash
content and related to the quality of the energy pellets. The wood chips are processed in a
wood grinder, dryer, and hopper before they are mixed with grinded wheat straw and enter
the pelletizing process. The wheat straw is available close (within 30 km) t@ @ [Buly
and August. The wood chips are assumed to be available the whole year, but the transport
distance is further than 100 km. Both raw materials are assumed to be available in
abundance. Therefore, the mixture is assumed to be available from JAlgtsst at a
distance of 100 km from the IBLC.

The selling prices of the products (per tonne wet weight, including product transport to the
0dz22 SN | NB |adadzYSR (2 0S HHp exkilG2yyS F2N G4KS
FSSR LISt f Handedor the/eRergy pelets.€The production costs are allocated to raw
material costs (excluding transport), raw mate¢RIM)transport, processing costs, costs for
obtaining extra equipment, and product transport to the buyer. An overview of the saosts

and the potential profit are given iigurel0. The costs are expressed in euro per tonne product,

which means that the processing yield (loss of raw material) is incorporated in the costs. Note
that this overview is based on the input parameters of the MIP model, which means an average
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raw material tansport distance is used and the costs for extra equipment are excluded. These
aspects are taken into account in the scenarialysiof the MIP model (Sectidh3.3.

225
200
§ 175 M Profit
e
s]
5 150
c M Product transport
o
‘5— 125
= M Processing costs
' 100
(=
- B RM transport
S 75
v
é 50 W Raw material costs
(excl. transp)
25
0

Lucerne bales  Lucerne pellets  Energy pellets

FigurelO: Various costs and potential profit for each of the three products (using the average raw material transport
distance, excluding costs fattra equipment).

It is shown that for all three products the raw material costs and processing costs dominate the
production costs. Because of the small raw material transport distances, the raw material transport
has only a small contribution to the production costs. The raw material transport costs are highest
for the energy pellets, because of larger distances. Baselde generalassumptions, slightly less

profit can be made on the energy pellets €®nne) compared to the lucerne feed pellets (15
€/tonne) and lucerne feed bales (£8onne).

6.3.2 Scenarios

For theanalysis different scenarios were defined. For all scenarios the MIP model calculates the
situation in which the profit is optiméd. The analyzed scenarios are giverainiel2. A simplified
overview of the current scenario and the baseline scenario is givguirel1.Tablel?2

Tablel2: Scenarios in the feed & fodder MIP cases study.

Scenario Description

Current situation Only lucernes processed into feed bales or feed pellets

Basdine / 2YLI NBR (2 GKS W/ dzNNBeaf straviahdinaxd &Hipg gan t
processed into energy pellets

Variations on / 2YLI NBR G2 GKS W.laStAyS {OSylINA2Q

baseline 0 Lucerne availability +50 %

o Raw material costs of wheat straw and wood chip25-£6
0 Processing costs of all products 23 %
o0 Energy pellet selling price-£5 %
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For the current scenario, the equipment is set to full capacity for the production of the lucerne feed
products. In the MIP model, the option is given to deube capacity of the equipment by making
extra investments. The investment costsanaualized by distributing the investment costs over 10
years. Costs related to maintenance, labor, and overhead for extra equipment are assumed to be
already includechithe processing costs.

Storage capacitat the IBLCfor raw materials and products combinezhn be extended to a
maximum of 17 ktonne per month. The decay during the storage of raw material is set to 1 % per
month. In all scenarios, the costs relateatlkeaning, product changeover, and storage capacity are
negligible, because in this specific case study these costs turned out to be marginal compared to
other costs.

6.3.3 Scenario analysis

The annually produced products with the highest profit for the difteseenarios are shown in
Figurel2. The monthly produced products of the first six scenarios are shokigurel3. The
scenarios with a +25 % variation on raw material costs, processing costs, and energy pellet selling
price compared to thedselinehave the same monthly production, and therefore only the results

of the +£ 25 % variation on raw material costs are showtne annual costnd profit of the different
scenarios arehown inFigurel4. Thetotal costs, revenues, profit and margin anewn inTablel3.

The figures and table on produced products and costs and profit of the different scenarios are
discussed afteFablel3. Adetailed comparison of the current and baselscenario is given Annex
l.
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