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1. Introduction

In Work package 4, the Consortium described anduated different reference and
biorefinery cases for the 7 retained industrialt@sc The results obtained so far can be
considered as ‘objective’, meaning that they asetaon facts and figures gathered amongst
sector specialists within and outside the Conswrtiu

In this work package, the Consortium will analybe tmore ‘subjective’ aspects of each
biorefinery case. There are three steps in doing so

a. Technical feasibility analysis: how feasible are noposed processes?

b. Commercial feasibility analysis: are the commerat@nsiderations (market prices,
proposed volumes...) realistic?

c. SWOT analysis: what are the strong and weak padfiteach case? What are the
underlying trends influencing potential success?

Next to the evaluation of the subjective aspedis, work package will also cover the cross-
sector analysis. By aggregating all the resulwiféérent sectors, the Consortium will also try
to draw general conclusions on the addition of éfioery cases to existing reference
processes. This will lead us to a general conmtusfor the project, including
recommendations for the reader.

2. Methodology

2.1. Technical and commercial feasibility

To assess the technical and commercial feasiblityhe different cases, the Consortium
chose to work with a questionnaire.

Statements and weight factors

In a first step, a set of criteria influencing tieehnical and commercial feasibility was edited
as statements. These statements were assessece yattners of the Consortium (8
respondents) according to their importance. Basedhe ranking made by the responding
partners, each statement received a weight fdottwoth cases, the sum of the weight factors
is 50.

The statements influencing the technical feasybileire clustered around the process
development (required downstream processing, pbobncept, upscalability, safety and
waste issues) and the applications developmenhefstlected products issued from the
biorefinery cases. The process development statsraeoount for 2/3 of the total weight.

Similarly for the commercial feasibility, the statents are clustered into project
characteristics (how many new products/applicattmmbinations are proposed), market
characteristics, competitive advantages, sociahdrenmental impact and regulatory impact.
The competitive advantage and the social & enviremiad impact are the main issues. This
seems logic as a commercial success depends highlgbjective benefits (competitive
advantage) and the perception of the product bytomess/consumers (social &
environmental impact).
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The lists of criteria with respective weight factwe shown in Table 5.1 and 5.2.

Table 5.1 Technical feasibility statements and respectivehidactors

Technical feasibility statements Weight

factor
Process development

The integrated concept does not require signifidaminstream processing
All steps of the integrated concept are well ideadi

Required technologies are already developed forattyeted products
Required technologies are proven on industrial Joalthe targeted products
Process does not require toxic or hazardous ariggia

The integrated concept does not generate additwaste that has to be treated
Application development

Most of the selected applications are already iexgst

Products can be used in most of the selected agipls

Products are referenced in most of the selectelicafipns

Secondary products are referenced in the applitatio
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Table 5.2 Commercial feasibility statements and respectivighidactors
Commercial feasibility statements Weight

factor
Project characteristics
The integrated concept is leading to 1 new product 1
The product(s) can be used in several applicatizeriets 1
Market characteristics
The integrated project addresses existing prodacki@ combinations 4
The addressed markets are innovative (= open femmeducts/concepts) 2

The targeted markets are large enough to absoffortageen volumes

Competitive advantage

Introduction of the new product(s) will lead to eepnomical benefit for the user 5
The new product(s) have functional benefits

There are specific benefits related to the integrabncept compared to the conventional proces
Social & environmental impact

The new product(s) is an alternative to fossil-dgseducts

The integrated concept is not in competition wabhd supply

The integrated concept does not require large gienof fresh water

The integrated concept is leading to additionaéveable energy production

The integrated concept is ‘LCA positive’

The integrated concept improves the European cativegbosition in a global market

Regulatory impact

There are no regulatory barriers affecting the mgiltroduction of the product(s)

There is a supporting EU directive promoting thtegmated concept 4

A O

W A~ WODNNDNW

w
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Definitions:

» ‘Integrated conceptone of the concepts described in WP4 (other tharreference case)

‘Product(s)’: all products made additionally to those in therefce case; includes energy

and waste as well

* ‘Secondary products’products generated inevitably by producing maodpct(s)

» ‘Auxiliaries’: processing aids needed to come to the produtiig)splvents, enzymes,
reagents...)

« ‘Downstream processingall process steps needed to come to the finaluot(s).

« ‘Application’: field of usage of the product(s)

« ‘LCA positive’:the concept reduced greenhouse gas emissiongyssmrsumption, use
of hazardous auxiliariescompared to the reference process (see WP4.3 far dabails).

Questionnaire
For each separate case (biorefinery cases as défin&P4.2) a questionnaire will be filled
in.

Each statement can be answered as (= the score):

* | agree with the statement > 4 fill in*2
* I'm neutral to the statement (or ‘don’t know’) > 4 fillin* 1’
* | disagree with the statement > 4 fillin ‘O

Point of view: all statements were evaluated frown point of view of the state-of-the art of
the technology/market, not from the perspectiva pérticular producer.

The limited choice between 0, 1 and 2 as possibewvar has the advantage that the
respondent has to make an ‘educated choice’.

Technical and Commercial feasibility calculation
The technical and commercial feasibility (TF and @Fcomputed as the sum of the products
of the weight factor (WF) and the answer (A) foclkeatatement.

[TF or CF =3(WF, x A)

As mentioned, the sum of the weight factors is BO® each statement can have a ‘0, 1 or 2’
answer. Hence, the technical and commercial fdagitiill vary between 0 (all answers are
‘0’ or ‘I disagree with the statement’) and 100l (@ahswers are ‘2’ or ‘| agree with the
statement’). For an easy understanding, the teahrind commercial feasibility will be
expressed in %.

Aggregate feasibility

For each biorefinery scheme, a questionnaire has bempleted by different partners (see
list in Table 5.3). The final feasibility score cha now computed as the average score given
by the respondents multiplied by the weight factor.

|TFtota| or Chotal = Zi(Zj(WFj X Ay) | # respondenﬂs)

where i = a particular statement and correspondigight factor
j = a particular respondent
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Depending on the sector, 3 to 6 partners compketpaestionnaire.

Table 5.3 Distribution of questionnaires according to the lexsded sectors

Power

Bioethanol Biodiesel Pulp & Paper Oil refinery production
ECN 1 1 2 1
Abengoa 1 1
U Gent 1 1 1
Bioro 1
Innventia 1 1
VTT 1 1 1
Ten Kate 1
VFT 1 1 1 1 1
Cehave 1
Repsol 1
AFSG 1 2 1 1 1
Total questionnaires 6 D) 4 8] 5 g 4

Overall feasibility
By multiplying the technical to the commercial fisdlity, we obtain the overall feasibility of
each biorefinery case.

Graphical representation

For a visual impression on the feasibility, a giaphrepresentation has been proposed. On 1
chart, the technical feasibility is representedirsggahe commercial feasibility. The chart is
divided in 4 quadrants with axis crossing set at dherage feasibility for the whole set of
projects we are evaluating. The green area coliergdne with overall feasibility above par,
the red below par.

2
iy 5
Soaq @
AN 2
Technical feasibility < average E Technical feasibility > average
Commercial feasibility > average £ Commercial feasibility > average
Technical feasibility
Technical feasibility < average Technical feasibility > average
Commercial feasibility < average Commercial feasibility < average

Figure 5.1Graphical framework for project feasibility

Page 6 of 48



2.2. SWOT analysis

Together with the questionnaires on the technical aommercial feasibility, different
Partners gave input on the SWOT analysis for eanefinery scheme.

All the comments have been brought together, dledtend summarized, to come with a
comprehensive list of SWOT items. A lot of attentltas been given in putting all comments
in the proper SWOT category: S & W referring to ttéferentiating arguments for a

biorefinery concept compared to the reference qunée & T referring to the external trends
affecting the biorefinery schemes. Together witle tleasibility analysis, this SWOT

completes the ‘subjective’ evaluation of the biorefy cases.

2.3. Cross-sector analysis

Up to now (WP1, WP4, WP5.1/5.2/5.3) each biorefinease has been compared to the
reference case and possibly other biorefinery cagtbi the same sector. In order to find out
whether more general conclusions could be drawnobuthe Bioref-Integ project, it is
necessary to also compare the different sectaradh other.

Impact level
In a first step, each biorefinery case has beeed@ccording to the impact on the reference
process:
e Low impact: cases leading to a better use of product
e.g.: propanediol from glycerol (Biodiesel sector)
* Medium impact: cases leading to an alternativeafiske feedstock
e.g.: AFEX treatment of DDGS (Bioethanol sector)
e High impact: cases affecting the complete producgirocess
e.g.: decentralised sugar beet plants (Agro sector)

A sales price for Internal Rate of Return at 20%

The major difficulty in comparing the different $excs is that the projects can have a totally
different dimension. Also, as we didn’'t considebsidies in this project (subsidies are indeed
highly versatile and different from case to caseqmf country to country), some projects have
a negative IRR (like power production cases). Mahase cases, investment analysis doesn’t
give us elements to compare projects to each other.

In an attempt to ‘normalise’ the different projectise Consortium calculated the required
sales price and corresponding delta compared t@dheal sales price to obtain an IRR of
20%. This has been done for all cases, includirg réference cases, and allows us to
compare all projects to each other.

Remark: as there was no investment analysis donéhéconventional oil refinery sector
(biorefinery cases do not require an investment arel always leading to a cost increase;
motivation is based on legislative drive to incaigie bio-based feedstock in transportation
fuels), the IRR @ 20% analysis has not been dartaifosector.

Correlation analysis

With this additional information on all projectéiet Consortium made an attempt to look for
correlations and trends between the impact levedgjdired sales price for IRR @ 20% and
the technical and commercial feasibility.
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3. Technical feasibility of selected biorefinery sc hemes (D5.1)

For each sector, the technical feasibility of therdfinery cases will be compared to the
project average (= average of all biorefinery sobemonsidered in the Bioref-Integ project).
Main deviations from average will be highlightedaioge for below average; green for above
average) and briefly commented.

3.1. Bioethanol sector

Statement Weight Bioethanol Project average

factor Lactic AFEX
Score  Weighted  Score  Weighted| Score  Weighted

Process development

The integrated concept does not require significant downstream i 03 2.3 1,2 8,2 0,8 58
All stepé of the integrated concept are well identified 7 2.0 14,0 1,5 10,5 1,7 12,0
Required technologies are already developed 6 1,8 11,0 1,2 7,0 1,5 9,1
Required technologies are proven on industrial scale 6 1,7 10,0 0,2 1,0 0,9 55
Process does not require toxic or hazardous auxiliaries 4 15 6,0 0,8 3,3 1,6 6,2
The integrated concept does not generate additional waste 4 1,3 5.3 1,2 4,7 1,4 5,6
Application development

Most of the selected applications are already existing 3 2.0 12,0 1,8 11,0 1,8 10,7
Products can be used in most of the selected applications 3 2.0 6,0 1,7 5,0 1,7 52
Products are referenced in most of the selected applications 4 1,7 6,7 1,3 5,3 1,6 6,3
Secondary products are referenced in the applications 3 15 45 1,2 35 1,4 43
Technical feasibility 77,8 59,5 70,7

Bioethanol + lactic acid

This case is considered more feasible than averagmly due to the proven technologies
used in this scheme. Point of attention is the rfeed substantial additional downstream
processing, meaning extra complexity to manage.

AFEX treatment of DDGS

AFEX treatment of DDGS is more challenging: the AFtechnology is not yet proven on
industrial scale and the use of the hazardougiblHIso penalising the case.

Page 8 of 48



3.2. Biodiesel sector

Statement Biodiesel Project average
PDO ECHi

Score Weighted Score Weighted Score Weighted
Process development
The integrated concept does not require significant downstream 7 0,4 2.8 1,4 9,8 0,8 5,38
RIPSEFNG the integrated concept are well identified 7 18 12,6 18 126 17 12.0
Required technologies are already developed 6 1,8 10,8 2,0 12,0 15 9,1
Required technologies are proven on industrial scale G 1,2 7.2 1,8 10,8 0,9 55
Process does not require toxic or hazardous auxiliaries 4 2,0 8,0 1,0 4,0 1,6 6,2
The integrated concept does not generate additional waste 4 1,0 4,0 0,8 3,2 1,4 5,6
Application development
Most of the selected applications are already existing 6 1,8 10,8 2,0 12,0 1,8 10,7
Products can be used in most of the selected applications 3 2,0 6,0 2,0 6,0 1,7 52
Products are referenced in most of the selected applications 4 1,8 7.2 2,0 8,0 1,6 6,3
Secondary products are referenced in the applications 3 1,4 42 1,6 48 1.4 4,3
Technical feasibility 73,6 83,2 70,7

Glycerol to 1,3-PDO
Considered as merely an average case. The technislagpnsidered as rather mature and
benign. Main penalty comes from the significant detkeam processing.

Glycerol to Epichlorohydrin (ECH)

Glycerol to ECH is well above average. This seeagc| as this is already an industrial
process. This is clearly reflected in the high esdor the process feasibility. Worries mainly
about safety issues (epichlorohydrin is toxic) madte treatment.
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3.3. Pulp & Paper sector

Statement Weight Pulp & Paper Project average

factor Lignin DME Ethanol
Score  Weighted Score  Weighted Score  Weighted Score  Weighted

Process development

The integrated concept does not require significant downstream 7 0,8 53 0,0 0,0 0,3 1,8 0,8 5,8
All stepé of the integrated concept are well identified 7 2.0 14,0 2.0 14,0 2,0 14,0 1,7 12,0
Required technologies are already developed 6 2.0 12,0 1,3 75 1,3 7,5 1,5 9,1
Required technologies are proven on industrial scale 6 1,0 6,0 0,8 45 0,8 4,5 0,9 55
Process does not require toxic or hazardous auxiliaries 4 15 6,0 1,8 7,0 1,8 7.0 1,6 6,2
The integrated concept does not generate additional waste 4 2,0 8,0 1,8 7,0 1,8 7,0 1.4 5,6
Application development

Most of the selected applications are already existing 6 2,0 12,0 15 9,0 2,0 12,0 1,8 10,7
Products can be used in most of the selected applications 3 2,0 6,0 1,8 53 1,8 53 17 52
Products are referenced in most of the selected applications 4 15 6,0 1,0 4,0 2,0 8,0 1,6 6,3
Secondary products are referenced in the applications 3 15 45 1,3 3,8 1,8 53 1.4 4,3
Technical feasibility 79,8 62,0 72,3 70,7

Lignin extraction
Better than average. This process is already uséddoistrial scale (LignoBoost), reflected in
a good score for the process definition and maturit

Black liguor gasification to DME

Below average: although well defined, the procesmi yet proven. Also the product DME is
not yet fully approved in the market. But the maiallenge is the significant downstream
processing (and change in main process designireelgio realise this scheme.

Ethanol co-production

On average. Positive is that the required procesgll identified; negative are the challenges
linked to lignocellulosic ethanol (second genergtiand the required complex downstream
processing.

Page 10 of 48



3.4. Refinery sector

Statement Weight Refinery Project average

factor FCC HDS
Score  Weighted Score  Weighted| Score  Weighted

Process development

The integrated concept does not require significant downstream 7 2.0 14,0 2,0 14,0 0,8 5,8
All stepé of the integrated concept are well identified 7 1,7 11,7 1,7 11,7 1,7 12,0
Required technologies are already developed 6 1,7 10,0 2,0 12,0 1,5 9,1
Required technologies are proven on industrial scale 6 1,0 6,0 1,3 8,0 0,9 55
Process does not require toxic or hazardous auxiliaries 4 1,7 6,7 1,7 6,7 1,6 6,2
The integrated concept does not generate additional waste 4 1,3 5,3 1,3 53 1,4 5,6
Application development

Most of the selected applications are already existing 6 2,0 12,0 2,0 12,0 1,8 10,7
Products can be used in most of the selected applications 3 2,0 6,0 2,0 6,0 1,7 5,2
Products are referenced in most of the selected applications 4 2,0 8,0 2,0 8,0 1,6 6,3
Secondary products are referenced in the applications 3 2,0 6,0 1,7 50 1,4 43
Technical feasibility 85,7 88,7 70,7

Vegetable oil in FCC unit

Highly realistic: processes well defined, no magwhnological challenges and ... no need for
additional downstream processing. Products are mioless referenced in the targeted (fuel)
markets.

Vegetable oil in HDS unit

Highly realistic. Same comments as for the FCC ,cagilh process considered even more
feasible.
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3.5. Power generation sector

Statement Weight Power Project average

factor Pyrol Chem
Score  Weighted Score  Weighted Score  Weighted

Process development

The integrated concept does not require significant downstream 7 1,4 9,8 0,4 28 0,8 58
All stepé of the integrated concept are well identified 7 1,4 9,8 1,4 9,8 1,7 12,0
Required technologies are already developed 6 1,2 7.2 1,2 7,2 1,5 9,1
Required technologies are proven on industrial scale 6 0.8 48 0,6 3,6 0,9 55
Process does not require toxic or hazardous auxiliaries 4 1,4 56 1,0 4,0 1,6 6,2
The integrated concept does not generate additional waste 4 1,4 56 1,2 4,8 1,4 5,6
Application development

Most of the selected applications are already existing 6 1,4 8,4 1,2 7.2 1,8 10,7
Products can be used in most of the selected applications 3 1,6 48 1,4 4,2 1,7 52
Products are referenced in most of the selected applications 4 1,4 56 1,4 56 1,6 6,3
Secondary products are referenced in the applications 3 1,0 30 1,4 42 1,4 43
Technical feasibility 64,6 53,4 70,7

CHP and pyrolysis integration

Rather challenging case. The additional downstreamcess is not considered as a major
hurdle. What is challenging is the complete degmst yet fully understood) and the proof-
of-concept. Also markets for the additional produépyrolysis oil...) are not yet fully
defined.

Result can be explained by the fact that this sehiemerferes significantly with the reference
process.

Biomass gasification with extraction of chemicals

This is the less feasible scheme. The whole prasessnsidered highly challenging, with a
heavy downstream processing required. Also the etsrfor the products (mixed alcohols,
tar...) are not yet understood.

This scheme is a total disruption from the refeeewase, explaining the poor technical
feasibility score.
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3.6. Food sector

Statement Food Project average
Lactic

Score  Weighted Score  Weighted
Process development
The integrated concept does not require significant downstream 7 0,0 0,0 0,8 5,38
All stepé of the integrated concept are well identified 7 1,3 9,3 1,7 12,0
Required technologies are already developed 6 1,3 8,0 1,5 9,1
Required technologies are proven on industrial scale 5 0,7 4,0 0,9 55
Process does not require toxic or hazardous auxiliaries 4 2,0 8,0 1,6 6,2
The integrated concept does not generate additional waste 4 1,3 53 1,4 5,6
Application development
Most of the selected applications are already existing 6 1,7 10,0 1,8 10,7
Products can be used in most of the selected applications 3 1,7 5,0 1,7 52
Products are referenced in most of the selected applications 4 1,3 53 1,6 6,3
Secondary products are referenced in the applications 3 1,7 5,0 1,4 43
Technical feasibility 60,0 70,7

Lactic acid production from whey

The result is below average. The significant doveash process (lactic acid fermentation and
extraction plant) is a major penalty, together wvilib definition of the process design. Also
the proof-of-concept is slightly below average.

This seemsather surprising as lactic acid fermentation from lactose is ddgbreaction in

yoghurt. However, despite some attempts in USA ald there is still no industrial
production of lactic acid from lactose.
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3.7. Agro sector

Statement Weight Agro Project average

factor Beet Grass

Score  Weighted Score  Weighted Score  Weighted

Process development
The integrated concept does not require significant downstream 7 0,8 53 08 5.3 0,8 58
All stepé of the integrated concept are well identified 7 1,8 12,3 1,8 12.3 1,7 12.0
Required technologies are already developed G 1,5 9,0 1,0 6,0 1,5 9.1
Required technologies are proven on industrial scale 8 1,0 6,0 0,0 0,0 0,9 55
Process does not require toxic or hazardous auxiliaries 4 2.0 8,0 1,8 7.0 1,6 6.2
The integrated concept does not generate additional waste 4 1,5 6,0 1,8 7.0 1,4 5.6
Application development
Most of the selected applications are already existing 8 2.0 12,0 15 9,0 1,8 107
Products can be used in most of the selected applications 3 1,8 53 0,8 23 1,7 5.2
Products are referenced in most of the selected applications 4 1,8 7.0 08 3,0 1,6 6.3
Secondary products are referenced in the applications 3 1,3 38 1,0 3,0 1,4 43
Technical feasibility 74,5 54,8 70,7

Decentralised beet processing plants

Average case. There were no major hurdles idedtitdthough this scheme is a significant
change compared to the reference case. BasidaByaicombination of existing technologies.
Some steps were abandoned, others outsourcedeXpiains the rather positive evaluation.

Grass biorefinery

Very challenging case, almost the most one of ajepts investigated. There are two weak
points: the proof-of-concept is very week and thaagated products are all but referenced in
the potential markets. The combination of theser® laading to a very low technical
feasibility. As the process is in an early stagelefelopment, more research might help to
overcome some of the apparent weaknesses (praohcgpt).

3.8. Overall comments

When looking at the different biorefinery schemestrto each other, it appears clearly that
major deviations from the average are dealing with process, rather than the application.
Exceptions are the application challenges in tlasgbiorefinery case and DME case.

Within the process development, the need (or ratlsignificant downstream processing is
determining, as well as the proof-of-concept araladility. Safety and waste issues as well
as process design are leading to fewer deviatrons dverage.

Interestingly, for schemes including an additiofe@mentation step, it is the need for a
complex downstream processing that is challengiogthe fermentation process itself.

Finally, the 3 biomass-to-electricity schemes (A{@rass refinery); Power Generation) are
all poorly quoted. This could be a hint to a ‘keéegimple’ advice in this field.
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4. Commercial feasibility of selected biorefinery s chemes (D5.2)

For each sector, the commercial feasibility of tiarefinery cases will be compared to the
project average (= average of all biorefinery sobemonsidered in the Bioref-Integ project).
Main deviations from average will be highlightedaioge for below average; green for above
average) and briefly commented.

4.1. Bioethanol sector

Statement Weight Bioethanol Project average

factor Lactic AFEX
Score Weighted§ Score  Weighted Score  Weighted

Project characteristics

The integrated concept is leading to 1 new product 1 1,8 1,8 1,0 1,0 1,6 1,6
The product(s) can be used in several applications/markets 1 2,0 2.0 1,3 1,3 1,6 1,6
Market characteristics

The integrated project addresses existing product/market combinations 4 2,0 8,0 1,7 6,7 1,8 7.3
The addressed markets are innovative (= open for new products/concepts) 2 15 3,0 1,2 2.3 1,4 2,7
The targeted markets are large enough to absorb the foreseen volumes 4 1,0 4.0 1,8 7.3 1,8 7.2
Competitive advantage

Introduction of the new product(s) will lead to an economical benefit for the user 5 1,0 5.0 15 7.5 1,3 6,3
The new product(s) have functional benefits 5 1,0 5.0 15 7.5 1,1 5,4
There are specific benefits related to the integrated concept 4 1,0 4,0 15 6,0 1,2 47
Social & environmental impact

The new product(s) is an alternative to fossil-based products 3 1,5 45 1,7 5,0 1,7 5,1
The integrated concept is not in competition with food supply 2 0,8 1,7 1,0 2,0 1,6 3,1
The integrated concept does not require large quantities of fresh water 2 1,0 20 15 3,0 15 3,1
The integrated concept is leading to additional renewable energy production 3 0,3 1,0 1,3 40 1,1 3,2
The integrated concept is ‘LCA positive’ 4 1,0 40 0,7 2.7 1,4 5,7
The integrated concept improves the European competitive position in a global market 3 1,3 4.0 15 45 1,6 48
Regulatory impact

There are no regulatory barriers affecting the market introduction of the product(s) 3 15 45 1,0 3,0 1,4 41
There is a supporting EU directive promoting the integrated concept 4 0,3 1.3 1,3 53 1,3 5,0
Commercial feasibility 50 55,8 69,2 71,0

Bioethanol + lactic acid

Below average. Main worries are that the lactic ketiis not elastic enough to absorb the
targeted volumes without price erosion, the lacleabnomical benefit (not perceived as a
cheaper process) and the poor social & environrheatee.

AFEX treatment of DDGS

Average scheme. The perceived competitive advasitage outbalanced by the concerns on
social (food crop) & environmental impact (Aldsue).
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4.2. Biodiesel sector

Statement Weight Biodiesel Project average

factor PDO ECH
Score  Weighted Score  Weighted| Score  Weighted

Project characteristics

The integrated concept is leading to 1 new product il 1,6 1,6 2,0 2,0 1,6 1,6
The product(s) can be used in several applications/markets 1 14 1,4 2,0 2,0 1,6 1,6
Market characteristics

The integrated project addresses existing product/market combinations 4 2.0 8,0 2,0 8,0 1,8 7.3
The addressed markets are innovative (= open for new products/concepts) 2 1,4 28 1,0 20 1,4 2,7
The targeted markets are large enough to absorb the foreseen volumes 4 2,0 8,0 2,0 8,0 1,8 7,2
Competitive advantage

Introduction of the new product(s) will lead to an economical benefit for the user 5 1,4 7.0 1,2 6,0 1,3 6,3
The new product(s) have functional benefits [ 1,6 8,0 1,0 5,0 1,1 5,4
There are specific benefits related to the integrated concept 4 18 7.2 1,6 6,4 1,2 4,7
Social & environmental impact

The new product(s) is an alternative to fossil-based products 3 2,0 6,0 2,0 6,0 1,7 51
The integrated concept is not in competition with food supply 2 2,0 4,0 2,0 4,0 1,6 3,1
The integrated concept does not require large quantities of fresh water 2 1,0 2,0 2,0 4,0 15 3,1
The integrated concept is leading to additional renewable energy production 3 0,4 12 0,4 1,2 1,1 3,2
The integrated concept is ‘LCA positive’ A 1,6 6,4 1,6 6,4 1,4 57
The integrated concept improves the European competitive position in a global market % 1,6 48 1,6 48 1,6 4,8
Regulatory impact

There are no regulatory barriers affecting the market introduction of the product(s) 3 1,8 54 1,6 4,8 1,4 4,1
There is a supporting EU directive promoting the integrated concept 4 1,2 48 1,2 4,8 1,3 5,0
Commercial feasibility 50 78,6 75,4 71,0

Glycerol to 1,3-PDO

Commercially attractive project, especially regagdiintegration benefits and functional
attributes (functionality of PDO-based polyeste8&)me concerns related to water needs and
no benefit of production of renewable energy (miggiossible subsidies!).

Glycerol to Epichlorohydrin

Slightly above average, driven by integration bi#sefind slightly better score on other
statements.
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4.3. Pulp & Paper sector

Statement Weight Pulp & Paper Project average

factor Lignin DME Ethanol
Score Weightedé Score Weightedé Score  Weighted Score  Weighted

Project characteristics

The integrated concept is leading to 1 new product 1 2,0 2,0 2,0 2,0 1,8 1,8 1,6 1,6
The product(s) can be used in several applications/markets 1 1,5 1,5 1,8 1,8 15 1,5 1,6 1,6
Market characteristics

The integrated project addresses existing product/market combinations 4 2,0 8,0 1,8 7,0 2,0 8,0 1,8 7.3
The addressed markets are innovative (= open for new products/concepts) 2 1,8 35 1,0 2,0 1,3 2,5 1,4 2,7
The targeted markets are large enough to absorb the foreseen volumes 4 2,0 8,0 2,0 8,0 2,0 8,0 1,8 7.2
Competitive advantage

Introduction of the new product(s) will lead to an economical benefit for the user 5 1,8 8.8 15 75 1,3 6,3 1,3 6,3
The new product(s) have functional benefits 5 1,0 5,0 15 75 1,0 5,0 1,1 5,4
There are specific benefits related to the integrated concept 4 15 6,0 15 6,0 05 2,0 1,2 47
Social & environmental impact

The new product(s) is an alternative to fossil-based products 3 2,0 6,0 2,0 6,0 2,0 6,0 1,7 5,1
The integrated concept is not in competition with food supply 2 2,0 4.0 2,0 4.0 2,0 4.0 1,6 3,1
The integrated concept does not require large quantities of fresh water 2 1,5 3,0 1,5 3,0 1,3 2,5 1,5 3,1
The integrated concept is leading to additional renewable energy production 3 1,5 45 1,5 45 1,0 3,0 1,1 3,2
The integrated concept is ‘LCA positive’ 4 15 6,0 15 6,0 1,3 5,0 1,4 5,7
The integrated concept improves the European competitive position in a global market 3 2,0 6,0 2,0 6,0 15 45 1,6 48
Regulatory impact

There are no regulatory barriers affecting the market introduction of the product(s) 3 2,0 6,0 15 45 2,0 6,0 1,4 41
There is a supporting EU directive promoting the integrated concept 4 1,3 5,0 1,8 7.0 2,0 8,0 1,3 5,0
Commercial feasibility 50 83,3 82,8 74,0 71,0

Lignin extraction

Highly attractive project. No weak points from coemtial feasibility point of view. Strong
points are found on the 2 main commercial drivéasgible competitive advantages and a
positive image: renewable energy (solid fuel) withcompetition with food.

Black liquor gasification to DME

Highly attractive project. No weak points from comrmtial feasibility point of view. Strong
points are found on the 2 main commercial drivaeengible competitive advantages
(attractive liquid fuel with technological benefidser bioethanol and biodiesel) and a positive
image: renewable energy (liquid fuel) without comipen with food. This case is also
supported by EU legislation on biofuel usage.

Ethanol co-production
Rather neutral case. Positive legislative impact, to real benefit on the main issues:
competitive advantage and Social & Environmentgb€rception) impact.

Question remains whether it is interesting to poedathanol instead of pulp, seen the lower
market price of ethanol. This is reflected in theal score for ‘integration benefits’.
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4.4. Refinery sector

Statement Refinery Project average
FCC HDS

Score  Weighted Score  Weighted| Score  Weighted
Project characteristics
The integrated concept is leading to 1 new product 1 1,3 13 1,3 13 1,6 1,6
The product(s) can be used in several applications/markets 1 2,0 20 2.0 2,0 1,6 1,6
Market characteristics
The integrated project addresses existing product/market combinations 4 2,0 8,0 2.0 8,0 1,8 7.3
The addressed markets are innovative (= open for new products/concepts) 2 1,0 20 1,3 2.7 1,4 2.7
The targeted markets are large enough to absorb the foreseen volumes 4 2,0 8,0 2.0 8,0 1,8 7.2
Competitive advantage
Introduction of the new product(s) will lead to an economical benefit for the user 5 0,7 3,3 0,7 33 1,3 6,3
The new product(s) have functional benefits 5 0,7 33 0,7 243 1,1 5,4
There are specific benefits related to the integrated concept 4 0,0 0,0 0,0 0,0 1,2 47
Social & environmental impact
The new product(s) is an alternative to fossil-based products 3 2,0 6,0 2.0 6,0 1,7 5,1
The integrated concept is not in competition with food supply 2 0,7 1.3 0,7 0.2 1,6 3,1
The integrated concept does not require large quantities of fresh water 2 1,7 33 1,7 3,3 15 3,1
The integrated concept is leading to additional renewable energy production 3 1,7 5.0 1,7 50 1,1 3,2
The integrated concept is ‘LCA positive’ 4 1,3 53 1,3 53 1,4 57
The integrated concept improves the European competitive position in a global market 3 1,7 5.0 1,7 5,0 1,6 48
Regulatory impact
There are no regulatory barriers affecting the market introduction of the product(s) 3 1,0 3,0 1,0 3,0 1,4 41
There is a supporting EU directive promoting the integrated concept 4 1,7 6,7 1,7 6,7 1,3 5,0
Commercial feasibility 50 63,7 64,3 71,0

Vegetable oil in FCC unit

Commercial feasibility below par. Incorporationwafgetable oil in a conventional refinery is
leading to a more expensive product. There is abalglno integration benefit and there may
be concerns about using food grade oil for fuel.

Although not fully appreciated by all respondertt®re are some technical benefits in this
scheme. The most important advantage is that defoeduced from vegetable oil have
improved qualities compared with the fossil oneghér octane for “green gasoline”
produced in FCC / higher cetane and lower densitydreen diesel” produced in HDS. This
fact could also result in an economic benefit [daasult in a “premium” for quality for the
biofuels produced). Although this quality premiuril wot compensate in any case the loss of
margin in the unit.

The main drivers are the supportive legislatiorerfding in biofuels) and the production of
renewable energy.

Vegetable oil in HDS unit
Same comments as above.
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4.5. Power generation sector

Statement Weight Power Project average

factor Pyrol Chem

Score  Weighted Score  Weighted| Score  Weighted

Project characteristics
The integrated concept is leading to 1 new product 1 1,6 1,6 1,2 1,2 1,6 1,6
The product(s) can be used in several applications/markets 1 1,0 1,0 1,2 1,2 1,6 1,6
Market characteristics
The integrated project addresses existing product/market combinations 4 1,0 40 1,4 5.6 1,8 73
The addressed markets are innovative (= open for new products/concepts) 2 1,6 32 1,6 32 1,4 27
The targeted markets are large enough to absorb the foreseen volumes 4 1,6 6,4 1,6 6,4 1,8 7.2
Competitive advantage
Introduction of the new product(s) will lead to an economical benefit for the user 5 0,8 40 0,8 4.0 1,3 6,3
The new product(s) have functional benefits 5 1,4 7.0 1,2 6,0 1,1 5.4
There are specific benefits related to the integrated concept 4 0,4 1,6 1,0 4,0 1,2 4,7
Social & environmental impact
The new product(s) is an alternative to fossil-based products 3 1,4 4,2 1,6 48 1,7 5.1
The integrated concept is not in competition with food supply 2 2,0 4,0 2,0 4,0 1,6 3,1
The integrated concept does not require large quantities of fresh water 2 2,0 4,0 2,0 4,0 1,5 3,1
The integrated concept is leading to additional renewable energy production 3 1,6 48 1,2 3,6 1,1 3,2
The integrated concept is ‘LCA positive’ 4 2,0 8,0 1,8 7.2 1,4 57
The integrated concept improves the European competitive position in a global market 3 1,4 4,2 1,6 48 1,6 48
Regulatory impact
There are no regulatory barriers affecting the market introduction of the product(s) 3 1,0 3,0 1,2 3,6 1,4 41
There is a supporting EU directive promoting the integrated concept 4 1,2 48 1,2 48 1,3 5,0
Commercial feasibility 50 65,8 68,4 71,0

CHP and pyrolysis integration

Slightly below average. This scheme is perceivedeasg ‘LCA positive’, is leading to extra
renewable energy (without competition with food)Ygsroducts with interesting properties
(pyrolysis oil). However, this same pyrolysis al mew to the market, and the whole case
does not have a positive economical impact (see.¥yP4

Biomass gasification with extraction of chemicals

Almost perfectly neutral project. Main deviatiowofin average is due to a negative economical
impact (see WP4.4).
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4.6. Food sector

Statement Weight Food Project average

factor Lactic

Score  Weighted| Score  Weighted

Project characteristics
The integrated concept is leading to 1 new product 1 1,3 1,3 1,6 1,6
The product(s) can be used in several applications/markets 1 2,0 2.0 1,6 1,6
Market characteristics
The integrated project addresses existing product/market combinations 4 2,0 8,0 1,8 7.3
The addressed markets are innovative (= open for new products/concepts) 2 1,7 33 1,4 27
The targeted markets are large enough to absorb the foreseen volumes 4 1,7 6,7 1,8 7.2
Competitive advantage
Introduction of the new product(s) will lead to an economical benefit for the user 5 1,7 8,3 1,3 6,3
The new product(s) have functional benefits 5 1,0 5,0 1,1 5.4
There are specific benefits related to the integrated concept 4 2,0 8,0 1,2 4,7
Social & environmental impact
The new product(s) is an alternative to fossil-based products 3 1,0 3,0 1,7 5.1
The integrated concept is not in competition with food supply 2 1,3 2,7 1,6 3,1
The integrated concept does not require large quantities of fresh water 2 1,3 2,7 1,5 3,1
The integrated concept is leading to additional renewable energy production 3 0,0 0,0 1,1 3,2
The integrated concept is ‘LCA positive’ 4 1,3 53 1,4 57
The integrated concept improves the European competitive position in a global market 3 1,3 4,0 1,6 48
Regulatory impact
There are no regulatory barriers affecting the market introduction of the product(s) 3 1,0 3,0 1,4 41
There is a supporting EU directive promoting the integrated concept 4 0,3 1,3 1,3 5,0
Commercial feasibility 50 64,7 71,0

Lactic acid production from whey

Slightly below average. The positive competitivevatages (this scheme has a positive
effect on the cost and profitability of the mainogact, WP4.4) are counterbalanced by
mainly legislative issues: novel food concerns lamtic acid from whey and no specific
supportive legislation. Not mentioned here: thegnated case is saving on energy, as the
evaporators are (partially) replaced by reverseossn

Anyway, this is a rather surprising result, asitaecid is an existing product, available in
large quantities and referenced in several markets.
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4.7. Agro sector

Statement Weight Agro Project average

factor Beet Grass

Score  Weighted Score  Weighted| Score  Weighted

Project characteristics
The integrated concept is leading to 1 new product 1 15 1,5 1,5 1,5 1,6 1,6
The product(s) can be used in several applications/markets 1 15 1,5 1,5 1,5 1,6 1,6
Market characteristics
The integrated project addresses existing product/market combinations 4 2,0 8,0 1,8 7.0 18 7.3
The addressed markets are innovative (= open for new products/concepts) 2 15 3,0 1,3 25 1,4 2,7
The targeted markets are large enough to absorb the foreseen volumes 4 1,8 7.0 1,8 7.0 18 7.2
Competitive advantage
Introduction of the new product(s) will lead to an economical benefit for the user 5 1,8 8,8 1,8 8,8 13 6,3
The new product(s) have functional benefits 5 0,5 25 1,0 5,0 11 5.4
There are specific benefits related to the integrated concept 4 2,0 8,0 1,8 7,0 1,2 47
Social & environmental impact
The new product(s) is an alternative to fossil-based products 3 1,8 53 1,0 3,0 1,7 5.1
The integrated concept is not in competition with food supply 2 1,3 25 2,0 4,0 16 3,1
The integrated concept does not require large quantities of fresh water 2 15 3,0 1,8 3,5 15 3,1
The integrated concept is leading to additional renewable energy production 3 15 45 1,0 3,0 11 3,2
The integrated concept is ‘LCA positive’ 4 1,5 6,0 1,5 6,0 1,4 5,7
The integrated concept improves the European competitive position in a global market 3 2,0 6,0 1,3 38 16 48
Regulatory impact
There are no regulatory barriers affecting the market introduction of the product(s) 3 1,3 338 1,3 38 1,4 41
There is a supporting EU directive promoting the integrated concept 4 2,0 8,0 0,5 2,0 13 5,0
Commercial feasibility 50 79,3 69,3 71,0

Decentralised beet processing plants
Above average project. Strong competitive benefiksntified (cost impact, integration
benefits), but no functional benefits; positive ampof extra renewable energy.

Grass biorefinery

Average project. Mainly positive impact related adoetter cost for electricity due to the
refinery case. The lower amount of renewable enargy lack of supportive legislation for
this concept is compensating this.
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4.8. Overall comments

As first general comment, the Consortium didn’t sider the project characteristics (#
products / applications) and market characteris{iosirket size / elasticity, innovative
character) as discriminative. All projects are s@paverage on this (and the average is high,
ranging from 1.4 to 1.8). This is partially alsgpkained by the fact that no project is actually
leading to substantial volumes of new productseiptidlly disruptive market equilibrium.

In all sectors the Consortium identified strongvdrs on competitive advantage, except for
the energy cases (power generation and refinerioryed-or these, there seems to be a

competitive disadvantage. Overall, the score related to competiéidvantage are rather
‘neutral’ (1.3/1.1/1.2).

The ‘perception-related’ statements (Social & Eowmental impact) are on average (for all
projects) scoring high (1.4-1.7) except for thetesteent on ‘renewable energy’. This
statement scores 1.1, almost neutral. This seemis, las some projects are leading to
additional renewable energy (score close to 2) @thér reduce the amount of renewable
energy (score close to 0) and some are neutralg(stase to 1). So, this statement is highly
dependent on the project type and levels out oragee

Legislation penalises a project when new regulatpgrovals are needed for entering the
market and are supporting a project when enforthieguse of biorefinery products. All over

the project, the impact of legislation on the pctges considered as mildly positive (1.3 — 1.4
score).
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5. Overall feasibility

Figure 5.2 shows the technical vs. commercial Belégi for all biorefinery schemes studied
in Bioref-Integ. As explained in 82.1, the top rigfuadrant groups the projects with both
technical and commercial feasibility above averape, bottom left those below average.
Above the diagonal are those projects with ovefedisibility (technical x commercial

feasibility) above average; close to the diagonal‘average’ projects.

The axes are set at average throughout all projéeismg 71%, both for technical as
commercial feasibility.

@

oo echnical feasibility

Commercial feasibility

1.1 . . . . X X 4.2 51 5.2 6.1
Bioethanol Biodiesel Pulp & Paper Refinery Power Food
Lactic AFEX PDO ECH Lignin DME Ethanol ECE HDS Pyrol Chem Lactic

Figure 5.2 Graphical representation of the technical, commaraind overall feasibility
Out of this graph, we can conclude per sector:

e Bioethanol: both retained cases are overall below averagéfiitys

« Biodiesel:the 2 cases are in the top right quadrant of feghibility

e Pulp & Paper: 3 cases from neutral to above average

e Conventional oil refinery: both cases technically well feasible, but comnadirci
borderline

* Power generation: both cases are underperforming regarding bothnteahand
commercial feasibility

* Food: the retained biorefinery case is well below averag both feasibilities

» Agro: this is the only sector with a positive (deceriged beet plant) and negative
(grass biorefinery) case

In chapter 7, we will look at the same graph fronother perspective, looking for cross-
sector trends.
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6. SWOT analysis of selected biorefinery schemes (D  5.3)
6.1. Bioethanol sector

Ethanol + Lactic

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?
» Economical value:
0 More added value driven out of feedstock
e Strategic value
0 Less dependent on EU directives
o0 Possibility of product flexibility in response toanket conditions i.e. to vary the
relative amounts of lactic acid and ethanol produce
e Lower production cost of ethanol by co-producingtitaacid.

Weaknessesinternal; what features are threatening the coitmgetposition of the operator
(compared to operators sticking to reference case)?
« Technological challenge
0 Has the use of unrefined sugars for lactic acidipction already been done at
industrial scale? (normally refined sugars are Jsed
o Utilities (e.g. waste water treatment) may be mam@plex with 2 products, process
integration less obvious
0 More complexity
e Cost structure
0 Costs are potentially higher for a plant with Zetiént fermentation sections and
corresponding downstream processing sections
0 Increased operating cost of the integrated casemparison with the reference case
0 Increased capital investment as well.

Opportunities: external; general trends affecting the integratatcept positively
« Increasing market for lactic acid, mainly drivenkigplastics

« Lactic acid market is not dependent on EU direstifieis a ‘natural’ market)
« On the other hand, a “Bioplastic directive” coulmbbt lactic acid demand

« Possibility to extend technology to lignocellulogedstocks

e Lower sensitivity to world oil market prices

e Attractive concept for investors.

Threats: external; general trends affecting the integratattept negatively

* Novel food directive (new process)

» Market growth for lactic acid mainly driven by biaptic: still speculative

» Higher ethanol prices will increase profitability@mpetitors more than profitability of
integrated refinery owners

« Underestimation of capital costs

« Traces of hazardous chemicals involved in lactid downstream processing might cause
DDGS to be a waste instead of a product.
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AFEX DDGS

Strength: internal; what features are improving the competitposition of the operator

(compared to operators sticking to reference case)?

* More value out of the feedstock material: more mthand higher DDGS price

» Contribution to meeting EU targets on biofuel canption with less feedstock (less
competition with food)

« Platform for other % generation fermentations.

Weaknessesinternal; what features are threatening the coitigetposition of the operator
(compared to operators sticking to reference case)?
« Technical feasibility
0 AFEX treatment not at industrial scale yet
o Ethanol fermentation on other sugars than glusapse not yet developed on
industrial scale
0 Safety issues with high pressure ammonia handling
» Expensive process
o Potential high energy use and costs (for AFEX)
0 High investment.

Opportunities: external; general trends affecting the integratattept positively

* Less competition with food supply

« Bio-ethanol from DDGS is" generation ethanol which is much supported by EU

* EU Directive on biofuels

* Lower value for normal DDGS due to market satura(ihis will be a problem for the
competitor and to a lesser extent to the biorefimavner, so it will increase
competitiveness)

« New markets for higher quality DDGS in animal fepdssibly human food.

Threats: external; general trends affecting the integratattept negatively
« Dependence on biofuel legislation

« AFEX DDGS not yet accepted in feed industry

« Underestimation of capital costs.
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6.2. Biodiesel sector
1,3-PDO

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?

* High added value product out of glycerol leadingnimre competitive biodiesel operation
* New fermentation platform from glycerol.

Weaknessesinternal; what features are threatening the coitiyvetposition of the operator
(compared to operators sticking to reference case)?
¢ Technical issues:
o0 Fermentation based on glycerol not proven at imdlisticale yet
0 Technical challenge to use crude glycerol
0 Lot of downstream processing
0 Lot of ‘waste’ / co-products
» Economical issues:
0 Investment cost: scale needs to be large enoulgh émonomical advantageous
0 Market for 1,3-PDO is limited and depends on texiibre development
e Strategic issues:
o0 Application of PDO depends on Dupont (controlsfthee production)
0 Currently only 1 significant customer.

Opportunities: external; general trends affecting the integratatcept positively

e Low glycerol price (due to overproduction)

< Future product diversification possible (e.g. fattyd esters of 1,3-PD© lubricants)
* Replacing fossil-based chemicals by bio-based atedmi

e Second supplier of PDO.

Threats: external; general trends affecting the integratitept negatively

« Dependence of Dupont patent restrictions

e Sustainability issues seed oils/palm oil

« Competition with advanced biofuels may reduce lasei production, hence glycerol
availability

e Competition with PDO from sugars

e Success depends on acceptability of new fibre:astablished target market).
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Glycerol to epichlorohydrin

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?

* High added value product out of glycerol leadingnimre competitive biodiesel operation
« Stable outlet (price-wise) for glycerol towardsI#dichemical.

Weaknessesinternal; what features are threatening the coitivetposition of the operator
(compared to operators sticking to reference case)?

« Epichlorohydrin is a toxic product

* Investment cost: large scale needed ideally

* Small scale epichlorohydrin production when intégglan (even a large) biodiesel plant
¢ Chemical process to implement (hazardous).

Opportunities: external; general trends affecting the integratmtcept positively

* Replacing fossil-based chemicals by bio-based atedmi

* Low glycerol price (due to overproduction)

» Chemical modification of glycerol platform: furtheonversion potential to other products
(glycidol, propylene oxide, 1,2-PG).

Threats: external; general trends affecting the integraitept negatively

» Sustainability issues seed oils/palm oil

» Competition with advanced biofuels may reduce l@sell production, hence glycerol
availability

» Technology controlled by Solvay and Dow and operattemuch larger scale.
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6.3. Pulp & paper sector
Lignin

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?
e Technology:
o Production of lignin in demonstration plant and eisd experiments
0 Technology used is not very complicated
* Economy:
0 The economics for lignin production are promising
0 The investment costs are small
o Pulp capacity may be increased with up to 25% Ipttkenecking of the recovery
boiler
e Strategy:
0 Reduction of heavy fuel oil consumption in pulplsjilvhere heavy oil is used.
Lignin produced can be used as a lime kiln fuel.
0 The operator can export a solid biofuel (that carstored and used when electricity
price is high) or a raw material that may in thiufa be used for carbon fibres and
chemicals.

Weaknessesinternal; what features are threatening the coitiyvetposition of the operator
(compared to operators sticking to reference case)?

» Some technical risks possible in industrial proaurcof lignin

* Less electricity export per tonne produced pulg falanced by solid fuel)

* Increased chemical costs

« Extra downstream processing.

Opportunities: external; general trends affecting the integratmtcept positively

« Increasing oil price

e Trend towards bio-based energy

e This integrated concept does not compete with fesdurce

< Lignin may be used in other applications (carbbonefs or chemicals) which may increase
the lignin price very much.

Threats: external; general trends affecting the integramitept negatively

« Economical viability of the concept depends onrtiative evolution of the price of
electricity (as seller, incl. subsidies or as blyenude oil and solid fuel

* Pulp demand is decreasing which makes the capacitgase less relevant.
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DME

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?
e Technology:
0 Gasification stage demonstrated in pilot scalet{@®BLG) and DME demonstration
plant (500 t/d BLG) planned within a few years
o DME is a better product than ethanol as alternatviessil fuel
e Economy:
o0 Economics of integrated concept is promising
o Pulp capacity may be increased with up to 25% Ipttkenecking of the recovery
boiler
e Strategy:
o Production of transportation fuel, and higher addsde chemicals in pulp mills
possible instead of only pulp and power.

Weaknessesinternal; what features are threatening the coitivetosition of the operator

(compared to operators sticking to reference case)?

» Complex technology: more complicated process tiggnin precipitation process and
technical risks in industrial scale operation plolgsi

e Large investment costs required and it may be &igmer in the future

« Higher operating and maintenance costs

« Dependence on support from fuel industry.

Opportunities: external; general trends affecting the integratatcept positively

* Increasing oil price

« Trend towards bio-based energy

» This integrated concept does not compete with fesdurces

» Acceptance of DME by EU countries as biofuel (idifidn to biodiesel and bioethanol).

Threats: external; general trends affecting the integratattept negatively

« Economical viability of the concept depends onrtiative evolution of the price of
electricity (as seller, incl. subsidies or as blyerude oil and transport fuel

* Change in legislation on biofuels

* Hard to get someone to invest in the first plarg ttuthe high investment cost

» Large amounts of biomass (bark) needs to be impoot&eep the electricity balance, a
high biomass price affects the concept’'s economicame

* No acceptance of DME by EU countries as biofuebfdition to biodiesel and
bioethanol).
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Wood ethanol

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?
e Technology:
o0 A pilot plant is operated by SEKAB. The plan idiald a demonstration plant within
3 years that will produce 60 000 ethanol per year.
* Economy:
o0 Economics of integrated concept is promising
« Strategy:
0 Production of transportation fuel in pulp mills pdse instead of only pulp and
power.
o Platform for 2¢ generation fermentation
0 This concept can be applied to old pulp mills.

Weaknessesinternal; what features are threatening the coitiyvetposition of the operator
(compared to operators sticking to reference case)?

« Economics of production is not very promising (glipulp-to-ethanol; value of ethanol...)
* Dependence on support from oil industry

» Less efficient process, more by-products to take o&(CQ, organic residues).

Opportunities: external; general trends affecting the integratmtcept positively

* Increasing oil price

* Trend towards bio-based energy (EU directive offuieis)

» This integrated concept does not compete with fesdurces

* Pulp demand is decreasing and instead of closingl @own, this is a good option since
the investment cost will be very low and much & éguipment from the pulp mill can be
used in the ethanol plant.

Threats: external; general trends affecting the integratattept negatively

« Economical viability of the concept depends onrtiative evolution of the price of
electricity (as seller, incl. subsidies or as blyerude oil and transport fuel.

< Change in biofuel legislation

« Enzymes to hydrolyse wood to sugars still are natroercially available

« Alternative routes to biofuels from wood: C5 ferrtaion of black liquor, gasification/FT
of wood, DME from wood via gasification.
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6.4. Refinery sector

Vegetable oil in FCC

Strength:

This route facilitates the refinery to comply witJ directives on mandatory
incorporation of biofuels (2003/30/EC) and on reducof greenhouse gases by 10%
(Fuel Quality Directive)

The existing unit operations can be used for rebévwaegetable oil.

The technical feasibility has been demonstratehdustrial scale

Biofuels generated by the route proposed are migiéas to conventional fossil fuels than
the currently used biofuels (bioethanol and bicgljes

Some of the properties (quality) of the biofueks imnproved compared to conventional
fossil fuels (higher cetane and lower density fiesdl and higher octane for gasoline)
The use of the biofuels produced by co-processi@s ehot require any modification in the
current gasoline and diesel motors, even at higbepéage. The automotive sector is
favourable to the use of this kind of biofuels.

Weaknesses:

Production cost is higher:

0 The price of feedstock (vegetable oil) is generhiher than fossil fuel feedstock.
Only if residual feedstock (animal fat or used dagkoil) is used, the price of the
feedstock could be lower

0 The cost in auxiliaries is slightly higher when g&aple oil is co-processed, compared
to the processing of conventional fossil feedstock

0 There can be unpredictable costs in long term diperan commercial unit (catalyst
life etc).

Oxygen compounds introduced in a refinery procesishwcan be input in other processes
and products where they can lead to problems
Biofuels are introduced in products where they haweommercial benefit yet.

Opportunities:

There is a supporting EU directive (Directive 2IBEC) promoting the mandatory
incorporation of a certain amount of biofuels iaddransport fuels (5,75% in energetic
value in 2010)

There is a supporting EU directive (Fuel Qualitydative) that obliges refiners to reduce
by 10% the emission of greenhouse gases (GHG) bat2@11 and 2020 (compared to
the emission levels of 2010).

Europe has an important energetic dependence.idtefibery process proposed will
allow European refiners to substitute part of tesil feedstock by a renewable feedstock.
In this way, dependence of external crude oil daioed (which is highly appreciated and
promoted). The exposure to highly volatile pricésrade oil would also be reduced in
this way.

In 2020 the EU aims to increase the share of bisfneransport fuels from 5,75% to 10%
(on energetic base). Due to differences in propexf bio-ethanol and FAME biodiesel
compared to fossil fuels, this 10% incorporatiorelewill be difficult to reach. The
proposed concept, however, has no technical limitatin the incorporation level.

Threats:

There is no mechanism to compensate the higheuptiod costs due to the use of
renewable vegetable oils to the oil refinery.

Second generation biofuels may become cheaper arelgompetitive than blending in
oil in a conventional refinery.
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Vegetable oil in HDS

Strength:

This route facilitates the refinery to comply witJ directives on mandatory
incorporation of biofuels (2003/30/EC) and on redhrcof greenhouse gases by 10%
(Fuel Quality Directive)

The existing unit operations can be used for rebéavweegetable oil.

The technical feasibility has been demonstratemhdustrial scale

Biofuels generated by the route proposed are mimigasto conventional fossil fuels than
the currently used biofuels (bioethanol and bioslles

Some of the properties (quality) of the biofuels mnproved compared to conventional
fossil fuels (higher cetane and lower density fiesdl and higher octane for gasoline)
The use of the biofuels produced by co-processi@s ehot require any modification in the
current gasoline and diesel motors, even at higbepéage. The automotive sector is
favourable to the use of this kind of biofuels.

Weaknesses:

Production cost is higher:

0 The price of feedstock (vegetable oil) is generhiher than fossil fuel feedstock.
Only if residual feedstock (animal fat or used dagkoil) is used, the price of the
feedstock could be lower

0 The cost in auxiliaries is slightly higher when g&able oil is co-processed, compared
to the processing of conventional fossil feedstock

0 There can be unpredictable costs in long term diperan commercial unit (catalyst
life etc.)

0 The production costs a lot of expensive hydrogdr groduct may have a problem
of being more expensive compared to FAME bio-diesel

Oxygen compounds introduced in a refinery procesisiwcan be input in other processes
and products where they can lead to problems

Cold properties of “green diesel” are worse compavigh fossil diesel

Biofuels are introduced in products where they haweommercial bengfit yet.

Opportunities:

There is a supporting EU directive (Directive 2GIBEC) promoting the mandatory
incorporation of a certain amount of biofuels iaddransport fuels (5,75% in energetic
value in 2010)

There is a supporting EU directive (Fuel Qualitydative) that obliges refiners to reduce
by 10% the emission of greenhouse gases (GHG) bat2@11 and 2020 (compared to
the emission levels of 2010).

Europe has an important energetic dependence.idtefibery process proposed will
allow European refiners to substitute part of tesil feedstock by a renewable feedstock.
In this way, dependence of external crude oil daioed (which is highly appreciated and
promoted). The exposure to highly volatile pricésrade oil would also be reduced in
this way.

In 2020 the EU aims to increase the share of bisfineransport fuels from 5,75% to 10%
(on energetic base). Due to differences in propexf bio-ethanol and FAME biodiesel
compared to fossil fuels, this 10% incorporatiorelewill be difficult to reach. The
proposed concept, however, has no technical limitatin the incorporation level.

Threats:

There is no mechanism to compensate the higheuptiod costs due to the use of
renewable vegetable oils to the oil refinery.

Second generation of biofuels may become cheapemane competitive than blending in
oil in a conventional refinery.
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6.5. Power generation sector

Fast pyrolysis

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?

Remarkably smaller investment than for exampleppliaation producing Fischer-
Tropsch products.

Better product mix: liquid fuel (pyrolysis oil) iaddition to heat and electricity

Pyrolysis oil is a way to store heat and electyi€istorable heat” as invented by Vglund in
the Harbogre plant) and follow the market demarfiegt and electricity while

maintaining full capacity

Improved energy efficiency: flue gas and char figyolysis can be valorised

Lower emissions from bio-oil compared to direct @ase in smaller-scale applications.
Pyrolysis oil may be used as a raw material todewange of products with potentially
high market value.

Weaknessesinternal; what features are threatening the coitivetposition of the operator
(compared to operators sticking to reference case)?

Upscaled process and long-term usage still to detratte: industrial-scale pyrolysis, use
of bio-oil in fossil fuel boiler...

More complex process

Much higher CAPEX

Less “green” electricity produced (but balanceddigred energy”)

Production of instable pyrolysis oil

The varying quality of pyrolysis oil produced is iamportant bottleneck to the
development of applications

Ash is a waste stream as it is not fully converted.

Opportunities: external; general trends affecting the integratatcept positively

Increasing olil price

Trend towards bio-based energy

This integrated concept does not compete with fesdurce

Can be used as second generation biofuel aft@ingf{supported by EU).

Threats: external; general trends affecting the integratattept negatively

The demand for green electricity may increase énfdure, while this concept produces
less green electricity

Competition with other bio-oil products, for examplith rapeseed oil, palm oil or their
derivatives

Competition of alternative processes such as iodgasification and combustion
Pyrolysis oil is unstable and can be mutageniccandinogenic.
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Chemical recovery

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?

Increased return because of production of high dadiie chemicals

Production of (bio-based) chemicals with alreadgtég high market value
Scalability

Possibility to follow the market demand in heat afettricity while maintaining full
capacity.

Weaknessesinternal; what features are threatening the coitipetosition of the operator
(compared to operators sticking to reference case)?

Unproven technology:

o0 Combination of numerous individually proven, thougtegrated not yet proven,
technologies

o0 Combination of low pressure processes upstreanmigidpressure processes
downstream

0 Many separation units needed

0 Even the reference case is not commercially proseimology. No demonstration of
the whole process.

Expensive infrastructure

Chemical extraction at low yield and low volumes

Complex concept: many products to manage, manyepses to integrate.

Opportunities: external; general trends affecting the integratmtcept positively

Increasing olil price

Trend towards bio-based energy and products/chésnica

This integrated concept does not compete with fesdurce

The mixed alcohols can be used ¥sg2neration biofuels (supported by EU)
Possibility for integration with existing chemidgatiustries

Development of pressurised gasification systems.

Threats: external; general trends affecting the integratattept negatively

The demand for green electricity may increase énfthure, while this concept produce
less green electricity

Quality control of the chemicals

Alternative processes: production of (fine) chensicéa biochemical biorefineries
Possible issue with REACH.
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6.6. Food sector

Lactic acid from whey

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?

» Mainly economical benefits: high value potential lectose and whey proteins

* Products supplied to existing markets

* Lower non renewable heat demand.

Weaknessesinternal; what features are threatening the coitiyvetosition of the operator

(compared to operators sticking to reference case)?

* High CAPEX

e Complex downstream processing

» Technical risks: membrane processes will suffemffouling problems. The degree of
fouling is not yet known.

Opportunities: external; general trends affecting the integratatcept positively

e EU directive on renewable materials can drive dahfanbioplastics / PLA / lactic acid
e Cheaper production of lactic acid?

« Worldwide shortage on phosphates (CaiPO

Threats: external; general trends affecting the integratattept negatively
* High fluctuation in whey market

« Developments of world market on lactic acid

» Collapse of renewable material market due to scisptiof consumer

* Regulatory status? New process may lead to Novad Epplication.
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6.7. Agro sector
Decentralised beet refinery

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?
* Value maximisation, both in the plant as on the&llan
* Product diversification = risk spreading
« Additional 2 generation feedstock supply; especially favourédnidarming cooperatives
operating beet sugar plants / refineries
* Process-related benefits:
0 Better utilisation of installations compared toyosugar beet processing leads to
lower production costs/higher revenues
0 Less transport costs
0 Less downstream processing
0 Less waste.

Weaknessesinternal; what features are threatening the coitiyvetosition of the operator
(compared to operators sticking to reference case)?
e Technology:
0 Complex scheme, that has to be balanced
o Ethanol production of sugars from beet pulp (pedtemicellulose...) is under
development and has not been proven
o Fractionation technology probably not proven austdal scale yet; need further

R&D
0 Increased operating cost
e Strategy:

0 Outsourcing of ethanol production and anaerobiegtign may form a commercial
risk i.e. price to be paid for pulp, molasses magttiate
0 Less added value at the sugar plant, more addad aafarm
0 Some current installations will be abandoned (¥asy depreciation of equipment
needed)
« Specification of protein meal and position in manket yet known
» Dependence on environmental conditions duringvatitn.

Opportunities: external; general trends affecting the integratmtcept positively
* Bio-energy, biofuels demand

« Ethanol from beet pulp may be considered"agéneration?

* Increasing demand for ‘green’ products

« Concept open to new application of products, egig@roteins.

Threats: external; general trends affecting the integratattept negatively

« Whole operation highly depending on legislatiort tten change

< Current outlet of beet pulp as animal feed proékiotasonably good

« To some extent competition with food and/or feeatpiction

« Farmers might become independent of central proagfacility (intermediate products
are more easily transported to alternative factprie

e Competition with conventional heat and power prdiguc

e Enough volume to enter the market?
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Grass refinery

Strength: internal; what features are improving the competitposition of the operator
(compared to operators sticking to reference case)?
« Economical factors:
0 Cheap feedstock
0 High added value potential
o Plant might be profitable even without subsidiehdreas anaerobic digestion
reference case will never be profitable)
» Strategic factors:
o Platform towards non-energetic products (businessldpment).

Weaknessesinternal; what features are threatening the coitiyvetposition of the operator
(compared to operators sticking to reference case)?
e Technology and operation:
0 Technology not yet proven
0 Extraction plant idle 75% of the time
* Economy and market:
Logistic cost (supply of grass to the biorefinery)
Reduction of electricity per volume of anaerobigeaditer
Fibre prices are currently low
No established market for products protein mealesmetcially for fibres (the lack of
outlet for fibres has proved to be critical in poais grass biorefinery
commercialization efforts e.g. by AVEBE)
« Regulatory:
0 Proteins need to be approved
0 Specification of protein meal and position in manket yet known
« Dependence on environmental conditions duringwatitin and harvesting.

O o0ooo

Opportunities: external; general trends affecting the integratmtcept positively

« Cheap ¥ generation feedstock, no direct interference ¥atil production

» Simple, sustainable concept that could be highpeafpng to the general public

* Good environmental profile expected

* High future phosphate prices might increase profits of further refinery

» Allowance for digestate instead of nitrogen/phospliertilizer would increase value of
digestate

» Possibilities for purification of minerals from gs thus decreasing mineral load on
agricultural area.

Threats: external; general trends affecting the integratattept negatively
» Cut down of subsidies

e Quality control of final product (proteins)

* Volume large enough to enter the market? (Eletyiici
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7. Cross-sector analysis

The methodology used in this chapter is describegla.3.

7.1. Impact level

Depending on the impact of the biorefinery casetlo@ overall reference process, all
biorefinery cases were clustered into three categor

Low impact cases:

< Bioethanol, coproduction of lactic acid
< Biodiesel, glycerol to 1,3-PDO

« Biodiesel, glycerol to epichlorohydrin
e Pulp & Paper, lignin extraction

« Food, lactic acid from whey.

Basically, most of these cases are dealing witleteebuse of a co-product of the reference
case. Any problem occurring in running these pisjéas no impact on the production of the
main product.

Medium impact cases:

» Bioethanol, AFEX treatment of DDGS
e Pulp & Paper, DME production

e Pulp & Paper, ethanol co-production.

These cases have some impact on the referencesprtgechanging the mass balances of the
main feedstock-to-main product route or the refegeno-product treatment. Problems in
running these cases have some impact on the madigirproduction.

High impact cases:

* Refinery, vegetable oil in FCC and HDS

* Power generation, combined CHP and pyrolyser

* Power generation, biomass gasification and chereidahction
* Agro, decentralised beet refineries

* Agro, grass biorefinery.

These cases profoundly modify the reference casbldins in operating these processes will
have a huge to dramatic impact on the whole pfaodsibly leading to production stop.

7.2. IRR =20%

In WP4.4, the IRR and payback time of the diffenarajects (reference cases and biorefinery
cases have been computed. Several cases had av@éB&, with payback time exceeding
12 years, which made it difficult to discriminatech projects from each other.

Targeted investment analysis

In order to normalise the different projects toleather, the minimal sales price to reach a
20% IRR has been computed within WP5. This 20% ¢ieResponds to an acceptable return
on investment and a +/- 5 years payback time.

The required sales price can be considered aget tir sales teams or as a combination of

the market price and possible subsidies (subslttigs been discarded in this project due to
their regional specificity).
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Table 5.4 Calculation of required sales price for IRR = 20%

IRR 20% analysis matkat price) 1 i narssssl |\ saias e/ market ool [\ sost (WA
Bioethanol: reference €800/T -€25/T €775/T -3% €628/T
Bioethanol: lact ic €800/T -€255/T €545/T -32% €368/T
Bioethanol AFEX 80 €800/T -€90/T €710/T -11% €577IT
Biodiesel: reference €700/T €65/T €765/T 9% €726/T
Biodiesel: PDO €700/T €115/T €815/T 16% €732IT
Biodiesel: ECH €700/T €35/T €735/T 5% €668/T
Pulp & Paper: reference €500/T €130/T €630/T 26% €398/T
Pulp & Paper: lignin €500/T €50/T €550/T 10% €347IT
Pulp & Paper: DME €500/T €210/T €710/T 42% €367/T
Pulp & Paper: ethanol €500/T €490/T €990/T 98% €586/T
Refinery: reference FCC n.a. n.a. n.a. n.a. 330
Refinery: veg. oil in FCC n.a. n.a. n.a. n.a. 370
Refinery: reference HDS n.a. n.a. n.a. n.a. 380
Refinery: veg. oil in HDS n.a. n.a. n.a. n.a. 415
Power: reference CHP €50/MWh €100/MWh €150/MWh 200% €60/MWh
Power: CHP/pyrolyse €50/MWh €135/MWh €185/MWh 270% €88/MWh
Power: reference gasification €50/MWh €60/MWh €110/MWh 120% €74/MWh
Power: gasification/chemicals €50/MWh €150/MWh €200/MWh 300% €48/MWh
Food: reference €2.250/T €0/T €2.250/T 0% €1.916/T
Food: lactic €2.250/T -€205/T €2.045/T -9% €1.441/T
Agro: reference beet €400/T €30/T €430/T 8% €329/T
Agro: decentralised beet €400/T -€15/T €385/T -4% £252/T
Agro: reference grass €50/MWh €230/MWh €280/MWh 460% £177/MWh
Agro: grass biorefinery €50/MWh €280/MWh €330/MWh 560% €171/MWh

Looking at the projects from this perspective giaeslightly different view than the product
cost analysis as done in WP4 (right column in t&b#g.

For a good understanding, colour codes used ie &#lare:
» Black for reference cases

* Greenfor improvement compared to reference

* Red for worse compared to reference.

As mentioned earlier, IRR analysis could not beedfor the refinery cases, as no extra
investment was needed and the operating cost aasdls was higher than reference.

As first remark, and as validation of the wholecaddtion, it appears that the required

additional price for electricity cases (Power gatien / Agro, grass refinery) is quite in line
with the subsidies granted for green electricityhi@ Netherlands.
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Bioethanol:

Both bioethanol cases are an improvement compar#ietreference case. This can give an
edge to bioethanol producers, to preserve a sastaiprofitability in case of fluctuations in
feedstock price and crude oil benchmark.

Biodiesel:
For biodiesel, the cases are only dealing with ttebe-integrated- valorisation of glycerol.
Depending on the case, this can improve the overalitability of a biodiesel plant.

Pulp & Paper:

Here we have a first discrepancy between a singse calculation and a targeted investment
analysis: the DME case reduces the pulp cost, bet grofitability —with the current
assumptions (see WP4.1/4.2)- is worse than theerafe case. Probably that mixed solutions,
including a recovery boiler aralgasifier, resulting in a debottlenecking of plugp mill, with
capacity increase as consequence (see lignin casénprove the DME case.

Power generation:

None of the proposed biorefinery cases are impgpthie profitability of the reference cases.
The targeted investment analysis revealed that @vethe gasification/chemicals case, a
lower product cost compared to reference casetisuficient for a profitable process.

The message for thermal treatment of biomass seebesdouble:
* Next to electricity, it is recommended to have luahle outlet for heat
« Keep it simple! Making the downstream complex doasimprove the profitability.

Food:
Simple case, in correlation with the cost analysis.

Agro:

Especially for the grass biorefinery, we want tterdo the recommendations of the Power
sector: simplicity is the message. Alternativehgreasing the amount of products extracted
from grass at the expense of electricity can atgmrdove the picture.

7.3. Correlation analysis

Finally, bringing all data together, both objectoata as subjective ones (feasibility, SWOT),
will complete the evaluation of the biorefinery easand will allow for a ‘cross sector’
analysis.

Table 5.5 is giving a complete overview of the disinating criteria for each reference and
corresponding biorefinery cases.
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Colour code:

Bioethanol: reference

Bioethanol: lactic
Bioethanol AFEX 80
Biodiesel: reference
Biodiesel: PDO
Biodiesel: ECH

Pulp & Paper: reference
Pulp & Paper: lignin
Pulp & Paper: DME
Pulp & Paper: ethanol
Refinery: r eference FCC
Refinery: veg. oil in FCC
Refinery: reference HDS
Refinery: veg. oil in HDS
Power: reference CHP

Power: CHP/pyrolyse

Food: reference

Food: lactic

Agro: reference beet
Agro: dec entralised beet

Agro: reference grass

Agro: grass biorefinery

Objective criteria:

Table 5.5 Subjective and objective criteria

Power: reference gasification

Power: gasification/chemicals

Subijective criteria; Green: above average
average

Red: below average

Black: reference cases

Green: improvement compared to reference

Red: worse compared to reference.

Subjective criteria

Impact Technical Commercial New target
level feasibility feasibility sales price
(for IRR 20%)
€775/T ethanol
Low 78% 56% €545/T ethanol
Medium 60% €710/T ethanol
€765/T biodiesel
Low 79% €815/T biodiesel
Low 83% 75% €735/T biodiesel
€630/T pulp
Low 80% 83% €550/T pulp
Medium 62% 83% €710/T pulp
Medium €990/T pulp
n.a.
High 86% 64% n.a.
n.a.
High 89% 64% n.a.
€150/MWh
High 65% €185/MWh
€110/MWh
High 53% €200/MWh
€2.250/T cheese
Low 60% 65% €2.050/T cheese
€430/T sugar
High 75% 79% €385/T sugar
€280/MWh
High 55% €330/MWh

Objective criteria

% change vs
market price
(for IRR 20%)

-3%
-32%
-11%

9%
16%
5%
26%
10%
42%
98%
n.a.
n.a.
n.a.
n.a.

200%

270%
120%

300%

0%
-9%
8%
-4%

460%

560%
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Impact level and objective criteria

In 10 out of 12 cases, there is some concordanteeba the impact level and the targeted
investment analysis: a low impact project tend®&e¢omore profitable. Figure 5.3 plots the
trend line between the impact level and the ecooaimialue (computed as % change in
market price for reaching an IRR of 20% for thegmse of the graph).

Major exception to the trend is the decentraliseet lzase (highlighted). This is a high impact
project, with positive economical value.

Impact level vs. Economical value
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Figure 5.3 Correlation between impact level and objectiveeria

Technical feasibility and objective criteria

Similarly, we found a reasonable correlation betwebke technical feasibility and the
economical value, as shown in figure 5.4. The mdéviation here is the Food case
(highlighted): the feasibility is considered rathew (60%) while the economical value is
definitively positive.
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Figure 5.4 Correlation between technological feasibility artgjextive criteria
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Commercial feasibility and objective criteria
As opposed to the more technical subjective facttrere is surprisingly no correlation
between the commercial feasibility and the econahvalue.

How to understand this? Seemingly, the Consortitielres that economically attractive

projects are not necessarily commercially feasibia may look attractive, but the challenge
may be big. This tends to prove the added valuadorporate such a feasibility analysis to
more conventional objective return on investmeratysis.

Commercial feasibility vs. Economical value

High

Commercial feasibility
|

Low

Economical value )
Low High

Figure 5.5 Correlation between commercial feasibility and aliye criteria

Finally, some projects were clustered and compdcedach other according to other
attributes. These projects are selected out cealiors.

Power generation projects

As a red wire throughout WP5, 3 biorefinery cadeswer, gasification / Power, CHP / Agro,

grass-, respectively large, medium and small sel@etricity production projects do show a

similar trend:

* High impact projects

* Below average technical feasibility

* Average commercial feasibility

* Very poor return on investment (one order of magtetworse than other biorefinery
cases), even for reference cases.

This explains why subsidies are needed to suppokt projects and highlights the complexity
to define suitable biorefinery cases to improvedterall performance. As mentioned earlier,
all efforts need to be oriented to a maximal valatibn of heat (co-product) and keeping a
simple design.
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Co-product valorisation projects
Projects focused on getting a better value fortiexjsco-products have the best chances of
success. These are typically the ‘Low impact’ prtge

Table 5.6 Co-product valorisation projects

Subjective criteria Objective criteria
0,

Impact Technical Commercial New target % changg Vs

level feasibilit feasibilit sales price market price

Y Y (for IRR 20%)  (for IRR 20%)
Biodiesel: PDO Low 79% €815/T biodiesel 16%
Biodiese I: ECH Low 83% 75% €735/T biodiesel 5%
Pulp & Paper: lignin Low 80% 83% €550/T pulp 10%
Food: lactic Low 60% 65% €2.050/T cheese -9%

All these projects are either considered as hidgbasible, and/or have a good economical
value.

Co-production projects
These are the projects where part of the main mtodiithe reference case is replaced by
(an)other product(s). There are 3 projects in¢htggory.

Table 5.7 Co-production projects

Subjective criteria Obijective criteria
0,

Impact Technical Commercial New target % changg Vs

level feasibility ~ feasibility LS U Sl

(for IRR 20%) (for IRR 20%)
Bioethanol: lactic Low 78% 56% €545/T ethanol -32%
Pulp & Paper: ethanol Medium €990/T pulp 98%
Agro: decentralised beet High 75% 79% €385/T sugar -4%

These projects are considered as technically fieasital tend to be economically attractive.

Fermentation projects
These are the projects where the biorefinery dasésle an additional fermentation step.

Table 5.8 Fermentation projects

. . New target % change vs
Technical Commercial ; .

feasibilty feasibility S e L [N

(for IRR 20%) (for IRR 20%)
Bioethanol: lactic Low 78% 56% €545/T ethanol -32%
Bioethanol AFEX 80 Medium 60% €710/T ethanol -11%
Biodiesel: PDO Low 79% €815/T biodiesel 16%
Pulp & Paper: ethanol Medium €990/T pulp 98%
Food: lactic Low 60% 65% €2.050/T cheese -9%
Agro: decentral ised beet High 75% 79% €385/T sugar -4%
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Fermentation projects tend to improve the referecese, except for the co-production of
ethanol in a pulp mill. The Glycerol to PDO is atsegative in economical value, but this can
probably be improved by increasing the yield / micitvity of the fermentation step. On the
contrary to the other projects, all leading to atiiar lactic acid, fermentation of glycerol to
1,3-PDO is not yet a mature technology, neith&D®© as a product.

Thermal treatment of biomass
This category is covering projects involving a thal treatment of the incoming biomass.

Table 5.9 Thermal treatment of biomass projects

Subijective criteria Obijective criteria
9

Tt T comens| e maiatpes

(for IRR 20%) (for IRR 20%)
Pulp & Paper: DME Medium 62% 83% €710/T pulp 42%
Power: reference CHP €150/MWh 200%
Power: CHP/pyrolyse High 65% €185/MWh 270%
Power: reference gasification €110/MWh 120%
Power: gasification/chemicals High 53% €200/MWh 300%

We exceptionally included 2 reference projects lis tgroup, to better illustrate the

comments. Seemingly, thermal treatment of biomasstiil not a viable industrial option.

Neither the reference cases nor the biorefinergxase leading to a positive economical
activity.

With the exception of the high commercial feasipibf DME (DME is indeed an interesting

product with functional benefits, supplied in a deming and regulatory supported market),
all feasibility parameters are below average.

Legislation-driven projects
The final category is covering projects stronglpsorted by legislation.

Table 5.10 Legislation-driven projects

Subijective criteria Objective criteria
0,
Impact Technical Commercial New target % change_ Vs
level feasibilit feasibilit sales price market price
y y (for IRR 20%) (for IRR 20%)
Refinery: veg. oil in FCC High 86% 64% n.a. n.a.
Refinery: veg. oil in HDS High 89% 64% n.a. n.a.

Both selected projects have a high technical fdagibCommercial feasibility however is
below par, fully explained by the higher cost ahe kack of technical benefits (as perceived
by some respondents) compared to the respectiererafe cases.

This score has to be put into the right perspectoug model gives a lower weight to

legislative support compared to price and techriveaefits. Seen the directive character of
the legislative support for these projects, thisusth be opposite.
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8. Alternative improvement options

As explained in 87.2, sales price of the main peobauill have to increase substantially for
several cases studied in this project in orderaveeha decent return on investment. This can
be achieved by focussing on niches with potentihiyher market price or by a subsidy
mechanism (such as existing for green electricity).

Another option could be to reduce the processirgg opto further increase the value of the
co-products. Some ideas (a.o. derived from WP3/dRd.5) are mentioned here.

Bioethanol sector

Feedstock and steam are the most important cosbréain the bioethanol production,
accounting resp. for 60% and 10% (excluding retom co-products). " generation
feedstocks (lignocellulosics) are obvious choiceretiuce the feedstock cost, in combination
with a higher conversion yield. This can be obtdie the ‘100% Bioethanol concept’ in
which part of the biomass is steam exploded, ligmitracted (used as solid fuel) and the
remaining C5 and C6 fraction converted into ethambk rest of the biomass is gasified and
transformed into ethanol by catalytic synthesise Tnergy released in the gasification
process is used to reduce the energy bill of tiredatation process.

This concept is focused on reducing the main cogerd but is still immature (technological
risk) and carries a high capex. This is an optarthe future and a nice research challenge.

Biodiesel sector

Use of waste oil / fats as feedstock reduces thesteck cost by 50%, only partially offset by
a higher auxiliary and utility cost and extra inweent cost. All in all, the production cost can
be reduced by 20-25%, making a biodiesel produchimhly profitable (IRR of 40% at
current sales price of €700/T).

Drawback is the limited availability of waste oitdafats and possibly technical problems on
the long run due to accumulation of impurities aadability of incoming feedstock quality.

Pulp & Paper sector

As indicated in WP4, extracting lignin from the dialiquor can significantly improve the
profitability of pulp mills, mainly by debottlenerig the pulp mill. The hemicellulose
fraction however remains in the liguor and is costbd.

A very attractive option is to consider a totalorédation of the incoming wood: cellulose to
pulp, lignin to solid fuel and hemicellulose to a&tiol and furfural. But this means that less
energy will be available for operating the pulplniflhe solution is proposed by the AVAP
technology. Pulping is done by using ethanol (fleemicellulose) and sulphur dioxide in a
closed system. In parallel, forest residues (arssipty lignin) are gasified supplying enough
energy for the whole plant.

Another alternative process combines integratedscatudied in this project. Lignin removal
debottlenecks the recovery boiler, allowing for 9@ capacity increase. This additional
cellulose can be saccharified (as pulp market tiserasaturated) and used as feedstock for
fermentation (ethanol, lactic acid ...).

Food sector

In the integrated case, lactose is converted iatdid acid by fermentation. A recent

technology describes the fermentation of lactoseit@min C (a.0. US patent 4259443).

Vitamin C sells at €6/kg, compared to €0.8/kg factic acid. Assuming a 40-50% yield

(realistic target) on lactose, this would reduce finoduction cost of cheese by 50%. The
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required sales price for cheese now drops to €1f@28n IRR=20%, well below the cheese
market price.

This example illustrates that a proper choice eftdrget product for co-product valorisation
has a huge impact on the overall profitability.

Agro sector
In our grass biorefinery case, proteins are exthftom grass and sold as animal feed at
€150/T dry. This concept is not profitable, as shamwtable 5.4 and subsequent discussion on
Agro sector.

Seen the low volumes involved in such a grass fimemey (<600 T dry proteins/a), it may be
possible to further process these proteins inttvéricadded value niche products such as
hydrolysed vegetable proteins used as flavouringnesg(sales price around €1,500/T, 10
times the feed value).

The effect on the cost for electricity (main produncthis case) is spectacular, and makes such
a grass refinery closer to reality.

This illustrates that the production of electricayt of biomass (in this case grass), can be

profitable, providing a high value side stream.iBalty, energy outlets can be considered as a
co-product of the hydrolysed protein production.

Page 47 of 48



9. Conclusions

« In Work package 5, the Consortium tried to analylse different biorefinery cases
according to botlobjective (profitability measurement) anslubjective (technical and
commercial feasibility; SWOT analysis) criteria.rfadl criteria, new data were generated,
as complementary to data generated in WP4.

« The technical and commercial feasibility, as weltlde SWOT analysis were measured by
aquestionnairefilled in by experts within the Consortium.

* Regarding Technical Feasibility, major deviatioanfr the average are relatedpmcess
development (proof-of-concept, scalability...). Application ddepment (=referencing
new products in the market) are mostly considesséss critical.

e Concerning the Commercial Feasibility, not surpgsi the tangible competitive
advantages (cost, price, technical benefits) are key succesgofs. The other key
determinant, the perception of the products, pse®s. by the consumers is generally
speaking scoring rather high for all projects. Aodopoint for ‘bio-based economy’
projects as studied in Bioref-Integ! But this mak#se perception criteria less
discriminative for the different projects.

* The objective criteria used are related to investmamnalysis. In WP5 we proposed a
‘targeted investment analysis! In a similar IRR calculation model as used in \WiRé
computed the required sales price for the mainymbtb reach an IRR = 20%. This gives
a better perspective to compare the different ptsj® each other.

* Another new parameter is thenpact level’: how deep will a biorefinery concept affect
the reference process. We clustered the biorefipejects in 3 groups: low, medium and
high impact.

< Out of our study, there isgositive correlation between the technical feasibty and the
economical value(measured as targeted sales price for IRR=20%). ingvact projects
are also leading to a higher economical value.

* The commercial feasibility has no correlation with theeconomical value It should be
considered together with financial analysis to makeeducated decision on biorefinery
schemes.

e Projects involvingthermal treatment of biomass (CHP, pyrolysis, gasification) are
clearly still immature and not yet industrially feasible. This appeamady in a low
technical feasibility and a negative economic value

e Power generation (electricity from biomass) projects also havaemative evaluation
(subsidies were not taken into account!). Thisfisaurse in line with the comments on
thermal treatment, as frequently the same techgdbgsed. The message to electricity-
from-biomass projects is: find a value applicatfon heat and ... keep it simple or ...
change focus and produce products from biomass.

« Biorefinery projects that have tipetential to improve the economics of reference cas
arelow impact projects (no significant impact on the reference procef&snentation
projects and co-product valorisation projects These projects frequently also have an
above average technical and commercial feasilsitiore.

< Finally, legislation is an important factor, driving the use of bio#ddeedstock (see
biofuel directive) or supporting directly biorefimes by several subsidy incentives.
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