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Biorefinery ) JER—

Definition (one among many others):

— A biorefinery is a facility (or a network of facilities)
that integrates biomass conversion technologies to
produce fuels, chemicals, polymers, pharmaceuticals,

food and/or feed.

Biomass:?
cellulose:
10-95% (av.: 43%)
hemicellulose:
5-65% (av.: 20%)
lignin:
5-40% (av.: 27%)

1. Menon, & Rao. Progress in Energy and Combustion Science 38 (2012) 522-550 ; 2. Cherubini & Strgmman, Biofuels, Ch.1. Principles of biorefining,

Conversion Technologies

Thermochemical:
gasification, pyrolysis,
combustion, liguefaction,

Products
platform chem.
building blocks

secondary chem.

Chemical: _ _
hydrolysis, esterification, WGS Intermediates
' il consumer prod.
Biochemical:

heat/electricity

fermentative, enzymatic
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Biorefinery Systems

* There Is a wide variety of raw materials, conversion
routes, technologies and end products/configurations.

— What are the best raw materials, conversion routes,
technologies for an specific product (configuration)?

(successful) development of biorefinery systems

commercial
production

ideas, experiments in-depth refining data exploitation
first testing feedback analysis and analysis
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Early Stage Analysis
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e case study: derivatives of bioethanol®

Global bioethanol production (Billion liters)*
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Goals:

- ldentify those bioethanol derivatives that offer largest benefits in sustainability terms.

- Explore whether the applied methodology is applicable to screen the conversion steps
that are particularly attractive for future biorefinery systems.

3. Posada et al., Bioresource Technology 135 (2013) 490-499.; 4. OECD-FAO, Agricultural Outlook 2011-2020. <http:/stats.oecd.org/Index.aspx> S
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Early Stage Analysis

e case study: derivatives of bioethanol34>

Total single score: Bio-based or petrochemical process

CCONOMIC ENVIRONMENTAL [l PROCESS COSTS AND 5% <1%
CONSTRAINT IMPACT OF RAW ENVIRONMENTAL OVS \f
MATERIALS IMPACTS :
>>0%
p p N =0% > 0% (to distill)
- 0.3 ; y :
' - 0.2 - 0.2 0 0.5 !
[ RMprices \ k ) >20K 10K <5K
|| Products costs - - ~ 0 < v
Practical Yields , 0 0.5 1
Allocated RM costs || CED Energy loss index
\ / GHG emissions Product concent. <0.1 1 >10
L Water content o . & 7N
——  B.P.difference
Mass loss index 0 0.5 1
lower Noof comroee | <100 ki/mol 200 kJ/mol >300 kJ/mol
scores 8 J 0 0.5 1
are
better <100 kJ/mol 200 kJ/mol >300 kJ/mol
0 -0.5 -1
1 3 >7
:’V\ Fa¥ V¥
3. Posada et al., Bioresource Technology 135 (2013) 490-499; 0 0.5 1

4. Patel et al.., Energy Environ. Sci., 2012, 5 (9), 8430-8444 ; 6
5. Sugityama et al., AIChE Journal. 54 (2008) 1037-1053
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Early Stage Analysis

e case study: derivatives of bioethanol34>

Total single score: Bio-based or petrochemical process

—

ECONOMIC ENVIRONMENTAL PROCESS COSTS AND ENVIRONMENTAL-
CONSTRAINT IMPACT OF RAW ENVIRONMENTAL HEALTH-SAFETY RISKS ASPECTS
MATERIALS IMPACTS INDEX
r I | ' ™ r ™\ f '
' ™
RM prices . A \ A \ y \ .
|| Products costs r B ~ ~, - ~, Ve ~
Practical Yields . Environmental: Glcbal_feeld'stocl-:
Allocated RM costs || CED Energy loss index - Persisten availability
\ S GHG emissions Product concent. Air h ;"’ Local feedstock
Water content i “'I,rt aZﬁr d o potential
- —~ ——  B.P.difference ) S :i\_der a..:ar Market size
Mass loss index - olidwaste Infrastructure
Reaction energy compatibility
Iower No of co-products Health . Inherent benefits
| | - Irritation b A
scores . / - Chronic
are toxicity
Safety
better - Mobility
- Fire/Explosion
- Reactivity
- Acute toxicity
e vy

3. Posada et al., Bioresource Technology 135 (2013) 490-499;
4. Patel et al.., Energy Environ. Sci., 2012, 5 (9), 8430-8444 ; 7
5. Sugityama et al., AIChE Journal. 54 (2008) 1037-1053
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Early Stage Analysis

e case study: derivatives of bioethanol34>,

sed or petrochemical process
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Mass loss index 0 0.5 1
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scores J 0 0.5 1
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better <1{>00 kJ/mol 200 k{\,f]/mol >300 léJ/mol

0 -0.5 -1
1 3 >7
3. Posada et al., Bioresource Technology 135 (2013) 490-499; 0 0.5 1

4. Pater et al.., Energy Environ. Sci., 2012, 5 (9), 8430-8444 ; 8
5. Sugityama et al., AIChE Journal. 54 (2008) 1037-1053
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Early Stage Analysis

» case study: derivatives of bioethanol.

Mass & Involved | Conventional Main Commerci
Product (molar) Reactions* process uses al price
Yields*
Ethylene 0.60 (0.99) 450 Y1 Y7> Y15 Y16 Steam Cracking Raw 1230
- of naphtha material
0.32(0.35) 550 Y1 Y2 Y3 Steam cracking Raw 1245 Total single score: Bio-based or petrochemical process
of naphtha material
051 (044) 350 Y7’ 713’ Yl4 Steam craCking RaW 2050 ECONOMIC ENVIRONMENTAL PROCESS COSTS AND ENVIRONMENTAL-
ofnaphtha  material st f| weacroneaw I envionvenTa. - weAisarey
iSo-Butylene [RURZY(0¥13)) 450 Y1 V55 V7 Steam cracking Raw 581
- of naphtha material 0.2 H 0.2 0.1
0.21(479) 450 Yo VinY1s  Methane steam  Chemical 1940 s . | )
reforming agent NlocstaaR eoms ceo Energy loss index Emvironmenta; Sty
0.75(0.78) 230 Yo Vis Oxidation of Raw 826 oHG emissions Watercomtem Arhazard ot
ST G T omesiie ||| el —
0.92(0.96) 325 Vi Yar Oxidation of Raw 1375 Noof co-products | | | '" Inherent benefics
oxide ethylene material toxicity
0.21(0.13) 400 Y. Vs Y7 Yor Propylene Raw 1025 Sﬂf*:'in},mm
hydroformilatio ~ material i I
n and solvent —
Acetic acid 1.25 (0.96) 150 Y10> Y18 Methanol Raw 850
B B functional unit: 1 kg of ethanol-derivative
S\ EEElEE 0.63 (0.33) 260 Y7 Y11s Esterif. of Solvent 1120
- acetic acid with  and coating
ethanol agent
Acetone 0.57 (0.46) 400 Y1> Y12 Cumene Raw 1024
- oxidation material
(Hock process) and solvent
Diethyl ether [ROEER(O%¥)] 350 Y1» Y159 Direct Solvent 1925
hydration of
ethylene 9

* see Figure 1., ** for 2008-2011.
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Early Stage Analysis

» case study: derivatives of bioethanol.

1.0
Contribution 0.9 ‘ = economic constrain
analysis by = CED (MJ/kg prod)
indicators 0.8 = GHG (kg CO.,/kg prod)
0.7 = process costs and Env. impacts
EHS index
0.6 risk aspects
lower
scores 0.4 | Sustainability Index Ratio
Erit 0.3 Y - DET =0.80 (Bio/Fossil)
etter 13BD= 0.85 (Bio/Fossil)
0.2 :
0.1
| .
FetroB BioB |PetroB BioB F

Diethyl ether |1,3-Butadiene 10
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Early Stage Analysis

» case study: derivatives of bioethanol.

results

Universiteit Utrecht

PetroB BioB [PetroB BioB PetroB BioB PetroB BioB PetroB BioB PetroB BioB PetroB BioB PetroB BioB PetroB BioB PetroB BioB |PetroB BioB PetroB BioB

Diethyl ether |1,3-Butadiene Ethylacetate

Propylene

Ethylene

Acetaldehyde

Ethylene
oxide

Acetic acid

n-Butanol

isoButylene Hydrogen

W Economic Constraint m CED (MJ/Kg prod) m GHG (Kg CO2-eq/Kg prod) m Process Costs and Environmental Impacts EHS Index

Acetone

Risk Aspects
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Early Stage Analysis

» case study: derivatives of bioethanol.

Single Index Ratio (Biobased/Petrochem)
sensitivity analysis on yields (theo. & -20%) and costs (£20%)
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Early Stage Analysis

scenarios analysis on: location, BR integration, timeframe (2020)

1.8

(a) Country/Region mEU USA W Brazil M China

1.4

W Non-integrated Integrated M 2020 High Price. m 2020 Low Price

(b) Scenarios

13
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» case study: derivatives of bioethanol.

Single Index Ratio (Biobased/Petrochem)
uncertainty analysis on the weighting factors

te Carl imulation Results
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Early Stage Analysis

» case study: derivatives of bioethanol.
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Techno-economic Analysishs s
» case study: derivatives of glycerol

CH,OCOR'
CH,OCOR"

CH,OCOR™

1000 kg
il or Fat

The Biodiesel Reaction
CH,0H

~|- 3 CH;0H —» CHOH

CH,0H
107 kg 102 kg
Methanol Glycerol

R'COOCH;

-|- R"COOCH;

R"COOCH;

1005 kg
Biodiesel

Production has increased by 400%.

Sale price has decreased by 10 fold

High functionality and occurrence in

0
Ho /A HO o~ OH
1,3-Propanediol

OH
/k/OH

Propylene glycol

OH Glycidol

Ho\)\co2 R 7\

Glyceric acid &
o _L_on %
()\0 < Glycerol

G|y(?;r;%;bonate / \l/ \ /\I/\o) LLM
SIS TS G |

R Branched polyesters
Diglyceraldehyde Mono- , di-, or tri- poly
and nylons
glycerate

\/\CH
Propanol

nature allow it to be transformed by a
chemical route or by a fermentative way.
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Techno-economic Analysishs s
» case study: derivatives of glycerol

a process design strategy

Aim: process design, based on knowledge
simulation and economic « Considers both heuristic rules and
researcher’s experience.
assessment of new « Economic and environmental
" advantages and disadvantages are
technological schemes e eonsidered

Full Process Characterization process simulation using

i i Aspen Plus
(detailed technical data): .

| i d selectivit * material balances
-actua conversion and selectivity « energy balances
-process units
-process temperature Aspen lcarus
-process pressure + capital costs
-productivity (scale) - operation costs

-energy requirements * production costs

economic assessment using

17
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» case study: derivatives of glycerol

Diluted
Glycerol

Methanaol

Phase

HE-1 H-1

Products

) Aqueous
s Organic  Glyeerol

T: &- Reactives %]@ : |

) b

Universiteit Utrecht
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Techno-economic Analysis’
e case study: derivatives of

lycerol

Methanol
E-1

a)

Crude
Glyeerol

Water

Water
waste |

oct IER-1 usp

8
3
=]

N

b)

Aqueous
Solids  Organic T Gl /
- Phase Clyeont Foo \L. Adsorbate
d) Overheat Sep-1 {2 Sep2 CO2
Comp-1 e Yoy Vapor 1 e
HE-1 d H-1 ) - " Vapor 2
Diluted Reactives 7 Products 1
Glycerol A > ( 1
~— Recycle
M- nsate 1
Fresh _>( N
Water Condensate 2
Purge
e) D-1
R-1 Sep-1
M-1 H-1 N HE-1
Glycerol Reactives 7 Products /
Water - A .1
M-2 H-2 S~
Fresh
. Condensate
H2 Reactive H2 Bottoms 1 Bottoms 2
Recycled H2

Universiteit Utrecht

19



Techno-economic Analysis

a) Methanol

E-I
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N
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Techno-economic Analysis

case study: derivatives of glycerol

a) Methanol

E-I

Crude
Glyeerol

Cestifatedd
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Water

Solids
Phase

Qrganic
Fhase
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Water DC-1
waste |
Water
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N
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Bz
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Diuted
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Femeniston
Broth

Universiteit Utrecht
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Techno-economic Analysis
e case stud

a) Methanol

E-I

Crude
Glyeerol

Solids

Prase

Water

Organic
Phase

Water

aste 2

e Glycerol

N

Glveerol

\Lb Adsorbate

uspP

b)

Dsuiate0-3
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C)

D lmd/
T

TOA

&
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Adsorbate

Divted
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Universiteit Utrecht

22



. -
[echno-economic Al |aIyS|s S_———
|
 case study: derivatives of glycerol
. U
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a) Methanol aste | /I\_’ Glycerol
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Techno-economic Analysists
e Case studx: derivatives of glxcerol

Fermentation process

d.1)

Downstream process [

Downstream process III

SDS
Wi ey

7
S

iE ,'..-E_‘

o
— L

Universiteit Utrecht
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Techno-economic Analysists

» case study: derivatives of glycerol
Hydrogen RIEIMMMHIHIIHIIIIITINY 1.05
Succinic Acid  [ITHITTTTTTTTRITTTTTTIT 1.08
Propionic Acid .13
Acrolemn | 1.34
Ethanol 1.36
PHB 1.42
Glycerol USP. Iy  1.43
D-lacticacid ] 1.5
1.2-propanediol
| .3-propanediol

0.00 .50 1.00 1.50 2.00
Sale Price/Total Production Cost Ratio 25
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» case study: microalgae biorefinery
system definition

« Comparative cradle-to-gate LCA:
1) microalgae cultivation, 1) lipids extraction and purification,
1) culture dewatering, Iv) fractions upgrading.

« Impact categories:
— Non-renewable energy use (NREU) and net energy ratio (NER),
— Greenhouse gas emissions (GHG) and net GHG ratio (N-GHG-R),

* Functional unit:
— 1 MJ on main (energy) product (i.e., biomass, oil, green diesel, biodiesel).

« System expansion for by-products (i.e., Cake for fishmeal/soybean meal substitution,
Oil for fish-oil substitution, Glycerol and Biogas).

 Intended to cover different species and locations.
26
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Environmental Analysis
/*&%sle study: microalgae BR

Energy Material

11 P
Eergy Material Description
Processing Processing Procassing
) stage step altematives

Microalgae cultivation

Open -
pods HFER VSPBR FFPER

+ Microalgae culture

Culture dewatering and cell disruption
i} Sodium hydroxyde
iij Chitosan

Flocculation Ity ran 1l chioride = h. —
Iv) Aluminiumm sulphate &
]
Centrifugation é
<
L=
I} High pressure
Filtration <ot
i) Low pressure 3

Concentrate

1) High pressure homogenization
(at: 500, 850, 1000, 1200, 1500 bar)
) Sulphuric acid freatment

i} L icati
Disrupted C

Cell disruption

& @D CONNCO)
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| |
|
| |
|
o Fe==——- -
| Alr i) Air velocity: 0.5-2.0 mis. Mo
| 1 drying ¢ I} Alr temperature: 40-80 *C drying
| | |
| | [ | - |
| | [ | + Microalgae paste + -
: : : : : Lipids extraction and purification |
[ [ | — Organic Supercritical
(. [ | g salvent €0z W |
| | [ | £ exiraction extraciion el -
| | ' | ] solvent | té”
- i
| | [ | = ’@b ‘@ extraction H |
o (| | H with : 2
[ N Y i I} Hoxane i) 40 MPa Hexanef 2
[ [ LE i) ii) 55 MPa methanal a
| | L i) Coloraformimetanel | | 122 HER o
Lo Lo iv} HexansiisoPropanol | | ) 2
- [ 8 I
| | | | I 5
o [ = Fillration, {Fractionation) and 1z
| | [ o Furification of Organic and Aqueous Phases -
| | [
| | [
| | [ * Microalgae fractions
Lo b Eractions upgrading
Lo |
Cor (WACVO) (VACSH)
| | I |
| | | | | Transasteari- Hydra- Digestion - |
— e —p—— — — — — fication traating
Final Purification of Products | — "J' -
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Environmental Analysis
» case study: microalgae BR

- W)

Microalgae cultivation

Microalgae cultivation

Open
pods HFER VSPBR FFPER

Open
porids HFEBR VSPBR FPFBR

Microalgae cultur

i) Sodium hydroxyde
) Chitosan

ity bran 111 chloride
Iv) Adurinium sulphate

Flocculation

-‘ Microalgae culture

Centrifugation

I} High pressure
Filtration —‘—M
i} Low pressure (

Concentrate

Bulados 1ejem

1) High pressure homogenization
(at: 500, 850, 1000, 1200, 1500 bar)
) Sulphuric acid treatment

i} L icati
Disrupted C

|

|

|

|

|

|

|

|

T ) Sy S
| Alr i) Air valocity: 0.5-2.0 mis Mo

ST === | | drving I} Alrtemperature: 40-80 °C drying

|

|

|

|

|

|

|

|

|

|

|

Cell disruption

+ Microalgae paste + -

Lipids extraction and purification

‘Organic Suparcritical
solvent Coz
extraction extraction Wet

_,.: _____ | ) Hexane i) 40 MPa Hexane/
|
|
|
|
|
|
|
|
|
|
|
|
|
|

with Methanol

ii} Ethanal
T il) 55 MPa methanal
L) anal | | i 70 mea

v} HexanafisoPropanc

Bu_lpfagj 2_05 |J_l|€ 1u_ar._|0§

and
|
L

Filtration, {Fractionation) and
Furification of Organic and Aqueous Fhases
+ Microalgae fractions

T~

Transestari-

| Hydra-
= ——— — — — = fication

traating

Digeastion

Final Purification of Products

& @D CONNCO)
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Environmental Analysis %
e case study: microalgae BR
| |
' bescrion  QLEED  GEED + Microalgae culture |
. Processing Processing Procassing I
: > [ ] (S Culture dewatering and cell disruption I
E Microalgae cultivation = =
Open PR o — _ i) Sodium hydroxyde |
R ponds ! Flocculation iy Chitasan |
T —TT — ! il bran 1 chiorde | =
: : : : : : ﬁllmredewaterlggand:alldlsrup_tinn : |'l':| Alurminium ﬂ]lphﬂtﬂ I a
| : : : : : " g i)So\_‘!il::r?‘_hydm:wde I -.‘_|:|I
: : : : : : lesziatoy <G> |||;|Ir|3:n||m7:ma :é : ﬁ
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| | [ | | g = =
: : : : : Centrifugation I CEI"I‘tI'IfIJgE.h'DI'I IE
IR ! =3
e ' s ]
: L Lo Filtration -‘-1 e ( | |
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Concentrate H B
: : : : Ij High pressure homogenization : Flhrﬂhm ¢ I
Lo E i Celldiruption @(“’"Ei";°é:|§?:'u3£”fe@ﬂﬂ;t¥i"n"l°"’( ' i) Low pressure 2
: : [ | Disrupted C. :
N PN F———— - Concentrate :
L _L N N r i) A velocity: 0.5-2.0 mis No
Ir—:——): : : » m II}AIrmper:ture:dMn 'C( d I:I ngh FI-FEIH-EIJFEI- hmwnlmhn |
Lo P ! " al: 500, 850, 1000, 1200, 1500 bar)
b [ paste (WA plic [ ] ] ] 5
: : : : : Lipids extraction and purification GE" dhru n i] Eulphu"i; al;ﬂ h‘ga‘h‘ngni I
: : : : : - ?;?::r:, Supggziucm III}Ult"EEl:I'I'I-'DEU'J'l'I :
| | [ | % extraction extraciion m"'l‘:::_n e
i i E i i - e £ Disrupted Concentrate I
i - ( = ((’( ot e\ 0 F—————= —-—
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. e H . Alr ¢ iy Air valocity: 0.5-2.0 mis No
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& @D CONNCO) 29




Universiteit Utrecht

Environmental Analysis
» case study: microalgae BR
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» case study: microalgae BR
Table 1. Products distribution for MABRS

MABRS MABM MAC-FM MAC-SBM MAO-VO MAO-FO GD BD Gly BG*

o8]

A

©

X

X
XXX

X
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e case study: microalgae BR

« All operation conditions and mass/energy balances are based on design
equations and actual lab/processing data, i.e. process design approach.

« Parametric analysis.
Table 2. Microalgae productivities and culture concentration (at harvest)

oP HPBR VPBR FPPBR
Processing parameter Low High Low High Low High Low High
Perform. Perform. Perform. Perform. Perform. Perform. Perform. Perform.
Productivity (g m? day?) 10 30 18 45 20 50 22 55
Culture con. (g I'Y) 0.2 0.4 15 2.5 1.5 2.5 15 2.5
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Insummary & s
* The early-stage sustainability assessment method
IS suitable to (quickly) screen different options of:

raw materials, processing pathways, technologies

and products arrangement.
- The reference system is the fossil-based product

* In-depth analysis provides more technical,
economic and environmental details.
— It Is very time Intensive
— It requires process related data

» The early-stage sustainability assessment method
has been validated for two systems.
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Thanks for your attention!

Are there any guestions?

John A. Posada
J.A.PosadaDuque@uu.nl
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Economic constraint EC=Y"_, mll_w['f”;zfﬂ mj{‘c}!’ (1) 1.0 0.3
AFy = miCo /3P mPCy (1.1) NA NA
Environmental impact of EIRM = CED, + GHG, (2) 1.0 0.2
Raw material CEDy = AF,(1/mE)Y 1, meCEDfM (2.1) 0.5
GHG, = AF,(1/m5)Y I, mfMGHG™ (22) 0.5
Processing cost and PCEl = Zglﬂf IWF,; - PCEI (3) 1.0 0.2
environmental impacts  pcgj, — 0.0, if water is NOT present (3.1) 0.143

0.5,if water IS present
1.0, if water must be distilled

PCEl; =1 - (1/2)(logs(100- Cp)) (3.2) 0.143
PCEl; =1 — (1/2)(logy (AT, /5)) (3.3) 0.143
PCEly = (1/2)(loggMLI + 1) (3.4) 0.143
PCEls = (|AHS,,| — 100)/200.if : AHS,,, = 0 (3.5) 0.143
or if : AHY,,, < 0 and Ty < 200°C

+(100 — |AHY,,.|)/200, when : AHy . < Oand Ty > 200°C

PCElg = —0.015 - ng +0.28 - Ng, —0.25 (3.6) 0.143
PCEl; = 0, if feedstock pretreatment is NOT required (3.7) 0.143

1.if feedstock pretreatment IS required

Note: AF: allocation factor, C: commercial price or cost (€/kg), c: concentration (mol/mol), CCl: compatibility with current infrastructure, CED: cumulative energy demand (M]/
kg), EC: economic constraint, ECat: specific category of environmental hazards, EH: environmental hazards, EHSI: Environmental-Health-Safety Index, EIRM: environmental
impact of raw materials, GFA: global feedstock availability, GHG: greenhouse gas (kg CO, .4/kg), HCat: specific category of health hazards, HH: health hazards, I: index value of
one specific component for either category (EH, HH or SH), IB: inherent benefits, IWF: internal weight factor, LFP: local feedstock potential, m: mass flow (kg/kg product),
L(E)Csg aquatic: aquatic lethal or effect concentration using daphnia magna, MLI: mass loss index, calculated as the ratio of the total mass of all components in the reactor outlet
except for the main- and co-products, to the mass of main and co-products from the reaction, MS: market size, Nep: number of co-products, PCEIL: process costs and
environmental impacts (1 to 7, see methodology), PCEIc: specific category of process costs and environmental impacts, p: number of products, r: number of raw materials, RA:
risk aspects, SCat: specific category of safety hazards, SH: safety hazards, Tg: temperature of reaction (°C), Z: fraction of mass emitted to the environment in case of an accident
from the maximum mass present in the overall process (=0.1), AH%,.,: standard enthalpy of reaction (k]/mol), ATy, = smallest absolute difference between the boiling point of
the product and another substance that has to be separated from this product (°C). Sub-indexes: i, j, n: counter for species i, j and main product; cp: number of co-products. Super
indexes: F: refers to a any internal stream in the process, Out: refers the stream leaving the process (contains main product and co-products), P: refers to the main stream leaving
the process (contains the main product), RM: refers to the stream feeding the process (contains the raw materials), UN: refers to a unit mass stream (i.e., 1 kg of each substance).

» W Copernicus Institute of
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Hazard Index

Risk aspects

EHSI = AF, - (IWFgy - EH + IWFyy, - HH + IWFg, - SH)
EH =3} pem 2 i(Z- rnFax[mf)If':”f) + ZEerj{mf“”fm}
HH = ¥ gy max(mN )

I

SH = Yscar mgx{max(mff'?c"tjj
I

RA = IWFgpa - GFA + IWFgp - LFP + IWF s - MS + [WFery - CC + IWFjg - IB
GFA = 0.0, for Large scale availability{Commodity chemical or fuel).
0.5, for Potential for near term bulk availability.
1.0, for Conceptual feedstock({Meeds fundamental development).
LFP = 0.0, for Feedstock is locally available in bulk quantities.
0.5, for Feedstock available in other parts of the world in free and open markets.
1.0, for Feedstock primarily available in regulated markets with limited global market access.
MS = 0.00, for Existing bulk chemical /fuel market.
0.33, for Existing commodity(ex. Lacticacid, levulinic acid).
0.66, for Near term bulk chemical/fuel market potential.
1.00, for Long term market potential, possibly accelerated by interesting properties.
CCl = 0.00, Process can be integrated or retrofitted into existing processing infrastructure,
and the existing target product enters existing processing and supply chains.
0.33, New processing plants required based on known technologies,
and the existing target product enters existing processing and supply chains.
0.66, New processing plants required based on known technologies,
and new target product which would need new processing and supply chains.
1.00, New greenfield process plants built with new technologies,
and new target product which would need new processing and supply chains.
IB,
Chemicals,
Functional groups,
= 0.0, Between2and4functional groups.Platform molecule.
= 0.5 More than 4 functional groups.Difficult platform molecule to work with.
= 1.0, One functional group.Limited potential for platform chemical.
Retention of raw material functionality,
= 0.0, Complete functionality is preserved.
= 0.5, Limited modification of functionality.
= 1.0, All functionality stripped off.
or
Fuels.
Energy density.,
= 0.0, High energy density. more than or equivalent to gasoline
= 0.5. Energy content80 — 90%that of gasoline.
= 1.0. Energy content below80%of gasoline.
Engine compativility,
= 0.0, Perfectly compatible.Gasoline/Diesel equivalent.
= 0.5, Potential for use in existing engines in mixture with gasoline.
= 1.0, Engine modification necessary for use.

(4) 1.0
(4.1) 0.4

(4.2) 0.2
(4.3) 0.4

(5) 1.0
(5.1) 0.25

(5.2) 0.15

(5.3) 0.25

(5.4) 0.20

(5.5) 0.15 or 0.15

0.2

0.1
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Early stage analysis
 Case study: Derivatives of bioethanol34~.

Total single score: Bio-based or petrochemical process

ECONOMIC ENVIRONMENTAL PROCESS COSTS AND ENVIRONMENTAL-
CONSTRAINT IMPACT OF RAW ENVIRONMENTAL HEALTH-SAFETY
MATERIALS IMPACTS INDEX
- ™, s ™ " 3
f RM prices ) \ s . 4 - o
|| :roductl's:oslsés r ™ 7~ >~ ~ ~
ractical Yields . Environmental: half-life in water).
Allocated RM costs [ CEI? ) Energy loss index - Persistency ( ) ; P
\ J GHG emissions Product concent. e i— (index value of chronic toxicity).
L y || :f:_tsirf?::;:é‘; - Water hazard (L(E)Cs, aquatic, R-codes).
Mass loss index - Solid waste (based on substance class).
Reaction energy
Lower No of co-products H'a-a‘llrt:tation EU-class. R-codes. L D50d |
scores L ) — chronic (EU-class, R-codes, LD50dermal).
toxicity (EU-class, GK, R-codes)
are
Safety
better - Mobility ] . )
- Fire/Explosion | partial pressure, boiling point).
- Reactivity (flash point, R-codes).

- Acute toxicity

Y ) (NFPA reactivity, R-codes).

3. Posada et al., Bioresource Technology 135 (2013) 490-499; (IDLH, EU-class, GK, R-codes).
4. Pater et al.., Energy Environ. Sci., 2012, 5 (9), 8430-8444 ; 41
5. Sugityama et al., AIChE Journal. 54 (2008) 1037-1053
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Early stage analysis
 Case study: Derivatives of bioethanol34~.

Total single score: Bio-based or petrochemical process

—

RISKS ASPECTS

— 0.1
Feedstock supply risk — 0.25. . J
Regional feedstock availability — 0.15. ( Global feedstock )
Market risk — 0.25. availability
Infrastructure (availability) risk — 0.2. S
Application-technical aspects — 0.15. N In’*f"rzg‘;f:j:lere
+ Chemicals: functional groups — 0.5. compatibility
+ Chemicals: retention of raw material functionality — 0.5. \ Inherent benefits )

+ Fuels: high energy content — 0.5.
+ Fuels: engine compatibility — 0.5.

3. Posada et al., Bioresource Technology 135 (2013) 490-499;
4. Pater et al.., Energy Environ. Sci., 2012, 5 (9), 8430-8444 ; 42
5. Sugityama et al., AIChE Journal. 54 (2008) 1037-1053
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