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v" What’s NEXT in policy and fundamental technology?

v' Making Revolutionary Technologies into Commercial
Ventures. What does it take now, and NEXT?

v' What’s NEXT at the pre-commercial stage? Technologies
emerging and spinning out of labs.

v" What’s NEXT? Hot Product Technologies

v' USDA Policy and Programs — What’s NEXT?

v" What’s NEXT in aviation fuels and aviation?

v" From Jet to Fragrances: Developing and deploying Integrated
Biorefineries and the aviation opportunity

v Moving towards commercial

v" The NEXT Big Thing
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Cosmetics

We are revolutionizing the cosmetics
mdustg by providing sustainable, plant
sugar-derived ingredients with superior
performance. Renewable Fuels

We are commercializing drop-in
renewable diesel and jet fuels with our
partner Total.

NEOSSANCE
Squalane
e —————

Fragrances

We are dglvelopldng cgsr-‘effecéwe and

sustainal roduced oils and aromas :
common!yyu%ed by the Flavor and Lubricants
Fragrance industry.

M

Through our Nowvi joint venture, we

y are producing
= and marketing high-performance
. N O\/\/ I renewable base oils and lubricants.

Performance Materials

Our industrial biotechnology platform
offers significant innovation
opportunities for polymers, solvents an
other high-performance applications.
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(1) What’s Next in policy and fundamental technology?
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Publications Innovation Commercialization
Cumulative __ Cumulative Cellulosic
Number of Lab = Biofuel 1 .
Publications : 128 Number of Lab : ekl | G II‘
I =t allons
: Publications Patents : By Volume : -
1 : : P
More | N:]ore : 1,844,000 : Cellulosic
than | FUat M Biofuel
29X | i Gallon -
: i Increase* i
1 ! i
E - :
25 : 0 E
Publications 1
e Gallons .L
By 2009 By 2015 By 2009 By 2015 By 2009 By 2015
*Based on EPA data
Jobs from Biofuels BETO-Supported Commercial Products
More than 'y 4 operating +  PET Plant Bottle Packaging
295K j b ] commercial scale Tiger Cat Tree-Feller
Jo S “ biorefineries Commercial Succinic Acid
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CONSIDERATIONS WHEN CHOOSING TECHNOLOGY  So2mBero

—

R

HOW IS TECHNOLOGY CHASING OFF-TAKERS? Bloomberg

INDUSTRY PARTNERS

Demand for specific Green agenda?
products?

Niche Commodity Longevity? Volumes? Long term Compared
market? price? or short to what?
term?
Mandate =
driven?

Source: Bloomberg New Energy Finance
6

11/42015
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AR ARTESE ISR - DU B - 3540 © BRSPS GEE ~ IRl
Wik ~ EARIE IR R 5
BB RE TR iR T T » Bk TS EASA B E B AT RZ B RS - Sodh—(E5%
AR AIZ AR R G (Biogas) - HATE R LISHERZER - AR EREREELAHER -
w] DA 2 R AR A E A -

— AR BUAR Rl B R 50~55% - Wi AR 75~95 gal/MT - [E Ay 6~10
22



ETTNGEIE > BAERA R 1.5 7004 - ifi logen /\E] B BiSFER i ks e i bR

80% » 5 EVISUE By R (Biogas) > EEFR AR 256% - A+ =FR -

= Biotech processes can drive nigh
least conventionally) on only m

* 45% - 50% of the feedstock doesn’t 7 D
fuel premiums i

offers 25%+ yield |

o B = - SEEREELORER hEt

Jan Koninckx > DuPont Industrial Biosciences & {1404 B Pkl 2 BRSE S 48 L

lan Barnett - Ensyn /\E|IE(TRA R ELDFESFEEPT 2 S TEI4E (Executive Vice President,
EVP)

DuPont ek 17 T EEREAHMRME R SRELR, - BRHE S B SR EEEE Y E REAHY lowa
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DuPont Cellulosic Ethanol Refinery

* Opening: Nevada, lowa
October 30, 2015

* Production Capacity:
30 MGY of cellulosic ethanol
from corn stover

* Jobs: 85 permanent jobs

~1000 for construction

DOE Support
¢ DOE Involvement since 2003

* Pilot plant built in Vonore, TN with
250,000 GY capacity

* To date DOE Investment: ¥$51M

19 | Bioenergy Technologies Office ENERGY Eﬁfzaizcﬁze:;ygf

[ — VU ~ DuPont 454 P T

‘ 1 'PE TROBRAS

:NREL

& -7 ~ Ensyn PR ERSL R AR FE BURR R Sl
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Water
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(2) Making Revolutionary Technologies into Commercial Ventures.
» Jennifer Holmgren > LanzaTech /\ &{&{F#{TH&(CEO)

» Bob Walsh - Intrexon Energy /\ B#E{F & %5443k (Senior Vice President, SVP)
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stay in the ground
CARBON CAN BE NEW
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Commercial Production
e 2017

‘boaa
RIR"\

Strong Pipeline and Committed Partners

& =-f - LanzaTech S L bRl S FE S
o WHIDIFIRR AR > &OBMEEYEI L > ZEPb - E—DEL R PR - HEL
SR ARG DIAETZIER - HAl B DUERS C1~C15 » AI{ERARIECREDE RN » 40
[ =P -
o FRESEET RS - SRR SR EYIR  ACEHE LGNSR AT ERE - (2R B IR
A RERIEYPK > wfEE - bl EENERE -

n has designed a proprietary approach for bioconver:
 to fuels and lubricants utilizing a methanotroph biocatalyst

on upgrading from methane (C1) to isobutanol (ca) productic
orm has been achieved

€arbon upgrading from methane (C1) to farnesene (C15

chemical in diesel, has also been achieved

& =-— - Intrexon Energy /\ 5]~ FHGEHE b 57 e AR n = Bl
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(3) What’s NEXT at the pre-commercial stage? Technologies emerging and spinning out

of National Labs.

FERIERHE BFEAERALE > SHEBEHREREAELEIE - (R 28w - A
& =+ AR

B+ - ERERES s hes
» Argonne National Laboratory : LR ##7 SEBELL RAERE SR EE Bt - A AR RS S
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y Aﬂ mlol High-Throughput E xperimentation?
e Platform parallel Batch Reactor  Parallel Plug

~ Modular Robotic Platforn fo
dispensing solids & liquid to wynthe
catalysts covering a wide range of
compositional space

Parallel Bateh Reactor provide
UP 1o A8 catalysts at temperatiuies (s
B 3000 paig under a wide variet

ce and process optimizat le
gos and/or liquid teeds with very

& =+= ~ M e
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.Ollaborating w
National Laboratory
Bioenergy Development

J. Richard Hess
Division Director, Energy Systems and Technologies

Idaho National Laboratory

» Lawrence Berkeley National Laboratory : BiiN 4 EY)-& S ERAIIFEEIEE R A - HiEEEY)fE

t -
S ~ BETR;M. .
FER - AE =+ -

] =11
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Advanced
recovery and
purification

- Fuels / Chemicals

- Proteins /| Enzymes
- Polymers

Chemical
catalysis



 Los Alamos National Laboratory : DIGERURERIE Ry T Z I AMHITHY HEE - EIEKERER

3 M S bhE s 2R A AR BRI -

and Energy)

— Director: Richard Sayre, Ph.D.

B =17\~ B R
 National Renewable Energy Laboratory : #2HEF 4= GEEAHREAIRHSE - B35 T KPEAEE ~ HAE -
HE. S MEFAERIFNE - AERRAIEA L YREE - BURERAE (L TR
EAER ~ HERERNFE ST ~ IR PeRlT « A E AR AT R - AT
HEEHEREZ - WE =1t -

Residential Solar
Buildin,
e Wind
Commercial Distributed
Buildings Water: Marine Energy Systems
Hydrokinetics

Batteries and
Thermal Storage &

Energy Analysis

& =+t ~ BRI R
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* Oak Ridge National Laboratory © DIABEPIRUER AL - RFDRDRAVAERE - UK - iy -
Frb o AL F > AE=1/\FoR -

& =/\ ~ BV B R

e Pacific Northwest National Laboratory : &% ZEAYFRiTRE AR Mret & « sk Bl - B4
SeEtHl g b (HHR B S IERETIZEAE > RIS 2SR A T ~ R Belg
B~ BRELIE. . EMRAREAE 28 > E =+ fUEE R e

rotreator)

1esign
scale

X Skld mount
®  Avoids the
}* Reduces s
Enables use of

=71~ B4
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Gas Catalytic
fermentation upgrading

IS “Very stable, wide boiling
B exceeds D1655 standard
¥ (thermal oxidatioy
¥ high flashpoint
¥ nogum, “not

E0U+- ~ HAE
* Sandia National Laboratory = DA ~ & ~ IXAEWTFEMHR R ERVRIR HERE - S$TEEDS L
PR SEANRL » AT A DAERERTERI S EIZE - GfREY Bl - BT /RAGE b
Fofly ~ SEEAERAAETR. . 5 B —AR -

~ oy
. S\b E'&\W:’“W

Blake Simmons
ABLC Next

& P'd{— - Sandia National Laboratory
o FiskER 0 T BTN ER=EH A EE2EREETNE T X ER=EEE
BHWTFEHRE - DR R AR B B AR R R T Ry T2 TAF - WIHEREREE

IRERHITE R SEE - AR MIREEERE -
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(5) Funding and Finance !

o EEIESMAAILEE A (Overseas Private Investment Corporation> OPIC)#1[& P —Ff
1 RS E YN AERS B VS ARl - ERLEOVERES E (L BEININBIRS - 11
FoA S  RERT e A - EERE AN - AR -~ R LB EE T e, . 5% -

ams are available for projects in 150+ countries anc n
Since its founding in 1971, OPIC has financed over 4,000 pre
nting $200 billion of investment in emerging markets.
3s the only public political risk claims record and has paid almo
pensation for 300+ insurance claims

& /'d-— ~ What is OPIC
© FEEUHMLAREEAFTOR - HANLZARA PR ~ EIE - 236 ~ HRp o SHEIE - (2
BEFET P EEEERNASECRIENRMNE - R oAl ~ feaiieliR %
BERERHTIBNERIEY) » ANBORMES &R A TRE - MIETPERFERE -

(4) Emerging feedstocks and systems.

> David Lewis » Muradel /\5]#hf T+ (CEO)

> Ally Ferguson » PrecisionHawk /2 s (i Lt i 2 S FiT 5P 3 4

> William Rooney » & KEEZFZ

© Muradel [ DAMGHE Ay ihIE AR 78 A BRI B (LB o e el » S (L
fif B HEEE 5K K S > Green Crude HIESE4Y 20~30% » ELAUFR BRI B 2R A E]

PU-F=F7r
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:::/\/\URADEL Organic feedstock to oil — Green2Black™

Fractionate to
drop-in fuels
and
oleochemicals

feedstock with Extract
continuously sustainable oils
operated including
subcritical green crude oil
water reactor

Pretreatment
to form
suspension

Process Integration and Recycle

Organic material including tyres, biosolids and and microalgae provide a feedstock ready solution for the production
of biofuels and the Green2Black™ technology has been proven to produce an energy positive green crude oil.
3

@ MURADEL Subcritical water reactor

* Fully automated continuous SCWR
* Max operating temperature 400°C
* Max operating pressure 282 barg
* Typical operating conditions
* T=3500C
* P =200 bar,
* tr=5 minutes
Q=720 kg/d/tube (20%-30% solids w/w)
* EROI™4
* Patent Portfolio
e PCT/NZ2011/000067
* PCT/NZ2011/000066
e PCT/NZ2011/000065
* PCT/NZ2008/000309

B.E. Eboibi, D.M. Lewis, P.J. Ashman, and Chinnasamy S. (2014)
Bioresource Technology, 174, 212-221

B.E. Eboibi, D.M. Lewis, P.J. Ashman and Chinnasamy S. (2014)
Bioresource Technology, 170, 20-29

CONFIDENTIAL 13

& V0= ~ Muradel B & B2 I i ERRRE IR E (R 1
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PrecisionHawk %/ —E#He V& » 2 BERIFCE R BIEYIEE R AL Z AT ST -
WEEIFYEAEEREREY) - HAHEIERR R E A BN E - B4 B YT DU 5
REF T - (LEFFRE AR ENES - SRS EREMIEYETIME -
DUESE AL Z A B FYIFERE - Bl SR (EZ PRI AT FSHC H RE (RO E -
[&lVU--PU % Rooney B AEE A & 2% 2 BFFTECR -

— T ——y

Conclusmns from Production

® Environment is Important!
® Good Environments:
* Average Yield 12-16 MT/ha
* High Yield, 35-40 MT/ha
® High Moisture Conten
© Significant source of Sugar
: * Co-extracted with Sugar
g\ © Seasonal Crop
© Biomass from July — November
e® © Hybrids now available
. © Biomass
° Sweet Sorghum

TEXAS A&M
AAGRILIFE
RESEARCH

[& V00 ~ Rooney i fEtE i 5% 2 it 5E Rk R

(5) What’s NEXT? Hot Product Technologies.
Rebecca Boudreaux » Oberon Fuels /\ 5]4&%k (President)
Deepak Dugar - Visolis /5483 (President)

Molly Morse - MangoMaterials /&4 {7+ (CEO)

Bill Bardosh - TerraVerdae BioWorks /&3 {T+ (CEO)

Len Rand » xF Technologies 7\ &]%h{ T+ (CEO)
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Oberon Fuels F# it 1] FH 2518 i s R SE S B I AL S 2 2R T SRS B T R — FRRE B
(DME) i RS Ry RS A - A0l Pl 7o Frors e

Visolis A S Z B 1F = AR I BUAR - 28 fn I BHUEAE R BRI e 2 AR E 50k » 40
BPU-+NAR - HATE AR AR - AT 60% » Eim P BE SR 2 fiEe
THET 2019 A AREE(LEEE -

MangoMaterials B fig RILE LUAE B SR TP e A SRRt - A= P B fi i b R JRs
FHERLEERS (polyhydroxyalkanoates, PHA) - 41| VU FfoR o

TerraVerdae HYRCflrE DA E SR HY R Be a8 b R R s Eh A =] B A Rl s FH i
fEhmfE bER (BB - PHA ~ ARET...) » WEU+/\FrR -

XF Technologies #:1fir /2 DL 6 5t (C6 sugar) Ry} » BRSEFRORIA B A5 ] W05 > > 411

PO+JLFTR

Oberon Solution: Small-Scale

Example: Food waste to fuel

W OEO
T lonooi s

SYNGAS METHANOL DME TRANSPORTATION

BIOGAS

() DME Fuels

Food Waste : Local Fleet
Transpc?rted to a cieptral Blogas Fed into which can then
location where it is Oberon Process and collect more food
processed a_nd ad_ded to an Converted to waste. Excess fuel
Anaerobic Digester DME can be sold to other
to convert to biogas Fleets.

& VU7 ~ Oberon Fuels B2 fii
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Visolis’ Ecolate: A new range of building blocks
for UPRs

/ Conventional \ / Visolis’

Petroleum Proprietary
Monomers Unsaturated Monomers
Polyester Resin

H YL Eco

a. | D&

o X _oH
A oH
\ /

n

—0

& VUt-75 ~ Visolis BIAEFE Al DAA: R el e 2 A B JF R £
MANGDhremscs

cell erial

A7 |

g'\\.\ - \/\ ;{).
[& VUt ~ MangoMaterials SRR iy DA A e B FC AR RE B BE e 2 AR S TRRE A £
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Bio-methanol to Biobased Products

High Efficiency Bioprocess <----- > High Value Products

W < Nutritional Supplements
Methanol o> \s . ==> . Biosurfactants

"t Gusaurier Lipids and
Fatty Acids

N < Fibers & Filaments
‘f Y | === <~ Coatings & Films

y.. < Cosmetic Products
ﬁ“

Feat ng/ cooling
water n

TerraVerdae < Anti-oxidants
BioProcess =) < Growth factors
< Health Supplements u
§I-I-_
Bioactive Metabolites ————
and Chemicals =
TerraVerdae

www.terraverdae.com

& VU+/\ ~ TerraVerdae BUREHL ik A= 'E HHEZ#E L Ay BB E

Simplified Process Flow Diagram ./

Technologies
* Cost Advantaged, 2-Step Thermochemical Process
— Biomass feedstock agnostic
— Recycles processing chemicals
— Alcohol feedstock changes product 0
o] o\
\ |
=] / e. g. Ethyl 408™
CMF
CoSugar = Jo0cg 7atm | | i P;’CESS
30C&1atm
0 \ o) 0
o H r o OJ\/O\J\O 0,
o \ |
Oreani Alcohol
ganic .
5-(chloromethyl) .
e Catalyst | 1 pigl e. g. DPG di-408™
ABLC Next — November 2015 3

[& P4+ /1 ~ xF Technologies F i/ 6 fiemsE b fy e (B A b i
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(6) Funding ~ Finance ~ Policy & Programs.

FEfR A& AV A B E(DOD) ~ gEJEEN(DOE) ~ 23 H) (DOA/USDA) &L H 4t 34 Bk
FREAL - HAF A4 K 10 (& ~ 30~50 (& ~ 5~20 {FEl 5~10 (&35t 2 THE GRS - EihEt
BN EERHE - SEERENE - TR E TS E T F e B bR -

2016 F- DOE E it (1) B @ A RE 1 2 A B EY R IEEE  (2)ics 2 H IS

GV bz B bR - Bl(4) B =787 ~ drop-in B IAREZ sl & A Sse HIE -
Jk/D 5.5 (MR — S ALERBER - MHEREROE AT -
Defense (518 / year) ($3B - 5B/ year)
omeser s
oy
- e =

fic USDA {55 » F5RE 753 FI A 10 (R AEERER - mTAl%E 150 E{E TIE% e - 2000 {E
R |
O ]
($500M - 28 / year) : ) o ank
es Administration

ips
s
oundation General

HYEEEE - A4 800 {REHVERTT ~ 500 (RANmHYAEIARIEL 450 (EsHyA B b8 -
Department of Department of Energy
Qe
‘\\,_,/:
USDA mals FSA

Y " ¥
Proof Of Concept Commercialization

Holland & Knight » Holland & Knight

A BILLION DRY TONS

OF BIOMASS

HAS THE POTENTIAL TO SUSTAINABLY PRODUCE

gallons of biofuels
displacing almost

kWh of electricity of biobased
l to power ) ‘
[} ™ ] : products, replacing — |
and keep about  households, and almost  ©f 2/l transportation . a significant portion [
. - - fuels. of the chemical fco
: : : market. O
dollars in the U.S. of thermal energy. LY ‘ reductions

every year. every year.

)

THE BIOECONOMY (] B
| Y o v

/ 1 /‘Accelerate researc'h & techr}ology develc;pmgnt

/ |

AF [ am——
w R,r.STEPS 70 BUILDING =
)l‘r Lr*—)

2 °Deve|o;)3 production, conversion and distributic
[infrastructure 7
™ 3_Deploy technology
. 4 Create markets and delivery methods

Projections based on: ™~ ‘\\ B §

<,
R —

a8

* 2011 Billion Ton Study Report ~
« EIA 2015 AEO , {V
e Various data sources o

“Estimates are based on a future usage of 13 billion dry tons
B 7~ EERME S B - HE - SIS THEE B AR E R Z HR
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(6) Aviation Fuel and Aviation.

Sean Newsum - 75/ SHE(EIREEA T AL

Greg Kozak » Hifi &I ZE A I ER R RIS # P& s

Misha Valk > SKyNRG /A EHE(TEE# B 1 (T

Dean DuVall » [ NfTZE A =) B E S

Karl Seck » Mercurius Biofuels /&3 { T+ (CEO)

* RE(Boeing)HEZANEIRISBLE N E] - [ERRAEFTZRINHTR A E RIKE ST > & 2008 F5
BT =(EAE M2 H i E ASTM JiE - #8i8i TPL ERYIRITHIE » W RSB A F]
T AAERZEIRRNE A - B T ARERTZEEOH AN A SR A A S A 3
b DS YRR+ 28 - —Fs

o BEZRBION AT RERRHREGRFUARII A B ZEERHAYECR » BE A e R LURNRIRAE A - DA

JR 225 B » BIL(Bio-Jet-19%) LB HFE P TIEAVEL -

YV VYV VY VY VYV

More than 2,000
commercial flights

Continued military Limited sus

& 7t~ E A ER A E IR
* TSz (United Airlines - UA)JRIGE AAERIZEIRM 2 580 - R F & EAHR &4y > #EEhA
EFTZENHZ ER - 4B s
©  IREHIZERA UOP HYRIITEL AltAir Fuels &{E - DUEYIH SRS SESIVIMA(F Rl - &
i R B A B A B A ZE PR » X R AR I = E A 8 1500 EflmHYERE -
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WIE FL =R e

SEEfTZZRt 2015 fEREYA © K& 1 3000 ESS TR = (UAEPARLE « BB — &
b — FT 82 — BREEAAI(E — ABEMHZEE — RATHE > HetRREERFE
9000 S mHYEERE » A 2 -VURR -

Signed first commercial

bio-jet fuel supply agreement (£

ssued Request for Proposal (RFP) e
“hain and select set of alternative fue

ed the World Bio Markets
2 in Advanced Biofuels.

" airline to invest in a biofuel ce

7~ B E S A B AT PR

“+ Fuel will achieve a >50% reduction in CO. emissions as ‘
compared 1o tradtonal jet fuel

= Delvery planned for 4th Quarter 2015

* Fuel wil be blended (30/70 ratio) at the Paramount refinery
» Testing performed at both refinery and LAX

*_The AltAx refinery will create +100 full time jobs in the Paramount

BT+ ~ BEEHiZe « UOP - AltAir Fuels & {F2g
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Co-develop up to 5 facilities; 90 Million gallons/year
ter than 80% reduction in carbon
landfill wagte,

[ 7o +PU ~ Bk A zE S = AR E R R

* SkyNRG {E Rl E Rt A » HINABIARH R A E ZHVE S - USRI R
FEA A 0 B& HEFA(Hydroprocessed Esters and Fatty Acids)Ei HRD(Hydroprocessed
Renewable Diesel)# iy ; HEAtH F 2% K &(F > 85 AltAir ~ Diamond Green Diesel ~ ENI ~

Neste Oil ~ REG({x=RENEFFHE) » B L+ AL ©

jves that apply to aviation, mainly in the EU and the US. Decrea

Overview of HEFA jet fuel and HRD biorefineries

Neste

& 71171 ~ SkyNRG fEAE WAk BRI & (F B 2Bk 5
* SkyNRG 7 > 2009 EDIFTAE ATz UM B L) 1~1.5 E32or - HAlC E 2 S0
2000~3000 57T » HIEE AR 1] LUK Y S BE A s i > ZE 24 500 2T/ ARy EE (8%
g f1+7 s o
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and supply chain

Fossil Jet-A1 Price

&7+ ~ AE AR S ESS

o ATy 2009 FEHVHTAI/NE] Mercurius Biofuels RIEFHZE Rl 1 #HVEIFERL fiif(REnewable
Acid-hydrolysis Condensation Hydrotreating » REACH) » fE)RENEIFE S » DIAEBEYIE IR
> Sl il KRR S-S AL IERE (5-(chloromethyl)furfural, CMF) ~ i (furfural) ~ [/
B% (Levulinic acid, LA) ~ RNEZE ~ AHR. .. 5 > &0 TR SR EAN s A
Bz H - B E i -~ SOE BRI 2 C8~C15 » REEIRET N 48 % » fFe
MLZERRHRLEE - Foop > IR BT F Haldor Topsoe fie (AR A M7 £ TR Bies - L3
RERabR TS BT ZE AN 2 A R B A /K% 2 e B I e o > 0B T
o

* Mercurius Biofuels iy REACH BIFZRIffy - il BURZa g A RREERR - HERAIRAH R » 7]
LIRSS R B R AL A FE A - FHE RGNS RIETT > eSS EU TN E &
FICHYER) - THET 2018 UK £ HEMAT R - fEiF ekt & g2 5] S00MTPD » Fr4:
FERYAEERAEL - e S B EE 5 (E DRI » 0@ 71\ -

|
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« Solvent for
extraction processes
* Resin manufacturing

Char
afe fumigant/ » Solid Fuel

malfeed supplement - Fertilizer / Soil Enhancer

* High cetane diesel additive
Specialty chemicals

[ 71+t - REACH #EfG /M BRI FEYER BH
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/annual gal /gal excluding
capacity capital charges

For example, a 1

gal plant at § 7 3
gal capacit -

cost 3
gal uding
-apital charges

Commercial scale-up ~50:1 :

500 MTPD ) US Department of /> Other grants!
hiomass feed Defense, DPA grant loan/bond
for military fuel guarantees ava

Supply and
off-take
agreements

& F+1-/\ ~ REACH BURZ Al B A Rl

« EENENHHATSHRARSEERES = - (DRREE RS > e SRR - BURMERES
HEFF ~ EREDRERRE? QLBEMZENHIIRAELR - ASTM S e &EA ~ Hidn
A BB S N & S P T B B AR i  (3) ELE 1 H A i) R A DA s A
AYBURSZRY -
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(7) From Jet to Fragrances: Developing and deploying Integrated Biorefineries and the
aviation opportunity.
»  Martin Sabarsky - Cellana //\ 5% { T+ (CEOQ)
> Lee Edwards » Virent /X & {TH(CEO)
»  Charles Wyman - Vertimass //\ 5|#h{ T+ (CEOQ)

»  Marc Delcourt - Global Bioenergies /\ &]$#{ 7+ (CEO)

* Cellana /& —Z¢ B35 mans - DAAREE S0 Ry fie 1220 EI A - B Shell - Neste Oil ~ ZEE A &
1E > AR R B A EE R Ry T2 H AT - H Cellana RS 8HE S AR EIRY T 1A) -
bR T AT DA Ryt 2 81 - S A R ERY Omega3 » HE & DHA ~ EPA - ATEL > ERZEHH
2 Bl Ry BBV S - BT A2 110 BT 0 WE A F IR -

microalgae since 201€
testing / biz dev

industrial scale to date

Commercially significa
biomass/oil yields (15- 0+
a/m’/day biomass yields'

Dratain. rie
ein-ncn

aigal meal
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[ 71 ~ Cellana iz > & R FRAYES S Hi B 5 A S (B AS 0 AT

e Virent AT EER - HAESAREE AT AR - HAERE R E SR

Bz EFEEAUN ~ AR - BRI - SEENEEREEEL.. o BRE
A E RS R B AR R © H P AR N DR BB RS B L BB IOR
TTHE - e A ASTM BEEET - bR 7B RARELAST > AT AT LT e SR BUR R i C S F - A
RGBT 2 S E LA S 5140 bio-PET) » LEN-TFR -

Vertimass & LIS ZERF Ry ekt F A s bRy S plesfiA IR A B A TR B A o -
WE THEERSEH - AERENE - BB - Vertimass (YRR - BRI AR KAy
R R MER Aty > BT AT A SR A8 % S e R R s BRI 51 (E Ry S aL e > 8
B A RENEEHE - it RFN 2R R R > OB +FoR -
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B Tier2Feedstock [ Virent Technology BB Industrial So

te host/operator * Manufacturing partner
* Product Off-Take

Bt - Virent BUFZERLEE 5
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0.00 MJ
Carbon Dioxide

(0 :}) kg) OXYEen as wat
that has no A

o
UD

& A ~ Vertimass #Uf2 Bl

 Global Bioenergies HIIJE 5% 4= LI 4T LES 22 11 1y I FEAES 5 26 BRG0P S T 1%
(Isobutene) » 1Al FIF - WA TR LSRR » A BAITT DB S - FEAY
PSR EIAES b BREFAE - AR SRR - SEENT - AR
9.5 0BT ST o 2015 4 10 A AR RRBIAGIELE - SRR 100 M7
B ERILIATRE LPG J7atRts » th i R BT FLATAEAY -
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Isobutene

BN = - EEE TR EYE
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(8) Moving towards commercial.

Kevin Weiss > Byogy Renewables /\ 5| T+ (CEO)

Mike Knauf » Verdezyne /5|31 T+ (CEO)

Martin Mitchell - Clariant /A S3&F- 2/ F T

Franck Mode - B Champagne-Ardenne A= Y)40F Rl T85 THEE A E G RERE Y SE
A

Jeffrey Brown > Novvi X 5|1 T+ (CEO)

Byogy Renewables RIIE H AifE 4= SRR LA B HTAR 0N EAVEioHEE - DA E R
BERCBRE - TEREIIRE SERC S » DAL EIRRHETT IR S S THIN R B s & ik - Byogy
Renewables U2 » REEAVBISEME T 65%HYE A » BEE R EDRNRAYEAS Z MR » ff
5T 2020 FRARHERS ATIE 2w 2 50T » (B8 ERTATELA LRS- 2 EARR -
HIEE > WIE SRR

Verdezyne RIEIEME &M ZHRRER - ZiEREEERE{L A Adipic Acid ~ Sebacic Acid
Dodecanedioic Acid » A[/E &2 fl S B b4 E FEaniFOR - 7% 2015 55 E [ A 18.5 HATT
R MR P SRR - 2T TR -

g A M Clariant BRAEYEAE R Ryl - £OE K i BB S MR b R el 2 1% >
DA B gt - i H S PR b Ry S B RIS R A B o » A S /NP
BUMAE Champagne-Ardenne Hf[& 1T Y& RatlEE 25 - 5 FFNHEA 3.5 (BEUT > FHR
FASAT R )L IE - A nTHEFE 200 EMERYEHSZEL 100 BWaRY/NE - HATE A B TR LK
EpHEE BT RO - 4 Futurol ZETTHEAEFE IR E L5855 - BioAmber & ABRIARERG K&
7 » Global Bioenergies & A T J#RG2 7 > Bio-on and Cristal Union F:[E#: A PHAs 4

S TREEAE.. o WEANTERTR -

\m?!\
Il
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* FERMENTATION
* IRRIGATION
* POTABLE

Byogy's Feedstock
-ost “Today

fiEl /<1 ~ Byogy Renewables B2 ffirai BHEL A (d B
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-

* Organisms engineered
Pr vield and selectivity Diacids used in fibers,
SF R hased polymers and coatings
I oduction Diamines and diols from
* Highest quality products diacids
Acrylic intermediates

Robust yeast platforn
using industria

fermentation method tal 5708+ Market

B+ 7 ~ Verdezyne B Lz S/ 48

PN W

D ENZIYME
ON

»
J

fiEl 75—+ ~ Clariant #47217147
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o 1 h from Paris, find European

CHAMPAGNE

roenne  €xcellence in bioprocessing with a
harvesting radius of 35 miles

2 Mt/y sugarbeet Invest (5y): 350 M€ 1 Mt/y wheat

Jobs:  1200+s00 Turnover: +750 M€
(direct+indirect)

400+ kt/y starch & sugars 280 kt/y ethanol 350+ kt/y livestock feeding
+CO, capture + liquid fertilizers + green chemicals

875+ ~ B Champagne-Ardenne 44407 i 1148

Novvi (195 TERHTEAT AR EH Polyalphaolefin(PAO) A B (4,5 + HLEIT DM
BRI Farnesene BT SLALTR T T - SURLER (594 A 7E 75 (~98%) -
A - BT (LI - E AT EARE A St B8 ILSAC GF-5 3238 » k¢
HERE A L TSI - AR, .5 » B FR -

Optimized Supply Chain

Synthetic base oil competitors all have supply chain inefficiencies and CapEx requirements
that are significantly larger than Nowvi's

Process Comments for Processs

Gas-to-Liquids - Capacity volume from natural gas is scalable.
(GTL) - Capex for installed capacity makes the process / technology prohibitive.
- Note: all announced GTL projects for base oil from the majors oil & gas companies have been cancelled

Petroleum - Capacity volume is not viable as current reserves lack higher quality waxy crude oil to meet the wax content
Group llI+ required for Group Ill+ base oil specifications.
- Capex given the conversion inefficiency of crude to base oil is not economical.

Polyalphaolefin - Supply chain is too inefficient to provide enough volume of LAO as PAO is a byproduct of the ethylene supply.
(PAO) - Upstream capex is too expensive for PAO to drive expansion.

Nowvi - Supply of Farnesene is scalable; low cost producer of given direct conversion of Farnese and LAO to synthetic
- Capex to for the facility is on par with pricing of synthetic base oil.

Capex Comparison to Build Comparable Synthetic Base Oil Capacity

Production Upstream Plant Cost (3 / metric liter)
Upstream Intermediates Base Oil Yield to Upstream  Base Oil Total
Synthetic Base Oil Feedstock Byproducts  Feedstock Base Oil Facility Facility Capex
Grp li1+ Petroleum [1] Crude Oil Distillate Waxy VGO 15% s 62 § 17] 8 79
Grp 11+ GTL[2] Nzt Gas Syngas. FT Wax 21% 222 2.5 247
Grp IV (PAO) [3] Nat Gas or Crude Oil Ethylene LAD 2% 86 1.5 10.1
Grp 111+ / PAO Novvi [4] Sugar None Farnesene 98% 1.2 1.5 2.7

.\, NOVVI .
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Novvi Base Oil Production Chain

“ NOVVI

= Novvi has close to 100% conversion to target product

= Low capex manufacturing plant and high-value product distribution

= Strategic advantage to PAO

Molecule Market

Product Portfolio

Product Categories

Performance of NovaSpec

e
o
Q
(7]
©
(11]
=
°
K=
=
c
>
w
[=]
=z

“ nowvvr

Automotive

Process Qils

= Top tier synthetic perfermance

g Engine | | peats API SN and other OEM requirements
Oil ' Drop-in compatibility
T . = Outperforms petroleum-derived formulas in extreme pressure situations.
/ ransmlss!on = Able to make low viscosity/fuel efficient transmission oils
Fluids . Outstanding stability for fill-forlife applications
G = Improved extreme pressure and wear properties
Gear | Meets environmental requirements
Lubricants || . compatible and miscible with mineral oil
= Use in compressors where gas and oil are in direct contact
‘ Compresso_r = Qutperforms competitors
Qil = Currently in service in multiple air compressors
= Only renewable and biodegradable option that that drops in within changing
e Grease the formula
i = All hydraulic fluid types, viscosities, food grade, and Ecolabel products
% Hydralf e = Only product available that meets the high-performance requirements of both
Fluids European Ecolabel and Denison HF-0
= Exceeds standards for mineral insulating oil on power loss, dielectric strength
‘ Transforme_r & heat transfer capabilities
ail = Only renewable/biodegradable cil o meet petroleum specifications
Heat Transfer = NSF H-1 and HX-1 certified, food-grade heat transfer fluids
Fluid = Best cooling performance of all tested fluids
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