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Introduction to HMF and Applications

What is HMF?

HMFis an organiccompoundconsistingof a furan ring, containingboth aldehydeand alcoholfunctional HO 0
groupsthat canbe derived from biomassand is a potential "carbon-neutral" feedstockfor a number of 0
chemicalsubstances \ /

It canbe referred asthe most promisingchemicalcompoundthat can replacethe current dependence

on fossikfuel resources

Applications
HMFis consideredasthe W LI | ©® K & NXdoausedd its usefulnesdn different industriesin many applicationsincludingindustrial
productionof polymerssuchasresins,bioplastics pharmaceuticalsadhesivespaintsetc.

Oxidizedproduct of HMFsuchas2,5-furandicarboxyli@acid (FDCA)proposedasa better replacementfor Terephthalicacid, precursorof
polyester(PET)

HMFisusedasanadditiveby the food andbeverageindustry

For sources of information, please referAppendix 1
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Growth Prospects for Renewable HMF

ITPRD

Theglobal5-Hydroxymethylfurfural5-HMF)marketis valuedat 5586 7K USDin 2018andis expectedto reach62700KUSD
by the end of 2025 growingat a CAGRf 1.45% between2018and 2025

Ava CQ developedand patented water-basedHydrothermalProcessingHTP)technology,to convert (6 sugarsinto the

bio-basedplatform chemicaHMFE

In 2013 AVABiochem a subsidiaryof AvaCQ begunoperation of the ¢ 2 NJXfi (hdustrial plant for producing5-HMF

initially knownto produce20 tons/yearof 5-HMFwith a purity of up to 99.9% usingbiomasssuchaswood for feedstock

AVALONNdustriesAG,an entity of SwissbasedcompanyAvaCQ SchweiZAGfoundedin 2015 announcedo take overall

bio-basedchemistryactivitiesfrom AvaCQ with immediateeffect.

The major playersin global 5-Hydroxymethylfurfural(5-HMF) market include AVABiochem, RobinsonBrothers, Penta
Manufacturer,NBBCompany, Treatt, BeijingLysChemicals XuzhouRuisaiTechnologyand Wutong AromaChemicals

For sources of information, please referAppendix 1



Objectives of the Landscape Study

Tounderstandtechnologyand preparepatentlandscape
Tounderstandmajor patent holders,geographicatlistribution of patents,top subtechnologiedasedon IPCcodes
Analysisof patentfiling trendsoverthe years,top assigneesop patent classificationsamongothers

ToconductPatentPortfolio basedstudyof patentsrelatingto core focusareaof HMFin the patents/applications

Assumptions

Reportprovidespatent analysisfor HMFmarket, which includesstudy of syntheticprocesseof HMFand advance

technologybasedpatents

Thelandscapestudyfocuseson patentspertainingto HMFpublishedbetween2008-2018

For sources of information, please referAppendix 1
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Trend Analysis and Graphical Representation
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Insight

Globalpatent filing trend analysisshowsa consistentrise in the number of patent applicationsfiled duringyear20082012 followed by a dip
in year20132014 Highestrise wasobservedin the yearfrom 20112012 Maximumnumberof applicationswere filed from CN,followed by
US andKRjurisdictions
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Publication Trends - Last 10 Years
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Insight

Globalpatent applicationpublicationtrend presentsa significantincreasein the number of publicationduring last decadewith its peakat
2016whichsuggestsignificantfiling during20132015 Totalnumberof patentspublishedin 2018 mayincreasstill the end of the year

# Graphs were prepared based on the analysis of application year for the priority country member
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Top Assignees
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Insight

Dalianinstitute is amongleadingpatent filers in HMFTechnologyfollowed by JiangsuWniversityand Korealnstitute. Sinopadsroupalsohasa
significantpatent portfolio.

# Graph was prepared based on the analysis of application year for published applications (based on the representativentaendy
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Top International Patent

Classifications (IPCs)

C07¢C, 76

C07D, 283

B01J-031/02,7 B01J-023/20, 5
B01J-027/02, 5 B01J, 108 o
7D- Others, 28
307/44, 5

B01J-035/10, 5 C07D-
307/42,5

CO7D-
307/48, 46

B01J-031/06, 4

C07D-
307/46, 145

C07D-
307/50, 54

Others, 57

Insight
Maximum number of applicationsfiled during 20072017 correspondsto IPCclass@7D relatingto HeterocyclidCompoun@Amongstapplicationsfiled in

Q07D, majority of applicationswere filed in technologyof sub-classQ7D 307/46 which relatesto Hve-memberedrings havingone oxygenatom as the only
ring heteroatom and havingdoublyboundoxygenatoms,or two oxygenatomssinglyboundto the samecarbonatomQSeconchighestnumberof applications
were filed in the technologycoveredby IPCclassBO1Jwhichrelatesto Watalysior colloidchemistryQAmongstapplicationsfiled in BO1J 10%of applications
were filed in technologyof sub-classB01J31/02 whichrelatesto the \Eatalystscomprisinghydrides coordinationcomplexe®r organiccompoundscontaining

organiccompoundsr metal hydride2
# For IPC sublassdefinitions please refer té\ppendix 2
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Geographic Origin of Innovation

Jurisdiction
S

0 20 40 60 80 100 120 140
Number of Patent Families

Insight

Analysioof Geographi@®riginof Innovationdemonstrateghat maximumnumber of innovationsoriginatesfrom CNfollowed by USand KRjurisdictions Dalian
Institute contributesto maximumnumber of innovationsoriginatingfrom CN WisconsinAlumni and GFBiochemicalgontributesto maximumnumber of
innovationsoriginatingfrom US

# ThegraphrepresentingGeographiorigin of innovationwaspreparedbasedon the analysisof priority country
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Key Technological Trends

Process/Technology

for HMF Production
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Insight

Maximum percentageof applications(72%) were filed where HMF is produced solvothermally followed by processeautilizing ionic liquid systems China
PetrochemicalCorporationis the major playerin the applicationsdirectedtowards solvothermalproduction of HMFE Amongsolvothermalmethodsmaximum
applicationswere focusedon alteringreactionparametersfollowed introduction of new catalystsystems

[ ]
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Catalyst System for HMF Production
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Insight

Maximum percentageof applications(72%) were filed where HMF is produced solvothermally followed by processeautilizing ionic liquid systems China
PetrochemicalCorporationis the major playerin the applicationsdirectedtowards solvothermalproduction of HMFE Amongsolvothermalmethodsmaximum
applicationswere focusedon alteringreactionparametersfollowed introduction of new catalystsystems
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Patent Portfolio Analysis — AVALON (AVA CO2)

Hydrothermal
Carbonization

Biomass HMF

Production

HTC Process
Water
Treatment

AEP2681296A1
ADE102011001108B4
AW02012119875A1

wDE102011053034

wUS9416030B2
wWEP2990385B1
wDE102014112240A1

AVALON Industries

Company Profile

AVALONNdustriesis a trailblazerin sustainable bio-basedchemistry
and global leader in the industrial production of bio-based platform
chemical 5-Hydroxymethylfurfural (5-HMF) Since 2014 AVALON
Industries'subsidiaryAVA Biochemhas been producinghigh-purity 5-

HMFfor the researchand specialitychemicalsnarkets

Technological Dissection of Patent Portfolio
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) ) AVALON Industries
Patent Portfolio Analysis — AVALON (AVA CO2)

Key developments

AVALON Industries wins new Swiss

Ava CO2, sold its Hydrothermal

Carbonisation (HTC) technology to research project to replace

Ava CO2 developed and
carcinogenic formaldehyde with big

Hydrothermal Processing Power Invest AG based, nortoxic SHMF

(HTP) technology Z

patented watebased the globally active International

AVALON Industries Takes Over All Bjo

AVABiochem a subsidiary of Ava CO2

>

R R ] L based Chemistry Activities From AVA
0S3dzy 2LISNIuUA2Yy 2T UKS ¢2NI RQa T}\C%?U

industrial plant for producing-BMF from

biomass such as wood as feedstock

For sources of information, please referAppendix 1

I]PRD Patent Searching | Research and Analytics | Patent Prosecution/Preparation Support | Litigation and E-Discovery | IP Valuation | Patent Portfolio Watch



) ) AVALON Industries
Patent Portfolio Analysis — AVALON (AVA CO2)

Key Patents:

Patent No. Novel Features
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Patent Portfolio Analysis — China Petrochemical

Corporation (Sinopec Group)

Company Profile

China Petrochemical Corporation (SinopecGroup) is the

gmigjggzggg largest oil and petrochemical products suppliers and the
New WwCN106146434 secondmajor oil and gasproducerin China The principal
Process wCN106146435 operations of SinopecGroup include industrial investment
wWCN106146437 . ,
WCN106146436 and investmentmanagement production, sale, storageand
transportationof coat oil refining
Technological Dissection of Patent Portfolio
New wWCN105330623

Catalytic
System

B New process
system

New catalytic
system
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Patent Portfolio Analysis — China Petrochemical

Corporation (Sinopec Group)

Key Patents:

Patent No. Novel Features

A methodrelatesto 5-hydroxymethylifurfural productiontechnology,particularlyto a static mixer
CN104557805 : : :
producing5-hydroxymethylfurfural from biomasdeedstockasa processusinga reactor

Disclosesn inorganicsalt catalyticsynthesismethod for 5-hydroxy methyl furfural. The method
compriseshe stepsthat sugarusedasa raw materialandinorganicsalt (NaCJ] KC] ZnC®) usedas
CN105330623 a catalyst in an organicsolvent The mole ratio of the sugarto the inorganicsalt is 2:1, the

heatingtemperaturein the reaction processis controlledto 100-120 DEGC Theheatingsource
for the reactionis microwaveirradiation.
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Patent Portfolio Analysis- IFP ENERGIES NOUVELLES Qf ,,Eg’j:g;'gg
N

wWO0201716924

B \W0201716925

g rtg"T”t'.C wWWO0201716923
Si/;grf WWO201776625
wWWO201776626

Technological Dissection of Patent Portfolio

Organic

catalytic
system,
100%
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Patent Portfolio Analysis- IFP ENERGIES NOUVELLES QfP ,5;’553;’5;

Key Patents:

Patent No. Novel Features

A process for producing 5-hydroxymethylfurfural from a feedstock comprising at least
one sugarusinga combinationof at least one catalystselectedfrom homogeneoud_ewisacids,

W0201776626 heterogeneouslewis acids, and heterogeneousbasesand at least one homogeneousBronsted
acid catalyst selected from the families of thioureas sulfonic acids and organic phosphorus
compoundsalone or_in_admixture in the presenceof at least one aprotic polar solvent at
atemperaturebetween30° Cand300° C,anda pressurebetween0.1 MPaand 10 MPa

A method of convertinga feed comprisingat least one sugar5- hydroxymethylfurfural wherein

WO0201716925 saidfiller is contactedwith one or more organiccatalystsin the presenceof at least one solvent,
saidsolventbeingwater or an organicsolventaloneor mixed at atemperaturebetween30° Cand
200° C,and at a pressurebetween0.1 MPaand 10 MPawhereinsaidone or more organiccatalysts
are selectedfrom sulfonamidesompounds
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Analysis of Key Granted Patéissigned to Educational Institutes and Univers
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Granted Patents Analysis — Institutes & Universities

Patent No. Novel Features

1. Themethod of preparing5-hydroxymethylfurfurall. A microwaveirradiation, characterizedn that:

CNID1456851 1) was dissolvedpreheating ionic liquid as a reaction medium, to hexoseor hexosesource substrate
(DALIAN INSTITUTE . — : — : :
OF CHEMICAL PHYSICS) biomassas a feedstock,the and mixingthe reactionmediumis heated and dissolvedmaterial substrate
whereinthe ionicliquid is araw material of the substratehasa goodability to dissolvethe ionicliquid, the
lonicliquid is a compoundof formula |l andformulaanystructure...

1. Catalyticprocessfor preparing5-hydroxymethylfurfuraland levulinicacid carbohydratescharacterized

CN103172599 in that: tungsten and tantalum which is a composite or mixed oxide as catalyst carbohydrate raw
(DALIAN INSTITUTE materials,at a temperatureof 80-300V reacting,under liquid phaseconditionscatalyzeghe carbohydrate
OF CHEMICAL PHYSICS) to form 5-hydroxymethylfurfural (of HMF)and levulinicacid (LA),LAyield up to 40%-95% and tungsten

trioxide to pentoxidemeter tantalum, tungstenoxide catalysttantalumoxideratio of 0.5 to 20 mas$a

1. A method for producing 5-hydroxymethyi2-furfural (HMF) from maize syrup containing fructose,
US9206148 whereinthe 5-hydroxymethyl2-furfural is expressedy chemicafformula:
(KOREA INSTITUTE OF INDUSTRIAL  and the method comprisesa conversionstep in which a reactant containing the 5-hydroxymethyi2-
TECHNOLOGY) furfural is producedby mixing and heatingthe maizesyrup,a dioxanesolvent,and a solid acid catalyst,
whereinthe solidacidcatalystis a cationexchangeesin

=
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Granted Patents Analysis — Institutes & Universities

Patent No. Novel Features

US9206147 1. Amethod of producinga furan-basedcompound,comprisingreactingan aldosetype hexosecompound
(KOREA INSTITUTE OF INDUSTRIAL in the presenceof an anion exchangeresin and a cation exchangeresin in the presenceof an organic
TECHNOLOGY) solvent

1. Byusinga chitin-basedbiomassproduction 5-hydroxymethylfurfural method, characterizedn comprising

CN103121984 the stepsof:(1) formulating a massconcentrationof 30%-72% of the zinc chloride agueoussolution, the
(INSTITUTE OF COAL CHEMISTRY  dried chitin-basedbiomassfeedstock,zincchlorideagueoussolutionand catalystare mixeduniformly, at 60
CAS) °C-140°Cunder 10 minutesreaction-10 hours,whereirn chitin-basedbiomassfeedstockwith aqueouszinc

chloridemassratio of 1:3-180, ...

1. A processto produce 5-hydroxymethylfurfural(HMF), the processcomprising reacting a 6 sugar

US8772515 containingreactantin a monophasicreaction solution comprising(i) an organicsolventselectedfrom the

(WISCONSIN ALUMNI RESEARCH  group consistingof beta-, gamma, and delta-lactones hydrofurans hydropyrans and combinationsthereof
FOUNDATION) = — ; :

and (ii) at leastabout 1 wt % water; in the presenceof a heterogenousacid catalystfor a time and under

conditionswhereinat leasta portion of the G5 sugarpresentin the reactantis convertedto HME

=
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Granted Patents Analysis — Institutes & Universities

Patent No. Novel Features

1. Amethodfor convertinga carbohydrateto a furan which compriseshe stepsof: (a) preparinga mixture
U0 of the carbohydratein a polar aprotic solventcontaininga chromiumhalide and
(WISCONSIN ALUMNI RESEARCH : ) :
FOUNDATION) (b) heatingthe mixtureto obtainafuran,
whereinthe carbohydrates a lignocellulosideedstockandthe polar aproticsolventis anionicliquid.

1. A catalytic conversionof biomass production 5-hydroxymethyl furfural method, characterizedin,
compriseghe following steps Tofructose,glucose sucrosecellobioseor celluloseasareactionsubstrate,
CN102993140 at a superhydrophobicsolid acid as a catalyst, using tetrahydrofuran, dimethyl sulfoxide,chlorinated 1-
(ZHEJIANG UNIVERSITY) ethyl-3-methylimidzoionic liquid or chlorinated 1-butyl-3-methylimidzoionic liquid as a reaction solvent
the reactionsubstrateis addedto the reactionsolvent,the reactionsystemtemperaturewasraisedto 80-

150°Cafter, addinga catalystandtin tetrachloride,the reactionwascontinuedtime 2-10 hoursX

1. Procesdor producinga hydroxymethyifurfural with orangepeel comprisingthe stepsof: (a) powdering

the dried orange peel
KR101375247 (B) an aqueoussolution of the orange peel powder HC| [OMIM] Ct [OMIM] Cl and a mixture of ethyl
(DONG A UNIVERSITY) acetate(EA) [OMIM] a mixture of HCland Ct [OMIM] Cl,were addedto the ionicliquid selectedfrom the

group consistingof a mixedsolutionof HCland ethyl acetatewere reactedat 1103 to 1503 for 10 hours
to 20 hoursto afford a hydroxymethyffurfural;

=
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Granted Patents Analysis — Other Companies

=
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US9260402
(BASF)

US8524924
(DU PONT)

US9637463
(MICROMIDAS)

Patent No. Novel Features

1. A processfor the preparation of 5-hydroxymethylfurfural (HMF), having the following steps (a)
providingor preparinga startingmixture, comprising

(i) one, two or more startingcompoundsselectedfrom the group consistingof hexosesoligosaccharides
comprisinghexoseunits, and polysaccharidesomprisinghexoseunits,

(i) one, two or more organicsaltshavinga melting point <180deg C anda boilingpoint >200deg C at
101325hPgq ....

1. A processfor the selectiveproduction of furfural, the processcomprisingthe stepsof: a) providinga
lignocellulosideedstockcomprisingglucanandxylan

b) contactingthe feedstockwith water in the presenceof anacidcatalystto form a mixture;

c) contactingthe mixture formed in step b) with at leastone water-immiscibleorganicsolventin a reactor
and heatingto a temperaturefrom about 100deg C to about220deg C to form a mixture comprising
an aqueousphaseand a furfural-containingorganic phase wherein the organicsolventand water are
presentin aweightratio in the rangeof 7.7:1to 32.1:1, ...

1. A method for producinga hydroxymethylfurfuralin a gassolid phasereactor, the method comprising
feedingsolid feedstockinto a gassolid phasereactor, whereinthe solid feedstockcompriseshiomassor
sugar,or anycombinationthereof; ...




Granted Patents Analysis — Other Companies

Patent No. Novel Features

1. A processfor preparing5-hydroxymethylfurfuralcomprisingthe stepsof: A) heatingat a temperature
from 60deg C to 120deg C for atime from 10 minutesto 12 hoursareactionmixture consistingof: a) a
US9409877 quaternaryammoniumsalt RBR'N+Xwherein R,whichisthe sameor different, is a C1-CG4 alkylgroup;

(NOVAMONT) _
R'isa Cl-Cl5 alkylgroup
X-isananionselectedfrom chloride,bromide,iodide,fluoride,and hydroxide
1. A method of producing5-hydroxymethylfurfural HMF),comprising contactingcellulosewith a metal
US8697893 oxide catalystat a temperature between about 260 and about 280 degreesCelsiusto producethe 5-
(SARTEC) hydroxymethylfurfuralHMF)in a singlereactionstepwhereinthe metal oxide catalystis selectedfrom the

groupconsistingpf alumina,hafnia,titania, zirconia,and mixturesthereof.
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APPENDIX 1: Sources

Ahttps://pubs.acsorg/doi/abs/10.1021/cr30018%

Ahttp://specchembusinesscatalystom/featuredarticles/biobasedb-hmf-a-versatileplatform-chemical

Ahttps://marketersmediacom/globat5-hydroxymethylfurfurals-hmf-marketis-valuedat-5586 #k-usd-in-2018expectedto-reach62700k-usdend-of-2025 324478

Ahttps://greenchemicalsbloagom/2013 07/ 01/worlds-first-5-hmf-industriatacility/

Ahttp://news.bio-basedeu/avalonrindustrieswins-new-swissresearchproject-to-replacecarcinogenigormaldehydewith-bio-basednon-toxic-5-hmf/

Ahttps://www .sustainabilityconsulcom/news/229-pressreleaseavalonindustriestakesover-all-bio-basedchemistryactivitiesfrom-ava-co2

Ahttp://www .avalonindustriescom/web/pages/en/homephp

Anttp://www .sinopecgrougcom/group/en/companyprofile/AboutSinopecGroup/

Ahttp://www .ifpenergiesnouvellesom/IFPEN/Isbrief

Ahttps://www .sciencedirectom/science/article/pii/$920586112003550
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http://www.foodproductiondaily.com/Innovations/Carbios-starts-production-at-its-pilot-plant-for-biodegradable-plastic
https://pubs.acs.org/doi/abs/10.1021/cr300182k
http://specchem.businesscatalyst.com/featuredarticles/biobased-5-hmf-a-versatile-platform-chemical
https://www.sustainabilityconsult.com/news/229-press-release-avalon-industries-takes-over-all-bio-based-chemistry-activities-from-ava-co2
http://www.avalon-industries.com/web/pages/en/home.php
http://www.sinopecgroup.com/group/en/companyprofile/AboutSinopecGroup/
http://www.ifpenergiesnouvelles.com/IFPEN/In-brief
https://www.sciencedirect.com/science/article/pii/S0920586112003550

APPENDIX 2: Definition Of IPC Classes

CO07D

C07D 307/46

C07D 307/48

CO07D 307/50

B0O1J

B01J 23/20

B01J 31/02

co7C
CO7H

C12P
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Chemistry; Metallurgy; Organic Chemistry; Heterocyclic Compounds

Chemistry; Metallurgy; Organic Chemistry; Heterocyclic Compounds; Heterocyclic compounds containing five-membered rings having one oxygen atom as the only ring
hetero atom; not condensed with other rings; having two or three double bonds between ring members or between ring members and non-ring members; with substituted
hydrocarbon radicals attached to ring carbon atoms; Doubly bound oxygen atoms, or two oxygen atoms singly bound to the same carbon atom

Chemistry; Metallurgy; Organic Chemistry; Heterocyclic Compounds; Heterocyclic compounds containing five-membered rings having one oxygen atom as the only ring
hetero atom; not condensed with other rings; having two or three double bonds between ring members or between ring members and non-ring members; with substituted
hydrocarbon radicals attached to ring carbon atoms; Doubly bound oxygen atoms, or two oxygen atoms singly bound to the same carbon atom; Furfural

Chemistry; Metallurgy; Organic Chemistry; Heterocyclic Compounds; Heterocyclic compounds containing five-membered rings having one oxygen atom as the only ring
hetero atom; not condensed with other rings; having two or three double bonds between ring members or between ring members and non-ring members; with substituted
hydrocarbon radicals attached to ring carbon atoms; Doubly bound oxygen atoms, or two oxygen atoms singly bound to the same carbon atom; Furfural; Preparation from
natural products

Performing operations; transporting; separating; mixing; physical or chemical processes or apparatus in general; chemical or physical processes, e.g. Catalysis or colloid
chemistry; their relevant apparatus

Performing operations; transporting; separating; mixing; physical or chemical processes or apparatus in general; chemical or physical processes, e.g. Catalysis or colloid
chemistry; their relevant apparatus, Catalysts comprising metals or metal oxides or hydroxides; of arsenic, antimony, bismuth, vanadium, niobium, tantalum, polonium,
chromium, molybdenum, tungsten, manganese, technetium or rhenium; Vanadium, niobium or tantalum

Performing Operations; Transporting; Separating; Mixing; Physical or Chemical Processes or Apparatus In General; Chemical or Physical Processes, e.g. Catalysis or
Colloid Chemistry; Their Relevant Apparatus; Catalysts comprising hydrides, coordination complexes or organic compounds; containing organic compounds or metal
hydrides

Chemistry; Metallurgy; Organic Chemistry; Acyclic or carbocyclic compounds
Chemistry; Metallurgy; Organic Chemistry; Sugars; derivatives thereof; nucleosides; nucleotides; nucleic acids

Chemistry; Metallurgy; Biochemistry; beer; spirits; wine; vinegar; microbiology; enzymology; mutation or genetic engineering; fermentation or enzyme-using processes to
synthesise a desired chemical compound or composition or to separate optical isomers from a racemic mixture



IIPRDhas preparedthis samplereport as an exemplaryreport, whereinthe content of the report is basedon internal
evaluationof Patentsand Non-PatentLiteraturethat is conductedbasedon Databasesnd Information sourcesthat are
believedto be reliable by IIPRDA completelist of patent documentsretrieved is not disclosedherein asthe report is
exemplarybut canbe sharedif desiredbasedon terms and conditionsof IIPRDIIPRDdisclaimsall warrantiesasto the
accuracy,completenessor adequacyof such information. The above samplereport is prepared basedon the search
conductedon the keywordsand other information extractedfrom the understandingof the PatentAnalystsof IIPRDand
subjectivityof the researcherand analyst Neither IPRDnor its affiliatesnor any of its proprietors,employeegtogether,
"personnel”)are intendingto providelegaladvicein this matter.
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