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Di strict heating producti c

A commercial application for expanding markets

Pyrolysis oil (renpwadletifoelaondl dis
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cision The FPBO bRBEOAMGHs s". Thus, the
nsortium is smal Idebfuitniftunocnt iwsansalagr e e
d objoegdteinted. final substance def.i
FPBO SIEF formationLiquid condensate r
ver al compani es hbayd tphreer mal treat ment
gi stered their subisgtnaoncceel |wiltohs itchebi om

ropean Commi ssi onho(tEGra peonutrr yr esi dence
8D, "wood (typically Il ess than
dropyrol ys®IdEE Thsiescopnrdes) typically a

(Substance | nfor mat4i5e8n0 OEAXCc haatn gnee ar at mo

) ) Forum) consisted ofprbeostshure or bel ow, i
Pia Saari of Fortum companies that i nt eanbdseedn cteo orfe goixsytgeern. O
fast pyr-oilly/sliisgwiid and
Power and Heat Oy companies that i nt eTnhdee dC hteomirceagli sAtbesrt r ac

sl ow pyrolysis | iqu(iGAsS) /PFrnet ernati onal
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bio -oil according to the RBAGHEF of Awood,
substance ident i f i chaytdiroonp yprrool vyisseidoon s(.EC
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and Heat Oy in Findxpirde swg ottteeiar vi e wst oafbtee rswamidsar to FPB
comprehensive artigflteeront Hehemeet i ng, twoer kp rtecs efnotrend adef i ni
REACH (Registrati ogiepdrvatldlahP®® S| EF swapsp osrtta rttheed ,deci si on
and Authorisation gfd Chreenifciad 1) deci ssioome oand dtihtei olaBF pr op
registration o®dilassgl iptytriod g sweas brmadd e cionmphasyi t2i00in3 .0 fAtFPBO
(FPBO). The articlteheesamd bteidme, For tdueni i moewle.r Tahneds e ar e p
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which will manufacteddde Rdgil gMprogait . that these are paranm
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(ECHA) Dby the Leadr Redtiisdn aprtodwict s oJroiBnitolroeggiicsatlr ati on p
November . materials). FPBO c alnhnooste baect i viti es whi
sufficiently identinfeieedde dbyt oi tjsoi ntl y f u
The FPBO REACH conestwegrmiicdudm compositi onegibsetcraautsieont hoeb | i ga't
This was establishedmwerr 20 f) adidmgtyi t u ernetqsu iirse meanrtgse laanidd d o
2013. By signing tthtee coodmmpddiitiimon i s, REACHa rseiggunliaftiicoann twe r
agreement and payip@rtt,heunknown and tohtehevrasr,i apbeirlfiotrymionfg t
entrance fee, all dompEdsisttiedn i s r el ataibvoerlayt olrayr gtee.st s, pe
companies were ablm®hdroef®re, tthffe mai nc hiedneinctailf isearfse toyf as s e
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and managing the coupnpbsamesumf more thaetie®0Oofomasgcets
An essenti al part ohet EEHAebeESbDreaetsao@mepad20e3. pl anning t
project was the | abBbowatvery there wasragpsalkrt FR80Oi hater
anal yses A sampl eGowHi thbwaatory Praointere@GLB}Yration v
believed to presentabotygypbcabkbsFBEBO® tbhether3dbfMAgcess (Lo
process and to be demgbsad 6br many ebhsortium. The LOA
typical raw materiakgi swaatsehsectadddobemenhor eehibéd all ow
for testing. LaboratetyngesovpirnghtoFPBOmMbeampte wader to t
the sample was maddebaged wnthin theSpbanssdon, i.e. all
the data gap analystcbedlhe.l @ahe finalk hjojowindossbeni ssi on
tests can roughly Wwasdsubdcdedtedt oo thenBE@Ha band. LOA is
chemical analyses &8bpdembgesi 2613 |l egal entity basis.
chemical, toxicological and is also willing to s
ecotoxicological sBamdedsonSome beEst oebertpyaotdysaib | iqu
the ECHAommended tesettl®evant availableouésedechheepoope, of
could be avoided, heC€Chemecal Safety Aseas s ménnwl raocrr ovsisa t
rel evant dagtean ehraast e@lbemi cal Safety Repoocedaneé. The price
in the BI OTOX projEgpobsane Scenariosiwéoemation on the L
assessmermti loft oxiiccipryodwaed. The Cl asawvhitabienfor any in
safe handling and tembespongaahdnPackagiongreGuPkpt from th
which was compiledclas2D0bfati on was mahsgeupdated. No
study proposals we(reeaicnhc. |fupdbeod@)iinom u h @ a &
The target was to shbmjbitnhhedpebner. Registrant.
registration, covering annua
Next steps
Table 1 Properties and composition dfaskpBpof individual
during the foll owing
> 23 . 5 for example, perfornm
identity analyses ac
Water content < 40 ww % met hods agreed by th
Ash content < 0.5 ww % and ful fill i mg etched il
Solids content < 5.0 ww % ng?rc{gg{fgaafhogzn
Viscosity (40AC) < 2004 sm and sharing relevant
: 3 = ot her consortium menmn
Density®) (kg/dm 1.i11.3 Kg/ d be necessary. 1f the
Formal dehyde < 0.5 ww % will need to be prov
consortium
Met hanol < 3 ww %
Nosmpol ar components _ ?Ekngwledgﬁmeht f
e ata sharing o
P R = JP s Bl OTOX NNES5/ 744/ 2001
Bentso[a] Pyrene < 0.01 ww % Bi oenergy Task 34 wo
Di benz[ a, h]ant hracene < 0.01 ww % VTTOs Ipng term rese
pyrolysis are highly
Sum of Car c. (RGN, < 0. 1 ww %
SHIN IR G- N AR < 1. 0 ww % Cpntact .
Pia Saari
aSum PAH13: Anthracene, Benz[a]anthr&oehem BPoeweo[ apgdy Hem
fluoranthene, Benzo[k]fluoranthene/, BEAR zooogob4r8y | FehReT, UM h rFyi s
ant hracene, Fluorene, Fluoranthene| Endeﬁ }8 %51%hen%%
bCarc. 1B classified substances (Annex ' or regul at
e.g. of sum PAH183: Benz[a]anthracenewwﬁenép{ghpgbmne, Be
fluorant hene, Chrysene, Dibenz[a, hj]] antjprarcrana
cCarc. 2 classified substances (Anpnex (D
e.g. Formaldehyde, Acetaldehyde, Fjurf ()'- ljr‘1
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conver si odnp rsecsieentceedp otshtéer present ati onsand BihemssasneConst i
latest research andophoodpArtaeo®nNsSCbAti qujam @l ¢ retnd, v éin, f
the exciting fieldtht beoenerglief mbcheuwnicvddrsity of Hamb
the further deploymentepbioheadnferencgsat d4lhet ibatl ydrocr
energy technologiesf The presentationsiijagri pCyitifriSuadl Wa't
conference was heldelnt&bicegpyRrblysisar whdthi @2 Pmoduct s
the Sheraton ChicagasHptehthrod, 68 on pyesddtysdies. and
Towers6o8eBtember 2013n upgrading, pretreatment and
where the presencechhrparpPrespanbhsi omrgeasdnmanynet was r
from 19 countries anhe pé6ters are avgrkabl euedetBeand on
organisations, inctudiBgehbe W@Bgiteh|gh|ights was the p
34 national team | eaders, made for the Don Klass award,
an energetic and epgBPDbMBESS2013 alsoalwastded @0 Dr. Esteb
meeting. Attendeescpmpbittpatedtiubientoposkeel fentesin Th
three days of techpelnglipatonnect todaydersepn Science t
interchange with tbagwaekdbPAg and schescensbvdent® contr
leading researcherwithchrPobhbtbhi abfdergpgl dxperbsoenergy
engineers in biomapnsaecbPpVveaDOSpOBter presentations
with topics rangingefeo®mvaluated thrgeghoetw the presenta
gasification and pygoatgsedctd SelectedomrizebWomaes® 013,
upgrading and pretwepaéement . http://www.gastechno
_ T Kwang Ho Kim, framblicoowpass2013/ Pages/
tcbiomass2013 was Ofigta&t'esewinlb\b/erSItyParesnel-hytchrtqg)enrs.aspx
GTl wunder the |l eaderpdiddr odoITveddty Asc: ~+* ~ -
Mar ker and the scientidrimfalpa®@Edver si
with Vann Bush and Ktyg i ®KkOyl phenol s |
Mani atis as -cbafeseng| iCPe Micro Rea: %
Conference participamgdisgd n€dddedfrom
senior experts and YL@HJ|n\9erS|ty of -Ma
researchers, major cpdgodtadd Opypr o ystcp%!gmggcsogglc?
and entrepreneurl al st artups, ON THERMOCHEMICAL CONVERSION SCIENCE
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Bi-oil stabilisation and ufr
fi1 1l tration

The objective of thisthe$ehbreh which w
project was to testbthedbypethegusckly
that separation ofeghbhaesswipekBsmgE e on t
associated mineral ppnabt gsi §romactor; r
pyrolysis vapours befoobdic bl owback wa
condensation wouldsubueadssbdbully demonst
i mprovedl bgoaal ity aodordingly stable o
stability. The primatyeonassembéit gt wan
that was investigatedi hgrthkekse early t
purpose was hot gasefitbtratropd Aut on
custboum I t heated cafnidliter aftiilotnerat t he Un
system was fabricatnaed bhet ai Patrbity o
Filter Corporationabsd beeni phédi sbed
the National RenewalmpeoEremegy in the p
Laboratory (NREL) ftbe thbssolitle ssrte poira ed.
campaign. Thi s sV S jmtsisteteinbe St
of a candle filter
containment vessel
heating el ements Oof . . .
surface of the ves 0The objecti 0
: research project was
Robert Baldwin Al kali and alkalin 2 )
_ rincioal l ot as s totestthe hypothesis
(above) and Calvin b ¢l p y P .
calcium, are presell thatseparation of
i The concentration o
Felk(below)from i norganics can ran char with its
the National 15wt % depending onfl associated mineral
Renewable Energy A1 %AaLL, 209, %1 2! L o] materfiom pyobsis
Laboratory (NREL) 0.2 to 1% by weigh vapours before
al kaline earth met :
: S condensation would
discuss the shown to participa
L pyrolysis reacti onf lead toimproved bio
potential impact of EL?hanéiELS?} 2[15; oil quality and it
hot gas filtration on and alkaline earth stabil
the quality of bio -oil catalyse deleterio
reactiowonslidubiag
|l eading to increas
and giving rkmoewn o the well
|l ack of stability fToe Mmetmassused to e
pyrolysis oil stability in tfholsd c a
reduction in the rat
Removal of char andiaislsowiimdadedi ty. Thi
minerals from pyrobybisrarly,fbuttiwas n
production-deffi viedm&dSsDepartment of Ene
boiler and turbineofugisasahafubdeng Opp
demonstrated at NRBEbnbopneem®&®8I6¢DE
known as the SolarOBeOPg§YP18, Biomass F
Research I nstitutePys8BRY}))esuB®) h§(Bbiol i
ceramic cloth hot Yascbesitgrf HGR) | sa
Results showeldsttwamebsared foll owing A
al kali and alkalinénéeernhtmenal 6s St an
concentrations bel dwcéOeppmedoadidingt of
be produced, but ssamulatege ektehdedi bkt
was not demonstratwdsodone by heialtiing
guantified. The hotlgasdfcbnérni medsaf o
used for these tests was a(@oa&fianmied® on p

| EA Bioenergy AgreememPyNasB434 Newsl etter Pagtre




Bi-oi | stabil il sation and uf¢
. ..continued

an additional 16 hwiutés ahe®mMAC wiotlh k
viscosity measuremé&hestmatecampaign
after each heatingphasertVvaltrateohve

pyrolysis oil demo

0 A bail with greatly

For these tests théeiiylr owiytsh ssubst aniEeELClR)0
reactor of NRELO&6s Ohysmevrchemical BB ;lkaline earth metals
tonnes per day (MTDptproedsby applic )
devel opment unit (PDU)yrwason. The ce and low solids me nt
operated in ftlhobew entandi hedt stand sup content was produced
mode at 500AC. TheFHGFete€f€or p. and t .
stand was installedoadeassalipstmradmec by both filter
from the PDU so thatysbemhdket ggasd an el ement s.
filtered-ooill tdarmad h©id&Ebhobot h demonstr
hot gas filtered cgobd bepecabiéctgd
for purposes of compairpbodon. bTwwback T 0
filter el ements suppfFeetdi beg Palmaint donhngither-diel eement s
were tested in thiselpmepecprespure dobpawnedi by hot gas
Grade H 310SC Poroasc8paablessimits, panduki ki atered stai
St eel (PSS), and; P)JubDgang was never (eSp¢rieéprmedt had el
Schumal i-2 Es ilt er e d ugiilnigcdrhe approxi maneebh0Q Baggesting
carbide ceramic. Theshotagasifnl {evemate@®@0atyofespnstruc
was operated at 450AC for the PSS suitable for this ap
el ement and 420AC fobdiblhewictelr agmiecat | yPISeiduceade b | kiad o di d
el ement in order tannti al masenkosarthpmesaktseandskcowity n
of carbon efficienepladsocbpatedt was producedcolmyinued on p
900
800 /-
700 /
Py
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-
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Figure 1: Accelerated aging test for raw and HGF oils (¢
HGF oil; viscosity measurements made at 25AC.
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Bi-oil stabilisation and uf
...continued

Table 1: Propertie

Filtered (Ceramic
Bi-oi l

HGF Oi l

(420AC)

wt %

41. 12

7.87

0.08

50.%92

0.01

NDB

63.9

6. 4

29.7

ppm
Al umi nu NV
Cal ci um BN Figure 2: Fresh and used (~ 1740 cycl e
Chr omi u niEes
I— 5 metric (Figure 1) Botdhoasiagsbhwi shhise
L s oil should be muchvampabVedcwnthibutio
Magnesi uisl respect to storagepaongdettanspmr Kati e G
P E— stability Photogr &mhshof JlJabenfiasbode
Mangane s and used ceramic ePemenbyarand Ray Han
Ni ckel <1 presented in Figur ®d&REL)|naadwetioas Ma
S PEEEEEEE—— to |l ow ash and al kahd/ abkeal Caehearthfr
Phosphor s met als, the hot ga€ofpbtatéednoil was
Pot assi ulPls found to have a molecular weight
O EE—— di stribution that w®Wastacgnificantly
Silicon KN reduced in high moRebelar MweBghtwin
Saalf U <5 components W_hen coMpairedat oBi oenergy C
e ——— no-hiltered oil ThaaabsenteRehewabl e E
Zinc <1 inorganics and highamolatol gr
a; q Weight materials s0§0éaes8St P enkat Wks$s Pa
blncludlng.waFer should be | essGptdkhemeOi 80401, US
ash not d'St'”gu'%%%%k off" %M uling off:callaBPst §84N6858
bl ank subsequent upgradi BEq odbteepgs.bal dwin@nr el
fold reduction in heeno@aledgements www. nrel .gov
viscosity increaseTassdptrej@chedas supported by the
by the acceleratedyagi ndepast meht of Energy under
80AC.0oiBli oobt ai ned bawarodt NwEwh@36 DE
filtration with a oeceomgei1Biltreae pr ect Iead
el ement was also |l egwghhiadahkabh @&ad op
al kaline earth met gobpeylvad | neambuny; "i
zero ash, and did pebjexhi bobraiabti
iron content (Tableut) b yTh)e C?R[@I’ﬂhfid&!
filtered oil passeg@r t hgj MdtSW}DSBrta/nva IONAL RENEWABLE ENERGY LABORATORY
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Far mBimnsorti uARSUSDA
to demonsfaamepygnol ysi

Akwasi Boateng
(above) and Charles
Mullen (below) of
the United States
Department of
Agriculture (USDA)

discuss
developments in the
field of on -farm

pyrolysis

n O
QO
-
—

The Agricultural R

(ARS), the princip

research arm of th

Department of Agri

has been awarded avY®$6

Bi omass Research apdov

Devel opment I nitiaCbwvuae

grant from the NatBana

Food and Agricul tu

|l ead a 14 member i

uni versity consort Feedstocks used
research and demon .

di stri Hutreed poymr ol y s included
biorefining. switchgrass,

The project, -Harimt horse manure,
Bioenergy, Biofuel and woody biomass

Bi ochemicals Devel L
Production via 1 ntllfromforestthinnings.
Thermol ysi s & oirs fAlF

|l ed by Akwasi (Kwesi) Boateng at

the Eastern Region&ktaRéesgauphfrom ERRC
Centre (ERRC, Wyndmgobo|ysis process de
Pennsylvania, USA) (PDbg, Athe Kwesinat
consortium is a regevtnakt henwpek day (
partners dedicateddemonstraasbngunit i
the technology readhnnebdssl prvejeof. To
bi omass conversionrebyaohewersdiphd echd s i
wi || makemoini o which is based on a
production feasibl bedndystem dubbed th
sustainable. The pComéeasthas Reduction
main areas of focufyrolysis System (CR
1 Feedstock | ogi stidess;i gned to mimic th
1 Pyrolysis reactorcasta@dlyd iwp;cracking (

T Catalyst devel opment ;
f Measurement metr ifAceld kgfitcomrcepft ver s

analysis and |ifeuUucCycesesfully fabrica
assessment with Up in South Africa.
thermodynamic exdrggy 2 MTPD unit at A
assessment to adsiupPest@mtially progre
resource depletidr. being fabricated
wi || be mobilised to
The feedstock seled@pdagsipplate-fairstrib
Far mRincompasses a $bh&MNatlfon at various
three lignocellulobhesgiBmadyesng each
i mportant to US agfredptafrks. Siemens
including switchgrR385tNgpr &8 this part
manure, and woody BNEmh&§sdepbmning con
forest thinnings. frﬁémmﬂb’ﬁorgbﬁﬁ_lsop'ore
the feedstock portPSRE6F St hrBehislgpt @m
is to develop and bptPmi Eedadifpafmr on
production and logPBeresi gnp whestmeye
bi omass resources fafaliygtgswith longe
feedstockimndor elgoohiaf© have been devel
scale produgquabntyp#nNhyghsity and indus
pyrolysis oil. Theddbh88rthum vear
member institutions addres&pmtgnuedion pe

| EA Bioenergy AgreemeqPyNasB434 Newsl etter Pagle1|




Far mBdonsortium
econtinued

Far mBiass i nvested

effort in catalyst

both primary pyrol

(catalytic pyrolys

producti on wupogrlasd.i

For catalytic pyro

University of Okl a

Villanova Universi -

are both working wj§

devel oping novel <c&

characterised by d

production of <coke

increased reactivi

yield and carbon r

decreasing oxygen

pyrolysates from t

oft hrert catalytic p

technol ogy Il ncrea

robustness and |if/Figure 1 Membersoon$éot heumapm8éoin fro

feasible scaling umobile pyrolysis unit which is under ¢

in combination wit/Pennsylvani a

devel opment of thelrC oo, oo

The team is workin®rawdflerdQfPennsylvansa)tusiadsiandgspo

Zeol yst CorporatiotbtherPpeensprvamimapn Subseanai abrprogress

for the eventual se@&teolbpguomf refinerygbhbkesdbfigthe project

catalytic mater-ials needed for on by each of the conso

farm operations. On another track, mbmb¥nsveraitheobeco
the Sciences in Phthaedptpheat, ARS is

To incorporate the(fPetngyévanéa) is tevelUopheg devel opme

intermediate into &®megiesoiusgcatal ysssato bpeak the CRIP

petroleum refinerydowaveyalbl yticeltigdemohsetrpteonranit.

will need to be metmateri als needed for the

infrastructure compaoidbicti op. of indu€bontattchemicals.

Refinery catalysts are known to be Akwasi Boateng

subject to rapid p&isahilyg a&he data EasmetheReégtuonal Res

coking by trace amyegatfsamm demonstr atAigen cafl ttuheml Researc

i mpurities, therebpb@ayer pfivicegselse wi UBEDBAe used to

need for a prior hypeéréoreatiesgnoeeph6mbcEaniMel mbed Lane

and novel -gpbhasensedéycle analyses, anBPAt ©89ad88i §8A0N

upgrading catalysté¢hgreopséiahgsustainabi kiltglasp8stesns

devel oped to achiedéstihi &utremipsym ol ysEakwéaait. boateng@ar s.

task is accorded twialmakcciount for total resource

university researchepégmi o@dusyng exewwyanrbalbydasgov/ naa

Professor J. Regal Oheodasgr bepdegr of this is effort is

the University of ®So6exelcdnoviensgity CRanheygl Mahl ah (ARS

(USC). For this efWwhich iBseworking iBastesma Regional Res

University of Delaw@téawiorpthegi withAGwactuhmarael Researc

with predictions offohdteigee (Penasysvabs®pA, and SUNY

metals using computESF onNelw Yor k) . 600 E. Mermaid Lane

catalysis, robsisstamd coke PA 19038 USA

supports are beingF@eé mEiagsp ejdusatt complTet ewdl i21s5 836 6916

Villanova onto whiéhrstchemetal § AugEstha20k3, mulié en@ar s.

will be deposited &gntuse teamtassiempl ed for its first

at the University @hnMaineegsimg at ERRC; an event

model reactions, alﬁdﬁailtgifmdvténloy; than 50 participants

tested at ARS usingncéadl r et eats

0|| A refinery paszteﬁ@rarcgges,yjfarme !.JSDAUnnedSla!esDepanmen(ongrlcullure

American Refining Guesupess people from e member
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Andr ® Heer es, N i
Schenk, Er wi n Wi
and Eri k Heeres

Il ms for producti or
Cc pyrolysis of Dbic
An insight from André Heeres and Niels J.
Schenk of BioBTX, and Erwin Wilbers and
Erik Heeres of the University of Groningen
Aromatic compoundsiasaucbnasgpto) is the
benzene, toluene, ypyltehgsiandf biomass
naphthalenes are patteamstheét directly
primary petrochemimaterphagi hg anomat i
essential role in asingoepetyfi Owizerol i
to environmental | &8asedeea s$tUehkified
growing energy dempnodmiandgt heute towa
depletion of easilaramaesssbderovked fr
resources, alternabtherrobhaaesofbror co
preparation have reeéeprttyvatyrac¢tetde a
significant interesepehRhdst bar mbeecondi
fluctuations in thétkbwmbkrptiuces ofampin
aromatics (especiakkpcbenzendeandture
patxay |l ene), and thestgreamn@l i gnin, cell
demand for green pokméseéetsasl bee, wood,
the package and tepyrbéeybnhndusityetc.),
have stimulated reg¢sarcabtwrehiparticle
this field. for example, the rat
(waste)/ catalyst.
Whereas biomass can be utilised
efficiently for indushough produestisoha
of alcohols and alkenebhe bbtsmisasiohl
not the case for afommt bc®dmaBesuwneas was
currently under inuwueshiggattahytocr pheo
preparation of aromaiiltsafdemandnfor a
petrochemical souraed saoemercially att
T Aqueglhsaase refor metriocre;ss f or preparat
T Conversion of synlgmsatiemd oi n the north
aromatics; Net herl ands, aims to
f Dehydration and alr®oanhitna aplianwer in ca
of pyrolysis oil GhmVear siohm | &f wditfhf er
zeolites:; and waste streams in
1 Productxgyheokt,pa Close collaboration
chemmzymatic routEdiiks He®wes from the
involving the di m@rqmnignd&m, & test in
dehydrocyclisati oheSifgdn&hedvnbieupplie
i sobutanol Bi omass Technology G
capable of pyrolysin
Oxidation wfl Bgeeefdtpglytically into a
parteerephthalic aciH0-@POraAg shal e (Figur
subsequent polymer P&t Mbarawi pp for dif
green diols (ethyl @8R8 WR§&EBI SEtFEMMS Wi
bioethanol) provid¥¢sehdfrandysgteeni vit
route to polyesterSthNiQHﬁryaﬁgﬁét'CS
al sl grge scale in §89Pbdsf'??||ytleadt
ccations. commerci a y a rac
apRkse fulfilling the marke
An i deal process yielding product
mi xtures fitting pBepédepyaji Ri gReyi el d
existing infrastruéehvengfapdexylenes
petrochemical industf¢thmg of the expe
avoiding multistep synthesdiCantiimdgddpn p:e
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Bi oBTX aims for producti or
écontinued

determined and cal cu
basis of the feed. P
experiments showed t
catalysts remain equ
during sever al cycl e
i n

a

0

surprisingly, in so
the total vyield of
twetep catalytic pr
exceeded the yields
step aromatisation p
identical conditions
The ongoing current
the company have att
attention from not o
di fferent biomass an
streams, but also | a
pl ayers active in ar
production and produ
thereof (e.g. tereph
green polyesters). I
business plan they e
design and construct
scale facility for t
aromatics in the con
BIG Biomass Technology Group BV Furt her mor e, in the
broaden their scope
Figure 1: Bench scale catalytic pyroltyweis agiti vi di ebi ¢ ®ma
attractive for the p
aromatisation catahystocaradabsse and ogyeen aromatics and
i mportant factor foontaigéengcabempountbe(rafahgreen polye
production of aromatidesyfileem ketonesUétiecmat®hyg, this sho
bi omass/ waste. Durivagopyrphwasiesis subsgguénchpt -bassed to
aromatisation the @remhtise)ld catal geecepdomygatctnoi he Nethe
is subject to extrewméehcantemli hatioatal yst. |In a series
with coke and inorgéanecgpmat menak, pl pAwbsoowsaedgesment
Whereas the coke fwathianpaahibée si Fending. irom thecmhnn
burned off easily washsakygenhegdthe p¥Propyamsei raningen
catalyst gets severehgtor based upongsaeteWwutéesycaeknowl ed
contaminated with teohgahbgy. The catalytic pyrolysis
material originati wgsfcomdubéeéed withCenthetent
bi omass source durcagasgeeésal Catal ysBi 0BBILinPui hser kenst
cycles of regeneratxampl Ehia ®8rbkenst 8N &ecoojnged, the Ne
have an effect on Cheaagstvitpeohgt adndoP®i HeerBsfore
catalyst in the taugeteHhecoavatysos ﬁe&r-_d*_e@rf_@&l:@f;ytn(ﬁodn.nl
of hydrocarbons toparomatiecsize of 16l0ets 68s5benk:
compounds and, furmhermmBEErstadetn|EQJd|W|ICI:heq]Ll<a@btlzobtx.F
shorten the | ifetimandfinhha waeighystatio of catalyst to
significantly. BioB&aKdha$ doBvedhe cwnawyssstweoé Gronin
this problem and hasedevael apedtal yst Ni peshwdgbt 4 9747 A
and patented an-sowkightcanediot @€/ S) Toe N.esherlands
step catalytic pyrolysis process for Eri k Heeres:
BTX production in dheecatalyedoceyroEysiis hetegpes @Qualrge n |
catalyst deactivaticonduatesds. at diffeEewtn Wilbers:
temperatures and dEtEféerérbterS@rug nI
At the first stagecathéybtemasesedi sati perjo of
catalytically pyrobDy8kdstataavmpspher yGWSrSltYOf
phase consisting offheuasmauntated) BTX gronlngen
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Pyrolysis research at the
Energy Laboratory

The overwhel ming m
bi omass pyrolysis

National Renewabl e R
Laboratory (NREL) 0They succes
the. S. Department (REENIEIETSRSEL
Bi oenergy Technol o . .
and is focused on continuous filter
fidriompd transportat. operation with a
includes studies o :
and vapour phase u biomass feed of 10
pyrolysis vapours
hydrocarbon fuel b
refinery feedstock
research is conduc
scale in |l aboratory reactors to kg
scale in their pilomicPostesstural para
Devel opment Unit, awrdlthaild thickness
modelling work encadmpmeses on fast pyr
|l evels from mo-l ecurgsugquanfumm this wo
mechanics to Comput ataiestcoadll e Frhoudedl s t h a't
Dynamics (CFD) simalkguiramnsely account f
bi omass feedstock.
Pyrolysis research
Research is underw#dytt GadeVwél opaai on
better understandi Mgptofgatsheé il tration i
chemistry and physiacsiofe hbinomasest for
pyrolysis in order itmpaicmpoéveemonving a
understanding of thékadimpesietarom met al
of pyrolysis vapouwapamdst dyhélop gas f
i mprove the yieldscofhdeyndmocanbdms bee
during upgrading. $thed NRELI Thleu e c h e mi
the reaction mecha®Prosmessf Delyel opment
thermal decompositi(dCP®OU)biomeass | abor a
and biomass pyrolyg#isteapcorporation,
I nvestigations of ®phethlkResmalMhey succe
decomposition of adewovbhet rafted stabl e
model compounds havéllbeenoperation wit
conducted using a kbhypaoklyé hmalbver 1700
nozzle [1] highlighlvtiregciompl| eeadt wdn h
mechani sms and kinetiopsreimai ni ng withi
. e . decomposition reacftaindnwith no plugging
Kristiina lisa, Peter They pr odwaicledwibtilo su
iagi i They are also invesgptriopatringstheéncludin
N. Ciesielski i mpact of heat andamasalkmanspaoadt al kal
(middle),andl\/lark restrictions on theohoremation mpfr ovkear p
. and products. The mhemogtaluptroperties,
R. Nimlos (bottom) of biomass is a compla®&x/)ity. This was
: e : directional networl ofedpecresraned of vi
glveanlnSIthlnto cell walls that camnvahy accelerated a
researchprogress substantially betwenemedithfaemr antf actor o
. species of origin. wdekawas recently fe
at the National devel oping methodsatoicoespubei shed in
3D models of heat &wmelfl[@id
RenewabIeEnergy transport of biomass par[ti]cles wi t h
Laboratory realistic geometryVabobarneghakeompgr adi
mi croscopy measur emgamtas yof cpludpmgtr adi ng
cell walls. These mgdel ysasevheionmgs is
used to understand the ef f(eohtSinaédgon pe
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ysi s research at NREL
I N

order to produce ppeompai sopbpeldsi witbapgriacengo foll ow
reduced oxygen conthns pndcess. Rates of deactivation
i mprovedchleyysicad and conversion mecﬁ:amipamsdate l'iquid t
properties. NRELOsi appsbhaghtéed usingfulkis hppmaashjs def
devel op a better uadeastapdboogssefchahgdsogenredndethe pr
vapour phase upgradeagttoeati on. i nfrasifomptad i dilne dr o
di scover process conditions and transportation fuels
new catalytic mateHoal gasofi mpraveonrefQupyes!|l Wydsogen ad
yields of hydrocarbapsurs was shown by hgdovoerocessing a
al kali metal contewt ithecondenpedati on
Catalyst deactivatobh, and it can al sorhagethenefyroi gki s
Catalyst deactivatebhebas anmepbal ythasvapoestplgased |ig
i mpact on process apfgradengy EBEnHtratiasnhgidrolgenvdpoors f
using NRELG6s MolecdtamaBeaml |y reduceyrohgsbgil Butip-ne an
Mass Spectrometer O(MBMBKke bDhecatalysiapoaad oNREGalde bench
gas phase productsi hvemt pgarbdbl gygi she azdopieri menots deme®nstr
and vapour phase upgpeaedbsngstemtiad yticeduced coking of th
suppressed oxygenate
Biomass Particle Cross-section Technoeconomic model
7 ‘ NREL, in collaborati
i s wor ki ngecoonn otneicch no
assessments of conce
processes for liquid
fuels prodocaméx via
sitpmgrading of vapou
fast pyrolysis of bi
of this effort, plau
design cases wil/| be
showing the potentia
competiveness of suc
with respectbascedpetr
fuel s-l edeghqual itati
assessments for such
were published in 20

Contact

Nati onal Renewabl e E
Laboratory

15013 Denver West Pa
Gol den, CO 80403
USA

T: +1 303 384 7853
Ekristiina.iisa@nrel

http://www.nrel.gov/

Microstructured Partlcle Models Developed at NREL

NATIONAL RENEWABLE ENERGY LABORATORY

Figure 1: SEM images of biomas
di mensional models of biomass
of pyrolysis.

op) that are used to d
tom) for heat and mass

—~W0n
o !

(Continuedjon pe
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Pyrolysis research at NREL
econtinued
Ref erences by matrix infr dsagppy Hot Gas

sapgd photoioniz

ar e a
ati gy &O0RBgl6s), pp
sPesgtrod3edPp.y oCHe m. 2 1
308

r
[ IlYr ness,etK.afiNy,r ol ys $
3

i
furan in a mm0D9dBoreac 38, 13050908184
Chem. .AB©Ps$2), 124305.Phye3(716), 164 [3iddy, M.; Dutta, A.
Vasili oat faBl.i.oknass Scheer ,etAfallhey mal Meyer, A. (2013) . E x
pyrolysis: Thermal d&®cecmpePistitéwn MechanFams Syrohgsis Techn
mechani sms of furfurMetdwxyphenols: Form&atbwagf 9 pp.; NREL
benzal deOywde o Che m. Phenol , Cyclopentadi @ROINGEN8050; -2RPNBNLL7 .
Phys3(©910), 104310. Vinyl acetylene, and Acebpyl émewdonrel . gov/
Scheer,etA.dddM. mol ecul a2031. Phys., 1QfGéfm), A 8050. pdf
thermal decompositiord 381 1Bp38&%M.ol [ 48i ddy, M.; Dutta, A.
and phB&hol : Direct Jarvis,etMafimirect Meyer, A. (2013) . I n
observation of cyclopPernteadi ®ome of Product Fabtomytrbéysis Techn
formation via cycl oh@&yd®il & Pihseenseft hyy 1 Phengdt hway. 9 pp.; NREL
(2022. Chem.13mBUYys. Et her0oddd( Phys., Chem. TR51058056; -2RRNBRLO .
0443009. 115 4£38. http://www.nrel.gov/
Vasili oat f#lh.ekK mal [ 2Bal dwin, R. M., & FeBK56CpdJ.
decomposition of CH3CHOl3touidiBéS¢ abili zation and

Pyrolysis research opport.

==

Are you interested
b Biofuel s?
b Ther mal bi omass canverswtgn?
b Using the facili?é%éegﬁcgﬁeéﬁéﬁg?egf\xl

Eur opean .

| aboratories? |l ocated out5|.de.th'e

country to utiliz

BRI SK opens up a Wi%'ﬁor\?%??.e?&{]\é?rf:o
research infrastru UF eRMQ) & WII
Transnational Acces gc%??o%\/?ﬁﬁtgs 3 on
r esearocuhtesrasdi@nsi de br&;s%r?\é§?%?;q%fg
the project to cond ) e xp e .
I nfrastructure avai?la'bg'eblt% %?ll'ntirny
Europe and qualify'&r?glicgéxtnltorrgsesf.or acc
The BRI SK networ k 'wfiIYOLén%ro%ria tee_reste yi for
and facilitate coo; %?%?sr’ve.orrers I%Ll“crhe f B R K
in the project par:ltvgéagirsigztl'a%%r%t%??%sv EUROPEAN sommillmm
as f 0 | | OWS : . COMMISSION PROGRAMME
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Hydropyrolysis of

Jan -Ole Struven

from the Centre of
Wood Science at

Hamburg University,

and Dietrich Meier
of the Thinen
Institute of Wood
Research talk us
through recent
experiments on
hydropyrolysis of
organosolv lignin

Or ganos:cdc

Hydropyrolysis is aecembichaticonvoties
pyrolytic degradatifadedndeay in the ea
hydrogenating conditobi 6maslimgtpetrol eun
presence of catalytiintall ytaassterdi ‘pd aetd or r
hydrogen Hence rathieeadlcal Sor madconj un
through homolytic tloelaydgeemerging bio
l'ignin bonds are ic®haepaseousnikcyeasing
saturated and haveclimbte chamge Ttonce
repolymerize to fowowm bdlydgomensfor wupgr
coke The process idertiypdcphrlogducts is
performedO@GAC380d 2@ain. To dat e, pres
100 bar initial hytyodgegepr essapel i ed
This methodol ogy i orowctessewgasdep for
has been describedpiynoliysésaolitlipgdi3qsl 1( b
extensiwel.y Prlocessand also as a fluidi
reaction medium with
pyrolysis processes

oln 2007 @Me rimaBA007 a German bio
; - . j t was initiate
biorefinery project actionation of
was initiated to an ethanol / water o
investigate the s for furt {‘ e

r
; : use of the resul ng
fractionation of beech ignin fractions. Ba
i d
C

i g

wood by an pat hways were cons

l' ignin processing:

ethanol/water modi fication of the

i structure for adhes
organsolv pulping f oams, and degradat.i
process for further phenols and other va
exploring the use of aromatics by either
cleavage or hydropyr

the resulting

cellulosic and lignin Hydropyrolysis exper
. been performed at Th
fractions. of Wood Research tog

(Continued9on pz¢
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Gas

Mass Flow
Controller
Pressurized
Condenser
H> \/
Slurry Phase Reactor Oil / Water

Fi gured&calabreactor system for hydropy
of Wood Research.
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Hydropyrolys's of oOorganosc
ontinued

partners from Hambnra Illniverc<ityv
in asclalbe reactor 70
(Figure 1). Slurri
and water are prep .
either directly or 60 sl L o
pressure syringe p
stirred tank react £
system can be oper £
continuoctsntisewmod us .E
batch mode. Liquid § a0 I
collecteedriessairrei g 3 l -
condensgmrodBgyt gas _§ .
vented and can be 8 30
a wet test meter f %
measurements. Samp =
collected in speci & % I il
further gas c¢chr oma
compositional anal 10
Numer ous experi men
executed under <cha 0
conditions; mai nl vy Ni/Mo semi-continuous Ni/Mo continuous Raney-Ni
solvents were varied FOor tne sake
of good mass and c¢
the decision was mMgjgyure 2: Influence of catalysts on |i
water as a slurry
l'ignin powder Max i muim 1 eacti 1 vl . . .
temperatures were |DPmibhedfebl wpbAg dvagiams someaickal R
in order to avoid g@gpfﬁgg{iBhngfngscartal_glsesented.
lignin under super€iPH[Ealk ®amMmepres the yields of
conditions liguid and solid pLodqucdspobdaichsedwer e

with Ni/ Monacm#dkeRandychl oromethane sol u
A typical experimefdtalLMgtas As the lhaetemegaswéubles. Fi
foll ows: 25g of Iithﬁ”?bﬁgtﬁéﬁu{miﬁhmfomen!ﬂ'éar weight dis
3g Raney nickel anB8BXBOmi MRt erused exclusivelcyntinue@fon pe
are placed into a 250ml stirred
autocl ave The reactor is puraed
with argon and hyd 1.00
to get an oxygen f 0.90
The autoclave is p
hydrogen to either 0.80
7% ar s. After reac 070
reaction time the §0.60
released by openin Zg5g
condenser in order 2

%z 0.40
valuabl e monomer s <
oligomeric residue 030

0.20
Mass bal ance, GC/ M 0.10
measurements have

0.00
conducted to ascer 1E+00 1E+01 1602 1403 1E-04 1E+05 1E-06
influence of init.i Molar mass [Da]
and reaction ti mes
p henol s ane e(_‘hiz}’eyncbrs I s Lignin DCM(A)  wmmmmDCIVI(B) s Acetone soluble I
as wel |l as the mol
distribution of thgjgyure 3: Molecular waste distribution
fractions. the starting material and the various
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.. . . CO

' s of organosc

Figure 4 Oil, tar and coke yields from different operat

curves of GPC measurements from

the starting material and the

various oil fractions The diagram

shows both the depolymerization to

|l ower mol ecul ar weight product s

(green & black Ilines) and some

pol ymerization reactions (blue

l'ine).

Figure 4 summarizes yields on oil s,

tars, and coke from various

experiments, indicating that highest

oil yields are obtained at moderate

initial hydrogen pressures and

reaction times of 60 and 180

mi nut es. Coke is | owest at more

drastic conditions.

Detailed gas chromatographic

analyses revealed that the

composition of monomeric

aromatics depends Pt

time and hydrogen Ejgyure 5 Gas chromatograms of oils ob

as foll ows: longerconditions.

hydrogen pressures

pheno!s, whereas SI?REtFBIFbWFﬁg concl udseilonvsercsananbeoi I  whi

g.ng g'ghe[) pressura§ag’hvErP1%r§he pr esemati nrleys wlft smonomer s

dlep?/c:g)éyiﬁnlzzfgﬁfe COantIelcneofsr)acatSlonatim@rl@yvlaélueair,iengomp(
Y he pressure into &ompadenséo pyrolys
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