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v Introduction / Motivation

v BioQAV production processes

* Towards new (oleochemistry)-based Biorefinery
(Hydrolysis of Tryglicerides with Aqueous Phase Reforming)

« Biomass Gasification and Fischer-Tropsch Synthesis



?_ Introduction and Programa de Pés-Graduagdo em Biocombustiveis
k " Motivation Seminarios em Biocombustiveis
‘ 23 de junho de 2020

Renewables
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Composicao Setorial do Consumo de Derivados de Petrdleo
(Oil Products Consumption by Sector)
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Figure 2: Brazil’s petroleum-derived consumption evolution, 1970-2014. o
Source: EPE (2015).
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Diesel Total (10° m°)
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T. Morgan, E. Santillan-Jimenez, A. E. Harman-Ware, Y. Ji, D. Grubb, M. Crocker; Chem. Eng. J. 189/190 (2012) 346-355
. . . W-C Wang, N. Thapaliya, A. Campos, L.F. Stikeleather, W.L. Roberts; Fuel 95 (2012) 622-629
Diesel in Brazil

Consumption = 62.77 m3millions
Production = 52.72 m3millions

Difference = 10.05 m3millions (2015)

_ . _ Production

— e — Consumpion

Overcome by a Renewable Solution: Biodiese
production! Will be reasonable in the future:
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Figure: Diesel Consumption vs Production in Brazil, 1970-2014. Q
Source: EPE (2015).
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Overcome by a Renewable Solution: Biodiese
production! Will be reasonable in the future:

» However, biodiesel suffers from some drawbacks, such as

v Poor storage stability, oxidation may cause corrosion in tanks, pipelines, etc
v" Poor cold flow properties v Low energy density

1970

: . v Its production process is not totally “green” (metanol) and environmental fr
1975 1980 1980 1990 1995 200U 2000 201V 2015

Figure: Diesel Consumption vs Production in Brazil, 1970-2014. 0
Source: EPE (2015).
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Solution without CO,
emission ?

v’ Electric vehicles
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Mercado de carros elétricos no Brasil sera E f Eth | d
de 180 mil unidades/ano em 2030 — EPE uture of Ethanol an O
(JAC iEV40 — China — RS 67.000,0) Biodiesel Market ??
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» FLIGHTPATH TO AVIATION GREEN “FUEL” NOT INCLUDE ELECTRICITY !

> In the case of Jet Fuel, there is not still an equivalent “green”
molecule, such as FAME, that can substitute or blend with traditional Kerosene.

» Airlines companies has set a target (2030) to replace part of the
fossil Jet Fuel by renewable one. By 2050: 50%

Then, there is a growing interest in the development of processes for the conversion of fats
and oils, AND MAINLY LIGNOCELLULOSIC BIOMASS, into hydrocarbon fuels that can serve as
drop-in replacements for petroleum-derived fuels

Therefore, biojet fuel will push
biofuel production in the future O
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Why biojet fuels (BioQAv) ?

Aviation sector: 2% of global CO, emissions, with growth trend

ICAO’s CORSIA mechanism

Until 2020 Increasing the energy efficiency of the fleet in 1.5% per year @

After 2020 Stabilizing emissions through carbon neutral growth &
In 2050 Cutting emissions in half in comparison to 2005 levels & @

Aviation biofuel, biojet fuel, renewable
kerosene...

CORSIA: Carbon Offset and Reduction Scheme for International Aviation, ICAO: International Civil Aviation Organization
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ROTAS PARA
PRODUCAO DE
BIOQAV

[ De alcool a BioQAv

 De actcares a BioQAv
 De gas a BioQAv

( De 6leo vegetal a BioQAv




Biocombustivewg

aviacdo

Alcool a combustivel

Desidratagio,

Oligomerisacdo,
hidrogenag¢io

Gas a combustivel

Gaseificagdo, Fischer-

Tropsch, Hidro-
processamento

Oleo a combustivel

Hidro processamento

— Acucar a combustivel

Hidrolise, Fermentagdo,

Hidro-processamento

Rotas de producédo de combustivel de aviacdo aprovadas pela ASTM (CARVALHO, et al., 2019).

Rota de conversao

Abreviacao

Contetldo maximo de
biocombustivel

Ano de aprovacao pela
ASTM

Iso-iarafias sintéticas SIP 10% 2014



Alcoois a BioQAv (WANG, et al.,, 2016)

a

Etanol - Olefinas C4 — C8

Y

5 Etileno a - Olefinas
ﬂ; Desidratagdo —————s———— Oligomerizacdo }—b Destilacgo

T=90-110°C Alumino-silicatos, Olefinas > C6 l lOIeﬂnas Cc6-Co
P=8,9 bar zetlitas H-ZSM-5
WHSV =2 h-l Hidrogenagao
Produtos: a-olefinas (C4 - C20) _ rogenass
X=96 - 97%. i
Mistura Diesel ~ BioQAV C12_C32 N C12_C16
b
a-olefinas e, MEE
N - butanol
1~ buteno Olefinas €8, C12, Alcanos
N_butanol __ Desidrata 2= PHen0 ligomeriza_C16,C20,C38.C% | pegiaca Hidrogen G812, G16
cdo Ea agao
T= 380 OC t=16 h Olefinas[C8, C12,
16, C20f C28, C32
P= 2,1 bar pP= 251 t=16h C8H18
- ~————» Biogasolina
X =95% bar _ ) ’
. P= 2,1 bar Destilagdo C12H26, C16H34
y-alumina Cg —Cs; —’

Nafion

CB - C15H32 (X = 90%) [Wi Biodiesel ou
/ 95,0% Lubrificantes
¢ T=116 °C

buteno, trans — 2

— buteno, cis — 2-

- g — ( 6 H
efinas C8  Dimerizagio |C16H32.
iso - butanol Is0 - buteno, 1 | 8 ﬁ

Iso-butanol 1 atacdio buteno Oligomerizagéo o it | Destiactio CS”"&‘E“&V C8 + C4H8 -
€12 Olefins Hidrogenacio C12 _C16
T=325°C C8(25%), | [ —cwomm
P= 2,1 bar C12 (24%),
X=99,1% C16 (17%), I
ZSM-5, Amberlyst €20 (25%) 1 1 L
logasolina
BioQAV

Biodiesel



Oleos Vegetais a BioQAv - HEFA (WHY, et al., 2019; WANG, et al., 2017)

esoxigenacao
ecarboxilacio,
: 3&” Separacio: -)IGases Leves
ecarbonilacdo, N
i : ~ | Destilacédo
- dodesoxigenacao »  Nafta
Biomassa T T
liquida (6leo) | Bioquerosene
Cracking/Iso
merizag3o y| Biodiesel

o HO—C(=0)—R+H, » H—C—R+CO 1
Descarboxilacio (=0)—R+H; — +C0; )

= ~ — =] —_ — — 2
Descarbonilagio HO-C(=0)-R+H; DH—-C-R+CO+H,0  (2)

. . ~ (3)
Hidrodesoxigenagdo 5 _ (= 0) - R+3H, — HO—C—C— R+ 2H,0




Oleos Vegetais a BioQAv - HEFA (WHY, et al., 2019; WANG, et al., 2017)

esoxigenacao
ecarboxilacio,
: 3&” Separacio: -;IGases Leves
ecarbonilacdo, N
i : ~ | Destilacédo
- dodesoxigenacio » Nafta
Biomassa T T
liquida (6leo) | Bioquerosene
Cracking/Iso
merizacéo y| Biodiesel

Isomerizacao:

n—CyHyniz — 1s0—CyHop 4

Hidrocraqueamento:

i1s0—CpHapi2 + Hy Siso —Cpy Hypyz + n—=CiHopyn + n_Cn—mHZ(n—m)+2

Aromatizacao:

n
CnHZn - Can + (;)HZ



Oleos Vegetais a BioQAv - HEFA (WHY, et al., 2019; WANG, et al., 2017)

esoxigenacao
ecarboxilacio, 5
Laca Separacio: -)IGases Leves
ecarbonilacio, DA
: - ~ || Destilacédo
dodesoxigenacdo s Nafta
= i
y|Bioquerosene
Cracking/Iso
merizagao y| Biodiesel
H,0 Waste Water
(Cooling Water)  Treatme nt,

Descarboxilacio " CnH2i £(=050RC; HyzpoH — €~ R+ CO; 1)

Hidrocraqueamento:
DéScirbbnita¢ad: S iso HOq 8 Q) Rty 11} 5 GRG0 HG o) P)

o 3
Hapsaasbiagaticio HO — C(= 0) =R +3H, — HO—C~C~R+2H,0 )

C‘nH')‘n — Can + (;)H')




Materia Prima Rota de Condicbes de reacao Catalisador Rendimento de
desoxigenacio BioQAv (%)
Oleo de soja Descarbonilacio T=390°C;P=1Mpa (H,);T=8h Ni-MO/HY 48,2
Hidrodesoxigenacdo T =370 -385 °C; P =3 Mpa (H,); Pt/Al,05/Sapo-11 42 - 48
LHSV=1h"; H,/6leo = 800NL/L
Resto de 6leo de cozinha Descarbonilacio T=400°C;P=3Mpa (H,);t=8,0h Ni/Meso-Y 40,5
Hidrodesoxigenacdo T =300°C;P=3Mpa (H,);t=7,5h Ni-Mo/y-Al,0, 97
Hidrodesoxigenacdo T =300 °C; P =1 Mpa (H;); GHSV =2,33 Ni,P/AC 77,4 (biodiesel)
min!
Oleo de mamona Hidrodesoxigenagio T =300-360 °C; P =3 Mpa (H,); NiAg/SAPO-11; 91,6; 80,3
WHSV =2h'! Ni/USY-APTES-MCM-41
Oleo de alga Descarboxilacdo T =360 °C; Solvente = 4gua; Pt/C 90
WHSV =2 h'l; t = 45,0 min
Oleo de Macatiba Descarboxilacdo T=300°C;P=1MPa (H,);t=50h Pd/C 85
Oleo de Palma Hidrodesoxigenacdo T =300°C;P=1MPa(H,);t=50h Pd/C 82
Hidrodesoxigenacdo T =330°C;P=5MPa(H,);t=5,0h Ni-MoS, /y-Al, 05 58
WHSV = 2 hl; 22 — goo N
Oleo de Jatrofa Hidrodesoxigenacdo T =420°C;P=6-9 MPa (H;);t=5,0h Ni-W/Si0,-Al,04 30

LHSV =0,5-2h?’;—2 = 1500NL/L

’ Glea

™y AN Y TS A MR AT ZAT N Y YYOONY T a ~»ry 11
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Towards new (oleochemistry)-based Biorefinery
i /\/-\/(C\lm
5 giig—o—c:’L) H,C—OH A, g on | HsC S H
\é'*() —-(IH R + 3H-OH | a_nf!:l-l == H‘_g_ o - LaurIC aCId 0
[ 0 | = ) H,c/\/\/‘\/\./\\/\/\/\/*c“
CHh—0—(" HyC—OH y

nbon | - RRRERAIIS,
rnol|,;  [MGHBEN c18:0
Triglycerides Water 2 ( )

Hydrolysis PT | cat Aqueous | | Stearic Acid (saturated)
y Phase
. - CO and/or CO,
Reforming
(APR) Decarbonylation
efins :
C. A. B. Criséstomo et. al.; Brazilian Patent : BR10201800427 ' — Deoxygenation
- . . . Green Diesel or Jet Fuel DO
C. A. B. Cris6stomo, T. S. Almeida, F. G.B. Herbst, R. R. Soares; almost accepted in Catalysis Today 2020 ( )
G.C. Diaz, R.S. Perez, N.C.O. Tapanes, D.A.G Aranda; Natural Science 3 (2011) 530-534

T.J. Logan, D.C. Underwood, T.C. Rheinecker; USPTO 4,218,386 -1980
G.W. Huber, J.W. Shabaker, J.A. Dumesic; Science 300 (2003) 2075-2077 S.A.W. HoIIak, M.A. Ariens, K.P. de Jong, D.S.van Es; ChemSusChem. 2014, 7, 1057-1060
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ﬁ BioQAv production process

Towards new (oleochemistry)-based Biorefinery

- FA, MG, DG and glycerol Saturated FA and Hydrogen Olefin, Green
o . . Diesel or Jet
T(r\\llgllcg(:des Hydrolysis on Acid Fuel
eg. Oil or =——p-
FAT) + H,0 Catalyst (Al,0O;,) —p Fatty

] Alchools




Biomassa a BioQAv = Gaseificacao + SFT
BIOVALUE E META ESPECIFICA:

Estudar Sistema Integrado (FT + SIP + SPK/A)
para producao de BioQAv (BTL)

U Sintese de Fischer-Tropsch (FT)
U Sintese de Iso-Parafinas ( SIP)
U Sintese de Querosenes Parafinicos ¢/ Aromaticos (SPK/A)
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Whole chain decentralized biomass valorization to advanced biofuels:
development and assessment of thermochemical routes integrated to biomass

production and biochemical routes

Brazil — EC coordinated call on Advanced

Lignocellulosic Biofuels

HORIZON 2020 (H2020)
Work Programme 2016-2017 - ‘Secure, Clean and Efficient Energy’

LCE-22-2016: International Cooperation with Brazil
on Advanced Lignocellulosic Biofuels - BECOOL

European Commission (EC) and MCTIC/CONFAP/FAPESP
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GENERAL

Gasoil(s)

GOALS

Upgrading

Advanced liquid biofuels

*
- '
f";’"“ ‘f"“de_“'l ®{ co-processing in FCC/
ractionation ’ hydrotreating units g
Agroforestry \ Fa St Pyr0|ySIS
forestry biomass —_— Hydrothermal HT el
industry residues liquefaction (HTL) Bio-oil A-m)' ( F P)
— * Green gasoline
——— - > Catalytic
. Fast pyrolysis (FP) Bio-oil hydrodeoxygenation/ Green diesel
Biomass I~ > Biochar hydrogenation I I
A l Biojet fuel
Energy crops . . A > B X . .
sugarcane, - Ga_slﬁcatlon.f - OX|dat|Ve Fa St
energy-cane — l A > catalytic conversion
e Cellulignin - P rOI S|S _
— yroly
Hydrothermal .
—> A p— Stabilization/ L Autothermal
A - Bio-oil (direct use)
2G Lignin | S —— physical upgrading )
Enzymalic 5 liquor - (bench and pilot
hydrolysis L ] 9
— * studies)
Ethanol * *
cé (C5/C8) Catalytic dehydration/ Bioi
liquor 1 A - e iojet fuel
q iochemical Butanol * oligomerization
conversion (C5)
Biogas * » Bi
- (C5lvinasse) »-Slogas
Centralized units Use

echnical study and Sustainability Assessment only

Gasification (bench

Gas cleaning —
Catalytic and Unit

Fischer-Tropsch — catalytic

Gasification7

: : and reaction condition
catalytic conversion

screenings (bench studies)

Operations (bench
and pilot studies)

and pilot studies)

[ ) | -




v

GASEIFICACAO

H,S + CO = Y
v © o5 A
2 S 7
- p— Q)
A [9%) o
CO, Y I

Nafta

Biomassa

SinGas Limpo

Compressor

S~
R
O =
=S
= % Q F%
c g — S N
T3 Liquido S5
- SIS I g} s ) I . o
Gasde | 5.3 T <« Residual S g
P O =~ ©»
Sintese | = o0 T =
L [} \ —
5.9 =
Referéncias: SIS
o ©
wn \©

[5], [6], [21]

Expansor

— Liquido
Escoria Residual

-

Destilacdo

SFT + HP

Vapor




Estudo do Processo de Fischer-Tropsch Integrado

‘m Y | Co-geracdo energética | > PRINCIPAIS REATORES
A
/
T Produciaode H, |— %//
&
- PRINCIPAIS REACOES (Cat. ¢/ Fe)
Y .
); ‘/
nCO + (2n+1)H, - C_ H,,,, + nH,0 (Alcanos) GRAU DE
B = nCO + (2n)H; - C,H,, + nH,0 (Alcenos) POLIMERIZACAO:
2 CO + H,0 < CO, + H, (Shift/Deslocamento) Distribuicao
El 5 - Anderson-Schulz-
—| = ~
CIER: T CONDICOES REACIONAIS Flory (ASF)
5
— 5= Pressdo: 10 - 30 atm
§ Temperaturas: 180 - 250 °C

Hidroprocessamento:
Craqueamento/Isomerizac¢do/Ciclizacdo/Aromatizacdo

PRINCIPAIS CATALISADORES
* Ru

* Fe
e Co



Estudo do Processo de Fischer-Tropsch Integrado

SinGas | | Co-geracdo energética

| [

>

'

» ProducdodeH,

I_

Gas
Residual

| SinGas Limpo |

Reator de Fischer-

Tl

S

PRINCIPAIS REATOR

PRINCIPAIS REACOES

[somerizacgao:
n—CyHzni2 — 150—=CyHopy

Hidrocraqueamento:
i150—=CpHopn42 + Hy S iso =G Hoppyz + n=CiHomyz + n=ComnHo—my +

Aromatizacao:

n
CnHZn - Can + (E)HZ

I CONDICOES REACIONAIS

T =230—-400°C

Hidroprocessamento:

P=5 —10bar
PRINCIPAIS CATALISADORES
Ni, Pt, Ni

Craqueamento/Isomerizac¢ao/Ciclizacdo/Aromatizacao
Suportados em Zeolitas, Alumina, S6lidos acidos (ou misturados)



SinGas | | Co-geracio energética | R
'

Unico Reator e Catalisador Multifuncional

_______{_/_'__1 ol

X I "

= Nafta leve

— = QAV

Reator de Fischer-
Tropsch

= Diesel Verde

| SinGas Limpo |

Hidroprocessamento:
Craqueamento/Isomerizag¢ao/Ciclizacdo/Aromatizacdo

Reatores em Série (mesma T e P)

OBRIGADO PELA ATENCAO!
DUVIDAS ?

Agradecimentos: ao Engo. Délio Barroso de Souza pela elaboracao de varios slides

Estudo do Processo de Fischer-Tropsch Integrado

OBJETIVOS

> ESTUDAR TERMODINAMICA
DOS PROCESSOS E SINTETIZAR
CATALISADORES VISANDO
OTIMIZAR CONDICOES
REACIONAIS IGUAIS (T E P)
PARA OPERACAO EM SERIE.

> OTIMIZAR QAv

> LEVANTAR CINETICA DA SFT

> INTEGRAR 0S
PROCESSOS DE
HIDROPROCESSAMENT
O E FISCHER-TROPSCH
NUM SO.



