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ltajuba: 88000 inhabitants
4 universities




FEDERAL UNIVERSITY OF ITAJUBA
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FOUNDED IN 1913 BY TEODOMIRO SANTIAGO
Students: now 2200 to be increased up to 6000 in 2012
400 graduate students
Professors: now 200 up to 470 in 2012



FEDERAL UNIVERSITY OF ITAJUBA
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Nucleo de Estudos em Sistemas Térmicos

Mechanical Engineering Institute

EXCELLENCE GROUP IN THERMAL POWER AND
DISTRIBUTED GENERATION - NEST

Professor Professor

Professor Professor
[rofessor Dr. Marco A. R. Dr. Osvaldo J. ¢ yagimir . Dr. Ricardo D. MSc Luis F. V.
Dr. Electo S. Lora Nascimento Venturini

Cobas M. Carvalho Flores

++++ 1 researcher, 12 PhD and 6 MSc graduate students



Our Iaboratorles

Refrigeration and

. air conditioning | Traning center for
g Solo Stirling engine power plants operators
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NEST at internet
www.hest. unlfel.edu br
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BIOMASS STIRLING

BIODIESEL AND SYNGAS ENGINES

IN GMT e
BIOFUELS LCA AND SUSTAINABILITY




Custo Total de Investimento (Milhdes de R$)

1.000 45,00

X 42,32
200 T 39,94 — - 40,00
= il
o -
800 e -~ 35,00
700 o«
T e - 30,00
. .
600 2 ;
.
as ¥ - 25,00
500 k& o N
- A8{30
A - 20,00
400 % cntli ¢
. 15.33 13’55 _fl 'i. .’. | L 15.m
300 @ ot
200 — - F—h] ——— = 10,00
. [ —‘_ | - s . .1‘-‘- o
100 '~ g . M - 5,00
e -"-:’:-h. -'r S
8 e 1 N 8 : A 0.00
Bioetanol (Hidrolise Bioetanol (Hidrolise Biometanol a partir da
enzimatica S5F) enzimatica SSCF) gaseificacdo da biomassa

Custo de produgdo do bicetanol a partir do caldo da cana (17,95 R5/GJ)
Custo de producio do metanol a partir do gés natural (2,97 R5/GJ)

Custo de Produgao do Biocombustivel
(R$/GJpcs)




CONSTRAINTS IN SUSTAINABILITY
ASSESTMENT OF BIOFUELS
Prof. Electo Silva Lora, NEST/IEM/UNIFEI
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The NEST/UNIFEI sustainability studies
experience

Since 2004 NEST/UNIFEI is carrying out
different biofuels related LCA studies:

 Palm oil biodiesel,
« Ethanol stillage treatment,

* Methanol from sugarcane bagasse.
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For references look at:

Renewable and Sustainable Energy Beviews 13 (2009] 1275-1287

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

journal homepage: www.elsevier.com/locate/rser

Biofuels: Environment, technology and food security

José C. Escobar?, Electo S. Lora®”*, Osvaldo J. Venturini® Edgar E. Yafiez", Edgar F. Castillo*,
Oscar Almazan®



BIOMASS STIRLING Project coordinator
AMAZON r. Vladimir Melian Cobas
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Biorefining Approaches
for Lignocellulose

e Thermochemical e Biochemical

Pretreatment, Hydrolytic
Hydrolysis Cellulose

(cell wall deconstruction) Hemicellulose

Thermolytic

Solids
Qils

e Synthesis gas e Sugar monomers, acids
- (CO + H, + other)

Fermentation

Fermentation

Hydrocarbons, mixed e Ethanol, higher alcohols,
alcohols, hydrogen, biomethane, hydrogen,
ammonia, SNG, ethanol, acids...

hiaher alcohols...




BUT...2nd generation biofuel does not
affect food security...as we don’t eat
cellulose ... But someone does..

Our prefered X
Books (Kamasutra) |:> e

1 II g E iCIrg inaclciw:}“.' JE '“ M-ehane
and furniture Sy [0 :D Biofuel

Termite Biorefinery

We are trying to imitate them..



Gasification

Thermo-chemical biomass conversion with the
supply of sub-stoichiometric quantities of oxygen
into a fuel gas with high CO, H, and CH, content.

The resulting gas composition and it calorific value f
(type of gas used as gasification agent and of the
reactor pressure).



ELECTRICITY

&

somsss = [
N

BIOFUELS

CH, 0, +WH,O+mQO, +3.76mN, = x,H, +x,CO+x,CO, +x,H,0+x,CH, +3.76mN,



Biomass gasification

Reactor types
- Mixture of gases - Fixed beds
- Updraft, downdraft and cross flow
—->CO, CH,, H
Fuel compounds > Fluidized bed
—> Boubling or circulating
~>CO,, H,0, (Ny), C,H,: - Atmospheric or circulating

Combustion products
- Entrained flow

Instituto de Engenharia Mecéanica (IEM) MNDFE| :’%}? N: S I
7 n . ~ s . . . Ve "3;'\.".‘ -
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Gasification stages

Pyrolysis or thermal decomposition stage
voIatiIézation — It takes place at temperatures close to
6000C;

Oxidation of a part of the fuel fixed carbon — the
thermal energy source for the volatilization and
gasification processes;

Gasification — it includes heterogeneous reaction
between the gases and the coke, as well as
homogeneous reactions between the products that
have already been formed,;

Tar cracking — a thermal destruction process of the
molecules of the tar forming counponds obtaining CO,
CO2, CH4 and other gases as products;

Partial oxidation of the pyrolysis products.



Heat supply:
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Heat Heat combustion
"""""""""""" Y Faniai ==, - via exchange
,‘,l“ char . H \1 area
. . ~ " f . - through moving
Biomass | heat carrier
- |
i '
1
BN o
i Hot Syngas
! A (e CO+H,+..
1 1
1 1 1
I : : tars .
1
1 . 1
| 1
: ! g CB ) l' f":. ' ldeal:
0, (air) : o  nascs L n " 1 - no tars left
: ¥ E‘Q g - : 2 - no nitrogen
H,0 (steam], hot gasification medium — ! 3 - r::g g‘ﬁ:ha ne
X ' 1 - No <
! S ) melting
i '1‘ ""-.:, , problems

9-1>80%

FPyrolysis and heating up Gasification




I- Pyzolysis.

Biomass + heat — core + gaser + tar + condencable producis (43

II- Carbon oxidation
C+3% 0.6 CO (44]
C+ 0.6 CO: (43]
III- Gasification.

- Hetemgeneous reactions.

C+C0e32C0O  [(Bouduard reactron) (48]
C + H-0 e CO + H-(Water zas reacton or steam cathon reaction) (4.7
C+2H-¢ CHy (Methane fomung reaction) [42]

- Homogenons reactions.
CO + H-O0 o CO- + H- (Water-shift reaction) (48

CH, + H-O 3 C0O +3H: (4.10]

IV- Tar crackme.
Tar + zieam + heat <3 CO + CO:- + CH, (4113
V- Pywolysis products partial ceridation.

(CO+H-+ CHy+ 0:¢3CO:-+ H: (4.12)
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Succesfully gasification
technologies
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And...after a serious
repowering




Aspectos gerais da gaseificacao de biomassa em
leito fixo

Safety Lid

Engine
Carburetor 8

Gas Caoler

Wood Fuel

Une-Way Air
Intake Valve

fiir Morzlaes

Shaker Grate

(End ¥iew) [Side View) \ ™., bas Filter
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Instituto de Engenharia Mecénica (IEM) NIFEI “a’@ N= S
Nucleo de Exceléncia em Geracdo Termelétrica e Distribuida (NEST) v deie Federal de Mol Ul L\

Universidade Federal de Itajuba (UNIFEI



Updraft gasifiers

bibetiuiy

Biomassa ,
—"' BFT-
—
A

& Zona de secagem
E: Zona de pirdlise

: Zona de reducio
D Zona de combustao

1nzas

Instituto de Engenharia Mecéanica (IEM) i 1 9 N=a S
ANIFEI (3 N=
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Downdraft

bobbbiyld

FEiomassa

A

& Zona de secagemmn
E: Zona de pirdlise

: Zona de reducio
D Zona de combustio

Tar cracking L
(High . ]
temperature : Cinzas !
zone) .

Instituto de Engenharia Mecéanica (IEM) ‘ NIFEI @N= S I
Ncleo de Exceléncia em Geragdo Termelétrica e Distribuida (NEST) L e -

Universidade Federal de Itajuba (UNIFEI



IMBERT GASIFIFR

Alimentacdo
\s\de biomassa
Zona de
s€Ccdgem
Tars cracking
(High
temperature Zona de
zone) pirolise
BN
Ar Ar
_P ‘_
- —————  Gas
b & —
Cinzas .
riyuia 9. coyuema gaseificador em reator
de leito fixo concorrente (tipo imbert).
Instituto de Engenharia Mecanica (IEM) NIFEI @ N..- S I
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GASEIFICADOR STRATIFIED or
OPEN TOP

Unburned
fuel zane ™

Flaming
pyrolysis = |
zone

%
Reacting char _| | O

Zone

Mon-reacting
char zone  —

Grate — iﬁ__ _

— Ga

anw
[T 1]

Ash — T I —
o ssssssenssd
Insulated liilll"'!:l::

shell

-
3
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OPERATIONAL PARAMETERS

Variaveis de operacao: R fy
C / real

De maior influéncia: F -A —

- Air FACTOR (Equivalence ratio) R
Typical values 0,2 0,45. Iy
C J est

-Gasification fluid

--Pressure
Others: - Bed temperature

: : depends on air factor
* Particle size

* Moisture
Instituto de Engenharia Mecanica (IEM) MMDFEH Sy N= S
Nucleo de Exceléncia em Geracdo Termelétrica e Distribuida (NEST) sidade Federal de Itajubd A N -

Universidade Federal de Itajuba (UNIFEI



Double stage gasifier

Biomass Heat supply
Coque
Pyrolysis
| Volatiles Fuel gas
Hot i
gases Gasification >
Combustion

chamber
| Ash

Figura 6. Esquema geral da gaseificacao com duplo
estagio de reacao.

Instituto de Engenharia Mecénica (IEM) NDFEH
Nucleo de Exceléncia em Geragéao Termelétrica e Distribuida (NEST) [ vetote Fedunl de el

Universidade Federal de Itajuba (UNIFEI



Silo de combustivel

Second stage

W >

A: Zona de secagem
B: Zona de pirdlise
—— C: Zona de reducéao

D: Zona de combustao

Saida do gas

First stage oroduzido

Instituto de Engenharia Mecanica (IEM) i NIEEI :@ N= S’ I /

Nucleo de Exceléncia em Geragédo Termelétrica e Distribuida (NEST) i niversidade Federal de ltajuba
Universidade Federal de Itajuba (UNIFEI ’



Circulating fluidized bed gasifier

exiting gas
> and particles

Gas (+ Staub) not captured
by cyclone
Vergaser
Riickfiihr- cyclone
zyklon
Ruckfuhr- feeding
leitung solid fuel
particles returning
leg
Tauchtopf
Brennstoff —»

larger particles
bubbling
fluidization

<— \ergasungsmittel
(Luft + Dampf)

Dusenrost l Air or other gases

Instituto de Engenharia Mecanica (IEM) i NIEEI :@ N= S’ I /

Nucleo de Exceléncia em Geragédo Termelétrica e Distribuida (NEST) niversidade Federal de ltajuba
Universidade Federal de Itajuba (UNIFEI ’



Entrained flow gasifier

Oxygen from Alr Coal

Separation Flant_l 1_ Slurry

Texaco
Gasifier

Texaco Entrained Flow Gasifier

Faed =
‘Water

Syngas
—_—
“Black Water"
Recycled
F
Slag to
Recovery

Instituto de Engenharia Mecanica (IEM) : NIFEI] :@ N= S I
4 - -

Nucleo de Exceléncia em Geragédo Termelétrica e Distribuida (NEST) . yUniversidade Federal de Itajubi
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Particulates Tars
Calr e ) )
Min | Mas Representative Min | Mas Representative
range range
Fixed | Downdrmaft | 0.01 | 10 0,1-0.2 0,041 0 0,1-1.2
bed Updft | 01 | 3 0,1-1.0 1] 130 20-100
Fluidized | Bubling 1| 100 22l 00 23 lal}
bed | Circulatine | § | 100 [0 35 < 30 [a])




Syngas quality requirements
PRIME MOVERS

Syngas quality requirements for it utilization as fuel for different prime movers

(Kaltschmitt e Hartmann, e * NREL, 2001).

Internal Gas
Impurities Units combustion R Fuel Cells
: turbine
engine
: 3 < < i,
Particules mg/Nm all 30
LU < 3 <5 -
Tars mg/Nm’ < 100 - <1
Alcalis mg/Nm’ - <0,25 -
NH; ngm3 < 55 - < 0,1
H,S** Q@Nm3 < 1150 - <1
HCI* ppm - - <1
S10,* mg/Nm’ - - <1




Syngas quality requirements
METHANOL SYNTHESIS

Methanol synthesis (Zuberbulher et al.. 2006).

1 Allowed concentration,
Components .
mg/Nm’
H,S and other sulphur components < (.1
Particles <0,1
Tars <10
Alkalis <0.25




Syngas quality requirements

FT synthesis

FT processes (Bolhar-Nordenkampf et al., 2004).

Valnes Low temperature FT, Fixed bed,
Sompoynds W;w Cu[l;ali catalyst (Co)
CO, 5 %% em volume 5 % em volume
Ashes 7 <01 mghm’
N (HCN, NHi) = 20 pphv <lppmv
S (H.S8, COS) <10 ppbv <lppmv
Allealis < 10 ppbv <10 ppbv
CI (HCD = 10 ppby =10 ppby
Br. F 7 <10 ppbv
Tars < condensation < condensation
H;/'CO, Reactor .,
. TERR =2 Co catalyst
(Tubular Fixed bed ) ,
reactor) min ~ 0.6 Fe catalyst
H,'COQ, Beactor e N1z .
SBCR Otimo 2,15 Co catalysts

(Slurry bubble
calumn reactor)

Otimo > 1,35 Fe catalvsts




Biomassa

Gas sem tratamento ( _
. Caldeira '
Gaseificador 1
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Small scale electricity generation using
biomass

CONVERSION
TECHNOLOGY

Combustion,
gasification,
biodigestion,
fermentation




TECHNOLOGICAL AND COMERCIAL MATURITY

Estado da arte das tecnologias disponiveis para a geracao de eletricidade para diferentes faixas de poténcia.

Combustion £ steam cyels X X I‘Iig]:uustmﬂlmreﬁ.muu:y
COIVErSLCHL
i iom C demonstratrval i i
0 -1000 Gasification / ICE i X Some commercial umts
Gasification / FC X X e
Combustion / Steam eyele X X Demands low cost fuels
ORC — Orgamic Bankme X X High costs.
Cyels
= 1000 N N ) .
Gamfication /GT (BIGHGT X X Some demonstrative vmts. High
teclnelogy) efficiency.
Cazificaton / FC x X Mathematical modehng and ELT




Biomass gasification based
technologies

Tar

Biomass cracker INTERNAL COMBUSTION ENG'NES

Fuel
feeding Gasifier

g_' v

@ Alr




GASIFICATION + ICE

Gas Gas

Tar  cooling  filter Gas
Biomass cracker P = cooling
J D L[| T—
. I - o
| Gas tank Stack Derat|ng (20 30 /O)

el Gas cleaning
% / v Compression ratio
Fower
AT l I
h@‘+ = Heat

3as endgine(s)

Ash



Succesfully projects in biomass
gasification

- Open top gasifier of the Indian
Institute of Science. Efficiency
80%. Gas LHV 4,7 MJ/Nm3 and tar
/particulate content 50 / 80 mg/Nma3.

- Comercial chinese rice husk
gasifier, Specific fuel consumption
3,75 — 4,0 kg /kWh, reprted data in
the range 2,0 — 2,5 kg/kWh.



GASEIFICADOR
XYLOWATT

Power gasifiers

Xylowatt, Bulle

200 kWe
Just installed




GASIFIER/ENGINE SET FROM XYLOWATT

18 MJ/kg

N e Gas LCV — 5,2 MJ/m3
7 i e
& Ag

Agqua
fria ™
. ua
Gas Pad:'we\ \J. quente o
controle CO - 25 /0
L 0] / e
Transportador —— (T @ H2 _1 4 O/
00a (o]
A
%/ I CH4 -2 %
o
Armazenamen to Gaseificador Sistema de Grupo gerador
de madeira limpez de cogerogdo

Gasifier efficiency — 70-80 %

Vozdo de madeira=257 kg/N
Poténcia primaria=1300 kW

0 100l [P=190 W Electric Power
=Ll < w1 |

|_c | Gusss s XW 300- 300-350 kWe
| P=110 kW P=503(C))r kW T=450"C XW 900 — 900'1 050 kwe
WY ! - Electric efficiency — 25 %

Gos de\/VVV T=30'C W\J \%

sintese |p:230 kW
ﬁﬂ'ﬁ T=600"C Grupo gerador

320 kWe Source: Laborelec, 2004




Succesfully projects in biomass
gasification

ENAMORA Gasifier installed in Mora d’Ebre, Tarragona,
Spain. Developed by the Instituto Catalan de Energla
Coupled to an 750 kWe engine with a system efficiency of 21-
22 %.

Gasificacion in Gussing, Austria. Composed by a two zone
indirectly heated gasifier and a gas ICE Jenbacher J620 GS.
The gas LHV is 12,00 MJ/Nm3 and the system electrical
efficiency 30 %.

- Biomax 15. Gasifier/ICE set of 10-25 kWe developed by
Community Power Corporation (CPC) and the National
Renewable Energy Laboratory-NREL. Biomass specific
%%V?l%mptlon 1,5 kg/kWh and specific investment 1200,00



GASEIFICADOR}
ENAMORA




Riser

COMBUSTION
/|

Upper Siphon

Product Gas

| —

GASIFICATION

Biomass

[
== R

r‘x;

-
. —
o

Primary Air —— E==—=

Secondary Air —*

Steam

(Gasification)

Lower Siphon

FICFB gasification reactor /Hofbauer 2001/



BIOMAX 15




Char/ash ; :
discharge

Photograph 1. Gasifier and Test filtration unit without feed conveyor
addition of char/ash bin}

Photogreph 4. Advantica Catalytic test rig

Photogreph 3. Gas compressor model HVO7



GASIFIER /| SOFC

Experimental setup

1 Lab scale up-draft gasifier
[ Ceramic particle filter

3 Jet stream pump
1 60W- SOFC short stack

Results

1 Non-stop experiments up to 16 h

[ Gas analysis of producer gas with
up to 150 g/m_3 tar load

1 Normal deactivation

Tested successfully for more than 100 hours

Source: F. P. Nagel, M. Kiinstle, 5. Biollaz, “Link-Ug of a Solid Oxide Fuel Cell with a Wood Gasi-fier”, Proceedings of 14th Europsan
Biomass Conference, pp. 746-748, Panis, France, 17th-21st Cctober 2005




SYNGAS

Mixture of gases composed mainly by H, e CO, obtained
from natural or previously pyrolyzed biomass, and with a
potential application for the synthesis of different
chemical compounds.

In the case of the BTL technology the main interest in
the production of chemicals with similar properties as
fossil transport fuels.
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Fuel options of syngas and hydrogen

Fuel Cells

MTBE

<=

Methanol
DME

~_~

Gasoline

Hydrogen — >
Gasoline CO + H
Diesel 2
CH, (SNG)

Medium BTU gas




BTL: Biomass To Liquids

Fischer-Tropsch Synthesis

Fe, Co Catalysts

Water, Tar,

Air/0,/Ste

Ash, Char

Biomass

mgeERmmEes h CDE + 3H2 -_ -(CHE}- + 2HED

1................1

CO + 2H, = -(CH,)- + H,O
225-365°C/0.5-4 MPa

PM, S

&
E Recycle > AHogox = - 125 ki/mol
E : (Kélbel reaction)
2 | o
a I Liquid/Wax Products
|
| —

Products
{60-80 gals/ton

........ » Power

Heat/Steam n=33-56% LHV Overall



Requirements of the gasification for
synthesis gas (I)

 Procesing capacities higher than 5.10° toneladas of biomass per
year.

« Low content of impurities in the gas.

 High content of H, and CO (High H, content)



Requirements of the gasification for synthesis
gas (ll)

« Oxygen must be used as gasification gas to avoid N, in the
synthesis gas.

« Steam injection for reforming and for temperature reduction.



Technological options of gasification for synthesis gas
production

Biomassa

pirolise gaseificador de
N leito arrastado
(oxigénio)
gaseificador LFC’
/ {Gxigéniﬂ * Vapﬂr}\\
Gas de Sintese
\ gaseificador LFC___ AER*/

(vapor)

gaseificador de LFC
com aguecimento
indireto (processo alotérmico)

" LFC - Leito Fluidizaclo Circulante
" AER - Reforma Melhorada por Adsorcao




Gasifiers potentially usefull for
SYNGAS |

- Renugas (IGT): Bubbling fluidized bed, steam
+ 0,.

e Carbo V (pyrolysis + gaseification): Bubbling
fluidized bed, O..

e HTW (High Temperature Winkler): O, +
steam.

e DMT: indirect heating (steam as heat
carrier).



Gasifiers potentially usefull for
SYNGAS Ii

- Batelle/Ferco: Double indirect heated
fluidized bed.

*FICFB (Fast Internally Fluidized Bed):
Gussing Plant in Austria.

* AER Process AER: Steam gasification.

e Entrained flow gasifiers Shell, Siemens,
Lurgi e Texaco.



The Gussing gasification plant
in Austria

Solvente

RME

Gds de sintese
10 m3/h, 10°C

Gds de sintese
5-8'C

In0
NoAI0 Cotolisador
Gds de sintese 0623461_62?0'1?%
200C, 20-30 bor 20-30 bor

!

C>—

Lovador »-{Compressdo »Limpezo do q0s

A

|

!

Aqua e RME
ulilizodos

Sintese

g Fischer-Tropsch

Ovidos de Cu e Zn

y

Saido do qds

Produtos
Fischer-Tropsch

—»{ (ondensagio —e-




THE OXYGEN PROBLEM: COST

ITM Oxygen is Simpler and Requires Less Power

Cryogenic Air
Separati?pﬂ"' e,

ITM Oxygen With

*
* -
o * Power Integration
*"" Low ‘F‘ LM
» Pregsura " .'I' &
" celmn * = OXYGENY. AR STEAN
; . . : [1eme |
B . : g -._‘_. ELECTRIC
. mn . POWER
. o o Cvaen . Fuer~ @
: -'l-'ElIn:-wr 1........'..
3 n
ain ar F:;T:;,F:; : % l O] .
Enﬂlp = High & ‘., :
Pragzuia * Haat ]
':"‘:"" . Exchangs »
» e P
1 * e, »
» Maln Heat - **l....‘-i‘

Y Exchanger *

]
-'.Ill."-‘

== |TM O2 Has Much Simpler Flow Sheet and >35% Less Capital

= |TM 02 Has 35-60% Less Compression Energy Associated

with Oxygen Separation AR £

PRODUCTS =




Research projects in gasification for
synthesis gas
Delft University - Holland: CFB hasification with steam and O..

« ECN (Energy Research Centre of Netherlands) - Holland:
 CIEMAT (Centro de Investigaciones Energéticas,
Medioambientales y Tecnoldgicas) Spain: CFB gasifier using air in

a first stage.

 VIT (Technical Research Centre of Finland): Pressurized BFB
gasifier (O, + steam).

Chrisgas project. EU Project.

« IOWA STATE UNIVERSITY



Delft University (Holland)

CHRISGAS) Large scale vs small scale g
\ —// : .

)
_/ E g C.l.: Cascade Impactor
\_7 G.A: Gas Analysis
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o
biomass 3 100 kW,,(max)

) H=6m

|0xygen D riser — 8 cm




Varnamo (Sweden)

CHRISGAS.:
Clean Hydrogen-rich Synthesis Gas

( Biomass and wast;

ssssssssssssss




CHRISGAS Objectives

To demonstrate the production of

a clean hydrogen-rich synthesis gas
(within a 5 year period at 18 MWth,3 500 Nm?3/hr
H, equivalent)

based on:
— steam/oxygen-blown gasification of biomass

— hot gas cleaning (to remove particulates)

— steam reforming (of tar and light hydrocarbons,incl CH,)



Varnamo Gasification Plant (after rebuild)

>eascooter  Hot gas filter
Reforming of

V tars and methane %

Studies of future

1 GASIFIER
%

L. FLARE

HOT &AS FILTER

STYNTHESIS GAS

use of the gas for

_ biofuel products

D EERN E (E_}l'zl.ﬂﬁ i
12 STACK P E i
Steam/oxygen ="

blown gasification

{—1I

10_ HEAT i i
RECOYERY 11 STEARM TURBINE
BOILER BY-PASSED

2. CONDENSER

CHRISGAS)» e 1 tps

fuels from biomass



Gas Upgrading to Syngas

CcO 10-15%
H, 10-15% Oxygen/
Methane 10-12% Steam
Tars 2-5% _
Co, 20-25% New reformln_g technology o 200
Steam 40% for biogas H, rene
CO, 20%
Steam Steam 35%
From filter >
Steam Water Gas
Tars+methane+steam (¢ orming COOLE Slllf't_
=> CO+H at CO+H,0=>
? 1000°C CO,+H,
Water
CcO 15%
H, 30%
co,  30% [
Steam 25% For combustion

or synthesis ‘m



VISITING VARNAMO




GASIFICATION RESEARCH

AT

NEST/IEM/UNIFEI



Present activities of
NEST/IEM/UNIFEI in the field of
biomass gasification

 Built-up and tests of a set comprising a two
stage downdraft gasifier an and internal
combustion engine.

» Design of a circulating fluidized bed gasifier for
synthesis gas production (O, + Steam).

« LCA of the bio-H, and biomethanol production.



Research logic

Best gasifier
In terms of gas
quality.

Gasifiers tests

Economic
Analysis

Gasifier/ICE
tests




Bubbling bed gasifier scheme
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Continuous gas analyzers




Tar and particulate content

measurement
« Gravimetric analysis
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Catalytic cleaning as a secondary
method for tar conversion

—
—

Analise de alcatriio e
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Alimentacéo de
biomassa




Catalytic cleaning results

Gas composition

Co H, CH,
Before CR 20 4 1,5
After CR 20 7 1,8

Tar content

Sampling point

Tar content (g/ Nm?)

Particulate content

[9/Nm3]
Before CR 47,93 3,87
After CR 20,12 7,65




Downdraft two-stage
gasification

* Double stage
gasification i s
(Primary method
for tar control)
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Two stage fasifier at NESTNEST

Caracteristica Valor Unidade
Thermal power 50 kW
Electric power 10 kW
Biomass consumption
(dry basis) 10 kg/h
Biomass size 2-6 cm
Air factor 0,35
-'."
Instituto de Engenharia Mecanica (IEM) NIFEI] J@ N..- S I
Nucleo de Exceléncia em Geracdo Termelétrica e Distribuida (NEST) o qUiversidade Federal de lsjuba i

Universidade Federal de Itajuba (UNIFEI
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Instituto de Engenharia Mecanica (IEM)
Nucleo de Exceléncia em Geracdo Termelétrica e Distribuida (NEST)
Universidade Federal de Itajuba (UNIFEI

el GNSST



Continuous analyzers: CO, CH4 (BINOS 100) and H2
(HYDROS 100).

..:’

Instituto de Engenharia Mecanica (IEM) NF

Nucleo de Exceléncia em Geracao Termelétrica e Distribuida (NEST) o qUniversidade Federal de tajubd
Universidade Federal de Itajuba (UNIFEI ’



Syngas combustion in the
flare

Instituto de Engenharia Mecanica (IEM)
Nucleo de Exceléncia em Geracdo Termelétrica e Distribuida (NEST)
Universidade Federal de Itajuba (UNIFEI

a

loniEe!

4.Universidade Federal de Itajuba
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Test results
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Instituto de Engenharia Mecanica (IEM)
Nucleo de Exceléncia em Geracdo Termelétrica e Distribuida (NEST)
Universidade Federal de Itajuba (UNIFEI
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Tests results for the three
evaluated gasifiers
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Teor de alcatrao
Poder calorifico

(2l Teor de particulado

7
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Leito fluidizado

Fluxo cruzado

Simples estagio Duplo estagio

Tipo de gaseificador




Gasification at home




Thanks

Doubts, questions, suggestion and
voluntaries for biomass gasification

electo@unifei.edu.br



