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Reasoning for OLGA development
Tar related problems in gasification
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Philosophy of the OLGA development
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When is a product gas tar free?

Depends on product gas application, for a gas emgm:
1. NO presence of condensable tars

Tar dew point

2. NO tar compounds with high water solubility
Concentration of polar compounds (containing O, N)



OLGA process flow diagram
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Several lab OLGA tests were performed between 2002- 2004

Tested with various tar loads 6 — 20 gim
Duration test of 100 hours
Tar dew point 0 to -10°C



Ultimate result

Clean product gas in

Moving cars out



ECN gasification PILOT installation in Jan. 2004
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CFB Gasifier “BIVKIN”

Circulating Fluidised Bed
(CFB) gasifier “BIVKIN”

Feed rate: 100 kg/h
Capacity: 500 kW,

D=20cm/H=6m
Constructed 1996

More than 20 fuels tested,
e.g. wood, straw, RDF,
chicken manure



OLGA pilot unit
®Installed July 2003
®Test program with HGF
upstream Feb’04-May’04



May 2004 Pilot test with HGF+OLGA

Successful pilot test with HGF upstream
Duration : 48 hours
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Phenol removal = 90%



Pilot test with HGF in Nov 2004

Test NOT successful

« HGF Fouling
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Switch from HGF to cyclone operation



OLGA tests with cyclone upstream in 2005

In total
* 4 functional pilot tests
1400 hours operation of lab scale OLGA

Resulted in

1. Modification of oil circulation

2. Replacement of HGF with a Wet ESP

3. Modification of gas inlet collector

4. Application of new type of oil for
durable oil filtration.



Wet-ESP in OLGA replaces Hot Gas Filter
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Wet Electrostatic Precipitator

* wet ESP
- collection of aerosols/dust

* T=25C-60<CT



Duration test can start



OLGA duration test 15 January — 10 March 2006

e Duration: 700 hours
e 2 operators per shift
e Number of shifts = 3

Key data
59500 kg of biomass (pellets) used
« 1730 kg tar removed

Partners
Dahlman (OLGA)
Host (Gasifier)

Lek Habo (Gas engine)



Operating time different components

Operational problem: fouling of piping between oy and OLGA



Process temperatures



Dynamic gas composition main compounds



Gas composition measurements



Tar concentration measurement with SPA method

Procedure:

Sample 100 ml sample through column
(commercially available)

Extract column with DCM / iP-OH
Analyse extract on GC-MS or GC-FID

Result:

Concentrations of individual compounds
(xylene — coronene)

Smallest compounds (BT) do not adsorb
guantitatively



Tar dew point calculations: www.thersites.nl

Compound

Benzene

Pyridine

Toluene
2-mePyridine
3+4-mePyridine
Ethylbenzene
m/p-Xylene

0-Xylene + Styrene
Phenol

o-Cresol

Indene

m/p-Cresol
Naphthalene
Quinoline
Isoquinoline
2-methylnaphthalene
1-methylnaphthalene
Biphenyl
Ethenylnaphthalene

Molecular
Weight
[g/mol]

78.11
79.1
92.14
93.13
93.13
106.17
106.16
106.17
94.11
108.14
116.16
108.14
128.18
129.16
129.16
142.2
142.2
154.21
154.21

Concentration
[mg/m,7]

Compound

Acenaphtylene
Acenaphtene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(e)pyrene
Benzo(a)pyrene

Perylene

Molecular

Weight
[g/mol]
152.19

154.21
166.23
178.24
178.24
202.26
202.26
228.3
228.3
252.31
252.31
252.31
252.31
252.31

Indeno(123-cd)perylene 276.33
Dibenzo(a,h)anthracene 278.35

Benzo(ghi)perylene

Coronene

276.33
300.35

Concentration

[mg/m.’]

Dewpoint = 360 K. (87.1°C



Signal Change, mV
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Typical gas composition at different locations



Typical Tar data at different locations

High tar concentration in raw product gas with tigly high amount of heavy tars
due to crushing of the biomass feedstock



Photos of visual inspection

Header oil cooler collector Pipe between Cycloon and OLGA

Oil pipe in collector ESP



Is product gas on specification?

Gas engine

Tar dew point: <5°C = OK
Tar dew point @ 2,5 bar <15°C = OK
Aerosols concentration: < 10 mgfin = OK

Assumptions (to be discussed):
Specification gas engine based on tar condensation.
Conditions in the turbo charger and inter coole2,5bar; 40°C

Water polution
Phenol: < 2.5 mg/id = OK



Conclusion

OLGA with wet-ESP can bring product gas on
specification for a gas engine with turbo.

Gas cleaning can be operated stable for a
time (700h).

Plugging of piping between cyclone and OL
with fine dust. To be solved by changing
configuration piping.



More information?

Please contact:

Sander van Paasen Publications can be found on:
phone +31 224 56 4879 www.ecn.nl/biomass
email vanpaasen@ecn.nl

Visit also: “Phyllis” - internet database for biomass, coal, and
residues: www.phvyllis.nl

“Thersites” — internet database for tar dewpoint
calculations: www.thersites.nl




Tar dew point measurements
validation with product gas from a 1 kg/h BFB gasif ler

2°C @ 25-125°C
10-15°C @ 170°C

Deviation =



