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ERATING CONE) FF[CNS
BENCIISCale
Reaction temperature (°C) 590
Ereenoard temperature (°C)

EUEl mixttire flow: rate (g/min)
Particle size (jum) Pellets
Pressure Atmospheric
Steam flow rate (g/min) 1.2-5.8
Al flow rrate (g/min) 1.35-10.70
0.25- 1.25
Equivalence ratio 0.06 — 0.40




INETI — = IEASEECH mpl emeEntineACrEEment

SYINARZANEASIIEICAYN OINIRIESUITIES

, Effect Of 2lf reilo
COMMENLS

Ve

Gas Compoesition

S 0 A o of gas composition with
air flow rate (higher ER) is
what is usual to obtain in

ss gasification.

> In fact, the rise of ER led to a decrease
of H, and an increase of CO, as would be
expected, due to the partial combustion
reactions. However no noticeable changes
were observed regarding CO and
hydrocarbons contents.

Equiv ratio

100% Cardoon ; T=850"°C; steam/fuel =0.85
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, Effect Of 2lf reilo
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y GY, HIENV and EC

and HHV presented a very

ence on ER as expected. The

low rate produces a gas with a

alorific value but the amount of gas

oduced is much higher, mainly due to the
dilution effect of N, .

» As the increase in gas yield was not
enough to compensate the decrease in
heating value the energy conversion
decreases as the ER increases.

0,3
Equiv ratio

100% Cardoon ; T=850"°C; steam/fuel =0.85
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100% Cardoon; =850 °C
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COMMENLS

gas composition as a
2am flow rate, also follows the
5 observed in the gasification of

» When more steam is used the gasification
reactions of carbon with steam and the
water gas shift reaction are more effective

producing more H, and CO, and less CO.
Also a decrease in hydrocarbons should be
obtained due to the steam reforming
reactions, which were not observed.
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COMMENLS
y GY, HIENV and EC

and HHV presented a
Jependence on steam/fuel ratio
The increase of steam flow
a certain value produces a greater
ount of gas with a higher calorific value
In the gasification process.

» It was observed that the gas Yyield,
energy conversion and calorific value
increases with steam/biomass ratio till

values around 0.6, while for values above
0.6 no noticeable changes were observed in
gasification parameters.

team/FueI ratio

100% Cardoon; T=650°C; ER = 0.15
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COMIMENLS
SO InIRaWanc I=5SHin Clean Gas

o A o t of ER over sulphur
was observed in the runs

he balance on sulphur showed that the
quantity of S condensed in the quenching
system is very low. The maximum value
obtained was around 15%.

> The values of H,S obtained at different
ER are very low varying between 25-40 mg.

i 0.3
Equw ratio

100% Cardoon ; T=850"°C; steam/fuel =0.85
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COMIMENLS
SO InIRaWanc I=5SHin Clean Gas

u! A o een the increase in steam
does not have significant
in the sulphur retained in the
ing system, besides a small increase
ndency.

» The values of H,S obtained for different
steam/cardoon ratio are still low, besides a
small increase tendency.

» The balance on sulphur showed that the
quantity of S condensed in the quenching
system is very low. The maximum value
obtained was around 10%.

Steam/Fuel ratio

100% Cardoon; T=650°C; ER = 0.15
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yCli ' Sianaftl; SiniGas

u] A o ® arried out over “clean” gas
denser) shows that the Cl and
ontent are nearly zero, which means
practically almost chlorine (as HCI)
and sulphur (as SO,) are condensed in the
guenching system.

» The chlorine content in gas seems to
increase with ER for the lower values of
this parameter.

» The tars content (around 7 g/m?3) in
“raw” gas is similar to those obtained with
other kind of biomasses and lower than
values of coal or plastics.

Equivratio
> The values of H,S (in gas) and SO,
(condensates) do not show significant

100%% Cardoeon|; T=8501°C; steam/fuel =0.85 variations with equivalence ratio
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am/Fuel ratio

100% Cardoon; T=650°C; ER = 0.15
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COMMENLS

en that there is a strong

N CE in chlorine

on. In fact, HCI content found in

enser increases sharply with the
ease of steam flow rate.

» Analysis carried out over “clean” gas
shows that the Cl and SO, content are

nearly zero.

» The tars content (around 7.5 g/m?3) in
“raw” gas seems to not be affected by the
increase of steam flow rate.




INETI M— = HIEASESEHInplEmeEntnorAgrEEment

SYINARZANEASIIEICAYN OINIRIESUITIES

, Effect Of 2lf reilo

COMMERLS
y INHIZnIEas

o a noticeable decrease of
ontent with the increase of ER.
act could be attributed to oxidizing
ditions inside gasifier (larger amount of
air) which promotes other nitrogen
products instead of ammonia production

> As expected, almost all of the NH,
formed reacts with water in the condenser
and only a small part of it (380-970 ppmv)
goes along with the gas. The percentage of
ammonia reduction was 80 to 98%

N Balance

> Between 30 - 42% of the N in cardoon
Equiv ratio was converted to NH, and the rest was
retained in solid phase (cyclone + bed)

10026 Cardoon ; =850 °C; steam/fuel =0.85
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as retained in the condensate of the
guenching system, as could be expected,
and only a minor quantity of it stays in the
gas (300 — 900 ppmv)

>In these runs about 43% of the N in
cardoon was converted to NH, and the rest
was retained in solid phase (cyclone + bed)

Steam/Fuel ratio

100% Cardoon; T=650°C; ER = 0.15
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CONCILUSIONS

= The utilization of cardoon as feedstock, in pelletized form, has not been found
to give rise to any problems related with the feeding system. However some bed
agglomeration was observed in the gasification runs.

= Gasification gas composition obtained from cardoon is influenced by air and
steam as would be expected.

= The rise of air flow rate produces a gas with a lower calorific value but the
amount of gas produced is much higher, mainly due to the dilution effect of N,
with a decrease in energy conversion.

= The rise of ER led to a decrease of H, and an increase of CO, as would be
expected, due to the partial combustion reactions.

= The increase of steam flow rate promotes the gasification char-water reactions
as well as the water gas shift reaction becomes more effective producing more H,
and CO, at expenses of CO. Also a decrease in hydrocarbons should be obtained
due to the steam reforming reactions, which were not observed.
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steam flow rate.

5 IS similar to those obtained with
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yater scrubber system could be an valuable
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