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Motivation

According to the Federal State Statistics Service In the Russian
Federation over 2017 year wood processing, production of wood

products, pulp and paper production gave 10.4 million tons of
waste.

Alr gasification:
- low heating value (typically 2 to 6 MJ/m3)
- high tar content (typically 0.5-10 g/m3)

Traditional pyrolysis:
- low energy conversion degree (usually does not exceed 0.3).



Technology comparison

Pyrolysis Downdraft Two-stage
Technology air pyrolytic
Slow Fast Flash gasification conversion
Yield:
GASES,
LIQUIDS,
SOLIDS
Gas heating HIGH LOW MEDIUM
value 20-30 MJ/m3 2-5MJ/m3 | 10-13 MJ/m?3
Biomass to
gas energy LOW HIGH HIGH
conversion Upto30% Up to 95 % Up to 86 %
efficiency
Tar content HIGH MIEDIUM 0 (I;cl)llzl) 1
>100 g/m3 0.2-10g/m3 ' :

g/m3




Two-stage pyrolytic conversion principle
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Laboratory-scale experimental setup

1 — pipe for purging the retort;

2 — bowl for initial biomass sample;
3 — furnace; 4 — thermocouples;

5 — bowl for the charcoal; 6 — heater;
7 — retort; 8 — argon inlet tap;

9 — thermometer; 10 — condenser;
11 — gas volume meter

(b)

()

Wood chips (a) and its coke residue before (b) and after (c) the experiment.

(@)

(b)
Bark (a) and its coke residue before (b) and after (c) the experiment.

Raw Ash, | Volatiles, Heating value, Element composition, wt. %
material | wt. % wt. % MJ/kg
Higher | Lower C H N S @)
Chips | 099 | 8083 | 206 | 193 |5016| 624 | 009 | 0,85 | 41,67
Bark | 038 | 9348 | 347 | 325 |7146| 995 | 005 | 0,00 | 1820




Synthesis gas characteristics 1

Specific gas yield and lower heating value (LHV) for chips (left) Specific tar content for chips (o) and bark (m) at
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and bark (right) at different cracking temperatures:
o —950 °C; A—-1000 °C; o — 1050 °C.
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Synthesis gas characteristics 2

Gas chemical composition at different cracking temperatures:
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Pre-pilot-scale unit scheme
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Mini-CHP gas-piston engines
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Pre-pilot-scale unit characteristics

Synthesis gas composition:

Biomass elemental composition:

mH2 mC
40,8 CcO 0
B CnHm mH
m CO2 i
Blc_)mass N
m N2 Briquette
1,8 from S
ine saw HA
pine sawdust 0,14
0,01 W

Charcoal elemental composition:

Capacity up to: 50 kg/h

Gas yield per 1 kg of biomass: 1,33 m? o
Lower heating value: 10,5 MJ/m?3 )

3,05

Energy conversion efficiency: ~ 79 %

mA



The pilot-scale unit scheme changes
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Flue gases

Exhauster 500°C Bypass
| | Dryer 2780 m3/h
N | ,,
Wet biomass - - P — -
(wood&bark) .
m.c. 48 % ™ e ™ \
300 kg/h Pyrolysis reactor
12.0 MJfkg Dried biomass t Igiic ;30;02 °c
m.c. 10£2 % uret: ~ ; . 1
Pyrolisis duration: ~25 min.
1 L I Damper L | Damper
"u‘
L

Hydraulic jack

173.3 kg/h
22.7 MJ/kg
l

I‘ | - Volatile pyrolysis
products
N -
' 4 Char
63.5 kg/h
28.7 MJ/kg

The pilot-scale unit

scheme

Biomass type: birchwood chips and bark

Capacity up to: 300 kKg/h (m.c. 48 %)

Gas yield per 1 kg of biomass: 0,73 m?

Lower heating value: 11,2 MJ/m?

Energy conversion efficiency: ~ 68 %0
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CHP plant scheme

Synthesis

4 gas (ENGINE +)
TWO-STAGE generator
BIOMASS PYROLYTIC and heat
\_ REACTOR exchanger
4 Char Heat
FURNACE "190 kW
Electrical power
\- ‘ Heat ~175 kW
Ach Total electrical efficiency*: 15...19 %

* for different scenarios, based on gas-piston IC engine efficiency 28 %,
taking into account own unit needs in electric power (from 10 to 30 %).



Conclusions and future works

Experimental data characterizing the dependence of the specific yield
of non-condensing gases, their chemical composition, the calculated
value of the lower heating value and the specific content of tar on the
processing parameters was presented. It was shown that the most optimal
cracking temperature for wood chips and bark processing is from 1000
to 1050 °C. The advantages of this mode were observed for all gas
characteristics:

« high specific gas yield up to 1.5 m3/kg due to effective conversion of
water steam,

e total volume fraction of combustible components more than 98 %,
low concentration of CO,,

 high LHV up to 12.5 MJ/m?,

* low specific tar content (less than 20 mg/m?3).

Mini-CHP power plant capacity of 300 kg/h of initial wet biomass
with estimated electrical efficiency of 15 — 19 % was developed.
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