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Biomass gasification process

Gasification medium

biomass » gas +impurities (tar+dust)

Pyrolysis

Volatile mater (80%) - tar source
__.——combustion/oxidation
500-1200°C

char (20%) = /
gasification J L 7

5 -
900-600°C H, €O
Barrio M. (2002). Experimental investigation of Small-scale gasification of woody biomass. Ph. D. Thesis, NTNU.
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The efficiency of electricity generation
T -  overall electricity production efficiency

_ Mce-  cold gas efficiency which takes into account only the
Nt = MHce « Neu chemical energy stored in the gas

Mcy-  cogeneration unit efficiency (IC motor+ el. gen.)

cold gas gas to electricity | Overall el. | Inst. costs
Type of CHP generation efficiency efficiency, | efficiency | thousd.EUR
Nees % New % N % /kWe
1. power plant with steam turbine (11 MW,) : 276 32
Green boiler (Zeleny kotel, 33 MW,),2010, Plzer ’
2. downdraft ,Imbert” gasifier (100 kW,) 65 max. 30 max. 19,5 24

Boss engineering Itd,Louka,2005, Staré mésto,2009 liaz M1.2,12dm?, 6C

3. downdraft gasifier,,GP300“ with adv. heat 75 ) ~32 2 2428
recovery (200 kW) Tarpo Itd, KnéZeves, 2009 CKD 65160,27 dm3, 6C e
4. Prototype of Two Stage gasifier (200kW,) -85 ~32 (see 3) ~27,2 3.2-3.6
_____ IarQOJst:L Knéiev?s_%gg.%)klv%_) e | _max.36(seeb) | _ ~306_ _| 3.2:40 _
5. Two Stage gasifier (2x " ek
Tarpo Itd, Airql'ecghnic s.r.0. Odry, 2012 =l =l =i —
6. Model: Two Stage gasifier, 3,5-8 MW, max. 95 42-44 % ~ 40 777?

* JenbacherAB, J316 GC
** Jenbacher, J624* GC with 2 stage turbocharger 1, = 46,1% 4,35 MW,, J920* GC with 2 stage turbocharger
M= 48,7%(NG) 9,5MW,,
*** The first commercial implementation in CR, Power plant Odry (25 CZK=1 EURO)
6.05.2014 May 4-6, 2015, Moninec, Czech Republic

Staged gasifiers
| The basic principle of the generator is the spatial separation pyrolysis zone from oxidation
\ / and reduction zones to reduce tar and use additional external heat to increase the
| efficiency.

1-indirect heating

2-reaction zone with thermal
cracker

2a- partial oxidation burner

2b- coke partial combustion part
3- gasengine

20

KIENER Karl, Process and plant for the gaziefication of solid
fuel. Patent. C10J 3/66 [WO 81/00112] 4.Juli.1979/ 5.Juli.1980.

Advantage of sub process separation:

-increase of cool gas efficiency (1.,>85%)

-decrease of tar content on safe level (< 0,1 g/m?)
-better gas quality (higher heating value)

-better process parameters control and heat management

6.05.2014 May 4-6, 2015, Moninec, Czech Republic




Advanced Viking gasifier concept

5L| ..dx::m Pyronsis scale up of original Viking concept without
: ; major structural re-design is not posible
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75 kW, (~20KW,) DTU, 2000, DK (1,,,>90 %) 200 KW, Hadsund, Weiss A/S, 2007, DK

Tar free gas production (tar <0,1g/m?) 500 kW, Hillerad, Weiss A/S, 2010-2013, DK
Electric power generation with High efficiency, 2010, WEISS A/S.  Demonstration of 500kWe Two-Stage Gasifier, final report, march 2013, WEISS A/S
6.05.2014 May 4-6, 2015, Moninec, Czech Republic

TK Energy AS concept

biomass is pyrolysed by heat from parcial oxidation of part
of fuel with air (600°C), parcial oxidation (POX) of volatile
matter and reduction on the charcoal Air inlet

Outer shell |

Pyrolysiszone
Combustion zone
Biomass in I

¥
&

- v——

125 kW, TK Energi A/S

125 kW,, TK Energi A/S, DK
700 kW,, Gjol, 2006, DK (only planned)

‘r]ce:85 %

Koch T., Biomass Gasification with low tar production. Staged gasification,Floriandpolis Brasil June 2007
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- [_ generator GP750
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Two Stages gasifier TARPO designe
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cleaning

Scale up two-stage generator

Generator ~ Cone (POX)  Volume Flow™ Res.time’
d.,m h.,m m3 m3/h S
GP200 1.0 1.1 ~03 ~400 ~25
GP500 1.6 21 ~15 ~900 ~55
GP750 2.5 2.3 ~40 ~1300 ~10

Picek I. Equipment for multi-stage gasification. P.N. CZ26592UN, 2013
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Start of operation, type IC motor Power output

1. Knézeves (C2)
2. Odry (C2)

2012, GP200 CKD, 2x6S160, 27, R6 200 kW,

2012/13, 2xGP500 Jenbacher 2xJ316, (48], V16) 2x500 kW,
3.0le$nice (CZ) ~ 2013/15, GP200XL CKD, 2x68160, 271, R6 200 kW,

4. Handlové (SK) 2014, 2xGP750 Guascor, FBLD560, (561, \/16) 570+460 kW,
5. Dobii§ (CZ) 2015, 1xGP750

6. Kozomin (CZ)

Guascor, FBLD480, (481, V16) 500 kW, (+ gas appl.)

2,1 MW,(3x710kW,)
5,1 MW, (heat appl.)

2014, 5xGP750 Jenbacher, 3xJ320, (601, V20)

6.05.2014

May 4-6, 2015, Moninec, Czech Republic
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Gas generator:
Dust removal:

Tar removal (3/2013-disconected):
Final gas treatment:

Cold gas efficiency (77¢g):

Gas to electricity efficiency (7¢y) :
Overall el. efficiency (7,):

IC motors $160 CKD Hofovice,vol
Cylinder/compression ratio:
Electrical output:

Prototype of Two -Stage gasifier, GP200, TARPO ltd. Knezeves

Basic parameters

GP200, 200kW,, (from march 2012)
ceramic candle filters, 390-550°C
org. lig. scrubber 60°C/air reg.at 120°C
water washing/cooling tower

~85 %
~32%
~27,2%
27 dm®
6/11.5

quenching water

‘Skoblja .- Schemes and now developmems in combinations of gasification with fuel gas cleaning for power generauen in gas piston engines and gas turbines, Fecundus Intema-tional Workshop, Prague, Czech Republic, June 12-14, 2013.
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Prototype of Two Stage gasifier, 200kW,, gas composition

Selected data record

Average gas composition

I 1200 Conc.
13.06.2012 Toox-1100C | components "
frioo | _Qinsemple _ _ _0.84 _
co 0 Co, 7.72 :
o S T | ==t 1000 | H, 237
MMW I co 31
! CH 097 1
El A 4
N R o N, 4.4 1
: §L__ A ____o4_
g o0 2 ethane 0.0017
The tar contents in gas after the HTF: g ethylene 0.0018
e gy e B Spea—— oyt 700 R acethylene 0.0002
D1HF 0,54 mgim® D2HF 1,39 mg/m®  } D3HF 0,61 mg/m® _ _ Dbropene_ _ _ _ _- _
B —— 600 ! benzene 00005 X
| _ oluene_ _ _ 000003
o, rffw Other 0.0002
a7 500 Sum 100
CH, P UL S U N LHV(15/15C), MJ/m* 5,89
PP o, anid ‘ —la00 LHV (0/0C), MJ/m3 6.2

1600 16:30 17:00 17:30 18:00 18:30 1900 1930 20:00

POX temperature: (1000 - 1150°C). Raw gas from generator contains minimum amount of tar and
hydrocarbons (BTX).

6.05.2014

May 4-6, 2015, Moninec, Czech Republic
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Number of units: 2, GP500
Gas generator
maximum power output (good quality fuel) 1700 (2500 kW,)
temperature in pyrolysis chamber 500-650°C
temperature in POX chamber 1000-1100°C (1250°C)
exit gas temperature from the reducing zone <750°C
Calorific value of gas (LHV) 5,5-6,5 MJ/m?
Cogeneration unit (engine with el. generators)
Manufacturer Jenbacher AG (GE)
Type J316 GS (LEANOX)
Number of cylinders/capacity 16/48dm?
Rated el. Power 500 (550) kW,
Fuel
Consumption of wood chips (abs. dry) ~360 (400) kg/hod
Chip size 20 az 80 mm (1-50mm) K&
Ash content (dry basis) < 2 % mass (<5 mass)
Maximal moisture content, before drying, max. 50 % (60%)
Moisture content, after drying <10 hm. (20 hm. %)
The waste heat of cooling water (80°-90°C) 650 kWto
The electrical efficiency min. 32%
Specific fuel consumption (abs. dry) ~ 0,7 kg/kWh,,
Specific el. output ~1,43 kWh, ﬁ(g e
GP500 #1, November 2
6.05.2014 May 4-6, 2015, Moninec, Czech Republic

Power plant Odry, 3D Perspective
N

{iic TV
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< N ] Mg
burner o) J - [ Jenbacher J316

6.05.2014 May 4-6, 2015, Moninec, Czech Republic




Selected gas components record, power plant Odry

N . N ODRY - 30.01.2013
45 & e A u,,w;,j?ﬁ ,,,,,,,,,,, LHV, 15/5C, Mdim® | 5.4
o — ¢ e e &
40 = H a8
T -
=i Tar content D2HF il 3
> . A CO-dis.
£ 4 in raw gas 178 mgim’ + e Las
i Tar content i 212 = e
8 s arcontentingas ‘494 4 mgim’ 115,6 mg/m’ w  lao
9 before engine T
J .-k LT L © i (15/15C
52 Ny - ey iy R ,Qh’/lu(/ma )
T o204 [ TS gtV D 24
o 15 ""\\JV“W""" 1.8
= NMMMW,M\W )
Co, ’
i %WWWMM\/W -
0 T T T T 0.0

10:30 11:30 12:30 13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30 21:30
engine power output: 300 kW,

Temperatures in POX chamber around 1000°C allow to produce gas with low-tar and hydrocarbons (BTX) content.

Tar composition (% mass.): 80-90% naphthalene, 3% 1-MN+2-MN, 3-4% acenaphthene, < 1% fenathrene + anthracene

6.05.2014 May 4-6, 2015, Moninec, Czech Republic
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2 374 5 6 7 8 9 K11 12 12 14 15 12 47 40 4n W as .

Proximate and ultimate fuel composition (D2S) Fuel size distribution and ash content
fuel ;.Jroperties value a d ig 2 [@ ash content E
moisture,W % mass.  30.11 0.00 m | m Mass fraction of fuel
ash, A % mass.  2.54 3.64 35

volatile,V % mass. 5439  77.82
fixed carbon, Fc % mass.  12.96  18.54

content, % mass.
N
(5]
|

Q, MJ kgt 1373 19.64 ig 1
Q MJ kg'! 12.85  18.39 10 4
c % mass. 49.05 5 4 E. [E
H % mass. 6.03 0 . . : : : :
N % mass. 0.26 >6.3 mm 2-6,3mm 1-2mm <1mm
o] % mass. 41.02 fuel fraction

6.05.2014 May 4-6, 2015, Moninec, Czech Republic
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Power plant Odry, GP500#2, data profile

- Celkovy vykon
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6.05.2014 May 4-6, 2015, Moninec, Czech Republic

Power plant, Kozomin

A 9
Reactors hall,

IC motors:  Jenbacher, 3xJ320
Gas generator: 5x GP750, (3x710kW,,+4,2MW,)
Dust removal: fabric bag filters, 120-150°C
Final gas treatment: water washing/cooling tower
6.05.2014 May 4-6, 2015, Moninec, Czech Republic
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Power plant, Handlova (SK), 2014

- PC screenshot/Control unit for GP750,2014.04.30 Technologie -1

et VPfo <- | operator
Odv:

021 % 022 %
2.5
Pf1 Pf2

[ 0.206 | 0.140 |

TIC)
P [kPa]

Gas generator: 2 x GP750, (2x750kW,) IC motors:  Guascor, FBLD560, (561, V16)
Dust removal: fabric bag filters, 120-150°C
Final gas treatment: water washing/cooling tower

6.05.2014 May 4-6, 2015, Moninec, Czech Republic

Power plant, Handlova (SK)

6.05.2014 ) “ May 4-6, 2015, Moninec, Czech Republic



Start up and

operation of GP750
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Long time operation of GP750

35

Handlova GP750#1, 18.11. - 25.11.2014
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Conclusion
co-current Viking DTU

Imbert GP300 75KW GP200 GP500 GP750

Chips moisture, % hm. <10 <10 35-45 <10 <10 <10

CcOo 25,5 24,6 19,6 26,7 25,0 21,7

H, 17,2 16,4 30,5 23,0 22,3 224

CH, 3,0 2,2 1,2 1,1 2,0 1,0

Co, 9,6 9,6 15,4 8,0 9,5 8,1

N, 435 46,1 33,3 40,6 41,1 40,4

Other 1,2 11 0 0,6 0,1 0,2
Tar content, mg/m? 1000-2000 1300-2000 <5 0,5-2,0  5,0-40,0 30-100

Q; (15°C) MJ/m3 6,3 57 56 59 59 6,3
6.05.2014 May 4-6, 2015, Moninec, Czech Republic
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