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Efficiency of electricity generation by various processes
Mot = Tlce = Meu

1 ce - cold gas efficiency which takes into account only the chemical energy of a gas
Ncy - eletrical efficiency of a cogeneration unit
NroT - overal eletricall efficiency

Cold gas elgcatsritcci)ty Overall el.
Type of power generation efflmer;/cy efficiency, efflcw;;cy
Nce: 70 Moy % M, 70
1. Thermal plant with steam turbine (11 MW,) ) ) 276
(Zeleny kotel, 33 MW,), Plzen ’
2. Thermal power plant (35 MW,) } 3 ~33
(Biomass combustion, 105 MW,), Hodonin
4. Multi-stage (two-stage/twin-fire) gasifier
GP750 (0,75 MW,) 80-90 ~36 ~32*%
TARPO spol. s r.0., AIR TECHNIC s.r.0., 2014
5. Gasifier coupled with SOFC ~95 ~ 45-65 ~ 40-60
* Jenbacher AB, J316 GC (J320GC)
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Principle of staged biomass gasification
Zas AT

Pyrolysis  partial oxidation of volatile matter

Volatile matter: H,, H,0, CO,

CO,, CH,, hydrocarbons

Tar precursors

Tar definition according to the “Tar protocol” CEN/TS
15439: Tar is mixture of organic substances with boiling
point higher than benzene (80,1 °C, 101,325kPa)

Co, H,, CH,, CO,, H,0O, N,
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Alothermal zone
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Autothermal zone

Reduction zone

Autothermal zone
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Basic description of GP750 gasifier

Dimensions of POX

Gasifier Volume Flow* Residence time”
chamber
D,m H,m m3 m3/h s
GP750 2,5 2,3 ~4,0 ~1300 ~10
* Standard temperature and pressure

POX chamber

Nominal wooden chips consumption (dry) 550 kg-h'!
Chips dimension 6 to 50 mm
Biomass moisture (dryer input) up to 60 wt. %
Overall efficiency (calculated from LHV) 32%
Nominal fuel (dry) consumption 0,7 kg'kWh!
Nominal electric output 1,4 kWh-kg!

Leipzig »-.
« - Legne
° Dy 2 pszen Wmﬁchw
Q57" Jetenia Géra - =
Chemnitz pen S K o Wabreych Caestochowa
Zwickau ~fabem  Ubereco  ¥pecs e Opoie
@ % =
yaagec
= e Katowice
o, = Prague Pt
1, Bielsko B
- Ostriva) BelskoBiva
Czechia wa
b -]
Domave
hd ke
8mo 2
Caske. 3
gensburg jovics
st 5

) Narodny park
» Nizke T

izke Teiry
Slovakia

Ssteohen

2,1 MWe (3x710

. 07/2014 Pilot operation of
Kozomin Jenbacher, 3xJ320 5xGP750 kWe) five GP750 units
4,2 MW, (gas)
Handlova Guascor, FBLD560, 06/2014 570 kW, Operating from
FBLD480 2xGP750 430 kW, 4/2015
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Combined heat and power plant Kozomin
Moist
air STEAM Condensate
Raw
biomass Dry biomass 550°C | Heat | Wet I SR
Lxvey exchanger scruber | Ginahiters
Water Clean producer gas
Warm
air Mix tank
ELECTRICITY
Air - . | Hotair Heat Flue gas
| Mixing unit exchanger HEATING
Air Flue gas Air

Technological flow sheet of gasification unit

a v Taot
Taoz
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TIC
atesre

- entry of fuel into the GP750, 2 - allothermal pyrolysis section, 3 - autothermal pyrolysis section, 4 - POX section,

b - combustion flare, 6 - gas output, 7 - candle filters, 8 - heat exchangers (gas/water), 9 - contact water cooling,

0 - cooling tower, 11 - gas blower, 12 - gas flow measurement , 13 - mix tank, 14 - pipe to IC motor.

A\1- primary air supply, A2- secondary air supply

AS - point for gas quality sampling (on-line, off-line), TAR - point for gas sampling according to the Tar Protocol
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50
45 4 )
N2 'f'ﬂ
40 Average Min Max
CO1vol. %] 966 863 |1 1014
Hy [vol. %) 2265 21,03 2363
35 4 CO [vol. %] 2533 2441 26,45
CH, [vol. %] 118 102 138
C,H, [vol. %] 0,035 0,017 0,067
30 4 [ N,rArvol%) 12 4027 4273
cO [ hvwimy 577 5,64 5,89

20

15

Gas composition [% vol.]

10

Gas composition July 2016

i | C,H,

Average Min
H, Gy Vol %] 0011 0,007 0018
GoHalvol. %] 0018 0,005 0042
| C/Hy[v0l. %] 0,001 <0,001 0,001
Benzene [vol. %] 0,003 0,002 0,006
CO, Rest [vol. %] 0,001 0,001 0002
e W\r\ﬁmf-‘w
CH, C.H,

1.7. 37. &7, 77. 97. 117 137. 157. 17.7. 19.7.

21.7. 23.7. 257. 27.7. 297. 3
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Content of different tar groups [mg-m-]
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Tar content July 2016

mClass 5 (>3 rings) - phenentrene, antracene, floranthene, pyrene
mClass 4 (2-3 rings) - naphtalene, methylnaphtalenes
Class 3 (1 ring) - toluene, xylenes, styrene, C3-benzene

m Class 2 (heterocyclic aromathics) - dibenzofuranes

87. 87 137. 137. 137 137. 207. 207. 227. 227 227 227. 267. 267. 267. 287. 287.
G1 G1 G1 G1 G4 G4 G4 G4 G4 G1 G4 G1 G4 G4 G4 G4 G4
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Phenentrene

3 -
mClass § (>3 rings) - phenentrene, antracene, floranthene, pyrene
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8.7 87. 137. 137. 137. 137. 207. 207. 227. 227. 227. 227. 267. 267 267. 287. 287.
G1 G1 G1 G1 G4 G4 G4 G4 G4 G1 G4 G1 G4 G4 G4 G4 G4
Time 14:12 | 16:33 | 10:45 | 12:33 | 14:49 | 17:00 | 14:38 | 9:58 | 11:04 118 10:05 | 12:03 | 140 | 1147 | 1320 | 1320
Date 08.07. | 08.07. | 13.07. | 13.07. [ 13.07. | 13.07. [ 20.07. | 2007. | 22.07. 2207. 2207. 22.07. | 26.07. | 26.07. | 26.07. | 28.07. | 28.07
Gasifier Gl Gl Gl Gl G4 G4 G G4 G4 G G! Gt G! G! G4 G G!
Benzene 678 | 795 | 139 | 213 | 402 | 1239 | 1823 | 2055 | 886 | 572 | 1441 | 947 | 1040 | 1232 | 1474 | 1643 | 16,87
Toluene 203 | 208 | 042 | 055 | 142 | 581 | 607 | 767 | 382 | 2520 | 388 | 358 | 297 | 400 | 554 | 432 | 49
mpro- 118 | 147 [ 036 | 033 | 059 | 18 | 133 | 199 | 144 | 109 | 081 | 134 | 093 | 121 | 146 | 102 | 119
|xvlene+ethylbenzene+phenyacetylene
Styrene 031 0,26 0,12 0,13 0,19 0,61 043 0,76 0,57 0,69 0,25 0,86 0,76 099 1,09 0,37 0,57
C3-benzene summ - - - - 002 | 002 [ oo0r [ 006 | 0t | 012 - - 024 | 007 [ 012 | 012 | 003
Indene+Indane 020 [ 012 [ 008 | 006 [ 005 | 002 - 013 | 009 [ 027 021 | 036 [ 050 | 040 | 009 | 006
315 | 625 [ 2071 31,04 | 1481 | 1014

Anthracene
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Methylfluoranthene+methylpyrene

PAH (4 rings, m/z=226,228)**

PAH (5 rings, m/z=252) **

PAH (6 rings, m/z=276)"***

Rest (TAR)

0,04

0,02

0,12

0,12

029

035

Summ TAR (without BTX)

6,75

4,42

323

244

9,30

12,13

6,86

1,21

13,09

10,24

336

8,90

26,76

26,56

2197

921

10,06

TAR (Tar protocol

10,28

793

413

3,45

11,53

20,46

14,70

21,70

19,03

14,66

8,31

14,68

31,67

32,84

3017

15,04

16,82

*Benzofuran,di

STP Standardt temperature and preassuree (t= 0 °C, p = 101,325 kPa)
- Below detection limit
! This category includes rest of BTX group and alkylbenzenes.

3 Pyrene together with aceanthrylene, which elutes near before

with which eluates gmanem(Mr-znz;

3.4-Dil

benzo[alanthracene,chrysenr,naphtacene

ibenzo[def,mno]chrysene and other PAH with m/r=278,302
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Typical gas composition from downdraft and staged

gasifiers
- Downdraft 5300 Viking DTU Staged gasifier
Gasifier type Imbert 200 kW 75 kW

100 kW, el th ~ GP200 GP500 GP750

Biomass moisture, wt. <10 <10 35-45 <10 <10 <10

Co 255 24,6 19,6 26,7 25,0 25,3

H, 17,2 16,4 30,5 23,0 22,3 22,7

CH, 3,0 22 1,2 1,1 2,0 1,3

Co, 9,6 9,6 15,4 8,0 9,5 9,7

N, 43,5 46,1 33,2 40,6 41,1 40,9

Other 1,2 1,1 0,1 0,6 0,2 0,1
Tar content, mg/m3 1000-2000 1300-2000 <5 0,5-2,0 5,0-40 20-200

LHV (15 °C), MJ/m? 6,3 57 5,6 59 5,9 58

Mass and energy balance during long time operation of
Kozomin CHP

Operation period (2016) July August | September | October | November | December
Wet fuel consumption [tons] 1733 1427 1395 1530 1376 1390
Average water content [wt. %) 40,0 38,2 38,5 40,5 413 42,7
Dry fuel consumption [tons] 1039 882 858 911 808 796
LHV of wet fuel [MJ-kg™] 9,7 10,1 10,0 9,7 9,5 93
Biochar production [tons] 38,1 45,2 26,4 25,7 294 26,2
Biochar yield (compared to dry fuel) [wt. %] 3,7 51 31 2,8 3,6 33
Electric production [MWh] 1427 1309 1244 1327 1063 1083
Dry fuel consumption [kg-kWh-"] 0,728 0,673 0,690 0,687 0,760 0,735
Overall efficiency (brutto) [%] 30,6 32,9 321 324 29,3 30,3
Overall efficiency (w/o biochar) [%] 32,4 35,7 33,7 33,8 31,0 32,0




Conclusion

» GP750 gasifier is capable to simultaneously produce gas and biochar
* Most suitable fuel for realisable operation are wooden chips with size 6-50
mm.
* Gas quality produced by GP750 is suitable for different types of IC engines.
* GP750 produces low tar gas (typically below 50 mg-m3), HHV = 6,5 MJ-m3
(Power production >32 % brutto).
« High biochar quality (500-700 m2/g).
» Gas quality and biochar production depends on:
« fuel properties (size distribution, moisture content, ash content),

* operating parameters (ratio of primary and secondary air, frequency of
grating, temperature in POX chamber).
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