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Efficiency o€lectricitygeneration by various proces:
ho = hce+ Ay
hCET cold gas efficiency which takes into account only the chenoitatjasergy

he i eletricagfficiency of a cogeneration unit
i overakletricafficiency

Cold gas elgcatsritc?ty Overall el.
Type of power generation efficiency | tridiency efficiency
h.e, % ' h,, %
CE h % tr
cu’
1. Thermal plant with steam turbine (11 MW,) ) 276
(Zel ekotél,33MW),PI zeR ’
2. Thermal power plant (35 MW,) } -33
(Biomass combustion, 105 MW,),Ho d o n 3 n
4. Multi-stage (two-stage/twin-fire) gasifier
GP750 (0,75 MW,) 80i 90 ~36 ~32*
TARPO spol. s r.0., AIR TECHNIC s.r.0., 2014
5. Gasifier coupled with SOFC ~95 ~ 45-65 ~ 40-60

* JenbacheAB, J316 GQ320GE
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Principle obtagedbiomasggasification
5 AR}

Partial oxidation of volatile matter

Volatile matter: H, H,O, CO,
CQ, CH, hydrocarbons
Tar precursors

Tardefinition according2 G KS & ¢ NJ LINZ
15439: Tar is mixture of organic substances with boililf
point higher than benzene (804, 101,38kPg

Gasification

tar free gas CO, H, CH,CQ, H,0O, N,

Multi-stage (two-stage/twin-fire) gasifier GP750
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Alothermal zone
bird-eye view

4 Biomass

Autothermal zone

Reduction zone

Autothermal zone
bird-eye view




Basic description of GP750 gasifier

Dimensions of POX

Gasifier Volume Flow Residence time
chamber
D,m H,m m3 m3/h S
GP750 25 2,3 ~4,0 ~1300 ~10
* Standard temperature and pressure

POXchamber

Nominal wooden chips consumption (dry 550k g?A 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 0,7kgkWht

Nominal electric output 1,4kWhkg!
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 Kalouy v vary =] Kralo 5 Katowice:
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Ssteohen

2,1MW¢(3x710 . .
07/2014 ’ Pilot operation of
Ko z o m2 JenbacheBxJ320 kWe . )
5xGP750 4,2MW(gas fiveGP75Wnits
Handl oC\;/ugscorFBLDSGO, 06/2014 570kW, Operatinffom
FBLD480 2xGP750 430kW, 4/2015
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Combined heat and power plant Kooz o'm?
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

Technologicdlow sheet ofjasificatiorunit

Yool
ITE Ta0?

T

P [Pa)
0 [m3/s]

1 - entryof fuelintothe GP75Q 2 - allothermalyrolysisection3 - autothermadyrolysisection4 - POXsectio
b - combustiofiare,6 - gasoutput,7 - candlefiltes, 8 - heatexchangeréyas/waterp - contactwatercooling
[10- coolingower]1- gasblower] 2- gasflowmeasurement 3- mixtank,14- pipetoICmotar

- primargpirsupplyA2- secondargirsupply

AS- poinforgasqualitsamplin¢pnline pftline) TAR- poinforgassamplingccordintptheTarProtocol
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Gas composition [% vol.]

50

Gas compositioduly 2016

40 -

30 -
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Min Max

CQ [vol. %] 9,66 8,63 10,14

Hy [vol. %] 22,65 21,03 23,63

CO [vol. %] 25,33 24,41 26,45

CH [vol. %] 1,18 1,02 1,38
CH, [vol.%] 0,035 0,a7 0,067

| N*Ar[vol. %] 41,12 40,27 42,73
| LHV [@MJ3am 577 5,64 5,89

Content of different tar groups [mg-m-]
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mClass 4 (2-3 rings) - naphtalene, methylnaphtalenes

Class 3 (1 ring) - toluene, xylenes, styrene, C3-benzene

m Class 2 (heterocyclic aromathics) - dibenzofuranes

87. 87
G1 G1

13.7.
G1

13.7. 137. 137. 207, 207. 227. 227. 227 227. 267.

G1 G4 G4 G4 G4 G4

G1 G4 G1

G4

G4

20 ] CH,composition _ Average Min
H2 C,Hs[vol. %] 0,011 0,007 0,018
C,Hy[vol. %] 0,018 0,005 0,042
15 - CH, [vol. %] 0,001 <0,001 0,001
Benzengvol. %] 0,003 0,002 0,006
002 Res{vol %] 0,001 0,001 0,002
10 Qi WW%"“\
5 |
CH, C.H,
0 T T T T T T T T T T T T T T T
17. 37. &7. 77. 97. 11.7. 13.7. 157. 17.7. 187. 21.7. 237. 257. 27.7. 29.7. 31.7.
mClass 5 (>3 rings) - phenentrene, antracene, floranthene, pyrene
35

e .

267. 267. 287. 287.

G4 G4 G4
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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] ©0:58 | 11:04] 12:18] 13:30] 10:05] 12:03| 14:10] 11:17] 13:20] 13:20

Date 08.07.| 08.07.| 13.07.| 13.07.| 13.07.] 13.07.| 20.07.| 20.07.| 22.07.| 22.07.] 22.07.| 22.07.| 26.07.| 26.07.| 26.07.] 28.07.] 28.07.

Gasifier GL | 61 | 6L | 61 | Ga | G4 | 64 | G4 | Ga | 61 | Ga | o1 | G4 | G4 | Ga | ca | ca

Benzene 6,78 | 7.95 | 139 | 2,13 | 402 | 12.39] 1823| 20,55| 8,86 | 572 | 14,41 947 | 10,40| 1232| 14,74| 1643] 16,87

Toluene 2,03 | 208 | 042 | 055 142 | 581 | 607 | 7,67 | 382 | 252 | 3,88 | 358 | 2,97 | 4,00 | 554 | 432 | 49

T 118 | 1,17 | 036 | 033 | 059 | 1,88 | 1,33 | 1,99 | 144 | 109 | 081 | 1, 093 | 121 | 146 | 102 | 1,19

|xylene+ethylbenzene+phenyac:

Styrene 031 | 026 [ 012 | 013 019 | 061 | 043 | 076 | 057 | 069 | 025 | 086 | 076 [ 099 | 1,00 [ 037 | 057
C3benzensumm - - - - 002 | 002 ] 001 006 011 | 012 | - = 024 | 007 | 012 | 012 | 003
Indene+indane 020 | 012 | 0,08 | 006 005| 002 - 013 | 009 [ 027 | - 021 | 036 | 050 040 | 0,09 | 006

Rest D D D D D D = = = = = = = = = = =

1030 | 11.46 2071] 26.07| 3104 1481] 10.14] 1936] 1524] 1531 18.61] 2294] 22.26] 23,63

Phenentrene

Anthracene

0,20

0,11

0,05

0,24

0,20

0,13

0,11

Methylphenatrenes+4H

Cyclopenfdeiphenanthrene

Phenylnaphthalenes

Fluoranthehe

0,06

Pyreng

0,09

Benzofluorenes

PAH (4 rings, m/z=226,228]

Methylfluoranthene+methylpyrene -

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

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

Rest (TAR)

0,04

SumniTAR WithoutBTX)

6,75

4,42

323

TAR (Taprotoco)

10,28

7.93

413

3.45

- Belowdetectiorlimit

1 This category includes rest of BTX grou
2

STPStandardtemperature angreassureg =0/C, p = 101,339

pakglbenzenes
which eluates right afte(itr=203
3 pyrendogether witiaceanthrylenavhich elutes near before Mr20;

benzdajanthracene,chrysenr,naphtacene

**indendl,

d

rene,dibenfe,Hanthracene, ben|

ijperylene, Diben|

perylen

e

f, mngchrysenendotherPAHwith m/
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Typicalgas composition from downdraft and stag

gasifiers
. Downdral - 004 Viking DT Stagedgasifier
Gasifietype Imbert

100kwy, 200K 7SKWh - Gp200 GP500 GP750

Biomass moisture, <10 <10 3545 <10 <10 <10

Co 25,5 24,6 19,6 26,7 250 253

H, 17,2 16,4 30,5 23,0 22,3 227

CH, 3,0 2,2 1,2 1,1 2,0 13

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

N, 435 46,1 332 40,6 41,1 409

Other 1,2 11 01 0,6 02 01
Tar contentng/n¥  1006200C 1306200C <5 0,52,0 5,040 20200

LHW(15cC), MJ/m 6,3 57 5,6 59 5,9 5,8

Mass and energy balance during long tipezatiorof

Kozom?2n CHP
Operation periof2016) July August | Septemberl October | November| December|
Weftfuel consumption [tons] 1733 1427 1395 1530 1376 1390
Average water confert%q 40,0 38,2 38,5 40,5 41,3 42,7
Dryfuel consumption [tons] 1039 882 858 911 808 796
LHVofwet uel [ MJAkg 9,7 10,1 10,0 9,7 9,5 9,3
Biochamproduction [tons] 38,1 45,2 26,4 25,7 29,4 26,2
Biochayield (comparediiy fuelwt.%) 3,7 51 3,1 2,8 3,6 3,3
Electric productiofMWh] 147 1309 124 1327 108 1083
Dry fuel cofisump 0,728 0,673 0,690 0,687 0,760 0,735
Overall efficiencprutto)[%] 30,6 32,9 32,1 32,4 29,3 30,3
Overall efficiendv/obiochaj [%)] 32,4 35,7 33,7 33,8 31,0 32,0
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Conclusion

AGP750 gasifier is capable to simultaneously produce gas and bioch

AMost suitable fuel for realisable operation are wooden chifib®ith siz
mm.

AGas quality produced by GP750 is suitable for different types of IC

AGP750 produces | ow t3r BHY ¥t ¢
(Power production >3Bra#9.
AHigh biochar quality (5300 n#/g).
AGas quality and biochar production depends on:
Afuel properties (size distribution, moisture content, ash content)

Aoperating parameters (ratio of primary and secondary air, freque
grating, temperature in POX chamber).
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