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Summary

In November 1998, parallel tests within tar and particulate measurements were carried out at
two gasification plants in Denmark at the request of the Danish Energy Agency.

The following laboratories participated in the test: BTG, the Netherlands; Danish
Technological Institute, Denmark; Verenum Research, Switzerland, and VTT, Finland.

Four different measuring methods were applied in connection with a number of simultaneous
samplings. A description of the utilized sampling trains, sampling procedures and analysis
methods appear from chapter 1 in the report. Chapter 2 briefly describes the various plants
and states operational related problems influencing the measurements. In addition, problems
that have been observed in connection with sampling and post sampling procedures have
beer. mentioned.

Measurement results with related comments concerning differences and possible measuring
errors are discussed in chapter 3. Particle measurement in the updraft gas results in two
different perceptions of the measurement results that are one order of magnitude from each
ather. The reason is obviously that particulates and tar are mixed up. This measuring error
does not appear in connection with measurements in the downdraft gas, as the smaller tar
content of the downdraft gasifier makes it impossible to make such serious IMeasuring errors
as seen on the updraft gasifier. In general, the gravimetric measuring methods result in the
greatest differences between the four laboratories. The concepts “heavy tar” and “light tar”
require a more exact definition if a distinction is to be made in future. In any case, the two
fractions must not overlap and, of course, there has to be agreement about the evaporation

. conditions by determination of heavy tar, which unfortanately has not been the case for this
parallel test.

In general, the gas chromatographical analyses show rather good agreement in cases, where
attention is given to specific substances. In connection with volatile tar components such as
benzene and toluene the use of chilled solvent has turned out to be more efficient than the
use of solid adsorbents (XAD-2).

If attention is given to the resuits of the individual participants, then it can be ascertained that
most deviations have a reasonable explanation causing some results to be vitiated with
systematic deviations. They can be eliminated by standardizing the measurement method.

A comparison of the financial aspects of the applied measuring methods appears in chapter
4. Expenses for equipment, sampling and analyses have been stated. The cost of the methods
used show some variation, which also reflects the type of results generated. More detailed
information generally increases the expenses for sampling and analysis. All methods are
rather time-consurning in connection with installation of equipment, sampling and
postsampling procedures on site. None of the methods exhibit significant advantages in this
respect and therefore the costs connected with sampling and postsampling of the methods are
comparable.

Please refer to the conclusion on page 43 and 46 for a general evaluation of the results of the
parallel test.
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1. Scope and objective of the parallel test

The measurements document the results of 4 different methods of measuring tar and
particulates in prodncer gas from wood gasification. As far as possible, the measurements
have been carried out simultaneously on a representative gas flow before and after the gas
purification aggregate of the plant. Measurements were performed on two anonymous
Danish gasification plants. The first plant, called “plant A”, has an updraft gasifier,
operating on wood chips and the second plant, called “plant B”, has a downdraft gasifier,
operating on wood offcuts. The measurements were carried out in week 45/1998 by:

G.J. Buffinga and Harrie Knoef
BTG Biomass Technology Group B.V., University of Twente, Enschede, the Netherlands

Poul D. Kellberg, Finn Petersen and Uwe Zielke
Danish Technological Institute, Energy Division, Aarhus, Denmark

Philipp Husler
Verenum Research, Ziirich, Switzerland

Pekka Simell, Mikko Grommi and Kari Koskela
VTT Energy, Espoo, Finland

Uwe Zielke, Danish Technological Institute, coordinated the implementation of the measure-
ments and the discussions of the results once the measurement reports of the four labora-
tories were available. Mr. Elfin Larsen from the Risoe National Laboratory, Denmark,

’ paﬂJ.CIbaIedln '[,h(:‘, subsequent diSCUSSiOHS- Tt s o

The following measurements have been carried out:

A number of tar and particulate measurements on updraft gasifier in raw gas (bypass gas
strearn)

A number of tar and particulate measurements on updraft gasifier in cleaned bypass gas
stream after scrubker

A number of tar and particulate measurements on downdraft gasifier in raw gas

A number of tar and particulate measurements on downdraft gasifier in cleaned gas after
scrubber

In addition, the composition of the producer gas is continuously measured and operating
parameters are registered for the test period.

The results are corapared with the various sampling and analysis methods for particulates
and tar:

» Raw gas with high tar concentration

» Scrubbed gas with low tar concentration
e Raw gas with high dust concentration

¢ Scrubbed gas with low dust concentration

Possible reasons for discrepancies are discussed.
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2.

2.1

How the measurements were carried out

Applied sampling and analysis methods

Sampling has been carried out according to the methods of the four laboratories for tar and
particulate measurement. The different sampling trains appear from table 1. A description of
the used analysis methods appears from table 2 — 4. For more detailed information on the
used measurement methods please refer to the attached measurement reports from the four

meer with flow
indicator

participants.
2.1.1 Comparison of sampling trains
| BTG DTI Verenum | VIT
1. Sampling train
Particulates:
Related VDI 2066
standards Tar:
VDI 3499 B1.2
Glass frit G3
i.d. 90
Particle filter Glass fibre filter ar Glass fibre filter Quartz fibre
thimble 75 x 250 Stréhlein filter thimble 33 x 205 thimble 30 x 77
 cartridge 26 X 65
“with quartz wool
; A 200 °C raw gas
Filter A120°C A 105°C 120-150 °Cclean |A 250 °C
| temperature TB1200°C 1B 250°C gy e o e B250-8E e e e e
B 150 °C
RVS Vessel 118 x | Glass cooler Glass cooler 1 bottle with glass
Condenser 300 with 6 m spiral | 70 x 500 20 x 500 beads
tube 2 °C 8°C g°C 0°C
3 impinger bottles |3 bottles with DCM
. with 50 ml anisale |0 °C
Gas washing None None 1 drop separator 1 bottle with DCM
system -3°C 1 bottle with glass
beads -70 °C
. Cotton wool in Glass frit G3
Adsorption glass tube for visual | i.d. 90 None None
system inspection with 100 ml XAD2
Membrane pump | Membrane pump | Membrane pump
11l m'h 14 m’/h
Vacuum Sliding vane gas Orifice gauge Rotameter Rotameter
) pump 22 m*/h 1.5-7 m’/h 0-25 1/min. 0-20 1/min.
system Volume meter Electronic volume | Volume meter Volume meter

Table 1: Description of sampling trains
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2.1.2 Comparison of methods for analysing the particulate content in producer
gas

BTG | DTI Verenum____ | VIT
2. Gravimetric determination of particulates (dust)
Dry the filter A B: Dry the filter Dry the filter thimble
thimble at 105 With weighed Dry, weighed thimble at 105 °C, |at 105 °C, exsiccator,
°C, exsiccafor, membrane filters | Strohlein filter exsicecator, 1* weighing.
1" weighing. carry out filtration | is exposed. I* weighing. Filter exposure,
Filter exposure, |of extracts from | Dry the filter at Filter exposure, extract the filter in
extract the filter | frit, PTFE tubing, | 105 °C, exsiccatot, | extract the filter in | Soxleth (DCM),
in Soxleth glass cooler 2" weighing. Soxleth (anisole and | dry the filter at
(ODCM), washings and methanol), 105 °C, exsiccator,
dry the filter at | condensate. The dry the filter at 105 2™ weighing.
105 °C, filters are dried at °C, exsiccator
exsiccator, 105 °C, exsiccator, 2" weighing.
2" weighing. 2™ weighing.

Heat the filters to | Heat the filterto | The difference Non-extracted matier

450°Cin N, for {450°CinN,for |between I"and 2" s particulates.

30 min., 30 min., weighing is “Solid  { Filtration of solvents.

exsiccatar, exsiccator, C”.

3" weighing. 34 weighing. Filtration of

sampled liquids,
Remanence is
B L “Solid A”.

The difference | The difference The difference The amount of The amount of
between 1%and | between 1% and 3 |between 1* and 3" | particulates is the particulates is the sum
2" weighing is | weighing is the weighing is the sum of solids A and | of non-extracted
the amount of amount of amount of C. matter from the fi:ter
particulates. particulates. particulates. and the remanence

from the solvent
filtration.

Table 2: Gravimetric determination of particulates (dust)
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2.1.3 Comparison of methods for analysing the heavy tar content in producer
gas
] BTG DT Verenum | VIT
3. Heavy tar analyses
Residue of Residue of Residue of Organic
evaporation at room | evaporation according evaporation of compounds with
o temperature to {worked up) anisole | molar mass
E:imii_n of (= total tar) SP-Method 1071 solution at beiling  |> 200 g/mol
y Residue of point of solvent
evaporation of the (153 °C)
samples at 105 °C :
Filter thimbles: Frits: Filter thimbles:
Soxhlet until the Sheken 10 min. with | A:
Preparation of DCM is colourless | acefone on eac_h side | Soxhlet with anisole
extraction anc 10 min. w:th and methanol
DCM on each side B:
samples XALY2: Soxhlet with auisule
Soxhlet with acetone
for 7 hours
1. Extract from hot | A: 1. Extract from 1. Extract from
filter thimble 1. Extract from frit filter thimble filter
2. Washings from |2. Washings from |2. Extract from 2. Organic
tubing probe + tubing aqueous solution from
3. DCM fraction |3. DCM + acetone solution inel. tar impingers
from condenser fraction from washings and wash:ngs
) 4. Exmact from 2" glass cooler 3. Organic solution from tubing
filter if such has {4, Exfract from o Themtar T T U T
Sample been used XAD 2 and 2" frit impir!gers z_md
fractions B: . wgshmg with
1. Washings from anisol
probe + tubing 4. Organic solution
2. VQC on filter from washing
(450 °C) with acetone
3. DCM + acetone
fraction from
glass cooler
4. Extract from
XAD 2 and 2" frit
105 °C until the Rotating evaporator at | Heated water bath | 105 °C for 1 hour
change of weight 25 °C and vacuum 85 °C. Vacuum 10
gets small. The 200 mbar abs., until | to 20 mbar abs.
Evaporation | trend line’s crossing | the solvents are Until visible smoke
conditions point with y-axis. evaporated. Continue | formation.
for another 10 min.
and flush with M, for
30 min.

Table 3: Description of heavy tar measurement methods
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2,14 Comparison of methods for amalysing the light tar content in producer gas
| BTG \ DTI | Verenmim | VTIT
4. Light tar analyses
Difference 1. Organic Organic
between total tar compounds :n compounds with
and heavy Tar aqueous solutiomn molar mass from
with melar mass 78 (79) to 202
from 78 to 202
Definition of 4
light tar an
2. Organie
compounds in
solvents wita
molar mass from
78 1t 202
Calculation of Aqueous solutian: | Phenols:
Princi | difference GC/FID Photometric
rinciple of - .
analysis Solvent exracis: method
GC/MS PAH:
: GC/MS
GC/MS GC/MS
Column: Column:
CP-SIL 5 CB 50 mx 0.32 mm
e 50mx 025 mm it - o e
Chromatogr. phase 0.25 pm phase U.52 um
conditions Oven: Oven:
35 °C for 1 mim £30-300 °C
35-280 °C "3 °C/min.
25 °C/min. 300 °C for 60
280 °C for 27 main. min.

Table 4: Description of light tar measurernent methods
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2.2 Measurement environment and remarks to the samples
2.2.1 “Plant A”

“Plant A” is a 5 MW updraft gasifier utilizing wood chips with an average water content of
45%. The samples are taken in a bypass gas line where a gas flow of 350 Nm’/hisledto a
pilot gas scrubber. Measurements are carried out before as well as after the scrubber. The gas
line internal diameter before the scrubber is 213 mm. The samples are taken at one point,
centrally in the gas line. The gas temperature and pressure upstream the scrubber are 80 °C
and —150 Pa, respectively, and the average flow velocity is calculated to be 3.5 m/s.

As the sampling port was too long, Verenum was not able to mount a 90° nozzle on the
probe. Therefore, sampling was carried out perpendicularly in relation to the flow direction
of the gas, which, of course, contributed to potential measuring errcrs.

Visible smoke formarion appeared in Verenum’s as well as VTT’s impinger bottles and as a
congequence Veremum found tar in the active carbon protection sysiem in. front of the pump.
In order to improve the sampling efficiency VTT added dichloromethane to the empty bottle
in their impinger train.

Because of considerable tar concentrations, particularly BTG had problems with tar pene-
tration in the sample train. Visible smoke was noted from the exhaust pipe of the sampling
train. At 9:45 a.m. BTG interrupted the measurement as the pump of the sample train was
clogged with tar. Furthermore, BTG and Verenum had certain problems with the filter
thimbles as they partly went to pieces during handling.

As tar as I'I'L is concerned, a mitiof browning of the silica gel i the bau'lplbrﬁ'aiﬁ wasnoted.

That might indicate that the DTI method cannot hold back tar completely either.

Downstream of the scrubber, the gas line internal diameter is 108 mm. The samples are taken
at one point, centrally in the gas line. The gas temperature and pressure after the scrubber are
42 °C and 1000 Pa, respectively. After the scrubber the average flow velocity is calculated to
be 12.1 m/s. The gas scrubber was started just before sampling.
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DTI

Verenum

BTG

Photo i: Sampling ports an clean gas line

At app. 10:00 a.rmo. BTG carried out the sampling without a pump as there were clogging
problems in their pump. Sampling was solely carried out by means of the overpressure in the
gas pipe. That may have resulted in measuring errots.

2.2.2 “Plant B”

“Plant B” is a 1 MW downdraft gasifier; wooden ozfcuts with an average water content of
12% are used. The samples are taken in the main gas line before and after the scrubber. The
gas flow is app. 240 Nm*/h. The gas line internal diameter upstream the scrubber is 150 mm.
The samples are taken at one point, centrally in the pipe. The gas temperature and pressure
before the scrubber are 595 °C and —150 Pa, respectively. The average flow velocity up-
stream the scrubber is calculated to be 12.3 m/s.

Due to water return from the washing system to the gasifier, the gasifier was idle on
November 4" 1998. In the course of the day, the gasifier was emptied of water and ashes.
The plant was started at 4:00 p.m. on. November 4™ 1998, At 10.15 a.m. on November 5*
1998, the first sampling took place. At that point, normal operational conditions could be
expected.
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As the gas temperature is very high (600-700 °C), BTG’s measurements were carried out
with modified sampling conditions as a cooling pipe, app. 1 m long, was inserted between
the sample port and the particle filter, That ccoling distance might influence the
measurement results.

Photo 2: BYG’s sampling system with ceoling pipe

Downstream the scrubber the gas line internal déametr is 110 mm. The samples are taken at
one point, centrally in the pipe. The gas temperature and pressure after the scrubber aze

45 °C and —1000 Pa, respectively. The average flow velocity downstream the scrubber is
calculated to be 9.1 m/s.

Ash transport stopped at 3:00 a.m. on November 6™ 1998 due to clogging in the ash screw
conveyor (caused by the mentioned accident with water penetration). The plant went down
at 5:00 a.m. From 7 a.m. till 8:00 a.m. attempts were made to start the engine, but without
luck. Then it was decided to continue the operation of the gasifier and to direct the pgas to the
emergency flare of the plant. Because of the recent stup, larger tar concentrations were to be
expected shortly after starting-up and declining ¢oncentrations were to be expected in the
course of the day.
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2.2.3 General remarks

The intention was to carry out 3 simultaneous measurements at each sampling position, but
due to various reasons that could not be realised in all cases. In general, sampling was
interrupted when the pressure drop in the sampling system had reached a certain level. In
other cases, there were sorae problems, which led to the participants having to skip a test.
That could for instance be due ta ice formation on the impingers, a quickly increasing
pressure drop as the particle filter clogs or pump repair and cleaning of sample train due to
tar penetration.

Therefore, in most cases BTG only carried out 2 measurements. As it appears from table 7
and 18, BTG takes the largest samples (up ta 2470 liter). For accuracy reasons BTG needs
sufficient sample volume of gas for the gravimetric determination of dust and tar.

Verenum only planned 2 measurements. for sach sampling position while VTT in general
made mere than 3 tests, but of shorter duration. VTT test duration is based on the required
mass of tar in the sample, for GC-analysis. Usually, a sample volume of 40 to 50 liters is
enough for VIT.

DTI carried out 3 measurements in each measuring position, as planned. In connection with
all 4 sampling methods, penetration of tar aerosols in the sampling train was noted when
measurements were carried out in high comcentrations in the raw gas. Visible smoke pene-
tration was observed in ths impinger bottles; Verenumy and DTI noted smaller tar amounts on
the absorber in front of their respective pumps, and BTG had tar in the entire testing system
which 1.z resulted in clogging of the pump.

In the following, when relerence is mace to standard volume (Nufj; it is Uefined as dry m®
gas at 0 °C and 1013 mbar, respectively.
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3. Results
3.1 Measurements on updraft gasifier (Plant A)
311 Comparison of sampling conditions — period, volume, isokinetic etc.

Start and stop pericds as well as sampling duration appear from the subsequent table 5 and
6. The bars in the diagram illustrate the sampling periods of the laboratories. Sample
number-ing is in accordance with the designations used by the laboratories in the enclosed
measure-ment repocts.

Laboratory ES#QEEBNO. Slart Stog IDuaration 3300 | 03:30 10.90|10.30 1400 | 16:30 J1500 | 1230 | 1300 1330[14:00 1530 | 15:00
BTG ‘Sample 1 | 10:05) 10:330 28 Min !
R e e B B i R SO S e
ST e W M s ] i
DT~ Szmplei | C9'32, 10:02. 30 Min|
DT~ Semple 2 | #1:43} 12:13] 30 Min
DTl iSampled | W15 1448; 33Min| |
Verenum Szmple 1 - £8:33) 10:03: 30 Min
Vererum Semple? | M43 1214; 31Min| 1
7 !
VTT  |Sempiei ' €9:35) 1005 30Min| |
VIT  ‘Sample2 | 10:20] 10:43; 23 Min
VIT  Sample3  M45: 1213 28Min| |
WTT ‘Cempled | 12:33 12577 24 Min
VIT  Smmpled | W05 1440 28Mn| 1
WIT 7 iSample® | ®55 1518 23Min| T

Table 5: Sampling time and duration - raw gas (Plant 4)

From table 5 it appears that VTT carries out 2 measurements with and without a particulate
filter each time the others carry out one. Verenum has planned to carry out only 2 measure-
ments per sample rosition. BTG started at the same time as the others, but interrupted the
measurernent at 9:25 a.m. as there was a leak in their sample train. The system was made
leak tight and a new measurement was started at 10.05 a.m. Besides, the simultaneous time
phases of the measurements were satisfactory.
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Leborzfory | Sempieto. | Stert | Stop Drsarmtion; | 0900 | 0930 | 10:00 | 1030 | 11.00 | 1730 | 100 | 1230 | 1500 | 7520 | 1400 | 1430 | 15:00
BTG iSample4 @ 09:24{ 10:17) 53IMm| ooz

BTG [Sample§ i 11:47] 1238 51Min

BT~ Sampled | 08:15! 10:15. B0Min -

DTl Sample 5 | 11:15] 12187 6amin| |

DTl 'Sample® | 1347, 1447, B0Min| |

Verenum__|Sample 8 { 0215, 10,17, B2Min| Eoii
Verenum  (Sample4 i 11:144 12:18] B4 Min} |

VTT Sample 1 | 02:20] 0845] 25 Min|

VTT Sarmple 2 | 09:50] 16:12] 22 Min]

VTT  |Sampled | 11:15] 11:35] 20Mit|

VTT  |Sampled | 11:40] 12.062] 22Min|

VTT “iSample 5 | 1350] 14:08] 19| |

VT Sample 6 | 14:15] 14:35] J0Mia| |

Table 6: Sampling time and durtion - clean gas (Plant A)

A somewhat longer sampling period was chosen in the clean gas due to the expected lower
concentrations of tar and particulates. Again, VT T carried out 2 measurements of shorter
duration each time the others carried out one sampling.

There was good simultaneousness during the first series of measurements. During the second
series of measurements, BTG started a bit later as there was tas in the pump. The third
measurement was only carried out by DTT and VTT.

The major results of the sampling appear from the subsequent -able 7. Closcr analyscs of the
figures show that deviations in isokinetic sampling slo not consistently lead to the expected
diviation in the measuring results. In the case of toa low suction speed too much dust is
normally measured and in connection with too high suction speed too little dust is normally
measured. However, in connection with positive suction error, the measuring error is much
smaller than in connection with negative suction error. That condition is not confirmed by
what is written overleaf and therefore it is anticipated that the xesults are outshadowed by
other sources of errors.




Date:  1999.0930 -~ = T Pagel7ofd6
Initials.: UZI/PDK/HAC : : _— : '
File: Q:\BioWUZNPROJEKTVOPFOLG ointRepott week 45 2.eng.dac

Lab. Sample | Sample | Sample | Nozzke | v /v, | Pressure Sampled Sampled
Mo. val. flow size d-op condensate natter, fotal
Nm® [Nm*h | mm | - mbar g |gNm'| g |pg/Nm’
BTG 1 1.56 | 2.47 16 | 1.69 0-10 810 5i8 207 133
2 1.63 2.88 16 | 1.97 | 010 681 418 - -
3 1.14 | 2.22 16 | 1.52 | 010 456 | 398 144 126
DT 1 0.3007| 0.60 15 | 0.56 | 50-100 | 146.1 || 486 23.9 79
2 0.3185] 0.64 15 | 0.65 | 50-100 | 191.9 | 603 29.7 93
3 0.366 | 0.67 15 | 0.67 | 50-100 | Z11.1 578 35.8 98
Verenum 1 0.335 | 0.68 10 | 1.42 100 203 606 22 65
2 0.328 | 0.64 10 | 1.33 70 195 595 25 76
VTT 1 0.088 | 0.26 5 0.73 | 50-10C | am. n.m. 3.9 44
2 0.074 | 0.19 5 1.00 | 50-10C | n.m. n.m. 3.4 46
3 0.083 | 0.18 5 1.08 | 53-10C | nm. n.m. 3.2 39
4 .074 { 0.19 5 1.04 | 5G-100 | om. n.m. 3.3 44
5 10074 0.18 5 11.09]530-100| nm. nm. | 34 46
6 0.073 | 0.19 5 1.01 | 50-100 | nm. n.m. 2.9 40
BTG 4 0.9 1.02 16 | 0.14 0-10 61 67 15 16.5
5 2.01 2.36 16 | 0.33 0-10 214 106 13.6 6.8
DTI 4 1.0384] 104 1 6 1.21 | 50100 | 100 96 5.3 5.1
5 1.05811 1.00 6 1.17 | 50-:100 | 92.1 87 4.9 4.6
6 0.9852| 0.99 6 1.14 | 50100 { 91.9 a3 4.1 4.1
Verenum 3 0.781 | 0.755 6 0.77 100 70 90 3.6 4.6
B 4 |oses|o7s8| 6 |078| 50 | 78 97 | 38 | 47
¥IT 1 0.142 | 0.34 35 | 1.0B | 34-100 | nm. | nm. 0.bl 4.3
2 0.141 | 0.38 3.5 {096 | 50-100 | nm. n.m. 0.34 2.4
3 0.132 | 0.40 3.5 1093 50-100 | nm. n.m. 0.30 2.2
4 0.131 | 0.36 3.5 | 1.03 1 50-10C | nm. .M. 0.28 2.1
5 0.132 | 0.42 3.5 | 0.88 | 5G-10C | nm. n.m. 0.27 2.1
6 {0131 0.39 3.5 | 0.94 | 5G-10C | nm. n.m. 0.32 2.4

Table 7: Comparison of specific sampling values (Plant 4)
n.m. = not measured

Ths values above the thick line in table 7 are from measurements in raw gas and the values
selow the thick line are from measurements in clean gas. In the following, comments will be
made to the values in table 7:

Sample volume: There ere rather large differences in the sampled vo lumss. The general trend
is that the total sampled matter decreases with the lower volure sampled.

Isckinetic sampling: The deviation in isokinetic sampling is given by the ratio between
ob-ained velocity and target velocity (v/v,). The calculated average sarget velocity was given
to the participants by DTI before sampling. It appears from the table that the samples were
taken under-isokinetic s well as over-isokinetic. This could lead to possible errors, especial-
ly in larger particle sampling. In tar sampling it is nermally of minor importance, but as tar
can condense on the particles, isokinetic sampling should be zimed at in all cases.
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Pressure drop: These figures show the maximum pressure drop increase in the sampling
train. That could be effected by clogging filters or by ice formation in the impingers. The
values reveal no problems of any kind.

Sampled cordensate: In average, the four laboratories have measured 445 g/Nm® and §7
g/Nm® (BTG); 556 ¢/Nm® and 92 g/Nm® (DTI); 600 z/Nm’ and 94 g/Nm* (Verenum). VIT
has not determined the amount of aqueous condensate. The first value refers to raw gas and
the second to clean gas. There is quite good agrsement on the level of condensate in the gas.
However, BTG’s raw gas value is rether bow and in the clean gas BTG has considerable
deviation thet cannot be accounted for by the operation of the plant. The reason could be that
no gas pump was used during sample 4. DTI and Verenum’s measurements show greater
constancy.

Sampled maiter, total: “Samplec matter, otal” is dust and tar that has been gravimetrically
analysed. Verenum’s values alsa include the water-soluble organic residae. In average, the
four laborataries have measured 130 g/Nm’ anc 12 g/Nm® (BTG); 90 g/Nm’ and 4.6 g/Nm’
(DTI): 71 g/Nm® and 4.7 g/Nm® [Verenum); 43 g/Nm’and 2.6 &/Nm’ (VTT). VTT’s figures
are smaller because they only include hezvy tar; total tar has net been measured by VTT. If it
is assumed t1at heavy tar forms app. 50 % of tatal tar, then there is accordance between
VTT, DTI and Verenum. BTG s measurcsments deviate from the others and that is probably
due to the same reasons as mentionad previously.
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3.1.2 Gravimetric measurement of particulates in raw gas (Plant A)
Sampling BTG DTI Vererum VIT
period
02.11.98 mg/Nm® mg/Nm’ mg/Nm® mg/Nm®
09:32-10:05 259 3440 0
10:05-10:33 5138
10:20-10:43 300
11:43-12:13 - 414 8260 0
12:33-12:57 200
14:15-14:48 4470 150 200
14:55-15:18 400

Table 8: Comparison of particle measurements in raw gas (Plant A)

Figure 1: Particulates in raw gas (Plant A)

Varenum

As it appears from figure 1, there is considerable disagreement on the dust content in the raw
gas. VIT’s and DTT’s results are in the same order of magnitude, but BTG’s and Verenum’s
resuits are one order of magnitude higher. The following result analysis has led to the con-
clusion that BTG’s and Verenum’s particle measurements contain considerable tar residue
that cannot be extracted from the filter thimbles. It is not possible to say why VTT can
extract the filters to 100% cleanness by using DCM, and why BTG apparently cannot.

In order to remove the tar residue from the particles DTI heats the filters to 450 °C in an
inert asmosphere. In that way, the filters lose app. 50% in weight. That does not fit in with

the much higher differences illustrated in figure 1.




-
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3.1.3 Gravimetric measurement of particulates in gas after gas scrubber
(Plant A)
Sarapling ETG DTI Verenum ¢ VTT
period

03.11.98 mg/Nm’® mg/Nm’ mg/Nm’ mg/Nm’
09:15-10:15 172 44 200 -
11:15-12:18 23 210 -
11:47-12:38 316 -
13:47-14:47 16 -

Table 9: Comparison of particulate measurements in gas afier scrubber (Plant 4)

14:48
Figure 2: Particulates in clean gas (Plant A)

As it appears from figure 2, there is also disagreement on the dust content in the clean gas.
VTT has not measured dust there as the particulate measurement was ot in their quotation
to DEA. BTG’s and Verenum’s results are one order of magnitude higher than DTT’s results.
Once again, we assume that the high values are due to tar resicue that could not be extracted
from the filter thimbles probably because part of the collected tar polymerises.

It is Verenum’s opinion that the high values could be correct due to possible loss of submi-
crone particles in the DTT system. However, it is DTT’s experience that the submicrone
particles (because of small mass) contribute inessentially to the result of the gravimetrical
particle measurement. Furthermore, the particle content of the sample train after the filter
has been examined and only 19% of the total particle mass afier the filter has been found.
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314 Gravimetric measurement of heavy tar in raw gas (Plant A)

Table 10 and figure 3 illustrate the content of heavy tar in the raw gas, determined by
weighing the residue of evaporaticn.

Sampling BTG DTI Verenum VTT
period

02.11.98 g/Nm® g/Nn’ g/Nm’ g/Nm’
09:32-10:05 79 41.2 442
10:05-10:33 51.4
10:20-10:43 45.6
11:43-12:13 386 93 44.2 38.6
12:33-12:57 43.8
14:15-14:48 46.9 97 45.7
14:55-15:18 39.7

Table 10: Comparison of heavy tar measurements in raw gas (Plant A)

Figure 3: Heavy tar in raw gas (Plant A)

From figure 3 it appears that there is good agreement between BTG, Verenum and VTT.
DTI’s measurements are app. one factor 2 above the others. The reason is that DTI
evaporates at 25 “C and 200 mbar abs. The other three laboratories evaporate at higher
temperatures and varying pressures (see table 3). It is also possible that the DTI values
contain a surplus of moisture.
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3.1.5 Measurement of light tar in raw gas (Plant A)

Table 11 illustrates the content of light tar in the raw gas. BT'G’s results have been
calculated as the difference between totall tar (residue of evaporation at room lemperature))
and heavy tar (residue of evaporation at 105 °C). The remaining results are based on GC
analyses (total area incl. non-identified peaks). The values of DTT and VTT saow tar
components with a molar mass from 78 to 202, Verenum’s values only include PAH and
water soluble organic residug, phenols. The value marked with * was informed by VIT in
connection with subsequent discussions as VIT did not officially measure light tar on the
updraft gasifier.

Sampling BTG DTI Verenum VIT
period

02.11.98 g/Nm’ g/Nm® g/Nm? g/Nm®
09:32-10:05 33.1 20.1 -
10:05-10:33 76.6 -
10:20-10:43 -
11:43-12:13 52.6 35.3 23.6 -
12:33-12:57 -
14:15-14:48 75.1 38.1 259 *

Table 11: Comparison of light tar measurements in raw gas (Plant A)

s

16:15

Figure 4: Light tar in raw gas {(Plant A,

In this case, differential weighing of the residue of evaporation leads to larger results than in
connection with the GC analysis. The GC results are apparently in rather good agreement.
Verenum’s figures are smallest as they only include part of the tar components. Since all
participants have used different definitions and analysis methods it is not possible to
compare the results from light tar measurements. A closer exarnination of the chromato-
grams shows that considerable deviations appear on single components but most of the
results are in good agreement, as it appears from the next section.
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3.1.6 Comparison, of specific tar components in raw gas (Plant A)

In tke following, results will be shown for selected individual components determined by a
GC analysis carried out by 3 of the participating laboratories. DTT’s and VTT’s measure-
ments were carried out simultaneously, and in relation to time Verenum’s measurement No.
2 comes closest to the ather measurements. The thick line in table 12 indicates the separation
line between light tar and beavy tar according to VIT’s definition. Components below the
broken line are PAHs.

Tar component DTI Verenum VTT
No. 3 No. 2 No. 5 **
mg/Nm’ mg/Nm’ mg/Nm’
Benzene 136 14352
Toluene 276 540
Pheio. 1053 2530 * 1292
Xylene 153 198
Naphthalene 63 0.4 121
Acenaphthylene 9.3 0.4 38
Acenaphthene - 3.6 0.4 34
Fluorene 13 10.4 33
Phenanthrene 23 19.8 35
Anthracene , 648 4.6 0
—
Fluoranthene 3.4 5.0 - 132
Pyrene 5.1 3.3 0
Berz(a)anthracene 2.3 1.0
Chrysene 2.4 P 1.6
Berz(b+k)fluoranthene 1.4 0.8
Berz(alpyrene : 1.2 2.4
Indeno(1,2,3)pyrene 0.4 0.4
Berz{ zhi)perylene 0.2 0.4
| Dibienz{ah)anthracene 0 0.4
Total PAH 137 51.3 393

Table 12: Comparison of specific tar components in raw gas (Plant A)

*%  The shown components should be verified by GC-MS, because the GC chromatogram
can include some unidentified components with the same retention lime as the one
that has been indicated. ’

From table 12 it appears that the DTI method has 2 shortcoming in relation to adsorption of
the most volatile components by the adsorbent XAD-2. The reason can be insuficient contact
time, channelling in XAD-2 or losses during post sampling activities. Therefore, DTI only
finds app. 10% of VTT’s value. From phenol and higher the method is equal to the others.
DTI’s measurement values criginate from DCM and acetone extract analysed by GC-MS. As
it appears from the attached DTI report, light tar has also been found in the aquous conden-
sate, which, presumably, mainly consists of the easily soluble phenols in water. -
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Verenum measures the total of phenolic compounds (*) by applying a photometric method
according to ASTM D 1783-91. The value is of course greater than that of the other two
laboratories as their values only include phenol. In addition, it is noted that Verenum’s GC
analysis gives faulty results in connection with the lower boiling PAH compounds. The
reason is presumably that the naphthalene peak drowns in methyl-guaiacol, which bas
almost the same retemtion time. From the enclosed DT measuring report it appears that
guaiacol and 4-methyl guaiacol are two of the main components of “light tar”, However,
these substances are not analysed specifically by the other participants.

WTT’s method is effective when confronted with tar components with low boiling points.
Compared with DTI’s and Verenum’s PAH values, the results of VIT deviate and in
connection with fluoranthene, there is apparently an error. The reason is apparently
interference with other components.

3.1.7 Gravimetric measurement of heavy tar in gas after gas serubber (Plant A)
Sampling BTG DT1 Verenum VTT
period
03.11.98 g/Nm? g/Nm® g/Nm’ g¢/Nm’
09:15-1C:15 3.12 5.0 2.54 43and2.4
11:15-12:18 2.4 4.6 2.74 2.2 and 2.1
13:47-14:47 4.1 2.1 and 2.4

Table 13: Comparison of heavy tar measurements in gas after scrubber

Veronum

[4:45
Figure 5: Heavy tarin clean gas (Plant A}

Again, there is relatively good agreement between BTG’s, Verenum’s and VTT’s results and
DTI is once again app. factor 2 above the others due to a difference in temperature of
evaporation and differing pressure. VTT’s first measurement is apparently a measuring
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3.1.8 Measurements of light tar in gas after gas scrubber (Plant A)
Sampling BTG DTI Verenum VIT
period .

03.11.98 mg/Nm’ mg/Nm® mg/Nm’ mg/Nm’
09:15-10:15 13.2 49 1.84 -
11:15-12:18 4.1 42 1.82 -
11:47-12:38 -
1347-14:47 3.8 4.5 *

Table 14: Comparison of light tar measurements in gas after scrubber (Plant A)

Figure 6: Light tar in clean gas (Plant 4)

As previouslty, BTG’s results are calculared as the difference between total tar and heavy tar.
The other resuits are based on GC analyses. The values of DTI and VTT show tar compo-
nents with molar mass from 78 to 202. Verenum’s values only include water-soluble organic
residue, phenols and PAH. The value marked with * was informed by VIT in connection
with subsequent discussions as VI T unofficially measured light tar on the updraft gasifier.

Of the same reason as mentioned earlier, Verenum’s results are lower than those of the other -
laboratories, as they only include part of the tar content.

As previously mentioned BTG’s initial measurement was sampled without a pump. That
might also be the reason for the considerable deviation. As all participants have used
different definitions and analysis methods, it is not possible to compare the results from light
tar measurement.
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3.1.9

Comparison of specific tar components in clean gas (Plant A)

In the following, results are shown. for selected individual components determined by a GC
analysis carried out by the 3 participating laboratories. The three selected measurements
were carried out simultaneously. The thick line i table 15 indicates the separation line
between light tar and heavy tar according to VTT’s definition. Components below the broken

line ere PAHs.
Tar component DTI Verenum VTT
- No. 5 No. 4 No. 5 **
mg/Nm® mg/Nm’ mg/Nm’
Benzene 30 294
Tolu:zne 123 310
Phenol 86 490 * 177
Xylene LO4 120
_Indgge - R R 23 T B 22
Naphthalene 27 7.3 26
Aceraphthylene 0.7 0.33 0
Acenaphthene 0.2 0.41 0
Fluorene 0.7 0.47 0
Pheranthrene 0.8 0.61 0
Antlracene 0.3 0.17 0
Fluoranthene 0.2 0.33 0
Pyreae - 0.2 - 038 0
Benz(a)anthracene 0.1 U.16
Chrysene 0.1 0.11
Benz(b+k)fluoranthens 0.1 0.42
Benz(a)pyrene 0.1 0.26
Indeao(1,2,3)pyrene 0 0.13
Benz(ghi)perylene 0 0.12
Dibenz(ah)anthracene 0 0.09
Sum PAH 30.5 11.26 26

Tabie 15: Comparison of specific tar components in clean gas (Plant A )

*%*  The shown components should be verified by GC-MS, because the GC chromatogram
can include some unidentified components with the same retention time as the one
that has been indicated.

As i1 appears from table 15, DTI again found 10% of VTT’s value for benzene.

Of t2e same reason as mentioned earlier, Verenum’s value for phenol is larger than that of
the ather two laboratories and again too low an amount of naphtalene was found.
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3.2 Measurement on downdraft gasifier (Plant B)

3.2.1 Comparison of sampling conditions — period, volume, isokinetic etc.
Laboredory Samplo Mo, | Start Stop | Buaretion 0200 | 0930 10:00|10‘.30111:UD]1":30 1200 {1230 [ 1200 [ 1330 | 1400 | 14:30 | 15:00
316 Sample 6 § 10:17; 11:33] 7BMin) |

3TG Sample 7 | 14:33; 1807

o™ Sample T  10:15) 103

I [Sempled | 1124 11.55

ITI Sample9 | 14:30} 15.06

verenun |Sampled : E0:14] 11:32
Verenum  |Sample 6 | §4:32( 15:0B

VTT Sample 1 10:15} 10:27

VTT Sample 2 ; 10:55] 11:05 e 1

ull Sample 3 | 1142|1153 timn| | A ]

- éémb!e4 1273 12241 11 Min : e
o Sampies | 1430 1442 T2V SSUUVEUEN! FUVRRNONS SSUUUVIUNS NSNUUNNY IVSUROOR) FUPSRNN Sticett NSRS SRR SN N o

e Sampies 157 150 1TV [FUTEUUN FUUPRUUORE WUVUVIRS SOURNTVUR IVIUURTITE SOV SR SRS POPRORS UV NV {;] .......

Table 16: Sampling time and duration - raw gas (Plant B)

BTG and Verenum have larger filter thimbles and therefore they can sample over a longer
period of time than DTT and VTT. Especially in connection with sample No. 7 DTI had to
stop ahead of time as the high dust concentration resulted in a rapid pressure increase in the
sampling train. :

Laboratary | SempleNo, | Stat | Stos | Duarsfion | 09:00 | 0930 | 10:00 | 30:30 | 11:00 | 11:30 | %200 | 1230 [ 1500 | 15:30 | 14:00 [ 14:30 | 15:00
BTG Sample 8 | 08:02
BTG Sample9 | 10:18! 19:48:

OTl Sample 10| 68:00
OTl  |Sample 11/ 10:15
Sample 12 11:47

Sample 1 | 09:03; 83:14
Sample 2 | 09:32] 09:44
Sample 3 | 10:19) 10:33
Sample4 | 1144, 1157
Sample § | 12:09] 12:20

SEEEERE

j

Table 17: Sampling time and duration - clean gas (Plant B)

Of reasons related to lack of time Verenum does not measure in the clean gas at plant B. In
addition, the measurements are carried out simultaneously.
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Lab. Sample | Sample | Sample |Nozzle | v /v, Max. Sampled Sampled
No. vol. flow | size pressure condensate matter, total
drop
Nm® |Nm’/h | mm | - mbar g |gNm*| g |gNm’
BTG 6 1.62 + 1.28 12 1050 ] 0-10 - - 13.2 8.2
7 078 | 1.37 12 | 086 | 0-10 i2 15.9 8.9 11.5
DTI 7 0.1447| 0.54 8 0.89 | 100-250] 15.7 109 | 0.443 | 3.06
8 0.3425| 0.66 8 1.10 [ 100-150| 42.1 123 | 0.596 | 1.74
9 0.2374]| 040 6 1.15 | 100-150| 24.9 105 (.32 1.35
Verenum S 0.81 | 0.623 8 1.02 5C0 118 146 2.8 3.44
6 0.233 | 0.403 8 .66 150 - “ 0.53 | 2.27
VTT 1 0.070 { 0.35 5 0.78 | 50-:00 { nm. | nm. [ 0.061 | 0.87
2 0.047 | 0.28 5 0.98 | 50-100 | nm. | nm. | 0.008 | 0.17
3 0.056 1 0.30 5 0.90 | 50-100 | nm. { nm. | 0.041 | 0.73
4 0.055 | 0.30 5 090 | 50-100 | nm. | nm. | 0.041 | 0.75
5 0,056 | 0.28 5 008 | 50100 { nm. | nm. | 0.041 | 0.74
6 0.055 | 0.30 5 0.91 { 50-100 | nm. | nm. | 0.042 | 0.77
BTG 8 0.82 | 2.47 12 | 0.8% | 0-10 109 132 9.6 11.7
9 1.04 | 2.22 12 1098 | 0-10 138 133 2.0 1.9
DTI 10 [0.2699| 0.81 8 0.82 100 37.8 140 (.52 1.94
11 |0.3630] 078 | 8 0.80 100 51.9 143 0.48 1.33
12 10.3528] 0.88 8 0.90 LC0 47.6 135 0.44 1.26
VTT 1 0.054 | 029 3.5 | 0.82 150100 nm. | nm. | 0.037 | 0.68
2 0.056 | 0.28 3.5 | 0.86 | 50100 | nm. | nm. | 0.109 | 1.96
3 0069 | 0,30 2,5 | 0% 50100 | nmi | namdl | 0045 | 0.65
4 0065 030 ! 35 | 081 50100} nm. | nm. | 0.023 | 0.35
5 0.064 | 0.35 3.5 | 069 50100 | nm. | nm. | 0.029 | 0.45

Table 18: Comparison of specific sampling values on “plant B”

The values above the thick line in table 18 are from measurements in raw gas and the values
telow the thick line are from measurements in ciean gas. In the following, comments will be
given to the values stated in table 18:

Sample volume: Also on plant B there were relatively large differences in the sampled

volumes. It was noted that especially VIT collects very small samples, which makes greater
demands to subsequent handling and to weighing accuracy. Again, the total sampled matter

decreases with lower volume sampled, except BTG’s sample No. 9.

Isokinetic sampling: The deviation in isckinetic sampling is given by the ratio between
obtained velocity and target velocity (v,/v,). DT gave the calculated average target velocity
to the participants before sampling. It appears fiom the table that most of the samples were
taken slightly under-isokinetic. That leads to possibile errors, especially in larger particle
sampling. In tar sampling it is of minor importance. Due to other sources of errors/ uncer-
tainties it is not very likely, as mentioned previously, that the deviation in isokinetic samp-
ling is of substantial importance to particle determination.
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Pressure drop: These figures show the maximum increase in pressure drop in the sampling
train. This could be affected by clogging filters or by ice formation in the impingers. The
values reveal no problems of any kind.

Sampled condensate: T average, the four laboratories have measured 15.9 g/Nm’ and 133
g/Nm’ (BTG); 112 g/Nm® and 139 g/Nm® (DTI); 146 g/Nm’ (Verenum). VIT hasnot
determined ths amount of aqueous condensate. The first value refers to raw gas and the
secand to clean gas. Thare is quite good agreement in the level of condensate in the gas, but
it is obvious that BTG has a measuring error in raw gas (15.9 g/Nm®). The mounted cooling
pipe (photo 2} might be the reason for the low value.

Sampled matter, totel: “Sampled matter, total” is dust and tar that have been gravimetrically
analysed. Versnum’s values also include the water-soluble organic residue. In average, the
four laboratories have measured 9.9 g/Nm® and 6.8 gNm® (BTG); 2.1 ¢/Nm’ and 1.5 g/Nm?
(DTI); 1.7 ¢/Nm® (Verenum); 0.7 ¢/Nm® and 0.8 g/Nm’ (VTT). The first value refers to raw
gas and the second to clean gas. It is noted that BTG’s results differ from the others and in
apite of a small amaunt of condensate a high tar content is found. This does not seem to
indicate that the cocling pipe is the reason for the deviation.
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3.2.2 Gravimetric measurement of particulate in raw gas (Plant B)
Measurement BTG DTI Verenum VTT
period
05.11.98 mg/Nm’ mg/Nm’ mg/Nm® mg/Nm’
10:15-10:31 1146 550
10:15-11:33 818 830 90
11:24-11:55 963
11:42-11:53 560
12:13-12:24 510
14:30-15:06 864 773 660 570 and 630

Table 19: Comparison aof particulate measurements in raw gas (Plant B)

Figure 7: Particulate irt raw gas (Plant B)

I general, there is greater agreement on the dust content than in connection with plant A..
That is because the smaller tar content of the downdraft gas makes it impossible to make
such serious measuring errors as seen on the updraft gasifier.

As it could be expected, some measurements show a decreasing tendency im the course of
the day, which is related to the recent start-up of the plant. In general, VVT’s measurements
are below average and measurement No. 2 is apparently faulty.
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3.2.3 Gravimetric measurement of particulates in gas after gas scrubber
(Plant B)
Measurement BTG DTI Verenum VIT
period
06.11.98 mg/Nm® mg/Nm® m y/Nm’ mg/Nm’
09:00-09:20 510 604 - 470
09:32-09:44 - 1700
10:15-10:43 527 426 - 460
11:41-12:05 406 - 210
12:09-12:20 - 250

Table 20: Comparison of particulate measurements in gas after scrubber (Plant B)

Figure 8: Particulate in clean gas (Plant B)

I this case, there is alsa greater agreement on the dust content than was the case with plant
A. Apart from VIT’s measurement No. 2 there is good agreerment between the measurement

values. In the course of the day, a decreasing tendency was again noted.
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3.24 Gravimetric measurement of heavy tar in raw gas (Plant B)
Measurement BTG DTI Verenum VTIT
period ‘

05.11.98 mg/Nm® mg/Nm’ mg/Nm® mg/Nm’
10:15-106:31 1913 -
10:15-11:33 6310 980 -
11:24-11:55 744 -
11:42-11:53 ' -
12:13-12:24 -
14:30-15:06 9830 561 560 -

Table 21: Comparisor of heavy tar measurements in raw gas (Plant B)
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Figure 9: Heavy tar in raw gas (Plant B)

VTT has not measured heavy tar on the downdraft gasifier as that is not included in their
quotation to DEA.

In downdraft gas the higher boiling tar components dominate. That, in combination with the
fact that light tar contains a high amount of lower boiling components such as benzene,
toluene etc., explains why there is reasonable agreement between DTI and Verenum in spite
of various temperatures of evaporation at the gravimetric determination of heavy tar.

Another reason for the agreement between DTI and Verenum could be that the tar at plant B
is more hydrophobic which facilitates moisture evaporation. Please see the next page for
comments on BTG’s results.
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3.2.5 Measurement of light tar in raw gas (Plant B)

Measurement BTG DTI Verenum VTT
period
05.11.98 mg/Nm’ mg/Nm® mg/Nm® mg/Nm’

10:15-10:31 4050 1633 643G
10:17-11:33 1050 2297
11:24-11:55 2717 3981
11:42-11:53
12:13-12:24 530G
14:30-15:06 730 2238 1051 3880 and 3408

Table 22: Comparison of light tar measuremnents in raw gas (Plant B)

mg/inm*

Figure 10: Light tar in raw gas (Plant B}

As previously, BTG’s results are calculated as the difference between total tar and heavy far.
The other results are based on GC analyses. The values of DTI and VTIT show tar compo-~
nents with a molar mass from 78 till 202. Verenum?’s values only include water-soluble
organic residue, phenols and PATH.

Because of the stated reasons Verenum’s measurement values are lower that those of DTI
and VTT.

DTT’s results are too small and that is due to lack of benzene and partly to lack of toluene.
VTT’s results vary a bit and therefore measurement No. 2 seems to be too low.

BTG’s results are completely different from those of the others. The heavy tar results are
higher and the light tar results are lower than the results of the others. In 4 note to these
results BTG claims that their resulis are correct. Because of the high boiling, tar components
dominate in downdraft gas. In consequence, the results of the other participants are wrong.
(BTG statement). Since all participants have used different definitions and analys:s msthods
it is not possible to compare the results from light tar measurements.
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3.2.6 Comparison of specific tar components in raw gas (Plant B)

The following specifies the results of for selected individual components determined by a
GC apalysis carried out by several laboratories. The chosen measurements were carried out
simultaneously. The thick line in table 23 indicates the separation line between light tar and
heavy tar according to VTT’s definition. Compenents below the broken line are PAHSs.

Tar component DTI Versnum VTT
No. 7 No. 5 No. 1+2
mg/Nm’ mg/Nm’ mg/Nm’
Benzene 625 2380
Toluene 208 338
Phenol 95 20 * 57
Xylene 42 38
| Indene T TR 310 0 o o | _164_
Naphthalene 624 834 624
Acenaphthylene : 279 223 205
Acenaphthene 13 10.6 13
Fluorene 48 40 10
Phenanthrene 95 108 131
Antaracene 25 32 33
Fluoranthene 34 46 52
Pyrene - 3¢ 47 L 53
Benz(a)anthracene 5.3 8./
Chrysene 5.6 5.9
Benz(b=-k)fluoranthene 7.9 11
Benz(ajpyrene 5.0 5.2
Indeno(1,2,3)pyrene 2.3 3.9
' Benz(ghi)pervlene 2.8 4.4
i Dibenz(ahlanthracene 0.2 0.9
Total PAH 1182 1383 1121

Takble 23: Comparison of specific tar components in raw gas (Plant B}

From table 23 it appears that DTI again found too little ber.zene.

Contrary to expectations Verenum found least phenol and most naphtahalene — actually, the
opposits tendency of the values from the updraft gasifier. Eowever, concerning the down-
dradt gasifier Verenum should have the same value of phenol as DTI and VTT, as no higher
phenols are present.

In zddition, there is good agreement in connection with PAH.

Concordantly, the laboratories found 2 PAH content in the downdraft gasifier that was one
order of magnitude larger than in the updraft gasifier.
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3.2.7 Gravimetric measurement of heavy tar in gas after gas scrubber (Plant B)
Measurement BTG DTI Verenum VIT
period
06.11.98 mgNm® mg/Nm® mg/Nm® mg/Nm®
09:00-09:20 | 9660 1336 - -
10:15-10:43 1160 904 - -
11:41-12:05 855 - -

Table 24: Comparison of heavy tar measurements ir: gas after scrubber (Plant B)

Varonum

Figure 11: Heavy tar in ciean gas (Plant B)

VTT did not measure heavy tar as it was not in their quotation to DEA. Verenum did not
carry out measurements due to lack of time. Therefore, the basis of comparison is rather
weak. However, it is abvious that the diversity of BTG’s measurement results is too great
although an increased CH, concentration in gas has been observed between 9.15 and 9.30
(see figure 16). An increased CH, concentration indicates an increased tar content.
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3.2.8 Measurements of light tar in gas after gas scrubber (Plant B)
Measurement BTG DTI Verenum VTT
period
06.11.98 mg/Nm’ mg/Nm®* mg/Nm’ mg/Nm’
09:00-09:20 1510 3572 - 4714
09:32-09:44 - 5917
10:15-10:43 220 2679 - 4290
11:41-12:05 2725 - 3482
12:09-12:20 - 4628

Table 25: Comparison of light tar measurementis in gas after scrubber (Plant B)

mgim® 3000 ..

2000 :
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Figure i2: Light tar in clean gas (Plant B)

As previously, BTG’s results are calculated as the difference between total tar and heavy tar.
The cther results are based on GC analyses. The values of DTI and VIT show tar compo-
nents with a molar mass from 78 till 202. Verenum does not measure in the clean gas.

DTT’s results are again too small due to lack of benzene.

BTG's results are very different from the others and once again there is considerable diver-

sification. Since all participants have used different definitions and analysis methods it is not
possible to compare the results from light tar measurements.
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3.2.9 Comparison of specific tar components im clean gas (Plant B)

The following specifies the results of selected individual components determined by a GC-
analysis carried out by 2 of the participating laboratories. The selected measurements were
carried out simultaneously. The thick line in table 26 indicates the separation line betwee
light tar and heavy tar according to VI T’s definition. Components below the broken line are

PAHs.
Tar component DTI BTG VTT
No. 10 No. 8 Ne. 1
aromatics and phencls
mg/Nm™ mg/sampie mg/Nm®
Benzene 448 1.88 2598
Toluene 108 3.24 372
Phenol 15 19.06 12
Xylene 48 5.06 41
Indene . o b 30 _ o - R4 L o0
Naphthalens 546 114.17 727
Acenaphthylene 198 36.47 245
Acenaphthene 9 1.09 9
Fluorene 41 5.04 38
Phenanthrene 63 10.05 72
Axnthracene 20 2.45 16
Fluoranthene 22 5.71 34
- - {Pvrene 21 _10.87 43 B
| Benz{alanthracene 4.6
Chrysene 4.9
Benz(b+k)fluoranthene 7.4
Benz(a)pyrene 5.0
Indeno(1,2,3)pyrene 32
Benz{ghi)perylene 2.9
Dibenz{ah)anthracene (.2
Total PAH 948 1184

Table 26: Comparison of specific tar components in clean gas (Plant B)

From table 26 it appears that DTI again found too little benzene. In addition, there is gooc
agreement in connection with PAH.

BTG has reported values of aromatics and phenols as concentration in various extracts.
These values can be compared relatively with the results from the other laboratories.
Comparison takes place for BTG measurement No. 8, which is carried out simultaneously
with the two other measurements in tzble 26.

BTG’s values stem from the sum of extracts from test run 8 and cotton wool 8. The tendeacy
in the values can be compared with the other resuits (app. factor 10). However, the deviat.on
in cennection with benzene, toluene and phenol is pronounced.
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33 Gas composition during measurenzent periods

"Plant A" 931102

25 4wl
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Figure 13: Gas composition, 2" Nov. 1998, raw gas, “Plani A”
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Figure 14: Gas composition, 3" Now, 1998, clenn gas, “Plant A”
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"Plant B" 981105
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Figure 15: Gas compositiors, 5 Nov, 1998, raw gas, “Plant B”
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Figure 16: Gas composition, 6" Nov. 1 998, clean gas, “Plant B”
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4. Financial aspects of the sampling methods

[n the following, the finaneial aspects of the sampling methods are compared. The following
parameters are included in the cost analysis:

o Investment costs for sampling equipment

s Operating costs — preparations and sampling

e Cost of preparation of samples and chemical analyses

e Cost of consumables

4.1 Sampling equipment

BTG DTI Verenum VTT

, . Euro Euro Furo Euro

Heated probe with nozzles, 2000 [155 1041 1000

filter housing and valve

Temperature regulator 100 538 300

Condenser, impinger fiits 700 525 191 1000

and glass equipment — rack

Pump protection equipment 140 53

Vacuum pump 680 807 1787 500

Flow meter 100 188 100

Volume meter 100 215 188 200

Attached equipment 725 1670 17 200

Total 4305 5150 3465 3300

Table 27: Investment cosis for sampling train

The DTI prices are from 1998.
The BTG prices are app. 5 years old.
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4.2 Sampling costs
BTG ** DTI *# Verenum * VTIT **

Man-hours Man-hours Man-hours Man-hours
Preliminary preparations 2 i
Installaticn - plant A 4 3 3.5 1
Installaticn and calibration 3
of gas anzlysers.
P&T sampling — plant A 2 15 14.5 15
Dismantling — plant A 3 4 3 1
Installaticn — plant B 4 2.5 2.5 1
Installaticn and calibration 3
of gas analysers
P&T sampling — plant B 10 12 9 10
Dismantling — plant B 3 4 2.5 i
Postsamrpling activities 36 1.5 8.5 4
Total man-hours 66 50 43.5 34
Man-hours per sample 7.3 4.2 7.25 1.5

Table 28: Sampling costs

*  Samples taken by 1 person (scientist)

** Samples taken by 2 persons (1 scientist and | technician)

The hours shown in tanle 28 are hased on the effective time used by the participants during
the measurement on both sites. That means that possible waiting time between the
measurements has not been included in the time consumption.
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4.3 Analysis costs
BTG DTI Verenum VIT
Buro/sample | Buro/sample | Buro/sample Euro/sample
Preparation of samples, 250 280 Included in
soxhlet, filtration etc. the analysis
cost
Gravimetic analysis of 100 242 375 200
particulates and heavy rar
Analvsis of light tar 537 228 140
Total analysis costs per 350 1059 603 340
sample
Table 29: Analysis costs
4.4 Caost of consnmahles
BTG DTI Verenum VIT
Euro/sample: | Buro/sample | Euro/sample Euro/sample
Filter materials 10 3 5 3
Solvents 5 25 26 4
Othezs 2 5
Total cost of consumables 15 30 31 12

Table 30: Cost of consumables

It is not immediately possible to compare the meisurement costs — especially as there are
great differences in the fizld of analysis. DTI’s amalysis price is  little on the large side of
the normal costs as extra tests have been carried out.

Resides the mentionsd costs a normal task also includes travelling time, board & lodging and
time spent on reporting of measurements.

For all methods there is 2 need to reduce the mar-hours and costs for sampling, postsampling
and analysis. In that connection, a further develooment of a reliable “short cut” method
might be a step in the right direction, Several laboratories are working at such a
development.
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5. Conclusion

5.3 Conclusion relating to sampling methods

The applied sampling methods vay a lot and the parallel test has revealed pros and cons of
the methods. In general, it can be soncluded that no problems have been observed when
using glass equipment on the sites. In spite of limited space the samples have been taken
withomt breaking any glass equiprent. Due to transparancy and good cleaning properties the
application of glass equipment cam be recommended.

BTG’ s sampling train is very robust but it is not transparent except for the glass tube filled
with cotton wool. BTG mrakes the largest samples compared with the other participants. In
updraft tar sampling BTG’s methad had evident problems with tar penetration. According ta
BTG shat was due to their lack of experience with updraft gasifiers. The problem could be
salved by increasing the mumber of condensers in the train. BTG does not use any solvent
during sampling. In post sampling procedures on site, BTG uses DCM for rinsing the
flexible hoses and for soxhlet extraction. Mare attention should be given to personal protec-
tive measures such as glaves and ‘espiratory protection.

DTI’s sampling train mainly conssts of glass components built inio a rack, which is very
easy to use. However, the stainless sieel probe is too long and too heavy in use and should be
further developed so it becomes more user friendly. There was no visible acrosol penetration
in DTI’s sampling train, but neve-theless a small loss of tar has been ascertained. DTI does
net use solvents during sampling. For instance, the DTI method is the only method which
uses solid adzorbent XAD2. Aftex sampling the sampling train is rinsed with DCM and
acetone. The vacuum pumyp is in eperation during rinsing so the operator does not come in
contact with solvent fumes. The fizmes ars led out of the building hy means of an exhaust
hose. Handling DCM then solely takes place in the laboratory under rigidly controlied
conditions.

VTTs use of chilled DCM has turned ont to be more effective for sampling volatile tar
compounds than solid acsorbents (XAD?2). If solid adsorbents have to be used in futurs, then
a combination of e.g. XAD?2 and active carbon should be chosen. It is not recommended to
use solvents that are hazardous tathe health of humans and animals (toxicity etc.), to safety
(explosion risk etc.) or tc the env ronment (ODP, smell etc.). If solvents are to be used 1n
future then DCM should be repla:ed by a substance that is environmentally acceptable.
VTTs use of DCM on site takes place under reassuring conditions, as respiratory protectiorn
(activ carbon) and rubber gloves ire used. In connection with all measurements VTT has
taken the smallest samples. In general, the total sampled matter increases the higher the
sampled volume is.

The parallel measurements have also shown that there is a need for an unambiguous defini-
tion of the notions “tar”, “heavy tar”, “light tar” and “particulates”. Furthermore, a uniform
prepzration of the samples has to be used and so do uniform conditions of evaporation within
the d-fferent sampling procedures. Gravimetrical determination of ”light tar” as the differ-
ence befween “total tar” and “heavy tar’ does not give results that can be compared with
“light tar” determinatior. on the kasis of a GC analysis. The test has shown that evaporation
procedures for tar deterraination 1ave to be used very carefully as many parameters influence
the result (temperature, pressure, fime, moisture content ete.).
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The residue of evaporation is influenced by a great number of parameters:
s+ There is a risk of chemical changes (i.e. polimerisation) during evaposation

» Tar losses are inevitable
o There is an overlap of “light tars” determined by GC

From table 31 the pros and cons of the methods used during parallel test runs in Denmark

- minor imprevement/medification recommended

- improvemer:t/modification required

Remarks:

can be seen.
Evaluation parareter | BTG I DT1 l Verenum | VIT
Measurements on updrafi gasifier

Probe size, space requirermnents ++ —-— ++ -

Possibility to mount probe during gasifier operation —— ++ - +F

Method used forparticulate sampling and aralysis - + - -

Method used for heavy tar sampling and analysis - + —+ ++

Mezhod used for PAH sampling and analysis ? ++ + +

Comparability of particulate concentration - - +

Comparability of heavy tar concenfration ++ + ++ ++

Comparability of PAH concentration +4 - -

Consistency of particulate, heavy tars and PAHdata i+ + + +

Measnrements on downdraft gasifier

Method used for particulate sampling and analysis - ++ - ++

Method used for heavy tar sampling and analysis + + ++ ++

Method used for PAH sampling and analysis ? ++ 4+ ++

Comparability of parriculate concentration ++ ++ ++ +

Comparability of heavy tar concentration ++ +H i +

Comparability of FAH concenfration ? +48 ++ +t

Consistency of particulats, heavy tars and PAH data + +4 ++ +

General parameters

Time requirement for equipment installation/dismantling ~ - - ++
{ Time requiremeat for on site post sampling — -8 — +
 Use of "good laboratory practices” on site [ + - ++
iRE:SllltS reporting (structure, content, discussion, documentation ete)  + ++ ++ +

Tabie 31: Evaluation of the used methods

Qualitative assessment parameters:

++ good

+ accepteble (minor improvements appreciated)

? no assessment possible (i.e. not measured, not offered)

e ‘When viewed for cach participant separately, the method used for pasticulate, heavy tar

and PAH sampling is identical.

e Comparable assessment is made with respect to the data of the other methods used (no

strong deviations from the others results) or with respect to the “expected” concentration

(i.e. as krown from literature).

« o assessment for the “light tars” (as discussed in draft final report) is made.

« No assessment of the reproducibilities of the methods is possible (no- a target o1 the

investigation) -




 Date: 19990930 - L - . PagedSof4é
- Initials.: UZI/PDK/HAC S o o : ‘
File:Q:\Bio\UZNFROJEK NOEFOLG\jointRepart week 45_2.eng.doc -

5.2 Conclusion relating to measurement results

The main result of the particulate measur=ment is that =t to some degree is difficult to dis-
tinguish beween tar and particulates. A kigh tar contert in the gas often implies measuring
srrors in parficle measurement results. BTG and Verenum measure particulates in updraft
gas, which are one order of magnitude hi sher than DT? and VTT. The results are more
uniform in downdrafl gas (max. diviatior: by factor 2).

Various conditions o= evaporation have rssulted in var-ous date for heavy tar. DTI has
measured app. twice 18 much heavy tar as the other lakoratories as evaporation has taken
place at rcorn temperature. The other laberatories evaporate at 105 °C. In some cases,
especially in updraft zas, comparable heevy tar valnes were found although various sampling
methods, conditions, solvents and analytical procedures were ased.

When dete-mining the light tar content of the gas there is generally good agreement in
connection with the Ligher boiling compaunds and with PAH. On the other hand, greater
deviations aze noted wwith henvene and to-a certain extent with toluene. VTT’s sampling
method is more effective as regards components with Zow boiling points than DTI’s
methods. \Verenum has not determined the components with low boiling points.

5.3 Recommendations te the future work -n a tar protocol

BTG has problsms with tar penetration when measurements are carried out in high concen-
trations. Oae condenser is obviously not as efficient as required. There were several irregu-
larities during samplmg, e.g. leaks from ‘he sampling -rain, blockage of the pump because of
tar ard a broken filter cartridge. Furtherrore, BTG s mesults vary a Int and for instance a
facto~ 8 between twe successive measurements has be :n observed. In one case, 7-9 times
less condensate was measured than what was found by other participants. Determination of
light tar, by means o differential weighing between tctal tar and heavy tar apparently gives:
no uriform vesults. &3 it appears from table 31 the sammpling and analytical procedures have
to be improved. After this improvement the BTG measuring rzethod can form pert of the
future work on the tar protocol.

DTI consistzntly finds twice as much heavy tar as the other participants. That is because tar
evaporation took place at 25 °C, whereas the other participants evaporate at 105 °C. The
futurs measuring meshod must not overlap between heavy tar and light tar. Therefore,
evaporation has to take place at a temperature where cverlap is avoided, e.g. 105°C. In
connscticn with light tar determination, DTI found tea little kenzene and to same extent (0o
fittle toluse. That is because XAD-2 is not especially suited for adsorption of velatile
components. DTD’s measuring method is applicable ifthe problem with penetration of
benzene is solved. Taat can be achieved by e.g. using active carbon. After minor modifica-
tions DTI”s measurimg method can form part of the fu ure wotk on the tar protocol.

Verenum's measurirg method has a minor shortcomicg in commnection with separation of
particulates and tar. 1 the impinger train, penetration of tar aerosols has also been observed.
The problem can be solved e.g. by analysing the connzcted aciive carbon. Verenum’s tar
analvsis only includes part of the light tar componente and therefore the results are in general
lower than <he resuls of DTI and VTT. In addition, tiere were problems connected with
finding naphthalene. when there are high concentrations of tar substances with corresponding
retertion time. One advantage of Verenum’s measuricg methad is that DCM is mot used.
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After minor modifications the Verenum measurement method can form part of the future
work on the tar protocol.

The measuring method used by VIT is net sensitive enough to determine particulates. In
updraft gas either O or 200-400 mg/Nm’ has been found which is too inaccurate. According
to VTT they did not use their standard particulate measurement method, because it was not
in their quotation to DEA. Normally, ¥TT uses a membrane filter for particulate sampling.
Penetration of tar acrosols has also been observed in some situations. That should be avoided
in the final measuring method by adding mors solvent to the impingers ar by adjusting the
sample rate. In: the downdraft gas thers are some results that appear unlikely. After minor
modifications VIT’s measuring methed is recommended to form part of the future work on
the tar protocel.

In connection with the future measuring method to be described in the tar protocol, it is
generally recommended to avoid using substances that are hazardous to health or harmful to
the environment.

Other recommendations for the future measuring method:

e Calibrated measuring equipment should be used — which is normal in connection with
accreditated measurements.

e A uniform protocol for sampling, postsampling and analysis should be used/developed
and appended in the measurement report.(such as the Verenum protocols). The aim is:

- 1. to ensure a quality standard
2. to use a comparable experimental basis
3. to aveid errors/mistakes/misinterpretations of results
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INTRODUCTION

Comparabie and simultaneous tar and dust measurements have been carried out at two plants
in Denmark by four European laboratories using their own method of measurement: BTG (The
Netherlands), DTT (Denmark), Verenum (Switzerland) and VTT (Finland).

These paraliel measurements were conducted to:

. compare the mar and dust measurement results of the four methods;

. get insight in the applicability of the methods under varying conditions;

. get insight ini the costs of the different methods;

. reach consensus on one measuring protocol for tar and dust determination in producer
gas to be used in future projects and the development of an international standard.

This report contains. the results of the tar and particulate determination at two wood gasifier
installations according to the BTG methwod developed in the early 80s in the framework of the
{YNDP/World Bank monitoring program on small scale biomass gasifier installations.

The experiments were carried out by BTG. InChapter 2 the main features of the BTG mgthod
are summarized. In Chapter 3 the results are given. The results are discussed in Chapter 4 and
conclusions are given in Chapter 5. ‘




CHARACTERISTICS OF THE BTG SAMPLING METHOD

A summary of the nain features: characterizing the sampling methed is described below.
Distinction is made Between on-site sampling anc laboratory analysis.

On site sampling:

Isokinetic sarpling;

Simple, robust and low cost system;

Particulate separation by glass fibre filter cartridges at temperatures above 100 °C to
avoid water condensation:

tar separation through condensation at approx. 2.°C without organic solvents in a 5 liter
RVS condenser. This temperature is selected to simulate the real situation where the
producer gas-/ air mixture enters the engine at nearly ambient condiiions;

Mot sensitive fo sampling duration and/or contaminant level in the product gas;

On site preparation of the: samples that will be transported to a laboratory;

Laboratory analyses:

»

gravimetric determination of particulate rmatter in the filter;

gravimetric determination of total tar amount in the sample by drying at room
temperature;

Optional: gravimetric determination of heavy tar by drying at 105 °C;

Optional: G analyses determining the tar components.




3.1

RESULTS

Experimental program

The experiments are done at two plants, to be named plant 1 and plant 2. An overview of the:
experiments conducted is given below.

Plant 1: Raw gas side

Atplant 1 gas was sampled froma bypass of the main producer gas line. The raw gas sample
point, used by BTG, was located at 2 vertical bend of the duct where the producer gas flow
was downstream towards the wet venturi scrubber. Temperature at this sample point was abou
75 °C.

Plant 1: Clear gas side

At the clean gas side the gas temperature Was about 45 °C. This time the sampling nozzle of
BTG was located in a horizontal bend of the clean gas part of the duct.

Plant 2: Raw gas side

At plant 2 the experiments were carried out at an herizontal bend in the main producer gas
tine. Because of the high tempceratures (up to 600 °C according to the plant manager) at theraw
gas side, some adjustments had to be made for the equipment. 'The fjor adjustuent was the
introduction of a 1 mcoaling tube with a diameter of 0.5" directly behind the sampling nozzle.
The adjustment made it possible to cool the gas to a temperature of about 120 °C and worked
as a safeguard for the teflon lined valve of the filter house.

During the measurements at plant 2, a second condenser vessel was used, o prevent the
entrainment of tar. Additionally, a glass tube with cotton wool was placed to visualize the
entrainment of dust or tar (smoke). This colton wool filter, which does not belong to the
standard BTG-tar and dustsampling equipment was not used during the measurements at plant
1. The tar left on the cotton wool was included in the measurement by refluxing it with DCM
in the Soxhlet apparatus. Moreover, before and after the measurements the weight of the cotton
wool was measured.

Plant 2: Clean gas side
At the clean gas side, the sample point was located: at a vertical upstream part of the clean

producer gas line. Before the clean gas measurement, the fil-er house vessel was heated up
before the experiment 1o a temperature of 120 °C.
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It should be mentioned that in the morning of 6 November,.a disturbance ir the ash removal
system of the cyclone caused a shut down of the engine. The measurement of tar and dost
particles was enabled by operating the gasifier at the blower and the flare. Higher dust content

could therefore be expected.

Overview of measurenients

In Tabte 1 an overview is given of the measurements carried out at plant 1 and plant 2.

Table 1: Overview of tar and d4s! measurements carried out by BTG in Denmark.
Mo. Site Sampling Date Stan Sto? Sampled Flow
volume
[Nm*] {Nm¥/hr)
1 1 raw gas 2-21-'98 10:05 10:23 1.56 247
2 1 raw gas 2- 1-'98 11:44 12:38 1.63 2.88
3 ] raw gas 2-.1-98 14:17 14:28 L.14 222
4 1 clean gas 3-11-'98 9:24 £0:.7 0.9 1.02
5 ! cleangas | 3-11-'98 11:47 12:38 2.01 235
6 2 raw gas 5-11-'98 10:17 1:33 1.62 1.28
7 2 raw gas 5-11-'98 14:33 L5:77 0.78 137
g i slean pus | 6s11-'96 9:08 o2 042 C
9 2 clean gas 6-11-98 10:18 1046 1.04 222
Nates:
1. the gasflow is adjusted to igokinetic conditions as c-osely as possible. However, during
some runs, the flow was decreased due to extremely high tar levels.
2 the nozzle size used at plant I was 16 mm and 12 mm aty plant 2.

Dust measureament

In Table 2, the measuring results are tabulated for the 9 experiments. The dust content at the
raw gas side of plant | is very high.

If dust collection efficiency is bas2d on mass, the dust collection efficiency of the wet scrubber
of plant 1 seems to be gaod (> 93 9%). Far plant two the ccllection efficiency is rather low due
1o operational problerns with the cyclone ash removal system.
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Table 2: Results of dust measuremeiit.

weight of filter cartridge
No. before [g] after g} dust {g] dust content [mg/Nm']

1 20.1246 28.152 8.0274 5138 |
2 23.1715 - -

3 224833 27.142 4.6587 4070

4 23,2602 23.4154 0.1552 172

5 21.0924 21.7259 0.6335 316

6 22.0364 23.3594 1.323 s18

7 22.0251 22,6972 0.6721 864

8 16.5245 19.944% 0.4204 510

% 18.263 18.8089 0.5459 527

The ‘duplo” measurements 6 and 7 show quite similar results. The same holds for

measurement 8 and 9.
Note: during experiment no. 2, the filter cartridge was broken.

Tar measurement
The determination of the total amount of tar was done by the removal of solvent {DCM)

tirough distillaticn and evaporation {of the DCM traces) ta the air at room temperature. The
amount of heavy lar was determined by further gvaporation of the samples at 105 °C.

Table 3 shows the tar measurement results for the 9 measurements conducted at plant 1 and
2 (see also Table: 1). The total amount of tar, heavy tar is given and micrograms per normal
cubie meters. Through the condensation method, the water content in the product gas can aiso
be determined. The results.in grams per normal cubic meter are also given in Table 3.




3.4

Table 3: Tar measurement results
No. | Side Tar Heavy tar Condensate

() | [megMm® | fg] | (mgNw’} | [g) | [oNm’) | [vol%]
1 | raw { 199 | 128%10° g0 | 51.4*10° | 810 | . 518 64.2
2 | raw | 149 | 912¢10* } 63 | 386*10° | 681 ;| 418 517
3 | aw | 130 | 122¢10° | 54 | 46.9*1¢° | 456 | 398 493
4 | clean | 148 | 1635%10° | 2.8 | 3.12%10° | 6l 671 8.3
s lclean | 13 | 646¥10° ! 4.8 | 240%10° | 214 | 106 1 132
6 | raw | 119 | 736%10° | 10 | 631*10° | * * *
7 | aw | 826 | 10615107 | 7.7 | 9.88¥10° | (2 15.9 2
g | clean { 92 | 11.07%10° | & | 9.66*10° | 109 | 132 16.4
9 | clean | 143 | 138<10* | 12 | 116%10° | 138 | 133 16.5

* The condensate of experiment 6 was left bebind at piant 2

During test no. 4 the pump was switched of%. It was expected that due to the overpressure of
the gasifier installation, iso-kinetic conditions were obtained automatically.

The cuantity of condensate during test no. 7 was found to be very low. No explaination could
b (pund [ Lhis finding. ' ' '

As expected, the raw gas of the updraft gasifier contained large amounts of tars. The
reprcducability is quite acceptable. The raw gas of the downdraft gasifier contains about 10
g/Nm’. Due to the operational problerrs, stxange and unreliable data were found at the clean
gas curing the last testrun.

Comparing the retative figures of “tars’ and “heavytars® itcan be concluded that the downdraft
gasifier (exp. 6-9) contains relatively more heavy tars than the updraft gasifier (exp. 1-3). This
can be expected from the higher gasificaticn termperatares.

Remarks on gravimetric tar determination.

A remarkable difference was found in the gravimetric tar determination and in particularly on
the evaporation of DCM between tar samples of plan; 1 and plant 2.

In the fizst part of this paragraph the determination of the total amount of tar and the heavy tars
in szmple S while in the second part the determination in sample 1-3 is analysed in more detail.
For more detailed tar measurement results one should consider Appendix B.




Determination of total amount of tar at room temperature: sample 3, (. plant I, clean gas)

As an example, the measured weight of sample 5 is given in Figure 1 as function of time
during the evaporation of the remaining DCM after distillation. 1t can be seen that initiaily
DCM evaporates rapidly. Later on the weight loss as a function of time decreases and the
evaporation rate of light aromatics drops to a very low level. The total amount of tar present
in the sample at room temperature can be calculated from the intersection of the trend lines
shown in Figure L. '
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Figure i: Weight loss of sample 5 as a function of time at room temperaiure.

Determination of total amount of heavy tar at 105 °C: sample 5, {plant 1, clean gas)

After determination of the total amount of tar at room temperature, the sample is placed in an
oven at 105 °C and its weight loss is monitored in time. The total amount of heavy tar can be
calculated from the intersection of the trend line and the y-axis, see Figure 2. Figure 2 shows
that at the start of the heavy lar determination, the light aromnatics evaporate rapidly.
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Figure 2: Weight loss of sample 5 as function of ime at T = 105 °C.
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Determination of total amount of iar at room temperature: sample 1-3 (plant 1, raw gas)

Figure 3 shows the weight lnss for sample 1-3 in comparison with sample 5. [Note: the amount
of tars for sample 1-3 are only part of the total!, see table 3 for the total}. This illustration
shows that the weight loss of sample 1-3 is extremely small. A small film on top of the sample
could be observed which night have caused the low evaporation rate of DCM. Therefore, it
can be concluded that the determination of the exact amount of tar at ambient ternperature
present in these particular ar samples is cumbersome, see Appendix B.

The other conclusion is that the method of tar determination depends on the type of tar and
thus gasifier design, although this-conclusion shouid be treated carefully while this is the first
time that the methad was Lsed at this type of gasifier (updraft).
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Figure 3: Weighaloss of sample 1-3 as function of time at room temperature.
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3.5 GC measuremestt of total tars and heavy tars

GC analysis were rrade of the total tars at ambiznt conditions and heavy tars after evaporation
at 105 °C by using the SPA-method (solid phase adsorption) of some of the experiments. The
results are shown.in Appendix C which clearly shows that ail light aromatics are evaporated
after placing the sample in an oven at 105 °C.
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DISCUSSION

Gas composition as indication for tar production

To validate the:amount of tar measurea during a certain period of time, a comparison with gas
composition is useful. From the average methane content of the producer gas it can be
predicted more or fess whether the tar content will be higher or lower compared to a similar
measurement. [n general, higher tar contents can be validated by higher methane levels.

The Figures A1, A2. A3 and A4 in the Appendices Al ard A2 give an indication of the
stability of the gas.composition during tar and dust sampling. From these figures it follows,
although the updra’t gasifier shows amore stable gas composition then the downdraft gasifier,
that the gas composition was fairly constant during the time of tar and dust sampling. In fact,
only one deviation from the normal gas composition occurred in the morning of 6 November
in plant 2 (see:Figre A4). At arouné 9 o’clock that mening, the methane level was almost
twice as high as noaral. Therefore, tar production must have been higher during measurement
no. 8.

The expected highsr tar content is confirmed by the results shown in Table 3. The tar level in
the clean gas duting experiment 8 is aimost equal to the level of the raw gas during
experiments 6 and 7. Comparing Figure A3 and A2 it is can be assumed that during
experiment 9 [taken between 10:18 and 10:46, see table 1) the gas composition was stable

again.

From the highmethzne content and tae high tar level during the morning (slightly after 9), it
can be concluded that the instatlation did not function properly. It is not sure whether this was
caused by a failure of the ash removal section only or whether some other disturbances in the
bed occured. Move detailed information is needed on the performance (pressure drops,
temperature levels) to analyse the exact reason. For sure is that the engine was shut-dowa in
the night due 10 mal-unctioning of the ash removal system.

Influence gasifier type and sampling location

Gasification plant:# is an updraft type gasifier operating on wood chips. In this type of gasifier
the wood is dried >y the producer gas leaving at the top. The: water stripped of from the wood
easily condenses in the overhead line, where a three phase flow of solids, watex and producer
gas is formed! It should be noted that the existence of a changing multi phase regime in the
producer gas line may have a strong influence on the amount of tar found by the different
methods.

The effect of liqu.d water is that it will entrain a jot of tar and dust. In process technical point
of view Ihe prese acz of liquid water is an advantage, because it keeps the inner walls of the

13
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4.4

4.5

tube clean by preventing sticking of tars on the wall. However, from tar sampling point of view
it is not an advantage, becanse it complicates the comparison of the amounts of tar measured
by the: four difterent methods. In fact, at plant 1 the amount depends on the location of the
sample point. For example, it will make difference if the sample point was at the bezgin or the
end of the pipeline and there wili be a difference between sampling tar in a vertical or
horizontal bend. This should be considered when the absolute figures are compared with
eachother. '

Tar and condensate production

Updraft gasifter

The first three experiments at the raw gas side showed excessively high amount of tars and
condensates. The amount of tar and condensate at the clean gas side is considerably lower, seg
experiment 4 and 5.

Downdraft gasifier

This gasifier produces conziderably lower amounis of lar and condensates compared to the
updraft gasifier, as expected. The heavy tar amount is relatively higher for this gasifier
compared to the updraft gas ifier. The amount of condensale increases at the clean pas side due
1o the wet gas cleaning. '

Comparison with other methods

Table 2 and 3 of chapter 3 show the absolute amount of tar and dust sampled during the
sample period. It may be useful to compare these amounts with the amounts of tar and dust
sampled by the other methods. A first estimate is that absolute amounts sampled with this
method are much higher compared to the other methods, resulting in higher accuracies.

Oneof the items, when comparing the different methods, is the carry over of smoke in the gas
leaving the condensor. To visualize smoke BTG uses a glass tube containing a cotton wovl
filier. Because large amounts of gas are sampled by this method the loss of tar by the carry
over of a small amount of smoke will not influence the result significant. Of course, this error
should be avoided, for exzmple by installing an additional condensate vessel.

The main difference with the other methods is the fact that no organic solvent is used during
sampling which makes it possible to sample over long periods.

Economics of the sampling method
The economics can be divided in three parts: equipment cost, the cost for one experiment and

the labour time. The measurements conducted showed that three complete experiments can be
conducted every day on site by two experienced persons, if the equipmens is installed.




However, this depends on the sampling duration and hence the tar/dust content. The
installation time of the sampling equipment depends on the circumstances at the plant site. In
inost cases about four hoursare sufficient. For post-sampling at the laboratory one experienced
person will be busy for one day working on 9 different samples at the same time. The lab
assistant can do also work on other assignments parallel to the weighing of the samples. A
summacy of the econosmics is given in Table 4.

-rTable 4: Economical aspects of the tar sampling method.
Equipment costs (HE.)

Metal parts for samples, condenser (RVS) 6000
£as pamp 1500

| _gas meter 250
glassware for Soxtlet extraction 1000
inclined manometer 500
auxiliaries 100
Total equipment costs 9350

Variable costs (HfL)
Glass fiber filter per unit 25
Dichloromethane per liter 11
Total variable costs per experiment 36
Labour costs (days work)

On site: six samples per day per tw persons =1/3
Laboratdfy® 9 sutniples pex day per porgon ) =19
Labor cost per experiment 1 day




CONCLUSIONS

In general it can be concluded that the dust and tar measurement results show the right irend,
meaning that higher values were measured at the raw gas side and that the updraft gasifier
produces much more tar and dust compared to the downdraft gasifier.

The method can be used for downdraft and updraft gasifiers. Practical problems may arise in
case the amount of tar is-extrernely high, as was measured at the raw gas side of plant 1.In
such cases, an additionat condenser is required.

The reproducability is quite good and any deviation can be explained andfor correlated to the
gas composition, malfun:tioning of the gasifier installation, etc.

The determination of the-total amount of tar at atinospheric comditions for updraft gasifiers is
difficult, because the last DCM present hardly evaporates. In such case, only the heavy tar
content determination is reliable.




APPENDIX A1: GC analysis of producer gas at plant 1
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Figure Ai: Producer gas composition of the updraft gasifier at plant I on 2
November 1968. Experiment 1-3.
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Figure A2: Producer gas composition of the updraft gasifier at plant 1 on 3
November 1998. Experiment & and 5.




APPENDIX A2: GC analysis of producer gas at plant 2
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Figure A3: Producer gas composition of the downdraft gasifier at plant 2 on
5 November 1998. Experiment 6 and 7.
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Figure A4: FProducer gas composition of the downdraft gasifier at plant 2 on 6

November 1998. Experimert 8 and 9.




APPENDIX B: Determination of tar content in producer gas
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Figure B.1 shows the evaporation rate of samples 4-9 at ambient conditions. Figure B.2 shows
the results of the heavy tars determination. The sampie of experitment 1 to 3 is divided over
two Petri dishes to increase the amount of surface area for evaporation. The Petri dishes are
placed in.the oven diring one weekend.
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Figure B.3 The weight changes of the samples of experiment I to 3

The evagoration of DCM of samples 1-3 was extremely slow and therefore the sample was
placed inthe oven. That particular moment is illustrated by a gap in the line of (for experiment
2b the gap is after 24 hours,) The temperature of the oven was 40 °C between 6 and 24 hours
and afterwards 70 °C because at 40 °C the evaporation rate of DCM was still qpite low.
The Fast increase at the start of experiment 2b and 3b is due to the extra amount of DCM that
was added due to rirsing of the flask were the sample was transported in.
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APPENDIX C: RESULTS OF QUALITATIVE DATA OF TARS

The fraction ‘total tars’ were qualitative analysed for their composition on aromatic
hydracarbons and phenols. Some samples were analysed for the aromatic hydrocarbons of the
heavy tar samples. Also the cotton wool and condensate were analysed for the aromatics.
In the following table, the listing is presented of the samples with the experiments. The reader
should check the vial number with the testrun numbers of table 1, 2 and 3.

Vial no.
1

[

- W

21
22

[ NN ¥ R

Analyses
aromatics
aromatics
aromatics
aromatics
aromatics
aromatics
aromatics
aromatics
aromatics
phenols.
phenols
phenols
phenols
phenols.
phenols
phenols
phenols
phenols
aromatics
aromalics
aromalics
aromalics

aromalics

Testrun no.

6

4
5
8, cotton wool
4, condensate
6

7

5

8. cotton wool

4. condensare

4, after placing &t 105 0C
5, after placing at 105 oC
6, after placing at 105 oC
7, after placing at 105 oC

8. after placing at 105 oC
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Taor monster analyse (aromater)
File . e\maestroichrom\Denmark.001
Method . gAmaestroimethods\@aromad.met
Sample T : Harie { Denemarie
ial 1
olume 1
Acquired  : Mov 14, 1998 1433114
Frinted : Dec03, 1998 16:00:44
User : BertB
ci\maestrotchrom\Denmark.001 — Channel A
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Mmnutes
Channel A Results
Peak Peak Name Time Area Area % Conc lug/sanple)
b HenZeéhé 1.20 3358 Q.004 1.660
7 Toluene 7.01 2561 0.003 2.149
3 o-Xylene i0.12 651 0.00% 0.815
10 p—Xylene 10.81 2219 0.003 1.646
1L I.8. 13.34 50865 0.063 44 .065
18 Indera 15.02 20297 0.025 19.748
25 Naphthalene 18.40 181894 0.224 140.257
30 2-Methylnaphthalene 20,67 10818 0.013 7.900
31 1—Methylnaphthalene 21.01 7244 0.609 7.060
32 Eiphenyl 22.21 6150 0.008 5.262
36 Reanaphthylene 23.74 54491 0. 067 47.912
38 Acenaphthene 24.29 3284 0.004 2.399
40 Fluorene 26,02 10207 0.013 9.066
42 FPhenanthrene 29,29 30800 0.038 24,812
43 Anthracene 29.45 7536 0.00¢ 6,423
47 Fluoranthene 33.33 226715 0.028 17.965
49 Pyrene 34,15 45240 0.C56 35.894
Totals
460330 0.569 375,031




Page L OF 1 2y

BTG Biomiss Technology Group BY
Teor monswer SAafse (Eremaed)
Fle : gimaestro\chrom\Denmark.0® -
- Method : e\maestroimethods\3aromaSimet
Sample D : Harfie / Denemarke
Vial P2
Volume 1
Acquired ;. Now 18, 199& 15:19:10
Printed » Dec 03, 1998 16:01.21
User . BerlB
cimaestro\chiom\Denmark.002 — Channel A
40
5
z
— =i = :J,,:‘
A ! - Z A
o % = & “'L
5 E 55 |7 @
i s 5 )
A ’l e JL._LLL...._—MLE
5 % 5
o B
0 5 10 15 20 25 30 kL
Minutes
Channel A Results
Peak Peak Name Time Area Area ¥ Conc {uvg/sample)
8 Banzene 4.30 1839 0.002 1.029
9 Toluene 7.04 1394 0.002 1.8%09
-— o-Xylene 10.13 0 0.000 0.00G
10 p-Aylene 10.85 519 0.001 C.614
11 I.5. 13.38 39698 0.052 44,065
14 Indense 15.05 5772 0.008 7.713
20 Naphthalene 18.43 74998 0.03%9 73.923
25 2-Methylnaphthalene 20.68 5240 0.c07 5.014
26 1—#Hethylnaphthalzne 21.02 3441 0.005 - 4,497
27 Biphenyl 22.22 4654 0.006 5.115
29 Acenaphthylene 23.74 33120 0.044 37.341
30 acenaphthene 24.31 1349 0..002 1.302
32 Fluorene 26.03 6626 0.00%2 7.057
34 Phenanthrene 29.29 16512 0.022 17.220
35 Anthracene 29.47 407, 0.005 4,417
41 Flugmyranthene 33.34 4981 00871 5.307
42 Pyrene 34.14 9469 0.012 9,782

213683 0.281 225,906




V'E’a'ge- '

HTE Biomass: Technoiogy Group BY
Teer rnonster analyse {aroriaient
File . e\maestro\chromsDenmark.003
Method ' c\maestro\metharis\daromas.met
SampleD : Rarfie fDenemarke
\isl 1 3
Vdume 1
Acquired @ Mov 18, 1988 1@05:11
Printed . Dec 03,1998 1&01:57
User . Bents
gimasstro\chrom\Denmark.G03 — Channei A
40 40
F ol IR
35 35
30 = "130
Fec3 & & 3
z o = i & ¢
A2 - & A
?:C: E - Ea.: &
u: @ ,;.4.. < = o :-'7: L.
18] & % sk 5 £ |5 ¢ Z /M/-ﬁ
1 t ‘r:: : [ W i e- _j_x’j 10
° , i 1\ A R T 3 W .
5 : Is
0L ; - . - - v 0
a g 1 15 20 = 30 35
Mlinutes-
Channel A Results
Peak Peak Name Time Area Area % conc {ug/sanmple}
- - - Cn on e b il AL . e s 2. 53 S S S D O = =SS DD e A el S ST T e 3 R S (0, G a0 el N B N BT A2 el ba 33 58 8
8 Benzene ’ 4.31 LML 0.004 1.480
9 Toluene 1.06 3G1e 0.004 3.238
10 o-Xylene 10.17 973 0.001 1.227
12 p-Xylene 10.86 4288 0.006 3,833
13 I.5. 13.39 39591 0.057 44,065
12 Indene 15.06 28736 0.037 31.658
28 Naghthalene 18.44 11%309 0.x67 114.165
31 2-Methylnaphthalene 20.69 G179 0.013& 8.585
32 1-Methylmaphthalens 22.%4 1677 0.021L 9.427
33 Biphenyl 22.22 4376 0.00E 4.847
37 Acenaphtihvlene 23.75 32244 0.047R 36,342
38 Acenapht aene 24.31 1125 0.00Z 1.089
4Q Fluorene 26.93 4T1i% 0.00% 5.039
42 Phenanthrene 29.29 BB26 09.012 9,491
43 Anthracene 29.46 2291 J3,.00Z 2,451
4F Flumcankhens 33.32 5388 0.00E 5.707
48 Pyrene 34,15 10305 0.015 13,655
Totals -
277856 0.402 293,699

of 1Yy

o




“ page’ 1 of 1 (4)

376 Biomass Fech:miag;_'r Sroup BY
Teer monster analyse (eromater)

File . cAmaestrolchrom'\Denmark 004
Method ¢ emaestrounethods\BaromaS.met
Sample D . Harie fDenemarke
Vial D4
Volume: 11
Acquted : Now18,1998 1§:51:19
Printed . Dec 03,1998 165:02:34
ser : BerB
cAmaestrolchromiDenmark.004 -- Chaanel A
46 — l,m i 0
medn Sigte i
35 35
305 o 30
25 i 2 . [ y 125
P 20 £ % E: 3% fo B
: * o F @ & T
15 2 E A i
S & i & & = 5
o b L - Gl -
10 J‘t i ) b l 3 e
s Z s
o . : = : : g
0 B 1G¢ 15 20 25 30 5
Minutes.
Channel A Results
peak Peak Nane Time Area Area ¥ Conc (ug/sample) :
7 Benzene £.31 1842 0.003 0,780
8 Toluene . 1.06 2969 n.004 2.508
-- o-Xylene 1G.13 4] 3,000 Q. 300
g s¥ylerms 106.87 1680 0.002 1,298
15 I.S. 13.39 50420 0.070 44,065
21 Indene 15.07 8714 0.012 c. 015
30 ¥aphthalene 18.43 90899 0.127 70,526
36 2-Methylnaphthalene 20,69 5535 0.008 4,220
37 l—Hethyl-na-phthalene 21.03 3242 0.005 3,468
38 Biphenyl 22.22 1890 0.003 1.9228
40 Zcenaphthylene 23.74 15334 0.021 13.6%4
—— Lcenaphthene 24.25 0 0.200 ¢.000
42 Fluorene 26.03 2375 0.203 1.991
43 Phenanthrene 29.2% 7395 0.010 a.437
44 Anthracene 29.57 6670 0.009 £.725
46 Flaoranthene 33.3zZ 5318 0.007 4,517
48 Pyrene 34.14 4085 0.006 3,464

208468 0.291 173.644




. Eége Lof 1 (E)

816 Biomass Teeknoiogy Groug: 8y
Feer monster @nalwse (aroraeny

File . ¢ vnaestra\chromiDenmark.005
Method ' cimaestrcimethods\Baramab.met
Sample D : Harfie {Denemarke
Vial - .
Volume - @ 1
Acyuired  : Mov 18. 1998 17:36:53
Printed : Dec 0% 1998 16:03:13
{Jeer . Eertd
c\rmaestro\chronDenrreark. G — Ghannel A
40 43
e }.“T & )
35 , 35
30 ‘ " ‘ ) 20
25 By . =5
S u ¥ g ow
P R EE: ® sim A
Bl = Ex £ g7
18 ! . - | = s 55 b P =
i 4 S = g
10 ' | . ¥ " ) ' 2 W 10
| (ol ot
L G
0 - i}
[0 5 i0 15 20 25 3 35
Minutes
Charnel & Results
Peak Beak Name Time Aresa Area % conc {ug/sample)
8 Benzene 4.36 1380 .00z 0.448
- Tclusene 6.96 ] 0.000 0.G00
16 o-Xylene 10.21 1027 0.001 1.C81
—— cHylene 10.80 B G.000 0.G00
29 ZLE. 13.40 50310 0.070 44,065
40 Incena 15.02 4790 a.007 5,247
59 Naphthalene 18.44 5920 0.010 5.023
70 2-Methylnaphthalene 20.76 18823 0.026 13.674
72 1—Methylnaphthalene z1.04 1710 0.002 2.129
76 Biphenyl zZ2.17 1554 0.002 1.664
83 Acenaphthylene 23.74 818 0.001 0.846
84 Acenaphthensa 24.42 517 0.001 0.394
88 iuorene 26.02 621 0.001 0.522
20 Phenanthrene 29.28 1345 0.002 1,634
— Anthracene 29.41 ] 0.000 0.000
97 Flucranthens 33.24 2072 0.003 1.976
100 Py-ene 34.19 5527 0.008 4,621

Tctals

97353 .136 83.324




BTG Biomass Technslogy Groug BY
VRr mocster 3raivse (Aromaten;

File . ¢drneestro\chremiDenmark.006
Method - c\maestroimethads\daromas.met
Sample D : Hariz /Denemarke
Vial R
Volume 1
Acquired  : Now 18,1998 18:22:20
Printed : Dec 03, 1898 16:2550
User : BeriB
c\maestrochrom'Denmark 106 - Charnel A
490
35
3 30
£
%’ . . 25
P i 1 t . 20
A E iy
! £ T =118
7
10
5 S
0 - - - - !
5 10 15 20 25 ) 35
Minutes
Channel 2 BResults
Peak reak Name Time Area Aree 3% Conc {ug/sample
-—  Eenzene 4.23 ] 0. 000 0, N
- Ta nene 6.826 0 0.a00 0-. Omn)
- o—Xylene 10.13 0 0.G00 0.0
— s-Xylene 10.840 0 0.700 W0l
24 I.5. 13.28 3%39 0.C05 44,055
33 Tmdene 14.81 3246 0.C04 39,915
51 aphthalans 18.29 44038 0,052 43%, 287
61 Z-Methylnaphthalene 20.72 3454 0.004 2€. 09
62 1~-Methylnaphthalene 20.78 35841 n.008 A5, F4L
69 Biphenyl 22,20 a17 v, 001 9, T34
T2 Acenaphthyleas 23.29 10482 0.012 115,854
-= Acenaphthene 24.25 C 9,000 0.CCo
-= Fluorene 25.98 ¢ J3.000 0.CCo
- Fhenanthrene: 29.25 0 0.000 n.LCo
74 Anthracens 29.33 773 0.001 - CE
T8 Fluoranthene 32.895 2835 0,003 ZB.ED
79 Fyrene 33.73 472 0.906 £33, 505
Totals =
77300 0.092 811,261

':J,'Pa“;_é 10F 1 (3)

o




To Biomass Technoiogy Group BY
T'eer monstar anatyse (aromees)

Page’ 1 oF 1 (7)

File - c\maestro\chram\Destmark. 007
Methed - s\maestro\methoeds\daromabimet
Samge 1D Harrie  Denemarke
Vial 7
Volure 1
Acqmed . Nov 18,1998 190740
Printed - Dec 03, 1998 150428
User- : BertH
c\maestochrom\Denmark.007 — Ghannel A
40 I £
(Ff.":'s\ BRI xjn
35 | 35
' |
30 g ‘ 30
25 £ 4s 25
P - S £ gl P
A il 2% A
== b ; P
Tl i .
5 EB
| - : . - g
o 5 10 15 20 2% 3 35
Minutes
CRannel A Results
Seak paak Name Time Area hrea % ronc (ug/sample)
-—  Bengzene 4.23 o 0.000 1. 000
-— Toluene 5.36 4] 0.000 0.000
- o~Xylene 1J.13 0 0.000 0.000
_— p-¥Xylene 1).80 Q 0.000 ., 000
1= 1.8. 13.31 1356 0.001 44,065
2% Tndene 15.10 628 0.001 22.756
43 Naphthalere i8.29 35420 0.038 1141.166
31 z-Methylnephthalene 0.1 55€0 0.005 147.229
53 1-Methylnzphthalene 1,06 437 € 0.004 148.664
z Biphenyl F2.19 1918 0.002 56,877
- Lcenaphthrlene =3.68 % 0.000: 0.000
- Bcenaphthene Z4.25 4] 0,000 n.000
—= Fluorens =5.98 0 (.00 1,000
- Fhenanthrene 29.25 0 0.00C 3,000
&4 Enthracen= 29.31 703 ¢.00L 22.838
67 luoranthene 32.32 1704 0.00Z 49.934
52 Pyrene 34,25 3139 0.00Z= 94.422
“optals ¢
58881 0.056 1727.952




QTG Hiomass Yechnalogy Croup B
Tger fronsier analyss {arontaten) ‘

page 1 oF 1(8)

File . e\maestachremiDenmark 008
Method . g\maestre\me-hods\8aromasureld
Sample 1D : Hanie /D snemmarke:
Vial o
Volume |
Acquired - Nov 18, 1998 19:52:51
Printed : Dec 03, $998 16:05:04
User : BertB
cimaesinhekironmDenmark. 008 — Chennel A
4l 40
Feal vdr
35 35
304
25
[ 2 e P
A= A
1% . %
10 et '
1 oA J
5 &
1] ‘ - . 1}
0 5 10 15 Z0 25 30 35
vinsies
Channel A Results
Peak Peak Neme Time Aresn Zren % Conc (ug/sample)
- Benzene 4. A% 4] G000 0. GOU
-- Tolrene 4.6 o 0.000 0.000
—-= o-Xylene 1a.12 0 0.000 0.0Q00
— p—Xylene 1. €C 0 0.000 0.Q00
- I.5. 2.74 8] 0.000 ¢.Co0
g Indene 15.CE 1274 0.00L 0.814
16 Naphthalene 18.£6 4097 0.004 0,0G0
23 2-Methylnaphthal sce 20,71 1974 0.002 0.28%4
24 1—Methylnaphthal sre 21.05 1446 0.001 0.512
-— Biphenyl 22..8 0 0.00C Q. 000
26 Acenapnthylene 2Z.7& 1168 0.001 0..29
-— Acenaphthene 24.25 O 0.000 0.900
- Fluorene 25.98 0] 0.000 0.900
27 Phenanthrens 29,32 785 0.001 0.562
- Antaracene 29.11 G 0.000 0. )0C
- Fluaranihene 33.22 c 0.000 0. 00
2% Pyrene 33.73 304¢ 0.003 0.213
Totals : )
13793 C.014 2.526




| 576 Biomsss Technoiogy Group BY
v BeS 10 15Ter andiyse faronuren)

File
lethvad
Sample I
Viat
Volume
Acquitred
FPrinted
User

T

: cdmaestro\chromiDenmark. 009

: edmaestroimethods'8aromas.met
: Hamie / Denemarke B

HE |

I

: Nov 18, 1998 20:37:54

: Dec 03, 1998 16:05:39

: BerB

cimaestraschrom\Den nark 089 — Channe: &

—i; 13
Jf. 1)
5 ]
o . - y - : )
3 1 18 20 25 30 32
Minates
Channel A Results
Peak Peak Name Time Area Area % Conc (ug/samplie)
- Henzene 4,23 n 0n_nnm .000
-- Toluene 6.93 a 0.00@ J.000
-- o—-Xylene 10.13 0 0.000 J.000
— p-Xylene 10.89 Q 0.00C 3. 000
- 1.8. 13.34 a 0.00 3,000
-- Indene 14.93 Q 0.000 2. 000
13 Naphthaleane 18.45 1039 0.00C %.000
19 Z-Methylaapkthalene 20.71 1852 0.00z ).294
20 I-Methylnapkthalene 21.0% E55 0.00Z W.512
- Biphenyl 22.18 0] 0.000 W.000
- Azenaphthylene 23.638 0 0.000 n,000
-— Acenaphthene 24 .25 0 0.000C 1.000
- Fluorene 25,93 0 0.000C n.000
- Phenanthreneg 29.25 O 0.00C ».000
- Anthracene 29.41 O 0.000 ».000
- Fluoranthens 33.2% 4] 0..00C ».000
-— Pyrene 34.1i0 o 0.D00Q 9,000
Totals
3746 0.30Z ).806

: :éag_é L oF 1 ca)

o



, . Page 1 of 1 (10
TR Biomess Teshoology Group BY '
Ipmt nongees aalyse flenofen)

File - ¢ \maestro\chromidenmark.010

i ethod - ¢\maestro\meshods\1 0fenoi7.met:
Sample D : Harie/ Denemarke

‘Wizl =1
Wolume 1
Acqured + hov 18, 1998 21:24:45
Printed - Dec 03, 1998 16:16:15
User : EertB cAma estro\chronitDenmark 090 —Thannek A
Pergs Marne i
2C =0
!
18 ) A5

PuU
>0

1% L i
A f

i} o
a 5 10 15
Minutes
Thannel B Results
Peuk Budk lsme T ame Area Area % cong. (ug/semple)
% Phenol 7.99 8479 22..07 38,543
-— o-Cresol 9.85 0 0. 03 0. 0400
11. m-Cresol 10.15 711 1.83% 3.962
12 p-Cresol 10.47 313 .81 1.473
14 Z-EthyIphenol 11.89 224 .57 1.534
FE 2. 5-Xvlenacl 12.53 T67Y 15.93 38.1.C
17 2.4-Xviencl 13.02 434 1.14 2.859
1& 4-Ethylphenol 13.42 6753 17.58 34.390
-—  2.6-Xylenol 13.5¢% 0 G,00 0. 000
—-  2.3-Xylenol 13.91 | 0.00 0.0910
~—  3,4-Xylenol 14.26 J 0.00 0.0J0
I'etais

24593 64..02 120.859




TS Biomass Tecinmology Group ¥
Trar npasier anshyse {fenaten)

' page L of 1 (11

Fie : ¢Imaestro\chromDenmark.011
Method cimaestroimethods\~ Ofenol? imet
Sample i : Harrie / Denemarke
Wial 1
WYolume 1
Acquired + Mov 18, 1998 Z22.00:27
Printed : Dec03, 1998 13506 45
User * BertB camaestré\chromDenmark Dl 4 —Thannel A
i Pzl A
20 20
151 15
R - i L
\ A S l [ _.......,...____-nk-___.- JE—
5 5
o a
o 5 10 15
Minutes:
Channel A Fesults
Peak Peck name Time Area Area % Cone. {ug/sample)
4 Phenol g.01 2750 16,96 19,281
-- o-Cresol 9.8% 0 G.on Q.0Q0
-- m—-Cresol 10.05 o G.99 G.0Cco
== p-Cresol 10.40 0 €.,990 ¢.000
-- 2-Ethylphenol ¥1.77 0 CR 0.000
g8 2,5-¥Xylencl i2.56 2655 14,37 20,263
- 2,4-¥Xylenol 12 .88 a G0 0.0402
9 4-Ethylphenol 13.4E% 4428 273,31 34,390
-— 2,6-Xylenal 13.5E8 C 7.30 0.000
-=  2,3-Xylenwl 13.91 C 2.30 0.000
-=  3,4-Xylenel 14.2¢ 4] 1.30 0.000
Totals

9833 650.64 73.933




" page 1 of 1 (12

T Siomass Technology Group BV

Pzar dionstes analyac (fonafen)
File : c\maestrowchromDenmark.012-
Method . chmaestrounethods\iOfenol7.m-t
Sample D : Harie/Denemarke
\al : 12
Volume o1
Acqrired + Nov 18, 1998 22:36:20
Printzd © Dec 03, 1988 16:07:14
User + BertB cymaestro\chromDienmark.012 — Thanngi A
Poak psre ’ i
20 720
15 15
e i o E o E
A 1% & E ' 10 A
AI L\—a\——-_,.,_..l___.___-/\-ﬁ—’\——..h. A.n__._........_.__,...__f_.,__,___f\- o ’\
5 5
c. 0
i .
o 5 10 15
Minutes
Channel A Results
Mealt Peal namne Time Area Arza % conc. f{(ug/sample)
4 Phenol 8.00 3511 13.62 149,058
-~ o=Cresol 9.35 0 0.060¢ 0.0x00
8 m-Cresol 10.15 282 1.08 1.983
-= p~Cresol 10,40 0 0.00 a,000
10 2-Ethylphenol 11.91 149 0.57 1.263
11 2,5-Xylenol 12.55 T694 29.85 45,007
~=  Z,4-¥ylenol 12.88 4] Q.00 0.00G
12 4-Ethylohenol i3.44 58721 22,24 3¢,39C
—  2,6-Xylenol 13.55 0 0.0 0.00cC
~— Z,3-Xylenol 13.91 o 0.02 0.000C
—  3,4-Xylenol 14.26 0 0.02 0.000
Totals
17356 67.34 101.711




$37G Blomass Tochaology Grup v

el s anady e ffenoles)

. cAmaestroichror\Denmark 014
¢ e\maestroimethmds'i Ofenetl.met
. Harme / Deremske

;14

1
: Nov-18, 1688 2=:48.00
: Dec:@3, 1998 1 1:08:15

. BerB

c\maestri\chromiBlenmark. 014 — Channel &

gl Mame

* A

20

18

File
Methed
Sample D
Vial
Volume
Aoquired
Printed
Liser
2
15
14 1
5
0
o

Channel A Results

RS LSI l oal t
IR~ S s S|

2‘1’

Totals

e

Peak name

Phanol

o-Cresol
m-"resol
p-Iresol

2-Ethylph=nol
2,5-Xylen=l
2, £-Xylerml
4-Ethylpl=nol
2, 6-¥Xylerol
2,3-Xwlerml
3,4-Xvlerol

10
Minutes
hrea Area %
12086 9,47
2325 1.32
3756 2.94
3802 2.08
374 0.3
4434 3.49
T72C G.549
5514 4.3%
426 0,32
1228 0.95
a 3.02
34829 27.3G

205.355

15

»o




Sample ID

PO

55T Biowass Technologs Group BY

¥ e geraristei anaiyee (fesofen}

- cAmaesirokehrom\Denmark) 15

- Imaestra"netheds'| Ofenol7.met
: Harvie / Decemarke

e

il
: Mov 19, 1898 QD:Z3:48
: Dec 03,1538 16:08:45

chmaestro\Ghromenmark 015 — Thannak A

Page 1 oF 1 (15

Bl ¥uitan

& Lihpphanol

: BertB
Froa (Mo
20
15
T
I
>
o}
+]

Phencl

o-Crasol
m—Cressl
p-Cres>l

2-Ethylphenol
2,5-5ylenol
2, ¢-¥wvlenol
i-Ethwlphenol
2, 6~¥wlenrol
2,3-X%lenol
3, 4~X%wlenol

—— LR B S

10
Area %
11529 24.60
666 1.37
2801 .79
2277 4.70
148 @.31
114 c.85
629 ~.30
E682 12,73

C C.0D
G Co0d
0 C. 00
25546 52.63

{usg/sampla)

126,498

p-3 ]




BTG Blomass Tochmology Group BY

Feer reonister arsdpre [fenofen) :

Page 1 af 1 418

File : p\maestroschromiBenmark.016
Method 1 ei\maestrownethods\10fenol? . met
SampelD : Hzmie/Deaemarke
\ial G
Wolumme 1
Acquired . Nov 19,1988 00:59:39
Printe-d : De: 03, 1998 16:03:15
User * BertB cvmagstra\chromDenmark 018 — Glraanel A
P Mame !
20 20
15 16
\ !
A 10 L . o 4
" . - A A
5- 5
oL 2
0 5 10 15
Minutes
Channel A Resnlts
P=ak Pugk name Tire RArea Lrea % Cenc. Iug/sampla)
4 Phencl 3.02 5483 16,17 34,114
10 o-Cresol 3.96 400 1.£0 3.528
11 m=m~Cresol - ~0.18 1279 4,£7 9,360
12 p-Cresol ~0.51 1082 3.78 6,923
-— 2-gEthy_phenol 11.77 Q 0.0C 0.0G0
-— 2,5-Xylenol 12.31 0] 0.0C 0.0C0
-- 2,4-¥Xylenol 12.88 0 0.00 2.0G0
16 4-Ethylvhenol 13.46 4941 17.28 24,390
-~ 2,6-Xylenol 13.55 0 0.00 0. 000
-- 2,3-Xylenol 13.91 0 0,00 0.000
-- 3,4-¥ylenol 14.26 0 0.a0 0.9000
Tatals

13185 46,10 85.385




©RTG Biomass Fecnnmiogy Groug S

o Tt siciysier analysy {fossaten}t
File © ¢ e\maestro\chromiDenmark.C17
Method : c\maestomethadsi1 OfenolAmet
Sample D : Hamie/Denemarke

Vial 17

YVolume i

Acquired  : Now 19,1928 01.35:21
Printec : Dec 03,1953 16:09:45
User : BertB

cymaestro\cBromiDienmark 097 — Thanmel A

I Pani R

20

i

104

»o

ELAL A

Fuay

&
; & Ldvyiphara

 Page 1 of 1 (I7

20

15

10

Channel A Results

Peak Peak name Time

3 Phenol
-- o-Cresol
-= m~Cresol
-~ p-Crescl

8 2-Ethylpkencl
-~ 2,5-Xylercl
-=  2,4-Xylenol

9 4-Ethylphenol
--  2,5-Xylenol
-= 2,3 Xylenol
-~  3,4-Xylenol

Totals :

Gongc. ug/fsample)

5.454
0.000
0.000
0.000
1.387
0.002
0.000
34,390
Gg.030
0,000
0.000

41,231

15

>0




127G Blomass Tecimology roup BY
Toor manster araivse (Fenafen)

Fite : cmaestro\chrom\Denmark 018
Method : gAm aestro\methodsh i Ofenci7.met
Sample i : Harre / Denemarke
ial {1
Volume 1
Acyuired : Nov 19, 1998 02:10:54
Printed . Dec 03, 1998 16:10:15
Uiser + Bertd c\maestro\chromDenmark.078 — Channel A
Paxi v
20 20
15 15
2w - 8 ; % T B TR
; A\ o i ]
5 5
[ Q
0 5 10 15
Minutes
Channel A Results
Peak Pea+x name Time Area Area & Conc. (ug/sample)
4 Pheaol 8.01 211 1.8¢ 4,579
-— 0=-Cresol 9.85 0 0.00 0.0G0
-— m-Cresol 10.05 0 0.00 0.000
-= p=Cresol 10.40 0 0.00 H.0060
9 2-Ethylphenocl 11.90 252 2.19 6,809
--  2,5-Xylenol 12.31 0 0.00 0.000
-~ 2,4-Xylenol 12.88 ] 0.00 0,400
10 4-Ethylphenol 13.45 1543 13.43 34,3%0
-—  2,6-Xylenol 13.55 0 0.00 J.4900
~—  2,3-Xylenol 13.91 9 0.00 0.010
-— 3,4-¥ylenol 14.26 ] 0.04 0. 000
Totals
2006 17.4% 45,578
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3, ' 35
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A 0 20 4
15} : 15
]
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0 . g
f 5 10 15 20 25 30 35
Mimrtes
“hann=l A Results
Peak Peak Name = ifwe Areds Rraa % Cone  (ug/samp. )
--  Benzene 4,23 b - 0.000 ¢, lan
- Toluene 6.96 0 0.000 Q.80
- o—Xylene 10.13 Q 0 000 0.=00
— p—Xyleoe id,.88 & &.06060 3.4064
- I.8. 13.34 c 0.000 .0
- Indene 14.99 C 0.000 0.)0C
- Naphthalene 18.39 G .00 0. MC
-- 2-Methylnaghthalene 20.865 0 2,000 0,00
— i-Methyimaphthalene 2%.9% 4 -, 000 3. 300
-= Biphenyl 22.18 0 2.0a00 0.0
- Acenaphthylene 23.68 0 Z,.000 0,200
ale Acenaphthene 24.25 O 0.Co0 0.200
- Fluocrene 25.96 0 0.000 G.J00C
- Fhenanthrene 29,25 L] 0.000 0, 000
- Anthracens 29.41 G 0.000 ¢.000
- Fluaranthene 33.2% £ 0.000 0. 008
-= Pyrene 34,10 G 0.000 0.004

9 9,000 0.003
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Volume 1
Acguired Nov 27, 1988 11:11:37
Printed v Dac 03, 1858 15:20:45
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40— 0
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35 !35
|
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25 prat
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> 20 20
15 ] 15
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e
10 j A 10
i
5 |5
ot . . Ly
0 5 1Y 25 35
Mirutes
Channel A FEesults
fFeak Peak 1Bame Aren Area £ Cone {ug/semple}
-~  Benzeme U 0.0 G, 009
-- Toluene 0 0.m00 0.Co0
- o-Xylene 0 0. m00 0,000
_— p~Xylene 3 G, =00 Q.G306
- 1.8. | 0. 300 Qa.000
- Indene 4] Q. 100 .000
— Naphtlalens= a Q. :00 0.4000
-= 2-Mettylnaphthalere 0 Q. 00 0:000
- 1—Metyvinaphthalere < @.704 3. 900
- B.ipheryl G C. 100 0. 500
—- Avenarhthylene 0 c, :0C 0.800
-= A<enaphthens 0 €. 100 0.900
- Fluorene 0 C. 100 0. 00
- Fhenanthrena v 0. 100 .00
- Anthracere 0 G. 100 0,300
- Fluaranthens n 0. 208 0,300
-- Pyrene 0 0.200 9.000
Tatals
0 0.000 0.300

>0
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Acquised  : Nov 27, 1998 11:58:.04
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cumnaestro\chremiavhex2.603 — Channel A
T ‘ 74
35 35
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25 ]
I
p 2 £
A 20 g A
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F oo
10 ‘_/JWJLM—— A 10
)
5 5
0! . . - 1G
1 5 10 18 30 35
Mimnes
Chaxnel A Results
Fea¥ Peak Nome Time Ares Area & Conc {ugrsamplel
- Benzene 4.23 0 0.000 0.0G0
— Toluene 6.96 0 0.000 0.000
- c-Xylene 10:13 0 0.000 0,000
— r~Kylene 1G.80 O 3.000 ¢.0060
- I.5. 13.34 0 0.000 0.000
- Indene 14,99 0 0,000 0.000
—-= Naphthalene 18.39 ) 0.000 0.0Q0
-- Z-Methylanaphthalene z20.65 0 0,000 0.040
—— i—Methylnaphthalene Z20.88 3 4.000 U.06G0
-= Eiphenyl z2.18 0 C.000 0.0G0
-- Acenzphthylene £3.68 v ¢.000 0. 00D
- Bcenzphthene 24 .25 0 0.000 G.000
ot Fluorene z5.98 0 0.000 C.000
1z Thenznthrene z9.26 34F 0. 009 0.013
- Mnthracene £29.41 0 0,000 0.000
17 Fluoranthenpe 33.44 10302 Q.28 0. 003
18 Fyrene 33.92 29569 0.081 0.0005
Totels
43328 0.118 2.026
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c\maestro\chromiavhex2. 004 — Channel A
40, 140
FIERRTY. TS i
35 535
30 ':-30
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g,
p i 2 £2 p
A 2 5 A
15/
| 3
o e
! ,dL_ S I
5| 5
o : —iQ
0 5 10 15 20 2 30 35
Minutes
Channel A Results
Peak Paak HMame Time Aren Arec § Cone {ug/semplel
-~  Benzene . 4,23 0 4,000 0. 000
-— Tolusne 6.90 0 0.000 0.000
- o-Xylene 10.13 0 0.000 0.000
—_ p-EKylene 10.80 G ¢.000 0.0600
- I.5. 13.34 0 0.000 0,000
-— Indene 14.9% 0 0.000 0,000
- Naphthalene i8.3% 0 0.000 0,000
- Z2-Methylnaphthalene 20.65 0 0:000 0.009
- 1I—Methyinaphthalene 20.29 0 3,000 0.0010
-— Biphenyl 22.18 0 0.000 G, 000
-~  Acenaphthylene 23.68 o 0.000 0. 009
- Acenaphthene 24.25 1] 5.000 0.009
- Fluorene 25.98 0 9.000 0. G603
14 Phenanthrene 29,25 2201 B.0U6 D.013
-- Arthracene 29.41 0 0. 000 0.002
1% Fluoranthene 33.44 6413 0.017 D.003
20 EFvwrens 33.92 Q777 n.025 0.005

Totals

18391 1.048 0.02%




, R “ Page 1 0F 1 (1)
BTG Biomess Technology Graup BY ' R

Fear monster analyse (aroma'en M o T%s‘;tl
h" -

File : cimaestrolchrom\awen2.005
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wial 7 *p
Wolume o1
mAcguired : Nov 27, 1993 13:3032
Printed : Dec (03, 18598 15:4E6
WUset . BerlB
cimaestro\chremlavikex2.G05 — Charnel A
4 - 40
Raak Hawa
35 i 35
g
30 4 30
!
251 1‘
R ; 2 p
A X | 5 A
15 | &
E 3
10 JL _’,’»—){J .
5 R
: i )
0 <] i 15 20 25 3D =
Mindes
Zhannel A Results
Peak Peek Name Time Araza 2rea % Conc |ug/sanmplel
- Bonm@enc 1223 0 Q.900Q 0, 0na
-— Toliene §.96 n 0,000 n.aoaQ
—— o-¥ylene 10.13 4] 0.000 0.000
— p-Xylene 1G.80 0 0.000 0.400
- I.5. 13.34 0 0.000 0.000
- Indane 14.99 0 g.op0 0.000
. --  Naphthalene 18,39 0 0.Q00 0.000
- 2-Methylnapkthalene 20,65 0 g.Qco 0.a00
_ I—-Methyvinapkthalene 20,99 0 0.00C G.6060
- Biphenyl 22.18 0 0.000 0.¢00
- Acenaphthylens 23.88 0 0.00C 0. 000
~=-  Acenaphthene 24,25 0 0.000 0.000
- Fluorene 25.98 0 0.000 0. 00
11 Phenanthrene 29.25 1670 0.00¢ 0.0L3
- Anthracene 29,41 0 0.000 0.000
15 Fluoaranthene 33,43 71372 n.01% 0. 808
16 Pyrene 33.90 6562 0.015 0. 005

15604 0.036 0.G26
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1. Scope and objective of the parallel test

The measurements document ths results of 4 different methods cf measuring Inst and tar n
producer gas from wood gasification. As far as possible; the measurements have been carried
out simultaneously on a representative gas flow before and after the zas purificatior
aggregate of the plant. Measurements were performed onian updraft zasification plant and on
a downdraft gasification plant. “he plants are anonymous and in the following they are
called “plant A” and “plant “B”. The measurements wexe carried out in week 45/1998 by
Poul D. Kellberg, chemical eng:neer, and Finn Petersen, chemical process engmeer. Uwe
Zielke, B.Sc. (mech. eng.). co-ordinated the implementation of the - zasurements.

The measurements show the following relations:

Comparison of measurement results when saropling raw gas with high tar encentrations
Comparisen of measurement results when sampling gas with min or tar concentrations
Compariscn of measurcment results when sampling raw gas with 2igh dust ~emcenirations
Compariscn of measurement results when sampling gas with minar dust coxcentrations
The samgles will be analysed for heavy tar, light tar aad particles

The costs of the measurement methods in cornection with sampliag, analyss and
reporting

In addition, “he composition of the producer gas is continuously mezsured and operating
parameters zre registered fo- the test period.

The tallowmg measurements have been carried out by tize Danizh Technological Instizute:

e 3 dust and tar measurements on updraft gasifier in raw gas

e 3 dust and tar measurements on updraft gasifier in clzaned typass gas strezm after
scrubber

e 3 dust end tar measurerrents on downdraft gasifier .r.raw gas

e 3 dust and tar measurercents on downdraft gasifier :r: cleaned gaz after scrubber

The measurements were carried aut simultaneously withithree other Zuropeaa laboratories —
namely, VVT from Finlerd, BTG from the Netherlands and Verenum from Switzerland. |
This report solely deals with ths measurement results of the Danish Technalogical [nstitute.
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2. How the measurements were ¢arried aut

2.1 Applied sampling and analysis methods

Sampling has been carried out according to the DTI method for dust and tar measureme 1t
and the sample train appears from figurz 1. Analysis standards and regulations appear from
the laboratory reports.

Sampling is carried out via a 3” sampling port equipped with a ball valve and a gas-proof
gate. The sampling probe can be:inserted or removed during operation and no gas will ke
released from the system. Isokineric sampling is carried ous centrally in the gas line ar by
traversing in several tast points depending on the gas line dimension. [sok:netic sampling is
ensured by suction nozzle choice and sampling flow adjustment. The zas flows througk a
heated filter where dust and tar are sampied. Depending on.the expected dust and tar
concentrations differing filter medium ard filter temperatunes are chosen.

s In connection with updraft gasification with high tar concentrations a G2 glass frit s
chosen and it is heated to 103 °C.

s In connection with downdraft gasification with high dust cor:centrations a Strdhleir: —
quartz wool cartridge (2-12 micron} is chosen and it is heated to 250-350 °C.

After filtration the gas flows through a 2’ass pipe cooler where the gas temperature is
lowered to less than 8 °C. This is where the water content of the gas and pyrolysis products
are condensed when they huve passed toe filter.

From the coaler the gas flows through an adsotbent (XAD 2, PUF, aclive coal, etc.}. This is
where volatile components and aerosols are adsorbed wher: they have passed the coolen.
Previous examinations have shown that XAD 2 has the best adsorption property.

After sampling, the equipment is tinsed with acetone and dichlormetane (DCM). Extraction
sotvents and condensate are filtered and analysed for dust end rar. In order to identify where
in the sampling system dust and tar are retained the various remanences and filtrates have
been analysed individually. The method can be simplified by pouring the extracts together so
only cne remanence znd one filtrate has ¢ be examined.
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2.2 Measuring instroments

In=struments for dust and tar measurement

o]

Prob for high dustcortent (FRani 3

Sirdkiein
fitahousing

|l-'eater I

105°C

i\ Prots for high tar content {"Piant A%}

Coaler

¥ xap-2 B

rmp
Gasflow maler

N

Codensate

i

Figure 1: The DT sample train for dust and tar measuremerts

Instruments for gas analysis

Gas analysers for producer gas measurementis (LCV gas)

CO concantratzon: NDIR. gas analvser, brand Harimann & 3raun, type URAS 4
with cabinet purge

M 2asurement tange 2 0-40 vol% CO

H; concen-ration: Thermal conductivity gas analyser, brand Haromeann & Braur,
type d with cabinet purge

Mezasuremnent yange 1: 0-10 vol% H,

sasuremnent xange 2: 0-40 vol% H,

Gas volnmemeter
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CH, concentration: Flame ionization demodulator, brand Hartmann & Braun, tvpe
Micro F1ID 100 with 3 rceasurement ranges

CO, content: MDIR zas analyser, dra=d Hartirann & Braun, type URAS 4
with cebinet purge

Meszsurement range: (0-20 val%% CQO;

O, content: Paramagnetic gas analyser, brand Harimann & Braun, type

MAGNMGCS 6 with cabinet purge

Mesasurement range 1: 0-10 vol% O,
Mezsurement range 2: 0-25 vol% O,

The gas analysars ars intended for measurir:g explosive gas mixtires. They are incorporated
in gas-proof cabinets that are constantly swrged wich nitrogen.

The gas analyszrs ars checked in tae O-point with 100% N, and at app. 80% of full scale by
means of certified reference gas (cal-braticr: zas).

2.3 Measurcment environment and remarks to the measurements

Dust and tar razasurements have been caried out at two Danish gasification plants. “Plant
A”is a5 MW mpdraft gasifier util:zing wiad ckips with average water contents of 45%. The
samples are taken in a bypass gas line where a gas flow of 350 Nm®h is led tc a pilot gas
scrihber. Measiremeants are carried aut hefore 75 wall as after the: acrubber. 'The gas I'ne
internal diemeter before the scrubber is 213 rong and after the sercbber it is 108 mm. The
samples are teken at one point, centrally it the gas line. The gas temperature and pressure
befcre the scru»ber is 80 °C and -150 Pa znd after the scrubber the temperature is 42 °C and
the pressure is 1000 Pa. The flow velocity of the ges is 3.5 rrs before the scrubber and 12.1
m/s after the scrubber. In order to obtain icokinetic sampling a 1S mm nozzic is applied
befcre the scru>ber requiring a sarple flow of 21 lires/min Afte: the scrubber a 6 mm
nozzle is applied requiring a sample flow of 17 litres/min. The obtained sample velocities are
2.2 m/s and 143 m/s, respectively, beforz and after the scrubber. The sub-isokinetic samp-
ling before the scrubber is due to a considerasiesystem pressure drop in the sample train.
The measurerens were carried out indoars,

At “plant B”, which is a L MW downdrafi gasifier, wooden dlock s with an average water
content of 12% are used. The samples are ~aken in ~he main gas line befare and afier the
scrubber, Thegas flow is app. 240 Nm’/h. The gas line internal dizmeter before the scrubber
1s 150 mm an after the scrubber i~ is 110 -r1. The samples are tzken at one point, centrally
in tke pipe. The gas temperature and pressnre before the scrubber is 595 °C and 150 Pa and
after the scrubter the temperature is 45 ©C and the zressure is ~1C00 Pa. The flow velboeity of
the gas is 12.5 mrs bafore the scrubber and 9.1 /s after the scrubser. In order to obtamn
isokinetic sampling a § mm nozzle is applied befor = the scrubber :2quiring a sample flow of
11 [litres/min. After the scrubber a 8 mm nozzle 1s apphed requiring a sarmple flow of 1S
litres/min. Thz obtained sample velocities ace 12.8 my's and 7.7 muws, respectively, befcre and
after the scrubter. Primarily small particles were obtained aster the scrubber and therefore
the error owirg to deviation in isokinetic san-pling can be ignored. The measurements were
carried out indoors.
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3. Results
3.1 Measurements on updraft gasifier “plant A™

J3.1.1 Gravimetric measuremenl of dust in raw gas

Dust and tar are sampled on a GZ Irit (16-40 micron) that has been Feated 1o 105 °C so water
can pass through the frit. In order fo obtain an initial indication of tke po l:tion level of the:
gas the glass fiii was weighed on-site. Besides tke frits, the sampling prode (from the mlet
nozzle to the frity was check-weizhed after each measurement. The weiglt increase, in
average 0.2 g per measurernent, svas minimal and might owe to différences in use of sealinz
material on the thread of th probe This insignificant weight difference Ras been ignored.
The initial weighing result after frit cooling appears from tatle 1.

Measurement Date Meazurement Fut Mass of Amount of
Nao, period temperature | dust anc tar on | dust and -ar om
: the frit the frit
°C z g/Nm’
1 02.11.98 | 09:32-10:02 120-130 159 47.€
2 02.11.98 11.43-12:13 95-105 219 81.€
3 02.11.98 14:15-14:48 102-108 264 80.3

Table 1: Dust and tar on the frit, inita. weighing immediately after sampling

Measurement 1 differs from the other measuremsnts, as the result islowsr than the resulf of
measurement 2 and 3. That is presamably because the increased frit temperature made ar
increased emount of tar pass threugh the frit during measurement 1.

The dust content in the raw gas is measured by addition ¢f 4 centributiors originating {ron:
the following:

Dus: in probe before the glass frit

Extractable dust on the glass £t

Residual dust in the glass frit faat cannot be shaken out
Dus: in sample train downstrszm the frit (especially cooler)

&8 & & 3

“When measurements 1 + 2 + 3 have been carried out the sarcpling probe isirinsed wita
acetone and dichlormethane (DCM). The extraction solvent is filtrated amd.the dust and tar
cantent is distributed according to the exhausted gas volumes of the 3 measurements.

Ater the above-mentioned imifial weighing of the frits they arerinsed omsite with acetone
and (DCM). At the laboratory, the frits are shaken up with acetone and I-CM in order to
extract possible dust and tar residuals. Furthermors, it is examined i dust has penetrated the
Ztit as the solvents from the cooler and the connection pipes are filtrated. The tar content of
ihs filtrate is determined and the remanence is dried at 105°C and analysed for dust. The
amount of dried remanences equa_s the solid substance content of tie raw gas (incl. the
residual velatile components), see table 2.
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| Measure- | Date | Measuremeat Remanerce | Residue on | Remanence | Remanence Selid,
ment pexind from cleaned frit from from substance in
No. filtration. of and filtraticn of | filtratzon of Taw gas
frit extract probe condensate | [CM and
acetone
mg Mg mg mg mgNm’
1 02.11.98 | 09:32-10:00 593 I 6809 7.3 227 226
2 02.51.98| 11+43-12:13 70.8 102.5 6.5 87.4 39
3 02,1158 14:15-14:48 52.8 219 8.¢ 28.5 205

Table 2: Solid substance in raw gas (drying at 105°C}

Table 2 shows that in average 30% of the toval solid substance of the raw gas Jenet-ales the
frit. A firter efficiency of 70% is not satisfactory. In connectior with measurements requiring
precision. it is necessary ~o determine the remarences fiom filtration of condensate and
extraction solvents. Alternatively, a G4 frit {10-16 micron) can. be used but that resifs In an
unaccepably large system pressure d-op.

In order fo examine if ths solid substance cantzins valzéile tar camporments the matferis
heated to 450 °C in N, for 30 minutes and afterwards the remanznce ‘2 weighed onwe again.
The weighing results incicale the dust content ‘n the rase gas. By means of heating. the
remaner-ce mass is in avsrage reduced to 49.3%. If the values from tzble 2 are cormced for
50.7% of volatile compcnents, then the following dust conceniretions in the raw g&s are
obtained.

Measurement Date Measurement period |  “rast amcunt Dus.in
Ne after heafing raw gas
mg ! mg/Nn’

1 - 02.11.98 09:32-10:02 78 ' 250

2 02.11.98 11:43-12:23 132 414

3 02.:1.98 14:.5-14:48 55 150

Table 3: Dust in raw gas (heating to 450 °C in nitrogen (30 min.))

In order to determine ths dust content of flemmable material (Ciand he dust contert of
inorganic material (ashes) the remanznce ic reheated to 550°C with && access. This
examination shows that dust in raw gas consists of 93% flammeble nraterial and 7% ashes.

If the lzboratory results are compared with the on-size weighing resul s (-able 1), thea it is
demonsrated that the main part of the frit volume ircrease is due to tar as the duston the
frits in everage only amounts to app. 0.3% of she collected mass in toe frit. Chapter 3.1.4
i[lustra-es if on-site frit we-ghing is an applicable altemative to the extensive analvses at the
laboratory.
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3.1.2 Gravimetric measurement of dust in gas after gas scrubber

In connection with the dust e

asuremants zfter the plant’s gas scrubber the same procedure

s used as described above. The weighing results of the solid substance fractions after drying
at 105 °C zppear from table 4.

Measure- | Date | Measuremeat | Remansnce Residue on | Remanence: | Remanence § Solid substance
ment period frorm | cleaned frit fror fronz in clean gas
No. filtration of filtration of | fiktration of
frit extract condensare | DCM and
' acetone
< mg me mg mg mz/Nm®
4 03.11.98 | 09:15-10:15 27.5 34 3.0 9.1 72.8
5 02,1198} 11:15-12:18 17.2 14 6.6 1.5 37.1
6 03.01.98] 13:47-14:47 15.2 7 2.1 2.4 27.1

‘I'able 4: Sohid substance in clean gas (drying at 105 °C)

When measuring in the somewhat clezner gas after the gas scrubber, filter efficicncy in

average increases to 82%. However, that is not enough

filtration of zondensate and extraction solvent.

As menticned befo

content is determined. By means of h
50.7%. Consequently, 39.3% volatile components Were presen

to-ignore the remanence from

re, the sclid substance is heated to 450 °C in N, and afterwards the dust
sating the remansnce mass iy average is reduced to
t in the solid substance after

il serubiber.
Measure- Date Measurement | Amountof dus: after Dust i clean gas
ment period heating
No. mg mg/Nm*
4 03.11.98 09:15-10:15 46 44
5 03.11.98 11:15-12:18 24 23
6 03.11.98 13:47-14:47 16 16

Table 5: Dust in clean gas (heating to 430 °C in nitrogen (30 minJ)y

In order 1o determine the dust’s content of flammable material (C) and the dust’s content of

inorganic material (ashes) the remanence is reheated fo 550
examinztion shows that dust in the clean gas consists-of 91%

ashes.

o with air accass. This
flammable material and 9%
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3.1.3 Gravimetric measurement of heavy tar in raw gas

Tke various parts of the sample train are rinszd and extracted with acetone and DCM and
afierwards the extracts are filtered. The filtrace is then examined for tar. In principal that
takes place in two ways, parily by evaporaticn of the filtrates and partly by a GC analysis.

« In connectior with evaporation the tar fraction called “heavy tar” is determined

o The “light tar” is determined by a GC anslys:s of organic sustarces with a molar miass
between 78 and 202.

A tar measurement carried cut according to “he DTI method resnlts in 3 extracts, originating
from:

e (3 frit
o Glass pipe cooler (incl. rinsing)
e Adsorbent which in this case is XAD 2

In connection with measurements 1 + 2 + 3 the rinsing cf the probe has besn described in
chapter 3.1.1.

Volatile components, measured when heating ths remanences. are added to the “Residne of
evaporation from frit and prebe” in table 6-

Measure- Date | Measurement | Rosidio of | Residus of | Residue of | Amount of
ment period evaposation | evaporaion evaporation” heavy far
No. fram fuit and | from caoler from in rew gas

probe XAD 2

e mg

02.11.98 | 09:32-10:02 13150 830

02.11.98 | 11:43-12:13 21520 1360

3 02.1.98 | 14:15-14:48 27860 2950

Table 6: Heavy tar in raw gas at "plant A"

The previously mentioned penetration of tar through the frit (owing to increased temperatuce
during measurement 1) is confirmed by the abeve-stated. results. Although the lowest tar
concentration was registered during measuement 1, the residue of avaporation from the
cooler has the: greatest value. That is due tc the increased frit temperature.
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3.1.4 Comparison between on-site frit weighing and evaporation results

In order to examine if field weighing of the frit gives a usable measuring result for easy and

quick determination of the “heavy tar”

coraparison of the results from the direc

s carried out.

content in gas with high rar concentration a
- weigaing and the resulis of laboratory eveporation:

Measure- Date Measurement Heavy far On-site Deviation
mant period in raw gas frit weighing
No.
g/Nm’ 2Nm’ %
1 02.11.98 | 09:32-10:02 79 47.6 40
2 02.11.98 | 11:43-12:13 : 93 81.6 12
3 02.11.98 | 14:15-14:48 97 30.3 17

Table 7: On-site weighing compared with residue of evaporation

The deviation in measurement No. 1 (table 7) is dus to the previously mentioned £it
teraperature increase. The two other measurereris indicate that on-site frit weighing gives a
usable result for quick evaluation of the tar production of the updraft gasifier.

3.1.5 GC measurement of light tar in raw as

Befcre evaporation of the above-mentionec extracts samples were taken and they were
examined by means of a GC/FID analysis.
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3.1.5.1 Light tar in agueous condensate
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The water phase solely originates from the glass pipe cooler. The GC/FID analysis of the
aqueous comdensate from the raw gas appears from table 3.

Measuvrement No.

Date

Measurement period

Molar mass /
boiling point

1
02.11.98
09:32-10 02
mg/Nnr’

2
02.11.98
11:43-12:13
mgNm’

3
02.11.98
14:15-14:48
mg/Nar'

Metharel

32/65

1830

254

2080

Ethanol

46/ 78

5.0

6.6

5.8

Acetone

58/ 56

L7

1

15

Acetic acid

60/118

8310

7850

2186

MEK.

72/80

1.2

0.9

1.6

| Propionic avid

747 141

1360

534

1200

Light tat *)

78 =202

700

1040

13

Table 8: GC analysis of light tar in agueous condensate

*} Light tar with molar mass from 78 ta 202 is calsulared as iscbutazol (74 gfmel)

The reason why the _ight tar tctal during measurement 3 sharply deviates from measurement
1 and 2 is presumably due to the extraordinarily largs heterogeneity of the aqueous
condensate. Extraction of the organic phase in the condensate by mezns of DCM would
presumably have given a more uniform result. The degree of accuracy on this conlributron 18
generally speaking of no impurtance to the result of light tar measurement which appeass
from chapter 3.1.6.

3.1.5.2 Light tar in acetone and DCM extracts

After sampling and field weighing the frits are rinsed with acetone and DCM. The resulitinig
extract is called “fraction A™. The frits are shaken at the laboratory in order 1o extract
possible tar residues, resuliing in “fraction B”. DCM washed out from the cooler results :n
“frac-ion C and the washed cut acetone is called “fraction D”. In addition, XAD 2 1s
extracted, resulting in “fraction E”. The following extracts are analysed:

e GC anelysis of the fractions A and B together censtitute light tar on the frit
o GC =nelysis of the fractions C and D are light tar in the cooler (excl. water-phase)
o GC anelysis of fraction E is light tar in XAD 2

Light tar residues found in the wash out from the measurement prabe are added to fraction A
and B. The analysis results and the calculation of the light tar concentration m the raw gas
appear from table 9.
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Measurement No. 1 2 3
Date 02.11.98 02.11.98 02.11.98
Measurement period 09:32-10:02 11:43-12:13 14:15-14:48
Molar mass/
boiling point mg/Nm’ mg/Nm’ mg/Nm®
Benzene 78 /80 157 153 136
Toluene 92/111 271 294 276
Phenol 94 /182 1022 711 1053
Ethylbenzene 106/ 136 47 58 57
Xylene 106 /139 140 159 153
Indene 116/182 34 35 39
(Guaiacol 124 /205 2194 1603 2106
Naphthalene 128 /218 50 69 65
4-Methyl-Guaiacol 138 /220 2820 2323 3060
Acenaphthylene 152 /270 13 16 9.3
Acenaphthent 154 /278 3.2 2.6 3.6
Fiuorene 166 /298 12 10 13
Phenanthrene 178 /340 20 18 23
Anthracene 178 /340 59 5.5 6.6
Fluoranthene 202 /367 3.6 3.1 3.4
Pyrene 202 /393 3.8 3.9 5.1
Benz(a)anthracene: 228 /400 1.8 2.0 2.3
Chrysene 228 /410 2.0 2.1 2.4
Benz(b+k)fluaranthene 252 /480 1.2 1.1 1.4
Benz(a)pyrene 2527495 1.0 1.2 1.2
Indenu(l,2,3)pyrenc 276 /500 0.2 ' 0.8 04
Benz(ghi)perylene 276 /510 0.5 0.4 0.3
Dibenz(ah)anthracene 278 /520 0 0 0
Light tar (78-202) *) 32380 34345 38102

Table 9: GC analysis of light tar in acetone and DCM
*} Light tar with molar mass from 78 to 202 is calculated as anthracene (178 g/mol)
1.1.6 Total light fax in raw gas

As it appears from table 10, total light tar is found by adding light far to the aqueous
condensate and to acetone and the DCM exiracts.

Measure- Date Measurement Light tar Light tar Light tar
ment period in n in
No. condensate acetone and raw gas
DCM
g/Nm’ g/Nm’ g/Nm®
1 02.11.98 | 09:32-10:02 0.7 32.4 33.1
2 02.11.98 | 11:43-12:13 1.0 34.3 35.3
3 02.11.98 | 14:15-14:48 0 38.1 38.1

Table 10: Total light tar in raw gas
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3.1.7 Gravimetric measurement of heavy tar in gas alter gas scrubber

As mentioned in chapter 2.1.3, tar measurements wetre carriad out in the clean gas aZer the
gas scrubber. The results of the evaporation of the tar fractions appear from table 11.

Measure-| Yate Measurement | Residue of | Residue of Residue of | Amount of
ment period evaporation  evaporation evaporation | heavy tar
No. from frit from cooler “rom in <lzan gas

XAD2

mg mg ng g/Nm’

4 02.11.98 | 09:15-10:15 2860 1550 £20 5.0

5 03.11.98 | 11:15-12:18 2690 | 309 1560 4.5

6 03.11.08 | 13:47-14:47 | 2410 1060 £70 4.1

Table 11: Heavy tar in clean gas at ”plant A”

3.1.8 GC measurements of light tar in gas after gas scrubber

As mentioned in chapter 3.1.5, concerning GC measurements in the raw gas, the
measurements are carried out in the clean gas.

3.1.8.1 Light tar in aqueous condensate

The water phase solely criginates from the glass nipe cooler: The GC/ZID analysis of the
aqueous condensate from the raw gas appears f-om table 12.

Measurement No. 4 5 6
Date: 03.11.98 3.11.98 03.11.98
Measurement period Molar mass/ | €9:15-10:15 | 11:15-12:18 | 15471 4:47
boiling point mg/Nm* mg/Nm’ mz/Nm’
Methanol 32/65 828 436 782
Ethanol 46/ 78 2.5 1.4 ' 3.0
Acelone 58 /56 13 a7 )
Acetic acid 601/ 118 828 . 458 7714
MEK. 72/ 80 0.4 ) 0.5
Propionic acid 74/ 141 55 5 2030
Light tar *) 78 — 202 23 29 : 142

Table 12: GC analysis of light tar in aqueous condensate

*) Light tar with molar mass from 78 to 202 is calculated as isobutancl (74 gimel)

The reason why the light tar total Curing measurement 3 deviates shazply from measurement
1 and 2 is probably dueto the considerable heterozeneity of the aquzous condensate. Also in
this case, thzresults frcm the agueous condensate can be ignored, which appears rom
chapter 3.1.5.
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3.1.8.2 Light tar in acetone and DCM extracts

As described in chapter 3.1.5.2, con
carried out to deterrine the light tax

cerping raw gas measurements, the GC analysis is
in the clean gas, whic appears fror table ¥3.

Measurement No. 4 5 6
Date 03.11.98 03.11.98 03.11.98
Measurement. period 09:15-10:15 | 11:15-12:18 | 13:47-14:47
Molar mass/
boiling point mg/Nur’ mg/Nm’* meg/Nm’

Benzene 78/ 80 32 30 5.1
Toluene 92/111 116 123 64
Phenol 94 /182 86 86 77
Ethylbenzene 106 /136 39 37 28
Xylene 106 /139 116 104 85
Indernk 116/ 182 24 23 19
Guaiacol 124 /205 279 287 247
Naphthalene 128/218 27 27 22.2
4-Methyl-Guaiacol 138 /220 278 306 248

" Acenaphthylene 152/270 0.8 0.7 0.6
Acenaphthene 154 /278 0.3 0.2 0.6
Fluorene 166 /298 0.7 0.7 0.5
Phenanthrene 178 /340 0.8 0.8 0.6
Anthracene 178/ 340 0.3 0.3 0.3
Fluoranthene 202 /367 0.2 07 0.1
Pyrene 202 /393 0.2 0.2 0.2
Benz(a)anthracene 228 /400 0.1 0.1 0.1
Chrysene 228 /410 0.1 0.1 0.1
RBenz(b+k)flucranthene 252/ 480 0.1 0.1 0.1
Benz(a)pyrene 252 /495 0.1 0.1 0.1
Indeno(1,2,3)pyrene 276/ 500 0.1 0 O
Benz(ghi)perylene 276/ 510 0 0 Q0
Dibenz(ah)anthracene 278 /520 0 0 Q
Light tar (73-202) *)’ 4889 4186 3674

Table 13: GC analysis of light tar in acetone and DCM

*) Light tar with molar mass from 78 to 202 is calculated as anthra-ene (178 g/mol}
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3.1.9 Total light tar in gas after gas serubber

As it appears fror table 14, the light

condensate and to acetone and the DCM extracts.

tar total is found by adding light tar to the aqueous

Measure- Cate Measurement  Light tar ! Light tar Light tar
ment period in | in in
No. condersate acetone anc “aw gas
DCM
/Ny’ g/Nm’ g/Nm’
4 03.11.98 | 09:15-10:15 O 4.9 4.9
5 03.11.98 | 11:15-12:18 0 4.2 4.2
5 031198 | 13:47-14:47 0. 17 | 3.8

Table 14; Total Eght tar in clean gas

3.2 Measuremant on downdraft gasifier “Plant B”

32.1 Gravimetric measurement of dust in raw gas

Unlike the measurements on “plant A”
were used, as the mam pollutant in the gus ol «
separated in a Strohlein filier cartridge filled with

sample probe are heated to 250 °C.

I order to obtain an initial
an-site after cooling. The results from the initial weigning

plant B”
quartz wool (2-12 mt

. where a glass frit was used, quartz filter cartridgss
ja dust and not far, Tinst is mainly
sron). Tke filter and.

indication of the dust content of the gas, the filters aze weighed
appear {tom (able 15.

Measure- Date Measurement Filter On-site Dust co:merltra’ti&mj
ment period temperature | f:ker weighing filter only
No.
°C 2 mg/Nm®
7 05.11.98 | 10:15-10:31 257 0.14 268
8 05.11.98 | 11:24-11:55 25) 0.22 042
9 05.11.98 | 14:30-15:06 25) - -

Table 15; Weighing of Strihlein filters immediately atter sampling

The dust content in the raw gas is me asured by adding 4 dust fractions, ori

following parts of the sampling equipment:

e & @& o

Prcbe in front of filter
Sirshlein filter
Probe after filter

Cooler

ginating from the
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The Stréhlein filters are treated as usual at the laborato
climatic condition before return weighing takes place in
he filter) is rinsed with acetone an
Ivent is filtered and the remranence is driec and weighed. In
probe after the filter is rinsed in the same
2 mg. This mass is distributed
each measurement. Furtaermore, the condensate
nce is dried and weighed. The mass of the four

probe (from the inlet nozzle to ¢
measurement. The extraction so
connection with measurements 7+ 8 +9 + 10 the
way. At the laboratory, th:e remanence mass is éefined as 21
according ta the exhausted gas volume at
from the cooler is filtered and the remane

remanences is included in the column “S

ry as they are dried and given a
the climatic chambker. The sampling
d DCM after each

olid substance in other sampling equipment”.

Measure- | Date | Measurement | Solid substance [Solid substance | Solid substance
ment period on filter in cther in
No. sampling raw gas
equipment
mg mg mg/Nm’
7 05.11.98 | 10:15-10:31 137.5 35.2 1194
8 05.11.98 | 11:24-11:55 2363 1042 994
9 05.11.98 | 14:30-13:06 157.8 29.7 790

Table 16: Solid substance in raw gas (drying at 105 °C)

In order to examire if tar is connested to the filters and th
450 °C in N, for 30 minutes and then they are weighed or:ce again.

show the actual dust content in the raw gas.

s remanences they are heated to
The weighing results

Measure- Date Measurement Dust Dust in Dust
ment period on filter " other sampling in raw gas
No. equipment
mg g mg/Nm”*
7 05.11.98 | 10:15-10:31 131.4 34.4 1146
8 05.11.98 | 11:24-11:55 228.1 101.8 963
9 05.:1.98 | 14:30-15:06 154.6 29.0 773

Table 17: Dust in raw gas (heating to 400 °C in nitrogen (30 mik))

From table 17 it appears that the main part of pollution o the filters, not surprisingly.
consists of “real” dust as only app. 3% of the mass is los- during heating. Furthermore, it
appears from the table that the filter efficiency is between §1 and 55% and it declines as 1he
dust load increaszs. Therefore, it is necessary also in future to pay regard to the penctration
of the filter.

In order to determine the content of flammable material ‘C) and the dust content of inorganic
material (ashes) the filters and the remanence are reheated to 550 °C with air access. This
examination shows that the dust in the raw gas consists of 90% flammable material and 10%
ashes.
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3.2.2 Comparison of o

n-site filter weighing with laboratory weighing

Measure- Date Measuremert Dust Tust Deviat:on
ment period on filter on filter
No. (laboratory} | {field weighing)
mg g %
7 05.11.98 | 10:15-10:31 131.4 C.14 + 6.5
8 05.11.98 | 11:24-11:535 228.1 0.22 -3.6
9 05.11.98 | 14:30-15:06 154.6 -

Table 18: Comparison of field weighing

Just as heavy tar field measurements, dust field measurements g

3.2.3 Gravime(ric measurcment of dust in gas after gas scrubber

In connection with
used as described above. Table 18 shows 1ab

‘ye acceptable results.

dust measurements after the plant’s gas scrubber the same procedure is
aratory weighing after the samples have been

dried at 105 °C.
Measure-~ Date Measurement | Solid substance | Solid substance | Solid substanae
ment period on filer i other i
Na. sanpling clean: gas
eqipment
mg mg me/vm’
10 06.11.98 | 09:00-05:20 166.0 13.4 6E5
11 06.11.98 | 10:15-10:43 141.8 21.0 449
12 05.11.98 | 11:41-12:02 1368 14.3 4z8

Table 19; Solid substance in clean gas (drying at 105 °C)

As previously mentioned, it has been examined if
remanences. Therefore, they
weighed once again. These weighing results present the ac

are heated to 450 °C

tar is connected 7o the filters and the
in N, for 30 minutes and then they are
tual dust content of the clean gas.

Measure- Date Measurement Dust Dust in Dust in
ment period on filter other clean gas
No. sampling
equipment
me mg mgNm’
10 06.11.98 | 09:00-09:20 1522 11.7 604
11 06.11.98 | 10:15-10:43 136.5 18.3 426
12 06.11.98 | 11:41-12:05 130.7 12.4 406

Table 20: Dust in clean gas {heafing to 400 °C in nitrogen {30 min.))
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As it appears from tab!
amount of volatile components that the sc

mass is lost during heating. In connection with the

the lower gas temperature, the Strdhlein

increases to app. 90%.

In order to d
inorganic material (ashes)
access. This examination sh

maierial and 4% ashes.

etermine the dust’s content of flammable material (C) and ~he
the filiers and the remanence are reheated to 550 °C with axr
ows that the dust in the clean gas consists o 96% flarnmable

3.2.4 Gravimeiric measuremsnt of heavy tar in raw gas

The content of heavy tar in the zaw gas is measured

from:

e & & o

In table 21, the volatile component

Washing o of probe before filter
Volatile substances on filter

Condensate from cooler incl. wash out
Extraction of XAD 2

“Residue of evaporation from probe”.

e 20, the solid substance afer the scrubber has a somewhat larger

1id subssanwe before the scrubber as app. 7% of the
rather small dust load in the ¢’ean gas and
filter is more satisfactory as filrzr efficiency

dust’s contznt of

oy adding 4 contritutions, ori ginating

s measured during heating of the filter have been added tor

Mcasure Drate Measarement | Residue ol | Residuc of | Residue of | Amounnt of”
ment period evaporation | evaporation | evaporation heavy tir
No. Jrom probe from Zrom ‘naw gas
cooler XAD2
mg
mg mg mre/Nm’

7 05.11.98 | 10:15-10:31 35.4 167.0 74.4 1913

g 05.11.98 | 11:24-11:55 78.1 74.3 102.4 744

9 05.11.98 | 14:30-15:06 50.7 24.0 38.4 561

Table 21; Heavy tar in raw gas at "plant B"
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3.2.5 GC measurement of light tax in raw gas

Before evaporation of the above-rentioned extracts a sample was taken and they were
examined by means of a GO/MS analysis. The aqueous condensats is separated from the
DCM phase and has been examined through a GC/FID analysis.

3.2.5.1 Light tar in agueous condensate

The water phase solely originates fiom the glass pipe cooler. The GC/FID analysis of th2
aqueous condensate from fl-e Taw gas appears from sable 22.

Measurement No. 7 8 9
Date (5.11.98 05.11.98 05.11.98
Measurement period Molar mass/ | 10:15-1C:31 | 11:24-11:55 | 14:30-15 .06
boiling point mg/Nm’ rg/MNm’ mg/Nm’
Methanol 32785 259 158 194
Ethanol 4/ T8 0.2 0.3 0.2
Acetone 5%/356 0.3 0.7 3.2
Acetic acid 6/ 118 <35 <35 <33
MEK. 72 /80 Or Q 0
Propionic acid 74/ 141 O Q Q
Light far *) 78— 202 Q ( 0

Table 22: GC analysis of light tar in agueous condensate

#} Light tar with molar mass fram 78 to

302 is calenlated as isobatanol (74 g/meol)
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3.2.5.2 Light tar in acetone and DCM extracts
As described in chapter 3.1.5.2, concerning measurements in raw gas, a GC analysis for
determination of light tar in the clean gas was carri=d out, which appears fiom table 13.

\ Measurement No. 7 8 G
Date 05.11.98 05.11.98 05.11.98
Measurement pericd 10:15-10:31 | 11:24-11:35 14:30-15:06

Molar mass/

boiling point mz/Nm’ mg/Nm’ mg/Nm’
Benzene 78 / 80 625 410 466
Toluene 92./111 208 111 63
Phenol 94/182 | 95 32 9.5

| Bthylbenzene 106 /139 4.3 1.6 0.5
KXylene 106/ 139 42 19 7.6
Indene 116/ 182 310 165 103
Guaiacol 121/ 208 0 0 0
Naphthalemne 128 /218 624 486 313
4-Methyl-Guaiacol 138 /220 0 0 {}
Acenaphthylene 152 /270 279 196 149
Acenaphtlene 154 / 278 13 8.2 5.2
Fluorene 166 / 258 48 44 24
Phenanthrene 178 / 240 95 94 75
Anthracene 178 /340 29 26 18
Fluoranthene 202 /367 34 37 27
Pyrene 202 /393 30 33 22
Benz{a)anthracene 228/ 400 5.3 5.4 4.0
Chrysene 28 /410 5.6 : 5.8 4.4
Benz(b+kifluoranthene 252 / 480 7.9 8.0 6.4
Benz(apyrene 252 /495 5.0 5.0 4.0
Indeno(1,2,3)pyrene 276 / 500 2.8 3.3 2.6
Benz(ghilperylene 276 /510 2.8 3.2 2.5
Dibenz(ah)anthracene 278 /520 0.2 0.2 0.2
Light tar §78-202)%) 4050 2717 2238

Table 23: GC analysis of light tar in acetone and DCM
*) Light tar with molar mass from 78 to 202 is caloulated es anthracene (178 g/mol)
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3.2.6 Total light tar in raw gas

As it appears from tab

condensate and to acetone and the DCM exiracts.

Je 24, the light tar total is found by adding light tar to the aqueaus

Measure- Date Measurenent Light tar Light tar Light tar
ment period in in n
No. cordensate acetone and raw gas
DCM

g Nm’ mg/Nm’ mg/Nmr’

7 05.11.98 | 10:15-10:31 J 4050 4050

8 05.11.98 | 11:24-11:55 | 0 2717 2717

9 0511.98 | 14:30-15:06 0 2238 2238

Table 24: Totat light tar in raw gas

327 Gravimetric measurement of heavy tar in gas after gas scrubber

As mentioned in chapter 3.2.4, far measuremsnt
gas scrubber. The results from the evaporation 0

s were carrizd out in the clean gas after the
£ the tar fractions appear from table 25.

Measure- | Date | Measurement | Residue Residue Residue Amount of
ment period evaparation | evaporation cvaporation | heavy tar
Hu. firome. from from in raw gas
prabe ccoler XAD 2
g mg, mg, mg/Nm’
10 06.11.98} 09:00-09:20 6.7 114.3 176.6 1336
11 06.11.98 | 10:15-10:43 7%.5 11E9 129.8 0(4
12 06.11.98 | 11:41-12:05 TES 121.2 103.1 855

Table 25: Heavy tar in clean gas at "plant B"

3.2.8 GC measurements.of light tar in gas after gas scrubber

Before evaporation of the above -mentioned exiracts sampl
examined by means of a GC/MS analysis. The aqueous coadensate is sampl
DCM phase and examined by means of a GC/FID analysis.

=g wers taken and they were
=d from the
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3.2.8.1 Light tar in aqueous condensate

The water phase solely originates from the glass pipe €00

agueous condensate from the raw gas appears from table 22.

Jer. The GC-FID analysiscf the

Measurement No. 10 "t 1z
Date 06.11.98 06. 1.98 %6.11.998
Measurement period Molar mass/ | 09:00-09:20 | 10:15-10:43 | 1L:41-12:05
boiling point mg/INm’ mgNm’ ne/Mm®
Methanol 32/65 207 w9 162
Ethanol 46 /78 0.6 Q.4 0.5
Acetone 58/56 0.3 w4 Q.5
Acetic acid 50/118 <35 <35 <35
MEK 72 /80 0 q Q
Propionic acid 74/ 141 0 g O
Light tar *) 78 —202 0 U {0

Table 26: GC analysis of light tar in aqueous condenszee
*) Light tar with molar mass from 78 to 202 is calcuiaed as isobutanol (74 g/mal)
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3.2.8.2 Light tar in acetone and DCM extracts

As described in chapter 3.1.5.2, concerning raw gas
carried out in order to determine the light tar in the clean gas,

measurements, the GC analysis was

which appears from table 27.

Measurement No. 10 L1 12
Date i 061198 06.11.98 06.11.98
Measurement period ©09:00-09:20 | 10:15-10:43 | 11:41-12:05

Molar mass/ '

boiling point mg/Nm’ mg/ N’ mg/Nra’
Benzene 78 / 80 448 471 599
Toluene 02/111 108 a7 al
Phenole 94 /182 15 25 9.0
Ethylbenzene 106 /136 17 1.9 1.1
Xylene 106/ 139 48 20 15
Indene 116+ 182 319 138 158
Guaiacol 124 2 205 0.0 0.0 0.0
Naphthalene 1287218 546 435 432
4-Methyl-Guaiaccl 138+ 220 0.0 0.0 (.0
Acenaphthylene 1524 270 198 188 181
Acenaphthene 154, 278 9.2 7.3 &0
Fluorene 166 298 41 43 35
Phenanthrene 1781340 63 58 57
Anthracene 178 / 340 20 96 ~9
Fluoranthene 202 1367 22 23 22
Pyrene : 202 1393 21 215 21
Benz(a)anthracens 228 /400 4.6 4.7 i
Chrysene 228/ 410 4.9 4.9 4.7
Benz(b+k)fluorarthene 252 7 480Q 7.4 1.8 7.3
Benz{a)pyrene 252 /495 5.0 4.8 4.4
Indeno(1,2,3)pyrene 276/ 500 3.2 3.2 3.C
Benz(ghi)peryiene 276/ 510 2.9 33 2.G
Dibenz(ah)anthracene 278 / 520 0.2 0.2 0.2
Light tar (78-202)*) 3572 2679 2555

Table 27: GC analssis of light tar in acetone and DCM

*) Light tar with molar mass from 78 to 202 is calculated as anthracene {178 g/mol}
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3.2.9 Total light tar in gas after gas scrubber

As it appears from table 28, the light tar total is found by adding light tar to the aqueous
condensate and to acetone and DCM extracts.

Measure- Date | Measurement Light tar Light tar -n Light tar
ment period in acetone and in
No. candensare DCM Taw gas
mg/Nm’ me/Nmy mg/Nm’
10 06.11.98 | 09:00-09:20 0 3572 3572
11 06.11.98 | 10:15-10:43 0 2679 2679
12 06.11.98 | 11:41-12:05 0 2555 2555

Table 28: Total lizht tar in clean gas

4. Plant description

Out of considesation fcr the aconymity of the plants no plant description forms part of this

report.

5. Operational conditions during the measurement period

In connection with measurements carried our an “plant A on 2" and 3" November the
output varies from 1.7 fo 2.3 MW depending on the hea: consumption in town. Typically, the
plant starts with the grzatest output :n the morning and towards noon i: declines to the
minimum valuz. However, that daes nct influence sampling as the gas flow is constant in the
bypass line.

On 3" November, the moisture content of the fuel was increased from app. 12.00 noon and
that corresponds to the declining dust content of the gas during tzat peiod. There are no
comments to the operation. Figure 2 and 3 (overleaf) show the bailer output on the days of
measurement znd the gasification airflow and they are cirect indications of the gasifier load.
The numbered. columns show the sampling time of the 6 measurzments,
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Figure 2: Openational conditions — boiler output. 2" Nov. 1998
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Figure 3: Operational conditions — boiler output, 3™ Now. 1998
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"Plant A" 9811C2
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Figure 4: Gas composition, 2™ Nov. 1998
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Figur $: Gas composition, 3™ Nov. 1998
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Information about the operation of “plant B” has not been stored in a computer s it was in
connection with “plant A”. However, te following comments have 3een noted i the field
book.

4.11. 1998 On arrival at “plant B” the gasifier was out of order. By accident, water had
been filled on the gasifier from the washing plant. The gasifier was emptied of
coal, water and ashes. Thz measuring equipment is set up.

5.11. 1998 The gasifier was started curing the night and operation seems normal, The
relatively high tar concentration during the initial measurement at 10:15 and
the declining concentration in the course of the day can presumabl> be traced
back to the start up.

6. 11. 1998 The ash conveyor of the ash cyclone stopped 3 o’clock in the morrzing and the
plant stopped completely at 5 o’clock in the morning. The motor cannot be
restarted and at 8:20 the gasifier is starfed by means of the booster fan and the.
gas is flared. The first measurement started at 9:00 a.m. Today, there is also a
clear tendency to higher tar concentrations at the beginning of the day and
there is a declining tendency as the morning passes. There is no doabt that this
has to do with the recent start. From the gas composition in figure 7 it appears
that there is considerable methane content in the same Jeriod which also
indicates an increased comtent of pyrolysis products in the gas.

"Plant B" 981105

[y g 7 T T T T T :
10:00 10:30 11:00 11:30 1200 12:30 13.00 13:30 14:.00 430 15.00:

_H'E —) T UROOD ey —

Figure 6: Gas compositior, 5 Nov. 1998




Date: 19990120 ; S  Pmge3lof32
Initials.: UZPDEK/HAC | ‘ ’ ’ ’
File; Q:\Bic\UZIPROJEK T\OPFOLG\ParallelRappaort uge 45.eng.doc

"Plant B" 951106

% (Voldry)
3

-
th
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o500 09:30 10:00 10:50 11200 11:30 12.00 12:30
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Figure 7: Gas composition, 6* Nov. 1998
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6. Conclusion

DTI has carried out the 12 planned measurements and no important rernarks have been
written in the field book. Th= results reflect the normal standard of the DTI dust and tar
measurements. However, the report contains more information than usual about the dust and
tar measurements as we wanted to prove how much dust and tar is separated various p:aces
in the sampling system. Table 29 gives a summary of the main results of dust, heavy tar and

light tar.
“Plant A”
Measurement No. Dust Heavy tar Light tar
mg/Nm’ o/Nm’ o/Nr’

1 259 79 33.1
2 414 93 35.3
3 150 97 38.1
4 44 5.0 4.9
5 23 4.6 4.2
6 16 4.1 3.8

Table 29: Measurement results from "plant A"

“Plant B”

Measurement No. Dust Heavy tar Light tar
g/ Nm' mg/Nm’ mg/Nm”

7 1146 1913 4050

8 994 744 i 2717

9 790 561 2238

10 604 1336 ' 3372

11 426 904 2679

12 406 855 2355

Table 30: Measurement results from "plant B"
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4 . '  Introduction

1 Introduction

Producer gases from gasification reactors contain particulates and organic contzminants (tars)
which, if not removed, would damage the engine oz incur an unacceptable level of maintenance.

A numnber of differen- sampling and analysis methods have been used by mantfactarers and other
workers in this field to determine the fevel of these contaminants in the gas. The diversity of
meth>ds makes the comparison of operating data from different sources very difficuit. This re-
presents a significant barrier to the further development and commercialisation. of the technology.

To overcome this barrier and to make a contributicn to tae future development of en international
standard for sampling particulates and tars from biomass gasifiers, a series of parallel test runs
have been carried out with four different sampling methods at two biomass gasificazion reactots in
Denmark in November 1998, The four instimites/companies participating in these parallel test runs
are (in alphabetical order):

¢ Biomass Technology Group (BTG: Netherlands)
¢ Dianish Technical Institute (DTI, Denmark)
e Verenum Research (Switzerland)

¢ VTT Energy (Finland)

This. report presents the results from the test runs which have been carried ou: at the two Danish

gasifiers using the ETH/Verenum sampling train. The method is a classical impingement train
which uses anisole as a tar absorption solvent [Hasler et al. 1998a] and has been used at more than
8 diferent fixed bed biomass gasifiers and various gas cleaning units so far. For the test runs in
Den nark, the sampling train has been slightly medified by using a particle collection in a heated
filte - before the onset of moisture condensation.




5 | - Description of the P&T sampling train

2 Description of the P&T sampling train

2.1 Working principle of the P&T sampling train

The sampling train used for the test nmns in Denmark is = slightly modified version of the conven-
tional ETH/Verenum particulate and tar (P&T) sampling train. A detailed description of the
conventional sampling train is given in [Hasler et al. 1968a.. Exczpt for the type of solvent used,
the sampling train used in Denmark is in agre=ment of the oroposed Ve:sion98 tar protocol of the
EC /IEA / US DoE working group for small scale biomass gasifiers [Barker et al. 1998]. The
sampling train is shown in fizure 2-1.

Heated line to sampling
rozzle vstainless steel)

i
K
\'~

N

6
1:  Particle filier theaed) 6z  Coke adsorter (pump protection)
2:  Heat exchanger 7. Vacuim pump
3: Moisture condensation bottle (1 1) 8:  Gas flow indicator
4:  Tar impinger bottles (app. S0 ml solvent) 9:  Gas volume integrator
5:  Drop sepazaicr 16: LCV burner

figure 2-1:  Schematic of the P&T sampling train used in Denmark by Verenum. Research

To ensure correct particulate sampling, the sample gas siream is taken as close to isokinetic
sampling conditions as possible. Since unde- isokinetic sampling leacs to higher sampling errors
than over isokinetic sampling, a 5 10 10% over isokinet=c sarnpling flow rate is reccmmended.
With the present sampling arrangement, flow rates up to 08 Nm’/h can e sampled The isokinetic
sample flow rate is normally calculated based on the fuel composition, the gasifier load, the duct

dimension and producer gas composition. For the test runs n Denmark, the sample flow rate has

been given by the Dlanish Technical Institute (DTI).
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Particles are coilected in a heated filter at temperatures: between 120°C and 150°C. As a filter
material, glass fibre thimbles (supplied by Schleicher&Schuell; tvpe 603g; 33 x 205 mm} aze
used. The total surface arza of the thimble is approximately 200 c’. The particle filter used is a
prototype design and has been tested so far for a limited aumber of test runs.

After the particle filter, a glass cooler of 500 mm lenght end an inper diameter of 20 mm is used.
Cooling media is. either ethylene glycol (-3°C) ar cooling waler {pprox. 10°C). The condensed
moisture and tars flew through a teflon be into the moisture condensation bottle. The tube
lenght between the cooler and the moisture condensation bottle is piven by the actual sampling
situation. For the test runs at the gasifier site 1, the tube leng:h was approx. 0.5 m whereas at site 2
the tube lenght was approx. 5 m.

In the moisture condensation bottle additional moisture: and: sone of the organic contaminarmts
(,tars*“) will condense. Before start of the sampling, approximately 200 ml of distilled water is put
in the bottle. The gas enering the water is dispersed inte smail bibbles by a diving pipe with an
inner diameter of 4 mm. The diving pipe is at ary time below the water level. The water conden-
sing bottle is cooied to §°C with an ice bath.

After the condensor, the gas enters a series of three tar impingzrs with a volume fo 250 ml
(impingers of type Drechsel supplied by Merck). The impirgers contain 50 mi of anisole as an
absorbing liquid for organic contaminants. The diving pipe is placed not more than 5 mm above
the bottle bortam and has an inner diameter of 4 mm. After the hird tar impinger, a drop sefpa-
rator is installed. The tar impingers and the drop separater same dimension as the impingers) &re
cooled to -3°C using a zthylene glycol / water mixture and z eryos atic cooling unit. At lower tem-
perature. water freezing occurs in the diving-pipz of the first impicger.

After the drop separator, a savety coke adsorber is used s & pump protection. The adsorber is fil-
led with approximately 200 grams lignite coke as an adsorbent.

The gas is samplzd with a vaccum pump which has a no ninal capacity of approx 14 m’/h at nor-
mal pressure. The gas passes a rotameter {0-25 lfmin) and a gasmeter used for volume integrarion
over the sampling time. The gas flow rate through the pump is ad usted with a manually operated
bypass ball valve. The sampled gas is combusted in a modified Bunsen burner at the end of the
sampling train.




Deseription of the P&T sampling train

2.2 Definitions of producer gas impurities

The definitions of the contaminants in the producer gas vsed for the test runs mace in Denmark
are identical as for the conventional ETH/Verenum sarcpling train. The definitions of compcunds

which are anzlyzed for this report are as follows:

Heavy tars:

PAH:

Phenols:

Water soluble organic
residue:

Particulates:

Heavy tars generally are considersd as the sum of high molecular
organic compounds with high boiiing points, typically above 200°C.
The chemical composition is unknown. The heavy tars are determined
gravimetrically by carefully evaporating the worked wp solntion of
anisole (=methoxy benzene; t, = 153°C) at ambient pressure.

Polyaromatic hydrocarbons. These are organic compounds with more
than two aromatic rings. Typical representatives of PAH's fouad in
(cocurrent} biomass produeer gases arve: naphthalere, phenanthrene.
Here, 16 PAH componnds aeccording the the US EPA PAH list are
analyzed. The determination of the PAH’s is made using GC/MS

Aromatic organic compounds with zt least one —OH group. Typical
representatives are ,phenoi™ (CJHLOH) and cresols (= kydroxw-
toluene; 3 different chemizal structures possible). Phemol and cresols
are considered as corrasive ccmponents for fuel gas applicaticns in IC
engines.

The arnount of sulid watier found as cvaporat'ion rojidue from the
agueons phase after particle separation and anisole extraction. It has
been found that this solid zesidue is of purely organic nature with un-
contaminated wood fuels 1sed in cocurrent gasifiers. As this o-ganic
compounds remain in the highly polar aqueous phase and are not
extractable with less polar anisole, this residue is composed of highly
polar tar compounds.

The amount of solid maiter which is deposited on the glass fibre
thimble and which is filtered from the liquids. ,.Tars”* adsorbed on
particulates are extracted using appropriate  solvents. The

determination method is gravimetric.
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2.3 Postsampling and dmalytical procedures

The postsamrpling and analytical procedures are show=1 in figure 2-2 and figure 2-2. With ninor
modifications, the procedures are identical as for the conventional. ETHiVer=snim F&T sampiing

train.
Washing with - Washing =ith Washing it
d stilled water anisole aeetons
i ' 1 2. 3.
L
iz Sampling rai
Sampling train ampling rain . . :
2 fromuthe nozzle to the from the nozale to the o \;gﬁs'ﬂgls'aﬁ"g::ﬂes
W coadensate buttle drop sepamsator LLCGRE, b
had
W
=
pray
H .
o |
=
O . . Fl .
ol Condensator Tar impingers
) ! r
[~
&
D
fmne|
§
Agueous QOrgaric Organic
solution AP solution OP1 solution QP2
Laboratory analysis

figure 2-2:  Postsampling procedures for the P&T sampling train used by Yerznum Reseaxch

The cleaning of the tubes and the gas lines is mads immediately after the end of the sarpling.
Totally, three washing procedures are made (figure =-2). The total mass o7 condensate gemerated
during the sampling period is also measured to deiermine the meisture comtent of the producer
gas. The washing procedure with aniso.e is made affer the water washing. The cleaning is made
with fresh anisole. A final washing is made with acetcne to remove droplets of water and anisale in
the sampling train. |

Thae result of the P&T sampling and the post samplihg “washing procedures ar> three bottl=s. one
conlaining an agenous sclution (AP} and two contaring an organic solutioas (OPL and OP2). and
a glass fibre thimbie from the particle filter. The paticle filter thimble: is wrajpec in aluminium
foil and stored for further treatment. At sampling site 1, some thimbies were rirsed with so.veat at
the site. However, it turned cut that tar remowal is insafficient when rinsing with solvent is appied.




Description of the P&T sampling train

The analysis train in the iaboratory is shown in figure
treatment is given in [Hasler et al. 1998a].

i

Organic solution OP) Organic solutiom

2-3. A detailed description of the samole
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selusion AP {methoxy benzens) QP2 (acetore} Thimble fidver
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L. exlragzion of DP
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taqrorg=4:l}
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100 ml HXO

(=)

Solvent

zporati oaj
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I Agueds phise ”(J:g:m:c phas¢ l I_Aqucms phase IlOrganic phase I

l

Organic phase
mixtute (PP
evaporatio
L / 1\ !
Solid residue || Agqueous bockup | | Organic backup Samgle fer 1 Sampletr $am ¥a for Soxh et residee || Solid ridue
{Solid B} campds sample Feavy tar amalysis| PAH apalzsis phenolianalysis {Solid A) SohuC)
figure 2-3: Schematic of the sample treatment in the laboratory for the P&T sampling train

used by Verenum Research

For the sampling train used in Denmark, additional Soxhlet extractions are made with tke particle
filter thimble. For the samples from site 1, Soxhlet extractioms aze made with anisole and metha-

nol. For the samples from site 2, only Soxhlet extract ons with anisole were made.
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24 Methods for the determination of impurities

a) Heavy tar content

¢ The amount of heavy tars is deterrnined as a gravimetric value from the heavy tar sample (see:
figure 2-3) by carefully distilling off ths solvent anisale (t, = 133°C). The evaporation is made:
in vaccum (10 to 20 mbar absolute pressure) over a heated water bath at =85°C. The evapora-
tion is made until completion of sclvent evaporation. As soon as all the solvent is evaporated,
tar evolution begins with a weakly visible s;moke formation. At this point, the evaporation is
stopped. The sample is cooled and weighed on a micro balance.

b) PAH content

e The amomnt of PAH is deteniined quantitatively from the organic phase mixture OPM using
GC/MS. The determination is made for the: 16 PAH according to the EPA list. A correction
factor is msed for the individual PAH compounds. This correction compensates the incomplete
collection of the PAH compounds in the sampling train (see also {Hasler et al .1998a). The
individual correction factors vary in the range from 1.02 to 1.17.

¢) Total phenol content

o The amont of phenols is determired quamitatively from the prepared sample for the pheno!
analysis using either phatometric or GC/MS procedures. The photometric method (e.g. accor-
ding to ASTM D 1783-91) gives a sum of the most prominent phenols, whereas with CC/MS
singie plenvlic cumpunents can be quantificd. In this repor, tho phenolic compounds are
determined using the photometric method.

d) Content of the water soluble organic residue

e The solic residue B found as gravimetric value from the laboratory processing of the extracted
agueous phase. [t has been found that -his residue is composed of purely organic matter.

e¢) Pariiculate content

e The total amount of particulates is the sum of solids A and C determined during the laboratory

processing. Particle filtration from the sampling and postsampling liquids {see figure Z-3) is
made through cellulosic filters (supplier: Schleicher&Schuell; prod. no. 589/3; slow filiration
velocity filter paper).
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3 Experimental section
3.1 Results from the test runs at site 1 (countercurrent gasifier)

3.1.1 Tar and particulate concemtrations

The summary of all data measursd with the ETH/ Werenum sampling method at the site of ‘he
countercurrent. gasifier is given in table 3-1. Measurements have been made both in the raw and in
the clean gas.

‘Test run 1 2 3 4
Date 111 1998 2.11.1938 3.11.1998! 3111598
Gasifier Lype Councerznirent| Countercurrent Countcrcurrem:" Countercurrant
Clean gas Clean zas
Samplinz site Ry gas Rawgasz  aferserubkerc  after scrubber]
Start of PET sampling hh'mm 33 1143 913 11:14
End of P&T sampling hhumm 1305 12:14 10: 17 12:18
Nozzle diameter om 0 10 ] 6
Temperature of probe °z 200 patd, 200 200
Temperawee of particlz fitter °C 200 2 200 120
Amount of sampled gas Mmt 335 0.328] 0.781 0.808
P&T sarrpling duration h G0 051 1.03 1.07
Sampling flow rate M 675 0.5408 0.755 0.758
Max, pressure drop inczease in sampling train  mbar 100/ 7 100« 50
Amount.of cendensate in produser gzs sampled 2 203 195 T 8
Total armount of ageous phase (EMPAX 8 04 (A 32 327
Amount of anisole solition (EMPA) g #3852 30 I.q 8007 T74.4
Amount: of particles foonc on thimble fllers g 131 1946 (u 0
Amount of particles feund in semplirg rain =~ mg 022 2512 L57 168?
Resuit sum
Moistura content of producer gzs vol® 201 1.5 5.00 8.8
Producer gas temperature * < 30 v 400 40
Velocity of sampled gas al nozzle ** m's 496 4673 9.2 9.35
Particles mgMm’ 3440 826C 2 210
Water saluble organic residue mgNm® 15200 2103C 14: 1320
Heavy tars mg/Nm® 1160 $431C 25 2740,
Sum of phenels mgNm® 3130 253C 3 490
Sum of PAH mgfim® 100 51 1 11
Naphthalene mgMNm’ |} < 04{ < 24 a. 13
Benzo(alpyrens mg/Nm® | 3.5 2.4 023 0.26
Remarks: Nm?! it EQil 3 mbar, 0°C, £ry
= V dues given by DT
=* sadecl wed for 1013 mbar abszolute pressure
table 3-1:  Summarv of the results from the tzr ard particulate measarements at gasifier site: 1

Remarks: The individual sampling >rctocols are given in appendix 5.1; For defini-
tions, sampling arC analysis procedres see chapter 2.2

The particulate concentration im the raw gas has Been found 10 vary between 3400 and § 300
mg/Nm® and in the gas 200 mg/Nm' of particulatss have been determined. The amount of
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particulates found in the sampling train after the particle filtration is muck higher than expected
(see also chapter 3.3).

The total concentration of organic compounds (as the sum cf the water seluble organic residue,
the heavy tars, the sum of phenols and the PAH ’) has been found to be approximately 60’000
mg/Nm® in the raw gas and approximately 4500 mg/Nm’ in the clean gas. Campared o the heavy
tar level, much lower concentrations of PAH compounds have been found. The amount of the
water soluble organic: residue is approximately half of the heavy tar concenlration both in the raw
and in the clean gas.

The distribution of th various tar values in the raw gas and in the clean gas is shown ia figure 3-1.
“he relative distribution remains almost identical although ths absolute zmount is much lower in
the clean gas than in the raw gas.

Test run. no, 2 (Countercurrent;
Raw gash

Sum.of PAH

sum of phenoly

Heavy tars

Watersolubie
crganic residue

0 140000 20000 30000 40000 50000

Concentration in the: producer gas [mg/Nm7]

Sur of PAH Test runine. 3 {Countercarrents
Clean gas after scrubber)
Sum of phenals
H:awvy tars
Waten soluble
organi: residue
0 2000 4000 €000 3000 10000

Concentration in the prcducer gas [mg/Nm®}

figure 3-1: Distritution of the tar values in the raw gas (top) and in the clean gas (bottom) of
the contercurrent gasifier

Remarks: Definitions of tar values according to chapter 2.2

1 The water soluble organic residue and the heavy tars are pursly additive values. For cocurrent asifiers, 0.7
to 1.5 mass% of t1e -otal amount of phenolic compounds presemt in the gas was found in ths wate: soluble
organic residue and § to 17 mass% was found in the heavy tar residue. Hence the mass of phenolic
compounds can be used as an additive value with little error. For the PAH compounds, approximately 30
weight% of the tatal amount present in the gas was found in.the heavy lars (coctrrent gasifier).
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3.1.2  FAH profiles in the countercurrent producer gas

The concentraticn proZiles of the 16 US EPA PAH components is shown in figure 3-2 for the raw
and the ciean gas from the countercurrent gasifier. A table with the corcentration numbers fxom
all test ruas is given im the appendix 5.3.

Bunze(ghilperylene B
Dibenzala,hlantheacene. i
Indeno(1,2.3-cd)pyrene &

Benzo(a)pyrene

iTest run now.2 (Countercurrens
iRaw gas)

BemzaikMluoranthene §
Benzaib)fluoranthene }
Banzo{alanthracene

Chrysene
Pyrene
Flaoranthene
Anthracene
Phxnanthrene
Flucrene
Agenaphthene (4
Acesaphthylene [
Naphthalene [3

5 in 5

PAH concentration in the pracucer gas [niy/Nnv]

B:nzo(g hi)perylene | - -
sLUpeny Test run ne. 3 {(Countercu rrend;

Disenzo{phionthracene Clean gas after scrubber)
Indenal:,2,2-cd)pyrene H

Berzo(a)pyrene f
Benzosk)ilnoranthene i
Benzcib)luoranthene |

Benzo(atanthracene |
Chrysene i
Pyrene [

Fluoranthene }23

Anthracene
Phenanthrene
Fluorene #%
Adcenaphthene §
Acemaphthylene £
Naphthalene |z

1o 3
PAH concentration.in the procucer gas [mg/Nnz)

figure 3-2: PAH prafiles in the raw gas (top) and the clean gas (bottom) from the counter-
current gasifier

The total concentraticn of the PAH compounds in the raw gas from the countercurrent gasifier
amounts to 5[ mg/Nm’ (test run #2) and 100 mg/Nm' (test un #1) whereas in the clean gas 11
and 14 wrg/Nm' of PAH compounds were found (test ran #4 and #3).
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The figures clzarly show the effect of the scrubber which primarily reduces ths PAH corap yunds
with high boiiing points. In the clean gas, naphthalene is the dominan® PAH compound found
whereas in the raw gas, she highest concentration has been observed fcr ghenanthrene.

Surprisingly, the naphthalene concentration in the clean gas after the scrubber is fourd tc be
significantly Ligher than in the yaw gas. Although the samplings in the raw and clean gas Jave not
been measured simultancously and hence some variatior: in the PAH composition is possible, such
large differences are unlikely since all ather measured organiec species heavy sars, waten soluble

organic residve, phenols, other PAH campourds except naphthalene) were foumd in the expeted
concentration ranges. Possibly, the: low naphtRalene concentration in the raw gasi can be attributed
to an analytical ecror.




15 e ‘ ' Experimental szction

32  Results from the test runs at site 2 (cocurrent gasifier)

3.2.1 Tar and particulate comcentrations

The samunary of all data measured with the ETH/Verenum sampling method at the site of the
cocurrent gasifier is given in table 3-2. Measurements have been made only in the raw gas.

Test run 3 &
Date S11.1998 5.11.1998
Gasifie: type Coenrrens Cocumrent
Sampling sile Raw gay| Raw gas
Start of P&T sampling hh:mm 10:14 14:32
End of P&T sampling hh:mm 11:32 15:06
Nozzle diameter mm 8 g
Temperature of probe °C 210 200
Tempesaturs of particle filier °C 15¢: 156
Amourt of sampled gas Nm’ : 0.810 0233
P&T sampling duration . h 1.30 0.58
Sampling flow rate Nm'h 0.623 0403
Max. pressure drop increase in sampling train  mbar 530 150
Amount of condensate in producer gas sempled g 1S n.d.
Total amount of ageous phase (EMPA) é 312 222
Amourit of anisole sclutior (EMPA} g 838.1 Fi7.5
Amount of particles found on thimble filters  mg S35 62
Amout of pattteles found.in sanpling tain - 1oy 134 31
Resul! summary
Moisture content of produeer gas vol% 123 n.d.
Producer gas temperature * °C 5 595
Velocity of sampled gas al nozzle ** ms 1254 g12 !
Particles mg/Mm? 0 660
[Water soluble organic residue mg/Mm? F30 0
Heavy tars mg/Mm* B 560
Sum o phenols mg/MNm’ 20 6
Sum o PAH mg/Mm® 1233f 955

Naphthalene mgMm? 34 582

Benzo(a)pyrene mg/Hm’ 5,2 6.9
Remarks: Nm' at 1013 mbar, Q°C, dry

* Values givest by DTI
** calculated for 1013 mbar absolute prassume

r Velocity is calcnlated for a gas mosstere of 12.8 vol% (sea test run no. 5)

table 3-2:  Summary of the results from the ter and particulate measurements at gasifier site 2
Remarks: The irdividual sampling protocels are given in appendix 5.2; For defini-
tions, sampling and analysis procedures see chapter §

The particulate concentrzation. in the raw gas 2as deen found to vary between 670 and 830
mg/MNm’. As with the countercurtent gasifier, mote particles were found in the sampling train after
the particle filtration than in the particle filter (discussion in chapter 3.3).
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The distribution of the various tar vaiues in the raw gas of the cocxrent gasifier is given in. figere
3-3. The dominam tar group found are the PAH components followed by the heavy tars.

Sum of PAH

Sum of phenols

Test run no. § (Cocurrent;
- |Raw gas) i

Heavy tars

Water soluble
arganic residue

¥ 1 ]

0 500 1000 1500 =000

Concentration in the preducer gas [ng/Nm’]

figure 3-3: Distribution of the tar valucs in the raw gas of the ¢ xourrert gasifier
Remarks: Definitions of tar values according to chajter 2.2

The total concentration of organic compounds (as the sum of the water soluble organic residae,
the heavy tars, the sum of phenols and the PAH; see footnote 1) has been found as 1600 mg/Mm’
(test run #6) and 2600 mg/Nm® itest run #5). Between 50 wt% and 60 wt% of the total ccncent a-
tion of organic ccmpounds is composed of PAH components. Rather little concentrations of phe-

nolic compounds were detected.
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3.2.2  PAH profile in the cocurrent producer gas

The concentration profile of the 16 US EFA PAH compenents is shown in figure 3-4 for the raw
gas from the cocurrent gasifier. A table with the concenration numbers from all test runs is iven
in appendix 5.3. The total concentration of the PAH compounds in the raw gzas fromr the
cecurrent gasifier have been found as 950 mg/Nm’ (test run #6) and 1380 rog/Nm’ (test mm #5).
The PAH level is at least one order of magnitude higher than in the raw gas from the

countercurrent gasivier.

Benzo(g,h.t)pervlene

Test l‘ll"] no. 5 (Cocurrent; Raiy zas)

Dibenzo(a,h)a ithracene
Indeno(1,2,3-ed)pyrene
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Benzo(k)fluosranthene
Benzo(bMlusranthene |
Benzo(a)anthracene |
Chrysene |

Pyrene |%a

Flusranthene
Anthracene [
Phenanthrene 3
Fluorene |
Acenaphthene
Acenaphthylene
Naphthalene

0 200 400 600 g0C 000

PAH concentration in the producer gas [rng/Nm-]

figure 3-4: PAH profile in the raw producer gas from the cocurrent gasifier

Remark: In the clean gas, no P&T sampling has been made.
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3.3 Interpretation of the data

3.3.1  Particle collection in the sampling train

For the test runs in Denmark, a heated particle filter has been used peidr fo- the cendensation train
(see figure 2-1). The prototype filter unit uses glass fibze thimbles waich urmed out to be delicate
during handling. The filter has not been tested before extensively for gasification applications. It
has been observed during the sampling test runs that particulares pemctrated the garticle filter and
hence all liquids were filtered. The filter residue is then extracted with methylere chloride and the
remaining solid residue is considered as particulate matter. The mass of this pariiculate matter is
included in the determination cf the particulate concenlration in the: gas.

With the present experience it is not clear whether the particle penetration through the thimtle fil-
ter is attributed to an unproper design of the thimble holder or to unsufficient ccliection of aero-
sol particles. Also a postsampling polymerisation of organic compourds :an not be excluded.

3.3.2  Tar collection in the sampling train

The collection efficiency of the sampling train has beer tested for indixidual tar compenents in
previous test runs [Hasler et al. 1998a, 1998b]. It has been found thzt 309 ta 40% of the benzene
present in the gas and 90% of the toluene is collected at comparabk sampling conditions. The
sum of the 16 US PAH compounds are collected by more than 999. For the heavy tars and the
otganic tesidue from the agueous phase, the collection efficiency has not been determined yet.

Dhiring the test mins in Denmark, an activated carbon filter has beer nsed afles (he sampling train
as a pump protection <unit. This filter is solely used as a purrp: paotection device and tar
components adsorbed on this filter are not analyzed. After approximately 3 n’ of praduczr gas
has passed the activated carboa filter. small amounts of a sticky ta- -lep ysit has been observed at
the entrance of the adsorber. The total amcunt of this ar deposit is roughly estimated as less than
500 mg. Hence it can be concluded that the collection efficiency of the sampling train for the

heavy tars and the organic residue fram the aqueous plase is not cenrplete.
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3.2.3  Comparison of counter- and cocurrent gasifier data

As expected, the countercurrent gasifier generates much higher levels of ,tar than the cocurrent
gasifier. The ,tar* level (as the sum of the water solukle organic residue, the Beavy tars, the sum.
of phenols and the PAH) in the raw gas is approximately one otder of magn#ude. higher in the
coantercurrent than in the cocurremt gasifier. However, a closer look reveals that the PAH
conzentrations are higher in the cocurrent gasifier which is a typical observation made with
matured™ or tertiary tars from these type of reactor design {Milne e al. 19981

The patte of the PAH compounds distribution in the raw gas is quite differext for the counter-
current azd the cocurrent gasifier. Im the cocurrent gasifier, naphthalene is she dominant PAH.
ccmpouns whereas in the countercurzent gasifier, a number of PAH compound s have keen faund

in comparable concentrations (see figure 3-2).
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34 Economics {)f the sampling method

The economics of a sampling method are determined by a nurnber of para-neters which ca be
divided into investment, operating and analytical costs. The investment cost cover the experses for
the sampling equipment. The cperating cost are given by the hours of manpower used for the
installation of the equipment, the time for the sampling and the dismanteling of the equipmrent.
Furthermore, consumables used “or the sampling and postsampling procedures are also incleded.
The analytical cost cover the chemical -analysis of the tar and particulate values done im the tabo-
ratories. For 'the method used by Verenum. Research the costs aré given in the: following tatles. AH
this values are solely based on the actual data from the paralle] test runs. in Denmark in Mevernber
1998.

The investment cost of the sampling equipment is shown in table 3-3. The :ctal equipment cost.
excluding the cryostatc unit is approximatley 5500 CHF. The most costiy item is the vacium
pump. For a sampling flow rate of less than 1 Nm’th and a pressure drop of less than 10?) mbar,
cheaper pumps can equally well be used.

Investment cost for sampling equipment mo. of | Item cost
1tems
Stainless steel tubes 1 60 CHF
Nozzle 5 (00 CHZF
Particle filter (stainkzss steel) 1 w00 CHF
High teinperatuie ball veﬁve, stainlcss stecl 1 300 CHZ
} Glass heat exchanger | R 250 CHZ
Condensation balitls, 1000 mi | 26 CHF
Drop separator, 250 mi 1 28 CHF
Tar absorption botile, 250 ml 3 28 CHF
Gast vacuum pump, model 1022 (~14 m*h free flowing) 1 2850 CHEF,
Rotameter 1 300 CHF
Gas flow integrator 1 300 CHF
Fuel gas burner 1 27 CHF
Total investmeni cost for sampling equipment 5525 CLF

table 3-3: Investment cost for the P&T sampiing equipment used by Verepum Research
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The time needec for the P&T sampiing is presented in table 3-4 based on the actual time vsed
Juring the measirements in Denmark. Travelling, transyort and reporting is not included in the
-able. For one sample, the total hours of labour is slightly more than 7 hours when equipmeant
netallation and dismanteling is included. The average szropling duration in all of the 6 test runs is
501 minutes. The rest of the time is needed for the test preparation, onsite sample treatment and
or stocol reporting.

¢ Sampling cost a0. of
runs
' [nstallation Site 1 3.5 manhouts
P&T sampling Site | 4 14.5 manhours
D:smanteling Sive 1 3  manhours
Installation Site 2 ' 2.5 manhours
P& T sampling Site 2 2 9 manhours
D smanteling Sice 2 2.5 manhours
Sampling prepa-ation for lab analysis (Soxhlet) & 8.5 manhours
Twtal hours of Rabour 43.5 manhours
| Total manhours per test run 7.25 hoars/sample

uble 3-3:  Manhours used fur F&T sampling dusing the test runs in Denmarle

Remark: The hours given in this table are dased on the effective time used by
Y srenum Research during the parallel sampling in Denmark in November 1998.

For the P&T sanpling and the preliminary working up of the thimble filters (Soxhlet extractions),
a glass fibre thimble and various solvents are used (table 3-5). Tke Soxhlet extraction with metha-
ral is made solelv for the samples from site 1 (countercurrent gasifier). A detaiked description of
tke sampling ard postsampling procsdures is given in the appendix 5.1 and 5.2

Cost of consurmahbles Cost

Aniscl (0.25 + ).5 1, Tar absorption and Soxhlet extraction) 30 CHFEssample
Aceton ( 0.25 | rinsing) ' 7  CHFssample
Methanol (0.3 ¥, Soxhiet extraction) 5 CHFE/sample
(Zlass thimble flter (particle collection) 8 CHFE/sample
Total consnmables per test run 50 CHEF/sample

teble 3-5: Cost of consumables for the P&T method. used by Verenum Research
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All the chemical analysis of the samples generated fiom th: P&T sampling and postsamnpling
procedures is done in external laboratories. The laboratoriss involved are approved znd follow the
regulations set by the Swiss Testing Service STS. The costs are grven in table 3-6. The upgz-ading
of the samples to determine the concentrations of the producer gas impurities follaw the scheme
displayed in figure 2-3 and include various exiraction proc acdhares.

Chemical analysis cast Cost

Cost of laboratory analysis (particles, heavy tars, water solible 500 CHFE/samze
organics)

Cost of photometric pheno! analysis: ” 100 CHF/sample
Cost of PAH analysis: i 266 CHF/sample
 Total analysis cost 966 CHF/samnle

table 3-6: Cost of the chemical analysis of the. samples generated oring P&T sempling
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4 Conclusions

The concentrations of the producer gas contaminants which have been determined with the
slightly modified ETH /Verenum sampling train and the analytical treazment developped taerenf
showed nc unexpected resules both for the 1zst runs made at the countereurrent and the cocurrent
gasifier.

Although the sampling durations were in the range of less than 1 hour, n observations were made
which indicated sampling probletns for longer sampling pertods even for the countercurren: gasi-
fier.

The preseparation of paricles in a heated filter was possible and caused no prohibitive pressure
drop. However, a significant amount of particulates (nonextractable solid mass) was found after
the particlz filter in all test runs.

The working up of the particle filter thimbles fom the countercurrent gasifier turned out to be
rather delicate and asked for an extra extraction procedure. Onsiie Soxhlel extraction of thx filter
tubes is considered as non: feasible due to the time required for complete extraction.

The relatively high analysis cost of this method is caused by the time required for the sample pre-

paration in the lab and by the large number of parameters determined.
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5 Appendix
51 Proteocols from site 1 (countercurrent gasifier)

5.1.1  Sampling protocol of test run #1 (V1 raw)

P+T frrot, Vo raw (DX
P+T ~ Measurement for Biomass Gasifiers
Examinators: Fh.Hashb-
Gasifer Type/Site: Countarcurrent gasitier {updrakt Date: 2111938
Tast No.: 1
Gasifier parameater
Actual powar output: K
{based on {uel ‘el inpui)
Raw 3as flow rate (dry): C {Nm*h] (if calc., spec. gas rate: 2HE N wot
Gasifier start " parnanest statlonam since *:
Fuelypo *: Native wood chips
Fuel molsture = 12C [%, &y basis)
Actual fued feeding rate *: [kg weth}
Sampling parameters
Sampling site (notfcold ondi Raw gas
Amblsnt temgeratura: 1C [°C]
Ambiant pressute: i0Hd fnbarj
Duct dlamater: 21.3 om
Diamater of sampling nozzla: 1c rm
Samgling tutie tomp. beforg fikar: 2°¢ [*<] Heating defact aftar 10 mia (T at pad app.120°C)..
Particle filter 27C °C]
tara weight | netto weight | fieal weicht? | tinal wedcht 2
Water condensatlon bottie: 452.2 236.6 391.5 - o
Concensale storing bottte: 9925 157E.Y a
Anisole (impinger) storing bitflec 368.8 §.65 ]
Acetone stonng botlle: 372.1 4582 ql
Flilertuba {no 1): 5.4260 —— 55573 — g
Natto waight: Mass of waler initially #ited b tho conGensationrkbolda
Finalwaight 1:  Tolal mess of bottle plas fquid 2fer sampling, oncd. waehng so'utions

Final waight 2:  Mass afwer sampling. wich washing solutions

Summary protocol

Gonerated condensate mass: 2027 {1}

Totalmass of water; 5864 1]

Tctalmass af anisolo: 078 7

Teotalmass of acetons: 86.1 s3] facatone: chkraning soranty

Tetal particla mass in filler mibes: 131 [mg}

Normalized sampled gas flewrate Q.65 Nein) {setpoln: & NmSh 1055 oner Isolinatic)
Remarks: -Values giver by tha gasifier opefatcrs are marked wth *.

- Sampling noazle was mountad perpandicuarto the gas flow
(nence sarizulate sampling il not be comeet)

profocol 1.3 Vergnum, Jdrch [16.8.139%}
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P+ pros, V1 raw (CK)
FP+T - Measurement for Biomass Gasifiers
Gasifier Type/Site: Countercurrent gasilier (vodrad)
Sempling sste (hat/caldiend): Raw gas Date: 2.11.19%8
Tzst No.: 1
Fated sampling gas “low rate (dry): 0.000 Mm*h icalculated set pairt; 10% ower isokinatic)
P-T samrpling start: %33 P samplingend: 10:03
(Gas meter profocol
Tme Gas temperature Raading Temparsture A pumo Sampling
in duct a5 meter in gas neter i Flow rate
[hi=mm] °Cl [ [°CH ] mar] [Nm®h]
9:33:45 8 73.666 18.5 i 1300 e -
9:37:45 73717 i8.€ ; 10 0717
3:47:15 73.840 19.1 130 0.727
3:52:15 73.921 19.E g0 0.648
10:08:20 74.024 20.E S0 0.622
F asmarks: - Particle “ihter heated to 200°C.

- Cendensation train: cooler (-390}, exrslensator (0°C), 1o dropseoarato .
- Tar absorpiion traia: 3 washbefiles wit 1 aniscle-{boltle s cf typs Drechsel, -3°C), drop separalor
- Before test run, heatec sampling nozz o was cleaned by N, flushing

- Iz the ccoler, a Black deposit is tound smos: preaably tar

#eraged sample flow rate: 0.675 Nmh #D VIO

Tutal amrount of gas sampled: 0.335 Nm=

Twtal sanpding duration: (.50 hcums

Mean gas netsr terrperaturer 18.3 °C

Caleiafi he Jas cew poi

Twlal amount of condensed moistune: 2027 a

yser vapour equivalent 0.552 Nm~ 20.1 Vol.-%
waier cent :nt in producer gas £06 o/ n® dry

velar vapcur pressure 0.430 bar

Caculateddew point of the gas: 7 °C

xrotoco! 223 Yaranum, Zonzh (16.6.1599)
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P+ prot, VA raw (0F)

P+T - Measurement for Biomass Gasifiers

Giasifier TyperSite; Cauntercumrent gasifier (updrak) Datez 21112598
Sampling slta (hot/colc end): Raw mas
Test No.: 1

Particle filter pretreatment

Filter tube no.; 1
Praconditionirg temograture: Par e
Preconditionirg duration: 3 hours
teitial tubo weighi after preesnditiening: 54260 g

Particla filter tar axtraction procedure

Lotd extractizoith an"sole St _ 121500 b ram
Eng: 12:25:00 ha mm
Ourafton: 150 reours

tarawelght  {brutts welght netto weight

Anisoler cold extract bottle: 369.2 -1 N |- ) B, Kl
Acetond rirsing toltle* 368.3 04 122.1 K
Remarks: * Aceton sirsingsolucn xiginates fremy particle filter housing and <ald anlsd ezraction procsss.

After the arisol extraction, i thimdle remains blek (insuffi-fe-t tar ramonsd).
Thimble is packed In ehuetell for further treziment.

Soxhlet extractian with Anisols Startz 11:30:00 hxmm
Enf: hacmm
Dhusavon: 218 hours
I tara we-‘ght brutt y weight netio we pht
Anlgala svirart bolita i RG % (=353 RET I Iﬂ?
Aemarks: Fhe Soxhiet exdraction I made with the arisole cold mtraciibn sol Jen witiadditicnal

fresh anisole o makczup. The Soxhlet Is made at amblent priseurs.

The anelone fnsing selction is shwiy evaparated end transBrrec "o the fing sbrage bottla.
Unlettunately, the acetone solutions 'cst during e wuaporaticn £rocess.

The anisole in the Soxhl 2 extracto: is zlimast colourtsss atler 22 1aues of exdraztion.
Howaver, the filter tuba emains black at tha outes sudace The thimbla bas.in niense

sweet smel {Sugar lie).Herca some tar compen amts may rot have been extracted.

Soxhiat extraction wiltyrmthanl Start= BAN00 hacmm
End: OR00 hrmm
Duzakion: 245 hours

tara weight | brutt> weight etto weight
Mathano! extracthcitie 372.5 239 361.3 He'|

Remarks: Already the sold matharal selutien a1 the beginnirg bas an ntense brown/reddish colour.
By the extragtion protass, fhe thimals coleur tums fom dzri biach b light broee.
The methane! selution ir the Soxhletl extractor Is celsudess after 24 hours o extraction.

Particle filter postireatment

Posteondiiceinglemparature: 175 ¢
Pasteonditiering duration; 1.5 hours
Firal tube weight atter pusteonditioning: 5581 o
Remarks:

protocel 33 Vererumm Zarich 76.6, 19994
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5.10.2

Sampling protocol of test run #2 (V2

raw)

P+T prot., V2 raae {DK)

P+T - Measuremetnt for Biomass Gasifiers

Gasiller Typa/Sie:

Test Jo.:

Countercurrent gasifies -updraft)

Examinators: P, Hasler

Date: 2.11,1398

Gasifier parameter

Actuzl power cuxput:
[basad on fuel fuel inpi]

W

Raw jas ficw ra.e (dey) 0 [Nmn: (if cale., spec. gas rate: 263 Kmfkg wet
Gasifer start *: permanent operatian stationary since ™
Fuel ype ' Native woud chips
Fuel noisTure *: 160 [%. Cry asis]
Actual fued fending rate = [kg. wetn] (s da g:ream of gasifier autlet]
'Sampling parameters
Sanpling s:ite (otcold end): Raw gas
Amizient ternperature 10 3]
Amtant pressure: 1014 [izar]
Duct diameter: 21.3 «m
Dlametar f sampling noz2led 10 rum
Samaling tube: temperature betfora iiter: 200 ’C]
Part=le filier temperatura: 200 0l
tara weight | nettoweight | final weightt | final waight 2
Water concansalion dotile: 467.8 779 741 T gl
Concensata stoving botile: 984 1340.7 BV
Anisels (impinger) storing bott 32 367.2 5238 igl
Acetune oring bottla: 368.1 429.5 gl
Filtea tube {no 44 4.6982 4.884 — 9l
Nalte waight: Mass of water inftially filiad in the condensation bolth
Finalwaight 1:  Tolalwmass ¢! bostle plus liquid after sampling, oxcl. washing solvions
Final waigha 2:  Mass aidror sampiing, inel. washing solutions
Summary protocol
Gerneratesd concensatemass: 195.3 )|
Tota: mass of water: 366.7 [t
Tota: mass of arisale: 2568 5]
Totar mass of azetore: 61.4 fai {azetone: claaning solvent)
“ota particle mass in filler tubs: 196 [ng}
Nomalized sampled gas llow rate: 02.640 [MNm¥h] {zat pein: O Nm3th; 102 over isukinatic)

Remarks:

-Values given by the gasifier operators are marked with *.

- Sampling nozzle wzs mounted perpendicular to gas flow

profacof 1-3

Verenurm, Zérfch {15.6.1899)
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P=T prot, ¥2 raw (DH)

P+T - Measurement for Biomass Gasifiers

Gasifier Type/Site: Couterci.rrenl gasifier (updraft)
Sampting site (hot/cold end: Aaw gas Date: 2.11,1998
Test Na.: 2
Rated sampling gas flow rate (dry): 0.000 Hmh (calculatz #set pont; 10% overisaknstic)
P+T sampling start: 11:43  P+T sampling e ft 12:14
Gas meter protocol
Time (Gas temperzlure Read:ng Temperature Ap pump Sampling
in dust gas mister in gas meter Flow rate
[hth:mm] [FCl [m4 °Cl [mbar] [Nm/h)
11:42:30 80 74.025 86 | | awweee-
11:48:30 74.038 18 70 0.704
12:04:45 74.276 183 Q653
12:14:15 74.375 18.5 70 0.583
Remarks: - Freseparation of paricles in filter {glass fibre thimbl 23) he ated to 200°C

- Condersat on train: cooler(-3°C), cendensator (0°Cu no dro:) separator.
- “Tar atsowqpon train; 3 waghboliles with anisole (totlkes ofitype Drechsel, -3°C), drop seoarator
W sxvely ko acsuiber Gl with lignile ke

- Befars “estrun. heated sampling nozzle was cleaaer oy M, flushing.

Averaged samale flow rates 0.640 Nm¥h #DIVI0I
Total amount cf gas sarmples: 0.328 Nm?®

Total sampling duratior: 0.5t hours

Mean gas meter temperatura: 18.4 o

Calculation of the gas dew point

Total amount of condensed moisture: 1953 g

water vapour exuivalent 0.243 km® 9.5 Vol-%
walter content in producar gas 536 ofNm® dry

water vapour pressure 0.426 bar

Calculated dew point ¢f the gas: 775 "G

protecol 2-3 - Verenum, Ziich (16.6.1959)
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P+T - Measurement for Biomass Gasifiers

Gasiliar TypesSie: i ront gasifier (updiet) Datec 2141289
Sampling site [hov/eald end & Ravrgas

Test tlo.: 2

{Particle filter pretreatment

Fliter ube no.: 4

Preccnditioning temperamre: 270 °C

Pracendilioning curation: 3 hours

fitial tubo welght atas ps Jiioning: 4.6882 g

Paricle filter tar extraction procedure

Cold extraction with anisale. Statz 14:00.00 Fhemm
Eng: 14:45:00 Fh:mom
Duradon: 0.75 0urs
|z waloht |bnitto woight 1 astte woight
Aniscia cold extracs bottlo: 37085 =21.2 a7 [&H
RESENA NnSMy nanls 3804 08,2 =€r.a el
Rearmarks: * Azaton dnsinegsolulion originates frem partcle flter housing and coid anfscl e-acion procase.

A 1ar the arisol Hdracion, the thimble remains tiack (nsufficient tarmnova")_
Thimbla is paciad in au foil for further traatment

Soxhlet extraeton withanlsAe Start 10:45:00 thmm
Sod; 12:00:00 Bhmm
Du‘aiot: 253 boLts
tarawa'ght: | brutto welght netwelght
Arigsle extraci botde 370.5 2924 5218 kal
Renrarks: T Soxnlatoxyaction |3 made with fresh anisel and at amblerd prassare.

Te acetone rirsing solutien is slowly ovaporatad a1d translerred tetire fined siorage botifer

T aniso} scluton in the extractor housng ks cclourass atter 25,3 hours of axdracton

+owaver, the fier “ube remains black at the oster surface, The thimaig 1as anintense

s#a0t smell {sLyar fike) Hence some tar compenents may et have beon extractad.

Thimble is zacked n alu foil lor further treat nené.

Soxhletoxtraction with metianol

Slart
End:
Durztion:

9:30:00
9:45:00
243

Motkano! extract botto 367.%

lara welghl_jbrutia wraight rata welght

5729

1358

Romarks: The Soxhle: emracion i made at amblent pressura.

URMm
axem

hours

€

The methanct =olution in the extracter housing i colourless after 22.3 tours of ext-action.
The thimbia has a brewnish cofour after tha extractan.

Particle filter positreatment

Posg:conditiening tymperaturs:
Pogzcongitioning duratizn:
Fingl tubo wolght after posteenditioning:

Ranarks:

pretocol 3-3

135 °C
15 hours
4884 ¢

P+ Tprot., V2raw=0K3

Vargnum; Zarkch [T5.6 1591
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5.1.3

Sampling protocol of test yun

P+T ~ Measurement for Biomass: Gasifiers

Examinators: Ph.Hader
Gasifier Type/Site: Countercurvant gasifer (updraft) Date: 3.11.1893
Tost No.: 3
Gasifier parameter
Actual pawer output: kv
{based on fuelfuel input}
Raw gas fow ate (dry): 0 [Nm¥n) (if cale., spec. pas rate: 2.52 Nm¥kg wet
Gasifior start *; pemmanent operatior stationary sinze *: o
Fuel lypa ":

Fuel maistuse *

Actual fuet feeding rato *:

100 {%h.dry basis]
[kg wetrhg

(sida stream of gasiter autat)

i
1Sampling parameters

Sampling sita (hoVeold end)
Ambient tamparature:
Amblant prosgure:

Duct diarmeter:

Diamater of sampling nozze:

Sampling tube toemparature belore filter:

Particle filter tamporatura:

WA Soraananush Lot
Conconsate sioring bottle:
Anigole staring bottie:
Acolone storirg bottle:
Filtertubex (no 6):

Cleanqasalter seruber

5 (4]
1002 [mbar’
1.8 o
& mr
— 200 |
200 (igs]
tara welahit | nettowelght | final weight1 | tinal weight 2
589 145 E81.1
9942 -a17.3
3666 576.4
4643 462
4.3754 — 4.2792
Notio weaght: Maz=s of walar inkialy filed inhe condanzstior botiia

Final waignt 2: Totd mas+ of botiia plrs quid efter samcasy, excl. wasninpisolutions

Finalweigri 3:  Me=g afte - sampiing. Inel. vashng sokdions

L
{al
fal
]
0]

%Summ ary protocol

Generated condensate mass:
Tetal mass of water:

Total mass of anisele:

Total mass of acetone:

Total particle mass in liter tube:

Nermalized semplad gas flaw rale:

Remarhs:

Frolocef 1-3

2 g
3231 [N
3038 (o]
9.7 l9- (acotone: doaning solvart)
o (mg)

0765  [Nmih)

-Valuas givan by th- gasiier operators are marked wh *.

(set paint: 0 Hm3M 1% overisokinetic)

#3 (V3 clean)

P+T prot.. '3 cloan (%)

2™).8 incl. aceeore wash Fan

Souhlettemractor

Wiranum, Zdrta {16.6. 15990
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P+ prot., V= clean- D<)

P+T - Measurement for Biomass Gasifiers

Gasdlior TypesSite: CoJntercurrentJasifie * (updradt)
Sampling sitz (hoVenld end). Clean gas after scrubker Cate: 31-.19¢8
TestNo.: 3
Rated sampiirg gasfiow rates idry): 0.000 Mm¥n (calutated 52t point: 10% cver isckinetic)
P+T sampling:stast: 815  P+T sampling end: 1047
Gas meter protocod
Timm Gas-tempesature Reading Temperiture Ap pump Samplirg
in duoct gas mater in gas meter Fow reme
[th:mm] | [m?] [°C} {mbar) [N
3:15:00 40 74.374 11.4 et
9:22:30 74.440 -1 70 0579
9:30:30 74.558 Hr) 70 0.675
9:52:00 74.832 12 70 0.728-
10:10:48 75.109 2.1 100 0.B40-
10:17:00 76.197 123 100 0.800

Hemarks: - Presepasation of pesdicles in filter (glass fibre thimbles) bealed to 200°C
-Cendensation train: cooler (-3°C), concensaton (0°C), n-» deop separator.
- Tar absception trair: 3 washbaottles with anisole (bottles of fype Drechzel, -340), drop separeor
and savsty tar adsceber filled wah lignite coke
- Ptnra tazt ran, beated sampling nozzls was ¢ eaned bw Na flushing.

-In. he veashing bitle, a white mist burlds up {taragrosoleformac in scrubber 7).

Averagec sample flbw rate: 0.755 Nmth #DEVI
Total amount:of gas samplesd: 0781 Nm®

Totzl sarnpling durztion: 1.03 haues

Me an gas meter temperature: 1.7 °C

Cetoulatio- ! int

Totat ameountof sondensed :Toistu-z: 762 g

warer vapouraquivalent 0.087 Nm* B0 Y%maoisiure i gas
warer conten: in producer ges S0 giNm® dry

Warer Vapour pressue 0.1¢1 bar

Caculated cew point of the was: 4E.2 T

Wergnum, Zadch (18.6' 1953}

profocol 2-3
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P+7 prot.. V3 caan (DR}
P+T - Measuremeni for Biomass Gasifiers
Casifler Tyoo/Sita: Countercurmant gasitier (updraft) Daiee 3.1-.-9%a
Samplineg site (haticod and): Clean gas after scrubber
Test No.x 3
Particle filter pretreatnme it
Filler tuba no.: 6
Pracondiion!ng temporatura: 276 G
Precondiioning durationu 3 hours
Initiat tuto walght atter prec b 49754 g
|Particle filter tar exiractisn procedure
Lold exuaction with Ectiols Startz — hhirm
gra: —_— hh:zrme
Duration: heurs
|4 aweiqht [brutto weight | netto welght
Anisole sold extsact bolfe 7 373 454.8 829 1
s sy butly T, 304.7 450G 862 (s
Romarks:, * Aavant is yzed only %or the Zlearning of e particls fihier [ucing:
*= wcwton nngirg sollton ofiginatas from pan .o (iter hotsing cleaning pro-ss.
Themale Is packed inalu foil far further Feacnent.
Soxhie) metraction with snkicles St 13000 Hhieom
Eng: TR0K thinm
Craration: 4a.) hours:
izaweignt _[brutto welght st we[gh\
Anteola e:drect boltia 3n.g 348.3 47654 [9}
Fomarks: Tire zioxhiat sxiraction s made with fresh ankele and at amblentressure.
THp eetona riasing soluton is slowly avaporatad anc tardfemac lo the find starage botlo.
Tre inlseia i the Soxtlet thirble housing ks:almest coletess aiter 47 hoars of exraction.
Tero iter tuba thimbla has a ght brown calour 8l tha outes surface.
THirble is packed ir 2l loll lo- furthar vez ment.
Soxhletaxyaction vwdi-h mathane. Start o 134803 bhmm
End: 15:45 00 hiveam
Curatton: R0 heurs
T
tora wilght | |Brutio wilght netto weigltt
Motharl extract batitg IBCA 699,93 339.5. [al
Remares: Te-Soxhietextraction s mzds at ambient pressure.
Tre-thimbla Immachataly tums corrplolely white when “re=h matBanol i filld in the extracior.
Thowmathancl n the Soxhiet thimble housing 15 cotourlase after 8 hours of exiraction.
Particle: filter postiraztment
Postecnditlonlng remperaro 176 G
Postcenditioning duration: 1.5 hours
Final 20 wolgnt alles postancliming: 42792 ¢
Femarks:
protossl 3-3 Viaranym, Z3ch+{16.6. 1995}
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5.1.4  Sampling protocol of test runm #3 (V4

P+T - Measurement for Biomass Gasifiers

clean)

PAT prot., ¥d claan (K}

Examinators: Ph.daster
Gasifier Type/Site: Countercurcent gasifier (updraft Date: Z1°.1998
Test Na.: 4
Gasifier parameder
Actuall powsr output: N {max, T3 KA
{oased on fuel fusl infut)
Raw gas flow rate (dry}: 0 Nm¥r (f cale., spes. gas rate: 2.568 Nm™iq) wet
Gastlinr start™: parmanert operation statiorzr, since *: 4
Fuel typa “:
Fuel moisture *: 100 6. di basis|
Actua. luel teeding: rate: ™ kg weth}
i
Sampling parameters
Sampling site (hoticotd end): Clean gas efter scrubber
Amblent teroperature: 5 <]
Amblent pressure: 1002 frbar]
Dzet diameter: 10.8 am
Diamaier of sampling anzzie: 6 rm
Sampiing tubs teinperaluig befone flter: 200 [’G]
Paricie filter temperature: 120 e
tard weight | nettowaight | finalweight 7 | final weight 2
Waler condaensalinn oottle: 452.8 083 L) [€]
Condensate storing bottle: 994.6 5256 (€]
Aniscle stoting bottle: 3688 634.7 [g]
Acetone storing botile: { 257.2 224.3 (o}
Filter tubye (no 5): 4.5821 4383 L]}
Nallo weafght: Mass ¢f watse nilfally iledsrthe candensation boliia
Finalwelghd 1:  Total mass of bottle plus Joubf after sampkng, excl vashing oletions
Finalwoight 2:  Massslter sampling, ingl. washiig solurons

‘Summary protacol

fienerated condensale mass
Tola; mass of water:

Tolaj mass of anlsola:

Totad mass of acetons:

Totad particle mass ir filter tube:

Momalized sampled fas low rats:

Remarks:

pro.ecol 1-3

77.5
331
2054
3741

0.758

o]
1
4]

ol
mg}

Hmih]

{acotone xlpaniony solvarity

isat aointt O Wma/h; 10% dver soling"ic)

-Valuas given oy lhe-gasifiar oparators are marked with *.

Veorenum, Zinch (16.6.199%
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P+T - Measurement for Biomass Gasifiets

Gasiflar Type/Sits:

Sampling site (hot/cold end):
Tes: No.:

Rated sampling vyas flow rate (dry}:

Countersurcant gagifier jupdraft)

Clean gas after scrubber

4

P+T prot, M clean (0Q

atsi___ 3.11.19%8

C.000 Nm¥h (calculated set paint; 10%-over Isvknetic)

P+T sampling start: 14:14  P+T sampling end: 1218
‘Gias meter protocol
Time Gas lemperature Aeading Temperature Ap pumg Sampling
in duct gas metar in gas meter Fhow rate
[hhimm3 [°C] [m* [°C} [mb-as) Nmm]
“1:14:45 40 75.198 124 —rarene
-1:28:00 75.382 124 50 0.7688
-1:49:15 75,658 12.7 50 10.768
~2:05:45 75883 126 50 0.746
12:18:45 7€.053 125 0.740
Remarks: - Praseaaratian of particles in fiiter (glass fibre thimbles] heates to 120°C

. Condensaticn train: coo er (-3°C), condansator (0°C), no drop separion.

- Ter abso-ption train: 3 washbottles. with anisole (boltles ol type Drecased, -3°C), drop separator

and savety tar adsorber fiffed with lignite coke {already used i previnus.test uns.

- Before tast run, Feated sampling nozzle was cleaned by N, fl #shing.-

I tho Im2ingere, ne mist san be feen (hanca Inwar p=riicta fiter terrp. collexts agrosols)

Averaged sample flow rate:
Tatal amount o’ gas sampled
Tetal sampling duration:

Mean gas meter temparature:

Calculation »f the gag dew point

Total amound of condensed moisturs:
wrater vapour equivalant

water content 11 producer gas

water vapous pressura

Calculated daw point of the gas:

protocol 2-3

0.758 Nmh #DIAOY
0.808 Nm*
1.07 hours

12,5 °C

7759
0.085 Nm*
95 g/Nm* dry
0.107 bar

474 °C

B.B Vol.-% molsture In gas

Veranum, Zzich 1663899}
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P+T - Measurement for Biomass Gasifiers

Gaslfler TrpwSit: < ront gastfer {Lp Dale: 3.11.1998
Sampling Ste {hoicold anc): Clean gea aftgr serubbar
Test No.: 4
Particle liiter pretreatment J
Filter tubenw.; 5
Precondit ot "ompoerature: ¢ ‘G
Preconditoring duration: 3 bhours
Initlal tube welght attor proconditinnings 55831 4@
Particle filter tar extragtion pracedure
Cold extuaciion with anlucle Start: hi:mm
€nd: — . humm
Duraticn: bolrs

Anlscle ok oxtract bottla 3714

Acotona inzingbciio **

tara weeght | brutio walght natta welght
AE4.2 1128 !
284 4298 64.9 _i

fal

Ramatks: * Anisola iz usexi only for the cleasing of the partie fikes housirg.
'+ Acolon rnsing solution zrginat 3s from particla fiter hausing dearing process.
Thirels is pzcked :n alu Mikfor furher reatment.
Soxhist ngraction with anlsols Slart: 9E0:00 hh:mm
End: 9200:00 ht:mm
Duratirxs 235 howors
1ar waight Ibnrm: mlgh‘: natta welght
Antsolo #x@aci bottie 3714 344.6 4732 gl
Asalono-irsing bettlo *** 3647 4480 833 (G]]
~* Quin oW Fauida frem (Rar hause ond Sexhle pppemnia slaaning
Romarks: Tra Soshit exiraction la made with frash anistle and al ambloat pressure, Aceane is used (o
wiean the Soxtett appareiys, Tha acetona rinsmg sehnion tsnotaveporated.
Theeankso-e n the Soxnict thimblk housing is almost cokurleswefior 25 hoursiof extractien.
“Trvn fitter ke 2a0omos 2 rKdis™ colour at the outer surlace,
Thimbla ie packedin ale i for furker freatment.
Soxhisd sctrastion with methancl Start: 17:00:00 himm
End: 23000 hhmm
Ourazon; €0 haurs
tarmwabait | bruttawalght natto welghi
Mothanwl ~ixtract botile 664 £60.9 330.6 gl
Romatks: Te Soxhiel petraction I2 mada 3t amblen] pressure.
The thimBla iwmedialoly tuins completely white when fresh muthanol 4 filled i 1he exiraclor,
Trae metkarol # L1e Sewhlat thimble housing ks tolouricss atter 5 Bours of exirection.
Partlc filter posttreatment

Poxtood koA ndg Ldmporat
Pasteond-kon ng duration:

Fina} bbewo-ght afier p

#4:H4

profocol #3

P+T prot., Viclean (DX}

Varsnum, Z0reh 116.6.1999)
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5.2 Protocols from site 2 (cocurrent gasifier)

5.2.1  Sampling protocol of test rum #5 (VS raw)

P47 grol, W maw (DK)

P+T - Vleasurement for Biomass Gasifiers

Examinators: Ph.Haskr
Gasifter Type/Site: Cocurrent gasiier (fow wkafl Dato: £.11.1€98
Test MNo.: 3
Gasifien parameter
Actual powsr outplt: 530 K (. % kW)
{based on fuo! fuel Input)
Raw gas llow rato div): 316 [Nm* if calc.. spec. gas rate: 2,63 Nrdsg wet
Gasifier start *: * steticrary since *: %
Fusi typs * Hard widd BISSES EEM0%. b % 10 X 10§, (s3usy
Fusl molsiure " 15 [%, dow zasis]
Aciual tusl feeding rate " 120 kg weah|
Sampling parameters
Sampling lta thol.cotd ang): Raw gas
Amblent tamperatere: 5 °C}
Amblent peessurs: 1003 [Mizar]
Duct diamster: -5 m
Diameter ¢f sampling nozzle: & M
Gempling Ribo torspuraluro boforo filtar an o]
Panticle Nitar lemparalure; %0 ol

tara welgh® | nottwwaight | linal weight1 | firal weight2

Walter condensativn bottle: 4542 114 685.7 —— [9]
Condansato storirg bottle: 998.1 i374.6 fol
Anlscle stwring bodtle: 3741 ] 720 [01]
Acelong siarng boltte: am.1 249.9 [9)
Fiiter tubes{no 9): 46978 — 52326 ——— fal

Nelie waight: Mass ol water indiaiiy £ifsd In thes condansation betlle
Finalweight 1= Tolal wiass Cf bortle plus Iquid aiter samplnyg, 8xcl. washingschuiors
Fnatweght 2= Mass a'ter sampiingd Incl. washing soiuifing

Summ-zry protocol

Ganarated condensate mass: 1175 )]

Total mass of waser: 3 {9

Total mass of anlscie: 5.0 [al

Teotal mass of acetono: 7.8 [9) {zcatone: claaning solvent)

Total partcle mass In filter tuba: £35 [Tg]

Normalizad sampled gas flow rate: Q.624 INILY] (=at point; ME8Y FKnIh; 10% cver isolinatic)
Romarks: Vatues given by the zsifier operators arg marked '#ita *.

protocol 1-3 reracum, 20fc (16.6.1298,
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®+T pros, W5 mw (DK)

P+T - Measurement for Biomass Gasifiers

Geastisr Type/Site: #AEZUG!
Sampd ng site (hotieold end): Rave a5 Date: 5.11.1998
“est Mo 5
Rated sampling gas flow rata {gry): 0.98% Nmh (calculatec sal pmint; 10% over isokinetiv)
P47 sampling start 10:14 P-T sampling end: 11:32
Gas meter protocol
Time Gas emperature Reading “emperatite Ap pump Sampling
in duct 0as meter ™ gas metar Flow rate
[hh:mm] °C) ] ‘ el [mibar] [NmPh]
10;14:45) 595 76,083 16 7O | e
10:23:15 76,164 15.6 70 0.734
10: 35:00 JE.302 15.9 70 0.662
10:48:45 7€.485 16.2 150 0.746
11:10:30 J6.728 16.5 120 0,626
11:19:3C 76.795 16.8 300 0.417
11:32:45 : 78.920 17 500 0.528.
Remarks: - Preseparation of par cles in fiter (glasa fibre thimbles) heztad to 150°C

- Condensaticn train: «coler (app.10°C). condensaer (0°C, no drop sedarator.

- Tar absorplion train: 3 washbotlles w £~ anisole ibottles of wpe Drechsel, -3°C), drop sepamior
and savely tar adsorzer filed with gnit coke {alceacy use il previous tast runs).

- Bedore test run, heated sampling nozz) was cleaned by N flushing.

- Th mble filter is broc ten near the tixalicn and herce partizks are found in the samclirg train.

- White mist in the impinger bottfes.

- In :ar adsorber, a stizky produst Qér as carbort: blockedit.w tube (pressure drop i

mcst probably caused by 1nis cake).

: Averaged sample flow sate: 0.623 Nr™h 1% under isokinetic
' Total amount of gas sampled: 0.810 N
Totat sampling duratior:: 130 heu s
Mean gas mater tempearalure: 16.3 °C
Cah " f ; .
Tota! amount of condansed moisture: 1175¢
water vapour equivaleny 0.14% N ) 12,8 Vol.-%
water content In producer gas 145 g~ ' dry
WA WVaPOUr pressure 0.153 ban
Ca'eulated daw peint of the gas: 54.7 °C

pratecol 2-3 Veremumn, ZCrict [76.6.189%)
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P+T proz, V& raw (0K)

PsT - Measurement for Biomass Gasifiers

Zas fiar Type/Sita: Cocurrent gasiier (dowrdrafty Dale: 5.11,7€98
Zarepling site (hoticold end): Faw gas
TesiNo.: g

Particle filter pretreatment

Filtertuba ng.; &
Presanditioning tzmoerature: 230 °C
Pra<onditioning duration: 3 hours
it ¥ tube weight after presanditianing= 46976 g

‘Particle filter tar extraction procedure ;

L0l extraction with anlsole Start: - hhzmm
Endt hh:mm
Juration: heours

tara wmight | srusto walght ~etto weighst

tnisole cold extract botile- 3EE8 481.2 117.4 fa)
Acstone rinsing botlle 37C.2 416.2 46.0 lal
Rexvarks: * Artisols s used oaly for ihe Geaning of the- particle izer housing.

* Acetonerinsing safution origindtes fiom particle fillernaus ng cleaning precess.
Thimble | ; packed in afu foil for futher fre atment. Out=ida co'cur of thimklerIs while,

Soechlot extraction with anisole: Start $3000 hhvmm
Fnd- . 165000 hhiram
Duration: 7.3 hours
{araiwaight  brutio weijht netto welglit !
Ariscle extract ctle 18 8563 926 | ol
Acetone rinsing boitta *** Z32 4507 : 80.5 ] (ol

>+ Sum »f aceton liguids from fiter nouse and Soxhuet apparatus cleaning

Remarks: The Scxdilet extra=tion ks mace with fresh anisole ancal ambiant pressure: Aceton is used
alse dor the final Gaaning of the Soxtlet apparalus. THe acatone rinsing sofution is not avarcrated.
Tha anisole in thie Sozhte! thimble housirg is colouress afer 7 hours of extraction,

Howoven, the filter tube remains Mack at 1hs outer susface.

Particle filter posttreatment

P steonditioning tompersture: s °C
Prystoorditioning duratios: B hous
Frral lube weight aker pasteonditioniag: S5ZLE 9
Famarts:

Frotocol 3-3 Verenum, Zlmch (16.6.1933)
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5.2,2 Sampling protocol of test rum #5 (V6 raw)

P+T - Measurement for Biomass Gasifiers

P+T prot., V8 raw {D¥)

EXaninators: Ph.Hasler
Gasifier Type/Site: Cogurrent gasifiar (downdraft} Data: 5.11.1998
Tzt Na: 6
Gasilier parameter
Achual power cutput: 530 kw (max. & W]

tbased on fusl fuelinput}

Rew gas tlow rate (dry):

iasifier swart

316 [Nm%hy (i cale., spéc. g-1= rate:

3.97,1998.app. 16:000

stationam since *: #

2.63 NmYkg wet

Tual typa ™ Hard wood blocks {approx, 5 x 10 x 10 ¢re, no dust)
“uel meizuro 15 {9, dry basis)
hciual fuet foeding rate = 120 [kg wet/h]
Sampling parameters
Sampling site (hot/cold end): Rawgas
Ambient tamperature: 5 [°C]
Arbient pressurg; 1003 {mbar]
Duct d ameter: 15 cm
Diameter of sampling nozzs: 3 mem
Ggmpl nytishe lemparatia heforafiter: . 200 [¢C]
Particle fiter lempevanse! 150 =C]
tara weight | netto weight | final veight:1_| tinal waight 2
Water candensation battie: 465.8 123 4.3 (gl
Cundengate storing bo'tle: 993.3 1264.5 lgl
Anisola storirg bottle: 370.2 598 i
Acotona storing bottle: 368.2 471.5 [a]
Fiter fuba {no B): 4.7650 4328 (g}
Netto weight: Mass of walar initaliy fillae: i the condansation botils
Firal waight 1:  Totaf mass of botfe plus Aid after sanmling, oxel washing solutions
Fimal walght 2:  Mass afler sampling, inch washing solitions
Summary protocol
Cene ated condensate mass: 755 (g} tn wates >hase some anlscl is tound
Total mass cf water; 2712 (9]
Total mass ¢f anlsole: 227.8 [g)
Total mass of acatone: 1033 [g] {acotorm::claaning sovant)
Total particle mass in filter tuba: 62 fmgl
tormratized samplad gas flow rae: 0.403 {Nm¥h] (ot pert: 1.989 Mind/h; 10% over ischinetic)

Remarks:

protocel 1-2

—Jalues given by the gasilier aparators 1 marked with *.

“Feranum, Zomich (16.6.7999)
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P+T - Measurement far Biomass Gasifiers

P+T prot., V6 raw (LK)

Gasiflar Type/Site Cocrrend gasifies (cowncrafl)
Sampling sits {hotfcold end): Raw ges 5.11.-953
Tast No.: 6
Rated samgiing gAs flow rate (drm: 989 hm¥h (calculated set point; 10% swariso dneti)
P+T sampling sta:1: 14:32 F+T sampiing end:
3as meter protocol
Timb Gas temoeralury l eading Tempesature Op punp Sarrpling:
in duct cas metkar In gas metes Flow rata:
{hh:mim] =Gl m'] {°C] [mba] [Neih)
12:32:0C £95 T6.84E 169 M ] e
12:45:30 7,038 169 15C 0.385
15:06:40 77195 169 50 0.115
Remarks: - Pres-maration of parkclas in fiiter (ghass fibre thimbles) heated ta 150°C=

. Dondensationstraln: zoles {app. 10°C), condensator (3°C}, no drop soparator.

- Tar ghsorption train: 3 washoottles with aniscls (botlles of type Drachedl, -3%C), drop separator

and s-rasty tan adsorber filled with lignite cake (already usad in previousite st runs).

. Bafor test run, heated samoting nezzle wascleaned by N, flusfiing.

+ At 1= 54, tha sar adswiber blocked u2 witl oliy tars () and sampling was sloped for 15 se¢

- No mist can be seeruin the impingers

« Partichza am lound |7 10 ariire sanpling train {thimhia has partially Freka).

Avaraged sample flow rate:
Total amount of sjas samplzd:
Total sampling duration:

Mean gas moetertemperaiure:

Calculation o” the gas dew point
Tolal amount of sondensed moeture:
water vapaur equivalent

water content In producer Jas

water vapeue pressure

Calculated dew Joint cf ths gas:

protocol 2-3

2.403 Mm'h 55 % under seklnakc
0.233 My
0.58 hours

16.9 *C

755 a

0.094 Nm? nd. Vil-%
324 g/Nm* dry

C.287 Ear

€8.4 °C

Verenum, Zinch (1&6.7999)
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P peat, V8 raw (0K}

P4+T - Measurement for Bicmass Gasifiers

Gasifier Type/Site: Coeu rent gasifier (downdraft] Date: 5.41.1995
Sampling site -het/cold end): Raw jas
Test No.: &

Particle fiiter pretreatment

Filler tube no.: )
Pracondilioning termparatues; 270 °C
Pragonditioning duration: 3 hours
Initial tube welght after preconditi sming: 4.7650

Particle filter tar exiraction procedure

il

Cold extraction with anisole Stast: hhmmn
Ead:. hhemm
Dueation: hours
! sarg wiegight  {brcto welght netto-whight
e e
Anlzole cold extract botila = | 367.5 314.9 1474 g}
Acetone rinsing botfle **: \i 366.2 1i6.6 50,4 {al
Remarks: * Anisole is used oAk lor the clearding of the partic e filtes homsing.

* Acaton rinsing sowticn ariginates from parlichs fiter housirg leaning process.

Thimble is packed izl foil for futiet treatment.

Sozhiet sxiraclion willt g jksole Rer: . 17:33eC dhemm
End. B:0000 hhemm
Camxation: . . " heurs
tara weight  brutio weight nette weight
Anisole extract-bettle 367.5 9143 463 gl
Acelone rinsing botlle *** | 366.2 ‘} 431.7 652 g

=+ Acetons fiquids feare filter housing and Soxhietapparatus clezning

Remarks: Tha Soxhlet extraclion is mads with fresh aniscle and at axwient pressure. Acsto-m is ssed
fercleaning of the Soxblet apparatus. The acetons ringing:solution is net evapora ed,
The anisole in the Soxllel thimble housing is almest coluriuss after 14 hours of extradtion.

The filter tube remrains dark at the outer surdace.

Partlcle filter postitreatment

Pcsteonditioning lemperative: 178 °C
Pastconditoning duration: 1. hours
Final tube weightafter pestconcitioning: 48268 4@
Remarks:

protocal 33 ‘Werenum, Jdieh (16.6.1995)
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PAH concentrations in the producer gases

Test run i i 1 4 5 6
Crate 2.11.1998 2.11.199% 3.11.199 IIL1998 5111588 5.11.1998
Gasiiier type Lomtercurrent| Countercument| Countercumment] Countereurrent Cocumrsnt Cocurrent
Clean gas Cleaa gas
amoling site Raw gas Raw gzs|  after scrubber]  afier scrubber] Raw a3 Raw gas
ariof P&T sammling hhirm 9:33 [§E 9:1§ 11:14 1014 14:32
d of P&T samgling hh:rm 10:03 12:E4 10:13 12:18 1132 15:06
aphthalene mgm’ | < 0.40] < .= 9.1 7.3 £34 582
Acemaphthylene mgTim’ 22.5| < 0.4 056 0.33 <23 a3
Acemaphchene mgine’ | < 044 < 0.2 025 041 116 70
"Fleezene mp/ie’ 22.5 04 054 0.47 40 21
Phemanthrene mg/Tim’ 24.5 198 093 .61 208 69
Anthracene mg/m* 4.9 46 0.28 0.17 k¥ 17.5
Fluganthene mgNm* 4.1 50 068 0.33 46 264
Pyrene mg/lNm’ 6.2 33 037 0.35 47 233
Chrusene mg/Nm? 313 16 < 0.17 0.11 6.9 53
Benro{ajanthracene mg/Nm? 1.3 10 021 0.6 87 6.3
Benta(b)fluorantene mgANm* 2.0] < 0=l 021 0.19 4.7 4.4
Eensofkiflucranmene mg/Nmt* 20] < 0= < 0.7 0.23 6.5 5.8
Benro(a)pyrene mg/Ney 3.5 4 0.23 0.26 6.2 6.9
Irdeno(1,2,3-cd)yrene mg/Nr' 0.46) < 0=0f < 017 0.13 39 58
Dibenzola, hlantracene mgMNm® | < 0.39| < 08| < 016 0.09 0.9 2.9
Bemeo(g.h,i)peryene mg/Nm’ 1.08F < 0.=0 013 Q.12 (X 50
Sum of PAH ananyzed mg/ra’ 100 = 14 11 1383 955
Femarks: Nm* at 1813 mbar, 0°C, dry
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1 GENERAL

VTT Energy carried out tar and particilate sontent measurements fron: gasifier sroduct
gas at plant A on 2 - 3 November 1998 and at plant B on 5 - 6 November 19%&. The
plant A produced district heat and it hed an 5 MW, updraft gasifier using forest residues
as feedstock. The plant B had a 1 MW, dcwndrafi gasifier and had a gas engine (260
kW) comneceted fo the gasifier. The product gas of the gasifier was cleaned in a water
scrubber and a sawdust filter before feading it to the engine. The feedstack used in plant
B consisted of wood blocks obtained as residue from nearby fumiture factaries.

The sampling was carried out simultaneously with “hree ofher measuring groups, which
were from the Dansk Teknologisk Insitute (DTI), Biomass Technologzy Group (BTG,
the Netherlands) and Veremum (Switzerland). This report presents the resuits of VTT
Energy.,

The samples were taken at the plant A fron: a bypass line equipped with a watez scrub-
ber. On 2 November, six samples wer= taken before <he scrubber. On the following day
six samples were taken from the clean gas after the scriubber. At the plent B six samples
were taken from the product gas line hefore the gas scrubbers on 5 November. On the
following day five samples were taken after the water scrubber system, but beZore the
saw-dust filters.

2 SAMPLING AND ANALYTICAL METHODS

Gas flow rates and remperatires in the sampled gas pipes were provided by D11 The
sampling gas flow rates and probe tip ciameters were chosen according ter this imforma-
tion so that the sampling tock place isckinetically.

The samples from the plant A were taken by applying two methods. Or 2 November the
samples were taken with and without a particuiate Zilter from the bypass-line before the
gas scrubbers. This was done ir: order to find ouf the particulate content of the gas and,
on the other hand, the amourt of condznsing tars at the gas filtration temperature. The
gas filter was held at about 250 °C (set-up- temperafure of the filter box was 350 “C).
After the filter, the 1ars were ebsorbed into Cichlormethene. The sample salvent cbtained
without the gas filter was filtered in the laboratory before the tar analysis and the gas
solids content was determined according to this pracedure. On 3 Novemter the samples
were taken only without the particulate filter, because the particulate centent was as-
sumed to be negligible after the water scrubber. To obrain the total amoant of fars, the
samples were aralysed gravimetrically by evaporeting the residues a: 105 °C for one
hour. The sampling and analytical mzihods emplayed are described m Zetail in refer-
ence [1].

The samples fiom the plant B were taken with the pariculate filter. The gas fiter was
held at about 250 °C (set-up -emperature of the fltsr box was 350 °C). The tar samples
were analysed for the light tar compcunds by HP 5890 A series I ges chromatograph
equipped with an FID detector and HP Ultra 2 column (0.32 1.d. x 50 -m). The particu-
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late filters were dried at 105 °C for 1 h and weighed. The sampling and analysing meth-
ods are described indetail in [ 1].

The particulate filters were weighed after drying at 105 °C for 1 h. After this the filters
were extracted wih dichlormethane in a Soxhlet apoaratus. The obtained extracs were
then analysed gravimetrically in similar manner as the tar samples by evaporating them
at 105 °C for 1 h.

3 RESULTS

The measured tar and particulate contents of the plant A are presented in Appendix 1.
The evapcration residue at 105 °C corresponds to the content of compounds with a
boiling point higher than ca. 350 °C [2°. Hence, this residue can de considered to repre-
sent the content of the heavy tass.

The ‘solids’ in the three particulate Zlters obtaineé from the plant A seemed to be con-
densed tars as they were extrasted completely to dichlorometkane. They were also re-
covered completely during the evaporat-on of the solvert end thus the total tar from
samples 1, 3 and 5 was calculated as the sum of -t tars on the fiiter and the tars ob-
tained from the sclvent. Hencs; it seemed that solids were present in the gas in concen-
trations that were below our normal detection limit wish this kind of sampling proce-
dure. However, the solids measuremznt for the sample salvent taken without the filter
(samples 2, 4 and 6) gave resul's in tke range of 0.2 - 0.4 g/m’n.

The mensured light tar contents of the plant B are preeentsd in Appsndix 2 and the par-
ticulate contents in Appendix 3. The obtained particulate filters wene sxtracted with di-
chloromethane similarly to the filters from the plant A in order to determine the amount
of condensed tars. The weight loss of the filters was about 3%.
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TAR CONTENT OF THE GAS AT PLANT A

APFENDIX 1

Ta- analvsed gravimetrically as an evaporation residue at 105 °C (1 h).

A) Sampling before the scrubber. Sampling date 2.11.1998

Table 1. Particulate conitent of gas as measured with particulate filter and by filtering

tar absorbtion solvent. The antourtt of extractibles (tars) on the gas filler.

Szmple Time Particulates Extrac- Particulates: Parti-
measured Srom tibles measured from culates
the gas filer wt% the solvent g/,
gfm’, g’
L 9:35 - 10:05 1.7 100 - 0
y 10:20 - 10:43 - - 0.3 0.3
3 11:45 -12:13 7.8 100 - 0
4 12:3% - 12:57 - - 0.2 0.2
5 14:15 - 14:40 1€.7 99 - 0.2
€ 14:55-15:18 - - 0.4 0.4
Table 2. Tar content of gas.
Sample Time Extractibles on Tar Sum. of tar and |
particulate g/m’, extractibles
filter gm’,
gl
B 9:35-10:05 177 26.5 442
2 10:29 - 10:43 - 45.6 4% 6
3 11:45-12:13 7.3 30.8 35.6
4 12:33 - 12:57 . 43.8 4:.8
5 14:15 - 14:40 16.5 29.2 437
& 14:55 - 15:18 - 39.7 39.7

BY Sampling after the scrubber. Samaling date 3.11.1998

Table 3. Tar consent of gas.

Sample Time Tar g/m’,
i 9:20 - 9:45 43
2 9:50 - 10:12 24
3 11:15 - 11:35 2.2
4 11:40 - 12:C2 2.1
5 13:50 - 14:09 2.1
D 14:15 - 14:25 24
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APPEND:X 2

LIGHT TAR CONTENT OF THE GAS AT THE PLANT B

Tars analysed by GC.

Sampling before the gas scrubbers.

Sample 1 2 3 4 3 4

Point Before scrub. | Before sermb. | Before scrub. | Before serub. | Before serib. | BeZore scrub.

Date 5.11.1998 5.11.199 5.11.1998 5.11.1998 5.10L19GE 5111998

Time [0.05-10.27 | 10.55-1105 1 11.42-11.53 [ 12.13-12.24 1 14.30-14 221 1457-15.08

CONCENTRATIONS m/m",

Benzene 3325 1436 2278 2930 2193 2001

Tars:
Pyridine U H 0 J g 0
Toluene 574 101 272 38 265 214
m-Xylene 57 5 20 26 19 12
Ethynylbenzene 39 6 L7 28 20 ig
Styzene 143 i2 45 2 52 36
o-Xylene 13 0 4 5 4 0
Phenol 108 5 16 23 16 0
4-Methylstyrene 34 0 7 11 10 0
Indzne 278 50 135 191 116 99
Naphthalene 890 357 583 765 565 498
Quinazoline 0 0 ] 0 0 0
Isoquinazoline 4 U U U ( 0
2-Methylnaphthalene 69 10 29 a2 29 22
I-Methylnaphthalene 43 5 6 24 17 12
Biphenyl 4] 3 20 30 22 17
2-Ethylnaphithalene 8 0 0 4 0 0
Acenabthylene 307 103 L&7 253 182 163
Acenaphthene 18 7 10 1} 3 7
Ditenzofurane 27 10 15 2 17 15
Fluorene 5 15 44 o4 36 3z
Phenantrens 198 64 115 173 126 104
Anthracene 52 14 27 42 28 23
4H-Cyclopenta(def}- 3 1z 19 2 18 16
phenanthrene
Fluoranthene 69 34 51 70 61 50
Benz(e)acenaphthylene 25 i3 19 2 21 19
Pyrene 76 30 52 76 58 49

TARS (mp.> 79 gfmol) 3115 861 1703 2370 1688 1406

TARS + BEMZENE 6439 2297 3081 5301 3880 3408




V II ENERGY

APPENDIX 3

LIGHT TAR. CONTENT OF THE GAS AT THE PLANT B

Tars analysed by GC.

Sampling after the watzar scrubber.

Sample 1 2 3 4 5
Point After scrub. | Afierscrub. | After scrmb. | Afterscrub. | After scrub.
Date 6.10.1998 6.11.1998 6.11.1998 6.11.19G8 6.11.1998
Time 9.03-9.14 9.32-9.44 | 10.19-10.33 | 11.£4-1157 ] 12.09-12.2C
CONCENTRATIONS [mgn?,]:

Benzene 2598 3279 446 2091 2687
Tars:

Pyriding L1 0 0 0
Toluene in2 466 351 194 364
M-Xylene 33 49 28 11 30
Ethynylbenzene 7 32 30 20 36
Styrene a3 510 75 4 0
O-Xylene 3 [ 6 0 7
Phenol 12 25 15 10 10
4-Methylstyrene 2] 26 16 3 20
Indene 190 s 172 108 183
Naphthalene 727 CI8 531 577 684
Quinazoline 0 ] 0 Q 0
1s6quinazeolifia i 0 ] J 0
2-Methyaphthalene 45 50 41 26 39
1-Methylnaphthalene 29 36 24 14 23
Biphenyi Z8 32 24 18 24
2-Ethylnaphthalene T & 5 il 5
Acenahthylene 245 291 212 190 21
Acenaphthene P 12 3 6 8
Dibenzofurane 19 21 L6 15 17
Fluorene 8 51 35 29 37
Phenantrene 52 76 54 33 64
Anthracene 16 19 13 12 L5
4H-Cyclopenta({def)phenarthrene 11 13 3 7 9
Fluoranthene 24 31 25 2 27
Benz{e)acenaphthylene 17 9 11 11 12
Pyrene 23 18 z2 26 27
TARS (mp.> 79 g/mol) 2115 2638 1844 1391 1941
TARS + BENZENE 4714 5917 4290 3482 4628




W ” ENERGY

APPENDIX 4

PARTICULATE CONTENT ©F THE GAS AT THE PLANT B

Sample Date “lime Particulaes Extractibizs
mg/m’, wi%
I 5.11.199¢€ 2015 - 10:27 550 2.8
2 055-11:05 90 24.0
k! 142-11:33 560 3.8
4 t213-12:24 510 2.5
S 143)-14:42 570 3.2
6 i 1457-1598 €30 1.4
1 6.11.159¢ 903 -9:14 470 2.8
2 932-9:44 1 700 1.3
3 10 17 -10:33 460 1.6
4 1144 -11:57 210 8.0
3 1209 -12:20 250 2.5
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