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13:00 h ,technical part': Markus Kleinhappl, Matti Rainikainen

13:00-13:15: Long time experience of VT T
13:15-13: 45h (all) Strategy how a technological / scientific update might be made

Technological update:
Sampling conditions
Analytical conditions
Quality measures

Scientific update:
Statistics in quality measures
Descriptors for sampling, capture, completeness
Improvements distilled from round-robin

How to develop in future
What about fund raising
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4~ Technological update

jias

i i
» Derivatives of the CEN/TS 15439
How it is applied
* Interaction: gas type and target of measurement
« Detection conditions
« Detection effects
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4~ Suitable Concepts

==

Jiiju ‘derivatives of CEN / TS 15439

Drying,

1.Stage 2.Stage Metering
impinger IPA
+40°C -15°C

,short’ ;
— 1.Stage 2.Stage N?gé:%g
impinger Toluene
10°C 0°C
Drying,
1.Stage 2.Stage Metering

Former TUG ‘Graz-column’

Short column) IPA, Methanol, Hexane

0°C -15°C

Drying,
Quench 1.Stage VEGETe

Tube coil ,column®
5 -10°C

slide 4 Jio-diversity* of applications with good experience.

:




pioenergy2020+

Particle Gas famlly Sampllng \Ijela/t\l;/e Gas volume Range Of
Aerosol Gas’ V Liquid
Tar conditions detection

Particulate Pyrolysis Crude Gas 10.000-100 mg/m3
High dust ‘ ; |
Tar for grav. Torrefaction. H!gh tar mass-procedures
High water
Tar for HPLC Counter current gasifiers ~ High temperature ae
Pressure 1001 e
Tar for GC Fluidized bed gasifiers -1 mg/m
Treated gas <ol . |
Tar similar comp. Entrained flow gasifiers Medium dust selective procedures
Medium tar
Co-current gasifiers Medium water
Medium temperature
Staged gasification HPLC 10- 0.1 mg/m@
7956 gastieato Finished gas ~~‘chromatographic procedures’
Treated product gas Low dust
Low tar
Treated synthesis gas Low water
y 9 Ambient temperature 1-0.01 mg/mé
Flue gas Very high pressure trace procedures

e 5 Interface connector: sampling-analysis combination
slige
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1000,00000 — Data o:’lg(from Landolt B('jrnst(iié
Benzene evaporation )(' P
Naphthale » X /’QJE«
100,00000 < 0=
c)/) Pheranthggnlf ,g/%ﬁ
d e -
i 10,00000 /’f : xA h “D/’o

< Sublimation X |ANn racen 0 Temperature

- 'd v X /<> [°C]

o 1,00000 L D J— B

c -20 0 %20 O jgnx‘) Ao 80 100 120

g O / /Q

= 2 0,10000 X 0%

o X ,JLI A~ Pyrene

g E X o

22 001000 | —x 0 &

oL &

o'z /

c® / )jfl;((

oS8 ¥

% 0,00100 O

[ )] D

S0 /

52 /P

— slashed ling: sublimation|

S 0,00010 EE/// full line: evaporation
—g general}indow

2 0,00001

slide 6



pioenergy2020+

Adsorption
probe heated filter Aerosol interception
l volume
L — S
pa driers measurement
( , incl. standard
AdSOfpf!O” conditions
Y Aerosol interception
Condensate from \
aerosol coalescence
A
— ~ ~ heated tube
P . Incomplete
~
< capture of drain
aerosols
\ J/

-
Condensate from
aerosol coalescence @
é Y
.1 Masstransfer
absorption

from subcooling

{ Condensate

Subcooling/

aerosolformation

J/

Insufficient cooling O

Aerosol slip

Aerosol coalescence
from pressure drop

Effects in realitas
Good, Bad

cooling

slide 7




pioenergy2020+

Sampling Relative Gas volume Mass of analyte desired Range of
. VGas/VLiquid .
conditions detection
Relative capture mg total of each

Crude Gas 10.000-100 mg/m3
High dust 200-1.000 m Ao mgm
ngh tar ;1 m3G/250 ml L g |
High water ‘mass-procedures
High temperature 0,1 m3G/100 ml L
Pressure 1-50 mg GC
Treated gas 02D M°G/100 mi L 100-1 mg/m3
Medium dust ) . ,
Medium tar 0.5 in°G/100 mi L 0.5-+0Tng in 100 ml selective procedures

Medium water

. 0,05-1 mg in 10 ml
Medium temperature 9!

y pOM TS 1-5 ng [C] as limit of FID
. correctly -9 ng as limit o
Finished gas Total: (x100) HPLC ‘10- 0.1 mg/m3 .
Low dust 1.0 m3G/100mIL 10mlL chromatographic proc
Low tar - 1-50 pg/l Fluorescence
incorrectly
Low water Lo meGA00mIL  5miL :
Ambient temperature 18 ™ m m Enrichment:

SPE (sampling) 1-0.01 mg/m? ’
‘trace procedures
SPE-extraction in sample fractioning (PAH, PASH, BTXE,..)

Very high pressure

5,0 m3G100mIL  5mlL

|
st

Sampling must be better in 1-degree complete than the Analysis is operated.
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Completness of capture:

m 90% 1 magnitude; 99% 2magnitudes

Data only from Landolt Bérnstein
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af’:

4~ The gas/liquid ratio

Jiiji limits of quantification: lower limits
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*"" The selection of solvents: saturation-losses

1

HII

1000,000 -

alcohols, other polars
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= scientific update:
‘-1|II back ground

* Mechanisms during sampling

« E.g. equilibrium effects during sampling

« Mass transfer for accumulative (glas-) equipment

« Improvement of procedure description

« Targets can be expected

« Better approach for quality measures ( effects,
capture + sampling conditions)

« Extend the title of the CEN/TS from: TAR  organic
compounds (targets of gases changed)

slide 14
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Particle
Aerosol

Tar

Particulate\

Tar for grav.
Tar for HPLC
Tar for GC

Tar similar comp.
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Gas family Sampling | Relative Gas volume Range of
VGas/VLiquid
conditions detection
Pyrolysis Crude Gas 10.000-100 mg/m3
High dust \ . ,
Torrefaction. High tar mpss-procedures
High water
Counter current gasifiers ~ High temperature \ GC
Pressure
-, - 100-1 mg/m?
—Fluidized bed gasifiors |
Entrained flow gasifiers Medium dust selective procedures
Medium tar
Co-current gasifiers Med!um water
edium temperature HPLG

Staged gasification
Treated product gas
Treated synthesis gas

Flue gas

Finished gas

Low dust

Low tar

Low water

Ambient temperature
Very high pressure

10- 0.1 mg/m3
—~‘chromatographic procedures

1-0.01 mg/m3
‘trace procedures’



dd

Sampling

conditions

Crude Gas

High dust

High tar

High water

High temperature
Pressure

Treated gas
Medium dust
Medium tar

Medium water
Medium temperature

Finished gas

Low dust

Low tar

Low water

Ambient temperature
Very high pressure

Relative Gas volume
VGas/VLiquid

Relative capture

Clean gas
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Sampling parameter, Conditions, Range

Range of

detection

10.000-100 mg/m3

‘mass-procedures’

100-1 mg/m?

‘selective procedures’

10- 0.1 mg/m3
‘chromatographic procedures’

correctly

/ 1-0.01 mg/m3
‘trace procedures’

\incgrrectly

In General: Sampling must be more complete than the Analysis can see.
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Concentration in absorption column
[ma/l]
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1600
-flow (N5): 200 NI/h
1400 - -volume 2-propanol: 100 ml toluene
-Temperature 2-propanol: -13 C D Beshaviop:> f'\i\_.
-gas concentration: 500/50 mg chemical/m? loss
1200 - -sampling duration: 1h chemicals, 1/2h just N,
benzene
1000 -
800 A
600 -
400 A
chemical+ N, | N,
200 - > > naphthalene
Imar behavior ......-g---c=a—a &
0 R A . . ] ' .
00:00 00:10 00:20 00:30 0040 00:50 01:00 01:10 01:20 01:30
[hh:mm]
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The dynamic sampling performance of an
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Sampling parameter, Conditions, Range

< :7_*;
- Postulates

The complete sampling procedure (gas extraction, prefilters T1, accumulation T2) must be
suitable for:

Absolute concentration of analyte, relative amount of compound lightest heaviest,
completeness in capture, minimal amount of compound.

Sampling drain T1, T2 must guarantee completeness under conditions: Flow rate, water
content, target temperature of T2, combinative problems (dilution with water, ice formation).

Sampling must be better in 1-degree complete than the analysis is operated.
e.q. slip should be lower than 5% of income.

In general ONE sampling condition (T1+T2) can’t guarantee the capture of all ,classes®
desired.

Physical limits of: equilibrium, solubility, capacity, mass-transfer (=capture ability) should be
respected on scientific-technological level.

Recommended procedures: deliver reproducibility, repeatability and reliability.

Performance is evaluated in RR in 3 stages (degree of effort, ,..).
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‘ Next steps
* Your feedback
« Webinar-group about the UPDATE of CEN/TS

« Legal conditions and procedure for edition of a
CEN/TS

« Qutcomes of the round robin (results from each host
site versus institution’s approach)

« Update process

slide 21
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Which items can be updated to CEN /TS?

Improvement of definitions/declarations

/ Type of Gas / discrete Components / Utilisation target
/ Degree of Treatment / families of compounds (=classes) / specific recommendations
Pyrolysis / physically lumbed classes Gas for-
Types of Gasifiers Methodology of Burners
Productgas for Engine i i i Engines
Syngasconversion Samplmg anaIySIS quallty Syngasconversion
Fuelcells \ / ¢ Fuelcells
: : : / Cluster of quality
Sampllng ‘ ‘ AnalySIS Quallty parameters
Particulate
CEN /TS 15439 measures Aerosol matter
| ‘tar’
‘tar-species’
Other

Introduction of new technoloqy crosslinks

Include/exclude PASH

News: News: News:
Filter — elements /cross flow/ dilution methods ~ Offline/online Reference method
Sampling probes (heated) detection/measurement approach:
Particles/aerosols/ classification of solids (on ~ HPLC/GC-methods Target  physical
temp.) Selective Recovery from SPE conditions (effects)
Impingers  columns  cont. masstransfer ~ Hyper-systems with toolboxes®  method  reliability
Liquid methods ~ SPE (solid phase) Waterdetection method  approach
Target
Test procedures of capture & Round Robin 1/ 11/ 1

slide 22 analysis (testgas generators) Test procedures
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" Item quantified: method specified

‘il equipment recommended (=procedure selected)

CEN /TS 15439 - Qualiy
How to get . measures |
a result? / | edsUies

Sampling

Sampling ‘ Analysis *_’ Result
target

conditions q

\

Equipment has to accept the conditions ‘

?

Equipment is suitable for <:| ......

Which Scale Range:
Equipment «— 00
approach? quip pyh
3 10
/ e 1
Str re S 0.1
Procedure quideling 0.01
0.001

slide 23
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&~ Systematic test of methods approach for target

jim“ recommended: wheel of workflow..

physical conditions (effects) (D
classified (e.g. equilibrium New item:
status, capacity of [P

capture,..), masstransfer

Forecast of method’ Y
improvement N

Test of reliability / reproducibility /
repeatability

Recommended
| ' approach

CEN /TS 15 439 /\ )
Update u K¥/

W— Update or appendix of CEN
Sampling ‘ ‘ Analysis Quality
- CEN/TS 15439 measures

slide 24
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Systematic extension of CEN/ TS 15 439:

iy appendix, related documents

Sampling ‘ ‘ Analysis Quality
CEN/TS 15439 measures
| | '

[ [ '
CEN /TS 15 439 CEN /TS 15 439 CEN/TS 15439
Core document | [~ Appendix | [~ Related documents [~
Definitions Glossary o Sampling of other substances ‘tar-like’
Targets to be sampled Parameter charts (Limits) Common interface for chem. Parameters
Central-Method Procedures

Equipment, similar approaches  Detajled results of RR-tests
Quality measures

Comparative results from RR

Extent the application from tar to organic compounds
slide 25
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(Gas-)Quality = fulfilment of limits defined

‘Parameter-stamp’ = maximal extended chart....

Type of Physical defined limits Chemically or of
parameter Physically constituted gg;iteigmo" Clear
Dew point (of... all....water...tar) °C Class 1 PAH #
Aerosol formation, clouding mg/m3 Class 2 BTXE-S #
Deposition, condensation mg/m3 Class 3 Pyrolysis (sub-) | #
Gravimetric procedure mg/m3 Class 4 (Oxogenates, #
Capture 100% asphaltenes,..)
Residue x%, share of...100%
Solids mg/m3 Transient field: S-
Temp. independent (Char,...) organics,...
Temp. dependent See chemical
(salts,...agglomerates,....) parameters
Freight, Deposition, intake, ... Mass/energy S, N, CI-Groups
Change of oil conditions (gas See chemical
engine) parameters

slide 26

# a range of good bad, average to be defined
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I

Gasengine without turbo charger & intercooler

Type of
parameter

Physical defined limits
Physically constituted

Chemically or of
constitution clear defined

Multistage treatment for syngas

pioenergy2020+

Type of
parameter

Physical defined limits
Physically constituted

Chemically or of
constitution clear defined

Type of
parameter

Physical defined limits
Physically constituted

Chemically or of
constitution clear defined

Dew point # Class 1
Aerosol formation # Class 2
clouding
deposition # Class 3
Gravimetric procedure # Class 4
Capture 100%
Residue x%, share of...

#

Freight, Deposition, intake,

Change of oil conditions

Solids

Temp. independent
(Char,...)

Temp. dependent

(salts,...agglomerates,....)

Gasengine with turbo charger & intercooler

Type of
parameter

Physical defined limits
Physically constituted

Chemically or of
constitution clear defined

Change of oil conditions

Dew point # Class 1
Aerosol formation # Class 2
clouding

deposition # Class 3
Gravimetric procedure # Class 4
Capture 100%

Residue x%, share of...

Freight, Deposition, intake, | #

Solids

Temp. independent
(Char,...)

Temp. dependent

(salts,...agglomerates,....)

slide 27

Application 1
Application 2
Application n

Freight, Deposition, intake,

Change of oil conditions

Iss 1 Dew point # Class 1
Iss 2 Aerosol formation # Class 2
clouding
Iss 3 deposition # Class 3
Iss 4 Gravimetric procedure # Class 4
Capture 100%
Residue x%, share of...
#

Solids

Temp. independent
(Char,...)

Temp. dependent
(salts,...agglomerates,....)

X







Dioenergy2020+

Sulphur-Organics

#
#

agenda

H o

_ Testgas-generators

Organisations (former actives)

Cross cutting Status in standardisation #
_qi agenda . #
agenda — Hostsite ] ° Learnings agenda =,
Host-site 2
o el & Targets of CEN #
........ Development of other TS
Inars started o .
Targets: gasification/pyrolysis/others (parallels S,..)
Key-person+substitute (long expertise)
28/06/2013 Prep. WS. 2013 Webinars: DETAILS Workshop: key items, ey catchers

slide 29 Information (+Policy) Technology
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Flexible ending horizon Result <
. ) reporting 5
Stage 1 (internal tests) — —) &
L
Tars O
Water Ending for official reporting requested 2
Chem-Group [S. NG Stage 2 sample exchange ) IE.I:J
Tars H_J
Water Stage 3 (hoste sites) - -
Hosts presented Detail plan 8
08/2013 \ o
-compounds
Water
Chem-Group [S, N,Cl]
Status Consensual
reporting ll I advices
now workshop KOofSt2 12/2013 03/2014
T . KO of St 3
He-axis
| ‘ ‘ ‘ ‘ ‘ Web i{vars ini3-5 m%in Topic field% frequ%ntly h%ppenir}fg ‘ ‘ ‘ |
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Stage 1: inhouse, peer-group Scientific target

m Internal Test of each single player (voluntary) j [ m  CEN/TS 15439: sugg. for improvement

m  E.g.: ‘'method in house’ with reference
system compared

m [estgas generators (Methods, applicati

Stage 2: analytical testroutine

= Testsamples 1-3| of each sample”) Statistic result assessment

!

m Each participant receives 10 ml/GC/HPLC or
100ml grav. CEN/TS,...

*) produced or delivered from testsites or participants

m  Reporting in Webinars

2013 03/2013-12/2013

Stage 3: live sample streaming

3..4..xxx test sites/hosts (pre discussed on
. P <::> m  Statistic result assessment

webinars 04-06/2013)

m Parallel sampling/measurements/
treatment/final analysis/reporting m  Optional publication

m  Reporting webinars

Degree of activity: Observing/samples
(liquid/SPE)/active sampling

slide 31
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4~ Round-robin Stage IlI

T A

PRI

PSI-Toolbox
=Monitor Online #

Sampler 1 Sampler 2 Sampler 3
PSI-Toolbox
=Monitor

Sampler 1 Sampler 2 Sampler 3

28.06.2013Prep. WS. 2013
slide 32
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ﬁ:" (Gas-)Quality = fulfilment of limits defined
PRI

slide 33
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\F;e""‘/ts’e Gas volume Sampling must Analysis (=detection) Range of
Gas’ ” Liquid Deliver satisfactory Must be sensitive .
Relati capture of compounds : enough for detection
elative capture

looked for.

expected lev

10.000-100 mg/m3

‘mass-procedures’

100-1 mg/m?

‘selective procedures’

HPLC 10- 0.1 mg/m?3
‘chromatographic procedures’

WGC. NDIR, MS
(Gas swroam Clean gas

?

Pp—
= %{v - o correctly
,l_. _L‘m-m?ﬂl - .. = Back pressure regulator
% L] %_[ e 1-0.01 mg/m3
= o | ‘trace procedures’
ot = \iﬁgrrectly

e 24 In General: Sampling must be more complete than the Analysis can see.
Slige i
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Parameter-stamp:
Gas engine with TC and IC
Physical defined limits; Physically constituted Chemically; of constitution clear defined
Dew point (of... all....water...tar): | Water: lower than Class 1 PAH Napth. <
at 2 bar overpressure 30°C smg/m?

Tar: lower than 20°C
Calculated dew point

<20°C
Aerosol formation, clouding *) Technical free over Class 2 BTXE-S Benzene
Optional at 2 bar overpressure 40°C <1.000 mg/m3
Deposition, condensation Technical free over Class 3 Pyrolysis (sub-) | Phenoles
40°C <100 mg/m3
Gravimetric procedure <10 mg/m3 at 50°C Class 4 (Oxogenates, #
Capture -10°C evaporation asphaltenes,..)
Evaporation 50°C
Solids <10 mg/m3 Freight, Deposition, Mass/energy

Temp. independent (Char,...) intake, ...

Temp. dependent Change of oil conditions
—1{salts...agglomerates,....) (gas engine)

*) e.g. optical turbidity: see the turbidity number of diesel-exhaust-emission
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Particle Gas famlly Sampllng \Ijela/t\l;/e Gas volume Range Of
Aerosol Gas’ V Liquid
Tar conditions detection

Particulate Pyrolysis Crude Gas 10.000-100 mg/m3
High dust ‘ ; |
Tar for grav. Torrefaction. H!gh tar mass-procedures
High water
Tar for HPLC Counter current gasifiers ~ High temperature GG
- 3
Tar for GC Fluidized bed gasifiers 100-1 mg/m
Treated gas coloct ; |
Tar similar combp. Entrained flow gasifiers Med!um dust selective procedures
Medium tar
Co-current gasifiers megfum }[Nater t \
edium temperatyre
P | HPLC 10- 0.1 mg/m3

Staged gasification

Treated product gas /"m

—~‘chromatographic procedures

Tlcatcd oyl Ithcb;b Yao tgw Ils'ar.ter \\ 1 -001 mg/md
Flue gas Ambient temperature S trace procedures
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Particle i Relative Gas volume Ranae of
i Sampling i g
erosol as’ " Liqui
Tar conditions detection
|
10.000-100 mg/m3
Particulate C_rude Gas g
High dust ‘ 5 ’
High tar mass-procedures
Tar for grav. High water
Tar for HPLC High temperature GC
100-1 mg/m?
Tar for GC
Treated gas <oloct 5 ’
i selective procedures
Tar similar comp. Medium dust P
Medium tar
Medium water
Medium temperature
P HPLC 10- 0.1 mg/m?
‘chromatographic procedures’
Finished gas
Low dust
Low tar
Low water -] 1-0.01 mg/ms3 ’
Ambient temperature trace procedures

e 27 In General: Sampling must be more complete than the Analysis can see.
Slige



