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Emission Monitoring, Residence Time

Margam Green Energy Plant
Compiled by: Gaylord H&0G
Statement on Independence of TUV SUD Industrie Service GmbH

TOV SUD Industrie Service GmbH is an independent, internationally recognised, engineering
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based in Munich with over 24,000 employees and a turnover of £1.9bn.

TUV SUD Industrie Service GmbH is independent of manufacturers, service companies and end
users. We offer complete impartiality in all our business dealings. We are frequently called upon to
by our clients to provide independent technical review, expert witness and due diligence services
where complete confidentiality is respected and integrity is of utmost importance.

TUV SUD Industrie Service GmbH, Environmental Service

All rights reserved. No part of this publication may be reproduced, stored in retrieval
system, or transmitted in any form by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of
TUV SUD Industrie Service GmbH (Germany)

Indemnity

TUV SUD Industrie Service GmbH warrant that information given in this report shall perform to
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loss, damage, costs, charges or expenses whatsoever arising under any statute or at
commaon law, in connection with, or in consequence of, the use of the information herein
or any part thereof except that which cannot be lawfully excluded.

TUV SUD Industrie Service GmbH
Daimlerstralte 15
85748 Garching
Germany
Tel: +49 (0) 89 32950 510

All Rights Reserved
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1 Conclusion

60 % MCR

e £ = w - o P "
g e 5% T f,, £ 58 53¢
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2 IE %35 & 28 § S 2 o e
= I 5 8 = @ =HE ERT

1 28.Feb, 19 | 11:06-11:42 | 880°C | 24vol% | 33vol% | yes | 397sec | 11:45-12:45 |  100%
2 28.Feb 19 | 13:29-14:05 | 877°C | 2avol% | 3.2vel% | wes | 406sec. | 14:08-1508 |  100%

100 % MCR
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1 1.Mrz.19 | 9:36-10012 | 9s0°c [ 26vol% | 32vel% | yes | 414sec. | 10:a5-11:05]  100%
2 1, Mrz.18 | 13:09-13:45 | 933°c | 23vol% | 32vel% | ves | 4195ec. | 13:48-14w8 | 100w
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2 Explanation of the scope of measurements
2.1 Operator

Margam Green Energy

2.2 Ordered by
Babcock & Wilcox Velund A/S
Falkevej 2

6705 Esbjerg @
Denmark

2.3 Location

Port Talbot
SA13 2NW
United Kingdom

2.4 Plant

Margam Green Energy Plant

2.5 Date of the measurement

28" February and 1= March 2019

2.6 Reason of measurement

Report to the environment agency

2.7 Objectives

DIRECTIVE 2010/75/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 24
Movember 2010 on industrial emissions (integrated pollution prevention and control).

Sector Guidance Note IPPC 55.01: Guidance for the Incineration of Waste and Fuel Manufactured
from or Including Waste.

German Federal Ministry of the Environment, Nature Conservation and Nuclear Safety Research
Report 360 16 004 UBA-FB 001090

Feport: Combustion Conditions, Residence Time
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AEA technical report: Review of BAT for New Waste Incineration Issues — Part 2 Validation of
Combustion Conditions.

BS EN ISO 16911-1:2013 Stationary source emissions. Manual and automatic determination of
velocity and volume flow rate in ducts. Manual reference method.

2.8 Components to be measured
Temperature
Oxygen

Residence time

2.9 Local inspection before measurement

Last local inspection before measurement carried out on 25" February 2019.

210 Coordination of measuring plan

The measurements were coordinated by Thomas Norman (BWV), Daniel Pickett (BWV), Daniel
Meubacher (TUV SUD) and Gaylord H&l (TUV SUD).

2.11 People involved in measurements
Gaylord Hol Tel. +49 89 32950-526
Daniel Neubacher Tel. +49 89 32950-514

Rene Walaczek
Reinhard Konig

212 Further laboratories involved

MNone

213 Responsible persons
Michael Waeber Tel. +49 88 5791-2052

Chalid Jonas Tawfik Tel. +49 911 6557-272
Gaylord HoR Tel. +49 89 32950-526

Feport: Combustion Conditions, Residence Time
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3 Description of the measuring points in the after burning chamber
3.1 Determination of measuring planes

For the measuring observation of the minimum temperature at least 2 measuring planes shall be
assigned in the range of the after burning zone.
Measuring level 1

Measuring plane 1 shall be determined at the end of the after burning zone. The determination
usually results on the basis of the manufacturer's theoretical considerations.

Level measuring area 1: 14,00 m

The temperatures at measuring plane 1 were measured by using suction pyrometer in a horizontal
position. At the measuring level T, are 3 measuring axes available. There are 3 openings on both
sides of the boiler.

Measuring level 2

The second measuring plane shall be installed at the defined beginning of the after burning zone.
This measuring plane shall be determined after the last feeding with combustion air on the basis of
the manufacturer's data.

Level measuring area 2: 7.90m

The temperatures at measuring plane 2 were measured by using suction pyrometer in a horizontal
position. At the measuring level T2 are 3 measuring axes available. There are 3 openings on both
sides of the boiler.

Beginning of the after burning zone

The plane, where, first of all, we may proceed from a uniform mixing of the incineration gases with
incineration air is defined as the beginning of the afterburning zone.

Owing to the existing local conditions insignificant deviations of the position of the 2nd measuring
plane from the actual beginning of the afterburning zone are possible. This will be compensated by

respective conversions.

Last feeding of combustion air: 1,26 m

Feport: Combustion Conditions, Residence Time
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3.2 Determination of the measuring points

The checking of the minimum temperature is taken by a grid measurement. The distribution of the
measuring plane into the partial planes happens according to EN 13284-1. Especially because of
the principle of relationship of the measuring expense (temporal, personal and technical expense)
the number of measuring points is determined to be 1 in each 2 m?. This value is valid as
directional gquantity and covers an area of 1 each 1,5 m? to 2,4 m?.

This requirement takes into account of usually applied technology of the water-cooled walls. The 2
m? measuring area results in a minimum distance of the measured point to the boiler wall of 0,5 m.
In case of very large combustion chamber cross-sectional area 20 measuring points are regarded
as sufficient on grounds of the principle of relationship.

If it is necessary to use shorter suction pyrometers, because of local conditions, which do not allow
a measurement in the middle of the measuring cross section, the values at these measured points
shall be interpolated from the measured values of the neighbouring measuring points.

But from that usually results a judgement of the incineration plant which is more unfavourable for
the manufacturer.

The area in the measuring planes is 59,25 m?; this means following the rule above using a grid with
2 m? per measuring point we will find 30 measuring points.
By very big after burning chambers a grid with 20 measuring points is sufficient.

In the measuring planes, there are 3 openings on both sides of the boiler. The grid measurements
were carried out by using these openings in the reachable deeps for the measuring points. Depend
on the size of the furnace chamber a grid measurement can be realised with an exception. The
three measuring points in the middle of the cross section are not reachable (see 3.3). These
missing temperatures were interpolated from the measured values of the neighbouring measuring

points.

6 grid measurements and 2 one-hour single point measurements on the point with the lowest
temperature in the grid (measuring level 1) distributed were carried out for part (60% MCR) and
nominal load (100% MCR) of the boiler.

Feport: Combustion Conditions, Residence Time
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3.3 Measuring scheme

Schema of the measuring levels and reference points

beginning of after burning zone BABZ 1,26 m

end of after burning zone EABZ 18,13 m
measuring plane 2 MP2 7,90 m
measuring plane 1 MP1 14,00 m
operating measuring plane OMP 18,13 m
(MP2 - BABZ) AHpABZ 6,64 m
(MP1 - MP2) AHq 2 6,10 m
(MP1 - BABZ) AH 12,74 m
BABZ-EABZ H 16,87 m
Width 12,50 m
Depth 474m
cross sectional area A 58,25 m?
AHagZ distance between the end of the afterburning zone plane and the 1* measuring plane
AHT distance between the plane in the incineration chamber where the flue gases just keep
the minimum temperature on average and on the 1st measuring plane
Tm minimum temperature of the flue gases
ATq2 temperature difference between the 1st and the 2nd planes
Tagz mean of the network temperature in the 1st measuring plane converted to the plane at the
end of the afterburning zone (2 s residence time)
AT mean temperature difference between the end of the afterburning zone and the
measured operational values
trt residence time of the flue gases above the minimum temperature

Feport: Combustion Conditions, Residence Time
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Grid measuring points:

Measuring plane 1

feeding

Axis 1 Axis 2 Bxis 3
Al B1 c1
AZ B2 c2
A3 B3 Cc3

interpolated

interpolated

interpolated

w szt

Feport: Combustion Conditions, Residence Time
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Measuring plane 2

feeding

Axis 1 Axis 2 Axis 3
G1 H1 11
G2 H2 12
G3 H3 13

interpolated

interpolated

interpolated

w oSzt

Feport: Combustion Conditions, Residence Time
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4 Method of measurement

4.1 Components to be measured

After burning zone:
- Temperature on two planes
- Oxygen content on two planes

Calculated values:
- Residence time of the flue gases in the after burning zone
- Volume flow of the flue gas in the after burning zone

4.2 Evaluation of the exhaust gas conditions

421 Temperature

Measuring method thermoelectric

Guideline VDI/VDE 3511 part 5

Probe suction pyrometer with a triple ceramic shield, water-cooled
Suction compressed air ejector

Speed of suction ca. 80 m/s

Manufacturer TUV SUD Industrie Service GmbH

Sensor MNiCr-Ni-Thermocouples

Type K, class A (calibration by manufactory)
Manufacturer Bauer GmbH

42,2 Oxygen content

Measuring method electrochemical analysis of gas

Measuring instrument Oz-measuring equipment type KE-25F-3
Manufacturer TUV SUD Industrie Service GmbH / FIGARO
4.2.3 Registration of the measuring values for the minimum conditions
Measuring instrument data acquisition and control system
Manufacturer E. Kirsten

Type Trendows XP

Feport: Combustion Conditions, Residence Time
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Description of the comparative measuring procedure

Sampling system
Probe
Filter

Sampling line
Before sampling preparation
After sampling preparation

Sampling preparation
Cooler

Manufacturer
Temperature

Instrument characteristic
Zero gas

Test gas

Response time

Registration of measured values
Manufacturer

Type
Calculation

steel suction pyrometer
Quartz wool filter and scrubber (washing bottle)

length 5 - 24 m, material: PVC
length 1 m, material: PVC

Type CGEK 4
Hartmann & Braun, Frankfurt
4°C

cleaned nitrogen
ambient air
< 60 seconds

continuous with electronic data recorder
saving of data acquisition and control system
E. Kirsten

Trendows XP

program for calculation "Excel"

Feport: Combustion Conditions, Residence Time
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5 Incinerator operation data during the measurement

The entire plant operation conditions are detected during measurements by reading the pointed
results in the control room. The operator of the plant makes the data available.

5.1 Production facilities

The measurements were carried out in following state of operating:
- 60 % MCR condition
- 100 % MCR condition

5.2 Waste-gas purification facilities

The waste gas purification facilities haven't an influence of the measuring results in the after
burning chamber.

Feport: Combustion Conditions, Residence Time
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6 Summary of results and discussion
6.1 Evaluation of the operating conditions during the measurements

The comments on any deviation from the operations as well as any consequences are given with
the results.

Introduction

This part describes the procedure for demonstrate that the combustion chamber minimum gas
residence time (after the last injection of combustion air) and temperature in the combustion
chamber are satisfied.

The residence time calculation protocol is based on the sector guidance note IPPC 55.01
combined with the requirements from the requirements stated in German Federal Ministry of the
Environment, Nature Conservation and NMuclear Safety Research Report 360 16 004 UBA-FB
001090.

To demonstrate compliance, the temperature and oxygen concentration are measured at the
bottom and the top of the first pass vertical radiant heating section. Simultaneously, flue gas flow,
temperature and oxygen concentration measurements are carried out in the stack. The flow as
measured in the stack is corrected to the temperature, oxygen concentration and density
conditions pertaining to the first pass vertical radiant heating section and show the flow through the
boiler for the residence time determination.

Test Protocol

The furnace temperature is measured at 2 cross section positions using suction pyrometers. The
cross section is near as possible to the ABZ start and ABZ end.

The mean temperature is calculated from the temperature readings at the 2 cross-sectional areas.
These are used to determine the temperature gradient.

The mean of the temperatures at the beginning of the after burning zone (Tessz) and the minimum
temperature (850°C) is used as the boiler temperature (Tasz) to establish the boiler volume air flow.

Feport: Combustion Conditions, Residence Time
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6.2 Measuring Time

60 % MCR 28" February 2019

Grid measurement 1 10:30 till 11:06

Grid measurement 2 11:06 till 11:42

One hour measurement 11:45 till 12:45 measuring point A1
Grid measurement 3 12:53 till 13:29

Grid measurement 4 13:29 till 14:05

One hour measurement 14:08 till 15:08 measuring point A1
Grid measurement 5 15:16 till 15:52

Grid measurement 6 15:52 till 16:28

100 % MCR 1t March 2019

Grid measurement 1 9:00 till 9:36

Grid measurement 2 9:36 till 10:12

One hour measurement 10:15 till 11:15 measuring point C1
Grid measurement 3 11:21 till 11:57

Grid measurement 4 11:57 till 12:33

Grid measurement 5 12:33 till 13:09

Grid measurement 6 13:09 till 13:45

One hour measurement 13:48 till 14:48 measuring point C1

Feport: Combustion Conditions, Residence Time
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7 Checking of the Burning Conditions
71 60 % MCR

Grid measuremen Me: [ 2 E 4 ] [ fumrage
Date of maasurcmant 2R02.20019 | 2002209 | 2802201% | 28022015 | 20022019 | 28023019

[Besginning of measurament 10:30 11:06 1253 13:28 15:16 1552

End of massuramant 11:06 11:42 1328 1405 1552 16:28

e aaLri ane 2 "C 25 2T B31 a3t 935 845 B3z
IaaaLri ane 1 “C THE a0 BOE B0 ao7 18 =
Tamparalure oparating plana [avaraga] G 715 T2 7 r 714 Tar r
Tamparalure oparating plana [HEET1CTO01X001) G [l 706 i} 1 L] Tan 1
Temperalure oparating plang [HEK11CTHIZXA] 0 T8 T16 T T 719 ™ T
Temparalure aparaling plane [HBE11CTO0IXO01] G 7T 714 720 T20 718 73 T20
T ABL {5ingka measurament) ES S55 HET B a5l HES a7 51
dieta T ABZ-Toa G 240 244 243 241 250 246 244
[Fea To T o B & [ 81 ] i 9 «
Dy conlenl plane 2 Wal.% 3.3 33 3,1 3.3 3,1 28 3.1
Dy content plane 1 Wial.% 3.4 33 3.2 3.4 32 249 3.2
Clxpgen content [HNADT COB01 XI61] Wal % (wal) 5.1 a0 449 5.0 4.9 4.6 4.4
[Wicdumee Tow stack [HNADGCFO01XI62) Mt (vt} 132163 132638 132555 132907 135730 134085 133355
Diygen content stack [HMNADZCQNMON01] Wal % (dryp 64 6.3 6.2 6.3 6.5 E0 £.3
Tamparalure stack [HYNADICTO0 X01]) “C 108 108 108 108 1085 10 108
Prassuna slack [HNAQCFO01 X001 hPa 1008 L] L] 100 L] L] 1008
Kaisture stack [HNATICON01 XO01] Wal, % 6,3 16,5 16,5 164 17,0 16,4 166
[Wolume Now stack [cakcukaled| e Th {dey, 0 Vol % OF) TEE25 Trd35 TTEIR FITES TrE61 THAED TTEET
Recirculation gas flow [HRF10CFI01XG1] M {wel] 14558 14808 18006 14958 140682 15023 18001
Recirculation gas flow nomalized M I Jaey, 0 Vol % OF) 730 HTE3 BE12 BTTEB BEOS Ba4E AT
[Wiolume fow in Boiler Mmih oy, 0 Vol OF) | 65655 68187 86651 BES61 BA5GE BEALE 86736
'l v in Eoibar m'ih (Dperating stale) 555717 557019 SSAEaT 551020 a58359 SE3280 S5B023
[W"oduirnea Niows in Boilar m'i5 (Ciparating staia) 154 155 154 155 155 158 155
[Wedocity in boiler mis {Oparating state) 25 2.6 2.6 2.8 26 2.8 28
Clxpgen content ABS Wal. % (dryh 34 33 a1 3.4 31 24 3.2
Malsture ABZ [HNACOO0T 002 al,% 17,2 171 171 [EX] 171 [IX] [EX]
|Air prassus hPa 1013 1013 113 1013 1013 10313 1013
Pressune in bailer [average HEXICPOMM-4X001) hPa 2.0 =20 =20 2.0 =20 2.0 2.0
Tempearalure BABZ G 1064 1065 10064 1084 1074 1082 1063
TABZ rean "C a5y a57 BsT B5T 962 056 859
Steam flow [LBAIDCFI0 K61 | 2.4 33,1 837 2.7 azd 55,5 35
|Primary & Rcra [HLATOCF O XE] Mt {wat) 38258 SHESE 373 JE126 F3155 ATaE1 JE2BS
Pricany & lamgeraure [averags HLAGB-BCTOONKQ] |"C 172 172 171 172 172 171 172
Secandary air fiow [HLASHZFO0] K61 it (vt} F3604 23708 23736 23665 ZITIT 24135 23764
Secondary air tamparature [HLAG2CTI0 XO01) B 1vza 173 172 173 im 173 173
Racirculation air flow [HMF 10CFH01361) N /h fweet] 14418 14568 [ 145155 12568 A5{I0E 15001
Recircubation air iemperature [HMEE11CTO01X001) i 129 129 128 128 12 128 129
[Rtention time total |Bec 393 3,97 4,00 4,06 4,10 4,28 4,07
T1 “C T am BOA [E] 07 BB BT
ldeta H T m =249 =238 =210 =207 =204 1,82 2,10
dedta H ABZ m =763 =752 -7.54 -7 A8 «7.52 -7 A6 751
deita T 1,2 o 127 126 123 122 126 128 1256
jdelta T 1.2/ delta H 1.2 “Cim 20,85 20,70 20,15 2002 20,97 20,69 20,56
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Series of measurements 1, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
10:30 11:06
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G 706 751 [ [Minimum conditions
0z Vol% 3.7 3.4 38 |Minirmum tamperature *C [ER
5 Temp. G TET A5 TET [Retention time Sac 20
02 Vol % 3.5 33 a4
9 Temp. “C TBS T THG
b 02 Wal 5 4.1 34 4.0
Tamp. i+ 416 Bail ]
4 02 Vol % 3.6 3l 34 [Boiler speciications
- Temp. “C 848 Ba7 851 Baginning of ABZ BABZ 1,26 m
- 02 Vol% 35 2.7 2.7 Flane of operating termperatung OMP 18,13 m
B Temp " a32 BST a3 |Measuring pane 1 [ 14m
02 Vol% 3.1 3.1 3.0 [Measuring plane 2 [ TAm
: Temp. G 755 702 [EE [prea nez A | s02Em
02 Vol % a4 15 a4
Components mean min max
Temperalura 798 706 287
Oxygen Content 3,4 27 4,1
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh ]
Meatenng Faint A 1 Axis 2 Axis 4 Prirmary air flow [HLATICFO01IG1] mih AEIGR
1 Temp, "L fiE] B36 (EE] Sacondary air fioe [HLASMCFO01X61] mh IR
02 Wil % 38 39 25
2 Temp. " Eaal 918 212
02 Vol% 37 3.4 2.4
3 Temp. "0 G456 932 205
02 Vol% 4.4 4,1 2.8 Operational measuring values In ABZ
4 Temp. °C el 047 935 Tempearalure operating slane [average] “C 715
02 Vol 4.4 37 2.7 Cepgen contenl [HMADTCOB01 XIE1] Vel % 50
5 Temp. "C 042 og2 065
o2 Wil % 4.3 34 2.4
B Temp. "0 ahd g66 241
02 Wal 5 36 27 2.0
7 Temp. i+ EER] a5 ERE] [Operational measunng values at the stack
02 Wal% 34 33 2.5 Valume fow stack [HHATILFOD JG2] L IREETE
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % G4
Temperature 926 BOg peails] Temperature stack [HMADICTO01X00] “C 102
Crygen Content 3,3 2.0 4.4 Prassura stack [HNANZCPO01X00] nPa 10080
a9 |Meesture stack [HNAICCN01 XQ01] Vol % 16,3

Temperature gradient

[Temperature gradient

Mean walue of temparature MP 1 “C Toa
|Mean value of temparaiure MP 2 S 025
delta T1,2=T2-T1 o 127
2
ta H 1,2 Al
B0 850 900 @S0 1000 1053 1100 1150 1200 polta x-n 5.0
e calta T1,2/defta H1,2 Cirm 0.5
—4— Tamparature gradiant —-— BaBZ
2-Gac-leval 850 °C

Feport: Combustion Conditions, Residence Time
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Series of measurements 1, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
10:30 11:06
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
s Temp. & EE] B[] BEG
02 Vol% 3.6 3z 3.8 [Retention ime
5 Temp. °C 924 042 914 Wiolume flow in baller mih 45655
02 Vol% 34 32 3.5 Cxygen contanl bailer Vel % 34
5 Temp. "0 G442 981 912 Mcisture bailer Vel % 17,2
02 Vol 38 33 38 Prassure comb. boiler and air hPa 1011
a Temp. "C 973 oGy 965 T ABZ Maan °C 957
02 Vol% a7 3.0 3.2 [Velume Fow boiler [oparating state] mis 555717
5 Temp. " 1005 1044 1018 Araa of bailer m* 59,25
02 Vol% 34 26 26 Walocity of flow mis 26
& Temp. °C G899 1014 ELL] jdzlta H ABZ m -7.53
02 Vol% 3,0 28 2.8 Plane of ratantion ima 2 sec m HA7
;  Temp. G 512 EEE] E [Retention time Sec | 3,99
02 Vol % 3.3 34 a2
Components mean min max
Temperalura 955 BE3 1044
Coygen Content 33 26 3.0
" - M 1100 -1200
temperature distribution 1001100
1200 B 900 -1000
m 800 -900
1100
1000
S0
a0
1 :
2 3 . ,
& 7
feed hopper
[ . o u . 8,0-10,0
oxygen distribution 6080
10,0 m4,0-6,0
m2,0-4,0
B0 m0,0-2,0
6,0
4.0
2,0
0,0
1 : ¢
2 3 o4 g = ry
’ 3 7
feed hopper

Feport: Combustion Conditions, Residence Time
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Series of measurements 2, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
11:08 11:42
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G 724 755 [ [Minimum conditions
0z Vol% 3.8 33 4.0 |Minirmum tamperature *C [ER
5 Temp. G ELE] 781 754 [Retention time Sac 20
02 Vol % 3.8 32 3.8
9 Temp. “C T80 795 THE
b 02 Wal 5 38 33 a8
Tamp. i+ 3K Had 211
4 02 Vol % 34 28 3z [Boiler speciications
5 Temp. " a5 Ba93 BEB Baginning of ABZ BARZF 1,26 m
02 Vol% 29 25 2.5 Flane of operating termperatung OMP 18,13 m
B Temp " a27 BER &30 |Measuring pane 1 [ 14m
02 Vol% 3.1 30 3.1 [Measuring plane 2 [ TAm
: Temp. G 754 L 758 [prea nez A | 5025m
02 Vol % a3 34 a4
Components mean min max
Temperalura 20 724 293
Oxygen Content 3,3 25 4,0
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh 3.1
Meatenng Faint A 1 Axis 2 Axis 4 Prirmary air flow [HLATICFO01IG1] mih AEAGE
1 Temp., "0 a3 Ba5 BET Secondary air floe [HLASDCFO01X61] mh 2A708
02 Wil % 38 39 23
2 Temp. " 938 o] 205
0z Wal % 3.8 a8 2.5
3 Temp. "0 G951 934 208
02 Vol% 4,3 4,0 2.8 Operational measuring values In ABZ
4 Temp. °C 950 081 937 Tempearalure operating slane [average] “C 712
02 Vol 4.2 37 2.5 Cepgen contenl [HMADTCOB01 XIE1] Vel % 50
5 Temp. "C 48 oEa EEE
o2 Wil % 4.1 33 21
8 Temp. °C 955 860 43
02 Wal 5 34 27 2.2
7 Temp. i+ EER] EFE] 915 [Operational measunng values at the stack
02 Wol% 35 35 2T Volume fiow stack [HNATILFO0T G2 T
Lomponents mean min max Creyggan contant stack [HMADICCO40X001] Vil % 6.3
Temperature S27 B3 269 Temperature stack [HMADICTO01X00] “C 103
Crygen Content 3,3 21 4.3 Prassura stack [HNANZCPO01X00] nPa 1008 4
- |Meesture stack [HNAICCN01 XQ01] Vol % 16,5
N Temperature gradient
01,1
e 850.0
_-E o [Temperature gradient
£ & Mean walue of temparature MP 1 “C G501
24 T N |Mean value of temparaiure MP 2 S 927
5 delta T1,2=T2-T1 °C 126
b . ) ) - PR dalta H 1,2 m 6,10
800 @50 800 85D ;;ctm 1050 1100 1150 1200 T T o 7
—— Tamperalum gradient — - — BABZ
ZSec-level B5D °C

Feport: Combustion Conditions, Residence Time



Page 32 1 63
RerferenceDate: 15-US1-MUCHhg / 2019-04-23
Document: 3013805 Margam, Repart doce

Industrie Service

Series of measurements 2, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
11:06 11:42
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 BE0 g10 [EEE]
02 Vol% 3T 33 40 [Retention ime
5 Temp. °C 928 037 209 Wiolume flow in baller mih 36187
02 Vol% 38 32 3.8 Cxygen contanl bailer Vel % 33
5 Temp. "0 45 EEN 912 Mcisture bailer Vel % 17,1
02 Vol 38 33 38 Prassure comb. boiler and air hPa 1011
a Temp. "C 474 FE] 957 T ABZ Maan °C 957
02 Vol% 34 29 3.2 [Valume Flow boiler [oparating stabe] s 557019
5 Temp. " 12 1048 1022 Araa of bailer m* 59,25
02 Vol% 29 25 24 Walocity of flow mis 26
& Temp. °C GR2 1013 a5 jdzlta H ABZ m -7.52
02 Vol% 3,0 28 3.0 Plane of ratantion ima 2 sec m 48
;  Temp. G 510 851 554 [Retention time Sec | 3,07
02 Vol % 3.3 313 a3
Components mean min max
Temperalura 957 BED 1048
Coygen Content 33 24 4.0
. . . 1100 -1200
temperature distribution ¥ 1000 -1100
1200 1~ m 900 -1000
m 800 -900
1100
1000
900
EOO :
1 — T :
S L '
r & 7
feed hopper
. . - 8,0-10.0
oxygen distribution : 6,080
100 A, -6,0
ml0-40
B0 m(,0-20
6,0
4,0
2,0
00 .
) :
2 1 . /
3 /‘.4 s ;
& 7
feed hopper

Feport: Combustion Conditions, Residence Time
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60 % MCR, measurement 2, measuring point A1:

Confirmation that 95 % of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.

dae Bne  ipmperouee 2 Sec  lemperplere  volsma N moiswe ABZ  OWpgencoRlaing  rockouRlion fos  woume Bowod.  onDen siack  mosiwe sk volmefowow, delaH delnH o jemp grdiem

C © T i) ol % ol % [ HET (e R ) W% () Wol% G m e Rt

MeaE 1148 T2 Bl I 171 14 15013 A% £3 I8E 1540 -7a -7 mr
146 mr2 e 13041 171 34 A5G [ B 168 [~F] 73 73 mr
1447 (il el 13500 17.1 1A 1501 00T BE 1Tz 1061 A 74 mr
1149 B4 et 130633 17 15 1602 ] L] 174 1676 74 7 myr
1149 ars 7ig imar i 33 150 o] &1 168 1648 5 45 oy
1150 B Bl T 1.1 40 15008 BEIER 1 18E 1611 -7A 1A my
T Bt Bl uzm 171 1a 15004 aeu 62 155 \CH] 73 73 mr
1= W 4 11574 171 12 1 e 53 [T 181 74 73 mr
1Hm m B 13507 171 34 14851 a0 B T AL 73 73 mr
116 ) 718 A3Eal 171 A 1601 BasT B2 w|r 1616 A 7 my
1165 B LA L] i m T 5308 B3 167r 1504 a7 a7 .y
1158 Bar nr nMEF 1.1 1A T BA308 &2 18E 1E2LE 12 F my
1187 B4 m LM 171 34 =T asuT £ it 1563 -7a -7a mr
1 wH s LA 171 40 1M aveoa £ T 1ELE w2 = F mnr
1Hm eSS T e 174 a3 0] arran by o Rl a2 a2 oy
1200 B4 e k] 174 34 150X aroes B2 10E 1621 7a 7a ;my
20 B8 ] nE i 3a TS a570e 83 RLE] s A5 a5 L
1208 Tl i 3 1.1 ar e BT £4 8 1581 A -7A .y
12m BTG el 1373 171 24 o BaI0 £e 161 ez - 5 mr
1204 T4 s w1 171 2a e T 83 163 uAs ar a7 mr
1206 L T B3t 171 ar il BiMe B2 R a1 A A oy
1206 653 T3 EATRT 174 a0 150 ardin B 10E 1B 72 72 ;7
1207 -] T8 k] 17 R E] 15074 P42 EL LA 1670 A TA i
1208 B s I 171 14 15009 BaxT 57 AEF] A -T2 -1 m?
12w B 3 13448 11 14 ara HraEs =5 17,1 10 -7A 74 mr
1210 e 5 MG 171 34 e mzTT EA 10T 15 73 L mr
1211 B3 Tin 1T LA 35 G085 arz Bi RL ] iz A 7d mr
1242 a1 7T 13pea i 33 173 arina B 106 168 74 7 eny
1213 53 i TIEEET 171 34 Rl 5400 Bb 16r 17 15 15 .y
1214 e m 2T 171 35 T4 #AET) 8 BB AET] A -*A my
1213 my s 133041 171 34 15 a8 ) 1] 153 A -7 mr
1218 i il 14 17.1 1a 15T avEn 6o 1RE 1567 A 73 mr
1217 B3 T G 174 12 e} 91T 7 108 a4 a2 a2 my
1218 53 718 TI5EN i 32 Rl a1s6a BE 174 1643 72 72 .y
1219 674 tal] ko] 171 33 15003 Ba3EH EE 160 1861 15 5 my
(FE.] BF3 Hm T 171 32 EN BaIsa 8 AT 1515 1A A ¥
123 HTa e AT 171 32 HE S % BT LS 3 73 mr
123 wa T L1 171 13 1 A7 6 165 1563 75 3 mr
28 Brd TE0 T2 171 34 a4 arenT B RLt ] L) 74 A mr
1224 BT 718 sHEN i 35 15007 85800 Bl 1B7r 1676 TA T .y
125 674 fred nIEEN 171 14 150 3166 Bl 168 ey 12 2 my
12 el el e 171 32 1504 e &2 185 1580 -4 e r mr
1237 mTa 7m EIMI 171 40 e BaInd 1 63 10 S F 72 nr
12 i T L3001 171 43 R MR B2 163 LS = F = F mnr
12m 67l [l SITRGG 171 a4 1601 arien Bi RLo Lk 4 74 ;r
1250 a7 77 30 174 40 15015 83560 E1 163 1622 3 T3 k)
123 B54 Mz DT 171 a4 15004 5418 &3 162 1586 TA 1A oy
P 5 g w308 171 34 T [ere L 155 1524 -TA A .y
123 s 716 w2 171 43 a3 B EA 6D 1D S E 73 gy
124 W Mz L8713 1T aa T [T [ 061 [T 4 75 M7
125 [ Tl o] 174 a5 ideEy Ba5 B4 AL 1861 A T8 ;7
125 B 718 EI0EES 17 a0 T B5545 &3 B2 1605 A 73 ;7
1257 B (Al) 32 171 43 1500 5471 &4 8% 1624 -1 13 g
12 BTt il ] 11 43 T4 aqpT2 ES 158 1621 73 -2 mr
128 e = 1IRETD 171 13 1am [TCE B3 160 =87 A 74 mr
1240 [iT e 175 171 3a 14aH Az B 156 1R 74 74 mr
2.8 ard Tel 123 LR 13 1ETg A5EEG BE 0T 1672 7 74 ar
12a2 e 7 i ] 171 37 1500 B4ETA B 168 1668 T5 T8 .y
1243 B Hr 1338578 171 34 15044 5343 85 188 1504 -7A -7A ay
1244 BT Bl T3 1.1 1A Han BaE £ 181 155 -7A -4 mr
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160

Wﬁf EV A S

Evaluation according IPPC $5.01, measurement 1, 60 % MCR

« Measure worst case gas residence time using a time of flight method.
(here used the plug flow method)

residence time more than 2 seconds: yes

+  Confirm that 95% of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.
95% of the one-minute mean temperatures above 850 °C: yes

« above 850 °C for at least 2 seconds (IED Article 50(2)):
above 850 °C for at least 2 seconds: yes

+ |ED does not specify oxygen concentrations for the combustion gases. It should however
be noted that BAT requires sufficiently oxidising conditions at the final combustion stage to
provide for good combustion, and the operator will be required to demonstrate this in his

application. In many situations, the BAT oxygen concentration is likely to be about 6%.

sufficiently oxidising conditions: yes

Feport: Combustion Conditions, Residence Time
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Series of measurements 3, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
12:53 13:29
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G 719 752 729 [Minimum conditions
0z Vol% 3.8 15 4.1 |Minirmum tamperature *C [ER
5 Temp. G 7B Ti4 744 [Retention time Sac 20
02 Vol % 37 34 4.0
9 Temp. “C 825 B16 T3
b 02 Wal 5 248 23 a1
Tamp. i+ gk HE1 821
4 02 Vol % 28 20 31 [Boiler speciications
= Temp. " BER e arg Baginning of ABZ BARZF 1,26 m
- 02 Vol% 26 18 N Flane of operating termperatung OMP 18,13 m
B Temp " H26 BS& 842 |Measuring pane 1 [ 14m
02 Vol% 3.1 3.1 32 [Measuring plane 2 [ TAm
: Temp. G 750 78T [EE [prea nez A | 5025m
02 Vol % 3.6 7 a8
Components mean min max
Temperalura 208 718 206
Oxygen Content 3.2 1,8 4,1
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh O1.7
Meatenng Faint Axis 1 Axis 2 ARES 3 Prirmary air flow [HLATICFO01IG1] mh A7E34,3
1 Temp. i 418 HiE H2rd Sacondary air floe [HLASDCFD0 1G] mih 2ATIEN
02 Vol % 34 41 28
g Temp. °C 24 a0na filils
0z Wal % 4.1 35 a0
3 Temp. "0 S 938 202
02 Vol% 3.3 30 2.0 Operational measuring values In ABZ
4 Temp. °C 973 03 4.3 Tempearalure operating slane [average] “C 717
02 Vol 3,3 33 1,5 Cepgen contenl [HMADTCOB01 XIE1] Vel % 4,8
5 Temp. "C EEN oaa EEE
o2 Wil % 34 EX: 1.1
B Temp. "0 261 g54 247
02 Wal 5 34 ar 1.8
7 Temp. i+ EEL] KX EFF [Operational measunng values at the stack
02 Wal% 37 43 2.1 Valume fow stack [HHATILFOD JG2] O RS
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % 6.2
Temperature 831 B1& 289 Temperature stack [HMADICTO01X00] “C 10
Crygen Content 31 1,1 4.3 Prassura stack [HNANZCPO01X00] nPa 1004
. olume flow stack [calculatad] Vol % 16,5
. Temperature gradient
14 1 B07E
B50,0
£,
£ [Temperature gradient
£ 8 Mean walue of temparature MP 1 “C B0a
a 10644 |Mean value of temparaiure MP 2 S 931
i T ST T delta T1,2=T2-T1 C 123
- i ta H 1,2 m Al
800 BS) 90D 950 (OO0 1050 1100 1150 1200 xw — — ch
—— Tamparaiure gradiant — - — BABZ
2-Sac-eval B50 G

Feport: Combustion Conditions, Residence Time
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Series of measurements 3, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
12:53 13:29
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 a7 a0 EER
02 Vol% 3.6 3.4 40 [Retention ime
5 Temp. °C 538 026 296 Wiolume flow in baller mih A6ES1
02 Vol% 36 33 3.8 Cxygen contanl bailer Vel % 31
5 Temp. "0 977 B 915 Mcisture bailer Vel % 17,1
02 Vol 28 22 30 Prassure comb. boiler and air hPa 1011
a Temp. "C EEE) 1013 EEE) T ABZ Maan °C 957
02 Vol% F 19 3n vinlumn flow bailer [oparating state] ms ESAGAT
5 Temp. " 1016 1058 1031 Araa of bailer m* 59,25
02 Vol% 2.5 1,7 30 Walocity of flow mis 26
& Temp. °C 578 1008 EED jdzlta H ABZ m 7,54
02 Vol% 3,0 3.0 31 Plane of ratantion ima 2 sec m 45
;  Temp. G i EEE] 551 [Retention time Sec | 4,00
02 Vol % 3.5 X a8
Components mean min max
Temperalura 950 871 1058
Coygen Content 3.1 1,7 4.0
. M . 1100 -1200
temperature distribution = 1000 -1100
1200 =200 -1000
W EDD -900
1100
1000
Q00
800 : _
1 .
S I U ;
6 7
feed hopper
M % . 8,0-10,0
oxygen distribution u6,0-8,0
10,0 m4,0-6,0
m20-4.0
8,0 mo0-2.0
5,0
4,0
20
0,0
: T T /
5 6
7
feed hopper

Feport: Combustion Conditions, Residence Time
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Series of measurements 4, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
13:29 14:05
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G TET 5T [ [Minimum conditions
0z Vol% 3.6 33 4.0 |Minirmum tamperature *C [ER
5 Temp. G [ ] 754 [Retention time Sac 20
02 Vol % 3.8 15 4.1
9 Temp. “C g24 B16 770
b 02 Wal 5 38 3 a8
Tamp. i+ 251 BES f31]
4 02 Vol % 3.5 A 3.3 [Boiler speciications
- Temp. “C B7H BE&E a7 Baginning of ABZ BABZ 1,26 m
- 02 Vol% 34 26 2.8 Flane of operating termperatung OMP 18,13 m
B Temp " a1 BSO #33 |Measuring pane 1 [ 14m
02 Vol% 4.0 3.4 32 [Measuring plane 2 [ TAm
, Temp. & 751 793 a0 [#ea aE2 A 59,25 m*
02 Vol % a8 34 a2
Components mean min max
Temperalura 209 727 298
Oxygen Content 3,4 28 4,1
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh Tay
Meatenng Faint Aaxis 1 Axis & Axis 3 Prirmary air flow [HLATICFO01IG1] mih AB126
1 Temp. "L BT 851 ] Sacondary air fioe [HLASMCFO01X61] mh TIHGE
02 Vol % 36 41 25
2 Temp. " 939 025 297
02 Vol% 38 37 27
3 Temp. "0 G957 935 202
02 Vol% 4.1 39 2.8 Operational measuring values In ABZ
4 Temp. °C 959 056 241 Tempearalure operating slane [average] “C 717
02 Vol 4.2 39 2.2 Cepgen contenl [HMADTCOB01 XIE1] Vel % 50
Temp. "C 052 o7y EEN
5 o2 Wil % 4.2 4.0 1.6
8 Temp. °C 458 056 241
02 Wal 5 3.5 35 2.0
- Temp. & R PR EFE] [Gperational measuring values at the stack
02 Wal% 3.2 36 1.8 Valume fow stack [HHATILFOD JG2] L T
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % 6.3
Temperature 831 B3g SE0 Temperature stack [HMADICTO01X00] “C 102
Crygen Content 3,3 1,6 4.2 Prassura stack [HNANZCPO01X00] nPa 10085
¥ |Meesture stack [HNAICCN01 XQ01] Vol % 16,4

Temperature gradient

13
14
] [Temperature gradient
e Mean walue of temparature MP 1 “C G0
a |Mean value of temparaiure MP 2 S 931
delta T1,2=T2-T1 o 122
2
- - ta H 1,2 Al
o0 BRO 900 950 1000 1050 1100 1160 1200 polta ~ = 6.0
e calta T1,2/defta H1,2 Cirm 20,0
—4— Tamparature gradiant —-— BaBZ
2-Gac-leval 850 °C

Feport: Combustion Conditions, Residence Time
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Serles of measurements 4, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
13:29 14:05
Measured Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 Eil an7 R4
02 Vol % a4 31 3.8 [Retentlon time
5 Temp. °C 241 932 903 Wiolume flow in baller mih 6551
02 Vol% 37 33 3.8 Cxygen contanl bailer Vel % 34
5 Temp. "0 G974 OB 920 Mcisture bailer Vel % 17,1
02 Vol 34 28 36 Prassure com. baler and air hPa 1011
a Temp. "C 1001 1006 EH T ABZ Maan °C 957
02 Vol% 33 26 ER] [Valume Flow boiler [oparating stabe] s 561020
5 Temp. " 1025 1047 1020 Araa of bailer m* 59,25
02 Vol% 32 24 2.6 alocity of flow mis 26
& Temp. °C 871 1000 983 jdzlta H ABZ m -7.48
02 Vol 3.8 3.2 3.0 Flane of ratantion ima 2 sec m 652
;  Temp. G EI 43 B50 [Retention time Sec | 4,00
02 Vol % 3.6 32 a0
Components mean min max
Temperalura G958 877 1047
Coygen Content 32 24 3.0
" - M 1100 -1200
temperature distribution = 10001100
1200 W 900 -1000
m 800 -900
1100
1000
S0
a0
1 :
2 3 . :
& 7
feed hopper
[ . o u . 8,0-10,0
oxygen distribution 6080
10,0 m4,0-6,0
m2,0-4,0
B0 mon-2,0
6,0
4.0
2,0
0,0
1 : ¢
2 3 o4 g = ry
’ 3 7
feed hopper

Feport: Combustion Conditions, Residence Time
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60 % MCR, measurement 4, measuring point A1:

Confirmation that 95 % of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.

dae Bne  ipmperouee 2 Sec  lemperplere  volsma N moiswe ABZ  OWpgencoRlaing  rockouRlion fos  woume Bowod.  onDen siack  mosiwe sk volmefowow, delaH delnH o jemp grdiem

C © T i) ol % ol % [ HET (e R ) W% () Wol% G m e Rt

MG 1AW 1 ] e ] 14 142 B84BT 13 184 AE-F] A e mo
1418 e =T T 170 38 ATA s B [+ 1563 A 73 Mo
1410 L TET e iTn 13 Ty aaddn o RLE] 154 A A Ful]
1411 B4 k4 11363 170 32 Lok aseet BE 10d 126 A T Ut
1412 a1 ] 1440 170 m 15N &1 5 168 16807 a7 a7 o
1413 i) 0 T 170 A 15001 o0 B2 18E 1585 Sk -1 mo
1514 B 8 R 170 1a 145 avem E1 L {C-X] 73 73 mu
1415 ma ™ THET 171 14 15081 anTe 62 1B 1581 74 7A mo
1415 L) e 3G 174 14 003 aazEa ¥ o imr 74 A Ukl
1417 Bl TEr B 170 4 16013 G380 B¥ 174 RL=R] 72 7. Ft]
1418 BT PEr nTA 170 4 1454 83417 &1 168 1611 a3 73 k]
1219 TS e 33T 170 34 W arsa B2 i[5 8L o El o E o
14 BT i 418 170 14 s aamn E1 1BE AE°L] -7a 73 mo
1431 w2 ] LM 170 13 A avea B3 16N 1572 A A no
a3 L] [ S3E0 7o 28 g7 a5 Bl Rl hLA] 4 4 i
&3 o] TE3 EMETY 170 AT o4 85538 B 10E b1k 74 74 ]
a4 [l TS e 1) a0 1500 3468 83 166 1614 3 a3 k]
1435 B4 e T4 170 34 T AP 832 BE 1585 A -7A 0o
1438 B s EI3TE 170 14 102 BaER &2 17,1 S ok Sk mo
1457 m 730 w1516 170 28 180T M 83 1] 1540 A A no
1&m B Tl 1 pO) 171 a4 AL Bi166 B3 Rl AT a2 72 Ut
& 2] 3l cal] 170 ar T B31Te 5 RLE ] 1ET.B 7Aa 74 ]
1450 e T3 E3EN 170 B E] RLILE] B4843 &5 16E 1820 A A b
1231 BT wr naasTy 170 an L B0 &2 AT 1548 T4 -4 mo
m BT n 13441 1T a8 150 BaEsE 1 17,1 Ao -8 L mo
1470 e T 133050 ] 33 1 [ BA 160 1540 73 L Mo
faza a5 T 133603 7o 34 o aroan bz ALt AL A A ot
1435 o 730 1.47E 7o 14 1500 aadzT B 174 1616 74 73 e
1458 ) e 1330 171 34 18011 arpan &1 Tz 1674 -TA 1A kil
1337 11 30 1T 171 28 18D a4z £2 170 1511 A . mo
143 T3 7T TI8me 171 17 150 a814 B2 LT 16LT 3 73 mo
1478 e g 1357 17.1 1A 4TS a7Em 63 i1 125 7a 73 mo
144 £ T 13zaTd 174 35 14 Ba0Ta B2 L] RLoh] A A oo
1441 B3 TER k] i 13 4L 9sET2 Bl 7o 1600 7a 73 i
1442 673 T TR 171 3a T4ED BETEE B3 16E 1863 15 5 ikl
144 ) 5 38T 171 14 4 e L1 \CH] AEE] 14 S o
1444 T4 7T (het -1 171 40 B ase B 164 1HL1 3 73 mo
1445 ™ s LIS 171 2t 1m1 [ B 165 154D 75 3 no
1ad B3 7in IR0 171 32 1l 83T B2 nr Rl 74 74 k]
1447 a4 736 ] i 14 T B5EiE B3 16E 1663 5 T ]
1448 B2 (e w351 171 3 T BETE B4 18F 1533 1A -TA 1]
1448 9 33 3354 171 24 S BaEsE 82 1BE 1514 -h A Wno
145 BT 7T T 171 14 =7 88T 62 17,1 %] 3 73 no
1651 w4 7 213018 171 7 1502 [ 52 170 1613 73 73 no
&2 B TEE AITRG 171 ar B0 BIsen B L] ez 4 74 k]
1263 674 T EMTHE 174 41 Tl BIEE0 B AR 1672 .8 T4 k]
1858 BT 7 Bk 171 4,1 i [ -RER] &1 168 1622 | 13 b
1458 B 0 A 171 33 R HaE14 £3 188 154 -Th A Mo
1456 s s 30T 171 18 K B87E0 g3 65 1963 3 A no
15T i TIh gkl 171 aa TRz Tz &4 Rl ] man A A Mo
&6 Brd Tl ] 174 a5 Ty [ crald B4 Lo Lot A A ]
1450 - TET I500E 17 a4 T arEie &4 185 16T.B A T4 b
1500 B (rad L] 171 a1 18010 HRIED &3 16.E 163E -7 12 Foik]
15201 i T e 11 a0 15078 gz E3 CE 1811 -2 21 mo
151 1 il M 171 43 14 a5zl EA 166 1641 73 73 Mo
1510 s 713 101 171 21 17 Miza o 166 1@ 74 7 o
1504 BG4 7B 118X LR a3 16D S4TET BE 163 16T 7 7 ann
1605 B2 7 1T 171 a7 1503 3E6a BE 161 1630 32 a2 kil
1508 B el 1308 171 40 14 anig B8 186 1862 o -1 ao
1507 5 B T4 1.1 47 HuE? H2442 1 156 1ELT -7a 73 mo
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160

Evaluation according IPPC $5.01, measurement 6, 60 % MCR

« Measure worst case gas residence time using a time of flight method.
(here used the plug flow method)

residence time more than 2 seconds: yes

+  Confirm that 95% of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.
95% of the one-minute mean temperatures above 850 °C: yes

« above 850 °C for at least 2 seconds (IED Article 50(2)):
above 850 °C for at least 2 seconds: yes

+ |ED does not specify oxygen concentrations for the combustion gases. It should however
be noted that BAT requires sufficiently oxidising conditions at the final combustion stage to
provide for good combustion, and the operator will be required to demonstrate this in his

application. In many situations, the BAT oxygen concentration is likely to be about 6%.

sufficiently oxidising conditions: yes

Feport: Combustion Conditions, Residence Time
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Series of measurements 5, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
15:18 15:52
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G 714 746 T [Minimum conditions
0z Vol% 4.5 4.7 4.7 |Minirmum tamperature *C [ER
5 Temp. G TET T4 740 [Retention time Sac 20
02 Vol % 3.5 33 3.8
9 Temp. “C 837 B12 771
b 02 Wal 5 2.7 24 an
Tamp. i+ ahb HE3 3]
4 02 Vol % 27 Z1 2.3 [Boiler speciications
- Temp. “C 875 914 857 Baginning of ABZ BABZ 1,26 m
- 02 Vol% 28 1,7 1.6 Flane of operating termperatung OMP 18,13 m
B Temp " a32 B7T 60 |Measuring pane 1 [ 14m
02 Vol% 32 25 2.4 [Measuring plane 2 [ TAm
, Temp. & 729 e THE [#ea aE2 A 59,25 m*
02 Vol % 4.8 4.4 4.1
Components mean min max
Temperalura 207 714 914
Oxygen Content 3.2 1,6 4.9
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh 7]
Meatenng Faint A 1 Axis 2 Axis 4 Prirmary air flow [HLATICFO01IG1] mh ABEE
1 Temp. i g2l HiE 257 Sacondary air floe [HLASDCFD0 1G] mih 23747
02 Wil % 4.7 48 i4
g Temp. °C 915 BE4 263
0z Wal % 4.3 4.4 31
3 Temp. "0 973 953 910
02 Vol% 3.2 37 2.2 Operational measuring values In ABZ
4 Temp. °C a0 a74 248 Tempearalure operating slane [average] “C 715
02 Vol 31 31 1,5 Cepgen contenl [HMADTCOB01 XIE1] Vel % 4,8
5 Temp. "C 1007 05 EEl
o2 Wil % 30 25 0.8
8 Temp. "C o1 ag1 a49
02 Wal 5 24 23 1.3
7 Temp. i+ ETN EEN ENE] [Operational measunng values at the stack
02 Wol% 4.2 35 27 Volume fiow stack [HNATILFO0T G2 L ESED
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % 6.5
Temperature 936 B0 1007 Temperature stack [HMADICTO01X00] “C 103
Crygen Content 31 08 4.8 Prassura stack [HNANZCPO01X00] nPa 10081
- |Meesture stack [HNAICCN01 XQ01] Vol % 170

Temperature gradient

E
E [Temperature gradient
£ Mean walue of temparature MP 1 “C 507
|Mean value of temparaiure MP 2 S 935
delta T1,2=T2-T1 o 128
-2
200 850 800 950 1000 1050 MO0 MSD 1200 deita H 1,2 - 5,10
T calta T1,2idefta H1,2 *Cim 21,0
—+— Tamperalure gradient — - — BABEZ
2Sec-lavel B5] "C

Feport: Combustion Conditions, Residence Time
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Series of measurements 5, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
15:16 15:52
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 a7 a0 EEE]
02 Vol% 43 4.1 46 [Retention ime
5 Temp. °C 925 o2 298 Wiolume flow in baller mih AR5EE
02 Vol% 34 32 3.7 Cxygen contanl bailer Vel % 31
5 Temp. "0 a5 a70 920 Mcisture bailer Vel % 17,1
02 Vol 25 23 28 Prassure comb. boiler and air hPa 1011
4 Temp. "C 1014 1021 GE7 T ABZ Mean °C 952
02 Vol% 26 1.9 2.2 [Velume Fow boiler [oparating state] mis 556399
5 Temp. " 1032 1071 1045 Araa of bailer m* 59,25
02 Vol% 27 16 1,5 Walocity of flow mis 26
& Temp. " 500 1035 1018 joalta H ABZ m -7.52
02 Vol% 31 23 2.3 Plane of ratantion ima 2 sec m 48
;  Temp. G BE7 EEE] 543 [Retention time Sec | 4,10
02 Vol % 4.7 43 4.0
Components mean min max
Temperalura 965 871 1071
Coygen Content 3.1 1,5 4.7
. . . 1100 -1200
temperature distribution ¥ 1000 -1100
1200 1~ m 900 -1000
m 800 -900
1100
1000
900
EOO :
1 — T :
S '
r & 7
feed hopper
. . - 8,0-10.0
oxygen distribution : 6,080
100 A, -6,0
ml0-40
B0 m(,0-20
6,0
4,0
2,0
00 .
) :
2 1 . /
3 /‘.4 s ;
& 7
feed hopper

Feport: Combustion Conditions, Residence Time
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Series of measurements 6, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
15:52 16:28
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G Tz T5G [ [Minimum conditions
0z Vol% 3.8 15 4.1 |Minirmum tamperature *C [ER
5 Temp. G 213 TIE 764 [Retention time Sac 20
02 Vol % 3.2 28 a3
9 Temp. “C Bd6 B21 778
b 02 Wal 5 2.8 24 an
Tamp. i+ ahy HE& fR0]
4 02 Vol % 28 20 2.3 [Boiler speciications
- Temp. “C a7 911 851 Baginning of ABZ BABZ 1,26 m
- 02 Vol% 28 1.5 1.5 Flane of operating termperatung OMP 18,13 m
B Temp " B46 BES A54 |Measuring pane 1 [ 14m
02 Vol% 32 21 1.8 [Measuring plane 2 [ TAm
: Temp. G 76D 791 B4 [prea nez A | 5025m
02 Vol % a8 kX a4
Components mean min max
Temperalura 218 732 911
Oxygen Content 29 1,5 4,1
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh 05,5
Meatenng Faint Aaxis 1 Axis & Axis 3 Prirmary air flow [HLATICFO01IG1] mih A7581,3
; Temp. T« =N LD arv Sacondary air fiow [HLASICFO01X61] moh | 241360
02 Wil % ar 45 i
g Temp. °C EE 014 293
02 Vol% 4.5 4.5 3.7
5 Temp. i 78 aE7 218
02 Vol% 3.4 32 2.1 Operational measuring values In ABZ
4 Temp. °C a1 078 947 Tempearalure operating slane [average] “C 727
02 Vol 31 29 1,5 Cepgen contenl [HMADTCOB01 XIE1] Vel % 4.6
Temp. "C 1004 e 976
5 o2 Wil % 24 20 0.8
8 Temp. "C 1002 093 265
02 Wal 5 2.4 1.5 n.a
7 Temp. i+ 951 043 EF] [Operational measunng values at the stack
02 Wal% 36 29 1.7 Valume fow stack [HHATILFOD JG2] O EE
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % 6.0
Temperature 245 Ba0 1004 Temperature stack [HMADICTO01X00] “C 104
Crygen Content 28 08 45 Prassura stack [HNANZCPO01X00] nPa 1004
. olume flow stack [calculatad] Vol % 16,8
. Temperature gradient
14
£,
£ [Temperature gradient
£ 8 Mean walue of temparature MP 1 “C G513
a |Mean value of temparaiure MP 2 S 945
) delta T1,2=T2-T1 °C 126
- i ta H 1,2 m Al
800 BS) 90D 950 (OO0 1050 1100 1150 1200 xw — — ch
—— Tamparaiure gradiant — - — BABZ
2-Sac-eval B50 G

Feport: Combustion Conditions, Residence Time
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Series of measurements 6, minimum thermal load 60 % MCR
Normal operation without Interferance
measured value
Date of Measuring  28.02.2019 Beginning End
15:52 16:28
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 BET a12 [EEE]
02 Vol% 3.8 35 41 [Retention ime
5 Temp. °C 957 052 918 Wiolume flow in baller mih ABE0E
02 Vol% 31 28 3.3 Cxygen contanl bailer Vel % 2B
5 Temp. "0 1000 o786 EEE] Mcisture bailer Vel % 17,1
02 Vol 28 24 30 Prassure comb. boiler and air hPa 1011
4 Temp. "C 1013 1020 G54 T ABZ Mean °C 958
02 Vol% 2.8 20 2.2 [Valume Flow boiler [oparating stabe] s SEITI0
5 Temp. " 1026 1065 1035 Araa of bailer m* 59,25
02 Vol% 28 1.5 1,5 Walocity of flow mis 26
& Temp. °C 1000 1020 1008 jdzlta H ABZ m -7 .46
02 Vol% 3.2 2.1 1.8 Plane of ratantion ima 2 sec m 6,54
;  Temp. G 522 545 550 [Retention time Sec | 4,45
02 Vol % 3.8 X a3
Components mean min max
Temperalura 973 87 10685
Coygen Content 28 1,5 4.1
. M . 1100 -1200
temperature distribution = 1000 -1100
1200 =900 -1000
mE00 -300
1100
1000
Q00
800 : _
1 .
S I U ;
6 7
feed hopper
M % . 8,0-10,0
oxygen distribution u6,0-8,0
10,0 n4,0-6,0
m20-4.0
8,0 mo0-2.0
5,0
4,0
20
00 -+
1 T _— Iy
: T T /
5 6
7
feed hopper

Feport: Combustion Conditions, Residence Time
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7.2 100 % MCR

Girid massuramant Mo 1 ] 3 4 5 6 FNETE]E
Diate of maasuremant 01,00, 2018 | 01032009 | 01022008 | 01.03.201% | 010320499 | 01,0358

Beginning of mesasuremient 00 56 11:21 11:57 12:51 13:09

Ened of maasurament 035 1012 1157 12:33 13:08 1345

Maasuring plane 2 o 1024 1030 1024 1036 1031 1039 1029
Maasiring plane 1 "G 25 930 821 B30 h k| 24 B26
Temparalure oparaling plans [awerags "C 8258 829 B25 G2B 829 25 2T
Temparalure oparating plane [HBH11CTO01XQ0M) “C atv a17 B15 BT 819 515 BT
Temparalure oparating plana [HEX 1 1CTOOZXA0] G 335 835 B2 B35 835 832 B34
Temparature oparating plana [HEK1T1CTH02XQ0MM) “C a3z A4 B27 B3 [EF] H2B B3
T AEZ (gingla measurament) LE 1000 1005 Ba8 1012 1005 1005 1004
delta T ABZ-Ts "C 172 178 173 134 177 180 177
[feta T=T1- T T 98 101 a7 102 ] a5 o8
Dlxygen content plang 2 ial. % 34 3,2 1.6 an 3,0 an a2
Dxygen conlent plane 1 Wal.% 34 3,2 1,6 a2 3,2 a3 a3
Dxygen conlent [HNAD CRQBO1XIG1] Wal.% (wal) 5.0 4.8 5,2 4.9 4.8 5.1 5.0
[Wiolume Now stack [HNADGCFOI1XIEZ] M {wel) 207548 210865 JOEEIR 20EEDT 20ER25 2OE9TT 207533
Oiygen conlent atack [HRACGCOMMORE01]) Val.% (dry) [ 6.5 87 [ 6,5 [ [
Temparalure siack [HNADICTOOKQ01) "C 117 117 117 117 117 117 117
Pragsuna slack [HNAIICFOI1XG01] hPa 1020 1019 1019 1012 1011 1013 1016
Matsiurg stack [HNADICQN01 XX1] Wal.% 6.4 17.1 18,1 164 16,8 165 16,5
Woluma ficw stack [cakculaind) Mmh iy, Ovol % 021 | nam 120848 LR 119224 115124 110RE2 18186
Racirculation gas flow [HMF 10CFI01 361 | i ih {wet} S0a0 )] 20449 2011 20481 S0 20503
Recirculation gas flow nomalized Nm:.'h-::ry. 0 Vol % 0F) 11777 11748 19713 11826 11802 11762 11774
Woluma flow in boiler Nln:'.'h-!d'y. 0 Wl % 02} 131038 132647 120785 131060 130526 130334 130987
Wolume flow in Boiler i [Diperating etala) BEEAT1 BES1E] BT2TAE BE100Y AEAIG] HEES41 BEAEIE
[Vidurme Now in beiler ' {Oparaling alate) 241 241 242 23 236 739 240
[Vidoesty i beiler s (Operaling slaie) 4.1 41 41 4,0 40 4,0 4,1
Diypfjen conlent ABZ il (dry) 3.4 3.2 3.6 3.1 3.1 3.2 3.3
Maiiure ABZ [HRADN CO00T X002] Wal.% 16,9 16,8 16,3 1E.7 16,8 16.8 16.48
Alr pressue hPa 1016 1018 17 1017 1017 1017 1017
Prassura in balar [aversge HESNGPON-4X001] hFa 2.0 2.0 -2 -2 2.0 -2 -2
Temparalure BABZ s 131 1138 1138 1188 1148 1144 1142
TABZ mean L 950 god 843 1003 1] a7 ]
Steam flow [LEATICEI0XE1] t'h 160LEA 60,1 186,86 16,6 184,7 158,2 158,3
Primary ar fliow [HLATOCFOMXIE1] i T {wel] E7T15 G118 GT063 Gra0 GREST BI85 BT
Prirnary ar bemgerature [averags HLADB-BCTIO1XO01]_[°C 168 [ 168 160 168 168 16
Secandary air fow [HLASDCFIO1 XJ61] Mm i {watk] 58453 e SE285 56582 SAESE 56409 SE51T
Secandary ir iemperalure [HLAB2CTO0KG01) "C 177 178 175 176 178 175 176
Facirculation air fiow [HRF1BCFR01X.IG1] M it (vt} 00T 20508 20495 20511 20491 20512 20503
Racirculalion air lemperature [HEET1CTO01 X001 0 121 131 13 130 1230 130 130
Eemnuunum total Sac 4,14 4,14 4,13 4,18 4,19 4,18 4,16
T1 i 26 |30 821 500 B3 a24 526
ldelta H T m 4,13 413 413 413 413 413 413
|diata H ABZ m L] -4 5% -4 56 -4 67 -4 6y 4,68 4.3
|deita T 1,2 “C a8 100 103 108 108 108 104
jdedta T 1,2 ! delta H 1.2 "Cim 16,08 18,32 1687 17,88 17,68 17,28 16,59
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Series of measurements 1, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
09:00 09:36
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G i1 BE0 B [Minimum conditions
0z Vol% 3.7 33 4.0 |Minirmum tamperature *C [ER
5 Temp. G 951 EES 201 [Retention time Sac 20
02 Vol % 4.0 34 4.1
9 Temp. “C 976 QE0 919
b 02 Wal 5 34 32 4.1
Tamp. i+ X ] EFE]
4 02 Vol % 31 3l 36 [Boiler speciications
- Temp. “C B g5y 927 Baginning of ABZ BABZ 1,26 m
- 02 Vol% 28 30 32 Flane of operating termperatung OMP 18,13 m
B Temp " 545 g3s 209 |Measuring pane 1 [ 14m
02 Vol% 3.0 3.2 3.3 [Measuring plane 2 [ TAm
, Temp. & 25H CEE] B54 [#ea aE2 A 59,25 m*
02 Vol % a0 32 a1
Components mean min max
Temperalura 926 B71 976
Oxygen Content 3,4 22 4,1
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh 60,6
Meatenng Faint Aaxis 1 Axis & Axis 3 Prirmary air flow [HLATICFO01IG1] mih BI715
1 Temp. L 1023 EEF ELE] Sacondary air flow [HLASMCFD0161] mh [
02 Wil % 38 37 38
2 Temp. " 1050 1018 Zh4
02 Vol% 37 3.6 3.5
" Temp. & 1070 T041 1009
02 Vol% 3.4 33 34 Operational measuring values In ABZ
4 Temp. °C 1080 1036 1020 Tempearalure operating slane [average] “C E28
02 Vol 3.2 35 2.8 Cepgen contenl [HMADTCOB01 XIE1] Vel % 50
5 Temp. "C 10591 1031 1031
o2 Wil % 24 EX: 2.5
& Temp. C 1062 084 975
02 Wal 5 32 4.6 3.2
- Temp. & 047 I oA [Gperational measuring values at the stack
02 Wal% 34 EX] 3.2 Valume fow stack [HHATILFOD JG2] O TS
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % i
Temperature 1024 arg 1081 Temperature stack [HMADICTO01X00] “C 175
Crygen Content 34 25 45 Prassura stack [HNANZCPO01X00] nPa 1020,5
a9 |Meesture stack [HNAICCN01 XQ01] Vol % 16,4
50,0 Temperature gradient

[Temperature gradient

Mean walue of temparature MP 1 “C 025
|Mean value of temparaiure MP 2 S 1024
delta T1,2=T2-T1 o Qg
2
ta H 1,2 1
BO0 850 900 950 1000 1050 1100 1150 1200 delt m 8.10
TrC chalta T1,2/deita H1,2 “Gim 16,1
—4— Tamparature gradiant —-— BaBZ
2-Sec-eval 850 C
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Series of measurements 1, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
09:00 09:36
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 945 a6 S45
02 Vol% 3.8 3.4 40 [Retention ime
5 Temp. °C 1025 1030 975 Wiolume flow in baller mih 131038
02 Vol% 4.1 3.4 4.2 Cxygen contanl bailer Vel % 34
5 Temp. "0 1050 1034 EEE Mcisture bailer Vel % 16,9
02 Vol 35 33 4,1 Prassure comb. boiler and air hPa 1018
a Temp. "C 1045 1033 a7 T ABZ Maan °C )
02 Vol% kR 32 ar [Valume Flow boiler [oparating stabe] s BER4T1
5 Temp. " 1040 1031 1001 Araa of bailer m* 59,25
02 Vol% 28 31 32 Walocity of flow mis 4,1
& Temp. °C 1018 1012 983 jdzlta H ABZ m 4,80
02 Vol% 31 33 34 Plane of ratantion ima 2 sec m 040
;  Temp. G B62 857 550 [Retention time Sec | 4,14
02 Vol % ER 32 a2
Components mean min max
Temperalura 1000 045 1050
Coygen Content 34 2a 4,2
" - M 1100 -1200
temperature distribution 1001100
1200 W 900 -1000
m 800 -900
1100
1000
S0
a0
1 :
2 3 . ,
& 7
feed hopper
[ . o u . 8,0-10,0
oxygen distribution 6080
10,0 m4,0-6,0
m2,0-4,0
B0 m0,0-2,0
6,0
4.0
2,0
0,0
1 : ¢
2 3 o4 g = ry
’ 3 7
feed hopper
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Series of measurements 2, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
09:38 10:12
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G BoZ 507 85 [Minimum conditions
0z Vol% 3.4 3.1 3.8 |Minirmum tamperature *C [ER
5 Temp. G 959 OE1 310 [Retention time Sac 20
02 Vol % 3.4 32 4.0
9 Temp. “C ar7 g3 g24
b 02 Wal 5 33 3 a8
Tamp. i+ X Bl S
4 02 Vol % 20 an 3.5 [Boiler speciications
= Temp. " OEd O58 926 Baginning of ABZ BARZF 1,26 m
- 02 Vol% 26 29 30 Flane of operating termperatung OMP 18,13 m
B Temp "G Guld 043 a07 |Measuring pane 1 [l 14 m
02 Vol% 2.5 29 3.0 [Measuring plane 2 [ TAm
, Temp. & D] 95 [ [#ea aE2 A 59,25 m*
02 Vol % 2.8 2.9 2.8
Components mean min max
Temperalura 930 B75 977
Oxygen Content 3.2 28 4,0
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh 60,1
Meatenng Faint A 1 Axis 2 Axis 4 Prirmary air flow [HLATICFO01IG1] mh BEITE
; Temp. T« 046 1005 EEL Secondary air flow [HLASDCFO01X61] ] FRAL
02 Vol 34 34 3.3
2 Temp. " 1074 1018 SET
0z Wal % a4 36 3.5
5 Temp. i 1081 1043 1008
02 Vol% 3.3 3.2 3.3 Operational measuring values In ABZ
4 Temp. °C 1085 1036 1017 Tempearalure operating slane [average] “C E29
02 Vol 3,0 33 2.8 Cepgen contenl [HMADTCOB01 XIE1] Vel % 4,8
5 Temp. "C 1028 1025 1026
o2 Wil % 27 34 2.4
B Temp. "0 1071 1005 235
02 Wal 5 24 38 2.8
- Temp. & 045 LT OhRZ [Gperational measuring values at the stack
02 Wal% 30 37 2.8 Valume fow stack [HHATILFOD JG2] Fmh | 210645
Lomponents mean min max Creyggan contant stack [HMADICCO40X001] Vil % 6.5
Temperature 1030 g2 1085 Temperature stack [HMADICTO01X00] “C 1174
Crygen Content 3.2 2.4 a7 Prassura stack [HNANZCPO01X00] nPa 10188
- |Meesture stack [HNAICCN01 XQ01] Vol % 171
- 4850,0 Temperature gradient
14
E
_-E o [Temperature gradient
£ & Mean walue of temparature MP 1 “C 830
3 J1aTe |Mean value of temparaiure MP 2 S 1050
5 delta T1,2=T2-T1 °C 100
b . ) ) - PR dalta H 1,2 m 6,10
800 @50 800 85D ;;cm 1050 1100 1150 1200 T T o s
—— Tamperalum gradient — - — BABZ
ZSec-level B5D °C
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Series of measurements 2, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
09:36 10:12
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 E:l og2 S50
02 Vol% 34 3.1 3.8 [Retention ime
5 Temp. °C 1043 1036 985 Wiolume flow in baller mih 132587
02 Vol% 34 32 4.0 Cxygen contanl bailer Vel % 32
5 Temp. "0 1052 1038 EEE) Mcisture bailer Vel % 16,8
02 Vol 33 32 38 Prassure comb. boiler and air hPa 1018
4 Temp. "C 1045 1034 1000 T ABZ Mean °C L
02 Vol% 30 30 ET] [Valume Flow boiler [oparating stabe] s BED1AD
5 Temp. " 1038 1031 10040 Araa of bailer m* 59,25
02 Vol% 26 29 31 Walocity of flow mis 4,1
& Temp. °C 1018 1017 GR2 jdzlta H ABZ m -4,54
02 Vol% 28 3.0 3.0 Plane of ratantion ima 2 sec m 041
;  Temp. G HE5 70 B57 [Retention time Sec | 4,14
02 Vol % 2.8 3.0 2.8
Components mean min max
Temperalura 1005 EEN 1052
Coygen Content 32 26 4.0
. . . 1100 -1200
temperature distribution ¥ 1000 -1100
1200 1~ m 900 -1000
m 800 -900
1100
1000
900
EOO :
1 — T :
S L '
r & 7
feed hopper
. . - 8,0-10.0
oxygen distribution : 6,080
100 A, -6,0
ml0-40
B0 m(,0-20
6,0
4,0
2,0
00 .
) :
2 1 . /
3 /‘.4 s ;
& 7
feed hopper

Feport: Combustion Conditions, Residence Time
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100 % MCR, measurement 2, measuring point C1:

Confirmation that 95 % of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.

dae Bne  ipmperouee 2 Sec  lemperplere  volsma N moiswe ABZ  OWpgencoRlaing  rockouRlion fos  woume Bowod.  onDen siack  mosiwe sk volmefowow, delaH delnH o jemp grdiem

C © T i) ol % ol % [ HET (e R ) W% () Wol% G m e Rt

oLIammE 1A e o] 200080 LF] 13 e ] 13 CE] =05 43 43 B3
10186 B0 =2 F1ME 160 34 e RETEETY B 164 = 42 42 163
A7 M BT 00T 1] 41 HE1 1318 &7 ni o2 43 43 03
1018 B34 BET 210653 a8 a1 0G5 1HTEE bE 106 a2 4,1 4,1 LA
1019 &35 £ 06T 1648 a0 a3 133547 Bt 168 BT 4,1 4,1 10E
1020 i} a8 200 188 40 e 1a0EE BE \CE A0 41 41 103
L] g e 21 Y] 37 ez 1M EE LT a1 44 44 B3
na= B1 aa F1E 1] 17 B 1MED 57 164 MER 44 44 163
oz L) G W2 fan a3 e 1xagr LE] ALk kg 1.1 -1 RL%]
024 23 BEQ 21167 168 a5 B35 131838 &7 104 A 41 44 LR
103 ] -] 27 168 a1 T 1XHTE BE 168 T2 41 4,1 0%
0 gy 80 208TES 188 1A oM 12 B 1BE MAD 45 45 \CH
= ua an 208TH 188 40 aum 12T £ 164 1 44 44 83
= wr2 ara 200473 ] an I 1ZTIM 7R 161 Fr ] -t -51 63
nm L aan p0a? ian 28 ] RS L L] T -3 -3 L%
03 Ba5 B0 21052 168 43 a7 137 b5 10E BT 41 40 h 18]
103 a1 - 206630 168 ar 0641 15 41% b4 16.E FEOLD 24 34 1BE
A5 e an 208074 188 EL) 20m11 1S 832 18E MAE 44 44 B3
=] w2 arr 20821 188 33 s 1 £A IBE M2E 48 48 153
=] 1 s FNTI 1] 3t Hm 1MAE31 ta 161 a1 -7 47 53
0 L L BRBLES AL L] a8 HEGd BT Ba R oan A5 A5 RL%]
Lk 1) Bad ap 208622 168 a1 20ua5 ey B4 RLE ] A 43 4.1 BE
10ET e are 20500 168 B L] HEX 136538 &1 160 I5T.2 .1 4.1 1BE
= ) an 208007 1] EL) 28T 151835 &3 BE =02 44 43 ACE
e ol an 2EE 185 18 0808 JE &7 151 2B 43 42 163
1040 W B0 FRE 1] za HEM XTI E7 160 Iz A7 A7 163
ey Loy G 211653 L) 34 a3 12T bE AL M0 -3 -3 Lk ]
0a2 o1 2ET 0EER] 168 14 Ty 131456 BE 10z AT 5§ 4.5 AR
103 055 E-2 20447 148 ia e 13230 B 165 2408 43 43 0%
1024 w2 250 20012 Cr] 1 m 13417 &0 BB Hal 4% 4% B3
1043 W =0 200671 188 30 e E-rity EZ 55 ET 43 42 153
N4 i ne 20D 16a 12 HaW 1310 B ILE] Mz 43 43 B3
47 BT | 206003 fag 8 Lo A B Lt bk -A7 A7 ALk
1049 B3 a8 20557 188 1a 2EM 138547 Bl w/r R A7 A3 LR
10480 51 E) 208420 168 i st 13T28E % 16.E E2 44 44 8%
L] i) a5t T LT] 30 ek s EL pif] F T 40 -+ 63
0= w1 w0 2L 188 32 I 18 632 164 MK 48 44 153
n= = e ] ] 14 HE1a 108 63 165 ] 43 43 163
hlac) Bag ar bl 1ag an aeal 181 B RLt ] el -3 -1 Lok
AR 045 - 2T 1) x| i 136457 B 166 ) 42 43 LR
1055 041 &t 253TR0 168 4,1 ik ] 13230 B3 164 il 42 42 8%
1058 e a5 208351 108 kL 20mm 151487 T 181 B 44 44 B3
nsT = an 20T 188 13 I 132480 EE 150 a4 43 43 153
1 il s ] ] 14 T 1M 53 1061 R 48 48 163
Rlis ) Bai an 2304TH () i3 G 1z Bl AL r.T -0 -3 Lok
1100 L] ar ol 188 a4 T Rl B2 165 o4en 44 44 1BE
1 055 o 204023 168 31 k] 151933 83 AL e ) 47 47 163
iE] e am 208 168 EL T 1M L B0 Mz 44 42 83
1:m w1 aes 10084 168 12 Hsm 131308 £a 57 A 4T 47 152
1 L] amn 2374m AL 8 20 13 A 161 N A7 A7 RL>
106 S ag 206063 108 a8 20Ex) 1303 L5 Lk ] an -3 -2 Lk
1.8 B3 ap 204 168 4z i 130 [+ 165 ERD .1 .1 BE
.07 D are 203275 108 a0 i liv] 152536 &1 185 2 E 42 42 183
10 te) agr 208 T} EE} s 138040 E3 181 a3 43 43 183
1\ e = 2o 1\a 17 T For EE nT E] 48 48 53
(el Bl BES 2 tan 3 s 1M Lt ] 156 Ma -3 -4 L% ]
1141 Ba5 El) H0EOTI ) 39 e 12 B L] aar 41 4.7 ALk
1142 axd E-al HE0T2 1848 43 EE0E 1303 R 161 AT 4.1 4.1 B2
1113 .1 g2 20522 148 4 sy 131482 &1 161 Fai ) -43 43 AR
114 841 s 20880 Y] 34 F 13 ES 158 EEY 43 43 183
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160

____________________________________________________________

Evaluation according IPPC $5.01, measurement 1, 100 % MCR

« Measure worst case gas residence time using a time of flight method.
(here used the plug flow method)

residence time more than 2 seconds: yes

+  Confirm that 95% of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.
95% of the one-minute mean temperatures above 850 °C: yes

« above 850 °C for at least 2 seconds (IED Article 50(2)):
above 850 °C for at least 2 seconds: yes

+ |ED does not specify oxygen concentrations for the combustion gases. It should however
be noted that BAT requires sufficiently oxidising conditions at the final combustion stage to
provide for good combustion, and the operator will be required to demonstrate this in his

application. In many situations, the BAT oxygen concentration is likely to be about 6%.

sufficiently oxidising conditions: yes

Feport: Combustion Conditions, Residence Time
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Series of measurements 3, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
11:21 11:57
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G BED EE B [Minimum conditions
0z Vol% 3.6 3.4 4.0 |Minirmum tamperature *C [ER
5 Temp. G 963 53 209 [Retention time Sac 20
02 Vol % 3.5 33 4.0
5 Temp. °C 954 052 200
b 02 Wal 5 4.3 iz 4.5
Tamp. i+ 951 B4 210
4 02 Vol % 3.6 36 4.0 [Boiler speciications
- Temp. “C G57 g5y G20 Baginning of ABZ BABZ 1,26 m
- 02 Vol% 33 34 36 Flane of operating termperatung OMP 18,13 m
B Temp " 539 932 #93 |Measuring pane 1 [ 14m
02 Vol% 3.3 3.4 34 [Measuring plane 2 [ TAm
, Temp. & ar7 GRS ara [#ea aE2 A 59,25 m*
02 Vol % 3.4 34 a4
Components mean min max
Temperalura 921 B70 D64
Oxygen Content 36 33 4.5
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh 166,65
Meatenng Faint A 1 Axis 2 Axis 4 Prirmary air flow [HLATICFO01IG1] mh G782,
1 Temp. i 036 1004 EEEE Sacondary air floe [HLASCFD0 1G] mih SEz04 6
02 Wil % ar 38 38
2 Temp. " 1067 1020 &ha
0z Wal % a4 35 3.3
" Temp. & 1078 1038 1007
02 Vol% 3.9 32 37 Operational measuring values In ABZ
4 Temp. °C 1077 1036 1022 Tempearalure operating slane [average] “C B25
02 Vol 36 37 3.3 Cepgen contenl [HMADTCOB01 XIE1] Vel % 52
5 Temp. "C 1078 1035 1036
o2 Wil % 34 ar 24
& Temp. "C 1045 gg2 B
02 Wal 5 3.5 41 34
7 Temp. i+ 10EL EEE] EXF [Operational measunng values at the stack
02 Wal% 4.2 a4 3.5 Valume fow stack [HHATILFOD JG2] L T
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % 6.7
Temperature 1024 ara ] Temperature stack [HMADICTO01X00] “C 167
Crygen Content 36 29 4.4 Prassura stack [HNANZCPO01X00] nPa 10149
. olume flow stack [calculatad] Vol % 16,1
. £50,0 Temperature gradient
14
£,
£ [Temperature gradient
£ 8 Mean walue of temparature MP 1 “C 921
a |Mean value of temparaiure MP 2 S 1024
I T delta T1,2=T2-T1 °C 103
- P dalta H 1,2 m 6,10
aop  BS0 900 G50 ,}g}cﬂ 050 1100 1150 1200 T T T o 08
—— Tamparaiure gradiant — - — BABZ

2-Secdeval B50 0

Feport: Combustion Conditions, Residence Time
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Serles of measurements 3, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
11:21 11:57
Measured Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
s Temp. & 65 EEE] Er
02 Vol % EXS 34 40 [Retentlon time
5 Temp. °C 1040 1030 976 Wiolume flow in baller mih 12975
02 Vol% 35 33 4.0 Cxygen contanl bailer Vel % 36
5 Temp. "0 1041 1029 977 Mcisture bailer Vel % 16,8
02 Vol 4,3 37 4.5 Prassure com. baler and air hPa 1015
4 Temp. "C 1038 1031 GE7 T ABZ Mean °C 951
02 Vol% R 36 4.0 [Valume Flow boiler [oparating stabe] s BT 2286
5 Temp. " 1034 1034 a7 Araa of bailer m* 59,25
02 Vol% 33 34 36 alocity of flow mis 4,1
& Temp. °C 1016 1009 970 jdzlta H ABZ m -4,56
02 Vol 33 34 34 Flane of ratantion ima 2 sec m 0,44
;  Temp. G 654 B55 E [Retention time Sec | 4,19
02 Vol % a4 34 a4
Components mean min max
Temperalura EEE) 047 1041
Coygen Content 36 33 4.5
. M . 1100 -1200
temperature distribution = 1000 -1100
1200 200 1000
W EDD -900
1100
1000
Q00
800 : _
1 .
23wy ;
5 5
7
feed hopper
M % . 8,0-10,0
oxygen distribution u6,0-8,0
10,0 n4,0-6,0
m20-4.0
8,0 mo0-2.0
5,0
4,0
20
0,0
1 . /
z I wy T ;
5 6
7
feed hopper

Feport: Combustion Conditions, Residence Time
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Series of measurements 4, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
11:57 12:33
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G BED 507 B [Minimum conditions
0z Vol% 3.5 3.1 3.8 |Minirmum tamperature *C [ER
5 Temp. G 952 o57 209 [Retention time Sac 20
02 Vol % 3.4 3 3.8
9 Temp. “C GBS aEa 215
b 02 Wal 5 38 259 ar
Tamp. i+ Bl ] S
4 02 Vol % 31 A 34 [Boiler speciications
- Temp. “C G975 971 G52 Baginning of ABZ BABZ 1,26 m
- 02 Vol% 2.5 2.7 N Flane of operating termperatung OMP 18,13 m
B Temp " S46 939 #99 |Measuring pane 1 [ 14m
02 Vol% 2.5 29 3.3 [Measuring plane 2 [ TAm
, Temp. & ar2 A ari [#ea aE2 A 59,25 m*
02 Vol % 2.8 3.0 a2
Components mean min max
Temperalura 930 B71 985
Oxygen Content 3.2 25 3.8
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh TG0, 6
Meatenng Faint A 1 Axis 2 Axis 4 Prirmary air flow [HLATICFO01IG1] mih G060
Temp. & 047 To12 o5 | Sacondary air fiow [HLABGENN1XJE1] mh HEA0Z
! 02 Vol% [ 52 34 54
2 Temp. " 1074 1024 &1
0z Wal % 3.0 32 3.3
5 Temp. i 1103 1065 1023
02 Vol% 31 29 2.8 Operational measuring values In ABZ
4 Temp. °C 1100 1052 1025 Tempearalure operating slane [average] “C E28
02 Vol 29 29 26 Cepgen contenl [HMADTCOB01 XIE1] Vel % 4,8
5 Temp. "C 1098 1045 1049
o2 Wil % 27 29 2.3
B Temp. C 1067 1010 1002
02 Wal 5 24 35 2.8
- Temp. & 036 0o BT [Gperational measuring values at the stack
02 Wal% 3.2 37 31 Valume fow stack [HHATILFOD JG2] L T
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % 6.5
Temperature 1035 a1 1103 Temperature stack [HMADICTO01X00] “C 170
Crygen Content 30 23 a7 Prassura stack [HNANZCPO01X00] nPa 1012
¥ |Meesture stack [HNAICCN01 XQ01] Vol % 16,4
. S0, Temperature gradient
14
£
] [Temperature gradient
e Mean walue of temparature MP 1 “C 830
a |Mean value of temparaiure MP 2 S 1038
, delta T1,2=T2-T1 °C 108
o - dalta H 1,2 m 6,10
aop BRSO 80D 8BS0 ;:'.:3’;] 050 1100 1160 1200 T T T o =7
—— Tamparatura gradiant — . — BABZ
2-5Sac-eval B50°C

Feport: Combustion Conditions, Residence Time
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Series of measurements 4, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
11:57 12:33
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 G972 990 G54
02 Vol% 34 3.0 37 [Retention ime
5 Temp. °C 1045 1040 982 Wiolume flow in baller mih 131080
02 Vol% 33 a0 3.8 Cxygen contanl bailer Vel % 31
5 Temp. "0 10687 1052 EEE) Mcisture bailer Vel % 16,7
02 Vol 35 28 36 Prassure comb. boiler and air hPa 1015
4 Temp. "C 1062 1053 1006 T ABZ Mean °C 1003
02 Vol% 30 2.7 33 [Valume Flow boiler [oparating stabe] s BE1007
5 Temp. "G 1057 1054 1015 Araa of boiler m? 50,26
02 Vol% 24 26 30 Walocity of flow mis 4,0
& Temp. °C 1028 1022 EER jdzlta H ABZ m 4,67
02 Vol% 27 28 3.2 Plane of ratantion ima 2 sec m 0,32
;  Temp. G HE5 70 553 [Retention time Sec | 4,18
02 Vol % 2.8 29 a1
Components mean min max
Temperalura 1012 083 1067
Coygen Content 3.1 24 3.6
" - M 1100 -1200
temperature distribution 1001100
1200 B 900 -1000
m 800 -900
1100
1000
S0
a0
1 :
2 3 . ,
& 7
feed hopper
[ . o u . 8,0-10,0
oxygen distribution 6080
10,0 m4,0-6,0
m2,0-4,0
B0 m0,0-2,0
6,0
4.0
2,0
0,0
1 : ¢
2 3 o4 g = ry
’ 3 7
feed hopper
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Series of measurements 5, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
12:33 13:09
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G R 13 BED [Minimum conditions
0z Vol% 3.2 27 3.5 |Minirmum tamperature *C [ER
5 Temp. G 954 na7 [EH [Retention time Sac 20
02 Vol % 3.5 32 4.0
5 Temp. °C 956 084 910
b 02 Wal 5 3.8 3 4.0
Tamp. i+ Shd ] 916
4 02 Vol % 31 an 3T [Boiler speciications
- Temp. “C G52 g54 EER Baginning of ABZ BABZ 1,26 m
- 02 Vol% 28 30 33 Flane of operating termperatung OMP 18,13 m
B Temp " 539 933 AR0 |Measuring pane 1 [ 14m
02 Vol% 238 30 3.3 [Measuring plane 2 [ TAm
: Temp. G B4 BET [ [prea nez A | 5025m
02 Vol % 27 28 3.1
Components mean min max
Temperalura 923 BES D6
Oxygen Content 3.2 27 4,0
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh 60,7
Meatenng Faint Aaxis 1 Axis & Axis 3 Prirmary air flow [HLATICFO01IG1] mih BEAST
9 Temp. "G 10ed 1024 1011 Sacondary air flow [HLASDCFO01X61] o GEGRE
02 Wil % 2.7 3.0 248
2 Temp. " 1067 1018 SE4
0z Wal % 31 33 a2
5 Temp. i 1054 1063 1013
02 Vol% 3.0 a1 2.8 Operational measuring values In ABZ
4 Temp. °C 1020 1042 1020 Tempearalure operating slane [average] “C E29
02 Vol 29 30 2.8 Cepgen contenl [HMADTCOB01 XIE1] Vel % 4,8
5 Temp. "C 1085 1030 1027
o2 Wil % 2.8 30 26
B Temp. "C 1057 oar S5
02 Wal 5 30 35 3
- Temp. & 005 0o THY [Gperational measuring values at the stack
02 Wal% 30 37 2.8 Valume fow stack [HHATILFOD JG2] Fmh | u6eas
L-omponents mean min max Cygan conbant stack [HNADICO040X01] Vol % 6.5
Temperature 1031 a1 1054 Temperature stack [HMADICTO01X00] “C 170
Croygen Content 30 26 37 Prassure stack [HNANSGPO01X001] hPa 10115
- |Meesture stack [HNAICCN01 XQ01] Vol % 16,8
. as0.0 Temperature gradient
14
E
_-E o [Temperature gradient
£ & Mean walue of temparature MP 1 “C 823
2% . 1 1441___'!.. Ir.hmrl walue of temparalure MP 2 " 1031
5 delta T1,2=T2-T1 °C 108
b . ) ) - PR dalta H 1,2 m 6,10
800 @50 800 85D ;-;I;cuu 1050 1100 1150 1200 T T o =
—— Tamperalum gradient — - — BABZ
ZSec-level B5D °C
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Serles of measurements 5, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
12:33 13:09
Measured Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 EL 096 963
02 Vol % 31 75 3.3 [Retentlon time
5 Temp. °C 1037 1030 975 Wiolume flow in baller mih 130926
02 Vol% 34 a0 3.8 Cxygen contanl bailer Vel % 31
5 Temp. "0 1049 1047 EEE Mcisture bailer Vel % 16,8
02 Vol 33 30 3.8 Prassure com. baler and air hPa 1015
a Temp. "C 1047 1042 EEE) T ABZ Maan °C )
02 Vol% 30 29 ET] [Valume Flow boiler [oparating stabe] s BSEFI0
5 Temp. " 1045 1037 1004 Araa of bailer m* 59,25
02 Vol% 26 28 32 alocity of flow mis 4,0
& Temp. °C 1022 1015 972 jdzlta H ABZ m 4,649
02 Vol 28 29 3.2 Flane of ratantion ima 2 sec m 0,31
;  Temp. G B57 70 551 [Retention time Sec | 4,19
02 Vol % 2.5 2.7 a0
Components mean min max
Temperalura 1006 081 1049
Coygen Content 3.1 25 3.0
. . . 1100 -1200
temperature distribution 21000 -1100
1200 1~ m 900 -1000
m 800 -900
1100
1000
900
EOO :
1 :
z 3
) A4 s 6
T
feed hopper
. . . - 8,0-10.0
oxygen distribution : 6,080
100 A, -6,0
ml0-40
B0 m(,0-20
6,0
4,0
2,0
00 .
) :
2 1 . /
3 L . _
& 7
feed hopper
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Series of measurements 6, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
13:09 13:45
[Measured Values of Measuring Plane 1
WMetening Faint Axis 1 AXIS 2 ARIS 3
s Temp. G BEJ BES 52 [Minimum conditions
0z Vol% 4.1 37 4.4 |Minirmum tamperature *C [ER
5 Temp. G 955 054 el [Retention time Sac 20
02 Vol % 3.5 32 4.1
9 Temp. “C 976 arz 921
b 02 Wal 5 31 259 ar
Tamp. i+ G9rh ] ]
4 02 Vol % 28 A 3.3 [Boiler speciications
- Temp. "C EIE] gy EEL) Baginning of ABZ BABRZ 1,26 m
- 02 Vol% 2.5 26 29 Flane of operating termperatung OMP 18,13 m
B Temp " 540 935 895 |Measuring pane 1 [ 14m
02 Vol% 3.0 3.1 34 [Measuring plane 2 [ TAm
, Temp. & =] GRS a64 [#ea aE2 A 59,25 m*
02 Vol % a4 34 a8
Components mean min max
Temperalura 924 Bs2 976
Oxygen Content 3,3 25 4.4
[Cperational data of boiler
[Measured Values of Measuring Flane 2 [EtEarn fow [LEATOGES01X061] vh 166,2
Meatenng Faint A 1 Axis 2 Axis 4 Prirmary air flow [HLATICFO01IG1] mh A7 A
1 Temp. i ] EE] 259 Sacondary air floe [HLASCFD0 1G] mih SE4049,5
02 Wil % ar 4.0 4.1
2 Temp. " 1068 1018 SE2
0z Wal % 32 34 3.3
5 Temp. i 1104 1060 1023
02 Vol% 2.9 29 2.7 Operational measuring values In ABZ
4 Temp. °C 1101 1052 1025 Tempearalure operating slane [average] “C B25
02 Vol 27 22 2.4 Cepgen contenl [HMADTCOB01 XIE1] Vel % 51
5 Temp. "C 1098 1045 1046
o2 Wil % 2.5 27 21
8 Temp. "C 1064 058 L
02 Wal 5 32 38 3
7 Temp. i+ 1030 T ard [Operational measunng values at the stack
02 Wal% 35 39 34 Valume fow stack [HHATILFOD JG2] L T
Lomponents mean min max Creyggan contant stack [HMADICCO40X001] Vil % 6
Temperature 10E8 el ] 1104 Temperature stack [HMADICTO01X00] “C 168
Crygen Content 31 21 4.1 Prassura stack [HNANZCPO01X00] nPa 1013
. olume flow stack [calculatad] Vol % 16,5
. B0 Temperature gradient
14
£,
£ [Temperature gradient
£ 8 Mean walue of temparature MP 1 “C 024
a |Mean value of temparaiure MP 2 S 1028
) delta T1,2=T2-T1 °C 105
- P dalta H 1,2 m 610
aop  BS0 900 G50 ,}g‘bﬂ 050 1100 1150 1200 T T T o 73
—— Tamparaiure gradiant — - — BABZ

2-Secdeval B50 0
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Series of measurements 6, nominal thermal load 100 % MCR
Normal operation without Interferance
measured value
Date of Measuring  01.03.2019 Beginning End
13:09 13:45
Measurad Values evaluated to the Flane in which the
Retention Time of 2 sec. is just kept
Uutput 1 xS 1 AXIS 2 AR 3
1 Temp. "0 EE) a6 933
02 Vol% EX] 36 43 [Retention ime
5 Temp. °C 1035 1035 978 Wiolume flow in baller mih 130334
02 Vol% 33 3 3.8 Cxygen contanl bailer Vel % 32
5 Temp. "0 1057 1053 1002 Mcisture bailer Vel % 16,8
02 Vol 30 28 36 Prassure comb. boiler and air hPa 1015
4 Temp. "C 1057 1051 1008 T ABZ Mean °C 957
02 Vol% 2.7 26 3.2 [Velume Fow boiler [oparating state] mis A5RD41
5 Temp. " 1056 1048 1015 Araa of bailer m* 59,25
02 Vol% 2.3 25 2.8 Walocity of flow mis 4,0
& Temp. °C 1021 1017 976 jdzlta H ABZ m 4,649
02 Vol% 28 3.0 3.3 Plane of ratantion ima 2 sec m 9,31
;  Temp. G 540 EEE] 545 [Retention time Sec | 4,19
02 Vol % 3.3 313 a4
Components mean min max
Temperalura 1005 033 1057
Coygen Content 32 23 4.3
. M . 1100 -1200
temperature distribution = 1000 -1100
1200 =200 -1000
W EDD -900
1100
000 -
Q00
800 : _
1 .
23wy ;
5 5
7
feed hopper
M % . 8,0-10,0
oxygen distribution u6,0-8,0
10,0 m4,0-6,0
m20-4.0
8,0 mo0-2.0
5,0
4,0
20
0,0
: T T /
5 6
7
feed hopper
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100 % MCR, measurement 6, measuring point C1:

Confirmation that 95 % of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.

dae Bne  ipmperouee 2 Sec  lemperplere  volsma N moiswe ABZ  OWpgencoRlaing  rockouRlion fos  woume Bowod.  onDen siack  mosiwe sk volmefowow, delaH delnH o jemp grdiem

C © T i) ol % ol % [ HET (e R ) W% () Wol% G m e Rt

DLIAIE 1348 we =4 214 LF] 44 E 12780 71 LR =AE 41 41 3
1348 e 2 0Ty 160 43 HEm 1338 53 ITE =as 40 40 73
135 2 0 200 fan dd 20ead 13iarn L 1Th Foln) 1.9 -1 AL ]
1361 Bar BEG 210852 a8 3 20608 10738 b7 TE TR 4.7 4.7 LA
1362 53 a7 20EOTI 1648 m i 127336 LE-] AR e T £ £ e
1353 1 a&r L] 188 44 e AR ES 18E Ly 42 43 AEE]
1354 o 3 LR Y] 43 a0 JE- EA 1.3 ELE 13 -3 3
135 sl =] 20T 1] 44 B 1XTAT B ATE IR 18 -13 T3
125 Ll M 2 aT fan a3 A 1518 Lk T4 ol -3 -3 AL
1367 Ba5 BE8 2REED 168 13 T4 120080 &7 10E a0 44 44 AR
13854 05l an 207024 168 13 T 1By 5 165 T 47 47 LA
AT s an 208478 188 42 aar 12 &7 188 ErE] 44 44 e
1m w4 as nma 188 44 a0 XTI 13 1BE IETE 7 a7 s
140 B a4 20T ] 14 e 1N B3 1T Mz 44 44 73
1612 M Ll 2005 168 it s 1wy oA 168 ECE] 43 43 73
&0 B5a an 230670 168 9 2 1280 B 10 il 49 49 AR
AL C) o a5l 2577 168 ar e 1y &4 RLE] il £ e L] LA
1106 i a5 2070 188 34 2om12 151847 g5 BE M2 44 44 e
1406 = arns 206219 188 18 e Xm0 51 1,0 T 43 43 3
14107 5 aen RS 1] 43 e 130844 55 174 TR -0 40 17,3
1408 £l a 250407 AL L] a8 Ay 1R &1 174 AT 50 <30 AL
&0 B e 2056089 168 a8 2 130T 63 A2 e 4.3 4.3 RLA]
110 051 ars 206385 168 a8 o] 130656 &4 162 HTE 44 44 e
1211 wr an FLE] LT} a0 2 15802 &2 \CE ;w24 14 -4 e
1412 wr a4 28aTa LT} 43 0 e =a 17,1 ) ar 37 17,3
1413 w7 = T 1] 13 HEM 1T B3 10T M 43 4% T3
fa-id o3 L) 207Ta5 an a3 26 122330 LE] AL btk 1,9 -1 T3
1445 o5 am Palultl 168 32 e 133380 BE 10d oean 5§ 45 L]
1418 I 2ED 148 31 ] 138982 &1 164 Ma3 45 4.5 e
1317 Wy ars 2088T? T 3 amn JERLFE &3 164 =B 42 42 3
1518 wa a5 2100 185 43 et 138850 £ IBE ;T 13 -13 7,3
1418 R mn 20001 185 24 A5 17maen 63 BT LA -38 -38 1T
14 Lo a 2rpnd 1ag a3 ez 1023 B2 Rl an -3 -2 AL
14 a3 Ll 205084 188 13 ] 120430 BE 164 HeaR 4§ 5 e
14 o3 ) 205141 169 40 T 125357 L] 158 ad 45 45 1mE
14 n 56 208TIT CF] 43 ey 1ETHE T 158 FLT 43 43 AES]
1424 s E 200 185 =3 I E L H 63 BT Ed ] 34 -24 7,3
1475 w4 an 26T X a4 HEN 1Mste B 165 O 40 40 173
145 Bia ara 26005 168 50 e 124E L] ALk} HGT -4 -3 AL
1427 £ 5T REEE 168 X 233 12E3EE T 1] oAz 45 45 LA
143 LTy &8 210t 189 15 ] 12545 b 1588 2 48 48 rE
14 B4 a7k ] CT] 34 o AT £3 154 M 42 44 s
143 Wy e FLaE] 183 1A s 13912 57 ] s 43 43 7,3
1EW Bl e 2 Y] 45 e 137088 BA 164 4 -18 -18 173
1R Bl am 232080 L) 28 G 130038 b1 AL oan -4 -4 RLA ]
a5 Bad an 2312 188 a1 25 120033 B RLE] ZE0LE 43 43 LA
143 33 - 200054 169 4,1 g 152578 &4 16,1 581 4,1 4,1 %
1438 il ass 2080 184 20 MTA 5B T B2 ;T4 ar a7 3
1436 213 £ 20321 155 a1 B 170501 63 63 LD 1A 34 7,3
A&7 ik asn 230050 AL BN ATl 17843 &4 161 ET -14a -1 w3y
&3 2] a5k ST 108 A5G T4 0005 L R a0 -3 -13 RLA ]
125 ] a2 207Te0 168 a8 2u1d 1EEATEH &7 B2 BE 44 44 e
1240 053 are 20023 169 ar sar T2 LA 157 o R 47 4.7 RLE]
1441 £ ag3 FitE T 44 anere 131798 70 180 =T 4 40 11,3
1442 oy 2= 168 183 47 e 1R E7 164 ETE ] 1A -3a 73
1441 oM MG 21003 198 33 e 13577 BE 167 e 34 -3 13
fdad o33 a7 HoeH1 16 55 206 120356 BE 168 TR 34 18 T3
125 ol E2il 214Ed 170 a4 L 130485 L 166 26 -13 -13 L]
(L] vl 40 208402 170 EL] aegd 127080 LA 101 e -4 43 1nE
1447 il a0 200E Ta 44 e 1 T3 180 s 42 42 3
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160

Evaluation according IPPC $5.01, measurement 6, 100 % MCR

+ Measure worst case gas residence time using a time of flight method.
(here used the plug flow method)

residence time more than 2 seconds: yes

+  Confirm that 95% of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.
95% of the one-minute mean temperatures above 850 °C: yes

« above 850 °C for at least 2 seconds (IED Article 50(2)):
above 850 °C for at least 2 seconds: yes

+ |ED does not specify oxygen concentrations for the combustion gases. It should however
be noted that BAT requires sufficiently oxidising conditions at the final combustion stage to
provide for good combustion, and the operator will be required to demonstrate this in his

application. In many situations, the BAT oxygen concentration is likely to be about 6%.

sufficiently oxidising conditions: yes
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7.3 Calibration function
7.31 Determination of the calibration function

Description of determination of the end of the afterburning zone:

The determination of the combustion chamber temperatures according to the procedure for
calibration takes place in each case with full load and further authorized operating conditions.

At least six grid measurements are to be accomplished at the same time in each case in
measurement plane 1 and 2. For the periods of these grid measurements the average of measured
values of the operational measuring instruments are to be determined, so that at least 3 data
records (grid measurement / operational measurement) are available for each load point. On
assumption of a linear temperature gradient between the planes of measurement 1 and 2, the end of
the afterburning zone ( A#r . ) is to calculate:

ABE

-

o

TSR
aHAn? - riimimn

—AH

A
with:
t it min Minimum residence time=20s
AH s Distance between end of afterburning zone and measuring plane 1
AH Distance between beginning of afterburning zone and measuring plane 1
A Cross-section area
F e Average value of volume flow of the exhaust gases in the combustion chamber

The mean temperature difference (A7, ,) is calculated after:

‘I L
"'lTl.z - _,Z{T?a =T,
L

with:

T, Average value of the temperature grid measurement in measuring plane 2
T, Average value of the temperature grid measurement in measuring plane 1
n Total number of the data records
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The mean temperature gradient (A7, ) is calculated as follows:

A 2

'&Tl.i
AT, . =
s MM
with:
AH |, Distance between measuring plane 1 and 2
AT, Mean temperature difference between measuring plane 1 and 2

Process description for calibration:

By the operating measured values for the temperature, the mean temperature difference [T-W.-}

and their lower confidence limit to the temperature values of the grid measurements in measuring
plane 1 is to calculate:

T r -2 g
Agz, = L T ABE
' AH
with:
1, Average value of the temperature grid measurement in measuring plane 1

Determination of the confidence limit 1, :

with:
tp-2 Threshold value of the t-distribution (for n=n")
s Dispersion around the regression line
n Total number of the data records
_ L
sz =~ 2 Lz
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STHTW = Z(Ts: - ;FH) AT sz — Eaz]

i=1
"
o

Sr,,.rn = Z[TH _Tn)_

Sr_ﬂl.rruu = Z{r-fszf - ?T.JHE }2
i=l

2
S-I — S:I"M./.'"M, . |:] _ S Talyx ]

n-—2 SF,.,J’:., -5y ez Tz
with:
T.f&z Mean temperature at the end of the afterburning zone
7, Mean temperature of the operational measurement
5 Standard deviation

For calibration of the operational measurement will proceed as follows:

— 1 <
AT,y =EZ{T-|M —Ty)
i=1

AT gz =A-x+ B

Ty =Ty + AT sz

AT 45z = AT 457 — Ve

with:
AB Parameters of the general analysis function
X Signal of the boiler load
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7.3.2 Evaluation of the calibration function

Evaluation 60 % MCR; Residence time 2,0 Seconds

:.' T'L]' -
AH ., =-7,51m 2= 20,56 °C/m
meas. steam flow | T ABZ | temp. operating plane difference
MNo. t'h °C average (°C) °C
1 92,4 952 715 238
2 93,1 956 712 243
3 93,7 952 717 245
4 92,7 963 717 246
5 92,8 962 715 246
B 96,5 973 727 246
Mittelwert 93,5 961 717 244
Evaluation 100 % MCR; Residence time 2,0 Seconds
AT,
AH ., =-463m 2= 16,99 °C/m
meas. steam flow | T ABZ | temp. operating plane difference

Mo. th C average (°C) C
1 160,5 1005 828 177
2 160,1 1009 829 180
3 156,68 1000 825 175
4 160,86 1008 828 180
5 159,7 1002 829 173
3] 158,2 1002 825 177
Mittelwert 1593 1004 827 177
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7.3.21  Coherence between boiler load and AT,

Requirement:  The connection between the boiler load and the ﬂ?_'_!ﬂ is to be determined by a
regression analysis.

Method: The measured values of boiler load are compared to the calculated differences
between operating temperature and temperature at the plane of the calculated

retention time.

Result: A linear regression was determined, which can be described as follows:

AT sz =A-x+B

AB Parameter of the general analysis function
X Signal of the steam flow measuring instrument in t/h

Temp. diffenence between retention time level and operating temp.
Meas. Value Temp. difference
MNo. Steam flow delta T ABZ TABZ T Operation Loadpoint

t/h K "C "C Yo

1 92,4 238 952 715 60

2 93,1 243 956 712 60

3 93,7 245 962 717 60

4 92,7 246 963 717 60

5 92,8 246 962 715 60

B 96,5 246 973 727 B0

7 160,5 177 1005 B28 100

g 160,1 180 1009 829 100

9 156,86 175 1000 825 100

10 160,86 180 1008 828 100

11 159,7 173 1002 829 100
12 158,2 177 1002 825 100

Feport: Combustion Conditions, Residence Time



Page 57 [ 63
RerferenceDate: 15-US1-MUCHhg / 2019-04-23
Document: 3013805 Margam, Repart doce

Industrie Service

Temperature difference between operating temperature
and temperature in the retention time level

00
--\ﬁ
-\\“m\\

£ 20 e
: by
g
£ T
E 00 “"“-_..\H
£
: W\\
ED Hh“‘\\_._

100

i i) AL Bl a0 W e 1200 130 1400 150 a0 170 1RO 190 200

Steamflow int/h

Results of the regression analyse for the minimung temperature

Coefficients of the calibration function y = Ax + B 1)

A 1,013 (°C)/(t/h)
B 338,5 (°C)

1) y = Temperature difference between operating temperature and 2 sec level
¥ = Steam flow in t/h

7.3.2.2 Confidence interval

Calculation of the confidence interval from the total number of the net measurements

Standard deviation S = 7.3
Threshold value of the t-distribution 2= 2,228
Confidence interval V, = 54°C
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8 Plausibility test

There is to make a plausibility test of the measurement results with regard to the plant load during
the measurement period.

In this connection, the manner in which the plausibility test was carried out is to be described as
well as those factors which were taken into account. Such factors might be:

Previous knowledge of the plant

Previous knowledge of comparable plants

- Comparison of various measurement values

Correlation of signal patterns with varying operating states

In respect of the previous knowledge, the measuring results in this report are plausible.

Testing Laboratory / Calibration
Measuring Laboratory - DAkkS accredited according to DIN EN ISO/IEC 17025

Responsible person
Chalid Jonas Tawfi

Project manager
Gaylord HoR

signed HEG
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9 Appendix 1: Explanation of the used method for measurements
Requirements sector guidance IPPC 5.01

+  Measure worst case gas residence time using a time of flight method.

+ Use multiple traverse measurements of gas temperature to identify (or confirm) the lowest
gas temperature location at, or shortly after, the qualifying secondary combustion zone.

+  Confirm that 95% of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.

* Use suction pyrometers to measure temperatures (acoustic pyrometers or shielded
thermocouples may only be used if calibrated against suction pyrometers).

Multiple traverse measurement

+ Use multiple traverse measurements of gas temperature to identify (or confirm) the lowest
gas temperature location at, or shortly after, the qualifying secondary combustion zone.

Selected method: multiple traverse measurements of gas temperature and
oxygen contend time synchronized with the retention time.

Execution: The furnace temperature was measured at 2 cross section positions
using suction pyrometers. The cross sections will be as near as
possible to the ABZ start and ABZ end. The temperature
measurements at each location are taken in a traverse for 10 minutes
each and at the centre of equal areas.

= Confirm that 95% of the one-minute mean temperatures (continuously monitored at the
identified lowest temperature location over a period of at least one hour) exceed the stated
minimum temperature requirement.

Selected method: multiple traverse measurements of gas temperature and
oxygen contend time synchronized with the residence time.

Execution: The furnace temperature will be measured each point at a 10-minute
intervals. After the grid measurement the lowest point is indicated and
measured fix for one hour.

That means three times the confirmation over the performance
test period.
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« Use suction pyrometers to measure temperatures.

Selected method: we use suction pyrometer with a triple ceramic shield and
compressed air for the operating of suction.

The gases resulting from the combustion of non-hazardous wastes must be maintained at
= above 850 °C for at least 2 seconds (IED Article 50(2)).
Selected method: The plug flow method is selected for a time equivalent determination

of retention time. The furnace temperature will be measured at 2
cross section positions by using suction pyrometers.
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10 Appendix 2: Evaluations according to the guidelines
10.1 Determination of the temperature gradient

Grid measurements for the licensed operating states will be carried out on the same operating
state of the plant on the measuring planes 1 and 2 at the same time.

The conditions of the measurements are described before. The average temperature difference
ATz between plane 1 and 2 for the respective operating state is formed out of the measured
values.

1
'&Tl.: = _Z(I:?.' - ?_I.l::|

-

Ti Average value of the temperature grid measurement on measuring plane 1
Tz Average value of the temperature grid measurement on measuring plane 2
n Mumber of the temperature grid measurements on measuring plane 1 or 2
ATq2 Average temperature difference between measuring plane 1 and 2

The temperature gradient Tz can be determined out of the temperature difference AT, zand the
difference in altitude AH; 2.

AT,
¢ AH,,
AT12 Average temperature difference between measuring plane 1 and 2
AHy 2 Distance between measuring plane 1 and 2
Ta Average temperature gradient

On supposition of a linear course of temperature between measuring plane 1 and 2, or beyond it,
the average temperature for each plane in the combustion chamber is determined by that. Inverse
the plane in the combustion chamber, in which the minimum temperature of the exhaust gases is
barely kept, can be determined arithmetically.

| <

AH,,
AH, =T~ T_u}&—m

Ty Average value of the temperature grid measurement measuring plane 1

Tw Minimum temperature of the exhaust gases (850 °C)

AHq 2 Distance between measuring plane 1 and 2

ATq2 Average temperature difference between measuring plane 1 and 2

AHT Distance between the plane in the combustion chamber, on which the exhaust

gases still keep the minimum temperature on an average and measuring plane 1
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10.2 Determination of the residence time

To determine the residence time of the exhaust gases in the range above the minimum
temperature, the exhaust gas volume flow will be measured and shall be converted to the exhaust
gas conditions in the after burning zone.

The measurement of the volume flow shall be taken under consideration of the EN 13S0 16911-1
isochronic to the grid measurements to prove the minimum temperature. When calculating the
residence time the flow conditions in the after burning zone are taken as ideal plug flow.
According to the proof of the assumption of an ideal plug flow for the calculation of the residence
time the RW TUV has drafted an unpublished report, so far by order of the president of German
Regional Council in Minster from the 14.07.1987.

To determine the residence time of the stack gas experimentally in the after burning chamber a
noble gas tracer had been injected in 2 control planes at the gravity centre of the planes, which run
through the after burning zone together with the exhaust gases. At the quitting of the last control
plane the exhaust gas flow had been led to a transportable mass spectrometer by a partial
sampling in the measuring grid. The residence time of the tracer had been determined out of the
time difference between injection and the time of the signal rise at the mass spectrometer
(corrected on the response time). The calculation, as it is described in this case, had also been
carried out and compared with the tracer gas test.

The calculation of the residence time on the assumption of an ideal plug flow can be advocated
because of the results.

The parameters like Oz, pressure and humidity in the after burning zone, which are necessary for
the conversion, have to be recorded by measurements.

The temperature taken as a basis for the conversion is the average value from the temperature at
beginning of the after burning zone Teagz and the minimum temperature.

Under consideration of the geometric conditions and the converted volume flow, it is possible to
calculate the residence time in the after burning zone using the following formula.

A« (AH + AHy)
by = .
VCC

A Cross section area combustion chamber (for A = const.)

AH Distance between beginning of after burning zone and measuring plane 1

AH7 Distance between the plane in the combustion chamber at which the exhaust
gases still keep the minimum temperature on average and measuring plane 1

Voo Average value of volume flow of the exhaust gases in the combustion chamber
(at operating state, humid) at ~848Z+ T

tn Residence time of exhaust gases above minimum temperature

Criterion of quality is a retention time of 2 seconds.
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11 Appendix 2: Measurement uncertainties

The following example shows the theoretical maximum of uncertainties for measurements in the
after burning chamber. The real uncertainties will be calculated after the measurements under care
and attention of the local conditions at site.

When measuring the temperature, the measuring uncertainty is determined and calculated as
follows shown as an example.

Accidental component of the measuring uncertainty

The more measurements are carried out the smaller becomes the accidental component of the
measuring uncertainty of the average value of repeated measurements. The number of tests is
determined by convention. In the present case the accidental component can be regarded as very
small and therefore be ignored.

Well-known systematic component of the measuring uncertainty
Exactly well-known systematic measuring uncertainties are not known

Unknown systematic component of the measuring uncertainty

The measuring uncertainties have to be assigned to this group, but it is necessary to distinguish
the two:

a, Measuring uncertainties caused by unknown systematic deviations which can be treated
arithmetically like accidental deviations.

b, Measuring uncertainties caused by unknown systematic deviations which have to be treated by
all means like systematic deviations.

Addition of measuring uncertainties

For a temperature measuring system the respective uncertainties are squarely added if they can
be treated like accidental ones.

Deviations as specified to a, as well as to b, are known in the present case.

The deviations as specified to b, have the same direction of action and are first of all added
linearly. The result is treated like an accidental deviation and added squarely.
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11.1 Measuring uncertainties of the measurement of minimum temperature

Uncertainties specified to a,:
Precision of measuring of the thermocouples type K
(Weights and measures regulations 14.2 PTB) er +25°C

Uncertainty by non-homogeneity of material
(VDI3511 part 1) enm +5°C

Uncertainty by the reference junction correction
(VDI 3511 part 2) ev +3°C

Uncertainty by analogue/digital conversion (data acquisition and control system
(Estimated, = 0,2 % of the final value of the measuring range) ) +17°C

Uncertainty by temporary variable measuring values (systemic inertia)
(VDI 3511 part 2) s +3°C

Uncertainty by the spatial situation of the measuring points e +3°C
Uncertainties specified to b,
Drift dependence of the element of the temperature

(Weights and measures regulation 14.2 PTB) e +23°C

Radiation error by ceramics in dependence on the diameter of the element
(VDI 3511 part 5, dependent on the temperature) est +5°C

Increase of temperature in the air during the suction
(VDI 3511 part 5, dependent on the speed) el +25°C

Calculation of the measuring uncertainty

2 7 2 2 2 2 2
e=.le +e, +e +e, +te +e +le,+e,+e,)

e= Jz,ﬁ? +5 43 LT +3 43 +(2345+2.5)°

The measuring uncertainty of the definition of the minimum temperature amounts to £ 12,5 °C.
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11.2 Calculation of the measuring uncertainty of the residence time

The uncertainty, relative to the residence time, is based on the measuring uncertainties of the
single measured values which enter into the calculation. To each of these values a range of
uncertainty has to be assigned. For those values which are measured in the clean gas the
confidence range statistically found out by calibration was used. For those values measured in the
after burning zone: the minimum temperature and the minimum content of oxygen, there are
enclosed separate uncertainty calculations whose result is taken into consideration in the present
case. The uncertainties for all further values are known (for example literature etc.) or have to be
estimated. The evaluation was, among other things, carried out according to the following
guidelines:

General technical measuring terms DIN 1319 part 3 08/83
General technical measuring terms DIN 1319 part 4 12/85
Progression of error limits VDE/NDI 2620 part 1 01/73
Progression of error limits VDE/NDI 2620 part 2 01/73

The single measuring values which enter into the calculation are listed in the following.

-Clean Gas

volume flow after boiler

temperature after boiler pressure at the measuring point
content of moisture after boiler

oxygen content after boiler

-After Burning Zone

volume flow of stack gas

mean temperature NBZ

mean oxygen content NBZ
pressure at the measuring point
content of moisture

-Geometry

area A

height AH

height AHT

-Symbols

G: limits of error

K1, X2 measured values

A area

H: height

Ht: difference in altitude

Ver: volume flow in m*h

t: temperature of stack gas in °C

p: ambient air pressure in hPa

f: moisture of exhaust gas in Vol. %
O3 mean oxygen content of the exhaust gases in Vol. %
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Measuring Uncertainty of the Residence Time

Statistic Result of the Error Limit G when Connecting by means of Addition:

G=1/G + G

Relative Statistic Result of Error Limit G when Connecting by means of Multiplication:

o-= 160 (<)

Relative Statistic Result of Error Limit G when Connecting by means of Division:

or+[ (2]

Conversion Formula of Volume Flow:

Standardization:

l:f _ l:f"Bel'r.
MmO, = 573961 £,1013, 100 . 21
273,15 p 100-f 21-0Q,

Destandardization:

© e 2730541,1013, 100 21

Vﬁer.r. = V."r'rjm.l,b *

273,15 p  100-f 21-0,

Formula of Calculation of the Residence Time tqy

A*(H+H)
'rn:f

%

o

Error limit of the Volume Flow Measuring:

AV
v

G,

v
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Calculation of Measuring Uncertainty of the Residence Time
Error Limit of the Measurement of Temperature:

Gl 273,15 +(t + Af) 273,15+ ¢
1 273,15 273,15 |

Error Limit of the Measurement of Pressure

|G|=| 1013 1013
lp+ap p |

Error Limit of the Measurement of Moisture:

|G|_| 100 100 |
71100~ £ 100 —(f + Af)|

Error Limit of the O; Measurement:

6 |:| 21 21 |
=17121-0, 210, +AQ),|

Error Limit of Planimetry

G ,|=|(a+Aa)*(b+ Ab)~(a*b)

Error Limit of Altitude Measuring

=‘J5.H’ +AH’ *(H+H,}‘

Relative Statistic Result of the Error Limit of the Residence Time Gy

-
(‘FH

|G,
=+ |.[
A

.G,
}-+[| - |}2
V

FR

Grl‘

, |Gy
)+
H

The measuring uncertainty for the determination of the retention time is essentially dependent on
the range of tolerance of the measurement of the volume flow. The mean error of the residence
time amounts to about 10 % (= 0,2 sec.) of the measured value.
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11.3 Calculation of measuring uncertainty of the measuring system for the minimum
oxygen content

The measuring uncertainty in measuring systems for the minimum oxygen content is determined
and calculated as follows.

Accidental component of the measuring uncertainty

The more measurements are taken the smaller the accidental component of the measuring
uncertainty of the average value of repeated measurements gets. The number of tests is
determined by convention. In the present case the accidental component can be regarded as very
small and therefore be ignored.

Well-known systematic component of the measuring uncertainty

Exact well-known systematic measuring uncertainties are not known.

Unknown systematic component of the measuring uncertainty
The measuring uncertainties have to be assigned to this group but it is necessary to distinguish:

a, Uncertainties caused by unknown systematic deviations which can be treated arithmeticall:.r like
the two:

b, Uncertainties caused by unknown systematic deviations which have to be treated like systematic
deviations by all means.

Addition of measuring uncertainties

For a measuring system for the minimum oxygen content the respective uncertainties are added
squarely if they can be treated as accidental ones.

Deviations as specified to a, as well as to b, are known in the present case.

The deviations as specified to b, have the same direction of action and are first of all added
linearly. The result is treated like an accidental deviation and added squarely.
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Measuring uncertainties of the definition of the minimum oxygen content
Measuring uncertainties specified to a,:

Precision of measuring of the analyzer
(Probation guideline) er + 0,20 Vol. %

Uncertainty by calibration gas mixture
(Certification) em + 0,06 Vol. %

Uncertainty by analogue/digital conversion (data acquisition and control system)
(statement of the constructor, £ 1% of the final value of the measuring range)
exn 0,25 Vol%

Uncertainty by temporary variable measuring values (systematic inertia)
(Dead-time and 90%-time) es + 0,10 Vol. %

Uncertainty by local situation of the measuring points
(Deviation of the measuring grid x) e + 0,60 Vol. %

Drift dependence of the analyzer from the temperature
(type approval guideline) ep + 0,10 Vol. %

Uncertainties specified to b,
After burning effect in the non-cooled part of the probe
(Catalytic after burning of CO (tube furnace effect)) env  *0,05Vol %

Calculation of the measuring uncertainty

, L2 2 , 2 z 2 2 2
e=.je t+e, +te,, te, te +e; +e,

e=1027 +0,06" +025 +0,17 +0,6> +0,1* + 0,05’

The measuring uncertainty of the definition of the minimum oxygen content
amounts to + 0,7 Vol. %
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