ng & control for your environment

Practical Examples

Mark Davidson

REPORTING OF CONTINUOUS MONITORING DATA

Operator : CBISS Ltd Autherisation llo : E2212R Release Poiy
Location : 11 Ark Royal Way. Parameter : SO2 (high scale) mgHms3 Reporting Period : Septembers 4
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Who are CBISS?

« We are an ISO 9001 accredited engineering
company based in the North West of England.

NORTHERN OFFICE

HIRE OFFICE

 We specialise in Emissions monitoring and gas
analysis

 We employ over 50 people and have offices
across the UK

HEAD OFFICE

SOUTHERN OFFICE
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Why do we have CEMS ?

e Environmental - Green and clean !

* Process optimisation !
 INTHE MAJORITY OF CASES ITS DUE TO LEGISLATION
 Waste Incineration Directive (WID)

« Large Combustion Plant Directive (LCPD)

« |IPPC/IPC
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What Techniques are available?

e In-Situ - Folded Beam
- Cross Duct
 Extractive - Cold
- Dilution

- Hot/Wet (heated lines)

- Drying system - Chillers

- Permeation
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In-Situ Folded Bea

Fits on Stack

Gas diffuses into tube

Analysis inside tube

 Cal gas injected inside tube

Fast response time

onditioning required
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In-Situ Cross Stack

 Fits on Stack 2 flanges

e |[R Beam across Stack
« No conditioning required

e Calibration electronically

~ Fast response time
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Extractive

e Sample gas is extracted from the stack and

transported to the analyser for measurement.

« The major benefits are - The analyser can be
proven by injection of zero and calibration
gas (QAL3)

o Sensitivity is not related to stack diameter.

 Varying Stack temperatures do not effect

optical alignment.

Extractive - Cold. This is the simplest and

apest method but it can only be used with

es and on ambient

processes/stacks.
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e

xtractive - Hot/Wet (Heated lines)

« Sample gas is extracted from the stack
and transported to the analyser using

heated line and heated sampling

components- filters pumps etc, including
the analyser measurement cell. The
temperature of all components in contact
with the sample gas is typically at 185°c

to avoid condensation and loss of

soluble gases.

ajor benefits are - Can be used for

3Ses.
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» Sample gas is passed through a chiller to take the
sample gas down to a low temperature and to remove

water so sampleis almost dry !.

» Advantages - Can use analysers operating at
low/ambient temperatures so components are not heat
stressed. Because analysers and sampling components
are running at low temperatures, systems tend to be

cheaper than heated systems.

» Disadvantages - Avoid using lower cost peltier coolers

they may lose soluble gases needs to be below 4°C.

Cannot be used on very soluble/corrosive gases. Still
uire heated sampling components/heated line up to

condensation and loss of soluble gases.

Extractive - DRY (Chillers)

Inlet Outlet

Cold
Block

T~

Glass Cyclone



Extractive - DRY (Permeation)

« Sample is Dried at Stack (no heated line) Dry air only and low power
o« Sample is dry,clean, low temp

« Sample is dry so no H,O measure required or H,O interference

e Stream switching and dual standby is easy
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Types of Extractive Analysers

Electrochemical

e Single component analysers heated/non heated

various methods IR, UV etc
 Multi- Gas heated typically IR or FT-IR
e Multi- Component GFC IR with dryer.
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On stack mounting
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Close coupled mounting
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MIR9000 Wall Mount
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MIR-FT Rack Mount

=




sring rr, your environment

Further Examples
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EN14181
What This Means
o The Operator j;

l

ANNEX 2 l
RELEASES INTO AIR

REPORTING OF CONTINUOUS MONITORING DATA

Operator : CBISS Ltd Autherisation llo : E2212R Release Poiy
Location : 11 Ark Royal Way. Parameter : SO2 (high scale) mg/Hm3 Reporting Period : Septembers 4
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EN 14181 — The QAL's

Quality Assurance of Automated Measuring Systems

“(QAL 1) to demonstrate that the AMS is suitable for the intended purpose
before installation, by meeting required performance standards and the
uncertainty budgets specified in the EU directives;”

“(QAL 2) to calibrate the AMS and determine the variability of the measured
values obtained by it; so as to demonstrate the suitability of the AMS for its

application, following instaliation;”
“(QAL 3) to maintain and demonstrate the required quality of the measurement

ults during the normal operation of the AMS, by checking that the zero and
characteristics are consistent with those determined during QAL 1;”
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EN 14181 - QAL 1

Quality Assurance of Automated Measuring Systems

“(QAL 1) to demonstrate that the AMS is suitable for the intended purpose
before installation, by meeting required performance standards and the
uncertainty budgets specified in the EU directives;”
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EN 14181 - QAL 1

SUMMARY REPORT - Waste Incineration
Expanded Uncerfaintice of ENVIRONNEMENT SA= AMS : MIR 9000, M2 FT and GRAPHITE 52M

Envrennement s
Expanded uncerfainty at35% | Expanded uncerfainty at 95% |Expanded uncertainty at 93%| Mazimum Authorized Expanded AMS
AMS Gas {in mg'm3 dry without 02 {in mg'm3 dry corrected {in % of ELV dry corrected | Uncertainty zccording to Direstive | zcceptable
correction] i 11%02) E11%02) 200077 CE fesiMo|
MIR: 9000 HEZl 3.38 3.40 34.0% 40,0% Yes
BAIE: 9000 SO 6,72 847 13,534 20,08 Yaz
MIF: 9000 MO 742 1048 7% 20,0% Yes
MIF: 9000 MOx 7.80 11.03 3.8% 20,0% Yes
MIR: 9000 co 2,83 337 5.7% 10,07% Yes
MIF 3000 TOC under evaliation under evaluation under evauation 30,00 -
m:il:llﬁlﬁ';ﬂtreu TOC 0,83 0.e1 2.1% 300% T
MR FT HCI 0,74 0.84 24% 40,0% Yes
MR FT 502 2,79 340 G.8% 20,0% Yes
MIR FT N} 1.R7 16,74 F A% 2N Yes
MR FT MOx 244 17,82 5.8% 20,0% Yes
MIR FT co 2,51 317 6.3% 10,07% Yes
MR FT ToOC 0,83 1.00 10,0% 30,0% Yes
ﬂlAerHt:lT;;Z :!}m TOC a4 0.84 24% 30,0% Yes

Noaa :

1) NO & NOx expressed as mg/m3 eg NO2. TOC expressed as mgCim3

2) Data from TUW repores for MIR FT and GRAPHITE £2# are on a dry Sasis

) Dara from MCERT repore MIR 3000 and MIR 3000 02 sensor are on dry basis
A} Nara fr MIR FT 2 sensnr are on aer hasis

Calcu'stions accoding 1o EN 150 14258 Standard - Summary - wE, Decemnber Eth, 2004 - DMIEA
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Expanded Uncertainty of MIR 9000 AMS for use im Waste Incineration in the EU

Gas : HCI

Certification Range [CR) -
Test concentration [TC) -

98,4 mgim3 (MCERT ! €0 ppm|
82,0 mgim3 (MCERT { 50 ppm)

EN 14181 - QAL 1

MIR 9000

Emission limit value (ELV) : 10,0 mgim3 corrected to dry @11%v02 [daily) Emvirnnmement .4
. _ u (HCI) 2
Partial uncertainty Result of MCERT test {mgim3} w* [HCI) Remiarks.
% of mgim3 mgim3
Refer to “Formula™ sheet. Equation n® x CRorTC | referredto | referred to
CRarTC ELV
n*1 - Uncertainty due to Fneanty (lack of fith u,, 0.710% 0,629 0,402 0.1627|MCERT Labaratory Evaluation Report page 18-Table a
n*2 - Uncertainty due fo zero dnift :w,zero drift) - - - Zero drift < Span drift - not considered
173 - Unesrtamty dus o span 8nft  ueqzpan drif) 1.700% 1,904 0,170 0,028 {1_00GE|MCERT Field Evaluation Report - Page 27 (% TG/ week]
n*4 - IUncertanty relating from wariations in ambient presssure P, MLA |, no sensitivity 1o atmospheric pressure variations
expressed as standand deviation tu ., MLA. NA. NA 0.000 0.0000 (compensation)
n*3 - Uncertainty relating from wvariatons in ambient P - MCERT Laboratory Evaluation Report page 30-Table 10a
temperature expressed as stamdard deviation © Uy, 138E% il 1.248 1.B1D5 \interpolation at 20°C +/-5°C)
CEFRT Ei i Tl T
n*f - Uncertanty due fo cross interfarences © W psdint) 1,582 -0.813 0.B343 M"."_? Labaratory .‘"Ialmucn HEFF'_' page 22-Table 7a. Mad
i L interferences +, L nterferences -
07 - Standard deviation of repeatability at zam - Sr.o 0.045% D045 0026 | 0,0007|MCERT Laboratory Evaluation Report page 26-Table £a. S
n°8 - Standard dewviation of repeatability 3t fest concentraton | ooy 0175 D475 | 0.0305|p 27 tab 9a repeatability divided by ¢ student | 2,85)
i |
n*8 - Uncertainly due to span Gas unaccuracy | U, 2.,000% 0,20 0,115 0.0133|=pan gas relative accuracy - 2%
S0 e i _ . A . Measurements are made on 3 dry sample thanks o SEC
10 - Uncertanty relating from somection 1o &y - ey MLA. N.A. M.A NA N.A. sampling dewice (permeation-based)
I 2_B610|5um of u® [HCI), without 02 comrection
'"u” - Uncertanty relatng from nfluence of com=cton bo 02 0.0335|Refer to "02 " uncertainty calculation sheet
- o
2.8945|5um of u* [HTI), with G2 comrecticn
z 5 Cc-'nl:-ined Encertanty U, I_HCI:I 1,681 mgm3 (dry without 02 comection) |—:_:J 2 (HCT)
=m Combined uncertznty u, (HCl 1,701 mg/m3 {dry with 02 correctiony
— Expanded uncertainty U {HCI] at 95% confidence inferval (K=2] : 3.38 mg Im2 {dry without 02 correction]
—a, Expanded uncertainty U {HCI} at 95% confidence inferval (K=2] : 3,40 mg 'm3 (dry at 11%02)
|[Expanded uncertainty U (HCI) at 95% ¢ enice interval (K=2) 0% « / (dry @11%02)

Calculations made according to EN 1510 14858 Standard - MIR HCI data - wd, December Sth, 2004 - DMIEA
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EN 14181 - QAL 2

Quality Assurance of Automated Measuring Systems

“(QAL 2) to calibrate the AMS and determine the variability of the measured
values obtained by it; so as to demonstrate the suitability of the AMS for its
application, following installation;”




Appendix 1 - Raw Data, Calculations & Graphs
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- EN 14181 - QAL 2

Hvdrogen Chloride - x-v Plot of Parallel Measurements

y=1.1002¢ - 0.1106
R*=0.0081

_—

5
, / |
5

 Instrument Compared to Standard
Reference Method (SRM) in a
Parallel Test.

» Results From Two Instruments
Compared and Linear Calibration
Function Generated

e All Data from the AMS is now
Calibrated in Software Against
This Function.

» Range of Data used to Generate
Function Provides Valid
Instrument Range. Emissions
Should Remain Within This Range
or New QAL 2 Performed.
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* Once the tests have taken
place and the successful
report has been issued, the
data is utilised by the
software package

e The AMS must be calibrated
to the SRM results

 Various software packages
are available with an
additional upgrade specifically

QAL 2 Report

(S M, Sy o oy

1
......




) ﬁpnﬁoring & control for your environment

Example QAL 2 software

§F CDAS 2004 DATA COLLECTION MODULE
File Wiew Edit Help
Demo MIF |
Instrument EN 14181 Calibrated 4
T ag Dezcription Yalue Scale Gradient [ntercept YWalue L=
Gas 1 [HE EE [ | o EE = %
Gias 2 |soz |237 [ | o |23.7 E
Gas3  |ND jo =y [1 o o =
Gasd4  [NDZ E [ fi [ [ 5
Gas5  |CO |6.4 [y [1 [ 6.4 §
Gas B [HF E [ | o o g
Gas 7 [Hz20 |9582 (o [ o |58z —
Gas B |coz E [ [ |0 |0
Gas 9 |oz |22 [ [ |0 |22 |
Gas10  [item 10 [ (e | |o |0
Gas11  [iterm 11 |3000 (e | o {3000
”‘ Gas12  [item 12 | 4000 [ 1 [ |4000
Gas13  [ltem13 [N [t | |0 WA,
“ Haw1d literm 14 T s L I In I =
i




.J‘ control for your environment
EN 14181 - QAL 3

Quality Assurance of Automated Measuring Systems

“(QAL 3) to maintain and demonstrate the required quality of the measurement
results during the normal operation of the AMS, by checking that the zero and
span characteristics are consistent with those determined during QAL 1;”




 Regular zero and span check to ensure equipment
continues to meet the uncertainty specification.

EN 14181 - QAL 3

» Results of these measurements need to be recorded.

« Analysis of the all recent recorded results must be
performed.

» If necessary actions must be taken if results of analysis
show problems with performance of the monitoring system.




- EN14181 - Analysis of Results

« EN 14181 QAL 3 allows for two methods of analysing
results.

e Shewhart Chart
« CUSUM

e A report will be generated upon completion of the QAL
3 calibration and any problems arising should be
clearly noted on the report.

» Possible to recreate old reports as well as viewing
results of the calibration.
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EN 14181 - QAL 3

Weekly QAL 3 Report
Gosford Incinerator
CUSUM Chart for CO : Analyser MIR9000
Report Generated 10" January 2005
Report for Data from 2/9/04 to 5/1/05

Action limit for R

Action limit for X-Xo -

Summary of Analysis

S,ms = 0.789
Drift

S,>2.850 S, : 2.850 > 2.249 OK
S,>0.501 S, : 0.254 > 0.395 OK

Precision

S,>6.900 S, : 3.900 > 5.444 OK
S,>1.850 S, : 1.150 > 1.460 OK
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EN 14181 - QAL 3

* When a QAL 2 is completed the AMS should be QAL 3 “ready”.

 Analysers need to carry out calibration checks against span gas and zero

readings at regular intervals.
 Results of these measurements need to be recorded.

* Analysis of all recently recorded results must be perfor

QAL3 Report For VOC from 28 February 2005 to 04 May 2005
Report Printed At 09:14:03 On The 04 May 2005

EM14181 QAL 3 Span Drift CUSUM Charl for Stream One FID : VOC
[ Pouitive it [ & ] Magstive Diift

¥
~
04 4
. /'
Ly i /
F <
ot b
-
F -
54 o < ~o
o S~o
o bt i —
Tue ¥ ug 22 Fnis
War 2005
Stream One FID VOC Sams Valus = 0 48
I - Stream COne F

AL 3 REPORTS

Data logging & Control of
- Gas injection

IR analyser
al Gas BOX
FID Analyser



« AST - Annual Survelllance Test used to ensure QAL 2

EN 14181 - AST

calibration function is maintained. Consists of
alignment/cleaning of sampling system, leak test, zero/span,
linearity, response time, interference check plus 5 parallel

measurements spread evenly over one day, checking

documentation and records followed by issuing of a report
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Summary

Find out all of your stack conditions - temp, moisture,
flow, particulate....

Select the best technique for your environment — In-situ,
Extractive....

Compliant with relevant standards — WID, LCPD,
MCERTS...

Select a company who have the backup for all
Integrated products

Select a software package which is flexible

Turnkey contract from design to commissioning
Remote diagnostics if possible

lex systems - Justifiable?



