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Monitoring Objectives
The monitoring was undertaken to check compliance with authorised emission limits.

All monitoring procedures were carried out to the MCERTS requirements under the REC Environmental
Monitoring quality system to ISO 17025: 2005.

Monitoring was undertaken for the listed emissions from the following sampling positions:

Sampling Location Emission

Environmental Chamber Room 2 Total organic carbon

Special Monitoring Requirements

There were no special requirements for this monitoring campaign.

Summary of Methods

Emission Method number Method standard
Gas velocity and volume flow TPM/01A BS EN ISO 16911-1:2013
TOC TPM/13 BS EN 12619 : 2013




Linx Printing Technologies Limited, St Ives, Permit No: B18/14, R/15-6357, v1
Visit 1 of 2015

Page 4 of 22

Summary Of Results

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty | Detection Mass
St Ives Time Result Limit +/- Limit Emission
Environmental Chamber Room 2 Date Start End mg/m** mg/m** mg/m** mg/m** g/h
TOC 04/11/15 09:45 | 11:15 16.5 75 1.2 0.2 71
* at reference conditions Stack Gas Weight 0°C Without correction for moisture
29.00 Kg/kmol 101.3 kPa Oxygen No Correction %
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273 K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable #i - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

v

7CERT, All tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise stated.
Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.
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Summary Of Results, Exhaust Gases

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty Detection Mass
St lves Time Result Limit +/- Limit Emission

Environmental Chamber Room 2 Date Start End mg/ms" mg/ms" mg/ms" mg/ms" gh
TOC Test 1 04/11/15 09:45 10:15 30.5 75 1.3 0.2 13.1
TOC Test 2 04/11/15 10:15 10:45 17.7 75 1.2 0.2 7.6
TOC Test 3 04/11/15 10:45 11:15 1.2 75 1.2 0.2 0.5
* at ref Stack Gas Weight 0°c Without correction for moisture
Conditions 29.00 Kg/kmol 101.3 kPa Oxygen No Correction_2%
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable ## - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Al tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise
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Operating Information

The table below shows details of the operating information on each sampling date for: Environmental Chamber Room 2
Date Process type Process Fuel Feedstock Abatement Load
duration
04/11/2015 Environmental Test Continuous N/A Methyl Ethyl None Three
Chamber Ketone printers being
tested at 50°C

There are no CEM's available on this process.

Comments & Monitoring Deviations

A waste gas homogeneity test to BS EN 15259:2007 (MID) is not required:-
The homogeneity test is not applicable to non-combustion processes.

The homogeneity test is not applicable to duct areas less than 1m?.

All monitoring was performed in accordance with the relevant procedures.
The sampling location is a vertical duct.

Only one sample port was available on the vertical duct.

The velocity and temperature profile at the sampling location met the requirements of BS EN 13284-1: 2002.

When the results are expressed as non-detected the mass emissions are calculated from the detection limit and therefore they are worst
case results.
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Emission Monitoring Procedures And Instrumentation

Gas velocity and temperature

Documented in-house procedure ~ TPMO1/A  to the main procedural requirements of BS EN ISO 16911-1:2013
Velocity and temperature measurements are performed using a calibrated Pitot tube, a calibrated pressure
differential reading device and a calibrated thermocouple. Velocity and possible flow deviation measurements are
carried out at selected, representative points in the gas stream.

Total organic carbon

Documented in-house procedure TPM/13  to the main procedural requirements of BS EN 12619:2013.
Continuous analysis using probe, sample line and multi range Flame lonisation Detector (FID) analyser. The
analyser is calibrated before and during the tests using certified gas mixtures of nitrogen, oxygen and propane.
Sampling points are selected in accordance with the findings of any BS EN 15259 assessment.
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Sampling Project Personnel Competency And Expiry Dates

MCERTS No  Level 1 Level 2 TE1 TE2 TES3 TE4
Report prepared by: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Report authorised by: Derek Myers MMO2 115 - 30/09/2017 31/05/2018 30/11/2018 30/11/2018 30/11/2018
Team leader: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Team leader: Aidan Wrynne MMO08 921 - 31/05/2017 31/05/2017 31/11/2018 30/11/2017 30/06/2018

Equipment References

Equipment Reference Number
FID AQ271
Heated Line HL40
Heated Filter Sintered
Stack Thermocouple PTTS97
Timer / Stopwatch ST41
Barometer WS03
Pitot PT129
Thermometer TK28
Manometer P103
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Date 04/11/2015 Barometric pressure 101.0 [kPa Stack Diameter (circular) 0.20 [m
Time 11:35 Duct static pressure 0.01 kPa
Pitot Cp 1.01 Stack Area 0.031 [m?
Traverse || Traverse Depth AP T Angle velocity || Traverse Depth AP T Angle velocity
Point Line cm mmH,0 e © m/s Line cm mmH,0 oG © m/s
A B
2 A B
3 A B
4 A B
5 A 5.0 1.1 53 <15 4.6 B
6 A 71 1.1 53 <15 4.6 B
7 A 12.9 1.2 53 <15 4.8 B
8 A 15.0 1.0 53 <15 4.3 B
9 A B
10 A B
11 A B
12 A B
Average Pitot DP 112  |mmH,0
Average Temperature 326.2 |[K
Average Velocity 4.6 m/s
Average volumetric flow rate 0.14  [m¥%s at stack conditions
Average volumetric flow rate 0.12  |m¥s (wet STP)

Sampling plane requirements Re: BS EN 13284-1:2001 5.2

a Angel of gas flow less than 15° with regard to duct axis YES
b No local negative flow YES
G Minimum pitot greater than 5Pa YES
d Ratio of highest to lowest local gas velocity less than 3:1 YES

Minimum local gas velocity 4.3

Maximum local gas velocity 4.8

Ratio of highest to lowest local gas velocity 1.10

Preliminary Velocity Traverse Data
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Date 04/11/2015
From 09:45 to 10:15 30 minute mean
IVolatile organic compounds vppm, wet | 19.00 mg/m3* 30.54
From 10:15 to 10:45 30 minute mean
I Volatile organic compounds vppm, wet | 11.03 mg/m3* 17.72
From 10:45 to 11:15 30 minute mean
IVoIatiIe organic compounds vppm, wet 0.77 mg/m3* 1.23
Sampling Detection Limits
IVoIatiIe organic compounds vppm 0.10 mg/m3* 0.16
Reference Gas Details
Species Units Value Cylinder Analyser Uncertainity
Reference Range K =2
INitrogen % 99.999 VCK01959 - +2
IVoIatiIe organic compounds vppm 74.7 V(C59841 100 +2
Zero And Span Gas Details
Species units Initial Time 08:54 Final Time 17:55
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 0.12 75.08

Exhaust Gas Continuous Analysis Data
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Chart 1 - VOC Emissions Data - Environmental Chamber Room 2, 04/11/2015
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Diagram Of The Sampling Location

Diagram of sampling points across the cross section of the duct (not to scale).

Traverse length = 0.20 m
Point % of D Location
cm
1 50.0 10.0

Environmental
Chamber Room 2
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General Calculations

Stack area:
2
Areaof acirde="—
D= Diameter (m)
= 3.142

Pressure conversion:

1mmH20 = 0.00980665 kPa
1mmH20 = 9.80665 Pa
1 mar = 0.1 kPa

Water vapour concentration:
From reference calculations (taken from BS EN 14790):

Myc 'Vmol(std)
M
Viveen = v = %100
Muc - Vinol (std) v
M + Vin(sta)
W

VWC (%) = Water vapour content on wet basis, in volume % (m® of water vapour in m* of wet gas)
Vm(std) = Dry gas volume measured, corrected to standard conditions (m?®)
mWC = Mass of water collected in the impingers (g)
Mw = Molecular weight of water, 18.01534 rounded to 18 (g/mol)

Vmol(std) = Molar volume of water at standard conditions = 0.0224 (m3/mol)

Gas meter volume at standard conditions (STP)
From reference calculations (taken from BS EN 14790):

T m
Vinsiay = Ya X (V2 _Vl)x-l-idxp_

m std
Vm(std) = Dry gas meter volume at standard conditions (m®)
yd = Gas meter calibration coefficient
(Va-v1) = Dry gas meter volume at actual conditions (m?®)
Tm = Actual Temperature (K)
Tstd = Standard temperature (273 K)
pm = Absolute pressure at the gas meter (kPa)
pstd = Standard gas pressure (101.3 kPa)

Isokenetic Ratio (%):
From reference calculations (taken from EA TGN M2):

Velocity at the sampling nozzle
Velocity of the stack gas

x100

IsokineticRatio(%) =

Estimating Measurment Uncertainty
Uncertainty estimates are calculated using the general rule of uncertainty propagation. Guidance is taken from
publications including UKAS document M3003 and ISO 20988:2007.
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Flow Calculations

Velocity:
From reference calculations (taken from ISO 10780):

Visit 1

v=KC, |TAP
P. M

v=  Average velocity (m/s)
C= velocity calculation constant = 129
Ts=  Average stack temperature (K)
Ms = Molar mass of gas; assume 29 kg/kmol unless the molar mass is < 27 kg/kmol or > 31 g/kmol
K= Pitot calibration coefficient
Pe =  Absolute gas pressure (kPa)

AE’ — Average pitot tube pressure differencial (kPa)

Volume flow rate
From reference calculations (taken from ISO 10780):

Q. = VA
gva = Average flow rate ( ms/s)
v= Average velocity (m/s)
A= Stack cross-sectional area (mz)

Volume flow rate corrected for moisture
From reference calculations (taken from BS ISO 9096):

4 =q (100-H,)
m v (100- Hm)
gm = Corrected volume flowrate (ms/s)
gva=Volume flow rate at actual conditions (m%/s)
Ha=  Moisture at actual conditions (%volume)

Hm = Reference moisture (%ovolume)

Volume flow rate corrected for temperature and pressure
From reference calculations (taken from BS ISO 9096):

_. (T,p)
qm - qva
(Ta Pw)

gm = Corrected volume flowrate (m?/s)
gva= Volume flow rate at actual conditions (m%/s)
Ta=  Temperature at actual conditions (K)
Tm = Reference Temperatue (K)
pa=  Absolute gas pressure at actual conditions (kPa)

pm = Reference pressure (kPa)

Volume flow rate corrected for oxygen
From reference calculations (taken from BS ISO 9096):

_(209-0,,4)
in = Gl (209-0,,)
gm = Corrected volume flowrate (ms/s)

gva= Volume flow rate at actual conditions (m?/s)
02,m = Actual oxygen concentration (%)
02, ref = Reference oxygen concentration (%)

of 2015
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Concentration Calculations

Concentration:
From reference calculations (taken from BS EN 13284-1):

m
C=—
\Y/
c= Concentration
m = Mass of substane
V= Volume sampled

Mass Emission
Mass emission= cxq,,

c= Concentration
g= Volume flow rate

Concentration corrected for oxygen:
From reference calculations (taken from BS ISO 9096):

209-0,
Ch=CX—————
209-0,,

cm= Concentration at reference conditions
ca= Actual concentration

02, ref = Reference oxygen (%)

02, a= Actual Oxygen (%)

Concentration corrected for moisture:
From reference calculations (taken from BS ISO 9096):

Convert wet gas to dry gas

100
Cary = Cwet X750 1

Convert dry gas to wet gas

6. =c, 100—H,
et dry 100
cwet = Concentration wet gas
cdry = Concentration dry gas
Ha = Water vapour content (%vol)

Conversion of parts per million (ppm) to mg/m3
From reference calculations (taken from EA TGN M2):

Concentration(mg / ) = Concentration( ppm) xmolecular weight(g)

molar volume(l) at a given temper ature

molar volume at 273K = 22.4 litres

When Converting TOC

Page 19 of

_ Concentration( ppm) xmolecular weightof carboninspangas(g)

Concentraton(mg/ m®) = _
molar volume(l) at a given temper ature

molar volume at 273K = 22.4 litres

22
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Calculation of Uncertainty Estimates - Instrumental Monitoring Techniques

Model equation

P
Copm = Creading + Corty, +Corg,, +Corr +Corr, +Corr,; + ZCor(nf +Corr,
i=1

Where:
C oom = concentration in ppm Corr g = correction of repeatability of measurement
C Noreading = concentration given by analyser Corr 5 = correction of adjustment
Corr g = correction of lack of fit Corr iy = correction of influence quantities
Corrggr = correction of zero drift Corr it = correction of interferents
Corrg g = correction of span drift
Calculation of partial uncertainties
u(Corrg) = X fit mexc Where:

100x range Xiit,max is the maximum allowable deviation from linearity

NE

Expressed as % of the range and calculated by applying a rectangular probability distribution

u(Corro g) = Xoar u(Corrs g) = Xsar
73 NE
u(Corryep) = max (So,rep ; Ssrep) = Srep
Where:
Sio is the standard uncertainty at zero level
Sis is the standard uncertainty at span level
u(Corrag) = u(Corrss) + u(Corrgy) Where:
c u(Corrss) is the uncertainty due to losses in sample line
U(Corriss) = \7\7033 u(Corrgy) is the uncertainty due to losses in sample line
3 Clyloss is the concentration of sample loss at span level
u(Corrgy) = % Uca is the expanded uncertainty of the calibration gas
2
u(Corr i) - (Xi.max X e )2+(Xj,min_xj,adj )X(Xj,max _Xj,adj)+(xj,min_xj,adj )2
! 3
Where:
[} is the sensitivity coefficient of the influence quantity
X min is the minimum value of the influence quantity during monitoring
X max is the maximum value of the influence quantity during monitoring
Xjadj is the value of the influence quantity during adjustment
2 2
o} \/ Int; o +Int; axInt; o+t
u(Corr inr) =
INt; o 3
and Where:
[} is the sensitivity coefficient of the interferent j
u( ZCorr ) = max lSm,p; Sm,nJ INt;jest is the concentration of the interferent j used to determine c;
INt; i is the minimum value of the interferent j quantity during monitoring
1Nt max is the maximum value of the interferent j quantity during monitoring
Int; o is the concentration of the interferent j in the cal gas used to adjust the analyser
Sintp is the sum of interferents with positive impact
Sintn is the sum of interferents with negative impact

Combined uncertainty

u(C, ppm) =
\/uz(corrm )+ uz(corrovdr )+ uz(corrsvdr )+ uz(corr,qD)Jr uz(corrw )+ uz(corrav p,§)+ uz(corr(em )+ u?(corr,,, )+ uz(corradl )+ S’
Overall expanded uncertainty (k = 2) u(c,)=u(c,)xk
Uncertainty of NOx measurements
Where:
u(C nox s conv) CNOx X R><77 Cnox is the concentration of NOx measured by the analyser
\/é R is the ratio of NO:Nox in the stack gas
n is the NOx converter efficiency

Combined uncertainty NOx measurements

U(C nox s stack ) =

\/uz(oorrm)+ u?(corry g, )+ u?(corr,, )+ uz(corr@ )+ uz(oorrsvw )+u?(corr, . )+u?(cor lerp )+u?(corr,,, )+ uz(oorram. )+, 2+ U2(COr oy cony )

a, press

Uncertainty of mass concentration at oxygen reference concentration

U(C, ozref) =

2 2 2 2 2 2 2 2 2 2 u2 (Oz,mms,dry)
u (OOI’I’,Il )+ u (OOHM, )+ u (oorrs'd, )+ u (oorr,ep )+ u (OOT I )+ u (oorravp,a)+ u (oorrlm )+ u (00”\,Oll )+ u (OOT radj )+ Sm + 21-0

( — Z,maas,dry)

Where:
U(C,0p rey) = uncertainty associated with the mass concentration at O, ref. concentration in mg/m3
C,02 e = mass concentration at O, reference concentration in mg/m3
O3 meas = O, measured concentration in % volume

U((Oz2meas)ary) = uncertainty associated to the measured O, concentration in % (relative to Oz meas)
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0=Nocorrection)
Test 1 Test2 Test3
Limit value mg/m® 75 75 75
Limit value ppm 46.7 46.7 46.7
Measured concentration ppm 19.0 11.0 0.8
Measured concentration mg/m® 30.5 17.7 1.2
Concentration at O, ref. concentration mg/m® N/A N/A N/A
Calibration gas ppm 74.7 74.7 74.7
Calibration gas mg/m® 120.1 120.1 120.1
Analyser range ppm 9.3 9.3 9.3
Analyser range mg/m® 15.0 15.0 15.0
Correction of Lack of Fit
Lack of fit [ %range | 2.0 [ 2.0 [ 2.0 |
[uCorrd | 041 | o041 | od1 |
Corrections of Zero and Span Drift (*All drift is calculated for ... the residual is assumed to be < 5% u(max) )
Zero Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Span Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level [ %range | 0.0 [ 0.0 [ 0.0 |
(Not reported) [uCorre) | 000 [ 000 | 000 |
Correction of adjustment
losses in the line % range 0.27 0.27 0.27
u(Corr,jgss) 0.03 0.02 0.00
Uncertainty of calibration gas % range 2.0 2.0 2.0
u(Corr,ca) 0.19 0.11 0.01
Correction of Influence of Interferents
N,O % range
u(Corr,n0) 0.00 0.00 0.00
CO, % range
u(Corr,co2) 0.00 0.00 0.00
CH, % range
u(Corr,cha) 0.00 0.00 0.00
Total of interferent influences % range 2.50 2.50 2.50
u(ECorting = XS g Sl U(SCorrp) | 0.16 0.16 0.16

Correction of Influence Quantities

Sensitivity to sample volume flow % range 1.60 1.60 1.60

u(Corr,ow) 0.09 0.09 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00 0.00 0.00
Sensitivity to ambient temperature % range -2.40 -2.40 -2.40

u(Corr,temp) -0.28 -0.28 -0.28
Sensitivity to electrical voltage % range 0.50 0.50 0.50
(Not reported) u(Corr,,q1) 0.10 0.10 0.10
[Maximum standard uncertainty [uCorrmad [ 019 [ 0.11 [ o1 |
[5% of maximum standard uncertainty | u(Corrs) [ 0.01 [ o0t [ o0t |
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mg/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 mg/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 mg/m®
Influence Quantitiy Variations

Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 \
Measurement uncertainty Test 1 Test 2 Test 3
Combined uncertainty ppm 0.41 0.38 0.36
Combined uncertainty mg/m® 0.66 0.61 0.59
Combined uncertainty at oxygen reference mg/m® 0.66 0.61 0.59
Expanded uncertainty expressed with a level of confidence of 95%, k=2
Overall uncertainty ppm 0.8 0.8 0.7
Overall uncertainty mg/m® 1.3 1.2 1.2
Overall uncertainty relative to measured value % 4.3 6.9 95.3
Overall uncertainty relative to range % 8.8 8.2 7.8
Overall uncertainty relative to ELV % 1.1 1.0 1.0

The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Monitoring Objectives
The monitoring was undertaken to check compliance with authorised emission limits.

All monitoring procedures were carried out to the MCERTS requirements under the REC Environmental
Monitoring quality system to ISO 17025: 2005.

Monitoring was undertaken for the listed emissions from the following sampling positions:

Sampling Location Emission

Fume Cupboard Extract Vent Total organic carbon

Special Monitoring Requirements

There were no special requirements for this monitoring campaign.

Summary of Methods

Emission Method number Method standard
Gas velocity and volume flow TPM/01A BS EN ISO 16911-1:2013
TOC TPM/13 BS EN 12619 : 2013
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Summary Of Results

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty | Detection Mass
St Ives Time Result Limit +/- Limit Emission
Fume Cupboard Extract Vent Date Start | End mg/m* mg/m* mg/m* mg/m* g/h
TOC 04/11/15 11:20 | 12:50 2.3 75 1.2 0.2 2.9
* at reference conditions Stack Gas Weight 0°C Without correction for moisture
29.00 Kg/kmol 101.3 kPa Oxygen No Correction %
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273 K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable #i - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

v

7CERT, All tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise stated.
Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.

e,
N ,
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Summary Of Results, Exhaust Gases

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty Detection Mass
St Ilves Time Result Limit +/- Limit Emission

Fume Cupboard Extract Vent Date Start End mg/m** mg/m** mg/m** mg/m** gh
TOC Test 1 04/11/15 11:20 11:50 6.0 75 1.2 0.2 7.7
TOC Test 2 04/11/15 11:50 12:20 0.3 75 1.2 0.2 0.4
TOC Test 3 04/11/15 12:20 12:50 0.5 75 1.2 0.2 0.6
* at ref Stack Gas Weight 0°c Without correction for moisture
Conditions 29.00 Kg/kmol 101.3 kPa Oxygen No Correction_2%
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable ## - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

e,
SN,

{

oy

M Al tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise
stated. Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.

o

N
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Operating Information

The table below shows details of the operating information on each sampling date for: Fume Cupboard Extract Vent
Date Process type Process Fuel Feedstock Abatement Load
duration
04/11/2015 Laboratory Fume Continuous N/A Methyl Ethyl None Normal
Cupboard Ketone, Operation
Acetone &
Ethanol

There are no CEM's available on this process.

Comments & Monitoring Deviations

A waste gas homogeneity test to BS EN 15259:2007 (MID) is not required:-
The homogeneity test is not applicable to non-combustion processes.

The homogeneity test is not applicable to duct areas less than 1m?.

All monitoring was performed in accordance with the relevant procedures.
The sampling location is a vertical duct.

Only one sample port was available on the vertical duct.

The velocity and temperature profile at the sampling location met the requirements of BS EN 13284-1: 2002.

When the results are expressed as non-detected the mass emissions are calculated from the detection limit and therefore they are worst
case results.
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Emission Monitoring Procedures And Instrumentation

Gas velocity and temperature

Documented in-house procedure ~ TPMO1/A  to the main procedural requirements of BS EN ISO 16911-1:2013
Velocity and temperature measurements are performed using a calibrated Pitot tube, a calibrated pressure
differential reading device and a calibrated thermocouple. Velocity and possible flow deviation measurements are
carried out at selected, representative points in the gas stream.

Total organic carbon

Documented in-house procedure TPM/13  to the main procedural requirements of BS EN 12619:2013.
Continuous analysis using probe, sample line and multi range Flame lonisation Detector (FID) analyser. The
analyser is calibrated before and during the tests using certified gas mixtures of nitrogen, oxygen and propane.
Sampling points are selected in accordance with the findings of any BS EN 15259 assessment.
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Sampling Project Personnel Competency And Expiry Dates

MCERTS No  Level 1 Level 2 TE1 TE2 TES3 TE4
Report prepared by: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Report authorised by: Derek Myers MMO2 115 - 30/09/2017 31/05/2018 30/11/2018 30/11/2018 30/11/2018
Team leader: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Team leader: Aidan Wrynne MMO08 921 - 31/05/2017 31/05/2017 31/11/2018 30/11/2017 30/06/2018

Equipment References

Equipment Reference Number
FID AQ271
Heated Line HL40
Heated Filter Sintered
Stack Thermocouple PTTS97
Timer / Stopwatch ST41
Barometer WS03
Pitot PT129
Thermometer TK28
Manometer P103
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Date 04/11/2015 Barometric pressure 101.0 [kPa Stack Diameter (circular) 0.20 [m
Time 09:32 Duct static pressure 0.06 [kPa
Pitot Cp 1.01 Stack Area 0.031 [m?
Traverse || Traverse Depth AP T Angle velocity || Traverse Depth AP T Angle velocity
Point Line cm mmH,0 e © m/s Line cm mmH,0 oG © m/s
A B
2 A B
3 A B
4 A B
5 A 5.0 7.8 21 <15 11.5 B
6 A 71 8.4 21 <15 11.8 B
7 A 12.9 9.3 22 <15 125 B
8 A 15.0 9.8 22 <15 12.8 B
9 A B
10 A B
11 A B
12 A B
Average Pitot DP 8.80 mmH,0
Average Temperature 2947 |K
Average Velocity 121 m/s
Average volumetric flow rate 0.38  [m%s at stack conditions
Average volumetric flow rate 0.35 [m¥%s (wet STP)

Sampling plane requirements Re: BS EN 13284-1:2001 5.2

a Angel of gas flow less than 15° with regard to duct axis YES
b No local negative flow YES
G Minimum pitot greater than 5Pa YES
d Ratio of highest to lowest local gas velocity less than 3:1 YES

Minimum local gas velocity 11.5

Maximum local gas velocity 12.8

Ratio of highest to lowest local gas velocity 1.12

Preliminary Velocity Traverse Data
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Date 04/11/2015
From 11:20 to 11:50 30 minute mean

IVolatile organic compounds | vppm, wet | 3.76 | mg/m3* | 6.05 ]
From 11:50 to 12:20 30 minute mean

I Volatile organic compounds | vppm, wet | 0.21 | mg/m3* | 0.34 |
From 12:20 to 12:50 30 minute mean

IVoIatiIe organic compounds | vppm, wet | 0.30 | mg/ms3* | 0.48 |

Sampling Detection Limits
IVoIatiIe organic compounds vppm 0.10 mg/m?3* 0.16

Reference Gas Details

Species Units Value Cylinder Analyser Uncertainity
Reference Range K =2
INitrogen % 99.999 VCK01959 - +2
IVoIatiIe organic compounds vppm 74.7 V(C59841 10 +2

Zero And Span Gas Details

Species units Initial Time 08:54 Final Time 17:55
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 0.12 75.08

Exhaust Gas Continuous Analysis Data
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Chart 1 - VOC Emissions Data, Fume Cupboard Extract Vent, 04/11/2015
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Diagram Of The Sampling Location

Diagram of sampling points across the cross section of the duct (not to scale).

Traverse length = 0.20 m
Point % of D Location
cm
1 50.0 10.0
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General Calculations

Stack area:
2
Areaof acircle =—
D= Diameter (m)
= 3.142

Pressure conversion:
1mmH20 = 0.00980665 kPa
1mmH20 = 9.80665 Pa

1 mar = 0.1 kPa

Water vapour concentration:
From reference calculations (taken from BS EN 14790):

I"n\NC 'Vmol(std)

M
Ve = Y w %100
rn\/VC * Y'mol (std) V
M + m(std)
W
VWC (%) = Water vapour content on wet basis, in volume % (m® of water vapour in m* of wet gas)
Vm(std) = Dry gas volume measured, corrected to standard conditions (m?®)
mWC = Mass of water collected in the impingers (g)
Mw = Molecular weight of water, 18.01534 rounded to 18 (g/mol)

Vmol(std) = Molar volume of water at standard conditions = 0.0224 (m3/mol)

Gas meter volume at standard conditions (STP)
From reference calculations (taken from BS EN 14790):

.
Vistay = Ya X (Vs _Vl)xs_tdxh

Tm std
Vm(std) = Dry gas meter volume at standard conditions (m®)
yd = Gas meter calibration coefficient
(Va-v1) = Dry gas meter volume at actual conditions (m?®)
Tm = Actual Temperature (K)
Tstd = Standard temperature (273 K)
pm = Absolute pressure at the gas meter (kPa)
pstd = Standard gas pressure (101.3 kPa)

Isokenetic Ratio (%):
From reference calculations (taken from EA TGN M2):

Velocity at the sampling nozzle
Velocity of the stack gas

x100

IsokineticRatio(%) =

Estimating Measurment Uncertainty
Uncertainty estimates are calculated using the general rule of uncertainty propagation. Guidance is taken from
publications including UKAS document M3003 and ISO 20988:2007.
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Flow Calculations

Velocity:
From reference calculations (taken from ISO 10780):

Visit 1

v=kKC |[LAP
P. My

v=  Average velocity (m/s)
C= velocity calculation constant = 129
Ts=  Average stack temperature (K)
Ms = Molar mass of gas; assume 29 kg/kmol unless the molar mass is < 27 kg/kmol or > 31 g/kmol
K= Pitot calibration coefficient
Pe =  Absolute gas pressure (kPa)

AB — Average pitot tube pressure differencial (kPa)

Volume flow rate
From reference calculations (taken from ISO 10780):

d,, =VA
gva= Average flow rate ( ms/s)
v= Average velocity (m/s)
A= Stack cross-sectional area (mz)

Volume flow rate corrected for moisture
From reference calculations (taken from BS ISO 9096):

0 =g (100-H,)
m v (100-H m)
agm = Corrected volume flowrate (ms/s)
gva=Volume flow rate at actual conditions (m%/s)
Ha=  Moisture at actual conditions (%volume)

Hm = Reference moisture (%ovolume)

Volume flow rate corrected for temperature and pressure
From reference calculations (taken from BS ISO 9096):

q =g, TnP)
t (T, Py
gm = Corrected volume flowrate (m?/s)
gva= Volume flow rate at actual conditions (m%/s)
Ta=  Temperature at actual conditions (K)
Tm = Reference Temperatue (K)
pa=  Absolute gas pressure at actual conditions (kPa)

pm = Reference pressure (kPa)

Volume flow rate corrected for oxygen
From reference calculations (taken from BS ISO 9096):

_ (20'9_02,ref )

qm - qva ‘209—02m j

agm = Corrected volume flowrate (m*/s)

gva= Volume flow rate at actual conditions (m?/s)
02,m = Actual oxygen concentration (%)

02, ref = Reference oxygen concentration (%)

of 2015
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Concentration Calculations

Concentration:
From reference calculations (taken from BS EN 13284-1):

m
C=—
V
c= Concentration
m = Mass of substane
V= Volume sampled

Mass Emission
Mass emission=cxq,,

c= Concentration
gq= Volume flow rate

Concentration corrected for oxygen:
From reference calculations (taken from BS ISO 9096):

20.9-0,
Cp=CiX———————
20.9-0,,

cm= Concentration at reference conditions
ca= Actual concentration

02, ref = Reference oxygen (%)

02, a= Actual Oxygen (%)

Concentration corrected for moisture:
From reference calculations (taken from BS ISO 9096):

Convert wet gas to dry gas

100
Cay = Cuwet X004

Convert dry gas to wet gas

c =c ><100— H,
wet dry 100
cwet = Concentration wet gas
cdry = Concentration dry gas
Ha = Water vapour content (%vol)

Conversion of parts per million (ppm) to mg/m3
From reference calculations (taken from EA TGN M2):

Concentraiion(mg /m?) = Concentration(ppm) xmolecular weight(g)

molar volume(l) ata given temperatue

molar volume at 273K = 22.4 litres

When Converting TOC

Page 19 of

Concentration( ppm) xmolecular weightof carboninspangas(g)

Concentraton(mg /m?®) = -
molar volume(l) ata given temperature

molar volume at 273K = 22.4 litres

22
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Calculation of Uncertainty Estimates - Instrumental Monitoring Techniques

Model equation

p
Cpom = Creading + CoIY +Corg . +Corg . +Corr,, +Corg,, + ZCor(nf +Corr,
i=1

Where:
C opom = concentration in ppm Corr g = correction of repeatability of measurement
C Noreading = concentration given by analyser Corr 5 = correction of adjustment
Corr g = correction of lack of fit Corr iy = correction of influence quantities
Corrggr = correction of zero drift Corr it = correction of interferents
Corrg g = correction of span drift
Calculation of partial uncertainties
u(Corrg) = X fit.max Where: . . o . .

100x range Xiit,max is the maximum allowable deviation from linearity

73

Expressed as % of the range and calculated by applying a rectangular probability distribution

u(Corrg 4) = Xoar u(Corrs g) = Xear
N N
u(Corryep) = max (So,rep ; Ssrep) = Srep
Where:
Sio is the standard uncertainty at zero level
Sis is the standard uncertainty at span level
u(Corrag) = u(Corrss) + u(Corrgy) Where:
c. u(Corrss) is the uncertainty due to losses in sample line
U(Corriss) = \y'ﬁss u(Corrgy) is the uncertainty due to losses in sample line
3 Clyloss is the concentration of sample loss at span level
u(Corrgy) = @ Uca is the expanded uncertainty of the calibration gas
2
u(Corr i) - (Xj‘max_xj‘adj )2+(Xj,min_xj,adj )X(Xj,max_xj,adj)+(xj,min_Xj,adj )2
! 3
Where:
[} is the sensitivity coefficient of the influence quantity
X min is the minimum value of the influence quantity during monitoring
X max is the maximum value of the influence quantity during monitoring
Xjadj is the value of the influence quantity during adjustment
c Int, . Z+Int, . xInt, _ +Int, .2
u(Corr ) _ j \/ j,max j,min j,max j.min
INt; o 3
and Where:
[} is the sensitivity coefficient of the interferent j
u( ZCorr ) = maxlslm‘p; Slman INt;jest is the concentration of the interferent j used to determine c;
INt; i is the minimum value of the interferent j quantity during monitoring
1Nt max is the maximum value of the interferent j quantity during monitoring
Int; o is the concentration of the interferent j in the cal gas used to adjust the analyser
Sintp is the sum of interferents with positive impact
Sintn is the sum of interferents with negative impact

Combined uncertainty

u(C, pom) =

)+ u? (corr )+ u? (corrw )+ uz(corr )+ u? (cornemp )+ u®(corr,,, )+u? (corradJ )+ Si’

rep a, press

\/uz (corrm )+ uz(corro‘dr )+u?(corr

s,dr

Overall expanded uncertainty (k = 2) u(c,)=u(c, )xk
Uncertainty of NOx measurements
Where:
u(C nox s conv) CN0x xR xn Cnox is the concentration of NOx measured by the analyser
\/5 R is the ratio of NO:Nox in the stack gas
n is the NOx converter efficiency

Combined uncertainty NOx measurements

U(C nox s stack ) =

)+u? (corrrep )+ uz(corrs‘vf )+ uz(corr )+ u? (corrlemp )+ u?(corr,,, )+ uz(corradj )+ S+ uz(corrNOxvmv)

a,press

\/uz(corrm)+ u?(corr, q, )+u?(corr,

s,dr

Uncertainty of mass concentration at oxygen reference concentration

u(C, 02 rer) =

2
uz(corrm)+uz(corrovm)+uz(corrs‘d,)+u2(c0rr,ep)+u2(corrvaf )+u2(corra‘pms)+ uz(corr[emp)+u2(corrw,l)+u2(corradj)+ S+ (zul(ooz—wf
T 2, meas, dry

Where:

U(C,0p rey) = uncertainty associated with the mass concentration at O, ref. concentration in mg/m3
C,02 e = mass concentration at O, reference concentration in mg/m3

O3 meas = O, measured concentration in % volume

U((Oz2meas)ary) = uncertainty associated to the measured O, concentration in % (relative to Oz meas)
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0=Nocorrection)
Test 1 Test2 Test3
Limit value mg/m® 75 75 75
Limit value ppm 46.7 46.7 46.7
Measured concentration ppm 3.8 0.2 0.3
Measured concentration mg/m® 6.0 0.3 0.5
Concentration at O, ref. concentration mg/m® N/A N/A N/A
Calibration gas ppm 74.7 74.7 74.7
Calibration gas mg/m® 120.1 120.1 120.1
Analyser range ppm 9.3 9.3 9.3
Analyser range mg/m® 15.0 15.0 15.0
Correction of Lack of Fit
Lack of fit [ %range | 2.0 [ 2.0 [ 2.0 |
[uCorrd | 041 | o041 | od1 |
Corrections of Zero and Span Drift (*All drift is calculated for ... the residual is assumed to be < 5% u(max) )
Zero Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Span Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level [ %range | 0.0 [ 0.0 [ 0.0 |
(Not reported) [uCorre) | 000 [ 000 | 000 |
Correction of adjustment
losses in the line % range 0.27 0.27 0.27
u(Corr,jgss) 0.01 0.00 0.00
Uncertainty of calibration gas % range 2.0 2.0 2.0
u(Corr,ca) 0.04 0.00 0.00
Correction of Influence of Interferents
N,O % range
u(Corr,n0) 0.00 0.00 0.00
CO, % range
u(Corr,co2) 0.00 0.00 0.00
CH, % range
u(Corr,cha) 0.00 0.00 0.00
Total of interferent influences % range 2.50 2.50 2.50
u(Corrint) = MaX[Syy p; S u(xCorriny) 0.16 0.16 0.16
Correction of Influence Quantities
Sensitivity to sample volume flow % range 1.60 1.60 1.60
u(Corr,ow) 0.09 0.09 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00 0.00 0.00
Sensitivity to ambient temperature % range -2.40 -2.40 -2.40
u(Corr,temp) -0.28 -0.28 -0.28
Sensitivity to electrical voltage % range 0.50 0.50 0.50
(Not reported) u(Corr,,q1) 0.10 0.10 0.10
[Maximum standard uncertainty [ uCorryma) [ 0.11 [ o1 [ o1 |
[5% of maximum standard uncertainty | u(Corrs) [ 0.01 [ o0t [ o0t |
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mg/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 mg/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 mg/m®
Influence Quantitiy Variations
Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 \
Measurement uncertainty Test 1 Test 2 Test 3
Combined uncertainty ppm 0.37 0.36 0.36
Combined uncertainty mg/m® 0.59 0.59 0.59
Combined uncertainty at oxygen reference mg/m® 0.59 0.59 0.59
Expanded uncertainty expressed with a level of confidence of 95%, k=2
Overall uncertainty ppm 0.7 0.7 0.7
Overall uncertainty mg/m® 1.2 1.2 1.2
Overall uncertainty relative to measured value % 19.5 344.7 246.0
Overall uncertainty relative to range % 7.9 7.8 7.8
Overall uncertainty relative to ELV % 1.0 1.0 1.0

The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Monitoring Objectives
The monitoring was undertaken to check compliance with authorised emission limits.

All monitoring procedures were carried out to the MCERTS requirements under the REC Environmental
Monitoring quality system to ISO 17025: 2005.

Monitoring was undertaken for the listed emissions from the following sampling positions:

Sampling Location Emission

Labs Total organic carbon

Special Monitoring Requirements

There were no special requirements for this monitoring campaign.

Summary of Methods

Emission Method number Method standard
Gas velocity and volume flow TPM/01A BS EN ISO 16911-1:2013
TOC TPM/13 BS EN 12619 : 2013
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Summary Of Results

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty | Detection Mass
St Ives Time Result Limit +/- Limit Emission
Labs Date Start | End mg/m** mg/m® mg/m* mg/m®* g/h
TOC 04/11/15 13:05 | 14:35 3.8 75 1.2 0.2 12.8
* at reference conditions Stack Gas Weight 0°C Without correction for moisture
29.00 Kg/kmol 101.3 kPa Oxygen No Correction %
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273 K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable #i - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

v

7CERT, All tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise stated.
Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.

e,
N ,
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Summary Of Results, Exhaust Gases

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty Detection Mass
St lves Time Result Limit +/- Limit Emission
Labs Date Start End mg/m** mg/m** mg/m** mg/m** gh

TOC Test 1 04/11/15 13:05 13:35 29 75 1.2 0.2 9.9
TOC Test 2 04/11/15 13:35 14:05 45 75 1.2 0.2 15.3
TOC Test 3 04/11/15 14:05 14:35 3.9 75 1.2 0.2 13.2
* at ref Stack Gas Weight 0°c Without correction for moisture
Conditions 29.00 Kg/kmol 101.3 kPa Oxygen No Correction_2%
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable ## - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

e,
SN,

(

M Al tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise
stated. Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.

:

)

N
TR
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Operating Information

The table below shows details of the operating information on each sampling date for: Labs
Date Process type Process Fuel Feedstock Abatement Load
duration
04/11/2015 Laboratory Continuous N/A Methyl Ethyl None Normal
Ketone, Operation
Acetone &
Ethanol

There are no CEM's available on this process.

Comments & Monitoring Deviations

A waste gas homogeneity test to BS EN 15259:2007 (MID) is not required:-
The homogeneity test is not applicable to non-combustion processes.

The homogeneity test is not applicable to duct areas less than 1m?.

All monitoring was performed in accordance with the relevant procedures.
The sampling location is a vertical duct.

Only one sample port was available on the vertical duct.

The velocity and temperature profile at the sampling location met the requirements of BS EN 13284-1: 2002.

When the results are expressed as non-detected the mass emissions are calculated from the detection limit and therefore they are worst
case results.
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Emission Monitoring Procedures And Instrumentation

Gas velocity and temperature

Documented in-house procedure ~ TPMO1/A  to the main procedural requirements of BS EN ISO 16911-1:2013
Velocity and temperature measurements are performed using a calibrated Pitot tube, a calibrated pressure
differential reading device and a calibrated thermocouple. Velocity and possible flow deviation measurements are
carried out at selected, representative points in the gas stream.

Total organic carbon

Documented in-house procedure TPM/13  to the main procedural requirements of BS EN 12619:2013.
Continuous analysis using probe, sample line and multi range Flame lonisation Detector (FID) analyser. The
analyser is calibrated before and during the tests using certified gas mixtures of nitrogen, oxygen and propane.
Sampling points are selected in accordance with the findings of any BS EN 15259 assessment.
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Sampling Project Personnel Competency And Expiry Dates

MCERTS No  Level 1 Level 2 TE1 TE2 TES3 TE4
Report prepared by: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Report authorised by: Derek Myers MMO2 115 - 30/09/2017 31/05/2018 30/11/2018 30/11/2018 30/11/2018
Team leader: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Team leader: Aidan Wrynne MMO08 921 - 31/05/2017 31/05/2017 31/11/2018 30/11/2017 30/06/2018

Equipment References

Equipment Reference Number
FID AQ271
Heated Line HL40
Heated Filter Sintered
Stack Thermocouple PTTS97
Timer / Stopwatch ST41
Barometer WS03
Pitot PT129
Thermometer TK28
Manometer P103
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Date 04/11/2015 Barometric pressure 101.0 [kPa Stack Diameter (circular) 0.30 [m
Time 10:15 Duct static pressure 0.08 [kPa
Pitot Cp 1.01 Stack Area 0.071  |m?
Traverse || Traverse Depth AP T Angle velocity || Traverse Depth AP T Angle velocity
Point Line cm mmH,0 e © m/s Line cm mmH,0 oG © m/s
A B
2 A B
3 A 5.0 18.0 22 <15 17.4 B
4 A 5.3 15.1 22 <15 15.9 B
5 A 75 10.8 22 <15 135 B
6 A 10.7 10.0 22 <15 129 B
7 A 19.3 16.1 22 <15 16.4 B
8 A 22.5 124 22 <15 14.4 B
9 A 24.7 9.6 22 <15 12.7 B
10 A 25.0 9.0 22 <15 12.3 B
1 A B
12 A B
Average Pitot DP 12.43 [mmHO
Average Temperature 2952 |[K
Average Velocity 144 |m/s
Average volumetric flow rate 1.02  |m%s at stack conditions
Average volumetric flow rate 0.94 [m%s (wet STP)

Sampling plane requirements Re: BS EN 13284-1:2001 5.2

a Angel of gas flow less than 15° with regard to duct axis YES
b No local negative flow YES
G Minimum pitot greater than 5Pa YES
d Ratio of highest to lowest local gas velocity less than 3:1 YES

Minimum local gas velocity 12.3

Maximum local gas velocity 17.4

Ratio of highest to lowest local gas velocity 1.42

Preliminary Velocity Traverse Data



Linx Printing Technologies Limited, St lves, Permit No: B18/14, R/15-6359, v1.
Visit 1 of 2015

Page 13 of 22

Date 04/11/2015
From 13:05 to 13:35 30 minute mean
IVolatile organic compounds vppm, wet | 1.82 mg/m3* 2.93
From 13:35 to 14:05 30 minute mean
IVoIatiIe organic compounds vppm, wet 2.80 mg/m3* 4.51
From 14:05 to 14:35 30 minute mean
IVoIatiIe organic compounds vppm, wet 2.42 mg/m3* 3.88
Sampling Detection Limits
IVoIatiIe organic compounds vppm 0.10 mg/m3* 0.16
Reference Gas Details
Species Units Value Cylinder Analyser Uncertainity
Reference Range K22
INitrogen % 99.999 VCK01959 - +2
IVoIatiIe organic compounds vppm 74.7 V(C59841 100 +2
Zero And Span Gas Details
Species units Initial Time 08:54 Final Time 17:55
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 0.12 75.08

Exhaust Gas Continuous Analysis Data
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mg/m? at reference conditions

Chart 1 - VOC Emissions Data - Labs, 04/11/2015
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Diagram Of The Sampling Location

Diagram of sampling points across the cross section of the duct (not to scale).

Traverse length = 0.30 m
Point % of D Location
cm
1 50.0 15.0
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General Calculations

Stack area:
2
Areaof acircle =—
D= Diameter (m)
= 3.142

Pressure conversion:
1mmH20 = 0.00980665 kPa
1mmH20 = 9.80665 Pa

1 mar = 0.1 kPa

Water vapour concentration:
From reference calculations (taken from BS EN 14790):

I"n\NC 'Vmol(std)

M
Ve = Y w %100
rn\/VC * Y'mol (std) V
M + m(std)
W
VWC (%) = Water vapour content on wet basis, in volume % (m® of water vapour in m* of wet gas)
Vm(std) = Dry gas volume measured, corrected to standard conditions (m?®)
mWC = Mass of water collected in the impingers (g)
Mw = Molecular weight of water, 18.01534 rounded to 18 (g/mol)

Vmol(std) = Molar volume of water at standard conditions = 0.0224 (m3/mol)

Gas meter volume at standard conditions (STP)
From reference calculations (taken from BS EN 14790):

.
Vistay = Ya X (Vs _Vl)xs_tdxh

Tm std
Vm(std) = Dry gas meter volume at standard conditions (m®)
yd = Gas meter calibration coefficient
(Va-v1) = Dry gas meter volume at actual conditions (m?®)
Tm = Actual Temperature (K)
Tstd = Standard temperature (273 K)
pm = Absolute pressure at the gas meter (kPa)
pstd = Standard gas pressure (101.3 kPa)

Isokenetic Ratio (%):
From reference calculations (taken from EA TGN M2):

Velocity at the sampling nozzle
Velocity of the stack gas

x100

IsokineticRatio(%) =

Estimating Measurment Uncertainty
Uncertainty estimates are calculated using the general rule of uncertainty propagation. Guidance is taken from
publications including UKAS document M3003 and ISO 20988:2007.
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Flow Calculations

Velocity:
From reference calculations (taken from ISO 10780):

v=KC, | =

Average velocity (m/s)

velocity calculation constant = 129

Ts=  Average stack temperature (K)

Ms = Molar mass of gas; assume 29 kg/kmol unless the molar mass is < 27 kg/kmol or > 31 g/kmol
K= Pitot calibration coefficient

Pe =  Absolute gas pressure (kPa)

AB — Average pitot tube pressure differencial (kPa)

Volume flow rate
From reference calculations (taken from ISO 10780):

d,, =VA
gva= Average flow rate ( ms/s)
v= Average velocity (m/s)
A= Stack cross-sectional area (mz)

Volume flow rate corrected for moisture
From reference calculations (taken from BS ISO 9096):

0 =g (100-H,)
m v (100-H m)
agm = Corrected volume flowrate (ms/s)
gva=Volume flow rate at actual conditions (m%/s)
Ha=  Moisture at actual conditions (%volume)

Hm = Reference moisture (%ovolume)

Volume flow rate corrected for temperature and pressure
From reference calculations (taken from BS ISO 9096):

q =g, TnP)
t (T, Py
gm = Corrected volume flowrate (m?/s)
gva= Volume flow rate at actual conditions (m%/s)
Ta=  Temperature at actual conditions (K)
Tm = Reference Temperatue (K)
pa=  Absolute gas pressure at actual conditions (kPa)

pm = Reference pressure (kPa)

Volume flow rate corrected for oxygen
From reference calculations (taken from BS ISO 9096):

_ (20'9_02,ref )

qm - qva ‘209—02m j

agm = Corrected volume flowrate (m*/s)

gva= Volume flow rate at actual conditions (m?/s)
02,m = Actual oxygen concentration (%)

02, ref = Reference oxygen concentration (%)
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Concentration Calculations

Concentration:
From reference calculations (taken from BS EN 13284-1):

m
C=—
V
c= Concentration
m = Mass of substane
V= Volume sampled

Mass Emission
Mass emission=cxq,,

c= Concentration
gq= Volume flow rate

Concentration corrected for oxygen:
From reference calculations (taken from BS ISO 9096):

20.9-0,
Cp=CiX———————
20.9-0,,

cm= Concentration at reference conditions
ca= Actual concentration

02, ref = Reference oxygen (%)

02, a= Actual Oxygen (%)

Concentration corrected for moisture:
From reference calculations (taken from BS ISO 9096):

Convert wet gas to dry gas

100
Cay = Cuwet X004

Convert dry gas to wet gas

c =c ><100— H,
wet dry 100
cwet = Concentration wet gas
cdry = Concentration dry gas
Ha = Water vapour content (%vol)

Conversion of parts per million (ppm) to mg/m3
From reference calculations (taken from EA TGN M2):

Concentration(ppm) xmolecular weight(g)

Concentraton(mg /m®) = .
molar volume(l) ata given temperatue

molar volume at 273K = 22.4 litres

When Converting TOC

Concentration( ppm) xmolecular weightof carboninspangas(g)
molar volume(l) ata given temperature

Concentration(mg /m®) =

molar volume at 273K = 22.4 litres
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Calculation of Uncertainty Estimates - Instrumental Monitoring Techniques

Model equation

p
Cpom = Creading + CoIY +Corg . +Corg . +Corr,, +Corg,, + ZCor(nf +Corr,
i=1

Where:
C opom = concentration in ppm Corr g = correction of repeatability of measurement
C Noreading = concentration given by analyser Corr 5 = correction of adjustment
Corr g = correction of lack of fit Corr iy = correction of influence quantities
Corrggr = correction of zero drift Corr it = correction of interferents
Corrg g = correction of span drift
Calculation of partial uncertainties
u(Corrg) = X fit.max Where: . . o . .

100x range Xiit,max is the maximum allowable deviation from linearity

73

Expressed as % of the range and calculated by applying a rectangular probability distribution

u(Corrg 4) = Xoar u(Corrs g) = Xear
N N
u(Corryep) = max (So,rep ; Ssrep) = Srep
Where:
Sio is the standard uncertainty at zero level
Sis is the standard uncertainty at span level
u(Corrag) = u(Corrss) + u(Corrgy) Where:
c. u(Corrss) is the uncertainty due to losses in sample line
U(Corriss) = \y'ﬁss u(Corrgy) is the uncertainty due to losses in sample line
3 Clyloss is the concentration of sample loss at span level
u(Corrgy) = @ Uca is the expanded uncertainty of the calibration gas
2
u(Corr i) - (Xj‘max_xj‘adj )2+(Xj,min_xj,adj )X(Xj,max_xj,adj)+(xj,min_Xj,adj )2
! 3
Where:
[} is the sensitivity coefficient of the influence quantity
X min is the minimum value of the influence quantity during monitoring
X max is the maximum value of the influence quantity during monitoring
Xjadj is the value of the influence quantity during adjustment
c Int, . Z+Int, . xInt, _ +Int, .2
u(Corr ) _ j \/ j,max j,min j,max j.min
INt; o 3
and Where:
[} is the sensitivity coefficient of the interferent j
u( ZCorr ) = maxlslm‘p; Slman INt;jest is the concentration of the interferent j used to determine c;
INt; i is the minimum value of the interferent j quantity during monitoring
1Nt max is the maximum value of the interferent j quantity during monitoring
Int; o is the concentration of the interferent j in the cal gas used to adjust the analyser
Sintp is the sum of interferents with positive impact
Sintn is the sum of interferents with negative impact

Combined uncertainty

u(C, pom) =

)+ u? (corr )+ u? (corrw )+ uz(corr )+ u? (cornemp )+ u®(corr,,, )+u? (corradJ )+ Si’

rep a, press

\/uz (corrm )+ uz(corro‘dr )+u?(corr

s,dr

Overall expanded uncertainty (k = 2) u(c,)=u(c, )xk
Uncertainty of NOx measurements
Where:
u(C nox s conv) CN0x xR xn Cnox is the concentration of NOx measured by the analyser
\/5 R is the ratio of NO:Nox in the stack gas
n is the NOx converter efficiency

Combined uncertainty NOx measurements

U(C nox s stack ) =

)+u? (corrrep )+ uz(corrs‘vf )+ uz(corr )+ u? (corrlemp )+ u?(corr,,, )+ uz(corradj )+ S+ uz(corrNOxvmv)

a,press

\/uz(corrm)+ u?(corr, q, )+u?(corr,

s,dr

Uncertainty of mass concentration at oxygen reference concentration

u(C, 02 rer) =

2
uz(corrm)+uz(corrovm)+uz(corrs‘d,)+u2(c0rr,ep)+u2(corrvaf )+u2(corra‘pms)+ uz(corr[emp)+u2(corrw,l)+u2(corradj)+ S+ (zul(ooz—wf
T 2, meas, dry

Where:

U(C,0p rey) = uncertainty associated with the mass concentration at O, ref. concentration in mg/m3
C,02 e = mass concentration at O, reference concentration in mg/m3

O3 meas = O, measured concentration in % volume

U((Oz2meas)ary) = uncertainty associated to the measured O, concentration in % (relative to Oz meas)
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0=Nocorrection)
Test 1 Test2 Test3
Limit value mg/m® 75 75 75
Limit value ppm 46.7 46.7 46.7
Measured concentration ppm 1.8 2.8 2.4
Measured concentration mg/m® 2.9 4.5 3.9
Concentration at O, ref. concentration mg/m® N/A N/A N/A
Calibration gas ppm 74.7 74.7 74.7
Calibration gas mg/m® 120.1 120.1 120.1
Analyser range ppm 9.3 9.3 9.3
Analyser range mg/m® 15.0 15.0 15.0
Correction of Lack of Fit
Lack of fit [ %range | 2.0 [ 2.0 [ 2.0 |
[uCorrd | 041 | o041 | od1 |
Corrections of Zero and Span Drift (*All drift is calculated for ... the residual is assumed to be < 5% u(max) )
Zero Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Span Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level [ %range | 0.0 [ 0.0 [ 0.0 |
(Not reported) [uCorre) | 000 [ 000 | 000 |
Correction of adjustment
losses in the line % range 0.27 0.27 0.27
u(Corr,jgss) 0.00 0.00 0.00
Uncertainty of calibration gas % range 2.0 2.0 2.0
u(Corr,ca) 0.02 0.03 0.02
Correction of Influence of Interferents
N,O % range
u(Corr,n0) 0.00 0.00 0.00
CO, % range
u(Corr,co2) 0.00 0.00 0.00
CH, % range
u(Corr,cha) 0.00 0.00 0.00
Total of interferent influences % range 2.50 2.50 2.50
u(Corrint) = MaX[Syy p; S u(xCorriny) 0.16 0.16 0.16
Correction of Influence Quantities
Sensitivity to sample volume flow % range 1.60 1.60 1.60
u(Corr,ow) 0.09 0.09 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00 0.00 0.00
Sensitivity to ambient temperature % range -2.40 -2.40 -2.40
u(Corr,temp) -0.28 -0.28 -0.28
Sensitivity to electrical voltage % range 0.50 0.50 0.50
(Not reported) u(Corr,,q1) 0.10 0.10 0.10
[Maximum standard uncertainty [ uCorryma) [ 0.11 [ o1 [ o1 |
[5% of maximum standard uncertainty | u(Corrs) [ 0.01 [ o0t [ o001 |
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mg/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 mg/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 mg/m®
Influence Quantitiy Variations
Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 \
Measurement uncertainty Test 1 Test 2 Test 3
Combined uncertainty ppm 0.37 0.37 0.37
Combined uncertainty mg/m® 0.59 0.59 0.59
Combined uncertainty at oxygen reference mg/m® 0.59 0.59 0.59

Expanded uncertainty expressed with a level of confidence of 95%, k=2

Overall uncertainty ppm 0.7 0.7 0.7
Overall uncertainty mg/m® 1.2 1.2 1.2
Overall uncertainty relative to measured value % 40.1 26.1 30.3
Overall uncertainty relative to range % 7.8 7.8 7.8
Overall uncertainty relative to ELV % 1.0 1.0 1.0

The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Monitoring Objectives
The monitoring was undertaken to check compliance with authorised emission limits.

All monitoring procedures were carried out to the MCERTS requirements under the REC Environmental
Monitoring quality system to ISO 17025: 2005.

Monitoring was undertaken for the listed emissions from the following sampling positions:

Sampling Location Emission

RASTA Total organic carbon

Special Monitoring Requirements

There were no special requirements for this monitoring campaign.

Summary of Methods

Emission Method number Method standard
Gas velocity and volume flow TPM/01A BS EN ISO 16911-1:2013
TOC TPM/13 BS EN 12619 : 2013
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Summary Of Results

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty | Detection Mass
St Ives Time Result Limit +/- Limit Emission
RASTA Date Start | End mg/m® mg/m® mg/m* mg/m®* gh
TOC 04/11/15 14:40 | 16:10 2.9 75 1.2 0.2 1.2
* at reference conditions Stack Gas Weight 0°C Without correction for moisture
29.00 Kg/kmol 101.3 kPa Oxygen No Correction %
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273 K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable #i - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

v

7CERT, All tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise stated.
Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.

e,
N ,
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Summary Of Results, Exhaust Gases

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty Detection Mass
St Ilves Time Result Limit +/- Limit Emission
RASTA Date Start End mg/m** mg/m** mg/m** mg/m** gh
TOC Test 1 04/11/15 14:40 15:10 29 75 1.2 0.2 1.2
TOC Test 2 04/11/15 15:10 15:40 3.0 75 1.2 0.2 1.2
TOC Test 3 04/11/15 15:40 16:10 29 75 1.2 0.2 1.2
* at ref Stack Gas Weight 0°c Without correction for moisture
Conditions 29.00 Kg/kmol 101.3 kPa Oxygen No Correction_2%
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable ## - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

e,
SN,

(

Al tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise
stated. Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.

v
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Operating Information

The table below shows details of the operating information on each sampling date for: RASTA
Date Process type Process Fuel Feedstock Abatement Load
duration
04/11/2015 Ink Printer Test Rig Batch N/A Methyl Ethyl None 200 ml/day
RASTA Ketone of solvent

There are no CEM's available on this process.

Comments & Monitoring Deviations

A waste gas homogeneity test to BS EN 15259:2007 (MID) is not required:-
The homogeneity test is not applicable to non-combustion processes.

The homogeneity test is not applicable to duct areas less than 1m?.

All monitoring was performed in accordance with the relevant procedures.
The sampling location is a horizontal duct.

Only one sample port was available on the horizontal duct.

The velocity and temperature profile at the sampling location met the requirements of BS EN 13284-1: 2002.

When the results are expressed as non-detected the mass emissions are calculated from the detection limit and therefore they are worst
case results.
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Emission Monitoring Procedures And Instrumentation

Gas velocity and temperature

Documented in-house procedure ~ TPMO1/A  to the main procedural requirements of BS EN ISO 16911-1:2013
Velocity and temperature measurements are performed using a calibrated Pitot tube, a calibrated pressure
differential reading device and a calibrated thermocouple. Velocity and possible flow deviation measurements are
carried out at selected, representative points in the gas stream.

Total organic carbon

Documented in-house procedure TPM/13  to the main procedural requirements of BS EN 12619:2013.
Continuous analysis using probe, sample line and multi range Flame lonisation Detector (FID) analyser. The
analyser is calibrated before and during the tests using certified gas mixtures of nitrogen, oxygen and propane.
Sampling points are selected in accordance with the findings of any BS EN 15259 assessment.
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Sampling Project Personnel Competency And Expiry Dates

MCERTS No  Level 1 Level 2 TE1 TE2 TES3 TE4
Report prepared by: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Report authorised by: Derek Myers MMO2 115 - 30/09/2017 31/05/2018 30/11/2018 30/11/2018 30/11/2018
Team leader: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Team leader: Aidan Wrynne MMO08 921 - 31/05/2017 31/05/2017 31/11/2018 30/11/2017 30/06/2018

Equipment References

Equipment Reference Number
FID AQ271
Heated Line HL40
Heated Filter Sintered
Stack Thermocouple PTTS97
Timer / Stopwatch ST41
Barometer WS03
Pitot PT129
Thermometer TK28
Manometer P103
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Date 04/11/2015 Barometric pressure 101.0 [kPa Stack Diameter (circular) 0.13 [m
Time 13:40 Duct static pressure -0.70  |kPa
Pitot Cp 1.01 Stack Area 0.013 [m?
Traverse || Traverse Depth AP T Angle velocity || Traverse Depth AP T Angle velocity
Point Line cm mmH,0 e © m/s Line cm mmH,0 oG © m/s
A B
2 A B
3 A B
4 A B
5 A B
6 A 5.0 4.8 17 <15 8.9 B
7 A 8.0 5.0 17 <15 9.1 B
8 A B
9 A B
10 A B
1 A B
12 A B
Average Pitot DP 4.89 mmH,0
Average Temperature 290.2 |[K
Average Velocity 9.0 m/s
Average volumetric flow rate 0.12  [m¥%s at stack conditions
Average volumetric flow rate 0.11 m¥s (wet STP)

Sampling plane requirements Re: BS EN 13284-1:2001 5.2

a Angel of gas flow less than 15° with regard to duct axis YES
b No local negative flow YES
G Minimum pitot greater than 5Pa YES
d Ratio of highest to lowest local gas velocity less than 3:1 YES

Minimum local gas velocity 8.9

Maximum local gas velocity 9.1

Ratio of highest to lowest local gas velocity 1.02

Preliminary Velocity Traverse Data
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Date 04/11/2015
From 14:40 to 15:10 30 minute mean
IVolatile organic compounds | vppm, wet | 1.83 | mg/m3* 2.94
From 15:10 to 15:40 30 minute mean
IVoIatiIe organic compounds | vppm, wet | 1.87 | mg/m3* | 3.01 |
From 15:40 to 16:10 30 minute mean
IVoIatiIe organic compounds | vppm, wet | 1.79 | mg/ms3* | 2.88 |

Sampling Detection Limits
IVoIatiIe organic compounds vppm 0.10 mg/m?3* 0.16

Reference Gas Details

Species Units Value Cylinder Analyser Uncertainity
Reference Range K22
INitrogen % 99.999 VCK01959 - +2
IVoIatiIe organic compounds vppm 74.7 V(C59841 100 +2

Zero And Span Gas Details

Species units Initial Time 08:54 Final Time 17:55
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 0.12 75.08

Exhaust Gas Continuous Analysis Data
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Chart 1 - VOC Emissions Data - RASTA, 04/11/2015
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Diagram Of The Sampling Location

Diagram of sampling points across the cross section of the duct (not to scale).

Traverse length = 0.13 m
Point % of D Location
cm
1 50.0 6.5
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General Calculations

Stack area:
2
Areaof acircle =—
D= Diameter (m)
= 3.142

Pressure conversion:
1mmH20 = 0.00980665 kPa
1mmH20 = 9.80665 Pa

1 mar = 0.1 kPa

Water vapour concentration:
From reference calculations (taken from BS EN 14790):

I"n\NC 'Vmol(std)

M
Ve = Y w %100
rn\/VC * Y'mol (std) V
M + m(std)
W
VWC (%) = Water vapour content on wet basis, in volume % (m® of water vapour in m* of wet gas)
Vm(std) = Dry gas volume measured, corrected to standard conditions (m?®)
mWC = Mass of water collected in the impingers (g)
Mw = Molecular weight of water, 18.01534 rounded to 18 (g/mol)

Vmol(std) = Molar volume of water at standard conditions = 0.0224 (m3/mol)

Gas meter volume at standard conditions (STP)
From reference calculations (taken from BS EN 14790):

.
Vistay = Ya X (Vs _Vl)xs_tdxh

Tm std
Vm(std) = Dry gas meter volume at standard conditions (m®)
yd = Gas meter calibration coefficient
(Va-v1) = Dry gas meter volume at actual conditions (m?®)
Tm = Actual Temperature (K)
Tstd = Standard temperature (273 K)
pm = Absolute pressure at the gas meter (kPa)
pstd = Standard gas pressure (101.3 kPa)

Isokenetic Ratio (%):
From reference calculations (taken from EA TGN M2):

Velocity at the sampling nozzle
Velocity of the stack gas

x100

IsokineticRatio(%) =

Estimating Measurment Uncertainty
Uncertainty estimates are calculated using the general rule of uncertainty propagation. Guidance is taken from
publications including UKAS document M3003 and ISO 20988:2007.
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Flow Calculations

Velocity:
From reference calculations (taken from ISO 10780):

Visit 1

v=kKC |[LAP
P. My

v=  Average velocity (m/s)
C= velocity calculation constant = 129
Ts=  Average stack temperature (K)
Ms = Molar mass of gas; assume 29 kg/kmol unless the molar mass is < 27 kg/kmol or > 31 g/kmol
K= Pitot calibration coefficient
Pe =  Absolute gas pressure (kPa)

AB — Average pitot tube pressure differencial (kPa)

Volume flow rate
From reference calculations (taken from ISO 10780):

d,, =VA
gva = Average flow rate ( ms/s)
v= Average velocity (m/s)
A= Stack cross-sectional area (mz)

Volume flow rate corrected for moisture
From reference calculations (taken from BS ISO 9096):

0 =g (100-H,)
m v (100-H m)
agm = Corrected volume flowrate (ms/s)
gva=Volume flow rate at actual conditions (m%/s)
Ha=  Moisture at actual conditions (%volume)

Hm = Reference moisture (%ovolume)

Volume flow rate corrected for temperature and pressure
From reference calculations (taken from BS ISO 9096):

q =g, TnP)
t (T, Py
gm = Corrected volume flowrate (m?/s)
gva= Volume flow rate at actual conditions (m%/s)
Ta=  Temperature at actual conditions (K)
Tm = Reference Temperatue (K)
pa=  Absolute gas pressure at actual conditions (kPa)

pm = Reference pressure (kPa)

Volume flow rate corrected for oxygen
From reference calculations (taken from BS ISO 9096):

_ (20'9_02,ref )

qm - qva ‘209—02m j

agm = Corrected volume flowrate (m*/s)

gva= Volume flow rate at actual conditions (m?/s)
02,m = Actual oxygen concentration (%)

02, ref = Reference oxygen concentration (%)

of 2015
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Concentration Calculations

Concentration:
From reference calculations (taken from BS EN 13284-1):

m
C=—
V
c= Concentration
m = Mass of substane
V= Volume sampled

Mass Emission
Mass emission=cxq,,

c= Concentration
gq= Volume flow rate

Concentration corrected for oxygen:
From reference calculations (taken from BS ISO 9096):

20.9-0,
Cp=CiX———————
20.9-0,,

cm= Concentration at reference conditions
ca= Actual concentration

02, ref = Reference oxygen (%)

02, a= Actual Oxygen (%)

Concentration corrected for moisture:
From reference calculations (taken from BS ISO 9096):

Convert wet gas to dry gas

100
Cay = Cuwet X004

Convert dry gas to wet gas

c =c ><100— H,
wet dry 100
cwet = Concentration wet gas
cdry = Concentration dry gas
Ha = Water vapour content (%vol)

Conversion of parts per million (ppm) to mg/m3
From reference calculations (taken from EA TGN M2):

Concentraiion(mg /m?) = Concentration(ppm) xmolecular weight(g)

molar volume(l) ata given temperatue

molar volume at 273K = 22.4 litres

When Converting TOC

Page 19 of

Concentration( ppm) xmolecular weightof carboninspangas(g)

Concentraton(mg /m?®) = -
molar volume(l) ata given temperature

molar volume at 273K = 22.4 litres

22
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Calculation of Uncertainty Estimates - Instrumental Monitoring Techniques

Model equation

p
Cpom = Creading + CoIY +Corg . +Corg . +Corr,, +Corg,, + ZCor(nf +Corr,
i=1

Where:
C opom = concentration in ppm Corr g = correction of repeatability of measurement
C Noreading = concentration given by analyser Corr 5 = correction of adjustment
Corr g = correction of lack of fit Corr iy = correction of influence quantities
Corrggr = correction of zero drift Corr it = correction of interferents
Corrg g = correction of span drift
Calculation of partial uncertainties
u(Corrg) = X fit.max Where: . . o . .

100x range Xiit,max is the maximum allowable deviation from linearity

73

Expressed as % of the range and calculated by applying a rectangular probability distribution

u(Corrg 4) = Xoar u(Corrs g) = Xear
N N
u(Corryep) = max (So,rep ; Ssrep) = Srep
Where:
Sio is the standard uncertainty at zero level
Sis is the standard uncertainty at span level
u(Corrag) = u(Corrss) + u(Corrgy) Where:
c. u(Corrss) is the uncertainty due to losses in sample line
U(Corriss) = \y'ﬁss u(Corrgy) is the uncertainty due to losses in sample line
3 Clyloss is the concentration of sample loss at span level
u(Corrgy) = @ Uca is the expanded uncertainty of the calibration gas
2
u(Corr i) - (Xj‘max_xj‘adj )2+(Xj,min_xj,adj )X(Xj,max_xj,adj)+(xj,min_Xj,adj )2
! 3
Where:
[} is the sensitivity coefficient of the influence quantity
X min is the minimum value of the influence quantity during monitoring
X max is the maximum value of the influence quantity during monitoring
Xjadj is the value of the influence quantity during adjustment
c Int, . Z+Int, . xInt, _ +Int, .2
u(Corr ) _ j \/ j,max j,min j,max j.min
INt; o 3
and Where:
[} is the sensitivity coefficient of the interferent j
u( ZCorr ) = maxlslm‘p; Slman INt;jest is the concentration of the interferent j used to determine c;
INt; i is the minimum value of the interferent j quantity during monitoring
1Nt max is the maximum value of the interferent j quantity during monitoring
Int; o is the concentration of the interferent j in the cal gas used to adjust the analyser
Sintp is the sum of interferents with positive impact
Sintn is the sum of interferents with negative impact

Combined uncertainty

u(C, pom) =

)+ u? (corr )+ u? (corrw )+ uz(corr )+ u? (cornemp )+ u®(corr,,, )+u? (corradJ )+ Si’

rep a, press

\/uz (corrm )+ uz(corro‘dr )+u?(corr

s,dr

Overall expanded uncertainty (k = 2) u(c,)=u(c, )xk
Uncertainty of NOx measurements
Where:
u(C nox s conv) CN0x xR xn Cnox is the concentration of NOx measured by the analyser
\/5 R is the ratio of NO:Nox in the stack gas
n is the NOx converter efficiency

Combined uncertainty NOx measurements

U(C nox s stack ) =

)+u? (corrrep )+ uz(corrs‘vf )+ uz(corr )+ u? (corrlemp )+ u?(corr,,, )+ uz(corradj )+ S+ uz(corrNOxvmv)

a,press

\/uz(corrm)+ u?(corr, q, )+u?(corr,

s,dr

Uncertainty of mass concentration at oxygen reference concentration

u(C, 02 rer) =

2
uz(corrm)+uz(corrovm)+uz(corrs‘d,)+u2(c0rr,ep)+u2(corrvaf )+u2(corra‘pms)+ uz(corr[emp)+u2(corrw,l)+u2(corradj)+ S+ (zul(ooz—wf
T 2, meas, dry

Where:

U(C,0p rey) = uncertainty associated with the mass concentration at O, ref. concentration in mg/m3
C,02 e = mass concentration at O, reference concentration in mg/m3

O3 meas = O, measured concentration in % volume

U((Oz2meas)ary) = uncertainty associated to the measured O, concentration in % (relative to Oz meas)
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0=Nocorrection)
Test 1 Test2 Test3
Limit value mg/m® 75 75 75
Limit value ppm 46.7 46.7 46.7
Measured concentration ppm 1.8 1.9 1.8
Measured concentration mg/m® 2.9 3.0 2.9
Concentration at O, ref. concentration mg/m® N/A N/A N/A
Calibration gas ppm 74.7 74.7 74.7
Calibration gas mg/m® 120.1 120.1 120.1
Analyser range ppm 9.3 9.3 9.3
Analyser range mg/m® 15.0 15.0 15.0
Correction of Lack of Fit
Lack of fit [ %range | 2.0 [ 2.0 [ 2.0 |
[uCorrd | 041 | o041 | od1 |
Corrections of Zero and Span Drift (*All drift is calculated for ... the residual is assumed to be < 5% u(max) )
Zero Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Span Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level [ %range | 0.0 [ 0.0 [ 0.0 |
(Not reported) [uCorre) | 000 [ 000 | 000 |
Correction of adjustment
losses in the line % range 0.27 0.27 0.27
u(Corr,jgss) 0.00 0.00 0.00
Uncertainty of calibration gas % range 2.0 2.0 2.0
u(Corr,ca) 0.02 0.02 0.02
Correction of Influence of Interferents
N,O % range
u(Corr,n0) 0.00 0.00 0.00
CO, % range
u(Corr,co2) 0.00 0.00 0.00
CH, % range
u(Corr,cha) 0.00 0.00 0.00
Total of interferent influences % range 2.50 2.50 2.50
u(Corrint) = MaX[Syy p; S u(xCorriny) 0.16 0.16 0.16
Correction of Influence Quantities
Sensitivity to sample volume flow % range 1.60 1.60 1.60
u(Corr,ow) 0.09 0.09 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00 0.00 0.00
Sensitivity to ambient temperature % range -2.40 -2.40 -2.40
u(Corr,temp) -0.28 -0.28 -0.28
Sensitivity to electrical voltage % range 0.50 0.50 0.50
(Not reported) u(Corr,,q1) 0.10 0.10 0.10
[Maximum standard uncertainty [ uCorryma) [ 0.11 [ o1 [ o1 |
[5% of maximum standard uncertainty | u(Corrs) [ 0.01 [ o0t [ o0t |
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mg/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 mg/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 mg/m®
Influence Quantitiy Variations
Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 \
Measurement uncertainty Test 1 Test 2 Test 3
Combined uncertainty ppm 0.37 0.37 0.37
Combined uncertainty mg/m® 0.59 0.59 0.59
Combined uncertainty at oxygen reference mg/m® 0.59 0.59 0.59
Expanded uncertainty expressed with a level of confidence of 95%, k=2
Overall uncertainty ppm 0.7 0.7 0.7
Overall uncertainty mg/m® 1.2 1.2 1.2
Overall uncertainty relative to measured value % 39.9 39.0 40.7
Overall uncertainty relative to range % 7.8 7.8 7.8
Overall uncertainty relative to ELV % 1.0 1.0 1.0

The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Monitoring Objectives
The monitoring was undertaken to check compliance with authorised emission limits.

All monitoring procedures were carried out to the MCERTS requirements under the REC Environmental
Monitoring quality system to ISO 17025: 2005.

Monitoring was undertaken for the listed emissions from the following sampling positions:

Sampling Location Emission

Environmental Chamber Room 1 Total organic carbon

Special Monitoring Requirements

There were no special requirements for this monitoring campaign.

Summary of Methods

Emission Method number Method standard
Gas velocity and volume flow TPM/01A BS EN ISO 16911-1:2013
TOC TPM/13 BS EN 12619 : 2013
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Summary Of Results

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty | Detection Mass
St Ives Time Result Limit +/- Limit Emission
Environmental Chamber Room 1 Date Start End mg/m** mg/m** mg/m** mg/m** g/h
TOC 04/11/15 16:15 | 17:45 7.6 75 1.2 0.2 3.2
* at reference conditions Stack Gas Weight 0°C Without correction for moisture
29.00 Kg/kmol 101.3 kPa Oxygen No Correction %
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273 K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable #i - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

v

7CERT, All tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise stated.
Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.

e,
N ,
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Summary Of Results, Exhaust Gases

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty Detection Mass
St lves Time Result Limit +/- Limit Emission

Environmental Chamber Room 1 Date Start End mg/ms" mg/ms" mg/ms" mg/ms" gh
TOC Test 1 04/11/15 16:15 16:45 8.3 75 1.2 0.2 3.5
TOC Test 2 04/11/15 16:45 17:15 11.1 75 1.2 0.2 4.7
TOC Test 3 04/11/15 17:15 17:45 34 75 1.2 0.2 15
* at ref Stack Gas Weight 0°c Without correction for moisture
Conditions 29.00 Kg/kmol 101.3 kPa Oxygen No Correction_2%
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm3 273K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable ## - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

e,
SN,

(

Al tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise
stated. Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.

v
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The table below shows details of the operating information on each sampling date for:

Linx Printing Technologies Limited, St Ives, Permit No: B18/14, R/15-6361, v1

Operating Information

Environmental Chamber Room 1

Date Process type Process Fuel Feedstock Abatement Load
duration
04/11/2015 | Environmental Test Chamber | Continuous N/A Methyl Ethyl None 1 printer tested
Ketone at 5°C

There are no CEM's available on this process.

Comments & Monitoring Deviations

A waste gas homogeneity test to BS EN 15259:2007 (MID) is not required:-
The homogeneity test is not applicable to non-combustion processes.
The homogeneity test is not applicable to duct areas less than 1m?.

All monitoring was performed in accordance with the relevant procedures.

The sampling location is a vertical duct.

Only one sample port was available on the vertical duct.

The velocity and temperature profile at the sampling location met the requirements of BS EN 13284-1: 2002.

Visit 1 of 2015
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When the results are expressed as non-detected the mass emissions are calculated from the detection limit and therefore they are worst
case results.



Part 2: Supporting Information

Linx Printing Technologies Limited, St Ives, Permit No: B18/14, R/15-6361, v1

REC ™

Resource & Environmental Consultants Ltd

Visit

Page 7 of

Report for the Periodic Monitoring of Emissions to Air.

Report Prepared by:

Report Approved by:

v

772CERTS

nnnnnnnnnnnnnnnnnnnnnn
MONITORING CERTIFICATION SCHEME

Client

Site

Plant
Sampling Date
Report Date
Job Number
Permit Number

Print

MCERTS No.

Sign

Print

MCERTS No.

o \‘\HIH’I’/,

7
iz

\_____/
e~

AT
l,/"fn| u\\‘\\\

i

)6

N

UKAS

TESTING

Linx Printing Technologies Limited
St lves

Environmental Chamber Room 1
4th November 2015

2nd December 2015

EM-2112

B18/14

Harpreet Badwal

MMO3 149 Level 2 TE: 1,2,3,4

Derek Myers

MMO2 115 Level 2 TE: 1,2,3,4

REC Ltd Environmental Monitoring
Unit 19

Bordesley Green Trading Estate
Bordesley Green Road

Birmingham

B8 1BZ

Tel: 0845 676 9303
Company Registration No 03133832

ol
". a CONCEPT LIFE SCIENCES company

1

of

2015

22



Linx Printing Technologies Limited, St Ives, Permit No: B18/14, R/15-6361, v1
Visit 1 of 2015

Page 8 of 22

APPENDIX 1



Linx Printing Technologies Limited, St lves, Permit No: B18/14, R/15-6361, v1
Visit 1 of 2015

Page 9 of 22

Emission Monitoring Procedures And Instrumentation

Gas velocity and temperature

Documented in-house procedure ~ TPMO1/A  to the main procedural requirements of BS EN ISO 16911-1:2013
Velocity and temperature measurements are performed using a calibrated Pitot tube, a calibrated pressure
differential reading device and a calibrated thermocouple. Velocity and possible flow deviation measurements are
carried out at selected, representative points in the gas stream.

Total organic carbon

Documented in-house procedure TPM/13  to the main procedural requirements of BS EN 12619:2013.
Continuous analysis using probe, sample line and multi range Flame lonisation Detector (FID) analyser. The
analyser is calibrated before and during the tests using certified gas mixtures of nitrogen, oxygen and propane.
Sampling points are selected in accordance with the findings of any BS EN 15259 assessment.
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Sampling Project Personnel Competency And Expiry Dates

MCERTS No  Level 1 Level 2 TE1 TE2 TES3 TE4
Report prepared by: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Report authorised by: Derek Myers MMO2 115 - 30/09/2017 31/05/2018 30/11/2018 30/11/2018 30/11/2018
Team leader: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Team leader: Aidan Wrynne MMO08 921 - 31/05/2017 31/05/2017 31/11/2018 30/11/2017 30/06/2018

Equipment References

Equipment Reference Number
FID AQ271
Heated Line HL40
Heated Filter Sintered
Stack Thermocouple PTTS97
Timer / Stopwatch ST41
Barometer WS03
Pitot PT129
Thermometer TK28
Manometer P103
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Date 04/11/2015 Barometric pressure 101.0 [kPa Stack Diameter (circular) 0.20 [m
Time 12:02 Duct static pressure 0.01 kPa
Pitot Cp 1.01 Stack Area 0.031 [m?
Traverse || Traverse Depth AP T Angle velocity || Traverse Depth AP T Angle velocity
Point Line cm mmH,0 e © m/s Line cm mmH,0 oG © m/s
A B
2 A B
3 A B
4 A B
5 A 5.0 1.0 7 <15 4.0 B
6 A 71 0.7 7 <15 3.4 B
7 A 12.9 0.8 7 <15 3.6 B
8 A 15.0 1.2 7 <15 4.4 B
9 A B
10 A B
11 A B
12 A B
Average Pitot DP 0.93 mmH,0
Average Temperature 280.2 |[K
Average Velocity 3.9 m/s
Average volumetric flow rate 0.12  [m¥%s at stack conditions
Average volumetric flow rate 0.12  |m¥s (wet STP)

Sampling plane requirements Re: BS EN 13284-1:2001 5.2

a Angel of gas flow less than 15° with regard to duct axis YES
b No local negative flow YES
G Minimum pitot greater than 5Pa YES
d Ratio of highest to lowest local gas velocity less than 3:1 YES

Minimum local gas velocity 3.4

Maximum local gas velocity 4.4

Ratio of highest to lowest local gas velocity 1.31

Preliminary Velocity Traverse Data
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Date 04/11/2015
From 16:15 to 16:45 30 minute mean
IVolatile organic compounds | vppm, wet | 5.14 | mg/m3* 8.26
From 16:45 to 17:15 30 minute mean
IVoIatiIe organic compounds | vppm, wet | 6.89 | mg/m3* | 11.07 |
From 17:15 to 17:45 30 minute mean
IVoIatiIe organic compounds | vppm, wet | 2.14 | mg/m3* | 3.45 |

Sampling Detection Limits
IVoIatiIe organic compounds vppm 0.10 mg/m?3* 0.16

Reference Gas Details

Species Units Value Cylinder Analyser Uncertainity
Reference Range K22
INitrogen % 99.999 VCK01959 - +2
IVoIatiIe organic compounds vppm 74.7 V(C59841 100 +2

Zero And Span Gas Details

Species units Initial Time 08:54 Final Time 17:55
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 0.12 75.08

Exhaust Gas Continuous Analysis Data
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Chart 1 - VOC Emissions Data - Environmental Chamber Room 1, 04/11/2015
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Diagram Of The Sampling Location

Diagram of sampling points across the cross section of the duct (not to scale).

Traverse length = 0.20 m
Point % of D Location
cm
1 50.0 10.0

Environmental
Chamber Room 1
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General Calculations

Stack area:
2
Areaof acircle =—
D= Diameter (m)
= 3.142

Pressure conversion:
1mmH20 = 0.00980665 kPa
1mmH20 = 9.80665 Pa

1 mar = 0.1 kPa

Water vapour concentration:
From reference calculations (taken from BS EN 14790):

I"n\NC 'Vmol(std)

M
Ve = Y w %100
rn\/VC * Y'mol (std) V
M + m(std)
W
VWC (%) = Water vapour content on wet basis, in volume % (m® of water vapour in m* of wet gas)
Vm(std) = Dry gas volume measured, corrected to standard conditions (m?®)
mWC = Mass of water collected in the impingers (g)
Mw = Molecular weight of water, 18.01534 rounded to 18 (g/mol)

Vmol(std) = Molar volume of water at standard conditions = 0.0224 (m3/mol)

Gas meter volume at standard conditions (STP)
From reference calculations (taken from BS EN 14790):

.
Vistay = Ya X (Vs _Vl)xs_tdxh

Tm std
Vm(std) = Dry gas meter volume at standard conditions (m®)
yd = Gas meter calibration coefficient
(Va-v1) = Dry gas meter volume at actual conditions (m?®)
Tm = Actual Temperature (K)
Tstd = Standard temperature (273 K)
pm = Absolute pressure at the gas meter (kPa)
pstd = Standard gas pressure (101.3 kPa)

Isokenetic Ratio (%):
From reference calculations (taken from EA TGN M2):

Velocity at the sampling nozzle
Velocity of the stack gas

x100

IsokineticRatio(%) =

Estimating Measurment Uncertainty
Uncertainty estimates are calculated using the general rule of uncertainty propagation. Guidance is taken from
publications including UKAS document M3003 and ISO 20988:2007.
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Flow Calculations

Velocity:
From reference calculations (taken from ISO 10780):

Visit 1

v=kKC |[LAP
P. My

v=  Average velocity (m/s)
C= velocity calculation constant = 129
Ts=  Average stack temperature (K)
Ms = Molar mass of gas; assume 29 kg/kmol unless the molar mass is < 27 kg/kmol or > 31 g/kmol
K= Pitot calibration coefficient
Pe =  Absolute gas pressure (kPa)

AB — Average pitot tube pressure differencial (kPa)

Volume flow rate
From reference calculations (taken from ISO 10780):

d,, =VA
gva= Average flow rate ( ms/s)
v= Average velocity (m/s)
A= Stack cross-sectional area (mz)

Volume flow rate corrected for moisture
From reference calculations (taken from BS ISO 9096):

0 =g (100-H,)
m v (100-H m)
agm = Corrected volume flowrate (ms/s)
gva=Volume flow rate at actual conditions (m%/s)
Ha=  Moisture at actual conditions (%volume)

Hm = Reference moisture (%ovolume)

Volume flow rate corrected for temperature and pressure
From reference calculations (taken from BS ISO 9096):

q =g, TnP)
t (T, Py
gm = Corrected volume flowrate (m?/s)
gva= Volume flow rate at actual conditions (m%/s)
Ta=  Temperature at actual conditions (K)
Tm = Reference Temperatue (K)
pa=  Absolute gas pressure at actual conditions (kPa)

pm = Reference pressure (kPa)

Volume flow rate corrected for oxygen
From reference calculations (taken from BS ISO 9096):

_ (20'9_02,ref )

qm - qva ‘209—02m j

agm = Corrected volume flowrate (m*/s)

gva= Volume flow rate at actual conditions (m?/s)
02,m = Actual oxygen concentration (%)

02, ref = Reference oxygen concentration (%)

of 2015
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Concentration Calculations

Concentration:
From reference calculations (taken from BS EN 13284-1):

m
C=—
V
c= Concentration
m = Mass of substane
V= Volume sampled

Mass Emission
Mass emission=cxq,,

c= Concentration
gq= Volume flow rate

Concentration corrected for oxygen:
From reference calculations (taken from BS ISO 9096):

20.9-0,
Cp=CiX———————
20.9-0,,

cm= Concentration at reference conditions
ca= Actual concentration

02, ref = Reference oxygen (%)

02, a= Actual Oxygen (%)

Concentration corrected for moisture:
From reference calculations (taken from BS ISO 9096):

Convert wet gas to dry gas

100
Cay = Cuwet X004

Convert dry gas to wet gas

c =c ><100— H,
wet dry 100
cwet = Concentration wet gas
cdry = Concentration dry gas
Ha = Water vapour content (%vol)

Conversion of parts per million (ppm) to mg/m3
From reference calculations (taken from EA TGN M2):

Concentraiion(mg /m?) = Concentration(ppm) xmolecular weight(g)

molar volume(l) ata given temperatue

molar volume at 273K = 22.4 litres

When Converting TOC

Page 19 of

Concentration( ppm) xmolecular weightof carboninspangas(g)

Concentraton(mg /m?®) = -
molar volume(l) ata given temperature

molar volume at 273K = 22.4 litres

22
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Calculation of Uncertainty Estimates - Instrumental Monitoring Techniques

Model equation

p
Cpom = Creading + CoIY +Corg . +Corg . +Corr,, +Corg,, + ZCor(nf +Corr,
i=1

Where:
C opom = concentration in ppm Corr g = correction of repeatability of measurement
C Noreading = concentration given by analyser Corr 5 = correction of adjustment
Corr g = correction of lack of fit Corr iy = correction of influence quantities
Corrggr = correction of zero drift Corr it = correction of interferents
Corrg g = correction of span drift
Calculation of partial uncertainties
u(Corrg) = X fit.max Where: . . o . .

100x range Xiit,max is the maximum allowable deviation from linearity

73

Expressed as % of the range and calculated by applying a rectangular probability distribution

u(Corrg 4) = Xoar u(Corrs g) = Xear
N N
u(Corryep) = max (So,rep ; Ssrep) = Srep
Where:
Sio is the standard uncertainty at zero level
Sis is the standard uncertainty at span level
u(Corrag) = u(Corrss) + u(Corrgy) Where:
c. u(Corrss) is the uncertainty due to losses in sample line
U(Corriss) = \y'ﬁss u(Corrgy) is the uncertainty due to losses in sample line
3 Clyloss is the concentration of sample loss at span level
u(Corrgy) = @ Uca is the expanded uncertainty of the calibration gas
2
u(Corr i) - (Xj‘max_xj‘adj )2+(Xj,min_xj,adj )X(Xj,max_xj,adj)+(xj,min_Xj,adj )2
! 3
Where:
[} is the sensitivity coefficient of the influence quantity
X min is the minimum value of the influence quantity during monitoring
X max is the maximum value of the influence quantity during monitoring
Xjadj is the value of the influence quantity during adjustment
c Int, . Z+Int, . xInt, _ +Int, .2
u(Corr ) _ j \/ j,max j,min j,max j.min
INt; o 3
and Where:
[} is the sensitivity coefficient of the interferent j
u( ZCorr ) = maxlslm‘p; Slman INt;jest is the concentration of the interferent j used to determine c;
INt; i is the minimum value of the interferent j quantity during monitoring
1Nt max is the maximum value of the interferent j quantity during monitoring
Int; o is the concentration of the interferent j in the cal gas used to adjust the analyser
Sintp is the sum of interferents with positive impact
Sintn is the sum of interferents with negative impact

Combined uncertainty

u(C, pom) =

)+ u? (corr )+ u? (corrw )+ uz(corr )+ u? (cornemp )+ u®(corr,,, )+u? (corradJ )+ Si’

rep a, press

\/uz (corrm )+ uz(corro‘dr )+u?(corr

s,dr

Overall expanded uncertainty (k = 2) u(c,)=u(c, )xk
Uncertainty of NOx measurements
Where:
u(C nox s conv) CN0x xR xn Cnox is the concentration of NOx measured by the analyser
\/5 R is the ratio of NO:Nox in the stack gas
n is the NOx converter efficiency

Combined uncertainty NOx measurements

U(C nox s stack ) =

)+u? (corrrep )+ uz(corrs‘vf )+ uz(corr )+ u? (corrlemp )+ u?(corr,,, )+ uz(corradj )+ S+ uz(corrNOxvmv)

a,press

\/uz(corrm)+ u?(corr, q, )+u?(corr,

s,dr

Uncertainty of mass concentration at oxygen reference concentration

u(C, 02 rer) =

2
uz(corrm)+uz(corrovm)+uz(corrs‘d,)+u2(c0rr,ep)+u2(corrvaf )+u2(corra‘pms)+ uz(corr[emp)+u2(corrw,l)+u2(corradj)+ S+ (zul(ooz—wf
T 2, meas, dry

Where:

U(C,0p rey) = uncertainty associated with the mass concentration at O, ref. concentration in mg/m3
C,02 e = mass concentration at O, reference concentration in mg/m3

O3 meas = O, measured concentration in % volume

U((Oz2meas)ary) = uncertainty associated to the measured O, concentration in % (relative to Oz meas)
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0o=Nocorrection)
Test 1 Test2 Test3
Limit value mg/m® 75 75 75
Limit value ppm 46.7 46.7 46.7
Measured concentration ppm 5.1 6.9 2.1
Measured concentration mg/m® 8.3 11.1 3.4
Concentration at O, ref. concentration mg/m® N/A N/A N/A
Calibration gas ppm 74.7 74.7 74.7
Calibration gas mg/m® 120.1 120.1 120.1
Analyser range ppm 9.3 9.3 9.3
Analyser range mg/m® 15.0 15.0 15.0
Correction of Lack of Fit
Lack of fit [ %range | 2.0 [ 2.0 [ 2.0 |
[uCorrd | 041 | o041 | od1 |
Corrections of Zero and Span Drift (*All drift is calculated for ... the residual is assumed to be < 5% u(max) )
Zero Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Span Drift % range 0.00 0.00 0.00
u(Corr,gqr) 0.00 0.00 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level [ %range | 0.0 [ 0.0 [ 0.0 |
(Not reported) [uCorre) | 000 [ 000 | 000 |
Correction of adjustment
losses in the line % range 0.27 0.27 0.27
u(Corr,jgss) 0.01 0.01 0.00
Uncertainty of calibration gas % range 2.0 2.0 2.0
u(Corr,ca) 0.05 0.07 0.02
Correction of Influence of Interferents
N,O % range
u(Corr,n0) 0.00 0.00 0.00
CO, % range
u(Corr,co2) 0.00 0.00 0.00
CH, % range
u(Corr,cha) 0.00 0.00 0.00
Total of interferent influences % range 2.50 2.50 2.50
u(Corrint) = MaX[Syy p; S u(xCorriny) 0.16 0.16 0.16
Correction of Influence Quantities
Sensitivity to sample volume flow % range 1.60 1.60 1.60
u(Corr,ow) 0.09 0.09 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00 0.00 0.00
Sensitivity to ambient temperature % range -2.40 -2.40 -2.40
u(Corr,temp) -0.28 -0.28 -0.28
Sensitivity to electrical voltage % range 0.50 0.50 0.50
(Not reported) u(Corr,,q1) 0.10 0.10 0.10
[Maximum standard uncertainty [ uCorryma) [ 0.11 [ o1 [ o1 |
[5% of maximum standard uncertainty | u(Corrs) [ 0.01 [ o0t [ o001 |
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mg/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 mg/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 mg/m®
Influence Quantitiy Variations
Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 \
Measurement uncertainty Test 1 Test 2 Test 3
Combined uncertainty ppm 0.37 0.37 0.37
Combined uncertainty mg/m® 0.59 0.60 0.59
Combined uncertainty at oxygen reference mg/m® 0.59 0.60 0.59

Expanded uncertainty expressed with a level of confidence of 95%, k=2

Overall uncertainty ppm 0.7 0.7 0.7
Overall uncertainty mg/m® 1.2 1.2 1.2
Overall uncertainty relative to measured value % 14.3 10.8 34.1
Overall uncertainty relative to range % 7.9 8.0 7.8
Overall uncertainty relative to ELV % 1.0 1.0 1.0

The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Monitoring Objectives
The monitoring was undertaken to check compliance with authorised emission limits.

All monitoring procedures were carried out to the MCERTS requirements under the REC Environmental Monitoring
quality system to ISO 17025: 2005.

Monitoring was undertaken for the listed emissions from the following sampling positions:

Sampling Location Emission

Wet Test Stack 1 (Room Extract) Total organic carbon

Special Monitoring Requirements

There were no special requirements for this monitoring campaign.

Summary of Methods

Emission Method number Method standard

Gas velocity and volume flow TPM/01A BS EN ISO 16911-1:2013
TOC TPM/13 BS EN 12619 : 2013
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Summary Of Results

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited

The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission | Authorised | Uncertainty | Detection Mass
St Ives Time Result Limit +/- Limit Emission
Wet Test Stack 1 (Room Extract) Date Start End mg/m** mg/m** mg/m** mg/m** g/h
TOC 02/11/15 16:50 | 17:50 30.8 75 1.3 0.2 131.7
TOC 03/11/15 | 08:30 | 09:00 17.5 75 1.2 0.2 74.9
* at reference conditions Stack Gas Weight 0°C Without correction for moisture
29.00 Kg/kmol 101.3 kPa Oxygen No Correction %

Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Nm3 273 K, 101.3 kPa

# - UKAS accredited only
#i - Not Accredited

N/A  Not applicable

* Reference conditions (see above)
** Analysis not required

ND Non detectable

s - Subcontracted laboratory analysis

Throughout Report:

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

11ICERTS All tests in.cl.uded in tr.1is report a.re accredited under.UKAS and'MCERTS accreditation schemes unless oth'erV\'lise stated. ’,//’/'::-\\”:‘::
Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation. RO
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Summary Of Results, Exhaust Gases

The table presents the atmospheric emissions from the tests undertaken on behalf of  Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission Authorised Uncertainty Detection Mass
St Ives Time Result Limit +/- Limit Emission
Wet Test Stack 1 (Room Extract) Date Start End mg/m** mg/m** mg/m** mg/m** gh
TOC Test 1 02/11/15 16:50 17:20 4.5 75 1.4 0.2 177.5
TOC Test 2 02/11/15 17:20 17:50 20.1 75 1.2 0.2 85.9
TOC Test3 03/11/15 08:30 09:00 17.5 75 1.2 0.2 74.9
* at ref Stack Gas Weight 0°C Without correction for moisture
Conditions 29.00 Kg/kmol 101.3 kPa Oxygen No Correction %
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide
TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm?® 273K, 101.3 kPa

* Analysis not required
ND Non detectable
s - Subcontracted laboratory analysis

# - UKAS accredited only
## - Not Accredited
N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing

a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

v

TICERTY

Al tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise

stated. Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation.




Linx Printing Technologies Limited, St Ives, Permit No: B18/14, R/15-6362, v1
Visit 1 of 2015

Page 6 of 25

Operating Information

The table below shows details of the operating information on each sampling date for: Wet Test Stack 1 (Room Extract)
Date Process type Process Fuel Feedstock Abatement Load
duration
2nd & 3rd LEV From Ink Printer Continuous Natural Gas Methyl - Ethyl Bag Filter Normal
November Testing Room Ketone, Acetone Operation
2015 & Ethanol

There are no CEM's available on this process.

Comments & Monitoring Deviations

A waste gas homogeneity test to BS EN 15259:2007 (MID) is not required:-
The homogeneity test is not applicable to non-combustion processes.

The homogeneity test is not applicable to duct areas less than 1m?.

All monitoring was performed in accordance with the relevant procedures.
The sampling location is a vertical rectangular duct.

The velocity and temperature profile at the sampling location met the requirements of BS EN 13284-1: 2002.

When the results are expressed as non-detected the mass emissions are calculated from the detection limit and therefore they are worst
case results.



Part 2: Supporting Information

Linx Printing Technologies Limited, St Ives, Permit No: B18/14, R/15-6362, v1

REC ™

Resource & Environmental Consultants Ltd

Visit

Page

Report for the Periodic Monitoring of Emissions to Air.

Report Prepared by:

Report Approved by:

v

772CERTS

nnnnnnnnnnnnnnnnnnnnnn
MONITORING CERTIFICATION SCHEME

Client

Site

Plant
Sampling Date
Report Date
Job Number
Permit Number

Print

MCERTS No.

Sign

Print

MCERTS No.

o \‘\HIH’I’/,

7
iz

\_____/
e~

AT
l,/"fn| u\\‘\\\

i

)6

N

UKAS

TESTING

Linx Printing Technologies Limited
St Ives

Wet Test Stack 1 (Room Extract)
2nd & 3rd November 2015

7th December 2015

EM-2112

B18/14

Harpreet Badwal

MMO3 149 Level 2 TE: 1,2,3,4

Derek Myers

MMO2 115 Level 2 TE: 1,2,3,4

REC Ltd Environmental Monitoring
Unit 19

Bordesley Green Trading Estate
Bordesley Green Road

Birmingham

B8 1BZ

Tel: 0845 676 9303
Company Registration No 03133832

ol
". a CONCEPT LIFE SCIENCES company

1

7

of

of

2015

25



Linx Printing Technologies Limited, St Ives, Permit No: B18/14, R/15-6362, v1
Visit 1 of 2015

Page 8 of 25

APPENDIX 1



Linx Printing Technologies Limited, St lves, Permit No: B18/14, R/15-6362, v1
Visit 1 of 2015

Page 9 of 25

Emission Monitoring Procedures And Instrumentation

Gas velocity and temperature

Documented in-house procedure ~ TPMO1/A  to the main procedural requirements of BS EN ISO 16911-1:2013
Velocity and temperature measurements are performed using a calibrated Pitot tube, a calibrated pressure
differential reading device and a calibrated thermocouple. Velocity and possible flow deviation measurements are
carried out at selected, representative points in the gas stream.

Total organic carbon

Documented in-house procedure TPM/13  to the main procedural requirements of BS EN 12619:2013.
Continuous analysis using probe, sample line and multi range Flame lonisation Detector (FID) analyser. The
analyser is calibrated before and during the tests using certified gas mixtures of nitrogen, oxygen and propane.
Sampling points are selected in accordance with the findings of any BS EN 15259 assessment.
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Sampling Project Personnel Competency And Expiry Dates

MCERTS No  Level 1 Level 2 TE1 TE2 TES3 TE4
Report prepared by: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Report authorised by: Derek Myers MMO2 115 - 30/09/2017 31/05/2018 30/11/2018 30/11/2018 30/11/2018
Team leader: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Team leader: Aidan Wrynne MMO08 921 - 31/05/2017 31/05/2017 31/11/2018 30/11/2017 30/06/2018

Equipment References

Equipment Reference Number
FID AQ271
Heated Line HL40
Heated Filter Sintered
Stack Thermocouple PTTS97
Timer / Stopwatch ST41
Barometer WS03
Pitot PT129
Thermometer TK28
Manometer P103
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Date 02/11/2015 Barometric pressure 102.3 |kPa
Time 16:43 Duct static pressure 0.00 [kPa Stack Depth (rectangular) 0.70
Pitot Cp 1.01 Stack Area 0.665 |m? Stack Depth (rectangular) 0.95
Traverse || Traverse Depth AP T Angle velocity || Traverse Depth AP T Angle velocity
Point Line cm mmH,0 e © m/s Line cm mmH,0 oG © m/s
A B
2 A 5.0 0.1 14 <15 1.3 B
3 A 10.5 0.1 14 <15 1.3 B
4 A 17.5 0.1 14 <15 1.3 B
5 A 24.5 0.3 14 <15 2.2 B
6 A 31.5 0.2 14 <15 1.8 B
7 A 38.5 0.2 14 <15 1.8 B
8 A 45.5 0.1 14 <15 1.3 B
9 A 52.5 0.3 14 <15 2.2 B
10 A 59.5 0.5 14 <15 2.9 B
11 A 65.0 0.4 14 <15 2.6 B
12 A B
Average Pitot DP 0.22 [mmHO
Average Temperature 287.2 |[K
Average Velocity 1.9 m/s
Average volumetric flow rate 1.24  |m%s at stack conditions
Average volumetric flow rate 1.19  |m%s (wet STP)
Sampling plane requirements Re: BS EN 13284-1:2001 5.2
a Angel of gas flow less than 15° with regard to duct axis YES
b No local negative flow YES
® Minimum pitot greater than 5Pa NO
d Ratio of highest to lowest local gas velocity less than 3:1 YES
Minimum local gas velocity 1.3
Maximum local gas velocity 29
Ratio of highest to lowest local gas velocity 2.24

Preliminary Velocity Traverse Data
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Visit
Date 02/11/2015
From 16:50 to 17:20 30 minute mean
IVolatile organic compounds vppm, wet | 25.80 mg/m3* 41.46
From 17:20 to 17:50 30 minute mean
IVoIatiIe organic compounds vppm, wet | 12.48 mg/m3* 20.06
Sampling Detection Limits
IVoIatiIe organic compounds vppm 0.10 mg/ms*
Reference Gas Details
Species Units Value Cylinder Analyser Uncertainity
Reference Range
k=2
INitrogen % 99.999 VCK01959 - +2
IVoIatiIe organic compounds vppm 74.7 VC59841 10 +2
Zero And Span Gas Details
Species units Initial Time 15:23 Final Time 18:08
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 -0.39 74.10

Exhaust Gases Continuous Analysis Data

Linx Printing Technologies Limited, St Ives, Permit No: B18/14, R/15-6362, v1
2015
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Date 03/11/2015
From 08:30 to 09:00 30 minute mean
IVolatile organic compounds vppm, wet | 10.88 | mg/m3* 17.48
Sampling Detection Limits
IVoIatiIe organic compounds vppm 0.10 mg/m3* 0.16
Reference Gas Details
Species Units Value Cylinder Analyser Uncertainity
Reference Range K22
INitrogen % 99.999 VCK01959 +2
IVoIatiIe organic compounds vppm 74.7 VC59841 10 +2
Zero And Span Gas Details
Species units Initial Time 08:19 Final Time 10:10
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 -0.21 74.14

Exhaust Gases Continuous Analysis Data, Continued
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Chart 1 - VOC Emissions Data - Wet Test Stack 1 (Room Extract), 02/11/2015
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Chart 2 - VOC Emissions Data, Cont - Wet Test Stack 1 (Room Extract), 03/11/2015
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Diagram Of The Sampling Location

Diagram of sampling points across the cross section of the duct (not to scale).

Traverse length = 0.70 m x 0.95m
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General Calculations

Stack area:
2
Areaof acircle =—
D= Diameter (m)
= 3.142

Pressure conversion:
1mmH20 = 0.00980665 kPa
1mmH20 = 9.80665 Pa

1 mar = 0.1 kPa

Water vapour concentration:
From reference calculations (taken from BS EN 14790):

I"n\NC 'Vmol(std)

M
Ve = Y w %100
rn\/VC * Y'mol (std) V
M + m(std)
W
VWC (%) = Water vapour content on wet basis, in volume % (m® of water vapour in m* of wet gas)
Vm(std) = Dry gas volume measured, corrected to standard conditions (m?®)
mWC = Mass of water collected in the impingers (g)
Mw = Molecular weight of water, 18.01534 rounded to 18 (g/mol)

Vmol(std) = Molar volume of water at standard conditions = 0.0224 (m3/mol)

Gas meter volume at standard conditions (STP)
From reference calculations (taken from BS EN 14790):

.
Vistay = Ya X (Vs _Vl)xs_tdxh

Tm std
Vm(std) = Dry gas meter volume at standard conditions (m®)
yd = Gas meter calibration coefficient
(Va-v1) = Dry gas meter volume at actual conditions (m?®)
Tm = Actual Temperature (K)
Tstd = Standard temperature (273 K)
pm = Absolute pressure at the gas meter (kPa)
pstd = Standard gas pressure (101.3 kPa)

Isokenetic Ratio (%):
From reference calculations (taken from EA TGN M2):

Velocity at the sampling nozzle
Velocity of the stack gas

x100

IsokineticRatio(%) =

Estimating Measurment Uncertainty
Uncertainty estimates are calculated using the general rule of uncertainty propagation. Guidance is taken from
publications including UKAS document M3003 and ISO 20988:2007.
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Flow Calculations

Velocity:
From reference calculations (taken from ISO 10780):

Visit 1

v=kKC |[LAP
P. My

v=  Average velocity (m/s)
C= velocity calculation constant = 129
Ts=  Average stack temperature (K)
Ms = Molar mass of gas; assume 29 kg/kmol unless the molar mass is < 27 kg/kmol or > 31 g/kmol
K= Pitot calibration coefficient
Pe =  Absolute gas pressure (kPa)

AB — Average pitot tube pressure differencial (kPa)

Volume flow rate
From reference calculations (taken from ISO 10780):

d,, =VA
gva = Average flow rate ( ms/s)
v= Average velocity (m/s)
A= Stack cross-sectional area (mz)

Volume flow rate corrected for moisture
From reference calculations (taken from BS ISO 9096):

0 =g (100-H,)
m v (100-H m)
agm = Corrected volume flowrate (ms/s)
gva=Volume flow rate at actual conditions (m%/s)
Ha=  Moisture at actual conditions (%volume)

Hm = Reference moisture (%ovolume)

Volume flow rate corrected for temperature and pressure
From reference calculations (taken from BS ISO 9096):

q =g, TnP)
t (T, Py
gm = Corrected volume flowrate (m?/s)
gva= Volume flow rate at actual conditions (m%/s)
Ta=  Temperature at actual conditions (K)
Tm = Reference Temperatue (K)
pa=  Absolute gas pressure at actual conditions (kPa)

pm = Reference pressure (kPa)

Volume flow rate corrected for oxygen
From reference calculations (taken from BS ISO 9096):

_ (20'9_02,ref )

qm - qva ‘209—02m j

agm = Corrected volume flowrate (m*/s)

gva= Volume flow rate at actual conditions (m?/s)
02,m = Actual oxygen concentration (%)

02, ref = Reference oxygen concentration (%)

of 2015
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Concentration Calculations

Concentration:
From reference calculations (taken from BS EN 13284-1):

m
C=—
V
c= Concentration
m = Mass of substane
V= Volume sampled

Mass Emission
Mass emission=cxq,,

c= Concentration
gq= Volume flow rate

Concentration corrected for oxygen:
From reference calculations (taken from BS ISO 9096):

20.9-0,
Cp=CiX———————
20.9-0,,

cm= Concentration at reference conditions
ca= Actual concentration

02, ref = Reference oxygen (%)

02, a= Actual Oxygen (%)

Concentration corrected for moisture:
From reference calculations (taken from BS ISO 9096):

Convert wet gas to dry gas

100
Cay = Cuwet X004

Convert dry gas to wet gas

c =c ><100— H,
wet dry 100
cwet = Concentration wet gas
cdry = Concentration dry gas
Ha = Water vapour content (%vol)

Conversion of parts per million (ppm) to mg/m3
From reference calculations (taken from EA TGN M2):

Concentraiion(mg /m?) = Concentration(ppm) xmolecular weight(g)

molar volume(l) ata given temperatue

molar volume at 273K = 22.4 litres

When Converting TOC

Visit 1

Page 21

Concentration( ppm) xmolecular weightof carboninspangas(g)

Concentraton(mg /m?®) = -
molar volume(l) ata given temperature

molar volume at 273K = 22.4 litres
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Calculation of Uncertainty Estimates - Instrumental Monitoring Techniques

Model equation

p
Cpom = Creading + CoIY +Corg . +Corg . +Corr,, +Corg,, + ZCor(nf +Corr,
i=1

Where:
C opom = concentration in ppm Corr g = correction of repeatability of measurement
C Noreading = concentration given by analyser Corr 5 = correction of adjustment
Corr g = correction of lack of fit Corr iy = correction of influence quantities
Corrggr = correction of zero drift Corr it = correction of interferents
Corrg g = correction of span drift
Calculation of partial uncertainties
u(Corrg) = X fit.max Where: . . o . .

100x range Xiit,max is the maximum allowable deviation from linearity

73

Expressed as % of the range and calculated by applying a rectangular probability distribution

u(Corrg 4) = Xoar u(Corrs g) = Xear
N N
u(Corryep) = max (So,rep ; Ssrep) = Srep
Where:
Sio is the standard uncertainty at zero level
Sis is the standard uncertainty at span level
u(Corrag) = u(Corrss) + u(Corrgy) Where:
c. u(Corrss) is the uncertainty due to losses in sample line
U(Corriss) = \y'ﬁss u(Corrgy) is the uncertainty due to losses in sample line
3 Clyloss is the concentration of sample loss at span level
u(Corrgy) = @ Uca is the expanded uncertainty of the calibration gas
2
u(Corr i) - (Xj‘max_xj‘adj )2+(Xj,min_xj,adj )X(Xj,max_xj,adj)+(xj,min_Xj,adj )2
! 3
Where:
[} is the sensitivity coefficient of the influence quantity
X min is the minimum value of the influence quantity during monitoring
X max is the maximum value of the influence quantity during monitoring
Xjadj is the value of the influence quantity during adjustment
c Int, . Z+Int, . xInt, _ +Int, .2
u(Corr ) _ j \/ j,max j,min j,max j.min
INt; o 3
and Where:
[} is the sensitivity coefficient of the interferent j
u( ZCorr ) = maxlslm‘p; Slman INt;jest is the concentration of the interferent j used to determine c;
INt; i is the minimum value of the interferent j quantity during monitoring
1Nt max is the maximum value of the interferent j quantity during monitoring
Int; o is the concentration of the interferent j in the cal gas used to adjust the analyser
Sintp is the sum of interferents with positive impact
Sintn is the sum of interferents with negative impact

Combined uncertainty

u(C, pom) =

)+ u? (corr )+ u? (corrw )+ uz(corr )+ u? (cornemp )+ u®(corr,,, )+u? (corradJ )+ Si’

rep a, press

\/uz (corrm )+ uz(corro‘dr )+u?(corr

s,dr

Overall expanded uncertainty (k = 2) u(c,)=u(c, )xk
Uncertainty of NOx measurements
Where:
u(C nox s conv) CN0x xR xn Cnox is the concentration of NOx measured by the analyser
\/5 R is the ratio of NO:Nox in the stack gas
n is the NOx converter efficiency

Combined uncertainty NOx measurements

U(C nox s stack ) =

)+u? (corrrep )+ uz(corrs‘vf )+ uz(corr )+ u? (corrlemp )+ u?(corr,,, )+ uz(corradj )+ S+ uz(corrNOxvmv)

a,press

\/uz(corrm)+ u?(corr, q, )+u?(corr,

s,dr

Uncertainty of mass concentration at oxygen reference concentration

u(C, 02 rer) =

2
uz(corrm)+uz(corrovm)+uz(corrs‘d,)+u2(c0rr,ep)+u2(corrvaf )+u2(corra‘pms)+ uz(corr[emp)+u2(corrw,l)+u2(corradj)+ S+ (zul(ooz—wf
T 2, meas, dry

Where:

U(C,0p rey) = uncertainty associated with the mass concentration at O, ref. concentration in mg/m3
C,02 e = mass concentration at O, reference concentration in mg/m3

O3 meas = O, measured concentration in % volume

U((Oz2meas)ary) = uncertainty associated to the measured O, concentration in % (relative to Oz meas)
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0=Nocorrection)
Test 1 Test2

Limit value mg/m® 75 75
Limit value ppm 46.7 46.7
Measured concentration ppm 25.8 12.5
Measured concentration mg/m® 41.5 20.1
Concentration at O, ref. concentration mg/m® N/A N/A
Calibration gas ppm 74.7 74.7
Calibration gas mg/m® 120.1 120.1
Analyser range ppm 9.3 9.3
Analyser range mg/m® 15.0 15.0
Correction of Lack of Fit
Lack of fit [ %range | 2.0 2.0

| u(Corr,s) | 0.11 0.11

Corrections of Zero and Span Drift

(*All drift is calculated for ... the residual is assumed to be < 5% u(max) )

Zero Drift % range 0.00 0.00

u(Corr,gqr) 0.00 0.00
Span Drift % range 0.00 0.00

u(Corr,gqr) 0.00 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level [ %range | 0.0 0.0
(Not reported) | u(Corr,ep) | 0.00 0.00
Correction of adjustment
losses in the line % range 0.09 0.09

u(Corr,jgss) 0.01 0.01
Uncertainty of calibration gas % range 2.0 2.0

u(Corr, ) 0.26 0.12
Correction of Influence of Interferents
N,O % range

u(Corr,n0) 0.00 0.00
CO, % range

u(Corr,co2) 0.00 0.00
CH, % range

u(Corr,cha) 0.00 0.00
Total of interferent jnfluences % range 2.50 2.50
u(sCorrint) = MaX[Sp: S u(=Corr i) 0.16 0.16
Correction of Influence Quantities
Sensitivity to sample volume flow % range 1.60 1.60

u(Corr,ow) 0.09 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00 0.00
Sensitivity to ambient temperature % range -2.40 -2.40

u(Corr,temp) -0.28 -0.28
Sensitivity to electrical voltage % range 0.50 0.50
(Not reported) u(Corr,,q1) 0.10 0.10
[Hide T [ 0.00 0.00
[Maximum standard uncertainty [ u(Corr,mad [ 0.26 0.12
[5% of maximum standard uncertainty [ u(Corr,ss) | 0.01 0.01
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mag/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 ma/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 ma/m®
Influence Quantitiy Variations

Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 Vv
Measurement uncertainty Test 1 Test2
Combined uncertainty ppm 0.45 0.39
Combined uncertainty mg/m® 0.72 0.62
Combined uncertainty at oxygen reference mg/m® 0.72 0.62
Expanded uncertainty expressed with a level of confidence of 95%, k=2
Overall uncertainty ppm 0.9 0.8
Overall uncertainty mg/m* 1.4 1.2
Overall uncertainty relative to measured value % 3.5 6.2
Overall uncertainty relative to range % 9.6 8.3
Overall uncertainty relative to ELV % 1.2 1.0

The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0=Nocorrection)
Test 1
Limit value mg/m® 75
Limit value ppm 46.7
Measured concentration ppm 10.9
Measured concentration mg/m® 17.5
Concentration at O, ref. concentration mg/m® N/A
Calibration gas ppm 74.7
Calibration gas mg/m® 120.1
Analyser range ppm 9.3
Analyser range mg/m® 15.0

Correction of Lack of Fit

Lack of fit % range 2.0
u(Corr, ) 0.11
Corrections of Zero and Span Drift (*All drift is calculated for ... the residual is assumed to be < 5% u(max) )
Zero Drift % range 0.00
u(Corr, gqr) 0.00
Span Drift % range 0.00
u(Corr,gqr) 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level % range 0.0
(Not reported) u(Corr,rep) 0.00
Correction of adjustment
losses in the line % range 0.15
u(Corr,joss) 0.01
Uncertainty of calibration gas % range 2.0
u(Corr, ) 0.11
Correction of Influence of Interferents
N,O % range
u(Corr,nz0) 0.00
CO, % range
u(Corr,cop) 0.00
CH, % range
u(Corr,ca) 0.00
Total of interferent influences % range 2.50
u(SCorrint) = MaX|Syy53 Sioin U(ZCOIT 1) 0.16

Correction of Influence Quantities

Sensitivity to sample volume flow % range 1.60

u(Corr, o) 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00
Sensitivity to ambient temperature % range -2.40

u(Corr,temp) -0.28
Sensitivity to electrical voltage % range 0.50
(Not reported) u(Corr,yon) 0.10
[Maximum standard uncertainty [ u(Corr,mad | 0.11 |
[5% of maximum standard uncertainty | u(Corr,se) | 0.01 |
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mg/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 mg/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 mg/m®
Influence Quantitiy Variations

Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 \
Measurement uncertainty Test 1
Combined uncertainty ppm 0.38
Combined uncertainty mg/m® 0.61
Combined uncertainty at oxygen reference mg/m® 0.61

Expanded uncertainty expressed with a level of confidence of 95%, k=2

Overall uncertainty ppm 0.8
Overall uncertainty mg/m® 1.2
Overall uncertainty relative to measured value % 7.0
Overall uncertainty relative to range % 8.2
Overall uncertainty relative to ELV % 1.0

The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Monitoring Objectives
The monitoring was undertaken to check compliance with authorised emission limits.

All monitoring procedures were carried out to the MCERTS requirements under the REC Environmental Monitoring
quality system to ISO 17025: 2005.

Monitoring was undertaken for the listed emissions from the following sampling positions:

Sampling Location Emission

Wet Test Stack 2 (Individual Test Rig Extract) Total organic carbon

Special Monitoring Requirements

There were no special requirements for this monitoring campaign.

Summary of Methods

Emission Method number Method standard

Gas velocity and volume flow TPM/01A BS EN ISO 16911-1:2013
TOC TPM/13 BS EN 12619 : 2013
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Summary Of Results

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.

Emission at Sampling Emission Authorised | Uncertainty | Detection Mass
St Ives Time Result Limit +/- Limit Emission
Wet Test Stack 2 (Individual Test Rig Extract) Date Start End mg/m** mg/m** mg/m** mg/m** g/h
TOC 02/11/15 | 16:00 | 16:30 446.4 75 9.0 0.2 1360.6
TOC 03/11/15 | 09:05 | 10:05 521.5 75 10.5 0.2 1589.5
* at reference conditions Stack Gas Weight 0°c Without correction for moisture
29.00 Kg/kmol 101.3 kPa Oxygen No Correction %
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide

TOC results are expressed as total carbon

Throughout Report: * Reference conditions (see above) Nm?® 273 K, 101.3 kPa
** Analysis not required # - UKAS accredited only
ND Non detectable ## - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.

¢ SN,
|\/| —d

771CERTS All tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise stated. PN
X Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation. "4.{[,“.\..\-“
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Summary Of Results, Exhaust Gases

The table presents the atmospheric emissions from the tests undertaken on behalf of Linx Printing Technologies Limited
The results were measured from the sample positions downstream of the arrestment plant.
Emission at Sampling Emission Authorised Uncertainty Detection Mass
St lves Time Result Limit +/- Limit Emissi
Wet Test Stack 2 (Individual Test Rig Extract) Date Start End mg/m** mg/m* mg/m* mg/m** g/h
TOC Test 1 02/11/15 16:00 16:30 446.4 75 9.0 0.2 1360.6
TOC Test 2 03/11/15 09:05 09:35 504.2 75 10.2 0.2 1536.7
TOC Test 3 03/11/15 09:35 10:05 538.8 75 10.9 0.2 1642.2
* at ref Stack Gas Weight 0°c Without correction for moisture
Conditions 29.00 ___Kg/kmol 101.3 kPa Oxygen No Correction %
Where applicable Oxides of nitrogen results are expressed as nitrogen dioxide
TOC results are expressed as total carbon
Throughout Report: * Reference conditions (see above) Nm3 273K, 101.3 kPa
> Analysis not required # - UKAS accredited only
ND  Non detectable ## - Not Accredited
s - Subcontracted laboratory analysis N/A  Not applicable
The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor k=2, providing
a 95% confidence level. The uncertainty evaluation has been carried out in accordance with UKAS requirements.
S,
it
\/ SN S
' All tests included in this report are accredited under UKAS and MCERTS accreditation schemes unless otherwise stated. ilm )
. Opinions and interpretations expressed herein are outside the scope of MCERTS and UKAS accreditation, /ﬁ F 3
THECERTS K f/'\‘ e
: ;-; el
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Operating Information

The table below shows details of the operating information on each sampling date for: Wet Test Stack 2 (Individual Test Rig Extract)

Date Process type Process Fuel Feedstock Abatement Load
duration
2nd & 3rd Ink Printer Testing Continuous N/A Methyl - Ethyl None Normal
November Individual Rig Extraction Ketone & Acetone Operation
2015

There are no CEM's available on this process.

Comments & Monitoring Deviations

A waste gas homogeneity test to BS EN 15259:2007 (MID) is not required:-
The homogeneity test is not applicable to non-combustion processes.

The homogeneity test is not applicable to duct areas less than 1mZ.

All monitoring was performed in accordance with the relevant procedures.
The sampling location is a vertical duct.

The velocity and temperature profile at the sampling location met the requirements of BS EN 13284-1: 2002.

When the results are expressed as non-detected the mass emissions are calculated from the detection limit and therefore they are worst case
results.
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Emission Monitoring Procedures And Instrumentation

Gas velocity and temperature

Documented in-house procedure ~ TPMO1/A  to the main procedural requirements of BS EN ISO 16911-1:2013
Velocity and temperature measurements are performed using a calibrated Pitot tube, a calibrated pressure
differential reading device and a calibrated thermocouple. Velocity and possible flow deviation measurements are
carried out at selected, representative points in the gas stream.

Total organic carbon

Documented in-house procedure TPM/13  to the main procedural requirements of BS EN 12619:2013.
Continuous analysis using probe, sample line and multi range Flame lonisation Detector (FID) analyser. The
analyser is calibrated before and during the tests using certified gas mixtures of nitrogen, oxygen and propane.
Sampling points are selected in accordance with the findings of any BS EN 15259 assessment.
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Sampling Project Personnel Competency And Expiry Dates

MCERTS No  Level 1 Level 2 TE1 TE2 TES3 TE4
Report prepared by: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Report authorised by: Derek Myers MMO2 115 - 30/09/2017 31/05/2018 30/11/2018 30/11/2018 30/11/2018
Team leader: Harpreet Badwal MMO3 149 - 30/09/2018 30/09/2018 30/04/2019 31/10/2019 31/10/2019
Team leader: Aidan Wrynne MMO08 921 - 31/05/2017 31/05/2017 31/11/2018 30/11/2017 30/06/2018

Equipment References

Equipment Reference Number
FID AQ271
Heated Line HL40
Heated Filter Sintered
Stack Thermocouple PTTS97
Timer / Stopwatch ST41
Barometer WS03
Pitot PT129
Thermometer TK19
Manometer P103
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Date 02/11/2015 Barometric pressure 102.3 |kPa Stack Diameter (circular) 0.30 [m
Time 16:00 Duct static pressure -1.02  |kPa
Pitot Cp 1.01 Stack Area 0.071  |m?
Traverse || Traverse Depth AP T Angle velocity || Traverse Depth AP T Angle velocity
Point Line cm mmH,0 e © m/s Line cm mmH,0 oG © m/s
A B
2 A B
3 A 5.0 8.8 17 <15 12.0 B 5.0 7.4 17 <15 111
4 A 5.3 12.2 17 <15 14.2 B 5.3 8.3 17 <15 11.7
5 A 7.5 124 17 <15 14.3 B 7.5 8.1 17 <15 115
6 A 10.7 11.0 17 <15 135 B 10.7 8.9 17 <15 121
7 A 19.3 10.1 17 <15 12.9 B 19.3 10.5 17 <15 13.1
8 A 22.5 8.8 17 <15 12.0 B 22.5 121 17 <15 141
9 A 247 8.1 17 <15 11.5 B 24.7 135 17 <15 14.9
10 A 25.0 7.3 17 <15 11.0 B 25.0 11.6 17 <15 13.8
11 A B
12 A B
Average Pitot DP 9.85 |mmH,0
Average Temperature 290.2 |[K
Average Velocity 127 |m/s
Average volumetric flow rate 0.90  [m¥%s at stack conditions
Average volumetric flow rate 0.85 [m¥%s (wet STP)

Sampling plane requirements Re: BS EN 13284-1:2001 5.2

a Angel of gas flow less than 15° with regard to duct axis YES
b No local negative flow YES
G Minimum pitot greater than 5Pa YES
d Ratio of highest to lowest local gas velocity less than 3:1 YES

Minimum local gas velocity 11.0

Maximum local gas velocity 14.9

Ratio of highest to lowest local gas velocity 1.35

Preliminary Velocity Traverse Data
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Date 02/11/2015
From 16:00 to 16:30 30 minute mean
IVolatile organic compounds vppm, wet | 277.78 | mg/m3* 446.44
Sampling Detection Limits
IVoIatiIe organic compounds vppm 0.10 | mg/m3* 0.16
Reference Gas Details
Species Units Value Cylinder Analyser Uncertainity
Reference Range K22
INitrogen % 99.999 VCK01959 - +2
IVoIatiIe organic compounds vppm 74.7 V(C59841 10 +2
Zero And Span Gas Details
Species units Initial Time 15:23 Final Time 18:08
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 -0.39 74.10

Exhaust Gases Continuous Analysis Data
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Date 03/11/2015
From 09:05 to 09:35 30 minute mean
IVolatile organic compounds vppm, wet | 313.73 | mg/m3* 504.21
From 09:35 to 10:05 30 minute mean
IVoIatiIe organic compounds vppm, wet | 335.28 | mg/m3* | 538.84 |
Sampling Detection Limits
IVoIatiIe organic compounds vppm | 0.10 | mg/m?* | 0.16
Reference Gas Details
Species Units Value Cylinder Analyser Uncertainity
Reference Range Koo
INitrogen % 99.999 VCK01959 - +2
IVoIatiIe organic compounds vppm 74.7 VC59841 10 +2
Zero And Span Gas Details
Species units Initial Time 16:05 Final Time 10:10
Initial Zero Initial Span Final Zero Final Span
Volatile organic compounds vppm 0.00 74.70 -0.21 74.14

Exhaust Gases Continuous Analysis Data, Continued
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Chart 1 - VOC Emissions Data - Wet Test Stack 2 (Individual Test Rig Extract), 02/11/2015
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Chart 2 - VOC Emissions Data Cont. - Wet Test Stack 2 (Individual Test Rig Extract) , 03/11/2015
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Diagram Of The Sampling Location

Diagram of sampling points across the cross section of the duct (not to scale).

Traverse length = 0.30 m
Point % of D Location
cm
1 50.0 15.0
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General Calculations

Stack area:
2
Areaof acircle =—
D= Diameter (m)
= 3.142

Pressure conversion:
1mmH20 = 0.00980665 kPa
1mmH20 = 9.80665 Pa

1 mar = 0.1 kPa

Water vapour concentration:
From reference calculations (taken from BS EN 14790):

I"n\NC 'Vmol(std)

M
Ve = Y w %100
rn\/VC * Y'mol (std) V
M + m(std)
W
VWC (%) = Water vapour content on wet basis, in volume % (m® of water vapour in m* of wet gas)
Vm(std) = Dry gas volume measured, corrected to standard conditions (m?®)
mWC = Mass of water collected in the impingers (g)
Mw = Molecular weight of water, 18.01534 rounded to 18 (g/mol)

Vmol(std) = Molar volume of water at standard conditions = 0.0224 (m3/mol)

Gas meter volume at standard conditions (STP)
From reference calculations (taken from BS EN 14790):

.
Vistay = Ya X (Vs _Vl)xs_tdxh

Tm std
Vm(std) = Dry gas meter volume at standard conditions (m®)
yd = Gas meter calibration coefficient
(Va-v1) = Dry gas meter volume at actual conditions (m?®)
Tm = Actual Temperature (K)
Tstd = Standard temperature (273 K)
pm = Absolute pressure at the gas meter (kPa)
pstd = Standard gas pressure (101.3 kPa)

Isokenetic Ratio (%):
From reference calculations (taken from EA TGN M2):

Velocity at the sampling nozzle
Velocity of the stack gas

x100

IsokineticRatio(%) =

Estimating Measurment Uncertainty
Uncertainty estimates are calculated using the general rule of uncertainty propagation. Guidance is taken from
publications including UKAS document M3003 and ISO 20988:2007.
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Flow Calculations

Velocity:
From reference calculations (taken from ISO 10780):

Visit 1

v=kKC |[LAP
P. My

v=  Average velocity (m/s)
C= velocity calculation constant = 129
Ts=  Average stack temperature (K)
Ms = Molar mass of gas; assume 29 kg/kmol unless the molar mass is < 27 kg/kmol or > 31 g/kmol
K= Pitot calibration coefficient
Pe =  Absolute gas pressure (kPa)

AB — Average pitot tube pressure differencial (kPa)

Volume flow rate
From reference calculations (taken from ISO 10780):

d,, =VA
gva= Average flow rate ( ms/s)
v= Average velocity (m/s)
A= Stack cross-sectional area (mz)

Volume flow rate corrected for moisture
From reference calculations (taken from BS ISO 9096):

0 =g (100-H,)
m v (100-H m)
agm = Corrected volume flowrate (ms/s)
gva=Volume flow rate at actual conditions (m%/s)
Ha=  Moisture at actual conditions (%volume)

Hm = Reference moisture (%ovolume)

Volume flow rate corrected for temperature and pressure
From reference calculations (taken from BS ISO 9096):

q =g, TnP)
t (T, Py
gm = Corrected volume flowrate (m?/s)
gva= Volume flow rate at actual conditions (m%/s)
Ta=  Temperature at actual conditions (K)
Tm = Reference Temperatue (K)
pa=  Absolute gas pressure at actual conditions (kPa)

pm = Reference pressure (kPa)

Volume flow rate corrected for oxygen
From reference calculations (taken from BS ISO 9096):

_ (20'9_02,ref )

qm - qva ‘209—02m j

agm = Corrected volume flowrate (m*/s)

gva= Volume flow rate at actual conditions (m?/s)
02,m = Actual oxygen concentration (%)

02, ref = Reference oxygen concentration (%)

of 2015
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Concentration Calculations

Concentration:
From reference calculations (taken from BS EN 13284-1):

m
C=—
V
c= Concentration
m = Mass of substane
V= Volume sampled

Mass Emission
Mass emission=cxq,,

c= Concentration
gq= Volume flow rate

Concentration corrected for oxygen:
From reference calculations (taken from BS ISO 9096):

20.9-0,
Cp=CiX———————
20.9-0,,

cm= Concentration at reference conditions
ca= Actual concentration

02, ref = Reference oxygen (%)

02, a= Actual Oxygen (%)

Concentration corrected for moisture:
From reference calculations (taken from BS ISO 9096):

Convert wet gas to dry gas

100
Cay = Cuwet X004

Convert dry gas to wet gas

c =c ><100— H,
wet dry 100
cwet = Concentration wet gas
cdry = Concentration dry gas
Ha = Water vapour content (%vol)

Conversion of parts per million (ppm) to mg/m3
From reference calculations (taken from EA TGN M2):

Concentraiion(mg /m?) = Concentration(ppm) xmolecular weight(g)

molar volume(l) ata given temperatue

molar volume at 273K = 22.4 litres

When Converting TOC

Visit 1

Page 21

Concentration( ppm) xmolecular weightof carboninspangas(g)

Concentraton(mg /m?®) = -
molar volume(l) ata given temperature

molar volume at 273K = 22.4 litres
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Calculation of Uncertainty Estimates - Instrumental Monitoring Techniques

Model equation

p
Cpom = Creading + CoIY +Corg . +Corg . +Corr,, +Corg,, + ZCor(nf +Corr,
i=1

Where:
C opom = concentration in ppm Corr g = correction of repeatability of measurement
C Noreading = concentration given by analyser Corr 5 = correction of adjustment
Corr g = correction of lack of fit Corr iy = correction of influence quantities
Corrggr = correction of zero drift Corr it = correction of interferents
Corrg g = correction of span drift
Calculation of partial uncertainties
u(Corrg) = X fit.max Where: . . o . .

100x range Xiit,max is the maximum allowable deviation from linearity

73

Expressed as % of the range and calculated by applying a rectangular probability distribution

u(Corrg 4) = Xoar u(Corrs g) = Xear
N N
u(Corryep) = max (So,rep ; Ssrep) = Srep
Where:
Sio is the standard uncertainty at zero level
Sis is the standard uncertainty at span level
u(Corrag) = u(Corrss) + u(Corrgy) Where:
c. u(Corrss) is the uncertainty due to losses in sample line
U(Corriss) = \y'ﬁss u(Corrgy) is the uncertainty due to losses in sample line
3 Clyloss is the concentration of sample loss at span level
u(Corrgy) = @ Uca is the expanded uncertainty of the calibration gas
2
u(Corr i) - (Xj‘max_xj‘adj )2+(Xj,min_xj,adj )X(Xj,max_xj,adj)+(xj,min_Xj,adj )2
! 3
Where:
[} is the sensitivity coefficient of the influence quantity
X min is the minimum value of the influence quantity during monitoring
X max is the maximum value of the influence quantity during monitoring
Xjadj is the value of the influence quantity during adjustment
c Int, . Z+Int, . xInt, _ +Int, .2
u(Corr ) _ j \/ j,max j,min j,max j.min
INt; o 3
and Where:
[} is the sensitivity coefficient of the interferent j
u( ZCorr ) = maxlslm‘p; Slman INt;jest is the concentration of the interferent j used to determine c;
INt; i is the minimum value of the interferent j quantity during monitoring
1Nt max is the maximum value of the interferent j quantity during monitoring
Int; o is the concentration of the interferent j in the cal gas used to adjust the analyser
Sintp is the sum of interferents with positive impact
Sintn is the sum of interferents with negative impact

Combined uncertainty

u(C, pom) =

)+ u? (corr )+ u? (corrw )+ uz(corr )+ u? (cornemp )+ u®(corr,,, )+u? (corradJ )+ Si’

rep a, press

\/uz (corrm )+ uz(corro‘dr )+u?(corr

s,dr

Overall expanded uncertainty (k = 2) u(c,)=u(c, )xk
Uncertainty of NOx measurements
Where:
u(C nox s conv) CN0x xR xn Cnox is the concentration of NOx measured by the analyser
\/5 R is the ratio of NO:Nox in the stack gas
n is the NOx converter efficiency

Combined uncertainty NOx measurements

U(C nox s stack ) =

)+u? (corrrep )+ uz(corrs‘vf )+ uz(corr )+ u? (corrlemp )+ u?(corr,,, )+ uz(corradj )+ S+ uz(corrNOxvmv)

a,press

\/uz(corrm)+ u?(corr, q, )+u?(corr,

s,dr

Uncertainty of mass concentration at oxygen reference concentration

u(C, 02 rer) =

2
uz(corrm)+uz(corrovm)+uz(corrs‘d,)+u2(c0rr,ep)+u2(corrvaf )+u2(corra‘pms)+ uz(corr[emp)+u2(corrw,l)+u2(corradj)+ S+ (zul(ooz—wf
T 2, meas, dry

Where:

U(C,0p rey) = uncertainty associated with the mass concentration at O, ref. concentration in mg/m3
C,02 e = mass concentration at O, reference concentration in mg/m3

O3 meas = O, measured concentration in % volume

U((Oz2meas)ary) = uncertainty associated to the measured O, concentration in % (relative to Oz meas)
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0o=Nocorrection)
Test 1
Limit value mg/m® 75
Limit value ppm 46.7
Measured concentration ppm 277.8
Measured concentration mg/m® 446.4
Concentration at O, ref. concentration mg/m® N/A
Calibration gas ppm 74.7
Calibration gas mg/m® 120.1
Analyser range ppm 9.3
Analyser range mg/m® 15.0

Correction of Lack of Fit

Lack of fit % range 2.0
u(Corr, ) 0.11
Corrections of Zero and Span Drift (*All drift is calculated for ... the residual is assumed to be < 5% u(max) )
Zero Drift % range 0.00
u(Corr, gqr) 0.00
Span Drift % range 0.00
u(Corr,gqr) 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level % range 0.0
(Not reported) u(Corr,rep) 0.00
Correction of adjustment
losses in the line % range 0.09
u(Corr,joss) 0.15
Uncertainty of calibration gas % range 2.0
u(Corr, ) 2.78
Correction of Influence of Interferents
N,O % range
u(Corr,nz0) 0.00
CO, % range
u(Corr,cop) 0.00
CH, % range
u(Corr,ca) 0.00
Total of interferent influences % range 2.50
u(SCorrint) = MaX|Syy53 Sioin U(ZCOIT 1) 0.16

Correction of Influence Quantities

Sensitivity to sample volume flow % range 1.60

u(Corr, o) 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00
Sensitivity to ambient temperature % range -2.40

u(Corr,temp) -0.28
Sensitivity to electrical voltage % range 0.50
(Not reported) u(Corr,yon) 0.10
[Maximum standard uncertainty [ u(Corr,mad | 278 |
[5% of maximum standard uncertainty | u(Corr,se) | 0.14 |
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mg/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 mg/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 mg/m®
Influence Quantitiy Variations

Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 \
Measurement uncertainty Test 1
Combined uncertainty ppm 2.80
Combined uncertainty mg/m® 4.50
Combined uncertainty at oxygen reference mg/m® 4.50

Expanded uncertainty expressed with a level of confidence of 95%, k=2

Overall uncertainty ppm 5.6
Overall uncertainty mg/m® 9.0
Overall uncertainty relative to measured value % 2.0
Overall uncertainty relative to range % 60.0
Overall uncertainty relative to ELV % 7.5

The uncertainty evaluation has been carried out in accordance with UKAS requirements.
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Uncertainty Estimate For The Measurement Of Total Organic Carbon

Analyser Type/Model
Reference Oxygen % | 0 ](0=Nocorrection)
Test 1 Test2
Limit value mg/m® 75 75
Limit value ppm 46.7 46.7
Measured concentration ppm 313.7 335.3
Measured concentration mg/m® 504.2 538.8
Concentration at O, ref. concentration mg/m® N/A N/A
Calibration gas ppm 74.7 74.7
Calibration gas mg/m® 120.1 120.1
Analyser range ppm 9.3 9.3
Analyser range mg/m® 15.0 15.0

Correction of Lack of Fit

Lack of fit [ %range | 2.0 [ 2.0 |
[uCorr | 041 | _o0d1 |

Corrections of Zero and Span Drift (*All drift is calculated for ... the residual is assumed to be < 5% u(max) )
Zero Drift % range 0.00 0.00

u(Corr,gqr) 0.00 0.00
Span Drift % range 0.00 0.00

u(Corr,gqr) 0.00 0.00
Correction of Repeatability of Measurement
Repeatability SD at span level [ %range | 0.0 [ 0.0 |
(Not reported) [uCorre) | 000 [ 000 |
Correction of adjustment
losses in the line % range 0.15 0.15

u(Corr,jgss) 0.27 0.29
Uncertainty of calibration gas % range 2.0 2.0

u(Corr,ca) 3.14 3.35
Correction of Influence of Interferents
N,O % range

u(Corr,n0) 0.00 0.00
CO, % range

u(Corr,co2) 0.00 0.00
CH, % range

u(Corr,cha) 0.00 0.00
Total of interferent influences % range 2.50 2.50
u(Corrint) = MaX[Syy p; S u(xCorriny) 0.16 0.16
Correction of Influence Quantities
Sensitivity to sample volume flow % range 1.60 1.60

u(Corr,ow) 0.09 0.09
Sensitivity to atmospheric pressure % range
(Not reported) U(COrT, press) 0.00 0.00
Sensitivity to ambient temperature % range -2.40 -2.40

u(Corr,temp) -0.28 -0.28
Sensitivity to electrical voltage % range 0.50 0.50
(Not reported) u(Corr,,q1) 0.10 0.10
[Maximum standard uncertainty [uCorrmad [ 314 [ 335 |
[5% of maximum standard uncertainty [ uCorrs) | 016 [ 047 |
Interferent Concentration Variations Minimum Maximum | Value at cal | Performance Units
CH, range 0 10 0 50 mg/m®
N,O range 0 0 0 20 mg/m®
CO, range 8 12 0 15 mg/m®
Oxygen effect variations Minimum Maximum | Value at cal | Performance Units
Oxygen effect 0 20 0 2 mg/m®
Influence Quantitiy Variations

Minimum Maximum | Value at cal | Performance Units
Sensitivity to sample volume flow 55 65 60 5 I/h
Sensitivity to atmospheric pressure 99 100 99 1 kPa
Sensitivity to ambient temperature 278 313 288 10 K
Sensitivity to electrical voltage 187 250 230 5 \
Measurement uncertainty Test 1 Test 2
Combined uncertainty ppm 3.16 3.38
Combined uncertainty mg/m® 5.08 5.43
Combined uncertainty at oxygen reference mg/m® 5.08 5.43
Expanded uncertainty expressed with a level of confidence of 95%, k=2
Overall uncertainty ppm 6.3 6.8
Overall uncertainty mg/m® 10.2 10.9
Overall uncertainty relative to measured value % 2.0 2.0
Overall uncertainty relative to range % 67.7 72.4
Overall uncertainty relative to ELV % 8.5 9.0

The uncertainty evaluation has been carried out in accordance with UKAS requirements.



