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* N,O emissions

Introduction (1)

= Section 16 of Annex IV of the MRR deals with determining N,O
emissions from chemical production processes, which are covered
by Annex | of the EU ETS Directive:

= production of nitric acid, N,O emissions from the catalytic oxidation of
ammonia and/or from the NO,/N,O abatement units;

= adipic acid, N,O emissions including from the oxidation reaction, any
direct process venting and/or any emissions control equipment;

= glyoxal and glyoxylic acid, N,O emissions including from the process
reactions, any direct process venting and/or any emissions control
equipment;

= production of caprolactam, N,O emissions including from the process
reactions, any direct process venting and/or any emissions control
equipment.
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* N,O emissions

Introduction (2)

= N,O emitted from the activity “combustion of fuel” is not covered

= N,O emissions usually have to be determined using a measurement
based approach

= The operator shall determine hourly N,O concentrations [mg/Nm?3] in
the flue gas from each emission source using a measurement-based
methodology at a representative point, after the NOx/N,O abatement
equipment, where abatement is used
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* N,O emissions

CEMS requirements (1)

= The operator shall monitor emissions of N,O from nitric acid
production using continuous emissions measurement (CEMS)

= Requires two elements:
= Measurement of the GHG concentration
= Volumetric flow of the gas stream

=  Determine emissions for each hour

=  Where hourly data not available due to instrument failure etc:
conservative substitution data

= Sum up all hourly values over the year
= Then sum up all annual emissions of all emission sources
=  Extensive QA/QC measures required

= Corroborating calculations
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* N,O emissions
CEMS requirements (2)

Before . :
- - Installation and - - Starting one year
mﬁ}aellactllz?\r/}sof calibration During operation afte? QAL%/
Frequency Once Atﬁl\?gs;c/e:\gry Continuously Annually
Accredited Accredited
Operator laboratory Operator laboratory
EN 14181
' EN 14181, EN 14181,
Relevant standards EIE\IN|51%216479—%6' EN 15259 EN 14181 EN 15259
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* N,O emissions

CEMS requirements (3)

CEMS Operators must apply EN 14181 (“Stationary source emissions —
Quality assurance of automated measuring systems”)

= QAL 1: Procedure used to demonstrate the potential suitability of the CEMS
before it is installed (EN ISO 14956, EN 15267-3)

= QAL 2: Obtain uncertainty from the calibration function against a standard
reference method (recommended standard for flue gas flow: EN 16911-2)

» Uncertainty obtained by QALZ (incl. flue gas flow) to be compared to tier
requirements in the Regulation

2 2
Ugy hourly emissions — \/uGHGconcentration Tu flue gas flow

= QAL 3: Ongoing quality control using control charts (e.g. Shewart, CUSUM),
determine appropriate maintenance interval and action limits (ref. QAL1)

= Annual Surveillance Test (AST): “mini”-QAL 2; confirm that CEMS
functions correctly and calibration function valid

= Further readings: see EC Guidance Document 7 on CEMS

1 & EU-KOREA

. EU-Korea ETS Project ETS PROJECT



CEMS 7|Z= (3)

CEMS AMAt= EN 141812 HEo0f & ("8 Hi=z&-Ats iz 53
A|AEIO] ZA HEn

= QAL 1: CEMS 24| © HIA Hd= 2Sot7| g ZXHEN ISO 14956,
EN 15267-3)

= QAL 2: BT E0| Hust wdele 228 (3 /tARE 1
7|Z&: EN 16911-2)

> QAL2E &Eo 3t £33 (ALI7/AREF ZZHE 75 & Tier 7/ZLf H/ i

2 2
Wyrasmamzes = \/ Usnosw T lUasrasg

= QAL 3: X Oof {tEE &332t & 2| (0: Shewart, CUSUM),

23 2l 28 (QALT1 EX)
nual Surveillance Test ): “2 1+ 2"-QAL 2; CEMS
SO 72 AAr

. I EU-KOREA
. [EU-Korea ETS Project 12 ETS PROJECT



* N,O emissions

Verification of CEMS

= | ocation of stacks / ducts and CEMS

= Process types and variations (N,O concentrations within calibration
range)

» Transfer of readings
= (Calculations and aggregation of data

= Checking QC/QA (QAL requirements, AST, frequency and
accreditation)

= Uncertainty flue gas flow meets tier requirements
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* N,O emissions

Calculations (1)

For calculating CO,(e) emissions from N,O emissions, the operator
shall use the following formula:

Em=Em(N,0)-GWP, ,

Where
—Em.............. emissions in tCO,(e)
— Em(N,0) .....emissions of N,O in tonnes
— GWP,5 -..--. Global warming potential of N,O

15 & EU-KOREA
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Em=Em(N,0)-GWP,,

— EM .. HY £ 2F(tCO, ) B HA|)
— Em(N,0) ..... N,OHH E &K E)
— GWPy,g ...... N,OO| X| 725} K|
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* N,O emissions

Calculations (2)

For each emission source where continuous emissions measurement is
applied, the operator shall consider the total annual emissions to be
the sum of all hourly emissions using the following formula:

N,O emissions, ) [f] = Z [N;O conc,, [mg/Nm ] * flue gas oWy el [Nm’fh]] * 1077

Where

— N,O emissions, ,,,,4 = total annual emissions of N,O from the
emission source in tonnes N,O

— N,O congc, 4,y = hourly concentrations of N,O in mg/Nm? in the flue
gas flow measured during operation

— Flue gas flow = flue gas flow determined in Nm3/h for each hourly
concentration

. I EU-KOREA
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* N,O emissions

Calculations (3)

The operator shall calculate annual average hourly N,O emissions
for each source where continuous emission measurement is applied
using the following equation:

N,O cong,;, [mg/Nm?] = flue pas flow[Nm® /h] = 10°®
N;O emissions, ju, [kg/h] =Z{ 5 y [mg/Nm’] E [INm” /h] )

Hours of operation|h]

Where

B NZO emissions, av hourly
from the source

— N,O conc, hourly = hourly concentrations of N,O in mg/Nm? in the flue
gas flow measured during operation

= annual average hourly N,O emissions in kg/h

— Flue gas flow = flue gas flow determined in Nm3/h for each hourly
concentration

. I EU-KOREA
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N20 emissions,, you [kg/h] =
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* N,O emissions

Calculations (4)

The flue gas flow shall be calculated in accordance with the following
formula:

Viue gas flow [Hmjlllh] = Now (L Dla:rjlll{l 22 Dl.ﬂur: g:ls}

Where:
— V,, = Total input air flow in Nm?3/h at standard conditions

(sum of all air flows entering the nitric acid production unit)
— O, 4 = Volume fraction of O, in dry air [= 0.2099]

— O3 fiye gas = Volume fraction of O, in the flue gas
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* PFC emissions

Introduction (1)

= PFC emissions are currently only covered by the ETS for the activity
“production of primary aluminium”

= Sgderberg process and the prebake process

= The gases to be monitored are:
= tetrafluoromethane (CF,)
= hexafluoroethane (C,Fy)

= emissions from anode effects as well as fugitive emissions are to be
included.
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* PFC emissions

Introduction (2)

= PFC emissions shall be calculated from the emissions measurable in
a duct or stack (‘point source emissions’) as well as fugitive
emissions using the collection efficiency of the duct:

PFC emissions {total) = PFC emissions (duct)/collection efficiency

= The collection efficiency shall be measured when the installation-
specific emission factors are determined

= The operator shall calculate emissions of CF, and C,F, emitted
through a duct or stack using one of the following methods:
= Method A (slope) where the anode effect minutes per cell-day are
recorded
= Method B (over voltage) where the anode effect overvoltage is recorded

. I EU-KOREA
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* PFC emissions

Method A — slope (1)

Calculation Method A — Slope Method

The operator shall use the following equations for determining PFC
emissions:

= CF, emissions [t] = AEM x (SEF£,/1000) x PrAl
= C,F;emissions [t] = CF, emissions * Fyeq

Where
— AEM = Anode effect minutes/cell-day

— SEF g, = Slope emission factor [(kg CF,/t Al produced)/(anode effect
minutes/cell-day)]

— PrAl = Annual production of primary Aluminium [t]
— Feopg = Weight fraction of C,F4 (t C,F4/t CF,)
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PFC Hi{=

A =84 -7I=71% (1)

ASdE-7l=27I¢8

Chgol B4 2810l PFC HIZ TS M.

= CF, HY = 2F [t] = AEM x (SEFg,/1,000) x PrAl
= C,Fg Hi = 2 [t] = CF, Hi= &~ Fcors

—- AEM=1¢ 7|= 2 25 1/MKX|;

— SEF ., = 7|27 HiEA =+ [(d4tE € R0/ =9 kg CF)/(1€ 7|&
OI=:L_9_J_|- A|7F/K‘|I|)]

— PrAl = 1 20|52 A7t S [t
— Feors = CoFe Fe 2l FAI=E (t C,F/t CFy).
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* PFC emissions

Method A — slope (2)

= Tier 1 — Technology-specific emission factors

Table 1: Technology-specific emission factors related to activity data for the slope method

] Emission factor for CF, (SEFq.) Emission factor for CoFg (Frape)
Technology [(kg CF,jt AljJ(AE-Mins/cell-day)] [¢ C4Fgft CF,]
Centre Worked Prebake (CWPB) 0,143 0,121
Vertical Stud Sederberg (V55) 0,092 0,053

= Tier 2 - The operator shall use installation-specific emission factors
for CF, and C,F established through continuous or intermittent field
measurements. Maximum uncertainty 15%

. E EU-KOREA
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= Tier1 - 7|=2 HiEA =+

H 1. 23 HO[He HBE J|eE HEATCI27] GHEN HE)

& CF,UiEA s (SEFcyy) CFHEAT  (Feyl
likg Cr gt aAl)jiak-sns)cell-day)) [t C,Fgft CF,]
Centre Worked Prebake (CWPB) 0,143 0,121
Vertical Stud Sederberg (V55) 0,092 0,053

= Tier2-CF, ® CF, 2| 2% O&H, =
S

MEE LRl HiE A+S ALE.
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* PFC emissions

Method A — slope (3)

The anode effect minutes per cell-day shall express the frequency of
anode effects (number anode effects/cell-day) multiplied by the average
duration of anode effects (anode effect minutes/occurrence):

= AEM = frequency x average duration
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* PFC emissions

Method B — overvoltage (1)

Calculation Method B — Overvoltage Method

Where the anode effect overvoltage is measured, the operator shall use
the following equations for the determination of PFC emissions:

= CF,emissions [t] = OVC x (AEO/CE) x PrAl x 0.001
= C,Fzemissions [t] = CF, emissions % F,e;

33 & EU-KOREA
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= CF, Bi& % [t} = OVC x (AEO/CE) x PrAl x 0,001
= C,F; HHZ 2 [t] = CF, BHE & x Frops

34 & EU-KOREA

+ EU-KoreaETS Project ETS PROJECT



* PFC emissions

Method B — overvoltage (2)

= Tier 1 - The operator shall apply technology-specific emission factors

Table 2: Technology-specific emission factors related to overvoltage activity data

Technolo Emission factor for CF, Emission factor for C,F
B [(kg CE4/t Al)jmV] [t CoFgft CFy]
Centre Worked Prebake (CWPB) 1,16 0,121
Vertical Stud Sederberg (VSS) N.A. 0,053

= Tier 2 - The operator shall use installation-specific emission factors
for CF, [(kg CF,/t Al)/(mV)] and C,F4 [t C,F4/t CF,] established
through continuous or intermittent field measurements

+ [EU-Korea ETS Project
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s CF,HiEAH =+  (SEF.) C2F6 i =4+ (Feass)
[(kg CF,Jt Al}/(AE-Mins/cell-day)] [t C,FJt CF,]

Centre Worked Prebake (CWPB) 0,143 0,121

Vertical Stud Sederberg (V55) 0,092 0,053

= Tier 2 — CF, [(kg CF,/t Al)/(mV)

| S

QF C,Fg [t C,F¢/t CF, 12| B2, A5,
Z2 tdN 58S 8ol =0t MUY E DR HIEATE ALE
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* PFC emissions

Calculating CO,(e) emissions

For calculating CO,(e) emissions from CF, and C,F, emissions, the
operator shall use the following formula:

Em= Em(CF,)-GWP,, +Em(C,F,)-GWP,,

—Em............. emissions in t CO2(e)
— Em(CF,)......emissions of CF4 in tonnes
— Em(C,Fy).....emissions of C2F6 in tonnes

— GWP ........... Global warming potential as listed in MRR Annex VI
section 3 Table 6.

‘Table 6: Global warming potentials

Gas Global warming potential
N,0 298 t COyft NJO
CF, 7 390 t COyyft CEy
CoFs 12 200 t COyft CoFg
. EU-Korea ETS Project 37 & EU-KOREA
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Em=Em(CF,)-GWP., +Em(C,F,)-GWP,,

—Em....... tCO2(e) 2 EA|E HiZ=
— Em(CF,).... CF4 HI Z 2K E)
— Em(C,F,)... C2F6 Hi £ (&)

- GWP......... MRR £5AM VI K 3- 6 &0 HA|E X2 H2K|+
‘Table 6: Global warming potentials
Gas Global warming potential
N,0 298 t CO;,_{C,/t N,0
CF, 7390 t COyg/t CF,
CyFg 12200 t COygft CyFg’
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= Since Phase 3 of EU ETS additional gases added

= Requirements for CEMS based upon international standards
(accredited laboratory QAL2, Annual Surveillance Test)

= Mass balance approach for PFC

= More complex verification (competence requirements)

+ [EU-Korea ETS Project
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Any questions?
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EU-Korea ETS Project Team

Location 808, Baeksang-Star Tower 1-Cha, 65 Digitalro 9-ghil, Geumcheon-gu, Seoul, Korea
Office + 82-2-870-4900

Email info@kets-project.eu
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