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ABSTRACT

PFC (CF,, CF¢, CsFg), HFC (CHF;) and CO, emissions were
estimated from two potlines of the Hydro Australia Kurri Kurri
aluminium smelter in the Hunter Valley, NSW, in 2009.
Emissions were estimated using integrated sampling over a two
week period followed by laboratory analysis for PFCs, HFCs
and CO,. The PFC emission factors were similar to, but
significantly more accurate than, annual PFC emission factors
found for other Australian aluminium smelters (Bell Bay,
Tasmania; Portland and Pt Henry, Victoria) in 2009, based on
in situ PFC data measurements at Cape Grim, Tasmania. The
CF, and CO, emission factors at Kurri Kurri are significantly
larger than the Australian average CF, and CO, emission
factors reported to the UNFCCC for 2009. C;Fg and CHF;
emissions at Kurri Kurri are low and do not significantly add to
GHG emissions from an aluminium smelter.

INTRODUCTION

Perfluorocarbons (PFCs: CF4, C,Fs, CsFg) are powerful
greenhouse gases (GHGs), up to 12,000 times more potent than
carbon dioxide (CO,) on a mass emitted basis, released to the
atmosphere during the production of aluminium and by the
electronics and refrigeration industries [1-4]. PFCs are formed
in the production of aluminium during anode effects (AEs),
usually when the alumina (Al,O;) feed to the reduction cell is
restricted or interrupted. PFCs remain in the atmosphere for
thousands of years and are targeted for controls in global and
Australian strategies to reduce GHG emissions, in accordance
with the requirements of the UN Framework Convention on
Climate Change (UNFCCC) and its associated Kyoto Protocol.

PFC emissions from aluminium production, and their C,F¢/CF,
ratios, are smelter-technology dependent. Technology changes
over the past two decades have resulted in significantly reduced
global and Australian PFC emissions. The lowest level PFC
emissions are from smelters employing pre-bake (PB)
technology with alumina point feeding [5-9]. PFC emission
factors have been derived to account for PFC production during
AEs, but may not account for the enhanced PFC production
during cell start-up procedures, during anode change, or during
non-AE periods. If PFC accounting only deals with PFC
production during AEs under so-called ‘normal operation’, then
the PFC emissions from aluminium production estimated by
this method may be a significant underestimate (20-30%) of the
total PFC emissions from aluminium smelting [8,10,11].

The Intergovernmental Panel on Climate Change (IPCC) has
recommended indirect (Tier 2) and direct (Tier 3)
methodologies to estimate PFC emissions from aluminium
smelters for subsequent reporting to national governments and
the UNFCCC. The Tier 2 method uses average smelter-
technology specific emission factors for calculating CFy
emissions and average smelter (all technologies) emission
factors for calculating C,Fs emissions. Because of the inherent
uncertainty in Tier 2 methods (£100%), it is highly
recommended that individual smelters also adopt a Tier 3
approach to estimate PFC emissions, involving direct
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measurement of PFCs at individual smelters, with an inherent
accuracy of PFC emission estimates of about +15% [7,12,13].

The IAI (International Aluminium Institute) recommended
technologies for the direct measurement of PFC emissions at
aluminium smelters involve continuous measurements by FTIR
(Fourier Transform Infrared) or TDL (Tunable Diode Laser)
absorption spectrometry [4,6,12,14]. These technologies are
expensive to purchase and operate, involving skilled
technicians at the smelter. Another approach to the
measurement of PFC emissions at aluminium smelters involves
the collection of exhaust gas samples in sample containers
(sampling flasks, bags or absorption tubes) followed by
subsequent analysis in a laboratory, usually by gas
chromatography (GC) with mass spectrometric (MS) detection
[10,12,15]. The advantages of this technique are the low cost
and the sampling integration period, which, if chosen
appropriately, will sample many AEs, as well as the non-AE
periods, including cell start-up and anode change procedures,
leading to a more representative estimate of total PFC
emissions. [ts major disadvantage is that it cannot be used as a
diagnostic tool for investigating details of individual AEs, non-
AE periods, cell start-up and anode change procedures.

CSIRO has developed a technology for estimating PFC and
carbon dioxide (CO,) emissions, based on in situ integrated
exhaust gas sampling and subsequent laboratory analysis on a
state-of-the-art gas chromatograph (GC) with mass
spectrometric (MS) and flame ionization (FI) detection [16,17].
The technology promises to deliver a less expensive, more
accurate and more comprehensive methodology to estimate
GHG emissions from aluminium smelters.

ANODE AND EXHAUST GAS COMPOSITION

The composition of the bubbles of anode gas of a normal
operating cell is predominantly CO, and, during an AE, which
can last several minutes, the composition is approximately 60-
70% CO, 10-15% CO,, 15-20% CF, and 1-3% C,Fs [18].
Significant amounts of CO are oxidised to CO, before being
swept away with ambient air from the cells in the exhaust gas
extraction system. PFCs - CF,, C)Fs, C3Fg - and a CFC
(chlorofluorocarbon: CCIF;) have been identified in the exhaust
gas of an aluminium smelter [1]. The typical GHG composition
of smelter exhaust gas is shown in Table 1.

The PFCs originate from carbonyl fluoride (COF,), which is
formed at the anode surface before the formation of PFCs [§].
C,F¢ may be formed early in an AE, CF, throughout the
duration of the AE, although this may simply reflect the higher
overall levels of PFC emissions early in an AE and the
difficulty in detecting low levels of C,Fs later [7,18]. It is likely
that dry anode gas contains the very reactive COF,. Once COF,
is mixed with moist air, it is rapidly converted to HF.

Other gases that have been identified in the smelter exhaust gas
are (Table 1) sulphur dioxide (SO;), carbonyl sulphide (COS),
hydrogen sulphide (H,S), carbon disulfide (CS,) and methane
(CHy) [12,24]. HFCs (hydrofluorocarbons), also potent
greenhouse  gases, specifically = CHF;, or  other
chlorofluorocarbons (CFCs), apart from CCIF;, have not been



identified in the exhaust gases of an aluminium smelter [1].
Smelter gases are removed from the potrooms actively via the
exhaust system and passively through the roof vents. The
hooding efficiencies of PFC removal via the exhaust systems
can be better than 95% for PB technology smelters [12].

Table 1. GHGs and other trace gases found in scrubbed
aluminium smelter exhaust gas [1,12,19]

GHG formula  concentration GWP®  GWD®
carbon dioxide CO, 0.5-1% 1 1
PFC-14 CF,4 300-1000 ppb 7400 6500
PFC-116 CoFs 20-90 ppb 12200 9200
PFC-218 C;Fs 1-3 ppb 8300 7000
CFC-13 CCIF; 3-10 ppb 14400 14000
hydrogen fluoride HF 400 ppm

carbon monoxide  CO 400-1000 ppm 2

sulphur dioxide SO, 35-70 ppm

carbonyl sulfide COS 5 ppm

a GWP = Global Warming Potential, the integrated (100 year, post
emission) impact on radiative forcing of a unit mass of GHG
relative the same unit mass of CO, [20].

b GWP = GWP in Australia’s National Inventory Report 2007 [21].

KURRI KURRI 2008

In April 2008, a feasibility study was conducted at the Hydro
Kurri Kurri aluminium smelter (32°S, 151°E) in the Hunter
Valley, near Newcastle, NSW, Australia. The experiment was
based on instantaneous sampling of ambient air and exhaust gas
(after the dry scrubber, described below) into previously
evacuated 3 litre stainless steel canisters. The data showed the
expected, but highly variable, elevated levels of the major
greenhouse gases emitted during aluminium production (CF,,
CyFg, C3Fg and COy), as well as the sulfur species COS. The
data showed that >90% of PFC emissions were via the exhaust
stacks, <10% via the roof vents. The data showed clearly the
need for a time-integrated sampling approach in order to reduce
the inherent variability expected and observed using an
instantaneous sampling technique.

The instantancous concentrations of CF, measured in the
exhaust of potlines #2 and #3 at Kurri Kurri were 20-40 ppb
and 0.3-0.5 ppb respectively, the latter being significantly (>2
orders of magnitude) lower than the so-called baseline (100-200
ppb) of a PB smelter, as determined by FTIR techniques, over a
period of 60 hours [12]. It is clear that the CSIRO GC-MS
based technique can detect lower baselines in and around
aluminium smelters than the techniques currently employed by
aluminium smelters. The CSIRO GC-MS technique has no
difficulty measuring the very low levels of C,Fg and C;Fg seen
in and around aluminium smelters. Every time measurements
are made at aluminium smelters using the CSIRO technology
an estimate of C,Fs and C;Fg emissions and emission factors
can be made. This contrasts with the low level of information in
the literature on C,F4 and C;Fg emissions and emission factors.

INTEGRATED SAMPLING

Because of the stochastic nature of AEs, it was recognised that,
in order to make an accurate estimate of PFC emissions by
stack sampling, exhaust gas samples would have to be collected
over an extended time period in order to guarantee sampling
from a representative number of AEs. Assuming an
approximate AE frequency at Kurri Kurri of 0.1-0.2
AEs/cell.day and that, at any of the stack sampling points, the
exhaust from about 60 cells could be sampled, a sampling
period of two weeks was decided, which would mean that the
PFC emissions from 100-200 AEs would be sub-sampled in
each sample collected.

During 2007-2009, CSIRO developed a technology to measure
PFC emissions from aluminium smelters, utilising high-
precision PFC measurements by GC-MS, on large volume air
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samples collected over periods up to 1-2 weeks in stainless steel
containers, at key locations in an aluminium smelter [16,17].
The advantages are that it is relatively inexpensive compared to
FTIR and TDL methods, the GC-MS instrument does not have
to be located at the smelter and the integrated air sampling
equipment does not require attention by skilled technicians.
Similar technology has been developed by Alcan Inc., Canada,
using GC-MS analysis, external absorption/desorption carboxen
traps, peristaltic pumps and Tedlar sampling bags, which has
been used to study PFC emissions during aluminium cell start-
up procedures [10,15,23].

The CSIRO technology has a PFC detection limit (DL<1 ppt,
parts per 10'2 molar), several orders of magnitude lower than
the Alcan DL (9 ppb, parts per 10° molar), and thus the CSIRO
technology has no difficulties in measuring C,Fs or C;Fg
emissions, which are typically below the DL of the Alcan
technology. Because of its high DL, the Alcan technology
cannot adjust emission estimates for variations in smelter
background PFC levels. The higher DL in the Alcan technology
is due to the PFC desorption step (with N), performed external
to the GC-MS, whereas in the CSIRO approach, the PFCs are
desorbed directly onto the GC-MS column at concentrations
orders of magnitude higher than in the Alcan technology.

The CSIRO technology uses an all stainless steel sampling
system, avoiding the inherent halocarbon contamination often
introduced by the use of Tedlar bags and peristaltic pumps. The
CSIRO technique is directly linked to absolute, gravimetric
PFC calibration scales. The absolute calibration error of these
measurements is insignificant (<1%) [3].

KURRI KURRI 2009

In November 2009, a follow-up two week integrated sampling
experiment was conducted at the Kurri Kurri smelter,
concentrating on the exhaust lines (post dry scrubber), but also
directly measuring PFC emissions at the roof vents (previous
PFC roof vent emissions at Kurri Kurri in 2008 were estimated
from potroom PFC levels). Samples were collected from three
exhaust lines (Line 1 North — LINE, Line 2 North — L2NE,
Line 2 South — L2SE and one roof vent (Line 2 North, roof vent
#10 — L2NR#10). Sampling commenced on November 11 (roof
vent) and November 12 (exhaust lines). Sampling at all four
locations concluded on November 25. Exhaust gases from the
carbon bake furnaces were not analysed and the CO, emissions
reported here are only for anode consumption (AC), henceforth
called CO, (AC).

Data on aluminium production, AE frequency, duration and
intensity for the cells sampled, and exhaust and roof vent
ventilation rates were supplied by Kurri Kurri (E. Dalzell,
Hydro Aluminium Kurri Kurri Pty. Ltd., personal
communication, 2009). The Time-Integrated Air Sampling
(TIAS) unit deployed to each of the four locations consisted of
an evacuated stainless steel tank, to which a pressure data
logger and a suitable sized section of stainless steel capillary
tubing was comnected. The TIAS units were stored in a
‘spacecase’ for convenient and safe shipment and to protect the
equipment from the potentially-hazardous environment of an
aluminium smelter (Figure 1).

The sampled air or exhaust gas entered the evacuated tank via
capillary tubing. The length and internal diameter of the
capillary tubing connecting the tank to the sampling point were
selected to allow unattended sampling to be conducted over a
period of two weeks (November 11-25) at near-constant flow
rate. It is important to ensure that the pressure inside the sample
collection tank remains suitably sub-ambient, resulting in a
linear relationship between tank pressure and time (Figure 2),
leading to constant flow, time-averaged sampling [16].



Figure 1. The CSIRO Time Integrated Air Sampling (TIAS)
unit contained within a ‘spacecase’ (1.5m x 0.6m x 0.6m).

Pressure (mbar)

Date/Time

Figure 2. TIAS unit pressure (blue symbols, mbar) as a
function of time, sampling from potline 2 north exhaust
(L2NE); note linear regression: black line.

To sample from the potlines, the capillary tubing of the TIAS
unit was threaded through a sample probe, provided by Hydro
Aluminium, which screwed into the side of the potline ducting.
The capillary tubing was inserted until it protruded
approximately 10 cm beyond the end of the probe, ensuring
~20 cm penetration into the exhaust stream. It was assumed that
this, and the long sampling time, ensured represenative
sampling from the exhaust stream. When sampling from the
rooftop exhaust, the capillary tubing was secured directly above
the vent fan. An in-line filter containing a small sample of
AlO; was attached to the end of the capillary to remove HF.
This compromised COS sampling and the resultant COS data
are not reported here.

The pressure in each TIAS unit was recorded throughout the
sampling period and plotted as a function of time (Figure 2).
Each of the four sampling units exhibited a near-linear
relationship between pressure and sampling time, except for
deviations recorded due to fluctuations in ambient temperature.

Table 2 shows the details of the integrated sampling at Kurri
Kurri during November 2009. The three exhaust gas samples
were collected over 309-310 hours and the roof vent sample
over 332 hours. The combined exhaust samples were sub-
sampled from 230 million m* of exhaust gas (at STP), from 171
cells (48% of total cells operating at Kurri Kurri during the
sampling period) which produced 2883 tonnes of aluminium
(47% of total production) and experienced 857 identifiable AEs
(53% of total). The average temperature of the exhaust gas
during sampling was 81°C. The roof vent sample was collected
from 19 million m® (at STP) of roof vent gas. The AE
frequency for the cells sampled was 0.39 AEs/cell/day,

compared to a total smelter average during this period of 0.35
AEs/cell/day, about 1 AE/cell every 3 days.

Table 2. Integrated sampling at the Hydro Kurri Kurri
aluminium smelter over the period 12-25 November 2009:
sampling locations, periods, exhaust volumes sampled from,
temperature of exhaust gas, number of cells sampled and their
associated aluminium production during the sampling period.

location hrs  exhaust temp. mno. Alprod® no. AEs/

vol. Mm®  °C  cells tomnes AEs cell/day
LIN 309 6542 7746 55 920 316 0.45
L1S ns® 63 1060 271 033
L2N 310 88+5 8246 59 1022 198 0.26
L2S 310 78+7 8348 57 941 343 0.47
L3N ns 60 1094 260 0.34
L3S ns 60 1073 223 0.29
LIN+L2 231426 171 2883 857 0.39
total 354 6110 1611 0.35
L2NR#10 332 19+1 250 ~3° ~51

* not sampled
® assumed equal to ambient temperature
°L2NR has 20 roof fans extracting ambient potline air from 59 cells
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ANALYSIS AT CSIRO

Prior to analysis, a sub-sample of each of the TIAS samples
was transferred into a stainless steel flask, to which was added a
measured amount of air of known chemical composition (PFCs,
CO,, CO etc.) to create a sample at above atmospheric pressure
with known dilution. The resultant samples were transferred
using the over-pressure to a cryo-focusing Medusa GC-MSD
for PFC, HFC and CFC analyses [17], a GC-FID for CO,
analysis and a GC-MRD for CO and hydrogen (H;) analyses.
The dilution procedure ensured the levels of the species of
interest were close to those of the corresponding calibration
standards. The dilutions introduce uncertainties into the PFC
and HFC measurements of about 0.5% (CFy), 2% (C,Fs), 7%
(CsFg) and 16% (CHF;), which are on average, about 4 times
larger than the Medusa instrument measurement uncertainties —
0.3% (CF4), 0.6% (CiFg), 3% (CsFg) and 2% (CHF3). The
combined dilution and measurement operations introduce
maximum uncertainties of about 1% (CF,), 3% (C,Fs), 10%
(CsFg) and 17% (CHF;). The TIAS samples were diluted
originally in January 2010, with repeat dilutions in March 2010.
The results obtained in March were within 0.6% of those
obtained in January for CF, and within 5-10% for C,F¢, C;Fs
and CHF; showing the general stability of these trace gases in
these stainless steel containers over these time periods.

RESULTS

The exhaust gas air and roof vent samples showed enhanced
(above ambient) concentrations for the greenhouse gases — CF4,
CyF¢, Cs3Fg, CHF; (HFC-23) and CO,, as well as for CO and Hy;
the latter two gases are not considered to be greenhouse gases.
The concentrations measured for these species on all samples
are shown in Table 3. The largest enhancements (ratio to
baseline air) were seen for PFCs and CO, followed by H,, CO,
and CHF;. The roof vent concentrations were much closer to
ambient than to the exhaust gas concentrations, indicating that
the majority of emissions are captured by the exhaust gas
ventilation system.

Table 4 shows the masses emitted for PFCs, HFC-23 and CO,
during the sampling period. The total emissions were: 105 kg
(CEy), 7.9 kg (C,F¢), 0.27 kg (C5Fs), 0.10 kg (CHF;) and 5380
tonnes (CO,). The mass ratio of C,F¢ to CF; was 0.08,
compared to 0.10 in the National Inventory Report 2010 for
2009 [21].



Table 3. Concentrations of PFCs, HFC-23 (ppb), CO,, CO and
H, (ppm) measured in the exhaust lines of potrooms #1 and #2
and from the roof top of potroom #2 at Kurri Kurri during

November 2009%. The data shown are the measured
concentrations minus the background atmospheric values.
species  LIN(E) L2N(E) L2S(E) LONR)#10  atmos”
CF,4 112.4+1.3 724407 164.9+1.7 0.27+0.03 0.078
CoFs 4.7+0.1 3.240.1 8.5£0.2 0.013£0.001  0.004
CiFs 0.066+£0.007 0.13£0.01 0.20+0.02 0.0007+0.0001 0.0005
CHF; 0.18+0.02  0.11+0.02 0.1940.04  0.02+0.003 0.022
CO, 15824413  11882+10 913747 436+0.3 385.2
CO 80548 91649 79948 0.658+40.007  0.045
H, 319.540.6  468.5+0.9 458.9+40.9 0.867+0.002  0.523

* for the PFCs and HFCs, the combined measurement/dilution
uncertainties are shown; for CO,, CO and H, we use five times the
measurement precision for repeat analyses on the GC-FID and MRD
instruments at Aspendale.

* background atmospheric data at Cape Grim, Tasmania (41°S, Nov
2009)

Table 4. Mass of PFCs, HFC-23 (CHF;) and CO, emitted by
the exhaust stacks (E), roof vents (R) and total (E+R) the
during the sampling periods.

location CF, C,Fs CsFs CHF; CO,

kg kg g g tonne
location CF, C.Fs CiFy CHF; CO

kg kg g g tonne
LIN(E) 28.6£1.2 1.9%0.1 365 32+5 1960+60
L2N(E) 24.9+1.7 1.740.1 95£13 2546 19724110
L2S(E) 50.7+5.1 4.240.6 13125 42+13 13404120
L2(E)" 756454 59+0.6 226428 67+14 3312160
sub-total” 10456 7.8£0.6 262+29 99+15  5272+170
L2N(R) .28 0.04 1.8 013 18.7
L2N(E+R) 25.2 1.8 97 25 2011
exhaust eff. 99% 99% O8% 9R8% 98%
LIN(E+R)! 28.9+1.2 19+0.1 3745 335 199960
L2S(E+R ) 51.2 4.2 134 43 1367
L2(E+R) 76,4454 6.0+0.6 231428 68+14 3378£160
Total' 105£6  7.9:0.6 268430 101£15  5380£170
COy-e (tonnes) 084 T3 1.9 1.4 5380
mass (g)/AFE 123 9.6 0.23 (.11

© based on (L2N(R)#10)*20 (there are 20 roof fans for L2N(R))
assume same exhaust efficiencies per species as in LZN(E+R)

¢ sum (L2N(E+R), L2S(E+R))

fsum (LIN(E+R), L2(E+R))

For the PFCs and CO,, 98-99% of emissions were via the
exhaust lines and 1-2% through the roof vents, consistent with
the overall hooding efficiency at Kurri Kurri (95+1%, P. Reny,
Hydro Aluminium Kurri Kurri, personal communication 2008).

Table 5 shows the emission factors for PFCs, HFC-23 and CO,
during the 2-week sampling period. The emission factors
(g/tonne Al) were: 3543 (CFy), 2.6+0.3 (C,Fs), 0.08+0.02
(CsFg), 0.04+£0.02 (CHF;) and 1.95+0.11 (CO, (AC), tonne
/tonne Al). The CO,-e emission factor (= CO, (AC) + PFCs +
HFC-23) measured at Kurri Kurri was 2.2+£0.2 (CO,,
tonne/tonne Al).

Table 5. PFC, HFC (g/tonne Al) and CO, (tonne/tonne Al,
anode consumption) emission factors for the combined exhaust
stack and roof vent emissions at Kurri Kurri.

Table 6 and Figure 3 show a comparison of emission factors
obtained at Kurri Kurri in this experiment to emission factors
reported by Hydro Aluminium [24], in the National Inventory
Report 2010 [21], by IAI [25], to ‘best practice’ factors
summarised by Keniry [26] and factors derived by CSIRO from
analysis of PFC plumes seen at Cape Grim, Tasmania, from the
Portland, Point Henry and Bell Bay smelter plumes [27]. Note
the long-term decline in the CF, emission factor in the National
Inventory, and as deduced from the Cape Grim data, and the
rapid decline in the CF, emission factor reported by Hydro
Aluminium for Kurri Kurri during 2005-2007 [24], coinciding
with the refurbishment of potline #1. Prior to refurbishment,
potline #1 was responsible for about half of Australia’s CF,
emissions.

Table 6. Comparison of PFC (g/tonne Al) and CO,
(tonne/tonne Al) emission factors obtained at Kurri Kurri to
emission factors reported by (i) Hydro Aluminium for Kurri
Kurri Potline #1 [24], (ii) in the National Inventory Report
2010 [21], (iii) to IAI reported factors [25], (iv) ‘best practice’
factors summarised by Keniry [26] and (v) factors derived by
CSIRO from analysis of PFC plumes seen at Cape Grim,
Tasmania, from the Portland, Point Henry and Bell Bay smelter
plumes [27].

location CF, C,F¢ CsFs CHF; CO, COs-¢
g/tonne Al tonne/tonne Al
LIN(E+R) 31 2.1 0.04 0.04 2.17
(1) (0.1)  (0.01) (0.01) (0.07)
L2(E+R) 39 3.1 0.12 0.03 1.72
(3) (03)  (0.01) (0.01) (0.08)
mean 35 2.6 0.08 0.04 1.95
3) (03)  (0.02) (0.02) (0.11)
COy-e 0.23 0.024 <0.001 <0.001 1.95 2.2
(0.02)  (0.003) (0.11)  (0.2)

CO,-¢
CE.  Cls  CO:A0) (0 (ACYPEC)
g/tonne Al tonne/tonne Al
KK*L1,1L2 2009 3543 2.6£0.3  1.95+0.11 2.2+0.2
KK L1[24] 2007 60
2006 200
2005 2200
Portland [27] 2009 36£25
PtHenry[27] 2009 51418
Bell Bay [27] 2009 20+13
DCCEE [21] 2009 20 2 1.48 1.63
TIAIPFPB [25] 2009 34 4.0
Keniry [26] 1.5440.15 2.04
* Kurri Kurri
Poria L
o L - P
Bell Bay
= |
s DCCEE
S wo b
o b 4 ¥ ) o 5 -
T L
| 1 | 1
2004 2008 2008 2010 2012

Figure 3. CF, emissions factors (g CF4/tonne Al) for Australian
aluminium smelters at Kurri Kurri (KK, Hydro, CSIRO),
Portland (CSIRO), Pt Henry (CSIRO), Bell Bay (CSIRO), and
the Australian average in the National Inventory Report 2010
[21].

DISCUSSION

The Kurri Kurri experiments in 2008 and 2009 identified
emissions of the expected PFCs: CF,, C,Fg and C;Fs, as well as
CO,. The PFC concentrations in the exhaust gas at Kurri Kurri
were lower than measured by Harnisch [1], but the
approximately 20-fold reductions in PFC concentrations from
CF,4 to C,F¢ and again from C,Fg to C;Fg were seen in both
studies. Unlike Harnisch [1], the Kurri Kurri experiments did
not identify CCIF; emissions from aluminium production, but
did identify small emissions of CHF;. The potline exhaust gas
extraction system was shown to be 98-99% efficient in



removing PFCs and CO, from the potrooms, only 1-2%
escaping via the roof vents.

During the two week experiment in 2009 at Kurri Kurri, the
total emissions of CO, from the 354 reduction cells was
approximately 5380 tonnes (Table 4), with 684 tonnes (CO,-¢)
of CF,, 73 tonnes (CO,-e) C,F¢, 1.9 tonnes (CO,-e) of C;Fg and
1.4 tonne (COy-¢) of CHF;. The PFC emissions at Kurri Kurri
contribute about 14% of the total CO,-¢ emissions from the
reduction cells and likely about 13-14% of the total COz-e from
the aluminium production at Kurri Kurri (including the anode
bake CO;-¢ emissions).

Not surprisingly, there is a qualitative relationship between the
number of AEs and the resultant PFC production. Potline 2S
had the largest PFC emissions during the 2-week period and the
largest number of AEs. Each AE at Kurri Kurri produced about
0.1-0.2 kg of CF, This relationship may be made more
quantitative if the AEs were weighted by duration and intensity.
The AE frequency for the cells sampled was 0.39 AEs/cell/day,
compared to a total smelter average during this period of 0.35
AEs/cell/day, about 1 AE/cell every 3 days. Keniry [25]
suggests that 0.3 AEs per day is typical for an aluminium
smelter and best-practice is less than 0.1 per day.

The average CF, emission factor derived from the two week
experiment at Kurri Kurri was 3543 g/tonne Al which is 75%
higher than the 2009 Australian average emission factor in the
National Inventory Report 2010 [21] (20 g/tonne Al). However
the Kurri Kurri emission factor is in good agreement with the
range of the annual average emission factors (20-50 g/tonne Al)
found for SE Australian smelters during 2009 (Portland, Pt
Henry, Bell Bay) by analysis and modelling of PFC data from
Cape Grim, Tasmania [27] (Figure 3) and in excellent
agreement with the IAI reported global average emission factor
for smelters employing PFPB technology in 2009 (34 g/tonne
Al [25].

The Kurri Kurri results include PFC emissions from possible
cell start-up and anode change procedures, and during non-AE
periods, experienced on potlines 1 and 3 during the two week
period. PFC emission factors quoted in the National Inventory
Report 2010 or in the IAI Anode Effect Surveys likely do not
include all PFC emissions from start-up or anode change
procedures or non-AE periods. A study of 17 smelters (outside
China) has shown that total PFC emissions from aluminium
smelting could be underestimated by ~20% or more [8],
especially if data from smelters inside China are included [14].

The average C,F¢ emission factor from Kurri Kurri was 2.6+0.3
g/tonne Al, close to the Australian average 2009 factor in the
National Inventory Report 2010 (2 g/tonne Al) [21] and lower
than the IAI recorded global average value (4 g/tonne Al) for
PFPB technology in 2009 [25]. The literature data on C,Fg in
exhaust gases suggest that measurements are close to their DLs.
The Kurri Kurri C,Fg emission factor may be one of the most
accurate yet obtained.

The C;Fg and CHF; emission factors (0.08 and 0.04 g/tonne Al
respectively) have not been reported before and are
insignificant in calculating the PFC/HFC contribution to COy-e
emissions from the reduction cells, enhancing GHG emissions
expressed as CO,-e, calculated from CF, and C,F¢ emissions
only, by less than 1%.

The CO, (AC) emission factor for Kurri Kurri is 1.95+0.11
tonne/tonne Al, more than 30% higher than the Australian
national average in the National Inventory Report 2010 (1.48 =
413 kg C/tonne Al) [21]. The total effective CO, emission
factor for aluminium production (CO; (AC) + CO,-e (PFCs))
for Kurri Kurri (2.240.2 tonne/tonne Al) is about 35% higher
than the factor given in the National Inventory Report 2010
(1.63 tonnes CO,-e/tonne Al for 2009, not including CO,-e
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emissions from anode production (AP)) [21], but similar to that
estimated by Keniry [26] for typical-practice reduction cells
(2.04 tonne/tonne Al, not including CO-¢ from AP). Keniry
estimates best-practice emission factors to be 1.42 tonnes CO,-
e/tonne Al, not including CO,-e from AP. It is not obvious why
the Kurri Kurri CO, (AC) emission factor is higher than the
Australian national average.

CONCLUSIONS

PFC (CF,4, C,F¢, CsFg), HFC (CHF;) and CO, emissions were
estimated from two potlines of the Hydro Australia Kurri Kurri
aluminium smelter in the Hunter Valley, NSW, in 2009. The
emission factors (g/tonne Al) were: 35+£3 (CF,), 2.6+0.3 (C,F),
0.08+0.02 (C;Fg) and 0.04+0.02 (CHF;).

The Kurri Kurri CF, emission factor is similar to, but
significantly more accurate than, annual PFC emission factors
found for other Australian aluminium smelters (Bell Bay,
Tasmania; Portland and Pt Henry, Victoria) in 2009, based on
continuous PFC data collected at Cape Grim, Tasmania [27].
These four smelters accounted for about 45% of Australian
aluminium production in 2009. The CF, emission factors are,
on average, significantly larger (~75%) than the Australian
average CF, emission factor reported to the UNFCCC for 2009,
but the uncertainties on these factors are large (50%-60%),
except Kurri Kurri (9%). The high CF, emission factors may be
because (i) measured emission factors include all PFC
emissions (from AEs and non-AEs) whereas the factors
reported to the UNFCCC are based on PFC emissions from
AEs only; (ii) the CF4 emision factor measured at Kurri Kurri
over a two week period may be higher than the annual average
CF, emission factor at Kurri Kurri; (iii) the PFC emission
factors from the Australian aluminium smelters not surveyed by
CSIRO to date (Tomago, NSW; Boyne Island, Queensland)
could be lower than the national average.

The CO; (AC) emission factor at Kurri Kurri is similar to that
estimated for typical-practice reduction cells, but is also
significantly (~30%) higher than the Australian national
average reported to UNFCCC for 2009.. PFC-218 (C;Fg) and
HFC-23 (CHF;) emissions from aluminium smelting are low
and do not significantly add to GHG emissions from an
aluminium smelter.

CSIRO has developed an inexpensive technology for accurate,
direct measurement of total GHG emissions (PFCs, HFCs,
CO2) from aluminium smelting. In order to accurately estimate
Australian GHG emissions from aluminium smelting, all
Australian smelters need to be surveyed.
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