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Anglo American Platinum (AAP) has completed the installation of a new SO, abatement
facility at its Polokwane Metallurgical Complex in Limpopo Province, South Africa. The
55000 tpa sulphuric acid plant, which removes SO, from the furnace off-gas, was
constructed as part of the group’s ongoing efforts towards sustainable mining and
processing. It allows the smelter to comply with the minimum emission standards as
required by the South African government environmental legislation. The project allows
AAP to abate SO, emissions from the Polokwane smelter and thus continue responsibly
operating the largest primary platinum group metals furnace in the world. This paper
presents a short history of the project, starting with the scoping study in 2010, when the
new law was promulgated, highlighting the development over the years, leading to the
construction phase which began in July 2017. Hatch was appointed engineering
procurement and construction management for the construction of the plant, which
stretched over a period of almost three years, and in the process created around 600
construction jobs in the local community at its peak, as well as providing direct contract
work for 14 South African companies and subcontract work for many more. The paper also
presents the key technologies, major design aspects and the process description of the new
SO, abatement plant. Commissioning of the plant began in Q2 2020 and start-up was in Q1
2021.

INTRODUCTION

Anglo American Platinum Polokwane smelter operates a 68 MW electric furnace, the largest in the
industry, smelting platinum group metal (PGM) bearing concentrates. The furnace matte produced is
casted, crushed and transported to the Anglo Converter Plant (ACP) in Rustenburg for further
refinement. The off-gas from the furnace contains significant amounts of dust and SO, gas which are
liberated from the concentrate during the smelting process (Bezuidenhout et al., 2013).

Until recently, the furnace off-gas was emitted to the atmosphere after removing the bulk of the dust.
Compliance with South African minimum emission standards (MES) required the installation of a SO»
abatement facility at the Polokwane smelter to remove both dust and SO from the furnace off-gas to
below the emission limits and ensure that ambient air quality standards in and around the smelter are
also adhered to. An account is provided here of the design considerations and successful
implementation of the SO, abatement plant and other modifications to the off-gas system at Polokwane
smelter leading to the plant start-up in April 2021.
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PROJECT HISTORY

The initial concept study for this project involved the screening of close to 40 SO, abatement
technologies to identify the three most suitable for further evaluation during the pre-feasibility study.
Wet gas sulphuric acid (WSA), amine scrubbing, and dual alkali scrubbing technologies were identified.
The final selection was Topsee's WSA technology. The engineering was advanced during the feasibility
study, but several upfront studies had to be performed to confirm the plant design and to resolve
process assumptions. Detailed engineering commenced in January 2018 and ground-breaking was
celebrated in August 2018. Rigorous execution and commissioning followed and persevered through
the early stages of the Covid pandemic to enable first acid production in April 2021. The project then
entered the ramp-up and stabilisation period which was expected to continue until December 2022.

PLANT DESCRIPTION

Overall

The project’s overall process block flow diagram is shown in Figure 1 and briefly described in this
section. Off-gas from the furnace is first treated in a new hot gas cleaning plant consisting of an
evaporative spray cooler, electrostatic precipitator (ESP) and hot gas fans to remove the bulk of the
furnace off-gas dust before it is sent to the wet gas cleaning plant (WGCP). The existing smelter stack
became a by-pass stack which is used under emergency conditions to safely vent the off-gas when the
SO, abatement plant is unavailable. The new hot gas cleaning equipment replaced the original hot gas
cleaning train consisting of a forced draught cooler, baghouse and hot gas fans (Hundermark, et al.,
2006). The new ESP is designed for outlet dust load of 50 mg/Nm3(dry).

The WGCP cleans and conditions the gas for the WSA plant. The main process equipment includes a
radial flow scrubber, a gas cooling tower and wet electrostatic precipitators (WESPs). The WGCP has
an outlet design dust requirement of 1 mg/Nm3(dry). The WGCP has an inlet dust load capacity greater
than the discharge of the dry ESP to ensure the outlet conditions are met even during process upsets
from the upstream process. The outlet dust load ensures the time between catalyst screening (in the
downstream WSA plant catalyst beds) is kept to a maximum. The off-gas from the WESPs is sent to the
WSA plant, where the SO; is catalytically converted into SOz and reacted with water vapour in the gas
to form sulphuric acid vapour. The sulphuric acid vapour is then condensed and cooled. The cleaned
off-gas is emitted via the WSA plant stack and the sulphuric acid is pumped to the storage tank. Product
acid is pumped from the storage tank to the load-out station and into road tankers for dispatch. Cooling
water used in the WGCP and WSA plants is provided by a central open circuit evaporative cooling
tower. Weak acid blowdown from the WGCP and all the area sumps is neutralised in the neutralisation
plant (NP). The neutralised slurry from the NP is pumped to the existing smelter process water
thickener from where it is recycled to smelter water users. Utilities and reagents, which include potable
water, plant air, instrument air, liquified petroleum gas (LPG), hydrated lime, electric power,
emergency power and boiler feed water are provided to the plant battery limits. Topsge and GEA
Bischoff provided the process design and guarantees and supplied the proprietary equipment for the
WSA and WGCP, respectively. The plant engineering, integration and the design of the other process
and ancillary plant areas were performed by Hatch. Hatch assisted Anglo American Platinum (AAP)
with this project since its inception and was retained for full engineering procurement and construction
management (EPCM) services for the execution and cold commissioning phases.
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Figure 1. Overall block diagram.

The overall project layout is divided into two major areas:

e Hot gas cleaning plant area: this was a brownfield area as it is located adjacent to the original hot
gas cleaning plant and secondary emissions duct, in close proximity to the furnace building and
furnace matte tapping areas. As this plant section is located within the boundaries of the existing
Polokwane smelter operations, it utilised the existing smelter infrastructure and had several
structural, mechanical, electrical and instrumentation tie-ins to the existing smelter facility,
including the main off gas tie-in to the existing furnace uptakes.

e Acid plant area: this was a greenfield area which is connected to the existing operations via a single
rack containing ducts, pipes and cables and is located in a remote area relative to the smelter
operations. This segregation enabled access and safety to be managed independently from the
existing smelter operations using temporary construction access and facilities.

Following construction completion, this plant section was integrated into the existing smelter
facility but remained separated with an operations fence to manage access and adherence to
different safety and personal protective equipment requirements.

Process area descriptions

Hot gas cleaning area

Off-gas is extracted from the Polokwane furnace through the matte and slag side uptakes. Under normal
conditions, the off-gas is directed through the A-ducts (steeply inclined ducts to prevent dust
settlement) and meet at the inlet to the spray cooler at 560°C. The gas is cooled through water
evaporation in the spray cooler to ensure the off-gas temperature is 360°C at the inlet to the ESP. The
spray cooler has four lances fitted with atomising nozzles at the front end. Air flow to the lances should
always be maintained even when there is no potable water flow as it provides necessary cooling to
prevent thermal damage to the lances and nozzles if the spray cooler is receiving off-gas. A portion of
the off-gas dust will drop out in the spray cooler as dry dust and will fall into the spray cooler dust
return pot, from where it is pneumatically conveyed to the furnace. In the event of failure or
maintenance of the spray cooler pneumatic dust transfer system, the dust can be diverted using the
spray cooler diverter chute to the spray cooler dust tote bin. Dust is removed within the ESP by
electrically charging dust particles and collecting them onto collection plates. These plates and the
discharge electrodes are intermittently vibrated by rappers to release the collected dust. The ESP
hoppers are fitted with electrical heaters to ensure the surface temperatures are above the temperature
at which sulphuric acid condensation may occur and cause corrosion. The collected dust is
pneumatically transferred to the existing dust return bin.

An ambient air intake is located upstream of the ESP inlet as an emergency protection device to ensure
the inlet temperature, in the event of a spray cooler upset, to the ESP is maintained below the design
inlet temperature. Two induced draught fans with variable speed drives are located downstream of the



ESP to maintain draught on the furnace and deliver the off-gas to the WGCP or the bypass stack. The
design intent is to operate both fans at the same speed during normal operation, but it is possible to
operate with one fan.

Wet gas cleaning plant

Figure 2 shows a picture of the WGCP taken during the commissioning phase of the plant. The off-gas
from the hot gas cleaning area enters the WGCP at the top of the radial flow scrubber where it is
quenched and saturated with water. This top section of the scrubber is made of a nickel alloy material
whereas the rest of the scrubber vessel consists of fibre reinforced plastic. Various nozzles supply
scrubber liquor to the top section of the scrubber to manage the wet /dry interface by ensuring the inner
surfaces remain flooded and sufficient water is available to quench and scrub the off gas.
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Figure 2. Wet gas cleaning plant (courtesy Anglo American Platinum).

Dust is removed in the scrubber throat section due to the close contact between fine water droplets and
the off gas. The correct pressure drop over the scrubber throat is important to achieve the required dust
removal efficiency. The water droplets containing the collected dust fall to the bottom of the scrubber
where they are collected in the internal sump. The off-gas is forced to make an abrupt U-turn within the
scrubber as it leaves into the exit duct. The scrubber liquor is collected in the internal sump at the bottom
of the scrubber from where it is recycled to the scrubber nozzles. The radial flow scrubber blowdown is
used to control the impurity concentration in the circulating liquor and is further treated in the weak
acid stripper. Here, SO» gas dissolved in the liquor is removed by contact with ambient air in a packed
bed. The liquor from the stripper is pumped to the neutralisation plant for neutralisation.

The saturated off-gas enters at the bottom of the gas cooling tower where the off-gas temperature is
lowered to 30 - 40°C as required by the acid plant for water vapour content control. The gas cooling
tower is packed with polypropylene globes. Cooling tower liquor is distributed, counter-currently,
through a trough-type distributor arranged on top of the packing. The condensate formed in the gas
cooling tower overflows into the sump of the radial flow scrubber where it can be used as scrubbing
liquor. The liquor from the gas cooling tower is cooled and pumped back to the top of the cooling tower
via three plate heat exchangers.

Cooling water from the open circuit cooling tower is supplied to the plate heat exchangers. The plate
heat exchangers are configured in such a way to allow for flushing by having both forward and reverse
flow of cooling water. The cooled off-gas leaving the gas cooling tower flows through two WESPs to
remove dust to less than Img/Nm?3 and acid mist to below 20 mg/Nm?. The gas flows from top to
bottom through the first and second WESPs in series.



Acid plant

The feed-gas blower moves the process gas from the WGCP and into the feed gas preheater. The process
gas is indirectly heated in the feed gas pre-heater by hot air leaving the WSA condenser. The feed gas
then enters the process gas blower which increases the off-gas pressure to overcome the pressure drop
across the sections of the WSA plant up to the stack. The process gas exiting the process gas blower is
further preheated downstream in the second process gas cooler to avoid sulphuric acid condensation
as well as recovering waste heat from the process.

Fiqure 3. Wet-gas sulphuric acid plant at Polokwane Metallurgical Complex (courtesy Anglo American
Platinum).

A dust guard is provided at the top of the SO, converter to maximise the time between catalyst screening
activities and consists of a thin layer of catalyst. This initial layer of catalyst can be bypassed by opening
a manual damper at a later stage when the pressure drop measured over the dust guard becomes too
high.

In the SO, converter, SO, in the off gas is oxidised to SOs in two adiabatic catalyst beds. The process gas
exiting the first catalyst bed is cooled before entering the second catalytic bed by the interbed cooler to
achieve further conversion of SO to SO;. The cooling at the interbed cooler occurs through indirect heat
exchange with the unconverted process gas from the process gas heater. The process gas is cooled again
after the second catalyst bed in the first process gas cooler. This is achieved through indirect heat
exchange with the unconverted process gas from the process gas heater. Final cooling of the converted
process gas is performed by the second process gas cooler before the gas leaves the converter. During
cooling, some of the SO; gas reacts with water vapour present in the process gas to form gaseous
sulphuric acid.

If the temperature of the process gas leaving the interbed cooler is lower than the required inlet
temperature of the SO, converter, the support heater will provide the final temperature adjustment
before the process gas enters the converter. LPG is burned in line with the off gas in the support heater
with additional air for combustion supplied by the combustion air blowers. There are two burners and
two combustion air blowers that are duty and standby. A combustion air blower can operate with either
burner.



Saturated steam produced in the second process gas cooler is used to heat the boiler feed water in the
steam drum. The steam and the boiler feed water are separated in the steam drum and most of the
saturated steam is used in the process gas heater to preheat the process gas.

The WSA condenser is a falling film type shell and tube condenser with vertical glass tubes. The process
gas flows upwards, while the residual SOs from the converter is hydrated with water vapour in the gas.
Gaseous sulphuric acid is formed and condensed to produce liquid sulphuric acid. The product acid is
further concentrated at the bottom of the condenser in the integrated sulphuric acid concentrator (ISAC)
where hot air from the dry air unit flows counter currently to the product acid to evaporate water from
the acid as it leaves the condenser. The clean gas is finally emitted to the atmosphere via the acid plant
stack. Ambient air is drawn in through a filter by the cooling air blower and used to cool the process
gas on the shell side of the WSA condenser. The hot air leaving the condenser is used to preheat process
feed gas in the feed gas preheater, but also to dilute the feed gas if required. Hot sulphuric acid leaving
the acid concentrator is cooled before being sent to the acid storage tank.

Neutralisation plant

The NP receives the following streams in the effluent collection tank: (1) Blowdown from the cooling
tower, (2) Backwash from the cooling tower sand filter, (3) Blowdown from the WGCP, and (4) Flow
from all area sumps which may comprise of collected rainwater and any washdown or spills. The
combined effluent is continuously mixed to avoid settling of solids and it is pumped by one of two
effluent distribution pumps to the first neutralisation tank. The pump discharge lines are automatically
flushed with process water during a pump changeover.

Slurry from the effluent collection tank is sent to the first neutralisation tank, where the pH is adjusted
to between 4 and 6 by the addition of hydrated lime. The slurry flows by gravity to the second
neutralisation tank where the pH target is between 7 and 8. The final pH target is 8 and this correction
can be done in the third neutralisation tank. The neutralised slurry flows by gravity from the third
neutralisation tank or from the second neutralisation tank - should the third neutralisation tank not be
available - into the slurry distribution tank. The slurry can also flow from the first tank into the third,
should the second tank not be available. Slurry flow is managed by valves within the launders
connecting the tanks. The agitators ensure the mixing of the weak acid and hydrated lime and that the
solids are kept in suspension. The neutralised effluent flows into the slurry distribution tank from where
it is either recycled back to the effluent collection tank or pumped to the process water thickener in the
smelter.

Hydrated lime powder is transported to site by truck and off-loaded into the lime storage silo using the
truck onboard blower. Dry hydrated lime is transferred from the silo via a metered rotary feeder into
the lime silo screw feeder which feeds the lime mixing tank. Process water is then added to produce a
lime slurry that is directed from the lime mixing tank to the lime storage tank after the batch make-up.
The hydrated lime slurry is used as the neutralisation agent in the effluent neutralisation tanks.

A lime slurry ring main enables continuous recycling of the lime slurry to the lime storage tank to
prevent scaling and blockage within the supply lines.

Cooling water, utilities and acid storage and load-out

The cooling water returning from WGCP and acid plant is sprayed from the top of the cooling tower
over the internal packing and then collected in the cooling tower basin. Cooling water is pumped from
the cooling tower basin by two (out of three) cooling water pumps to the users.

Product acid is pumped from intermediate storage in the WSA plant to the acid storage tank. Acid is
intermittently pumped from the acid storage tank into an acid tanker for dispatch, via the operating
acid load-out pump and the acid load-out arm.

The process water supply tank and pumps are situated in the same bunded area as the cooling water
plant. The process water supply tank is supplied with potable water and distributes water via the



operating process water supply pump to all the users in the SO, abatement plant. The other process
water supply pump is a standby pump.

Three air compressors and dryers are situated inside the open compressor shed. Ambient air is
compressed and dried before being transferred to the air receivers for distribution to the plant and
instrument air users.

KEY TECHNICAL DECISIONS AND DESIGN CONSIDERATIONS

An account of the key technical project decisions, some involving important design considerations is
provided in this section.

Alternative hot gas cleaning plant

It was mentioned before that the original hot gas cleaning section consisted of a forced draft cooler and

baghouse and that this was replaced with a spray cooler followed by an ESP. The original hot gas fans

were also replaced. The principal reasons for replacing the original, functional, hot gas cleaning
equipment while bearing the risks of brownfields alterations, were:

e Avoiding acid dewpoint corrosion and with it the risk of air ingress when leaks are created,
especially in a high pressure drop system. The original hot gas cleaning system was prone to air
ingress, as the two-year trend indicates in Figure 4. The original hot gas cleaning system was more
susceptible to acid dewpoint corrosion (likely at around 180°C) since the baghouse inlet
temperature had to be maintained at ~220°C to prevent burning of the bags. The additional volume
added by air ingress would also dilute the SO, in the off-gas, thereby requiring more supplemental
energy to remain autothermal in the acid plant, increasing operating cost. The additional volume
would also require larger ducting and equipment, substantially increasing the plant CAPEX. A
spray cooler and ESP flowsheet was found to be the most suitable option. The ESP requires an inlet
temperature below 400°C, which is significantly higher than the acid dewpoint temperature
compared to the original baghouse operation.
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Fiqure 4. The increase in the Polokwane furnace off-gas flowrate for the two-year period July 2013 to July 2015.

e Reducing the pressure drop between the furnace freeboard and the hot gas fans to enable a faster
response to positive pressure events occurring at the furnace. The lower system pressure drop (0.5
kPa vs 3 kPa) reduces the air ingress volume potential, should leaks occur.

¢ Managing furnace dust carry-over. The original system had two horizontal ducts, one operating
and one standby, from the furnace uptakes to the hot gas cleaning equipment that filled with dust
and required frequent cleanout. This frequent cleanout also limited the operation to running one
furnace uptake at a time (matte end or slag end). These ducts were replaced with a pair of inclined
A-frame ducts that prevent dust settlement in the system. This change also facilitated both uptakes
being operational simultaneously, which minimised dust entrainment and improved the control of
the suction on the furnace freeboard.



System pressure

The off-gas train, extending from the furnace through to the acid plant, has three fans operating in series,
in different locations with different control points and control modules. This configuration is further
complicated by the constant pressure drop requirement over the radial flow scrubber throat and several
dampers in the flow path that participate in the control or manage the fan performance within a stable
operating regime. Due to these complexities and the unpredictable nature of the furnace freeboard
pressure disturbances, a dynamic first principles-based model of the off-gas train was created and used
to develop the initial process control strategy and setpoints. These were later optimised during
commissioning. Another publication will provide further background on this effort.

SO; abatement technology selection

The selection of a SO, abatement technology for the PGM smelter operation is not obvious as the
technologies implemented currently at PGM smelters are all different and many are based on outdated
designs (Table I). The selection of a suitable technology therefore resides in the option with the least
technical risk and lowest implementation and operating cost.

Table 1. Existing SO, abatement installations in the PGM industry

PGM smelter

Off-gas sources treated

SO; abatement technology

Sibanye-Stillwater =~ Marikana
Operations (former Lonmin)
(Bezuidenhout et al. (2012)

Electric furnace and Peirce
Smith converter off-gas

Concentrated mode dual alkali
(CMDA)

Sibanye-Stillwater Columbus | Electric furnace and TBRC | Dilute mode dual alkali
Operations converter off-gas (DMDA)

(Hodges et al. (1992)

Impala Platinum Processing Electric furnace off-gas Sulfacid plant

(Westcott et al. (2007) Peirce Smith converter off-gas | SCSA acid plant

Sulfacid + SCSA tailgas

Lime scrubber (Dynawave)

Fugitive off-gas

Lime scrubber (Dynawave)

off-gas

Anglo American Platinum | Electric furnace off-gas WSA

Polokwane Smelter

Anglo American Platinum | Electric furnace off-gas Petersen-Fattinger acid plant
Waterval Smelter and Anglo (tower plant)

(C];)?g;;t;ggé?m (ACP) Top submerged lance converter | DCDA acid plant

The WSA technology by Topsoe was selected for treating the Polokwane furnace off-gas for the

following key reasons:

1. It is commercially well established with significant metallurgical references.

2. Ithas alow autothermal point which provides the most suitable operating window for the expected
furnace SO, concentration range. This operating window allows the WSA plant to sustain the
required process energy for catalytic conversion with limited supplemental heat, and therefore
reduction in operating cost as less fuel gas is used for process gas heating.

3. ltisless complex and offers higher availability than two-plant options such as amine scrubbing plus

acid plant. This also enables a higher availability compared to two plant options.

It has the lowest total cost of ownership (capital and operating costs) for this application.

5. It produces a sulphuric acid by-product with marketable uses and no continuous waste/unwanted
process streams.

b



Acid plant design enhancements

Since the WSA process design (Channon et al., 2011)) considered during the feasibility study, the

following key technology advances to the WSA process were made by Topsoe and implemented for the

Polokwane installation:

e Replacement of the molten salt heat transfer system by a combination of gas-to-gas and gas-to-steam
heat transfer systems, thereby improving the operating flexibility and energy efficiency of the WSA
plant. This latest heat transfer system carried novelty risk as only one other WSA plant had a similar
installation. It was however decided to implement the new system because of the following
advantages:

o Improved operating flexibility since no start-up steam is required to melt the salt and
increase its temperature before it can be used as a heat transfer medium. Previously, an
electrical boiler system was required for this purpose. The requirement to drain all molten
salt lines during a shut-down to prevent freezing in the lines is also eliminated.

o Enhanced energy efficiency due to the indirect heat exchange between the hot process gas
in the WSA converter and the colder feed gas. For example, preheating the feed gas requires
25% less LPG for the nominal case.

o Simplified process control as the gas temperature leaving the WSA converter to the
condenser can be controlled by simple adjustment of the steam drum pressure (which in
turn regulates the steam temperature in the final gas cooler at the bottom of the WSA
converter).

o Enhanced availability - a gas leak in a heat exchanger located in the converter will result in
decreased SO2 conversion, but the WSA plant can remain online as long as the stack SO»
concentrations are acceptable. However, a molten salt leak in a heat exchanger in the
converter would likely foul the catalyst and require an immediate shutdown, cool down,
heat exchanger repair, catalyst removal and possible replacement.

o No molten salt waste and the operating cost of replacing the molten salt. In addition, no
nitrogen blanketing of the molten salt in the salt tank is required.

e Development of an ISAC to increase the strength of the product acid by approximately 0.5%,
thereby making it more marketable.

Another enhancement to the WSA plant’s SO, converter design included the provision for an additional,
upfront catalyst bed (commonly referred to as bed ‘0’) to act as a dust guard for the two catalyst beds
downstream. This bed is bypassed when the pressure drop over the bed becomes excessively high.

Standby modes, start-up and shutdown sequences

Careful consideration was given to the control of the SO, abatement plant as a complete entity in
addition to the control of individual plant areas and control modules. This included the development
of several standby modes and sequences for safe start-up and shutdown of key plant areas.

The standby modes enable certain plant areas to continue operating at a reduced load or with ambient

air instead of furnace off-gas, during upset conditions such that it can again operate normally later

without disruption or minimal delay to the overall process. The standby modes that were developed

considered the following:

e Avoiding, as far as possible, the impact on smelter productivity.

e Avoiding, as far as possible but within the smelter atmospheric emissions licence conditions,
emitting untreated furnace off-gas to the atmosphere.

The standby modes included initiating conditions and a sequence of steps to put the respective plant
areas in standby. Defined sequences are followed to take the plant(s) back to normal operation after the
triggering upset is safely resolved. The start-up sequences were developed to ensure the supporting
systems are fully functional such that start-up of the primary process areas can occur safely. Certain
unit processes with the primary plant areas also have to be operational before furnace-off gas can be
introduced. For this reason, the following start-up categories were developed:



e Cold start-up refers to start-up from conditions where the plant or certain plant areas have not been
in operation, either never before (first start-up) or not for some time. The plant equipment is
therefore regarded as “cold’, meaning its temperature is at ambient condition.

e Hot start-up refers to the state where essential process systems within a plant area are already
operating (hot standby) in such a way that process gas can be introduced, and normal operation can
resume.

[ ]

Advanced digital design and project execution tools

The project made use of Siemens COMOS software to integrate all engineering discipline work into a

single database for improving data integrity and project workflow synchronisation. As an example, it

was integrated with Bentley’s 3D environment (OpenplantModeller and BRCM) as well as the EPCM’s
engineering reporting tool (Scopelist).

The construction management software Synchro 4D was used to associate the 3D model with the project
schedule and visualise the construction plan. This allowed schedule optimisation, workflow planning
and identification of key schedule focus items. Virtual reality was used to perform regular model design
reviews and a construction and operability HAZOP. The real-space visualisation assisted the project to
design accessible and safe working areas for operators while identifying several layout optimisations.
Building Information Management (BIM) 7D training material using Learning Management System
software was also developed to familiarise the operators (many new to high temperature off-gas
cleaning and acid production) with the process design and safety hazards as part of the project’s
operational readiness strategy. This training material will continue to be part of the onboarding process
for new recruits.

COMMISSIONING, START UP, RAMP UP AND STABILISATION

It is well known that plant start-up is a demanding and complex phase of any project. It involves the
combined effort and co-operation of all parties: the EPCM construction and commissioning teams,
owner’s commissioning, engineering and operations teams, contractors, vendors, and technology
suppliers. Careful and detailed planning and coordination of all the start-up and commissioning
activities is thus required to achieve safe and successful start-up of the new facilities. AAP followed a
structured commissioning process guided by a framework having all the commissioning stages
involved in the project, from the end of the construction phase (C1) until the final handover at project
completion (C6). The key stages which are subject of an additional paper are mechanical completion
(C1), pre-commissioning (2), cold commissioning (C3), hot commissioning (C4), stabilisation (C5) and
ramp-up and optimisation (C6). At the time of writing this paper the project was in the ramp-up and
stabilisation phase which was expected to be completed by the end of December 2022.

The Covid-19 pandemic came at the beginning of 2020 when the Polokwane SO abatement project was
nearing mechanical completion. The commissioning phase of the project was thus conducted during the
peak of the pandemic, which meant that the project was severely affected as a result of construction and
commissioning teams not being able to report for duty due to lockdowns and travel restrictions being
implemented at the time. A number of interventions were implemented by AAP to proceed with the
commissioning during the pandemic and thereby mitigate the impact on project cost and schedule.
These interventions are highlighted in the second paper for the conference and include the use of remote
audio and video communication and conferencing tools, with plant activities supervised in real time.
The work also included setting up of remote supervisory control and data acquisition web navigation
systems. One such tool, developed with Topsoe, is Clearview - as presented by Granroth ef al. (2022).

The remainder of the commissioning section presents the reduction in SO, emissions and as well as
benchmarking of WSA plant ramp up times.
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Reduction in SO, emissions

In terms of the new environmental legislation in South Africa (National Environmental Management
Air Quality Act, no 39 of 2004, as amended), the platinum smelting industry falls under Category 4: the
Metallurgical Industry. The limits prescribed by sub-category 4.16 (Smelting and Converting of
Sulphide Ores), are shown in Table II as applicable to the Polokwane smelter.

Table 1I. Legislated emission standards for the Polokwane smelter

Substance Symbol Plant Status Unit Limit
3
Particulate Matter PM New mg/Nm 50
Existing mg/Nm3 100
3
Sulphur Dioxide S0, New mg/Nm 1200
Existing mg/Nm3 3500
3
Nitrogen Oxides NOx New mg/Nm 350
Existing mg/Nm3 2000

In Table II “existing” limits were for existing plants at the time of promulgation of the new law and the
compliance date was 1 April 2015. ‘New’ limits were for all new plants constructed after the
promulgation of the law as well as all existing plants, with a compliance date of 1 April 2020. Due to the
complexity of the process solution being implemented and the required long ramp-up and stabilisation
period of the project (see section below) Anglo American requested and obtained approval from the
authorities for a new compliance date of 31 December 2022.

Figure 5 shows the normalised SO emissions from the Polokwane smelter for both before and after
start-up of the SO, abatement plant in April 2021. As seen from the graph there was a step change in
the emissions from the smelter resulting from the start-up of the SO, abatement plant. In addition, the
graph shows that after the initial start-up period where the plant was being ramped up and stabilised,
the SO, emissions have consistently been below the new legislated limit of 1200 mg/Nm3(dry).
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There were, however, some challenges the plant faced in the first year of operation which affected the
availability of the new SO, abatement plant; some of the challenges which continue to be the focus of
the ongoing ramp up and stabilisation phase and were expected to be complete by the end of December
2022. These challenges are detailed in the accompanying paper.

Benchmarking of WSA plant ramp-up times

The ramp-up of the Polokwane WSA plant was determined using operating data from start-up in April
2021 until June 2022, and compared with the work of McNulty (1998) who did a benchmarking exercise
in order to establish the potential ramp-up times for various types of metallurgical plants. Operating
data for the Polokwane SO, abatement plant was used to plot a ramp-up curve for the plant and the
resultant ramp- up curve, which is presented in the accompanying paper, shows that the WSA plant
performance trended closely with McNulty Series 1 curve, with the operation for the first six months
being better than the Series 1 curve. The major reason for such best of class ramp-up performance was
having most of the McNulty series 1 characteristics being present for the WSA plant, particularly the
use of the well-proven GEA and Topsoe technologies.

In closing, it is noted that the operational experience gained during the ramp-up and stabilisation phase
of the Polokwane SO, abatement project as well as from previous acid plants in AAP will undoubtedly
lead to even better performance of all the acid plants in the group. This remains the focus of the ramp-
up and stabilisation team as the plant continues its second and future operation years.

CONCLUSION

In this paper we presented the process and technical aspects of the Polokwane SO, abatement project,
outlining the journey followed in developing and implementing the technological solution for emissions
abatement at Polokwane smelter. The project had a lot to celebrate given the unusual challenges - such
as the outbreak of the Covid-19 pandemic - that were overcome, in addition to those typical of execution
projects. The main objective of reducing the SO, emissions to below the MES limits was achieved. The
project well surpassed one million loss time injury-free hours and also received the EPCM’s annual
global excellence reward, recognising the project’s outstanding achievements. The design successes and
lessons learnt on this project are currently being implemented on other SO, abatement projects that will
soon contribute to making Anglo American Platinum smelters air emissions compliant, and set a PGM
industry benchmark.
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