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Anglo American Platinum (AAP) recently commissioned a new SO2 abatement plant at its Polokwane 
Metallurgical Complex (PMC) in Limpopo Province, South Africa. Operational readiness (OR) planning 
began in 2017 during the front-end engineering design phase of the project while plant commissioning 
commenced in the second quarter of 2020, and continued until the first quarter of 2021 when the first 
introduction of SO2 containing feed gas to the new facilities was achieved. The successful start-up of the 
plant was the result of a carefully planned OR and commissioning programme, which formed an 
integral part of the project development process.  In this paper we present an outline of the OR 
programme which was followed during the project together with details on how the commissioning 
was conducted. The primary goal of the SO2 Abatement Project OR programme was to achieve the 
ramp-up of the new facility and equipment so that production, cost, quality and safety met the project 
objectives. Details are presented of how the OR and commissioning team dealt with the challenges in 
commissioning; especially the disruptions that arose as a result of the Covid-19 pandemic, which meant 
that a number of specialist vendors and technology experts could not travel to South Africa, while other 
specialist commissioning resources were necessarily restricted for health reasons from participating as 
originally planned in the OR and commissioning activities at the PMC. 

 
 

INTRODUCTION 
 
The Polokwane Metallurgical Complex (PMC) recently completed the installation of a new SO2 
abatement plant as part of Anglo American Platinum (AAP)’s vision to become a leader in 
environmental, social and governance (ESG) and the journey towards compliance with the minimum 
emission standards (MES) as required by new environmental legislation implemented in South Africa. 
The new SO₂ abatement plant at PMC was commissioned at the beginning of Q2 2020 and started up in 
Q2 2021. It consists of two key technologies, the wet gas cleaning plant (WGCP) supplied by GEA 
Bischoff in Germany and the wet gas sulphuric acid plant (WSA) supplied by Topsøe in Denmark 
(Rosenberg, 2006) together with auxiliary utilities and product storage units. These were all greenfield 
areas, built adjacent to the original operations at PMC (outlined by Hundermark et al., 2006). The entire 
commissioning phase was conducted amid the impact of the Covid-19 pandemic in South Africa and 
worldwide.  The pandemic disrupted not only the construction activities, but all commissioning and 
operations work at site. Despite the challenges of Covid-19, the project team implemented a carefully 
structured operational readiness (OR) and commissioning programme which meant that the new 
facilities could be safely started up. The process that was followed, together with the results obtained, 
are presented in this paper. The successful commissioning of the plant ensures that the Polokwane 
smelter, which has the world’s largest electric furnace in the platinum industry, secures its licence to 
operate as required by legislation.   
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Environmental legislation 
At the time of the promulgation of the new law, the Polokwane smelter was not required to control the 
SO2 emissions emitted from the electric furnace. Instead, the off-gas from the furnace was cooled in a 
forced draught cooler, dedusted in a baghouse and then sent to the atmosphere via a 165 m tall stack 
(Hundermark et al., (2006)).  AAP thus initiated the Polokwane SO2 abatement project as a response, 
aimed at complying with the standard MES. However, due to the complexity of the process solution 
being implemented, and the requirement for a long ramp-up and stabilisation period for the project (see 
later sections) Anglo American requested and obtained approval from the authorities for a new 
compliance date of 31 December 2022. 

 
Project and key technology providers 
Details of the technology solution as implemented at the Polokwane smelter are provided in an 
accompanying paper to this conference, in which a comprehensive outline of the key technologies, 
major design aspects and the process description of the new SO2 abatement plant are provided. A 
summary is presented in this and subsequent sections of this paper. In addition to the licensed 
technologies by Topsøe and GEA Bischoff, the plant engineering, integration and the design of the 
ancillary plant areas were performed by Hatch who was the engineering, procurement and construction 
management (EPCM) consultant for the execution and cold commissioning phases of the project. 

 
PLANT DESCRIPTION 

 
Overall  
The project’s overall process block flow diagram is shown in Figure 1. Off-gas from the furnace is first 
treated in a new hot gas cleaning plant consisting of a 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 WGCP. The WGCP 
cleans and conditions the gas for the downstream WSA plant, removing dust and deleterious impurities 
down to acceptable levels for the acid plant. The main process equipment includes a radial flow 
scrubber (RFS), a gas cooling tower and wet electrostatic precipitators (WESPs). The WGCP has an inlet 
design dust load of 1000 mg/dNm3 and an outlet design dust requirement of 1 mg/dNm3. The off-gas 
from the WESPs is sent to the WSA plant, where the SO2 is catalytically converted into SO3 and reacted 
with water vapour present in the off-gas to form sulphuric acid. The cleaned off-gas is emitted via the 
60 m WSA plant stack and the sulphuric acid is pumped to a 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 plant is prepared 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) using 
hydrated lime. The neutralised slurry from the NP is integrated with the smelter process water system. 
Utilities and reagents, include potable water, plant air, instrument air, liquefied petroleum gas (LPG), 
hydrated lime, electric power, emergency power and boiler feed water. The following two sections 
provide further details of the key licensed technologies implemented as part of the Polokwane SO2 
abatement project. Figure 2 shows pictures of both the WGCP and the WSA plant taken during the 
commissioning phase of the Polokwane SO2  abatement plant. 
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Figure 1. Overall block diagram. 

 
Wet gas cleaning plant  
Design of a wet gas cleaning plant  
The latest technology by GEA Bischoff was applied in designing a customised SO2  abatement plant for 
AAP aimed at guaranteeing compliance to the MES as required by South African environmental 
legislation. The off-gas that leaves the hot gas cleaning section (see Figure 1) is not ready to be sent 
directly to the WSA plant as it contains high amounts of dust and other components which impact 
negatively on the operation of the downstream acid plant.  Small amounts of heavy metals and halides 
are some of the impurities that may be present in the gas, and apart from poisoning the catalyst used 
in the acid plant they can lead to accelerated corrosion of the materials of construction as well as 
negatively affect the quality of the produced acid.  Thus, the selection and design of the equipment in 
the WGCP was done with a view to the production of high-quality sulphuric acid in the downstream 
WSA plant. The arrangement of the proprietary equipment for the step-by-step cleaning, cooling and 
separation of process gas impurities was carefully planned. Among the design criteria followed in the 
plant, the following are noted: 
• Constant efficiency of impurity removal and adiabatic cooling of fluctuating furnace gas 

flows. 
• Reduction of the carryover of dust-laden droplets into the cooling part of the WGCP. 
• Cooling down to optimal and final gas temperature for optimum handling of process gas in 

WESP as well as high efficiency removing of acid mist, impurities, and dust by adsorption in 
two stages of WESPs and reduction of SO2 contamination of the ambient environment, and 
lime consumption in downstream effluent treatment plant. 

 
The key pieces of equipment are the venturi head, radial flow scrubber, droplet separator, gas cooling 
tower, wet electrostatic separators and SO2 stripper. The cleaned and conditioned gas leaving the WCGP 
goes to the WSA plant where sulphuric acid is produced as shown in Figure 1.  
 
Wet gas sulphuric acid plant  
Topsøe’s WSA process is a technology which produces commercial grade sulphuric acid from a variety 
of sulphur-containing streams (Rosenberg, 2006). Depending on the stream that is to be treated, the 
layout can vary, but it will always include two key parts: a SO2 converter where SO2 is oxidised to SO3 
over Topsøe’s proprietary VK sulphuric acid catalyst, and the sulphuric acid condenser, where the 
product sulphuric acid is condensed in a glass tube condenser. The WSA process is highly energy 
efficient, reducing the facility’s carbon footprint and often generating a significant amount of high-
pressure steam. A second key benefit of WSA is that it can handle high amounts of water in the gas, 
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allowing it to treat streams that cannot be fed to conventional sulphuric acid plants. Finally combining 
the advantages mean the WSA technology can also effectively treat gases which have low to very low 
SO2 content, while still producing commercial grade sulphuric acid, and while requiring no or very little 
combustion of supplementary fuel.   
 

  
Figure 2. WGCP and WSA plants (courtesy Anglo American Platinum). 

 
 

OPERATIONAL READINESS 
 
Operational readiness context and benefits 
Operational readiness is the term used to describe the readiness of the operational team to take over the 
plant or equipment from the capital or stay-in-business projects teams for the ramp-up and long-term 
operation thereof. This involves the development and execution of a comprehensive operational 
readiness programme. The effective execution of an operational readiness programme accelerates ramp-
up to stable operation at intended throughput or efficiency of the plant. A well-executed operational 
readiness programme improves safe operation and guards against value loss during and after 
commissioning. In the case of the Polokwane smelter SO₂ abatement plant, the safety, operability, and 
maintainability aspects of the operational readiness plan were pivotal to the successful operation of the 
plant without impacting people, the surrounding communities and the AAP value stream. The 
operational readiness plan was developed during the feasibility study phase of the project where 
budgeting and resource allowance was made for the execution phase of the project. Environmental 
impact analysis, water use licence, air emissions licence and hazardous installation licence were all 
attained prior to construction and commissioning. Table II shows the operations readiness items as 
implemented in the AAP PMC SO2 abatement project. The five key elements of the OR programme were 
integrated in the project execution framework. The detail of how that was practically achieved is 
presented in the subsequent sections of this paper. 
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Table II.  Key operational readiness elements as implemented at the Polokwane smelter (Anglo American 
Platinum) 

 

 
 
Organisational design 
Benchmarking exercises were conducted to determine the manpower requirements of the SO₂ 
abatement facility. The benchmarking was done against AAP’s own acid plants in Rustenburg as well 
as WSA plants at external companies. Budget allowance was made for recruitment of key resources to 
start early in execution phase to further refine the organisational model. 
 
 Recruitment strategy 
A recruitment schedule was developed, which considered the time required for development of 
procedures, training material and training execution schedules before cold commissioning. Key 
resources were recruited early in execution phase to take responsibility for the development of 
operating and maintenance procedures, technical training material, asset tactics development and 
spares coding into the computerised maintenance management system. 
 
These critical resources were the production manager, metallurgists, section engineer, maintenance 
planner and dayshift production overseer. The strategy followed for the recruitment of the frontline 
teams was to give opportunities to incumbent Polokwane smelter personnel for career progression. The 
vacancies this created in the Polokwane smelter structure were filled through recruitment of local 
employees that had completed the Polokwane Smelter Process Academy’s community skills 
development programme. 
 
Training 
A comprehensive training programme was developed for both the brownfields and greenfields areas 
of the plant. The training programme comprised six training phases which were: 
 

• Introductory safety and process overview training 
• Exposure training at ACP acid plant 
• Exposure training at external WSA plant 
• Licensor/original equipment manufacturer (OEM) training 
• Certification training  
• On the job training during cold commissioning. 

 
Maintenance Readiness 
Plant asset management system 
The project solicited the services of a competent consultant to assist with the development of the plant 
asset management system (PASM). The scope of work for the PASM development included the 
following: equipment register review, criticality analysis review and update, failure modes, effects and 
criticality analysis, asset tactics development, asset tactics review and SAP PM Master Data 
Development and upload into SAP PM. 
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Asset tactics development standards and tools 
Anglo American has developed and adopted a reliability centred maintenance framework, called the 
AS&R framework which gave guidance on the process followed in developing asset tactics for the SO₂ 
abatement plant. The AS&R framework was followed for this process, from asset criticality assessments 
to implementation of the developed tactics. 
 
The process used for asset tactics development (ATD) started with the review and updating of 
equipment registers and critical equipment registers that were developed by the AAP owner’s team and 
the EPCM. Baseline tactics were developed from extensive database information of the consultant and 
OEM information. Workshops were conducted to refine the tactics through the inputs of various 
participants that included ATD consultants, AAP owner’s team members, experienced AAP engineers 
and engineering specialists from existing operations, OEMs, and technology suppliers. 
 
Following the workshops, bi-weekly reviews routines were implemented to track ATD progress and 
quality. Polokwane smelter engineering and planning resources were integrated into these routines to 
ensure quality control and fit with the existing smelter systems and structures. 
 
Operational maintenance and sustainability budgets 
The operational maintenance budget for spares and tools was derived through various sources, namely 
OEM data, asset tactics workshops and project HAZOPs. Once the asset tactics were developed and 
maintenance resources and spares costs were finalised, a zero-based maintenance budget was 
developed. The projected stay-in-business (SIB )capital costs for the Polokwane SO₂ abatement project 
were defined in a SIB model workshop with AAP and the EPCM. The model was then refined with 
inputs from the major technology providers Tenova, GEA Bischoff and Topsøe. Learnings from the ACP 
acid plant and a benchmarking visit to an external WSA plant were also applied.  
 
Practical experience 
Maintenance crews were given practical exposure to acid plant maintenance at the AAP ACP acid plant 
during normal operation and during annual shutdown. To gain further experience, the maintenance 
crews were embedded in the cold commissioning teams to learn from OEMs and technology specialists 
while doing testing and fault-finding. 
 
Engineering documents 
Engineering drawings, as-built drawings and operating and maintenance manuals were handed over 
to the operation in native format and hardcopy.  
 
Systems readiness 
Safety management systems 
All elements of the Anglo American Operational Risk Management system were developed and 
incorporated into the existing systems of the Polokwane smelter, and a baseline risk assessment was 
conducted. From the baseline risk assessment, the priority unwanted events for the SO₂ abatement plant 
were identified, and issue-based risk assessments were done for these to assign critical controls. Task-
based risk assessments and operating procedures were developed with the involvement of the front-
line operators and maintainers. 
 
Management control system 
A fully integrated management control system was developed to fit into the management routines of 
the Polokwane smelter operation. Aspects of operational planning, work management and feedback 
were catered for in anticipation of the roll-out of the Anglo American Operating Model post- 
commissioning.  All historian data capture and roll-up reporting were configured prior to 
commissioning to enable metallurgical monitoring and management from the first heat-up. The 
historian data was automatically retrieved from programmable logic controller data as well as manual 
inputs through newly implemented frontline work management software that was licensed and 
developed for the SO₂ abatement plant.  
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Manual data included downtime information captured through Anglo American’s standardised 
downtime management system, production logsheets (which captured manual measurements such as 
slurry densities, pressure surveys, and laboratory assays) and shift handover sheets. 
 
Roll-up reporting was designed in PowerBI. In addition, a digitalised management of change system 
was developed for the SO₂ abatement plant, which was adopted by the entire operation. The system 
included workflow capability, action management, e-mail notifications and roll-up reporting in 
PowerBI. 
 
Permitting systems 
The Polokwane smelter permitting system was expanded to include the SO₂ abatement plant. New 
permits to work, lockout permits, confined space permits, hotwork permits, etc. were developed for hot 
commissioning. 
 
Support Readiness 
Commissioning support 
In addition to the commissioning resources from EPCM, licensors and OEMs, mostly secured through 
supply contracts and service level agreements (SLAs), a team of seconded technical resources from 
within Anglo American was assembled. These resources were trained prior to commissioning utilising 
the training material developed for the operational readiness programme. 
 
Emergency preparedness 
The PMC’s emergency preparedness and response plan was updated with the requirements of the SO₂ 
abatement plant. External medical and rescue services were inducted and familiarised with the new 
operation prior to commissioning. Fire system training was conducted for the Polokwane smelter 
emergency response team as well as the new SO₂ abatement operational and maintenance staff. 
Diphoterine was procured and installed in all high concentration acid areas, and all personnel were 
trained in its use in case of an emergency.  
 
Environmental incidents and acid spills emergency response requires the involvement of a competent 
service provider, which was already contracted to the Polokwane operation. For smaller spills Trivorex 
was procured to neutralise acid for safe handling and clean-up. Site emergency services were trained 
on the new areas of the SO₂ abatement plant and the associated risks. New personal protective 
equipment was procured for emergency services to enable rescue in sulphuric acid areas. 
 
Service level agreements 
Service level agreements for the main technology suppliers as well as key equipment suppliers were 
finalised before or during hot commissioning. The SLAs included on-site and remote support from the 
technology suppliers and OEMs, along with spares holding agreements, sample analysis and digitalised 
analytical tools and reports. The advances and application of these digitalised tools, and how they 
contributed to successful commissioning during the Covid-19 pandemic, are discussed in more detail 
later on in this paper. 
 
Human resource development  
The PMC human resource development team assisted with the redesign of the frontline progression 
route training, which included the operational areas, procedures and training material of the SO₂ 
abatement plant. The digitalised training programme that was developed as part of the operational 
readiness programme was incorporated in the Polokwane smelter training systems. The virtual training 
models were also handed over to the operation for ongoing training in a virtual environment. 
 
Supply Chain Readiness 
Distribution centre and handover points 
Space was allocated to the critical spares of the SO₂ abatement plant in the regional distribution centre, 
located in the PMC. The handover point at the smelter also allocated areas for spares and bulk materials 
for the SO₂ abatement plant. Spares were procured and stored prior to commissioning. 
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Vendor registration and SAP bill of materials detail 
Suppliers of spares, bulk materials and services to the SO₂ abatement plant were registered as AAP 
vendors prior to commissioning. Bills of materials detail and spares coding were outside the scope of 
the maintenance tactics development and had to be done separately; however this was completed in 
time and spares were procured and stored at the facilities mentioned above prior to commissioning. 
 
Acid off-take agreement and supply contracts 
The acid off-take agreement was finalised, including terms to ensure quality of product as well as 
operational security. Extensive planning and engagement were conducted with the transport company 
to ensure safe route planning, emergency response readiness. Onboarding of the transport company 
included training to ensure safe operation of equipment on site. Security protocol was established 
between AAP protection services and transporters. All relevant permitting and transport licences were 
in place prior to commissioning. 
 
Supply contracts for bulk materials or consumables supply, such as lime, nitrogen, LPG and water 
treatment chemicals were finalised prior to hot commissioning. This enabled ordering and delivery of 
first-fill materials prior to hot commissioning steps, ensuring commissioning could be executed on 
schedule. 
 
COMMISSIONING, START UP, RAMP UP AND STABILISATION 
 
Commissioning and Start-Up 
The commissioning and start start-up phases are the most demanding and complex stages in the 
implementation of a new plant. For the implementation to succeed, it requires the combined effort and 
co-operation of many parties involved in the project and these include the EPCM construction and 
commissioning teams, owner’s commissioning, engineering and operations teams, contractors and 
vendors for selected equipment and technology suppliers who provide supervision and guidance on 
the commissioning and operation of their licensed technologies. Careful and detailed planning as well 
as coordination of all the start-up and commissioning activities is thus required to achieve safe and 
successful start-up of the new facilities. For the Polokwane SO2 abatement project, a commissioning 
plan was developed starting in the feasibility phase. The plan was progressively detailed during the 
execution phase. Figure 3  shows the Anglo American commissioning framework, which was followed 
in the project, leading to the successful handover of the new facilities to the PMC operations team. The 
commissioning framework is similar to that outlined in Saeid et al., (2019) and Panayiotou (2016) and 
shows all the commissioning stages involved in the project from the end of the construction phase (C1), 
the different responsible parties as well as the key handover points in the process until the final 
handover at project completion C6. 
 

 
 

Figure 3.  Anglo American commissioning framework. 
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The different commissioning phases are C1 Mechanical Installation Complete, C2 Pre-Commissioning 
(testing of individual equipment), C3 Cold Commissioning (testing of systems), C4 Hot Commissioning 
(first fills of process materials), C5 Hot commissioning (stabilisation and performance guarantee testing) 
and C6 Commissioning: Process Optimisation and Ramp-up.  
 
At the time of writing this paper the project was in the C6 phase - the ramp up and process optimisation 
phase was expected to be completed by end of December 2022. 
 
Impact of Covid-19 Pandemic on OR and Commissioning 
The Covid-19 pandemic came at a time when the Polokwane WSA plant was approaching the end of 
the construction phase, (C1 as per the above commissioning framework) and beginning of the pre-
commissioning phase, C2.  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 which 
were being implemented at the time. The main technology supplier, Topsøe, was not permitted by the 
Danish government to travel to South Africa to support the commissioning phase. The project team had 
to quickly adapt and commissioned the plant with the remote assistance of both Topsøe 
 
 and GEA Bischoff (with GEA Bischoff having been initially present at site), utilising Microsoft Teams 
via smartphones and tablets to facilitate commissioning over Wi-Fi connections. Another technology 
that was utilised during commissioning was RealWear glasses, which enabled field technicians to have 
their hands free to work on instrumentation, while engaging with the technology experts through a live 
video feed out of Germany and Denmark. Prior to commissioning, an SLA was put in place with Topsøe. 
As part of the SLA, the operational staff had unlimited online support from Topsøe during office hours. 
 
These interventions included setting up of remote supervisory control and data acquisition web 
navigation systems, setting up of internet connection to all the areas of the plant including those that 
would ordinarily not have such coverage. One such tool, developed with Topsøe, is Clearview as 
presented by Granroth et al., (2022). The Clearview tool is discussed briefly in the following section. 
 
Licensor Commissioning Process  
The Topsøe and GEA Bischoff commissioning support processes were largely determined by the 
support and inspections that the licensors required to be able to fulfil their guaranteed obligations.  The 
support provided was thus divided into pre-commissioning inspections, commissioning and ramp-up 
support. Linking to the commissioning framework provided in Figure 3, the support was thus provided 
as follows: 
• C1 - Site construction supervision and providing guidance in equipment installation and critical 

checks 
• C2 to C3 – Cold commissioning and equipment checks in preparation for start-up 
• C4 to C6 – Hot commissioning, ramp up and stabilisation support, including carrying out the 

required performance guarantee tests. 
 
From the experience gained during the Polokwane project, the most important point at which to get the 
licensor input/support is during the C1 – site construction phase. It is in that phase where the 
equipment is installed and any defects that are identified are easily rectified. Defects that remain until 
the commissioning phase become expensive to rectify, both in terms of cost and schedule.  Three months 
site supervision was allocated for each licensor, but as per the lessons learnt (see later sections), it is 
recommended that even more time and budget be allocated to this intervention. 
 
Topsoe ClearView system 
The SLA with Topsøe included the development of the Topsøe Clearview  system. The system, which 
was tuned and validated post-commissioning and start-up, draws from the historian data of the plant 
and utilises the design models to perform data analytics to assist in plant optimisation. ClearView WSA 
is a connected solution based on streaming data to an industrial internet of things  platform in which 
rigorous Topsøe in-house models simulate process data and compare plant parameters to their optimal 
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and healthy values with the aim of providing early warnings of process-related problems. ClearView 
WSA also monitors plant start-up and shutdown and predicts hydraulic and catalytic performance of 
the unit in order to provide the plant operators with a proactive approach to shutdowns and catalyst 
screening, before unit capacity is affected. Online dashboards are designed to deliver up-to-date insights 
directly to the relevant persons and cater to various roles in the plant, including the overall key 
performance indicator  focus of the senior company executives or directors and plant manager, at a 
glance. The online dashboards also provide alerts for the daily shift engineer and detailed optimisation 
screens to be used by the technical department. Further details of the ClearView are presented by 
Granroth et al., (2022). 
 
Reduction in SO2 Emissions 
As part of the contractual agreements with the licensors (GEA Bischoff and Topsøe), the process and 
performance guarantees had to be demonstrated by conducting performance acceptance tests. The 
purpose of these tests is to measure the new, clean equipment performance to demonstrate acceptable 
compliance with the required performance guarantee parameters, or to identify where adjustments 
are required. The performance acceptance tests were conducted in October 2021 for five days during 
which the upstream furnace was operated at varying conditions for each test day, starting at the 
maximum design capacity. The other two days were for operation at reduced furnace power in order 
to test the SO2 abatement plant operation at turndown conditions. The fourth day was set for a repeat 
test at any of furnace operating conditions. Table III shows the performance test run (PTR) conditions 
for the upstream furnace: 
 
Table III. Performance test run furnace conditions 
 

Day Furnace Capacity Purpose 
1 68MW Plant optimisation and test run preparation 
2 40 MW Test run condition 1 
3 55 MW Test run condition 2 
4 68MW Test run condition 3 
5 68MW Retest for any condition if required/ increased flow 

 
It should be noted that to allow for maximum capacity operation during the PTR, enough concentrate 
buffer was provided for the furnace, to allow for uninterrupted operation of the new facilities. This 
required close planning and cooperation with the operations team from the upstream furnace. Table IV 
shows the plant performance results for furnace operation at full capacity, indicating compliance to the 
legislated MES.   
 
Table IV. Plant performance results and full furnace power (68MW), condition 3 
 

Substance Symbol Unit Measured Limit 
Particulate Matter PM mg/Nm3 23.4 50 
Sulphur Dioxide SO2 mg/Nm3 531 1200 
Nitrogen Oxides NOx mg/Nm3 6.6 350 

 
Benchmarking of WSA plant ramp-up times 
The SO2 abatement plant design basis has maximum and nominal acid production rates of 150- and 65-
tons per day respectively. For the analysis presented below, the design capacity of the plant was 
calculated using the following equation:  
 

%	Design	Capacity =	
1234563	7358943:	5;<:	=4>:9;?<>@	A BCD

ECDBFG

H38<6@	5;<:	=4>:9;?<>@		A BCD
ECDBFG

	× 	100 [1] 
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McNulty (1998) did a benchmarking exercise in order to establish the potential ramp-up times for 
various types of metallurgical plants. He analysed 41 case studies in a variety of chemical and 
metallurgical applications to quantify the average time taken to ramp up a plant to 100% of design 
capacity. The analysis was consolidated into four classes or series of plants and presented the ramp up 
data in the form of McNulty curves for each series, based on the historical data.  Operating data for the 
Polokwane SO2 abatement plant were collected from the start up in April 2021 until June 2022. The data 
was then used to plot the ramp up curve for the plant as discussed above and the resultant ramp up 
curve is shown in Figure 4 and compared to curves from McNulty (1998). 
 

 
Figure 4. Polokwane SO2 abatement plant ramp up curve compared to curves provided by McNulty.  

 
Figure 4 shows the WSA plant trending closely with McNulty 1 curve with the operation between the 
first six months having been better than the McNulty Series 1 curves. This is a result of not only having 
most of the Series 1 characteristics being present for the WSA plant, particularly the use of the well-
proven GEA Bischoff and Topsøe technologies, but also a result of the comprehensive operational 
readiness and commissioning programme followed.  There were however ramp up challenges with the 
operation of the new acid plant, linked to the novelty of the implemented SO2 abatement solution, as 
discussed further below. These challenges negatively affected the plant availability and arguably led to 
the slight lowering below the Series 1 performance after six months of operation. 
 
Plant Availability 
Figure 5 below shows the availability of the SO2 abatement plant for the first 12 months of operation 
since start up. A close look at the availability chart shows that for the bulk of the 12 months period, the 
acid plant availability was lower than the targeted 95% availability. The main reasons for the low 
availability were the plant stoppages during the ramp up phase, caused by several challenges faced. 
These challenges are presented in the following section together with the key lessons learnt from the 
project. The worst affected months were August  and November 2021 where the acid plant availability 
was down to 14.8 % and 45% respectively. The major plant stoppage causes for the two months were 
process gas leaks due to acid dewpoint corrosion in process gas ducts and feed gas blower lining failure. 
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Figure 5. Plant availability. 

 
The above availability graph shows that despite having proven to meet the design process performance, 
the new plant had a few equipment availability challenges. Most of these challenges had already been 
addressed at the time of writing this paper, while some continue being the focus of the ongoing ramp-
up and stabilisation phase. Such challenges are not uncommon for processing plants where novelty is 
present as per the McNulty (1998). 
 
Key Challenges and Lessons Learnt  
In this section of the paper we present some of the challenges faced during the ramp up and stabilisation 
phase of the project.  Five key challenges will be discussed, ending with the lessons learnt which will be 
carried forward for future acid plants within the AA Group. The challenges faced were (1) Moisture 
impact on RFS cooling temperature, (2) WESP flow control and power settings, (3) Blower 1 material of 
construction, (4) Process gas leaks due to acid dew point corrosion and (5) Unreacted gas bypass on 1st 
PGC. 
 
Moisture impact on RFS cooling temperature 
During the hot commissioning phase of the WGCP, it was noted that the radial flow scrubber (RFS) 
outlet temperature exceeded the high temperature alarm of 75°C, which led to several plant trips in 
order to prevent possible damage to the fibre reinforced plastic vessels that have a design operating 
limit of 80°C. As a way of preventing the trips, a temperature control function was incorporated to allow 
the addition of ambient air upstream of the RFS when the outlet temperature reaches 75°C. The addition 
of cold air is stopped as soon as the temperature drops below the 75oC control point.  
 
An investigation was conducted into the cause of the higher RFS outlet (saturation) temperature 
compared to the original process design and specification for the WGCP. The review attributed a higher 
furnace off-gas moisture concentration (exceeding the WGCP inlet design basis of 25 vol%) as the likely 
cause for the higher saturation temperatures. The high moisture excursions were further attributed to 
instabilities in the addition of cooling water in the upstream spray cooler.  In terms of the lessons learnt, 
presented further below, it was noted that the design of the WGCP must have adequate allowance for 
moisture in the off-gas. This is necessary to prevent ambient air addition to hot gas which has the 
disadvantage of possibly causing localised corrosion as well as dilution of the off-gas SO2 concentration 
which in turn leads to increased LPG consumption in the downstream WSA plant.  
 
WESP flow control and power settings 
The WESPs in the GEA Bischoff plant had been initially set to operate at fixed power settings based on 
the design flow.  However, when the units were put into operation, it was realised that due to the 
variability of the furnace off-gas flows, a single power setting led to inefficient operation.  High spark 
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rates were observed which had the potential of damaging the tubes used as collector electrodes in the 
WESPs. 
 
The solution proposed by the GEA Bischoff commissioning engineers was to update the control system 
programming to have different parameter sets for the transformer /rectifiers based on the flowrate of 
the off-gas to the WGCP.  This had the aim of optimising the performance of the WESPs for different 
amounts of raw gas at the WGCP inlet. This helped prevent the switching off of the WESPs, which 
occurs as a safety measure at high sparks rates, thus ensuring that both precipitators can always remain 
in operation. 
 
Blower 1 material of construction 
The feedgas blower, which is used to draft the furnace off-gas through the WGCP was designed to have 
a special lining on the carbon steel casing and impeller which prevents the corrosion of the steel used 
as the material of construction. Strict application process and quality control procedures were followed 
to ensure good adherence of the lining material onto the underlying steel. During the first inspection of 
the plant, after three months of operation, it was noted that the lining material used in the feed gas 
blower had come off certain sections of the unit. Upon investigation, the cause of the failed lining was 
attributed to an incorrect application process. It was repaired to allow plant operation and as a long-
term solution, AAP with assistance from Topsøe, took a decision to change the material of construction 
from a lined carbon steel blower to one made of Hastelloy. Although an expensive material, Hastelloy 
has been proven to handle weak acid environments. 
 
Process gas leaks due to acid dew point corrosion 
A major challenge experienced during the ramp up phase of the WSA plant, which negatively affected 
plant availability, were process gas leaks on the duct from the WSA converter leading to the acid 
condenser. The cause of the leaks was attributed to acid dew point corrosion which occurred from cold 
spots on the duct. The cold spots were a result of insulation thickness as installed on certain sections of 
the equipment, which was smaller than the required specification of 300 mm.  The process gas leaving 
the WSA converter must remain at temperatures above the acid dew point to prevent condensation and 
subsequent corrosion of the ducts. The poor quality insulation results in cold spots on the steel ducts, 
points at which condensation and corrosion take place.  At the normal operating conditions, the process 
gas has an acid dew point of around 200 - 240oC and thus the insulation installation must ensure the 
steel surface remains at temperatures above that range at all times. The process gas leaks were stopped 
as soon as the insulation was replaced and installed according to the licensor specification. 
 
Unreacted gas bypass on 1st PGC 
Following the start up of the new abatement plant, high SO2 emissions were observed from the new 
stack.  An investigation of the high SO2 emissions by both AAP and Topsøe commissioning engineers, 
assisted by the use of the Clearview tool indicated that the only cause was possibly unreacted gas 
finding its way to the stack. A subsequent plant shutdown confirmed the cause of the gas bypass being 
an internal hatch in the converter, which was lacking a gasket and was held in place by just two out of 
the 16 specified bolts. Rectifying the above led to immediate reduction in SO2 emissions and later 
confirmed by the independent performance test. 
 
Lessons learnt  
A number of lessons have been learnt from the execution of the Polokwane SO2 abatement project. These 
have been documented and will be used going forward in optimising new and existing acid plants 
within Anglo American. Below are two of the key lessons learnt from the project. 
 
Construction quality 
Quality management is a core function of any project. It is important that a quality management system 
(QMS) is put in place in order to achieve the required project objectives.  Quality control (QC) during 
construction is therefore one of the key components of such a QMS. The lesson learnt from the project 
is that there is no such thing as an over-emphasis on quality. Instead, sufficient personnel in all 
functional areas/disciplines are required to ensure that the QMS requirements through all phases of the 
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project are effectively implemented. Competent and qualified quality control and inspection personnel 
must be made available to manage the construction quality.  All work done during construction must 
be accompanied by quality control plans or inspection and testing plans that describe the detailed 
activities that will be carried out to verify that all services, material, equipment, and installations meet 
the project specifications. Where surveillance or witness inspection by the project team is required, only 
appropriately qualified and experienced inspection resources must be used to carry out these inspection 
activities. 
 
Although the Polokwane SO2 abatement project was set to achieve the foregoing requirements, limited 
QC was at times provided, partly due to the Covid-19 pandemic which affected site presence by 
specialist persons. This has led to some of the challenges faced during the ramp up process, which 
would have otherwise been addressed by having additional QC resources during construction. 
 
Local availability of skills  
South Africa, like most third world countries, has a challenge with the availability of skilled personnel, 
particularly those required for the construction phase of a project, more so for a project of a magnitude 
and scope similar to the Polokwane SO2 abatement project.  A number of challenges experienced during 
the commissioning and ramp up phase pointed to the lack of manufacturing skills in the local market.  
For example, with regards to the feed gas blower lining challenges as highlighted above, only one 
applicator could be found locally willing to do the application but could not guarantee the quality of 
the lining. The skills shortage leaves projects like the Polokwane SO2 abatement project to either import 
skills or equipment from first world countries, with the resultant increase in project cost and schedule. 
The lesson learnt form the project is that despite the high cost of such an alternative procurement or 
supply strategy, the delays and downtime resulting from equipment failures during operations will 
often more than justify such a cost.  The payback for such an investment will generally not be long, as 
any plant stoppage affects not only the production throughput but has the associated cost of rectifying 
the problem in the first instance. 
 
The project procurement strategy must thus identify such equipment for which local skills are not 
available and procure that internationally, together with considering sourcing skilled resources for 
capacitating local skills where possible. Local skills are required beyond the commissioning and start-
up phase which further warrants the development of local skills. 
 
 
CONCLUSION 
 
The Polokwane SO2 abatement project had as its objective to achieve compliance to the MES as required 
by South African legislation.  That objective has been met despite the challenges encountered during 
the commissioning and ramp-up phase. In particular the challenges emanating from the Covid–19 
pandemic were effectively managed by the project team, thereby ensuring a successful deployment of 
the novel application of  GEA Bischoff ‘s WGCP and  Topsøe’s WSA technologies at the world’s largest 
PGM smelter. The success was due to a comprehensive OR and commissioning plan which was 
developed early during project implementation and progressively executed by the project team.  The 
lessons learnt from this project will continue informing future SO2 abatement and related projects within 
the Anglo American group. 
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