
1 | P a g e  
 

 

 

 

 

 

 

 

 

Owen Willams – 2113039 

BEng Mechanical Engineering 

Dissertation Project – Final Report 

Andrew Thorn/Kelvin Lake 

Submission Date – 20th May 2024 

Enersys – Newport Plant 

  



2 | P a g e  
 

Statement Of Authenticity 

 

"This thesis is the result of the author’s original research. It has been composed by the 

author and has not been previously submitted for examination which has led to the award 

of a degree."  

 

 

 

 

 

 

 

Signed:  Owen Williams           Date: 17/05/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



3 | P a g e  
 

Table of Contents 
 

1.0 – Abstract .......................................................................................................................................... 5 

2.0 – Introduction and Project Relevance ............................................................................................. 5 

2.1 – Enersys Newport Plant .............................................................................................................. 5 

2.2 – Nugget Casters and Oxide Mills ................................................................................................ 6 

2.3 – Project Proposal ........................................................................................................................ 7 

2.4 – Aims and Objectives .................................................................................................................. 8 

3.0 – Timescale of Project ...................................................................................................................... 8 

3.1 – Gantt Charts ............................................................................................................................... 8 

4.0 – Research/Literature Review ........................................................................................................ 11 

4.1 – Enersys Maintenance System .................................................................................................. 12 

4.2 – Energy Costs and Usage ........................................................................................................... 12 

4.3 – Health and Safety .................................................................................................................... 13 

4.4 – Lead Waste............................................................................................................................... 14 

4.5 – Cold Cube ................................................................................................................................. 14 

4.6 – Production Comparison ........................................................................................................... 15 

4.6.1 – Production Quality ............................................................................................................... 18 

4.7 – Cost Saving – Include buying Oxide straight ........................................................................... 19 

4.8 – Failure Mode Effect Analysis ................................................................................................... 20 

4.9 – Return on Investment .............................................................................................................. 21 

5.0 – Work Done ................................................................................................................................... 22 

5.1 – Decomissioning ........................................................................................................................ 22 

5.2 – Installation ............................................................................................................................... 22 

5.3 – Testing ...................................................................................................................................... 24 

5.4 – Training .................................................................................................................................... 26 

5.5 – Maintenance Procedures ........................................................................................................ 27 

5.6 – Preventative Maintenance ...................................................................................................... 28 

6.0 - Results & Final Testing.................................................................................................................. 29 

6.1 – Final Testing ............................................................................................................................. 29 

6.2 – Results ...................................................................................................................................... 30 

7.0 – Conclusion.................................................................................................................................... 31 

8.0 – Recommended Further Work ...................................................................................................... 31 

9.0 – References & Associated Personell ............................................................................................. 32 

10 – Appendix ....................................................................................................................................... 34 



4 | P a g e  
 

10.1 – Data and Information used within Project ........................................................................... 34 

 

 

Table of Figures 
 

Figure 1 - Cell 1A + 1B Flow Diagram (Enersys P Drive) .......................................................................... 6 

Figure 2 – Existing Floor Layout (Enersys P Drive) ................................................................................... 7 

Figure 3 - Initial Gantt Chart for Requirements ....................................................................................... 9 

Figure 4 - Initial Gantt Chart for Decomissioning and Installation .......................................................... 9 

Figure 5 - Completed Gantt Chart for Documentation ......................................................................... 10 

Figure 6 - Completed Gantt Chart for Decomissioning and Installation ............................................... 11 

Figure 7 - eMaint Data Collection ......................................................................................................... 12 

Figure 8 - Gas Usage and Costs ............................................................................................................. 13 

Figure 9 - Electricity Usage and Cost ..................................................................................................... 13 

Figure 10 - Proposed Floor Plan ............................................................................................................ 15 

Figure 11 - Nugget Caster Production Output ...................................................................................... 16 

Figure 12 - Cold Cube Production Output ............................................................................................. 16 

Figure 13 - Weight of Lead Ingot                                        Figure 14 - Lead Supplier Delivery Note ..... 17 

Figure 15 - Lead Ingot Dimensions ........................................................................................................ 18 

Figure 16 - Oxide Mill Performance with both Production Processes .................................................. 19 

Figure 17 - Failure Mode Effect Analysis (FMEA) .................................................................................. 20 

Figure 18 - Estimated Cost Spreadsheet ............................................................................................... 21 

Figure 19 - Return on Investment ......................................................................................................... 21 

Figure 20 - Sovema Wiring Diagram Opening Page for Enersys ............................................................ 25 

Figure 21 - Example of Wiring Diagram followed.................................................................................. 26 

Figure 22 - Cold Cube Standard Operating Procedure (SOP) ................................................................ 27 

 

 

 
 

 

 

 

 

 

 

 



5 | P a g e  
 

1.0 – Abstract 
 

The following report investigates the process Enersys currently have in place to manufacture 20mm 

nuggets used to generate the plants oxide. The process has been highlighted within the plant as 

having a high expenditure compared to the output of product. 

The process was identified as having a major part to play in rising energy bills for the company, along 

with this, the system was found to be a key factor in production downtime and late orders. This 

report shows the alternative processes that could be used, and how this can affect the overall 

company costs, and what other factors and areas can be improved with a changing process such as 

safety, health, and maintenance activities.  

The report shows the alternative process identified as being the Cold Cube machine, this was found 

to provide similar if not better production outrates, as well as fully removing the gas supply of carbon 

dioxide (CO2), methane (CH4)/natural gas, nitrous oxide (N2O), perfluorocarbons (PFCs) and Sulphur 

hexafluoride (SF6); hydrofluorocarbons (HFCs). Further benefits are also found throughout the 

research such as removal of lead waste, health and safety benefits to the area and operators.  

The report includes the decommission and installation of the old and new machines and what 

further work went into the project such as training, procedures, and maintenance. Tests were carried 

out and results were formed from operational results and running time and what further actions 

were needed.  

 

2.0 – Introduction and Project Relevance 

 

2.1 – Enersys Newport Plant 
 

Enersys opened its plant in Newport in 1962 and currently supplies a wide range of stored energy 

solutions and systems to over 100 different countries and over 10,000 customers. The plant in 

Newport manufactures a variety of different size and power batteries all of which use lead and acid 

in the process. Enersys is recognized as the lead supplier of stored energy solutions. Enersys prides 

itself on buying in stacks of lead and then putting this through different processes in order to achieve 

desired outcomes for a wide range of products, different processes create different states of lead 

such as coils of lead, lead powder, lead paste. 
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2.2 – Nugget Casters and Oxide Mills  
 

Each battery produced in Enersys includes the process where oxide is formed and then added to a 

mixture along with water, acid and sometimes carbon to produce a paste. Therefore, oxide is an 

integral part of the production of batteries and to form oxide, the nugget casters are needed. A basic 

flow diagram below shows the initial stages of manufacturing a battery with the area this report 

focuses on being clearly highlighted in the black box. 

 

Figure 1 - Cell 1A + 1B Flow Diagram (Enersys P Drive) 

 

To produce oxide, small 20mm lead nuggets are produced using a molten lead pot and a feed pipe 

which pours the lead onto a rotating table where rods are used to achieve the correct size. Once a 

complete rotation of the table has been carried out, the nuggets are cool due to the cooling water 

inside the machine and the compressed air-cooling bar. They are then pushed off the table using a 

simple cam system.  

Currently in Enersys, the stats for the Nugget Casters are; 
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Shift Pattern: 3 Shift Pattern consisting of days, afternoons, and nights (8 hours). 
Employees: 6 employees, 2 on each shift. 
No of Machines: 3 nuggets casters feeding 4 oxide mills. Casters 2 and 3 feeding Mills 3 and 4. Caster  
1 feeding mills 1 & 2.   

 

Figure 2 – Existing Floor Layout (Enersys P Drive) 

 

2.3 – Project Proposal  
 

The project was assigned by the Plant Manager with the aim of trying to lower the overall annual 

energy costs. To identify the costs of running the machines, they were individually broken down and 

reviewed. Having found that the molten lead pots consume the most energy due to the gas they 

require, they were then compared and it was found that the nugget casting machine had the highest 

running costs. It was also found that there was an alternative machine which produces the same 

product without the use of molten lead. The project proposal is to fully remove all the current 

nugget casters and replace them with more modern machinery known as Cold Cubes. Modern 

technology development has changed the way in which lead nuggets/cubes can be manufactured. 

Along with technology development, energy bills have drastically risen with current affairs, and with 

the demand for companies to become more eco-friendly, a keen interest was taken in finding an 

improvement for the nugget casters, or possibly removing them all together. With further 

advantages such as safety, and personal health for the operators with the removal of molten lead 

giving off lead fumes, the removal of nugget casters could help play a crucial role in lowering the 

statistics for employees at Enersys having a lead in blood reading greater than 15 20 µg/dl.  

Cold cube machines use 50kg Ingots which are fed into the machine via a robot arm or suitable 

alternative, the ingots are then transferred along an automated conveyor to be processed into small 

20mm cubes for the oxide mill process. They are processed by a blade cutting up the original ingot 

into small chunks, these are then formed using two rollers into 20mm cubes. Using two cold cube 

machines would generate enough production for the four oxide mills currently on site. 
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 2.4 – Aims and Objectives  
 

The main aim of doing this is to completely remove the molten lead pots and therefore remove the 

use of gas to lower the company’s overall energy bills. 

Further aims and objectives are to: 

• Reduction is waste and processing costs. 

• Lower the health risks for workers by reducing the lead in air. 

• Remove the health and safety risks of lead casting. 

• Reduce maintenance costs and downtime. 

• Help lower percentage of late orders. 

To achieve the above aims and objectives, relevant data needed to be gathered as well as thorough 

research into the current processes in place and what alternatives are available. This is to be carried 

out using analysis and measurement techniques with results being defined and critiqued. 

To help collect a wider range of data and research, results and measurements were taken from sister 

plants where changes to their processes had already been completed, or where the same systems 

were being used.  

 

3.0 – Timescale of Project 
 

Timescale is a key aspect as to whether a project is a success or a failure. By setting appropriate 

deadlines and dates, it allows for motivation to be kept at a high, costings to not be affected  

(Cassidy, 2023). Carrying out techniques to set dates and deadlines can also highlight what tasks are 

critical to the project being delivered on time, these tasks can then be set a higher priority compared 

to other tasks 

The main tool used for the timing of the Cold Cube project was a Gantt Chart.  

3.1 – Gantt Charts 
 

Gantt chart is a great tool to use to allow for tasks to be listed out, alongside a who is completing 

them and the deadline in which they need to be completed by. Using a simple colour scheme, jobs 

can be highlighted as being completed or late as well as helping to show what is critical for the 

project to stay on track. 



9 | P a g e  
 

Below is the layout of the original Gantt Chart made for the tasks consuming paperwork, research, 

and forms. It clearly identifies the task, along with the start and end date and the progress made. As 

seen from the visual progress on the right, the purple blocks show that the task is uncompleted. 

 

 

Figure 3 - Initial Gantt Chart for Requirements 

Gantt charts were also used for the decommissioning and installation of the old and new equipment. 

It could be stated that this area was more important to set realistic targets as it included more 

outside employees such as contractors. Again, this is the initial design. 

 

Figure 4 - Initial Gantt Chart for Decomissioning and Installation 
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When tasks and objectives had been hit, the Gantt chart was altered to indicate the task is 

completed. This was done by highlighting the 100% column with a grey box, the grey boxing can also 

be seen on the visual calendar on the right-hand side. 

 

Figure 5 - Completed Gantt Chart for Documentation 
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Figure 6 - Completed Gantt Chart for Decomissioning and Installation 

 

4.0 – Research/Literature Review 
 

 In any project, identifying the issue and researching this thoroughly is essential for success. Once the 

correct research has been done to identify the area or machine which needs improving, further 

research needs to be carried out to find the best solution.  

Firstly, research was carried out to identify what machine on site has the highest running costs whilst 

having a more sustainable or possible replacement on the market. Once finding the identified 

machine, further research was to be done to find what the best solution is and what other areas 

would be impacted by changing or modifying the machine. 
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4.1 – Enersys Maintenance System  
 

Enersys uses a maintenance management system called eMaint. eMaint is a reliable CMMs which 

allows companies to track maintenance workflows for equipment and assets. The software makes it 

easy to track work orders on specific machines, as well as history of jobs and keeping up a regular 

flow of preventative maintenance tasks (eMaint, 2024).  

By having regular job logs on eMaint being composed by maintenance technicians, supervisors and 

engineering team, a thorough track can be kept of the number of jobs carried out on each machine, 

as well as the duration of each breakdown, and what process was carried out to repair the problem. 

Using this system, it was found that during the year 2022 there was a total of 248 work orders raised 

on the Nugget Caster machines, with an average breakdown keeping the machine down for 2 hours, 

this is broken down in the table below with graph.  

 

Figure 7 - eMaint Data Collection 

As the tables and data above show, Nugget Caster 3 had the most breakdowns and with the average 

breakdown lasting 2 hours, this shows the machine was down for around 8 and a half days. Along 

with this, maintenance facilitator (Warren, 2022) calculated a total cost £46,380 with contract costs 

on top.  This identifies the Nugget Casters as having high running costs, due to number of 

breakdowns, length of downtime and costs to repair.  

4.2 – Energy Costs and Usage  
 

Recent surges in energy prices have made Enersys try to rethink how different machines can be used 

in specific processes to lower their current usage and expenditure. With a handful of machines on 

site using gas burners to melt lead, a focus was aimed at these machines as they are currently using 

the most energy. 

(Ofgem, 2022) recommend that when calculating energy bills, to take the usage in kilowatts, and 

then use 70% of this to help calculate how much you have used. From average bills throughout the 

year 2022, it was taken that 522 kilowatts were being used a day for the three machines, then taking 
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70% of this gives 365.4. (Department for Business, Energy and Industrial Stratergy, 2022) states that 

the current price per kWh during September 2022 was 4.76 pence, however it is predicted that by 

2023 it will be up to around 7.5 pence per kW. Therefore, calculations can be made to see the cost 

per machine for gas alone for each hour, day and year as seen below. 

Figure 8 - Gas Usage and Costs 

From this further research can then be taken to find the electrical usage and cost for the three 

machines. Again, as taken from (Department for Business, Energy and Industrial Stratergy, 2022) the 

price for electricity per kWh was 25.02 at the end of 2022, and from this the consumption was found 

per average bills, so calculations can be made for the cost for electricity. It needs to be noted that the 

3 nugget casters, due to having molten lead needs extracts running above the pots to help remove 

the lead fumes, the cost of this was also taken into consideration as seen below. 

Figure 9 - Electricity Usage and Cost 

As you can see from the above research and data gathered for the energy costs, the energy bills 

alone, to continuously run the nugget caster and the extract, is a total of £690,606 for gas alone as 

well as £94,500 for the electricity. The replacement or modification to the machines must lower the 

overall gas bill to achieve the main targets.  

According to (Trading Economics, 2024), the rise of gas has been increasing since the middle of 2021 

and during the middle of 2022 it peaked at 641.21 (GBp/thm), which is short for pence per therm. 

During May 2021 it was at 9.6300 (GBp/thm) which shows a huge increase, and with an emphasis on 

trying to reduce the amount of greenhouse gases and carbon footprint given off by companies, even 

though the current rate is at 70.7785 (GBp/thm), it is suspected that the price will increase again in 

the future.  

4.3 – Health and Safety 
 

Lead is a hazardous toxic metal that is found in multiple different products. Within Enersys, due to 

the production of lead acid batteries, exposure to lead is particularly high, with specific areas having 

strict PPE in place such as airflows, gloves, overalls to help protect health. Therefore, Control of 

Substances Hazardous to Health Regulations (COSHH) needs to be followed precisely, it states that; 
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the law requires the company to adequately control exposure to materials that can cause ill health. 

Most common routes of entry of lead into the body is through the inhalation of dust or fumes, and 

the ingestion of contaminated items (Heath and Safety Authority, 2002). 

When high levels of lead enter the body, it can cause the organs to not function properly such as 

damage to the nervous system, kidney failure, blood disorders and cancer. Therefore, Enersys has a 

duty of care towards its employees. One of the many precautions in place is monitoring the lead in 

blood levels of the employees, HSE recommends that a blood test should be carried out at a 

maximum of 12 months between measurements when under 30 µg/dl. Enersys however carries out 

blood tests every 3 months, and having a result greater that 20 µg/dl means the employee must 

leave the lead exposed area.  

(Bull, 2023) has stated in recent Enersys Bulletins, that the companies aim is to have every employee 

under 20 µg/dl. Removing the Nugget Casters which uses molten lead and therefore gives off high 

amounts of toxic fumes, will help reduce the employee’s exposure to lead and help achieve the lead 

in blood targets.  

Further health and safety improvements would include removing the nugget caster which is 

currently on a platform which could be exposed to lead spills. Having the 2 new machines would 

improve the floor space and therefore maintenance activities. Removing the molten lead process 

would improve the safety of maintenance activities, the new machines would come with a full safety 

circuit and interlocks making the overall system a lot safer.  

 

4.4 – Lead Waste 
 

With the use of molten lead, dross is formed as a layer on top due to the process of oxidation. When 

dross is formed, it must be scraped off and removed from the pots into waste bins, this requires our 

operators to manually remove and dump. The further issue with dross is that it is wasted and cannot 

be recycled or recovered on site. According to (WMA Enersys, 2022) 1,241 kg was being formed and 

wasted per week during the year 2022, with the average price per kg being £1.85 for the year, in total 

that is £119,384 in wastage costs formed from the three nugget casters.  

4.5 – Cold Cube  
 

The cold cube machinery is a modern concept designed and built by Sovema. Sovema is the 

manufacturer of all the Oxide Mills and Nugget Casters used at Enersys Newport, so having a 

developed machine which still suits the remainder of the process was a great advantage when 

collecting research as the company had a proven track record for lead processing products.  

The Cold Cube machine is a simple design which takes 50kg ingots and feeds them automatically 

through a conveyor system which is operated by sensors and switches. Once fed to the guillotine the 

lead ingot is clamped using a pneumatic fed cylinder along with two pick up sensors. From here the 

ingot is released and moved under the cutting blade by 20mm and then re-clamped. A 20mm thick 

cut of lead is then taken by the hydraulic guillotine and the cut off is pushed down to the two 

forming rollers forces the off cut into multiple 20mm cubes through the mesh on the rollers. The 

cubes are then transported through conveyors and elevators to feed the selected silo. 
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With the system being fully enclosed with screening and viewing points, this means that access into 

the machine is only accessible by breaking the interlock circuit and therefore the system cannot run. 

Along with this, the use of only pneumatic, hydraulic, and electrical systems means that the need for 

gas is completely removed, whereby the target to reduce the energy bill for the company would be 

achieved. It also makes the machine and company more sustainable, the removal of the emissions of 

carbon dioxide (CO2), methane (CH4)/natural gas, nitrous oxide (N2O), perfluorocarbons (PFCs) and 

sulphur hexafluoride (SF6); hydrofluorocarbons (HFCs) means that the company is reducing its 

carbon footprint and becoming just slightly more eco-friendly. With the amount of gas worldwide 

being limited, (Oberfoi, 2022) states that with the demand for gas increasing and eventually the 

supply dropping, the prices are only ever going to increase; introducing machinery which removes 

the demand will help the company’s future.  

Having a new machine means a proposal and floorplan must be designed to gain an understanding of 

how they are going to supply all 4 oxide mills at Enersys Newport. Having the two Cold Cube 

machines next to each other will allow for only 1 operator needing to be present to operate them 

both reducing the number of operators required compared to the nugget casters. Below is the 

proposed floor plan. 

 

 

Figure 10 - Proposed Floor Plan 

The proposed floor plan clearly shows the two cold cubes next to each other which can feed into 

their respective silos through a bucket elevator and also to each silo through a transfer conveyor. It 

also shows a transfer system made up of a series of conveyors highlighted in purple, this allows for 

lead cubes to be fed into the silos of Mills 1 & 2.  

 

4.6 – Production Comparison  
 

With the three nugget casters, one caster is slightly smaller than the others. Therefore, that machine 

produces less nuggets than the others. Saying this however, between the three machines and having 

two production operators running them due to the locations, the machines can produce up to 
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4600kg per hour, with casters two & three producing 1800kg each and caster one, which is on the 

mezz floor producing 1000kg. In a standard working production day, up to 47000 kg can be 

manufactured and therefore filling up to two silos ready for the Oxide Mills. This is represented on 

the basic table designed below. 

 

 

 

 

 

Figure 11 - Nugget Caster Production Output 

When researching the potential production output of the Cold Cubes, tests had been carried out by 

Sovema who had supplied data and results. Results were also obtained and compared from a sister 

plant in Arras, France. The Arras plant had the Cold Cube system installed late 2022, so a good 

amount of research and data could be collected from here, along with the issues and opinions from 

maintenance and production.  

According to (Sovema , 2023) providing that the lead ingots are to UNI standards, the Cold Cube 

machine can achieve out output of 2000 kg of lead an hour. With the plan to have two machines to 

replace the three casters, this would be a total output of 4000 kg of lead cubes an hour providing 

both machines run freely for the full hour. When comparing these results with Arras, they have 

stated that the maximum production they have made in an hour is 2400 kg, given the two machines 

this would be around 4800 kg an hour. The comparison can be seen in the below table. 

 

 

 

 

 

Figure 12 - Cold Cube Production Output 

As you can see from both the tables, having the two cold cubes machines could produce 200kg more 

per hour compared to the three nugget casters. It has also got to be made clear that to produce the 

maximum number of nuggets, all three machines would have to be running and to do that, two 

operators would be needed due to the location of the machines. However, when looking at the cold 

cube machines, even if the stated production of Sovema is more accurate which means producing 

600 kg less than the nugget caster, it only takes one operator to manage both machines due to the 

positioning of the machines being next to each other, and the fact the cold cube machine is more 

automated. This frees up an operator to carry out different tasks or jobs in other areas of the plant, 

which means the cold cube would also be more efficient with less production labour costs.  

To make sure the amount of lead being processed per hour or per shift is accurate, it needed to be 

researched that the lead being delivered by the supplier is to the correct weight as stated. It is also 
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critical that the size and dimensions of the lead ingot is to tolerance, as if not it could cause issues 

with the machine, such as jam ups on conveyors or possibly the flipper table.  

(Britannia Refined Materials LTD, 2023) stated in multiple loading manifest and advice notes that the 

delivered lead had a weight of 50kg per ingot. The delivery note stated that 560 ingots were on 

board the trailer with a combined weight of 28,060 kg giving a single ingot the weight on 50.1kg. 

When removing the lead, a calibrated weighing scales was used to weigh 10 random ingots from 

different batches, each ingot weighed was 48kg, therefore being 2 kg under the stated specification. 

This test was carried out on six different deliveries across the time span of a month, with each test 

giving the result of between 48 or 49 kg from the 

random ingots selected. From this, a calculation can 

be made that from the 560 ingots delivered and the 

random ingots selected all weighing 48kg, the 

delivery is 1,176kg underweight. This would also 

state that there could be a difference of nearly 200kg 

per hour of production due to the ingots being 

underweight by 2kg. 

 

 

Figure 13 - Weight of Lead Ingot                                        Figure 14 - Lead Supplier Delivery Note 
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Since the ingots are weighing below what is stated on the delivery papers, it would also mean that 

they do not match the required dimensions supplied for the ingot. (Britannia Refined Materials LTD, 

2023) supplied the drawings below.  

Figure 15 - Lead Ingot Dimensions 

The numbers in the red boxes indicate the actual measurements taken from the tested ingots which 

were under what they should have been, and the boxes in green show the measurements that met 

the dimensions set by the supplier. This needs to be addressed as issues with dimensions can cause 

slowdowns in production and damages to the machine. 

4.6.1 – Production Quality  
 

When having two different processes which eventually produce the same output or product by the 

end of it, it is critical that no matter how different the machine and process is, the quality of the 

product at the end of the cycle is just as good if not better. This would obviously have a major impact 

on the overall outcome which would eventually be the batteries, however, having a different process 

for a product means that the product may have different material properties; this would mean that 

the oxide mills would have to have an adjustment to its settings to create the same quality oxide 

powder which was being produced using the nuggets from the caster. 

To determine this, the same 30 tonne oxide mills were used, it’s important to understand that the 

oxide mills have set parameters in place which allows the oxide to be processed at a set rate. (Battery 

Equipment , 2024) The oxide mill works by the nuggets or cubes being fed into a rotating drum, the 

friction created by the turning nuggets makes little lead particles because of the temperature created 

inside, which oxidises and forms the lead oxide. The depression created by the fan installed at the 

base of the filter generates an air flux, which transports the lighter lead oxide grains from the mill to 

the filter. Parameters put in place allow for the quality of oxide to remain whilst also achieving 

optimum amount of product during an hour or a shift, a change in parameters such as inlet 

depression, temperature, water consumption and feed amount will affect the production of oxide.  

The below tables show the tests carried out by (Sovema , 2017). The top table shows the parameters 

used on the oxide mill when feeding the machine with nuggets produced by the nugget casters. This 

test was conducted over a series of four dates to generate a more accurate set of results. The table 

shows what the specific parameter should be at and alongside that what the parameters were for 

the machine whilst running. The same results were than carried out with the same parameters being 

set but with the oxide mill being fed with cubes formed by the cold cube machine instead. As seen 

from the results below, all the actual readings next to the parameters set are virtually identical and 

therefore can be said that the oxide mill performs the same achieving the same production quality 

and production rate with both cold cube product or nugget caster. Therefore, it can be stated that 

the Cold Cube production produces lead cubes which are to the same quality as what was being 
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produced before and so the quality of product doesn’t get affected by the energy saving and safer 

option of process.  

 

 

 

 

 

 

 

 

Figure 16 - Oxide Mill Performance with both Production Processes 

 

4.7 – Cost Saving – Include buying Oxide straight 
 

As stated above, the cost of running the Nugget Casters is huge and that is just on energy prices let 

alone the recent costs of maintenance downtime and spares. Costings also arise from the waste lead 

dross given off the molten lead pot. Obviously, with the removal of the molten lead pots will lower 

the energy costs due to the removal of the constant gas supply for the lead. As calculated above, 

during the year 2022 the three nugget casters cost £950,264 which includes the gas and electricity 

bills, along with dross wastage and maintenance costs.  

Cold Cube maintenance costs cannot be compared to Nugget Casters due them needing to be run for 

around a year to understand issues, re-occurring problems, costs to repair and overall downtime. 

However, a rough calculation can be made for the energy usage for the year after implementation. 

According to (Sovema , 2023) the cold cube uses an average of 10.5 kWh, with the plan of having two 

machines this would calculate at £126 a day and then £44,100 a year, keeping the extracts to help 

reduce the amount of lead dust in area would give an overall cost of £51,450. Therefore, comparing 

this price with the costs of the nugget casters in 2022, would give an overall savings of £852,814 a 

year.  

Another option would be to fully remove the need of creating the cubes or nuggets to form oxide, 

and just buy in oxide powder straight from a manufacturer. Enersys have done this from time to time 

due to manufacturing difficulties or product demand, they also continue to buy red lead oxide in 

powder form and do not manufacture that in house. Depending on what product is being 

manufactured throughout the week depends on how much oxide is needed, on average, around 

80,000 kg of oxide is needed for the week. (Baker, 2023) gave information on the last purchase of 

grey oxide, a delivery of 25,000kg was made with the net price being £2,565 per 1000kg. Therefore, 

the total cost of this delivery was £64,125. With around 3 to 4 of these deliveries being needed a 

week, the total cost of buying in oxide would be extremely high. This is why Enersys take it upon 

themselves to manufacture the oxide themselves, as it is a much more sustainable and cheaper 

option.  
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4.8 – Failure Mode Effect Analysis 
 

Failure Mode Effect Analysis (FMEA) is a systematic method used to help identify possible failures 

that pose risks to a specific process or machine (Juran, 2018). Using this on the Cold Cube machine 

can help find what possible problems could occur on the machine, how they occurred and what 

impact it will have on production and manufacturing demand. By using the FMEA structure, it helps 

visually see what issues or breakdowns are going to have the greatest impact and cause the longest 

amount of downtime. By identifying possible failures, systems and procedures can be put in place to 

help avoid such circumstances. 

To calculate an overall score with the FMEA method, a number is given for the severity of the failure, 

the likelihood of that failure occurring and the severity or impact that failure would have on the 

machine or process. The score each of these is given is then multiplied together to generate the risk 

priority number.  

As seen from the table below, most potential failures can be nullified and likelihood reduced by 

carrying out regular maintenance checks and tasks and having a sufficient spare parts list with access 

to all the parts which could be affected. Also having multiple sensors in the appropriate places can 

stop any issues from escalating and therefore causing more damage to the machine or individual 

parts. What lowers the score on some of the process parts is the fact that if a bucket elevator was to 

breakdown, the cross conveyors allow for each bucket elevator to feed other silos, so it does not fully 

stop an entire process, whereas damage to the forming rollers would stop the cubes from being 

manufactured, stopping production if down for a serious duration. 

 

Figure 17 - Failure Mode Effect Analysis (FMEA) 
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4.9 – Return on Investment  
 

When researching for a project it is important to understand and find how long it will take for the 

investment to be paid pack. So, having gathered various quotes from contractors for the cost of 

decommissioning, installing and design and build of various conveyors, the best deal and price can be 

looked at, and when finalised it can be added to the overall cost along with the machines from 

Sovema. These costings were collected and added to a visual table to see what the total costings 

would be. 

 

 

 

 

 

 

 

 

 

 

Figure 18 - Estimated Cost Spreadsheet 

As seen, the collected total cost adds up to $773,551 with a clear breakdown of how this total has 

arisen. When you compare this to our total costs spent in 2022 on the nugget casters being $76,799 

a month, when converted to dollars, from this a table can be drafted to help calculate the return on 

investment. The return on investment below just simply compares the investment next to the 

monthly expenditure seen on the last machines, the table below does not show costings or 

breakdown of the new machine as this cannot be accounted for yet, it also does not consider how 

much production output will be produced from the new machine. As seen, the payback on the 

investment is 18 months from installation, this is also supported by (Sovema , 2023) in the benefits of 

the cold cube.  

 

Figure 19 - Return on Investment 
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5.0 – Work Done 

 

5.1 – Decomissioning  
 

Firstly, it was critical that when the decommissioning and installation of this project was to happen, 

that it did not affect production and that it would not cause orders to be late or machines to be 

down. To avoid this, the nugget casters and oxide mills were made a priority for the weeks leading to 

the schedule, before the planned implementation weekend, the aim was to have each oxide silo full, 

so having a total of 110,000kg oxide ready, and to have all the nugget silos full, 140,000 kg, so 

production would have enough product here to match the orders and the Cold Cube project would 

not affect them. It was also noted that the lead pots used for the nugget casters were to be run down 

to as low as possible to reduce the amount of total weight when being removed. 

Before beginning the decommission, it is important that the electrical engineers and installers have a 

clear understanding of where the power is being fed from for the new machines. Once drawings have 

been made and clarified, the power can be safely cut off and isolated to begin removing the 

electrical supplies to the old nugget casters, elevators, and conveyors. It was found that the old 

electrical supply would be used for the new machine as it has the same power demand. 

Once electrical supplies were removed and isolated correctly, the contractors started the removal of 

nugget caster 2 which supplies mill 4. Removing the lead pot, casting table and then the ingot infeed 

conveyor. Removing this machine first allowed for access to be made to cut out the section in the 

wall for the new conveyor to go through, which will eventually supply the elevators for Mill 1 & 2.   

Next, the ingot lift and ingot conveyor were removed for the nugget caster on the mezz floor. The 

lead pot, nugget caster and bucket elevator then got removed using the same hoist and jib. After this 

was removed, the opening was made on the Mezz floor for where the bucket elevator will sit. Plates 

and covers were also fabricated to patch up the existing gaps and areas where old machinery was. 

Finally, the casting table and lead pot which supplies Mill 3 was removed, along with the ingot 

conveyor. All the old machinery was stored for the time being until approval to be scrapped, the 

bucket elevators for 3 and 4 were then removed.  

Old cabinets and electrical supplies were disconnected and blanked off with the old cabinets being 

cut out and thrown away. Some electrical cabinets were moved and adjusted so that new machinery 

can fit in to place according to the new floorplan design.  

 

 

5.2 – Installation  
 

Firstly, the power supply was fed to each individual panel and the correct contactors, MCBs and 

cabling was used for each component, main isolators were also fitted. These panels were wired in 

accordance with the electrical drawings supplied by Sovema. Then, the first two bucket elevators 

were installed for Mills 3 and 4, these machines were then calibrated and commissioned by the 

Sovema engineer with power being supplied to the drives and sensors to detect rotation on the 

machines. 
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Then the first cold cube machine for Mill 4 was installed with the incline conveyor and infeed 

conveyor.  They were then secured to the floor and connected to the power supplies, this again is 

commissioned by the Sovema engineer by installing the correct software and setting up the 

parameters and sensors to be ready for testing. The same process was then carried out on the 

second cold cube machine with it being fixed to the floor in accordance with the drawings and 

measurements.  

Once the cold cube machines were installed, the Sovema commissioner engineer was engaged in 

setting them up ready for production. The mechanical and electrical contractors could carry on by 

installing the cross and feed conveyor. These conveyors will feed the bucket elevator for silos 1 & 2 

for their respective mills, being in the next room means conveyors are fed through a wall and then up 

into the silo. Finally, the area was cut out ready for the installation of the final bucket elevator which 

was finally commissioned. All the power for these conveyors and bucket elevators were fed back to 

one main panel, whereas the cold cubes had their own separate control panels and power panels.  

It is also vital that health and safety requirements are met at all times during installation and with 

the delivery of the machinery, it also must comply with regulations once installed and operating. 

These regulations are: 

 

1. The supply Manufacture and installation of all plant and associated equipment will comply with 

the European Directive on Machine safety 2006/42/EC and will be CE certified and carry a CE mark.  

 

2. All equipment must comply with the European Work Equipment Directive 2009/104/EC and 

89/391/EEC. 

3. The supply Manufacture and installation of all plant and associated equipment will comply with 

the European Directive 2006/95/CE – Low Voltage Directive. 

4. The supply Manufacture and installation of all plant and associated equipment will comply with 

the European Directive Electromagnetic Compatibility Directive 2004/108/CE. 

5. The equipment where possible must not emit noise levels greater than 80 dba when in operation 

and measured from outside the security envelope. 

6. On Completion of installation / commissioning the work will be inspected and passed off by the 

Project team appointed by EnerSys Ltd Newport. Upon the plant being handed over a full set of 

documentation is required. These will consist of: 

• Certificate of conformity. (CE) 

• Complete technical file to meet the C/E mark requirements to be held by vendor.  

• All documents, both drawings (mechanical & electrical) and PLC listings will be in English. 

• The appointed Contractor will demonstrate to the Customer that the Contract is on time by 

producing a plan of time scales to include procurement of parts, installation time and 

commissioning. Review will take place on a regular basis to be agreed between customer and 

contractor. 

 

5.3 – Testing  
 

To test, the correct electrical drawings needed to be supplied, however this was obviously done at 
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the beginning of the decommissioning and installation as the cables and components need to be 

supplied with the correct power and feed the correct part of the machine. Once power is live and 

being supplied to each component, testing can be carried out by checking the correct voltage, 

current and power is being fed, and once E-Stops or interlocks are engaged, the power should be cut 

to isolate the process. 

For the actual Cold Cubes, wiring diagrams were supplied by Sovema indicating where the power 

should be fed from, and indicating what is normally open, and what is normally closed. An example 

of that diagram can be seen below. This full book containing 42 pages of wiring diagrams for each 

single component of the machine along with how it is controlled by sensors, parameters, and 

sequences. Each of these pages was tested and checked before the system and machines could be 

tested in a proper cycle with production. When the correct checks had been made and parameters 

were in place, specific operations could then be tested by checking the manual screen on the control 

panel, this would check that the operations would work in manual and that not clear faults were 

present.  

Safety circuits were a critical aspect which needed to be tested thoroughly on the machines installed. 

Having stated above that the installation of the cold cubes are much safer than the previous nugget 

casters, the safety circuit needed to be tested so that if a door is open, interlock is disengaged, 

emergency stop pressed, that all power is cut and nothing can be moved or operated, this would be 

done by causing a short in the circuit meaning nothing can be controlled unless that interlock is re-

engaged, or emergency button is reset. 

Once each component has been tested in accordance the wiring diagrams, and the safety circuit had 

been thoroughly tested along with the manual controls. The Sovema engineer can then set up the 

correct parameters for how the machine will perform during production and setting it up so the 

sequence is correct and each sensor is in the correct place to detect what it should be.  
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When applying a production rate to the machine, it was observed running in automatic with a 

constant feed of lead ingots for around an hour, this was to allow the engineer to observe the 

performance and then make the correct adjustments. The infeed rate was kept slow at the beginning 

just to check that the functions are working correctly and that there are no initial issues such as 

pneumatic leaks or hydraulic oil leaks. Once the operation of each component is working correctly, 

the production rate can begin to increase to the supposed hourly or daily output originally stated by 

Sovema. It is to be noted that production or operation of the machines is not to be carried out 

without the supervision or presence of the commissioner engineer. 

 

Figure 20 - Sovema Wiring Diagram Opening Page for Enersys 
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Figure 21 - Example of Wiring Diagram followed 

More diagrams including pneumatic drawings can be found in the Appendix 5.3. 

 

5.4 – Training 
 

When introducing a new machine to a company or plant, it is critical that appropriate training is 

provided to all employees involved with the cold cube machine, such as, specific operators, 

maintenance personnel, engineers, supervisors, and managers. Providing the correct training on how 

to operate the machine, and how to maintain it is critical in achieving the greatest output and 

minimising downtime and breakdowns.  

To be prepared for when the machine is installed at Enersys, Newport, consistent trips were made to 

the sister factory in Arras which had the Cold Cube machines already fully operating. Trips were also 

made to the Sovema factory in Italy, here the manufactures of the machines could explain in detail 

how to properly operate the machine, as well as possible issues or alarms which may occur and how 

these can be rectified. These trips were made to the factories between August 2023 and November 

2023 just before the installation, this allowed for the operators and maintenance to have a better 

understanding of the machine when it was fully installed and running.  

Basic training was provided such as common alarms, their meaning and what needs to be done to 

clear the fault. This would often include sensors not being made, or misalignment of ingots. Often 

these faults can be cleared by cleaning the sensors, or manually operating a specific performance, 

this was shown to all operators and maintenance personnel, operations and PLC’s programs were 

also shown and explained to engineers to gain a greater knowledge of the machine. Having a good 

training scheme and schedule in place will help reduce the number of breakdowns caused by the 

operators not being fully embedded with the machine. It will also allow the maintenance staff to 



27 | P a g e  
 

fault find and repair the machine at a faster rate knowing what the problem is, where it is on the 

machine and what needs to be done to repair it.  

 

5.5 – Maintenance Procedures 
 

Undertaking maintenance tasks on any machinery comes with hazards and risks, it is vital in industry 

that these hazards and risks are identified, and then procedures and structures are put in place to 

reduce them and reduce the likelihood of these occurring.  

Having maintenance procedures in place on each individual machine allows for maintenance 

personnel to have a clear understanding of where isolation points are, how a specific job can be 

made safer and how it should be properly carried out. It also indicates what personal protective 

equipment should be worn in that area. When undertaking a task in the cold cubes a risk assessment 

should be carried out before completing any tasks. The below tables are known as an SOP or 

standard operating procedure, where it breaks down the process and shows where individual 

isolators are located and what they are isolating. SOP improves the safety of the working 

environment by identifying and minimising risks and hazards, it also reduces costs and improves 

productivity as it allows personnel to carry out tasks in a reduced amount of time, therefore allowing 

production to restart quicker.  

 

 
Figure 22 - Cold Cube Standard Operating Procedure (SOP) 
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The remainder of the Standard Operating Procedures can be found in the Appendix section of 5.5. 

These procedures should be followed at all times and followed for every maintenance task, whether 

this is a reactive maintenance job or a preventative maintenance task. It should be noted that lock 

off tag off equipment is to be used, this is available to everyone with personal equipment and a 

communal board which supplies the correct equipment.  

Risk assessments are also a critical part of maintaining safe working practice within a company or an 

area of a plant. As recommended by the standard operating procedures above, activities on the Cold 

Cube require risk assessments to help reduce the risk and hazards that can occur, and being a new 

machine, it is important to become aware of the potential issues straight away. This decision-making 

tool aims to determine which measures should be put in place in order to eliminate or control those 

risks, as well as specify which of them should be prioritized according to the level of likeliness and 

impact they have on the business. Risk assessments were created for general maintenance tasks on 

the Cold Cube machine and should be understood and followed at all times.  

 

Figure 23 - Cold Cube Risk General Risk Assessment 
 

Further risk assessments of the new machinery and surrounding area can be found in the appendix 

5.5. 

5.6 – Preventative Maintenance 
 

Preventative maintenance is the act of performing scheduled maintenance checks regularly to help 

prevent unexpected breakdowns or failures within specific components. Using the company’s online 

maintenance page, creating the maintenance tasks means that eMaint can notify the personnel 

when specific tasks and checks need to be carried out.  

To generate proper preventative maintenance tasks, the Cold Cube machine was split up into specific 

sections, this means that thorough checks can be carried out on each individual component whilst 
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not keeping the machine down for a long duration of time by checking every component at once. 

Carrying out these preventative maintenance tasks makes the Cold Cube more reliable by extending 

the lifetime of each asset whilst also reducing the amount of maintenance and downtime, therefore 

production output can be achieved on a more regular basis and costs can be kept to a minimum.  

It is also important to understand that components can be over-maintained. By this it means that 

bearings, or slides can be greased too much which eventually causes them to fail, so, understanding 

the parts on the machine means that the preventative tasks can be set to a suitable timescale for 

when they need to be carried out, this is known as Calendar/time-based preventive maintenance. 

Calendar/time-based preventive maintenance occurs at a scheduled time, based on a calendar 

interval. The maintenance action is triggered when the due date approaches and necessary work 

orders have been created, this is done using the companies eMaint page.  

When creating the preventative maintenance tasks each one differs. So, as the chains are high weight 

bearing these are more frequently checked for damage and issues. Typically, the bearings are 

checked and lubricated every two weeks to a month depending on where they are. Safety checks 

such as interlocks, emergency stops and guarding is checked weekly by maintenance, but daily 

routine checks are carried out by operators at the start of the shift before running the machine. The 

preventative tasks assigned must be easy to understand and read and clearly identify what checks 

needs to be carried out and what safety processes need to be carried out before starting the task. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24 - Example of Preventative Maintenance Work Order 
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6.0 - Results & Final Testing 
 

6.1 – Final Testing  
 

Having carried out initial testing to make sure the operation of each component functions properly 

and works correctly both in manual individually and once in a sequence, full commissioning can then 

be completed. It has been agreed that once fully installed each Cold Cube machine must satisfy the 

site acceptance run, this will be when the machines operate for a full 8-hour shift without any 

stoppages or faults, the production rate of 2 tonne per hour must be achieved at a minimum, this 

would need to be achieved on three separate occasions throughout the week of commissioning. It 

was also made clear that the machine would not be operated without the supervision of the 

commissioning engineer so if a fault does occur, it can be explained why this has alarmed and what 

actions need to be taken to rectify the fault.  

Final testing also included how the machine would perform and operate when the Sovema engineer 

leaves and the machine is left in the hands of Enersys and the operators, this would mean the Cold 

Cube being operated around 20 hours a day for five or six days a week until the silos are full with lead 

cubes, this test would be conducted over the next month after installation and commissioning and 

would show what common faults or downtime occurs and what action needs to be taken. 

 

6.2 – Results  
 

From the commissioning results it was clear to see that both the cold cube machines could operate 

at the production rate of 2 tonnes per hour, showing that the all the individual components work and 

work together in a sequence. When the machines were operated with just Enersys employees, 

several issues and faults did re-occur over the coming weeks, it was evident that these breakdowns 

were occurring due to the personnel not being fully embedded with the machine, so issues which 

could easily have been avoided were occurring. 

Firstly, due to the different sizes of ingots being delivered, it means the flipper table sometimes 

needs to be adjusted in height, for this there is a driving wheel which moves the forks upwards or 

downwards depending on where you need them. However, when driving the flipper table forks 

upwards it was found that it can be over-driven which would cause the ingot detection sensor to 

make contact and in multiple cases snap off. Action was taken to and the position of the sensor was 

moved so that it would still detect that an ingot was present in the table but if the flipper table was 

over-adjusted it would not break the sensor.  

Another occurring issue which happened multiple times was damage to the buckets on the bucket 

elevator. Damage to the buckets causes the lead cubes to drop back to the bottom on the lift and 

means the operator needs to keep re-feeding them back into the elevator. It also causes the machine 

to become particularly noisy and will cause the machine more damage. It was found that Sovema 

had not used anti-vibration nuts on the bottom guides causing them to work loose and jam into the 

buckets damaging them. These slides and buckets were replaced with the correct vibration nuts 

used.  

Since the installation of the machines, it was known from research and data that the overall energy 

bill of the company would decrease due to the removal of gas consumption. Breakdowns have been 
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limited and even when it has often been small issues such as dirty sensors or jammed up conveyors 

due to ingots. Bigger breakdowns such as the buckets on the bucket elevator have been under 

warranty. The supplier provided a warranty that the equipment shall be free of defects in design, 

materials or workmanship for 12 months following on site commissioning. All costs associated with 

repair or replacement because of failure of the equipment will be borne by the supplier.  In line with 

the agreed contract. 

In the 5/6 months which the Cold Cubes have been fully operating it has also been noted that the 

nugget silos are now continuously full and therefore production further down the line has not been 

affected nor have orders been late due to limited oxide manufacturing. This is due to the machines 

producing the desired output of a minimum of 2 tonne an hour each shift. Overall lead in blood 

levels of the operators have also dropped with there now being no personnel working in the area 

having results greater than 15 µg/dl, which is working towards the end of 2024 target of no 

employee being above this number.  

 

7.0 – Conclusion 
 

To conclude, the aim at the beginning of the project was to identify what machine had the biggest 

energy consumption. After narrowing it down to the nugget casters along with other major factors it 

was important to find whether an alternative machine was available on the market. Having found the 

Cold Cube machines presented by Sovema, it was critical that detailed research was carried out on 

both the current machine and the identified replacement. Covering every area of the new machine 

with research allowed for a greater knowledge and understanding of how it operates and would help 

deliver a successful project with no surprising pop ups or major issues. 

Having completed the essential paperwork and following the timescale set using the Gantt Chart, it 

allowed for deadlines to be followed and achieved. The research then indicated what can be 

expected from the Cold Cube machine as well as showing the money saved due to the removal of gas 

and removal of molten lead. Removing the molten lead also has great health and safety 

improvements not just for maintenance jobs but for operator tasks as well. 

Since the decommissioning and installation, the Cold Cube was then put through a series of testing 

both electrically and mechanically, checking circuits, safety features, operation, and functions of 

individual components. Once satisfied with the performance of each part, further testing was 

undertaken to test the system works in sequence and then put under test to run for a full shift to see 

if it produces the required output of 2 tonne an hour.  

The Cold Cube machines and transfer system have now been operating for 5 to 6 months and it is 

clear to see that production output is as stated at around 2 tonne and hour or greater. There has 

been a limited amount of breakdowns and only major downtime has been with the bucket elevator 

where the issue was resolved with no cost due to the machine being under warranty. Other issues 

have involved operator error due to them not being fully embedded with the new machines. Having 

sufficient and appropriate preventative maintenance tasks in place has allowed the components to 

maximise their asset lifetime whilst improving the productivity and reducing the breakdowns. 

Overall, the Cold Cube project has achieved the goals it set out to hit by reducing energy cost whilst 

improving health and safety, outstanding costs such as waste and keeping up with the demands on 

production continuously. Over a sustained period, such as a year it can be determined whether the 



32 | P a g e  
 

new machines have become easier to maintain and if the number of breakdowns and duration of 

downtime has also decreased.  

 

8.0 – Recommended Further Work 
 

After carrying out a project it is important to review the work carried out and then try to identify 

what further work needs to be carried out. After carrying out the general risk assessments on the 

Cold Cube it was identified that areas of the floor surrounding the machine was uneven and 

therefore prone to trips and slips. It was also raised that steps and a handrail should be fabricated 

and installed around the incline conveyors for easier and safer access. Fitting this along with laying a 

new resin floor will reduce the likelihood of hazards and risks arising in the area that were identified 

from the general risk assessment. 

It has also been recommended that a gantry crane is to be installed above the new machines in order 

to make it easier to lift and remove heavy components on the machine if needed. Again, by installing 

a gantry crane it will improve the safety of the area whilst lowering the chances of an accident or 

incident occurring such as strains and muscle pulls. The crane would need to follow Lifting 

Operations and Lifting Equipment Regulations (LOLER) when installed and training or top ups would 

have to be provided to maintenance employees in order to understand the regulation and how 

actions or tasks involving lifting equipment is to be carried out safely.  

Further work may be needed within the next few months as the workers gain more knowledge and 

understanding of the machine. This may require movement of sensors for improvement of 

positioning due to obstruction, or modifying plates or guarding if needed, this will become apparent 

after a longer duration of operation. 
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10 – Appendix 
 

10.1 – Data and Information used within Project  
 

The appendix of this report provides the end user with the full scale images and data that has been 

used throughout the report, these can be used to for a clearer interpretation when reading the 

report. 
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Reference to Section 5.3 – Pneumatic Diagrams 

 

 

 

Reference to Section 5.5 – Standard Operating Procedure 
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Reference to Section 5.5 – Risk Assessments of Cold Cube  

 


