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Abstract.
This report uses the pneumatic compressor setup in Tubex, Aberdare, to investigate methods of reducing running costs and optimising setup of compressor controls using Industry 4.0 methodology.

Introduction.
Compressed air is a vital component in industrial facilities and is widely used in automation as a means of powering equipment. However, compressing the air requires high electricity consumption due to thermal inefficiency (Zhang, et al., 2013). 
Background research.
Current Tubex factory pneumatic supply to power the multiple process points of use have three Kaeser screw compressors controlled using a Kaeser SAM 4/4. One of the compressors has a Variable Speed Drive (VSD) that varies the speed of the electric motor that drives the compressor screw to the system pneumatic demand. As screw compressors are positive displacement type devices the faster the screws rotate the more air is displaced. Demand is expressed as Cubic Feet per Minute (CFM) set at 101 Pounds per Square Inch (PSI) pressure. System demand that is more than the VSD compressor can supply results in the SAM controller turning on the remaining compressors in an alternate plan to ensure even use of the non-VSD compressors. The SAM controller turns on the non-VDS compressor in use until the compressor pressure raises +10 PSI over the 101PSI set-point then turns the compressor off. The additional non-VSD compressor is redundancy against breakdown or maintenance.
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[bookmark: _Int_7xkwkk0A]Screw compressors are the most popular type of compressors used in SMEs to generate compressed air as they are lighter, and have significantly longer service lives (Stosic, 2015) compared with other compressor designs. Between “70 - 90%” of electrical energy consumed is converted to heat and not compressed air (Woznak, 2021). Presently, this “waste” heat is transported away from the compressors via ducting to an external vent. However, the room where the compressors are housed is very warm with no source of cool air. Compressor ambient temperature and the poor airflow of the compressor waste air extract are the main contributors of heat. Optimum operating temperature range for compressors is 50 - 85°F (10 - 30°C) (Taylor, 2020).
[bookmark: _Int_YqcyZ28w]Most pneumatic equipment is designed to run at a maximum of 87PSI. Pneumatic demand is dependent on equipment type, bore size, activation speed and how frequently the equipment operates.
[bookmark: _Int_2V9CSX1m]The Tubex factory has been operating since 1987, and is comprised of three co-joined identical units numbering 12, 13 & 14. Unit 12 is administrative and warehouse, Unit 13 is the main production area of the factory and produces tree shelters. Unit 14 houses a new Meltblown facility for producing facemask material and warehousing. The compressor room is an external building next to unit 14, and the compressed air is supplied to the factory units using 2” galvanised pipe. 
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Figure 1

Establishing Equipment Current Performance.
[bookmark: _Int_rslJr6jG]To gauge if any changes to equipment, settings or control produce reduced energy consumption base line readings must be recorded, including any additional variables that could affect consumption.
[bookmark: _Int_doWuCEqD]Tubex’s parent company Berry Global uses a French company called Gulplug to monitor electrical current usage and temperature using radio frequency wireless sensors. These sensors connect to a data logger which then connects to a cloud-based storage system accessed using a web browser. The Kaeser SAM 4/4 controller also monitors power consumption, volumetric demand and pressure. Gulplug temperature sensors were positioned inside the Compressor Room and an outside wall of the room. Compressor performance would be assessed using the SAM 4/4 controller.



Temperature results of 5 days production.
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Figure 2
Figure 2 indicates the temperature Inside the Compressor Room and outside, and the difference between the two. The Inside sensor was moved to the VSD Compressor air intake to gauge the intake temperature. Before the sensor move, the average inside temperature was 32.6°C, and after was 37.3°C, which are above the maximum optimum of 30°C (Taylor, 2020). The cooler the air the denser it becomes making it easier to compress, and each 3°C reduction in intake air temperature saves roughly 1% in compressor energy (Saidur, et al., 2010). The average outside air temperature was 15.2°C, and given the average air intake of 37.3°C the difference of 22.1°C was measured, or a potential electrical saving of 7% if the outside air was used in the air intake of the VSD compressor instead of using the Compressor Room ambient temperature (current setup).
Data gathered between the 28th June and the 2nd July 2022, and winter average temperatures below the minimum 10°C could promote issues with increased relative air humidity, which would cause problems for the cooler and separating units of the system (Figure 1). If the Compressor Room ambient temperature was used to control a variable air intake ducting system mixing outside and ambient Compressor Room air to achieve 15 to 25°C (summer temperatures above 25°C would require a cooling system depending on return on investment).
Between “70 - 90%” of electrical energy consumed to create compressed air is converted to heat and not compressed air (Woznak, 2021). This wasted energy can also be used using heat recovery methods with “50 – 90%” recovery rates (Saidur, et al., 2010). The Original Equipment Manufacturer Kaeser already has heat exchange equipment that can be retrofitted into existing equipment that use air or liquid mediums to harvest this wasted energy. 


Electrical power consumption results of 5 days production.
Set-point change

[image: ]
Figure 3
Figure 3 indicates the electrical consumption to maintain 100PSI supply pressure. The system demand remained stable with average volumetric of 138CFM seen across the measurement period, until the 100PSI set-point was adjusted to 95PSI at the point indicated in Fig 3. 11,716W/H was the average electrical usage at 100PSI, with 11,395W/H at 95PSI. All processes using compressed air were monitored with no observed effect on performance. This small pressure set-point change would result in 7704W/day saving or 2280.4kW/year, saving £592.8 at £0.26/kWh. 
Gulplug pressure sensors could be installed at the main feed branches to the points of use and the information could be used to determine if lower pressure set-points could be adopted.






Conclusions.
Intake Air Temperature.
The intake air of the compressors might be supplied using outside air instead of the present method of using the Compressor Room ambient air. In cooler periods of the year the outside air could be mixed with Compressor Room air to ensure that the intake air is between 15 to 25°C. This mixing of air could be achieved using ducting with variable vent orifices to the outside air and the ambient Compressor Room air, controlled using temperature monitoring of the intake air. If the outside air is between 15 to 25°C the outside air vent would be fully open and the Compressor room vent would be fully closed. If the outside air was 15 to 25°C the outside air vent would close to 50%, and the Compressor Room vent would open 50% and a settling delay would activate to allow the changes to take effect. If the intake temperature was still below 15°C after the settling delay, outside air vent would close to 75%, and the Compressor Room vent would open 75% and a settling delay would activate to allow the changes to take effect. Further vent alterations could then occur to differing percentages until the temperature was >15°C. If the minimum temperature could not be achieved after maximum vent positions then an alarm could alert users to the issue. If the outside air temperature is >25°C then a cooling heat exchanger could be incorporated into the outside air intake vent to cool the outside air but the install and running cost would have to be assessed. 

Compressor Pressure set-point.
Reducing the pressure set-point has immediate effect and is an easy adjustment to make on the SAM controller. Point of use pressures could be gathered to define pressure drops on each piece of equipment so consumption could be gathered and see if point of use pressure reductions could be adopted and to see if further reductions of the Compressor set-point could be adopted.

Recommendations.
Raspberry PI controller programmed with Python could drive the vents opening / closing relationship using the outside air as the control and analog PWM (Pulse Width Modulation) output of 0 -10V to position the vent actuators to the desired positions.
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