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Abstract 

This report will discuss how and why evaluating the potential for efficiency improvements in industry must be continually monitored. Areas of successful energy efficiency management and potential areas for improvement at the Berry Global Kenfig factory will be discussed.

     The primary goals of this report are as follows;

To experience how a working factory goes about measuring their energy usage and how potential areas for improvement are evaluated. 
To explore the incentives for a business to strive for improved efficiency and reduced energy consumption.
Carry out research into energy auditing techniques and how they are used to highlight areas for improvement in energy usage.
To understand the importance of working towards improved efficiency on a global scale.
To evaluate the feasibility of real-world engineering solutions to improving efficiency in a manufacturing facility.
To research why there is an increase in pressure on industry to reduce emissions.
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1. Introduction
In today’s economic and legislative climate there is an ever increasing incentive for businesses to reduce their energy consumption and waste production. Many industrial processes are very energy intensive, this large scale consumption of energy in the form of electricity or fossil fuels can require significant financial expenditure. For many industrial operations careful management of energy consumption is crucial in order to ensure the financial sustainability of the business. Effective energy management can greatly reduce the consumption of energy in industrial processes, thus saving a significant amount of money and playing a part in helping to achieve the reduction in greenhouse gas emissions that the UK government has set out to achieve according to the 2008 climate change act. As the government has set a goal to achieve a significant reduction in greenhouse gas emissions by 2050, the manufacturing sector is set to come under increasing pressure in order to play its part in reducing the countries energy consumption. 
     Across the country manufacturing operations are increasing their efforts to more closely monitor the affect that they have on the environment. This can be in terms of the energy required to produce their products, along with the environmental impact of their product through its usage and eventual disposal. Having the skills as an engineer to aid a business in striving for optimal efficiency, reducing environmental impact and producing a perceived image of environmental responsibility is becoming more relevant than ever as the pressure to reduce carbon footprints in industry is continuing to grow. There are career opportunities in consulting industrial operations into how time and money can be utilised more effectively through the application of more efficient equipment and more effective operational management. Industries will often employ outside consultancy agents to help them achieve improved efficiency, or alternatively they may launch an internal operation involving managers and technical engineers within the company itself. In any business compromises are made involving economic decisions, the short term and long term impacts of investing time and money into improving the efficiency of their operations needs to be evaluated. As an engineer, highlighting a solution to improving the efficiency of a manufacturing process is the first hurdle, being able to put forward a feasible solution that satisfies the accountants and legal representatives of  the business is what is required to get a project implemented in reality. 






















2. Background Research- Why is the Industrial Sector Under Pressure to Reduce Greenhouse Gas Emissions?

Across the globe industries are investing time and money in order to meet international environmental management system standards such as ISO 5001, ISO 9001 and ISO14001. In the UK in particular, the government has set out to achieve ambitious reductions in energy consumption, particularly in the form of fossil fuels. According to British government statistics the industrial sector has shown a decrease of nearly 30% in energy used to produce a unit of output between the years 2000-2018. This is a measurement of the total energy used to produce the product in comparison to the output of production. This suggests that across the country as a whole, industries are improving their operational efficiency. This can be achieved be installing more energy efficient equipment such as LED lighting systems and more efficient air compressors, however reducing energy consumption in industry as a whole is a more complex process than simply investing in the latest and most efficient equipment. In order to reduce the overall energy consumption and environmental impact of industry in a sustainable and economically viable way, a change in attitude towards how businesses manage their environmental impact is required. In many businesses there is a reluctance to invest time and money into improving efficiency and reducing environmental impact unless this is regarded as a low risk investment from the accountants, many plans for investing in improved efficiency are disregarded unless a payback time of less than 2 years on the investment can be achieved. In order for the ambitious targets set by the British government regarding carbon emissions to be met, a more long-term approach to investing in the sustainability of all aspects of the economy need to be promoted. Operating as an efficient and more environmentally conscious company needs to be viewed not only as a way of improving the sustainability of the operation in terms of environmental impact, but also in terms of economic sustainability.


[image: page16image8336]	Figure 1
(National Statistics Department for Business,Energy and Industrial Strategy , 2019)







When comparing the total energy usage within the industrial sector in the UK between the years 1970-2015, a steady periodic decrease in energy consumption can be clearly observed.

[image: ]Figure 2
(Department for Business, Energy & Industrial Strategy, 2016)

This can be attributed partly to the UK steadily becoming a more tertiary economy, along with improvements in technology and management in reducing energy consumption in industrial processes. This poses the question, why has the British industrial sector seemingly been incentivised to reduce its role in energy consumption so drastically in recent history?
    



2.1 The Climate Change Act of 2008 

The Committee on Climate Change (CCC) is an independent non departmental body that was set up with the aim of advising the British government on how to set emissions targets, how to realistically achieve them and report on the progress being made. Following the advice of the committee on climate change, on the 27th June 2019 the UK government committed by law to enforce policy that will achieve a goal of net zero green-house gas emissions by 2050 . This act requires the government to set legally binding ‘carbon budgets’ to act as stepping stones in order to achieve the final target (Committe on Climate Change, 2019). A carbon budget is a cap on greenhouse gas emissions over a 5 year period, carbon budgets up to 2032 have already been put into legislation, thereby obligating the government to put forward policies that will help to achieve the required targets for emissions reduction. In response to the CCC’s 2019 annual report, the secretary of state for business, energy and industrial strategy states- ‘We recognise the importance of reducing emissions from industry and we have just set out our detailed proposals for our £315m Industrial Energy Transformation Fund which will support industry to invest in energy efficiency and deep decarbonisation technologies.’ (Leadsom, 2019 ). The introduction of the new Environment Bill in parliament has established an independent Office for Environmental Protection, with the intent to continue working in conjunction with the CCC in order to ensure that climate and environmental legislation is respected once the UK leaves the EU. As the British government is obligated to continue achieving the ambitious reductions in green-house gas emissions set out by the CCC, policies that incentivise all sectors, including industry, to reduce emissions and improve efficiency are set to continue. 
 



2.2 How Can an Industrial Operation Evaluate Energy Usage and Highlight Areas for Improvement Using Energy Auditing?

An energy audit is an inspection survey of energy usage within a building or facility. Audits can be carried out across an entire industrial facility or carried out in more detail across a particular manufacturing process. Energy audits aid industrial companies and facilities in measuring how much energy is being used, what form of energy is being consumed and where energy is being consumed within the facilities. A well-produced energy audit will allow the company to understand how efficiently their operation is running and highlight to engineers areas of possible improvement. For example, by evaluating how much energy is being used by an air compressor, this information can compared against a possible alternative that may be more efficient. Collating this data can inform the auditor on what recommendations can be made to improve efficiency moving forwards. Alternatively a periodic increase in energy usage could highlight the necessity for maintenance or replacement of components, by closely monitoring energy usage a cost-benefit analysis can be made to determine whether investment in new equipment is financially viable. The type of energy audit applied will depend on the purpose of the audit, the type of industry it is concerned with and the potential magnitude for energy savings. Industrial energy audits can be considered in two distinct categories;
· Preliminary (walk-through) audit- 
This type of audit utilises readily available energy usage information such as the power ratings of machinery and utilities in order to highlight common opportunities for energy saving. This opportunity can also be taken to carry out visual inspections in order to highlight poor maintenance or outdated and inefficient equipment. This form of audit takes a relatively short amount of time and the economic analysis is typically limited to a basic payback period
· Detailed (Diagnostic) audit-
For diagnostic audits more detailed data is required, data inventory is usually collated for individual processes and energy systems. Detailed energy usage is usually collected over a period of time for a specific system such as a pump fan or heating element in detail. This type of audit is typically far more time invasive but produces a more detailed picture of the performance of specific operations, hence allows for more specific energy saving recommendations.
(Hasenbeigi & Lynn, 2010)

The auditing process should identify ways to enhance an organisations operating efficiency and reduce the amount of energy used per unit of product, however this should never be done at the expense of production quality or the safety of employees. All potential areas for increasing efficiency must be considered, however in many cases it may be considered impractical or not economically feasible for much of the methods initially considered. For every recommendation that is made by an energy auditor,  possible health and safety implications must always be considered along with the practicality of implementing the solutions. The auditing process is a continual process through which new areas for efficiency improvements can always be targeted. Monetary savings from carrying out no-cost and low-cost activities can be used in order to fund higher cost and more long term investments in improving operational efficiency. 











The diagram below represents how energy auditing can be considered a continual process;
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(Figure 3) (R2M Solutions, n.d.)


By utilising the energy auditing process to better understand where energy is being consumed a business can begin to set targets regarding how their energy consumption can be reduced. By regarding energy auditing as a continual process, practical actions regarding reducing the energy consumption can begin to be implemented. After carrying out an initial audit in many cases a wide array of possible improvements are found, some may be regarded as a relatively small economic investment or possibly free in regards to implementing behavioural changes. Other areas for improvement may require a large initial investment, and are therefore more difficult to justify to those responsible for the financial management of the business. If a company utilises the energy auditing process as a continual process, improvements can be implemented on a step-by-step basis, using the return on the less expensive investments to eventually fund the more ambitious projects in the future. When smaller investments in reducing energy usage have payed-back their initial outlay, suggestions for larger investments in projects with the aim of a more long-term investment in the businesses future are more likely to be accepted by management.
   




In practice the energy auditing process in a medium to large scale industrial operation involves a group of individuals with multidisciplinary skills and responsibilities. A typical energy auditing team may comprise of;
       
  Works Manager (Team Leader) 
  Material Manager 
  Electrical or Electronics Engineer 
  Mechanical Engineer 
  Civil Engineer 
  Accountant 
  Technician bearing knowledge of electrical / electronic / mechanical Engineering and Computer awareness 

(Anupama, et al., 2015 )


3. Methodology


In order to understand and evaluate how industrial operations measure and manage their energy usage and efficiency, the fundamental principles of a diagnostic energy audit will be applied at one of Berry Global’s thermoforming plastic manufacturing facilities. By practising some of the energy auditing processes in collaboration with an industrial partner, the efficacy of the energy auditing process in reducing the energy usage in an industrial operation can be evaluated. By using this methodology, the practical challenges involved with reducing the energy usage of a manufacturing facility will be considered as any recommendations will need to be justified. Areas with the potential for improvement will be evaluated using research into how the facility operates, along with data collected from carrying out a walk-through audit and using data collected from the PACs (programmable automated controllers) on site. A study into how perceptions of the energy management plan vary between employees will also be used in order to analyse whether there is room for improvement regarding behavioural changes at the site.  The following actions will be taken in order to evaluate the energy usage at Berry Global’s Kenfig plant;

1. Gather information about how the facility is run, including shift patterns and manufacturing processes.
2. Familiarise with how energy bills are charged to determine the composition of the charges.
3. Conduct an energy management assessment to analyse data regarding perceptions of energy management effectiveness at the facility.
4. List energy consuming equipment and where possible include detail of capacity, percent loading during the period and hours operational during the period.
5. Identify the major energy consuming equipment.
6. Inspect the major energy consuming equipment in order of priority.
7. Identify energy conservation opportunities (ECO’s) by determining what might be possible to modify/replace in order to reduce energy consumption.
8. Estimate the results of carrying out ECO’s.
9. Estimate costs involved.
10. Perform a cost benefit analysis of ECO’s.
11. List priorities depending on return expected from investment and the initial outlay of investment.






4. Introduction to Berry Global


 Before carrying out an energy audit an understanding of the business itself being audited in terms of the industry sector, shift patterns, types of energy used and the overall layout of the operation must be established. Berry Global is an international manufacturer of plastic packaging products based in Indiana, USA. Their South Wales based Kenfig plant manufactures recyclable plastic vending cups and coffee machine capsules. The Kenfig plant operates two separate manufacturing processes over 8 lines called Omni and Bellaform.
There are four Bellaform and four Omni lines with two Bellaform grinders and two Omni grinders,
these two distinct types of manufacturing line represent different manufacturing processes and therefore different rates of energy usage.
Polystyrene Office style water cups and Klix (™) vending cups are produced using a 2 layer process on the Bellaform lines, whilst Polypropylene products such as the coffee capsules and green Klix cups are manufactured using a 5 layer process on the Omni lines. The Omni lines account for more energy usage as the polypropylene requires reheating along the manufacturing process as the material begins to harden as it cools down along the production line.
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(Figure 4: products produced by Omni lines)           (Figure 5: products produced by Bellaform lines)


The green Klix(™)  cups are produced using polypropylene due to the material being more widely recycled compared to the polystyrene alternative (product furthest to the left in figure 4), however they are manufactured to the same design, shape and size as the polystyrene Klix(™) cup (product furthest to the right in figure 5).





4.1 Site Fundamentals 

	
Type Of Business

	
Thermoforming

	
Annual Production Tonnage 

	
8021 Tonnes

	
Energy consumed in a year (2017)

	
13,400,219 kWh

	
Permanent staff 

	
 82 people

	
Working Hours

	Direct Staff
Bellaform Section - 3 shift rota/5 days per week
1.  Mornings      6am to 2pm
2.  Afternoons    2pm to 10pm
3.  Nights         10pm to 6am  

Omni Section - 2 shift rota/7 days per week
1.  Days             7am to 7pm
2.  Nights           7pm to 7am

Indirect Staff 
9am to 5pm - 5 days per week






Working hours are particularly important in regards to energy auditing as in order for energy usage calculations to be made, the amount of time that specific energy consuming activities are estimated to take place needs to be understood. Omni lines are run continuously 7 days a week with production only stopping due to machine breakdowns and planned maintenance. Bellaform production lines are run continuously from Monday to Friday with maintenance taking place on weekends. Office staff are present at the facility from Monday to Friday between the hours 9am to 5pm. The facility is operational for all but 2 days of the year, these being over Christmas day and boxing day.












Three forms of energy are consumed at the facility in the form of gas, LPG, and electricity.
Electricity is by far the form of energy consumed the most at this site as it is the primary form of energy used to run the manufacturing process. According to the companies report for the fiscal year 2017, when converted into kWh equivalent the total usage of  gas, LPG and electricity are as follows;

· Electricity= 13,213,572 kWh
· LPG= 127,244 kWh
· Gas= 59,403kWh

As electricity is clearly the largest form of energy consumption, monitoring how and where electricity is being consumed at this facility will offer the greatest opportunity to highlight potential areas for reducing energy consumption. Gas and LPG are used for heating purposes in the offices and foyer, whereas the equipment used on the factory floor solely uses electricity.
Between these 4 main areas, over 90% of the entire facilities energy consumption can be accounted for.

 Areas Of Significant Energy Usage                                                                
· Bellaform Thermo-formers
· Omni Thermoforming
· Air Compressors
· Chillers, Pumps And Cooling Equipment
































[image: ]4.2 Site Layout







































Figure 6 (Berry Global , 2020)











4.3 Electrical Supply

At this facility the electrical supply is separated into three main supplies. The total electricity usage can be calculated by adding the usage from the three supply meters. When auditing a facility it is important to understand what specific equipment is drawing power from which supply in order to understand where the electricity is being used. The following submetering information was taken from the factories list of energy supplies document. (Berry Global , 2018)

The electrical supply coming into the factory is split into three separate meters as follows; 

	
	1st Supply (Main)
	Submeter No.

	
	
	

	
	 
	

	
	Compressor 1 Feed 1 (L250)
	PAC003

	
	Compressor 1 Feed 2 (L250)
	

	
	Compressor 2 (L160)
	PAC004

	
	Adiabatic Cooling Tower
	PAC011

	
	Adiabatic Cooling Pump 1
	PAC012

	
	Adiabatic Cooling Pump 2
	PAC013

	
	Office Lighting and Power
	 

	
	Production Area Lighting and Power (Bellaform)
	 

	
	Heat Exchangers/Dryers
	PAC008

	
	Bellaform Line 1
	PAC016

	
	Bellaform Line 2
	PAC018

	
	Bellaform Line 3
	 

	
	OMNI Grinder 1
	PAC001

	
	OMNI Grinder 2
	PAC002

	
	OMNI 6
	PAC017

	
	OMNI 6 Hot Air Supply
	 
























	2nd Supply
	Submeter No.

	
	

	
	

	Roof Fans and Chilled Water Pumps
	 

	Chiller
	 PAC’s not yet set up 

	OMNI 7
	 

	OMNI 7 Hot Air Supply
	 

	OMNI 8
	 

	OMNI 8 Hot Air Supply
	 

	OMNI 9
	 

	OMNI 9 Hot Air Supply
	 

	Chiller 1 (Montair)
	 

	Chiller 2 (Hitema 320 kW)
	 

	
	























With this current set-up of three main energy supplies for the facility, the company is charged with three separate electricity invoices from their supplier. Any changes in electricity consumption for a particular piece of equipment will only be observed economically in the invoice for the supply that it relates to in the tables above. 

	3rd Supply
	Submeter No.
	

	
	
	

	 
	 
	

	Compressor 3 (VSD 55 kW)
	PAC005
	

	Compressor 4 (55 kW)
	PAC006
	

	Compressor 5 (ML132)
	PAC007
	

	Bellaform Grinder 1
	PAC014
	

	Bellaform Grinder 2
	PAC015
	

	New Workshop 
	 
	

	Dryer
	PAC010
	

	Bellaform Line 4
	 
	






















4.4 Programmable Automated Controllers

As can be observed in the electrical supply tables for the Kenfig plant, some machines have assigned ‘PAC’ submetering capability whilst others are currently in the process of having their controllers set up. PAC’s (programmable automated controllers) are used in order to monitor the energy consumption of specific equipment or zones in manufacturing facilities. PAC’s can record useful data regarding energy usage, including recording operating hours and electricity consumption for individual machines onto a computer database. This data can then be accessed by engineers allowing for a more detailed understanding about the energy usage along the manufacturing process. A computer controlled automated system also allows for energy saving capabilities as certain machines can be automatically shut down when they are not needed to be functioning. Programmable logic controllers (PLC) were initially introduced in order to replace electromechanical relays, replacing them instead with a more reliable solid-state computer with a stored program able to emulate the interconnection of relays to perform certain logical tasks. In larger scale industrial applications PAC’s are typically favoured due to their more open programming architecture and incorporation of modular designs. Due to the ease of programming offered by modules, it is easy to attach or detach components from a PAC system, additionally simplified programming makes it capable of monitoring and controlling thousands of input/output (I/O) points. Due to their ease of application into larger, multi-system applications, the PAC method of automated control is more suitable for Berry’s Kenfig plant. (Avvaru Ravi, et al., 2013). 
      Each machine with the PAC system installed has a HMI (human machine interface) display, this displays the amperage for each of the 3 phase incoming electrical supplies for the machine.








The images below were taken from the Omni CMG scrap grinder;

[image: ]
Figure 7: HMI displaying the amperage for each of the electrical supplies

In this image the scrap grinder was idling, when under load the value for each phase would be expected to rise to around 20 amps.
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Figure 8:
 This is the PAC, this is where the readings for the amperage of each of the 3 phase electrical supply wires to the grinder are taken.



























[image: ][image: ]Figure 10:
This image illustrates where the bus cables are connected to grinder. For this application ethernet cables are used.
Figure 9: 
This image shows the bus (binary unit system) cables connected to the back of the HMI, this relays the data recorded by the PAC to be displayed by the HMI.
























	


























5.  How Industrial Electricity Bills Are Charged 


At this facility an electricity invoice is charged on a monthly basis for each of the three electrical mains supplies. The total calculated cost of the electrical supply is dependent on the kWh of electricity used in the monthly period, however the final cost is not purely reliant on the charge per unit of energy consumed set by the supplier, but on multiple tariffs added to the supply set by other agencies.




[image: ]Figure 11:
Here is a monthly electricity invoice for one of the three electricity supplies. All invoices are payed to npower business solutions. The charges highlighted in the image are not set by the energy provider and are payed by the energy provider to the relevant agency.























	



















The flat rate charged by the supplier can be calculated by adding the renewable obligation, as this is charged to the user by the energy supplier, to the energy consumption @ GSP. The renewable obligation charge was initially introduced in 2002 by the British government to fund large scale renewable energy projects, this charge will vary depending on energy supplier and is passed on directly to the energy user by the provider. Distribution losses occur between the grid supply point (GSP) and the meter supply point (MSP). Energy consumption at GSP is calculated by multiplying the meter supply point (MSP) usage in kWh by the line loss factor (LLF). Energy losses occur through the transmission network in the form of heat dissipation due to electrical resistances in the network. (National Grid , 2019)

Therefore the energy provider flat rate is equivalent to;

£28,183.72 + £9885.89 / 432532.6 kWh = 8.8p per kWh our consumed.
However, as can be observed in the invoice, this is just a portion of the overall charge of electricity usage.

   The additional charges added to the electricity invoice are as follows:

Feed In Tariff-

This is a government initiative that was introduced to incentivise small-scale, low carbon electricity generation technology, this can be viewed as a tax on the electricity user. The charge is initially based on an estimated unit rate and is then reconciled every 3 months when the government publishes an interim actual rate for the previous quarter. A further reconciliation is applied at the end of the year, when the government publishes the annual rate. 

Distribution Use of System-

These charges are levied by the distribution network operators and vary depending on location. For this facility the operator is Western Power, this charge is added to cover the cost of operating the distribution network in the area. This charge can constantly vary at the will of the network operator.

Transmission Use of System-

This is charged by National Grid to cover the cost of operating the national transmission system. Customers are charged based on their estimated energy consumption during the Triad periods and reconciled annually once the Triad dates and actual Triad demand are known. Triads are the three half-hours in each winter season (November to February) that have the highest demand peaks on the electricity network. The three peaks have to be separated by at least ten days, so an extreme week-long cold snap could only dictate one of the three triad dates.

Balancing Services Use of System-

This is a charge that recovers the costs incurred by National Grid acting as the System Operator. The charge is dependent on all the balancing actions that are completed each half hour. 

Contracts for Difference-

This is another government introduced scheme that is designed to incentivise low carbon energy generation projects, this is charged alongside the Renewables Obligation but is set to be its replacement in the future. This charge is initially based on an estimated unit rate and is then reconciled every 3 months when the government publishes an interim actual rate for the previous quarter. A further reconciliation is applied at the end of the year, when the government publishes the annual rate. 




Capacity Mechanism-

This is another charge set by the UK government as part of the ‘Electricity Market Reform Programme’. The goal of this charge is to ensure security of supply within an electricity system that in future will rely increasingly on intermittent wind and inflexible nuclear generation. 


Settlement & Agent Charges-

This is a charge set by the energy provider that charges for data collectors (retrieving meter readings or consumption data), data aggregators (for industry settlements purposes) and meter operators (maintaining the meter).




Climate Change Levy-

This is a tax on business energy usage, the funds from which are invested in government led climate change initiatives. A reduced rate of CCL can be claimed for Energy Intensive Businesses that have entered into a Climate Change Agreement (CCA) with the Department of Energy and Climate Change. 


(Engie , 2019)


These additional charges cannot be reliably calculated as they are not always consistent and can regularly change. For example, ‘Distribution Use Of System’ charges can vary from month to month with no explanation of how the charge to the supplier is calculated. Such charges are difficult to predict and do not follow a consistent cost per kWh of energy consumed pattern. Due to the nature of these additional charges, potential savings will be calculated using the standard rate per kWh set by the energy provider in addition the renewables obligation as these charges can be accurately determined.

6. Energy Management System (EnMS)

Effective energy management has become increasingly important in the industrial sector as the ISO 50001 standard requires a detailed and organised approach to improving operating efficiency by identifying potential energy conservation opportunities. The international standard ISO 50001 recognises organisations that provide evidence of using an energy management system (EnMS) that is based upon using a model of continual improvement in order to enhance their energy performance. ISO 50001 is the international standard for energy management and was developed by the international organisation for standardization (ISO). In order for a large scale business such as Berry Global to be recognised as taking its environmental impact and carbon footprint seriously on an international scale, it is vitally important that this ISO accreditation is maintained. 
        Self-reflection on areas of potential improvement in regards to energy management can aid in improving the efficacy of the energy management process. By highlighting the strengths and weaknesses of the energy management structure within an organisation, discussions can be held in relation to producing targeted objectives with the aim of improving how the energy management process performs. (Kanneganti, et al., 2017). Berry Global maintains an ISO 50001 accredited EnMS through the application of the so called ‘PDCA cycle’ (Plan-Do-Check-Act) as the basis for continuous improvement.

Figure 12: PDCA cycle requirements for ISO 50001 accreditation (Voltz & Grischek, 2018)
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6.1 Energy Management Assessment (EMA)

The Carbon Trust provides an Energy Management Assessment tool that produces a detailed analysis of an organisations EnMS performance across 12 key areas. Some areas are weighted more generously according to their perceived importance, the scores gained for each of the key areas are combined to produce an energy management radar chart that provides a visual representation of the EnMS performance. By allowing various employees across the site to complete the survey and express their perceptions of the quality of each of the 12 key characteristics of the EnMS, an informed observation about the strengths, weaknesses and differences in perceptions across the organisation can be made. As the answers to the questions are entirely subjective, differences from employee to employee are expected, however, obvious differences can suggest that the objectives of the energy management policy is not sufficiently translated to all employees where relevant. Each of the twelve key areas of EnMS that are rated out of a total score and can be separated into the following 5 main areas of EnMS;

· Management Commitment

· Regulatory Compliance

· Procurement & Investment

· Energy Information Systems & Identifying Opportunities

· Culture & Communications


(Carbon Trust , 2020)

In order to analyse the strengths, weaknesses and varying perceptions of the EnMS at the facility, the Carbon Trust EMA tool was completed by employees with varying roles. The Radar charts produced from each of the employees inputs can be analysed and compared, allowing for an evaluation of the EnMS performance.

6.2 Energy Management Assessment Results

The Following pages provide the results of the EMA for each of the Berry employees that were asked to complete them.

[image: ]Figure 13: Dean Sullivan- Quality Manager

According to the quality manager, management commitment, regulatory compliance and procurement and investment were strong areas in the EnMS, whereas energy IT systems and identifying opportunities have room for improvement. Culture and communications was identified as an area of weakness with communications in particular being highlighted as the weakest characteristic of the EnMS


[image: ]Figure 14: Leyton Jones- Quality Inspector

According to the quality inspector, regulatory compliance and culture and communications were identified as strengths of the EnMS. Management commitment and procurement and investment were areas of weakness. Energy strategy was identified as the weakest specific characteristic. Interestingly communications was identified as one of the strongest characteristics of the EnMS

[image: ]Figure 15: John Rumble- Plant Manager

Out of all the employees that completed the assessment, the plant manager accredited the EnMS with the most favourable total rating. Regulatory compliance and procurement and investment were identified as particular strengths, whereas culture and communications was identified as the weakest area, communications in particular achieving the poorest percentage of all the individual characteristics.


[image: ]Figure 15: Mark Edward- Distribution Manager

The distribution manager at the facility gave a more balanced score between the 5 key areas, with energy IT systems and identifying opportunities as a potential weak link in his view, particularly regarding identifying opportunities that could potentially reduce energy consumption.

[image: ]Figure 16: Sam Halls- Continuous Improvement Engineer

From the continuous improvement engineers perspective procurement and investment along with management commitment to the energy policy are some of the strengths of the EnMS. Energy IT systems and opportunities identification could be an area for improvement and once again communication was identified as the weakest area of energy management.


Figure 17: Julian Blackmore- Engineering Technician

[image: ]From an engineering technicians perspective, communication was once again highlighted as a weakness within the EnMS. Regulatory compliance and management commitment to the energy policies were perceived to be the strongest aspects of the EnMS.


[image: ]Figure 18: Mark Jones- Packer

From the perspective of a packer at the facility, their rating of the energy management system was very poor. This is perhaps to be expected to some extent as a detailed understanding of some of the specific energy management policy details would not necessarily be communicated to an employee that is not involved with management or technical projects within the facility. However, in order to encourage a culture of sustainability and efficient use of energy, all employees should have some communication regarding the importance of energy management and the practical actions that are being taken in order to reduce energy consumption where possible.


6.3 Analysis of EMA Results

Through analysis of employee feedback, important lessons regarding the perceived performance of the energy management system can be had. Apart from one anomalous result in the case of the Packer, the grand total scores did not massively vary from employee to employee with the range of results being 60% to 75% if the anomalous result is not considered. However, by analysing some of the specific areas of EnMS that were rated in the assessment some clear differences in perception between different employees can be observed. Regulatory compliance was consistently perceived as one of the strongest characteristics of the EnMS by those that completed the EMA, this is perhaps not unexpected as ensuring regulatory compliance is the principle aim of any engineering management system as failure to comply with regulations can result in severe penalties. The results of the EMA suggested a difference in perception between some of the employees based on their roles and responsibilities, this was particularly prevalent with regards to perceptions surrounding  communication in relation to the energy management system. Those with responsibilities regarding the implementation and planning of engineering projects at the facility all rated communication as the weakest area. This includes the following employees

· Engineering Technician  
· Plant Manager 
· Continuous Improvement Engineer 
· Quality Manager 


	Job Description 
	Communication Rating (%)
	Management Commitment (%)

	Packer 
	10
	19

	Engineering Technician
	20
	72

	Plant Manager
	50
	75

	Continuous Improvement Engineer 
	30
	66

	Quality Manager 
	30
	81

	Quality Inspector 
	90 
	56

	Distribution Manager 
	80
	81


This is in contrast to the opinions held by the distribution manager and quality inspector as both rated communication favourably. It is interesting to note that the management commitment section of the assessment was rated favourably by the same employees that gave poor ratings for communication. The results of this suggest that while many of those involved with implementing and planning engineering projects agree that there is a commitment to reducing energy usage at the facility, clear communication about how such projects are being implemented is lacking. This could be in the form of a lack of communication regarding the specific plans to manage energy usage, such as employees not being informed about clear objectives, time scales and budgeting for energy management projects.


Figure 19: Visual representation of the perception of poor communication compared to overall EnMS performance amongst employees involved with implementation and planning of engineering projects in contrast to the quality inspector and distribution manager.




























Good communication through all areas of a facilities structure is a vital component in ensuring that the entire organisation works together in order to achieve the goals set by the EnMS. The energy management plan should be discussed with all employees at all levels as effective energy management relies on everybody involved within the organisation playing their part and being motivated to make a conscious effort to help with reducing energy consumption.  By Publicising energy management targets and performance, this can encourage employees to play a part in helping to improve energy performance and understand the importance of their role in achieving said targets. In order maximise communication about the energy management plans, reports should be concise and accessible.
To achieve full participation in implementing the energy management plans, everyone in the organisation must understand: 
· Why action is being taken 
· What is being done, for example, the aims and 
             targets set 
· When the action will occur, for example, campaign launches and milestones 
· How they can be involved. 

(The Carbon Trust , 2013)



7. Energy Consuming Equipment in Production Area

Before being able to identify the major energy consuming equipment and ECO’s (energy conservation opportunities), a list of all the energy consuming equipment and their electrical capacity is required. The following list shows the capacity of the equipment under full load, some ratings are taken from machine ratings given by the manufacturer and other ratings are taken from PAC monitor readings.

ENERGY CONSUMPTION BY MACHINE (Data is in unconverted kW)
	

 	Equipment		        Kw
			
	Compressor 1		        250 *

	Compressor 2                       160*
            
             Compressor 3                        55*
            
             Compressor 4                        55*

             Compressor 5                        132*  (Standby compressor, not included in total)

	Chiller	 1 (Hitema)              320 *
			
	Adiabatic Cooler                  21  *

	Omni 6			        481 **
			
	Omni 7			        481  **

	Omni 8			        481  **
		
	Omni 9			        481  **

	Omni Grinder 1                    14.5  **
            
             Omni Grinder 2                    14.5**

	Bellaform Line 1	         210 **
	
	Bellaform Line 2	         210 **

	Bellaform Line 3	         210 **
KEY

	*    Rated 

**  Measured using  PAC readings



	Bellaform Line 4	         210 **

	Bellaform Grinder 1	          30 *

             Bellaform Grinder 2              30*

	Production Lighting	          400 *

	TOTAL	=		4114 kW	

7.1 Using A Pie Chart to Identify Major Energy Users


Figure 20: Pie chart showing the ratio of electrical capacity in production area by equipment type.





























This graph offers a clear visual representation of how the Omni production lines are significantly more energy intensive than the Bellaform production lines. When all compressors available are running at full capacity the compressors are a very significant energy consumer, however as will be discussed further in this report, in order to estimate actual energy consumption in kWh, estimations regarding percent loading and hours operational over a period need to be made.

7.2 Estimating Actual Running Times for Production Equipment


Production area is operated for 363 days per year, 8712 hours

Bellaform Section - 3 shift rota/5 days per week
1.  Mornings      6am to 2pm
2.  Afternoons    2pm to 10pm
3.  Nights         10pm to 6am  

Omni Section - 2 shift rota/7 days per week
1.  Days             7am to 7pm
2.  Nights           7pm to 7am 


The following assumptions were made to gain an annual estimation for electricity usage;

Omni section is operated for (363 days x 24 hours) = 8712 hours/year
Bellaform section is operated for (5x52 = 260 days) (260 days x 24 hours) = 6240 hours/year

The following equipment is running continuously through the working year;

· Compressor 1 (250 kW)
· Compressor 2 (160 kW)
· Compressor 3 (55 kW)                 250+160+55+55+320+525+400+60+29= 1854 kW total 
· Compressor 4 (55 kW)
· Chiller 1  (320 kW)                 
· Adiabatic Cooler (21 kW)
· Production Lighting (400 kW)
· Bellaform Grinders (60 kW)
· Omni Grinders (29 kW)

Production area lighting must always be on when the factory is open due to health and safety considerations. Bellaform and Omni lines and grinders will not be consuming energy continuously through the year as they are shut off during planned maintenance and to fix breakdowns. Total down times including planned maintenance and breakdowns from January 1st 2019 to January 1st 2020 have been calculated for each line using data from the Idhammar CMMS (Computerised Maintenance Management System). This will give an estimation for the amount of time each line can be expected to actually be running and consuming energy in a working year. The total amount of time that each individual line was down for maintenance and repairs has been calculated to the nearest hour.












Figure 21: Diagram of Idhammar computerised maintenance management system procedure 
(Idhammar Systems, 2018)[image: Lean Maintenance Archives - Idhammar Systems]



     
                                                              
Figure 22
Bellaform line 1 (210 kW)   

[image: ]Total downtime= 4353 hours 


Figure 23:
Bellaform line 2 (210 kW) 

Total downtime = 3525 hours 
[image: ]


Figure 24:
Bellaform Line 3 (210 kW) 

Total downtime = 1655 hours
[image: ]

Figure 25:
Bellaform Line 4 (210 kW)

Total downtime= 296 hours
[image: ]


Figure 26:
Omni 6 (481 kW)

Total downtime= 4609 hours
[image: ]



Figure 27:
Omni 7 (481 kW)

Total downtime= 168 hours
[image: ]



Figure 28:
Omni 8 (481 kW)

Total downtime= 4350 hours
[image: ]




Figure 29:
Omni 9 (481 kW)

Total downtime= 174 hours
[image: ]



The following assumptions have been made in order to gain an estimation for the energy consumption of the production lines, excluding auxiliary machines such as compressors and chillers, over a year. When the lines are online they are considered to be running at their full capacity. All downtime calculations have been done to the nearest full hour. Bellaform line 4, Omni 7 and Omni 9 were not operational for the full year and therefore were not consuming energy for the vast majority of the year. These lines were operated for an equivalent of a month, this has been taken into consideration in the running hours estimation below. For the aforementioned production lines an assumption has been made that they were all operated for the equivalent of a full month, hence 30 days x 24 hours= 720 hours – downtime from CMMS data.


Downtime;                                                  Running hours over the year;                                kWh;
Bellaform line 1 (210 kW)   4353 hours             6240-4353= 1887                         210x1887= 396270
Bellaform line 2 (210 kW)   3525 hours             6240-3525= 2715                         210x2715= 570150
Bellaform line 3 (210 kW)   1655 hours             6240-1655= 4585                         210x4585= 962850
Bellaform line 4 (210 kW)   296   hours             720  -296  = 424                           210x424  = 89040

Estimated total energy consumption of Bellaform lines over a year=  2,018,310 kWh

Omni 6 (481 kW)  4609 hours                             8712-4609= 4103                        481x4103= 1973543
Omni 7 (481 kW)  168   hours                             720  -168  = 552                          481x552  = 265512
Omni 8 (481 kW)  4350 hours                             8712-4350= 4362                        481x4362= 2098122
Omni 9 (481 kW)  174   hours                             720  -174  = 546                          481x546  = 262626

Estimated total energy consumption of Omni lines over a year=  4,599,803 kWh


Estimated combined energy consumption of Omni and Bellaform lines= 6,618,113 kWh


As the above calculations illustrate, the factory is not operating at full capacity at all times during operating hours due to a variety of external factors such as breakdowns and planned maintenance. This means that accompanying machinery such as air compressors and grinders are not required to be operating at full capacity in order maintain production. During periods where multiple lines are not operating, air compressors can be switched off or in the case of a variable speed drive compressor, compressor speed can be automatically adjusted to a level that still meets the required air pressure needed for the lines that are in operation, whilst reducing energy consumption. By efficiently controlling compressor capacity to meet production demand and shutting off accessories such as the grinders when they are not necessary, not only can the overall the energy consumption be significantly reduced, but the kWh of electricity per tonne of saleable product can also be improved, reducing the environmental impact of the individual products.



7.3 Air Compressor Loading
There are 5 compressors on site at Kenfig, they are arranged as follows;

· Compressor 1 (250kW)- Run constantly, 24 hours a day at full capacity, excluding any breakdowns or maintenance.
· Compressor 2 (160kW)- Run at full capacity Monday-Friday, Shut off on weekends.
· Compressor 3 (55kW Variable Speed Drive)- Variable on demand.
· Compressor 4 (55kW)- Runs constantly, 24 hours a day at full capacity, excluding any breakdowns or maintenance.
· Compressor 5 (132kW)- Backup compressor, only used during very high demand or breakdown of other compressors.

By using data stored by the PAC system, periodic loading patterns on the individual compressors can be observed. Unfortunately this data recording ability is not available for compressor 4, however the energy consumption pattern can be assumed to be very similar to compressor 1, as both are run at full capacity under regular circumstances.

Compressor 1 250kW 24 hours – 05/03/20 07:00 to 06/03/20 06:45 = 6,697.93 kW used

Figure 30- This graph highlights how compressor 1 runs continuously over a 24 hour period, often above its rated capacity and at around 280 kW




























Compressor 2 160 kW 24 hours – 05/03/20 07:00 to 06/03/20 06:45 = 3,438.69 kW used

Figure 31- This graph highlights that compressor 2 was also run continuously over the same period, however it was not always operating at or above full capacity to meet demand.



















Compressor 3 55 kW VSD 24 hours – 05/03/20 07:00 to 06/03/20 06:45 = 163.01 kW used

Figure 32- This graph illustrates how over the same 24 hour period, the VSD compressor was reactively varying its operating speed in order to meet the air pressure demand as efficiently as possible.

By comparing The VSD compressor to the main compressor in regards to energy consumption variation over a month of operation, it is clear to observe that the VSD compressor is fulfilling its purpose in meeting demand more efficiently than a standard compressor unit.

Compressor 1 250 kW February = 175,881.93 kW used

Figure 33- The first few days of data recorded can be considered as anomalous due to compressor maintenance taking place.





















Compressor 3 55 kW VSD February = 18,342.02 kW used

Figure 34- The VSD compressor can clearly be observed to be matching its energy consumption to required demands.


8. Identifying Energy Conservation Opportunities (ECO’s)

By carrying out an energy audit and studying the energy consumption at the facility, some of the following ECO’s can be established. By estimating the cost of completing the ECO’s and estimating potential savings, including a payback time, The ECO’s can be listed in order of priority.

Replace production area lighting with LED’s:

LED lighting fixtures are far more energy efficient, plus, solid state technology allows for reduced maintenance and increased product life time. By comparing the ratings of the current lighting fixtures to the reduced rating of LED fixtures, a direct comparison between energy consumption can be made. Production areas must be illuminated to within a legislatively required illuminance, and illuminated at all times where production or maintenance is taking place, in order to satisfy health and safety requirements. Due to the importance of maintaining a well-lit and safe work space, production area lighting is a source of significant energy consumption.

Automatically shut down grinders when they’re not required:

Scrap grinders spend a significant amount of time idling, this still uses a significant amount of energy despite the grinders not being used. By automatically shutting down grinders and restarting them according to demand, energy savings can be achieved for very little financial investment.

Install a heat exchanger system to use wasted heat dissipated from air compressors to replace gas heating for the office spaces:

A heat exchanger system can replace the gas boiler whilst utilising the current radiators and water pipes in order to remove the annual expenditure on natural gas for office space heating. The initial investment on installation would be payed-back over time through completely removing the cost of gas consumption, whilst reducing the facilities reliance on fossil fuels.





9. Cost Benefit Analysis of ECO’s
By estimating the costs and potential payback times for completing the ECO’s identified, their feasibility can be evaluated, allowing for recommendations for practical solutions to reducing the plants energy usage to be made. By calculating the estimated reduction in fuel or electricity usage, a calculation on potential annual CO2 emissions can also be made.
According to the UK government greenhouse gas emissions conversion factors for company reporting, the following net conversions can be made;

· Natural gas-      0.22999 kgCO2 per kWh 
· LPG-                 0.23029 kgCO2 per kWh       
· UK electricity - 0.25358 kg CO2 per kWh  

(Department for Business, Energy & Industrial Strategy; Department for Environment Food & Rural Affairs, 2019)






































9.1 Replace Gas Boiler Heating System With a Heat Exchanger 

Currently, all office space and foyer heating is achieved using mains gas. According to the 2017 energy usage statistics, the factory consumed the following amount of gas for heating purposes;

  (Fuel used converted into kWh equivalent)
· Gas= 59,403kWh

Annual cost of running gas boiler:
The factory is charged a business rate gas cost of 1.5816p/kWh, with a standing charge of £2.47 per day. This equates to the following annual cost of running the gas boiler;

£0.015816 x 59,403 kWh = £939.52p
Standing charge- £2.47 x 365 days a year = £901.55p
Total annual expenditure on gas = £1841.07p
Annual CO2 emissions from gas boiler = 59,403 kWh x 0.22999kg CO2 per kWh = 13662 kg CO2 per year. 

A heat exchanger system is already in place for the purpose of heating the workshop area. This system draws heat from one of the 55kW compressors, a different setup can be implemented in order to heat the office areas. Instead of ducting hot air from the compressors directly into the desired area, the hot air from the compressors can be used to heat water, replacing the gas boiler. This would allow for the existing radiators and hot water supply pipes to be used in order to heat the office and foyer.

Figure 35 & 36: Photographs taken of the workshop heat exchanger installation.
[image: ][image: ]






 Payback time estimation:
Assuming total installation cost of £9000 as discussed with the plant manager, considering an annual saving of £1841.07p through removal of gas boiler;
9000/1841.07 = 4.89 years until installation pays back initial investment. After this period office heating can be considered cost free excluding maintenance.
Additional benefits:
A reduction in overall carbon footprint of 13662kg CO2 annually. Removal of reliance on gas provider, in future if gas prices increase dramatically the business will not be affected.

9.2 Replace Production Area Lighting with LED Units 
Figure 37: Layout of production areas “A&B”, also including Warehouse area “C”
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Proposed upgrades:
A – PRODUCTION AREA ‘A’ (consists of 36 fittings for modification)
Lighting in this area is split into 3 areas: 
1. Main production area (consists of 36 fittings in total to give an average luminance of 302 lux with a maximum of 476 lux)
2. Emergency lighting 

B– PRODUCTION AREA ‘B’ (consists of 30 fittings for modification)
Lighting in this area is split into 2 areas: 
1. Main production area (25 fittings in the same positions as existing to give an average luminance of 321 lux with a maximum of 417 lux)
2. Fittings above mezzanine (5 fittings change to twin 49W)
3. Emergency lighting 
C– WAREHOUSE AND RACKING AREA (consists of 33 fittings for modification)
Lighting in this area is split into 3 areas: 
1. Goods In Racking area (16 open fittings estimated to give an average luminance of 143 lux with a maximum of 204 lux.)
2. Racking isle area  (17 narrow racking fittings estimated to give an average luminance of 182 lux with a maximum of 200 lux.) 
3. Emergency lighting 

A quotation for completing a lighting upgrade to LED fittings in the three areas described above including labour, materials and travel expenses has already been acquired by the company. The quoted price by MCAC Electrical Engineers was £28,386. Production areas require continuous lighting for health and safety requirements, however the warehouse and storage area is only occupied for 6 hours a day on average, therefore automatic control can be implemented to further reduce energy consumption.





Energy saving estimations for LED replacement of metal halide lighting fittings in production and warehouse areas:

	
	Production ‘A’
	Production ‘B’
	Warehouse & Racking Area 

	No. units for modification
	36
	30
	33 

	Existing System
	400W Low Bay 
(Metal Halide)
	400W Low Bay
(Metal Halide)
	400W Low Bay
(Metal Halide)

	Proposed New Lighting Scheme
	4 by 49W T5 Low Bay (LED)
	4 by 49W T5 Low Bay (LED)
	4 by 49W T5 Low Bay (LED)

	No. Tubes per fitting (existing)
	1
	1
	1

	No. Tubes per fitting (new)
	4
	4
	4

	Control to be added
	No
	No
	Yes

	Daily Load hours with added control (hrs/day)
	24
	24
	6

	Current Daily Load Hours (hrs/day)
	24
	24
	24

	Days per working year 
	363
	363
	363

	Current annual operating hours (hrs/year
	8712
	8712
	8712

	Annual operating hours with added control (hrs/year)
	8712
	8712
	2178

	Electricity price (£/kWh)
	0.088
	0.088
	0.088

	Power of existing system 
	400W
	400W
	400W

	Power of new system 
	196W
	196W
	196W

	Running cost of existing system (£/year)
	36x0.4kW= 14.4kW
14.4kWx8712 hours=
125,452.8 kWh,
x £0.088 = £11,039.85
	30x0.4kW= 12kW
12kWx8712 hours=
104,544 kWh,
x £0.088 = £9,199.87
	33x0.4kW= 13.2kW
13.2kWx8712 hours=
114,998.4 kWh,
x £0.088 = £10,119.86

	Running cost of new system (£/year)
	36x0.196kW= 7.056kW
7.056kWx8712 hours=
61,471.87 kWh,
x £0.088 = £5409.52
	30x0.196kW= 5.88kW
5.88kWx8712 hours=
51,226.56 kWh,
x £0.088 = £4507.94
	33x0.196kW= 6.468kW
6.468kWx2178 hours=
14,087.304,
x £0.088 = £1239.68

	Annual savings (£/year)
	£5630.33
	£4691.93
	£8880.18

	Total investment
	£9462
	£9462
	£9462

	Payback time to the nearest Month 
	20
	24
	13

	Annual reduction in carbon footprint (kg CO2) 
	0.25358 x 63,980.93 =
16224 kg

	0.25358 x 53,317.44 =
13520 kg
	0.25358 x 100,911.096= 
25589 kg



Estimated payback time for all 3 areas combined: 1.478 years, or 18 months to the nearest month.

Estimation for combined annual CO2 emission reduction: 55333 kg, or 55 tonnes.



9.3 Automatically Shut Down Grinders When They’re Not Required

Currently, the scrap grinders are left to idle when they are not in use. Bellaform grinders are shut down on weekends as the lines are not running, whilst Omni scrap grinders are running 24/7. These grinders are not in constant use during the time that they are running, this means that they spend a significant amount of time idling over a working year. When the grinders are not under load they use less energy than when they are being used for grinding scrap, however, they still draw a significant amount of energy when idling.

Bellaform section has two scrap grinders;
· Bellaform grinder 1 (30kW Rated)
· Bellaform grinder 2 (30kW Rated) 

Using the PAC systems data logger, an estimate for the amount of time that the scrap grinders spend idling can be established. By reading the energy consumption over a 15 minute period, for every 15 minutes throughout a 24 hour shift, a pattern regarding energy consumption can be generated on a scatter graph. The data recorded between 01/04/2020 at 00:00 to 02/04/2020 at 00:00 was plotted on the graph below:

Figure 38: Energy consumption of a Bellaform scrap grinder over an entire day.

Potential energy savings calculations; 
In figure 38, a clear pattern can be distinguished that shows for how long over the 24 hour period the grinder was idling for. The energy consumption of the grinder can be observed ramping up heavily over short periods where scrap is being fed through it and increasing its working load, before returning back to idle. As readings have been plotted every 15 minutes over a 24 hour period, there are 96 plots on the graph. Any readings below 6000W/h per 15 minutes on the graph can be assumed as measurements taken during idling. 

66 points on the graph that represent idling time, 15 minutes between each point;

66 x 0.25 hrs = 16 hours and 30 minutes of idling during a 24 hour shift.

The Bellaform grinders are functioning for 6240 hours per year (5 days per week). Assuming that the grinders idle for 16 hours and 30 minutes for every shift;

6240 hours x 16.5 hours/24 hours = 4290 hours of idling time per year for each Bellaform grinder.

In order to gain an accurate measurement of the energy used during idle, a clamp meter was used to measure the current and voltage of each of the 3 phase supplies for the scrap grinder analysed in figure 38. 

[image: ][image: ]Figures 39 & 40: The scrap grinder that was measured.


[image: ][image: ][image: ][image: ]Figures 41, 42 & 43: Readings taken for the current of each phase.

Figure 44: Voltmeter reading taken from the factory electrical supply into the grinder. This was measured at 430.5 V. During discussions with engineering, all other machines at the plant are supplied at 405 V. By supplying a higher voltage than is necessary, the energy consumption for the grinders is currently higher than it should be. By taking measures to reduce the supply in line with other machines at the plant, further energy savings can be made.

Using the values obtained from the voltmeters, a value for the power draw of the grinder when idling can be calculated using the following equation;

The following equation can be used to calculate power in a 3 phase electrical supply, an average of the current in each of the phases must be used;

P = √3 × pf × I × V   (Johnson, 2018 )

Where pf is the power factor, I is the current, V is the voltage and P is the power.

Power Factor= 0.8 
V= 430.5V
I= 32.5A + 32.4A + 31.9A = 96.8A, 96.8A/3 = 32.27A 

Therefore, P = √3 × 0.8 × 32.27A × 430.5V   

P = 19249.64548 Watts

P = 19.25 kW

By using this value and multiplying it by the estimated amount of time in hours that the grinder can be expected to be idling for over a year, an estimation for the amount of energy that the grinder consumes purely through idling can be produced.

Assuming the grinder idles for 4290 hours in a year, annual consumption through idling=

4290 hours X 19.25 kW = 82582 kWh per year, per grinder 

82582.5 kWh X £0.088 per kWh = £7267.26p.

By automatically shutting down the grinder when it’s not in use instead of leaving it idle, around £7267.26p per year for each Bellaform grinder could be saved by reducing the energy consumption of the grinders.
    Assuming both Bellaform grinders were fitted with an automatic shut-down system to prevent them from sitting idle during periods where they are not utilised, the following annual savings could be achieved:


2 x 82582.5 kWh X £0.088 per kWh = £14534.52p.

165,165 kWh X 0.25358 kg CO2 per kWh of electricity = 41882.54 kg CO2 

 41.88 tonnes of CO2 emissions annually could be reduced by shutting the grinders off when idling.

This scheme could be completed by engineers at the factory, basic materials such as a motion sensor and a plastic guard that needs to be lifted to restart the grinder when it is required for use again could be implemented for a negligible cost to the facility. A motion sensor could automatically shut down the grinder when it has not been used for a period of time, in turn lowering down the guard. By opening the guard the grinder could automatically restart, meaning that the grinder is only turned out when it is needed. 


10. Recommendations 

Using the principle that lower cost schemes should be used to fund more expensive schemes, the ECO’s should be listed in the following order of priority 

1. Use analysis of EnMS perceptions to start discussions amongst employees regarding how the weaknesses of the EnMS can be improved. Discussions about how communication regarding energy management targets in particular should be a priority. In order for any energy conservation schemes to be implemented successfully, good communication between all employees involved is a key factor in achieving the goals that are set out.
2. Implement a scheme to automatically shut off grinders when they are not in use. This should be able to be implemented in-house and for the cost of materials and basic components. In addition to this, an investigation should be made regarding why the supply voltage to the grinders is higher than necessary.
3. Replace all production area and warehouse area lighting with LED units. Despite being the most expensive scheme to implement, the payback period is around 18 months and offers significant energy savings.
4. Consider using the money saved by implementing the previously mentioned schemes to invest in a heat exchanger to replace the gas boiler for office heating. In the long-term this scheme will pay for itself whilst allowing the facility to be self-sufficient in regards to heating, removing the reliance on a fossil fuel energy source.






























11.Conclusion

In conclusion, the energy auditing process is successful in being able to highlight potential areas for energy efficiency improvement. The success of the auditing process relies on the amount of effort put into the background research of the facility and the level of detail put into the data analysis of the energy consumption of a facility as a whole. All areas of energy usage should be analysed, as little improvements can quickly add up to make a significant financial and environmental impact. Industrial operations carefully measure their energy usage through analysis of energy invoices and through data logging systems such as through an interconnected PAC set-up. By analysing the energy usage of specific machines and systems, targeted plans to improve efficiency in specific areas can be produced. Management of energy usage and efficiency is often achieved through implementing an ISO50001 accredited energy management system. Through members of the senior leadership team at a facility setting targets and ensuring that the standard of the energy management policy remains within the standards expected by the International Organisation for Standardisation, careful management of a facilities energy consumption and efficiency is achieved. Due to an ever growing global population and plans to incentivise the implementation of electric cars in the mainstream consumer market, a significant burden on most developed countries electrical energy generation capacity is set to occur. In order for electricity supply to cope with the expected ever increasing demand in the near future, industrial operations such as the thermoplastics manufacturing facility discussed in this report will have a part to play in reducing the demand on electricity generation through improving their efficiency. 


12.Pandemic Impact 

Due to the corona virus pandemic, the facility that I was working with was not able to allow visitors into the factory. This meant that I was unable to visit the factory to collect more data in person as planned. I had planned to visit the factory on a few more occasions during the period in which the pandemic prevented the possibility of allowing visitors into the facility. In these visits I had planned to discuss some of the previously completed energy management based engineering projects at the facility with the engineers that work there, in order to enhance my knowledge and understanding. As I could no longer physically visit the factory to collect data, such as finding energy consumption data relating to the air compressors, this restricted my ability to analyse these areas. As my father is an engineer at the facility I had to rely on him to source some of the final data elements that I required to complete the project.
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Comparison Between Communication Rating and Overall Rating 

Communication Rating (%)  	
Distribution Manager 	Quality Inspector 	Quality Manager	Plant Manager 	Continuous Improvements Engineer	Engineering Technician 	Packer 	80	90	30	50	30	20	10	Grand Total Rating (%)	
Distribution Manager 	Quality Inspector 	Quality Manager	Plant Manager 	Continuous Improvements Engineer	Engineering Technician 	Packer 	73	68	67	75	64	60	21	



KW

KW	













Compressors	Chiller 	Adiabatic	Omni 6 	Omni 7	Omni 8	Omni 9	Omni Grinders	Bellafrom Line 1	Bellafrom Line 2	Bellafrom Line 3	Bellafrom Line 4	Bellaform Grinders	Production Lighting	647	340	21	481	481	481	481	29	210	210	210	210	60	400	

Compressor 1 kWh hourly	43895.5	43895.541666666664	43895.58333321759	43895.624999826388	43895.666666435187	43895.708333043978	43895.749999652777	43895.791666261575	43895.833332870374	43895.874999479165	43895.916666087964	43895.958332696762	43895.999999305554	43896.041665914352	43896.083332523151	43896.124999131942	43896.16666574074	43896.208332349539	43896.24999895833	43896.291665567129	43896.333332175927	43896.374998784719	43896.416665393517	43896.458332002316	276.28526782751078	276.36220120072358	277.19102515363693	277.47633621644968	277.12934954190257	277.41953566408159	277.47577133202549	277.87415471005454	278.05241846990577	278.76889930939683	279.5261682555676	280.94385518777369	280.60703450024118	280.77459353828431	281.52472136282921	281.74805426740642	281.06539056861402	280.69014653873438	280.37685652661321	279.600274966538	279.54992366552347	279.86397666287428	278.9190635132789	278.70742419910431	



Compressor 2 kWh hourly	43895.5	43895.541666666664	43895.58333321759	43895.624999826388	43895.666666435187	43895.708333043978	43895.749999652777	43895.791666261575	43895.833332870374	43895.874999479165	43895.916666087964	43895.958332696762	43895.999999305554	43896.041665914352	43896.083332523151	43896.124999131942	43896.16666574074	43896.208332349539	43896.24999895833	43896.291665567129	43896.333332175927	43896.374998784719	43896.416665393517	43896.458332002316	75.954174913697074	105.09507047716062	145.7609646404384	153.8096165568233	149.3253954943419	156.084375282526	154.21066611999271	155.0850196328758	155.8490129867495	149.3326507131755	137.0816596412063	146.75972136503458	155.21002416390181	139.48261974769829	155.28721685370812	157.9678736964762	158.22066815510399	158.08114499723908	158.09077136152979	140.6829356017858	131.68482808643569	137.34640200352661	143.9386968181432	118.35639340701699	



Compressor 3 kWh hourly	43895.5	43895.541666666664	43895.58333321759	43895.624999826388	43895.666666435187	43895.708333043978	43895.749999652777	43895.791666261575	43895.833332870374	43895.874999479165	43895.916666087964	43895.958332696762	43895.999999305554	43896.041665914352	43896.083332523151	43896.124999131942	43896.16666574074	43896.208332349539	43896.24999895833	43896.291665567129	43896.333332175927	43896.374998784719	43896.416665393517	43896.458332002316	7.0226311355866491	10.955567415598775	6.2801583012379769	16.9269581815973	16.84404434879869	16.700687756754441	16.5278445589915	16.650548543863	16.680015956170852	16.291811007633811	16.050673046037552	6.078365222256636	8.6775284260511392E-5	8.1115011125802968E-5	1.3478067144751541E-4	8.1177327781915663E-5	1.3283399492502212E-4	9.2230912297964105E-5	1.103611290454864E-4	7.50285238027573E-5	8.6041688919067408E-5	9.8492477089166599E-5	8.7961632758378958E-5	1.2787824496626859E-4	


February kWh 15 mins - Compressor 1
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kW



February kWh 15 mins - Compressor 3
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Chart 4.01: Total industrial consumption by fuel mix
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