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Executive Summary/Abstract
This report was created to generate a new methodology based around the improvement of energy performance. With the financial constraints and burdens currently being faced within industry, it is understandable that organisations will be reluctant or not have the ability to spend excessive amounts of money to fund and support projects. To combat this, it was also the aim of this report that the project methodology created should require little to no funding to implement. 
The report carried out a thorough investigation into well-established project methodologies that are frequently used within industry. These methodologies were Six Sigma, Prince2, Lean and ISO50001. All these methodologies have been proven to be extremely successful when correctly implemented in both large organisations and SMEs. Although the benefits of these methodologies have been well documented, there have also been some limitations noted for them. These limitations include the complexity of the processes and tools involved with Prince2 and Six Sigma. It was discovered that there is a lot of training and experience required to have a in depth understanding of these methodologies and how to implement them in a successful manor. This training and experience will come at a cost to the organisation whether they decide to train internal staff or employ new staff.
In addition to these the ISO 50001 framework was also investigated as it related directly to the management of energy. This also has been proven to be successful in the management of energy in industrial environments across the globe, but has been noted that unless there is an effective energy management system in place then it could be extremely difficult to validate any savings. This framework has also shown to be extremely time consuming in its implementation as it requires an Energy Management System. 
The methodology created by this report took inspiration from and adapted various steps used within Lean, Six Sigma, Prince2 and ISO 50001 to create a new methodology that is as simple as possible to implement to achieve a result of energy performance improvement.  This report created a four-stage approach that would include the planning, auditing, implementation of energy efficiency improvements, and review section to achieve a zero/low-cost methodology that would improve an organisations energy performance and thus have strong financial benefits. 
Alongside the suggestions being made by this report, a trail project was also conducted out to test the suggested methodologies effectiveness, and learn where it has the potential to be improved. During this trail project it was established that the suggested methodology had the potential to be extremely successful, though there were a few areas noted where it could also be improved.  
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The focus of this project will be on creating a new methodology or improvement model based on the foundations of Lean that can be used by organisations to improve energy performance. The new methodology being proposed by this report model should be simple and easy to implement, this will alleviate the need for any specialist training or recruitment, thus reducing its implementation costs. Further to this the new model should be effective in its purpose of guidance in improving energy efficiency. It is the belief of this proposal the suggested methodology should be self-funding by carrying out zero/low-cost improvement projects first, and investing a portion of the cost savings to fund larger improvement projects.
The proposed model will firstly need to be either extremely low cost or self-funding to achieve buy in from leadership teams. Secondly the model will also need to be extremely easy to follow and not require any specialist training. It will be the aim of this project to create a model that could be used in any situation in both large industries and SME where the results from any energy improvement projects can be monitored and verified, even if only on a high-level. 
Currently there are well used methods of reducing or improving energy efficiency such as ISO50001 and Six Sigma, 
The largest and most well used methodologies is the ISO 50001 standards which are used to create an energy management system with the aim of continually improving the energy efficiency of an organisation (Heidi, et al., 2020). Whilst this method of energy management is proven to be extremely effective, its limitation is where it does not detail how energy reduction projects will be achieved or funded, but instead focuses on the management of energy. 
Further to this the Six Sigma methodology has also been successfully implemented in many of the largest organisations in the world to improve their operational performance (Parmar & Desai, 2020). It is predicted that individual organisations have achieved cost savings in the amount of billions of US dollars. In its evolution, Six Sigma has successfully been applied to continuous improvement projects based on energy efficiencies. There have been issues highlighted with the application of Six Sigma in that many SME’s may not be able to implement its usage due to the costs involved with its application (Deeb, et al., 2018). This is because the methodology is so complex it requires multiple staff both part time and full time to carry out projects (Jones, 2014). Further to this, a major contributor within the DMAIC process is the Pareto Analysis, by using this tool it is established that a vast majority of outputs are caused by a small number of inputs (Goldsby & Martichenko, 2005), an example of this is where a manufacturing line could see 80% of defects being caused by 20% of faults. This method again may not be possible for SME as this tool does not take into account the cost of rectifying the 20% of faults, and these may be too high for SME’s to fund. 
By investigating these two main methods of energy reduction, it has been established that they can be used in conjunction with each other, where the ISO 50001 will provide the management framework and the Six Sigma will provide the continuous improvement methodology. It is the belief of this report that by doing this an organisation is likely to be able to carry out effective energy efficiency improvements. However, this report also finds that due to the cost to implement Six Sigma within an organisation it may not be a viable option for Small and Medium Enterprises (SME). This is again because it has been recommended to have a number of dedicated resources applied to six sigma projects. Building on from these points this report finds that there is a lack of low-cost model for SME’s that could be used in industry, this project will look to create and implement a new model that will be self-funding, flexible enough to be used in SME’s and Large organisations and be simple enough to follow that no excessive formal training would be required.
To examine whether any efficiency improvements have been effective as part of the newly designed model both, participant and non-participant research will need to be carried out. Participant research will be carried out in the early stages of any improvement projects such as raising awareness and non-participant research will be needed to verify if there have been any culture changes as a result.
These research methods will not be exhaustive of what would need to be carried out and as the model and project develops it will become clear that other methods will also need to be used. 
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As the main focus of this project is going to be based around energy and energy reduction, the first area this report will carry out research on is the different types of energy and the varying costs associated with them.
Morvay & Gvozdenac (2008) state that there are three types of energy that could be considered in industry, these are Primary Energy, Intermediate Energy and Final Energy. These energy types are described as the following: 
Primary Energy – is in reference to all energy sources where energy is created directly from the natural resource (Zohuri & McDaniel, 2021). Primary energy form can be further classified into two groups depending on whether they are drawn from a depleting source (Clover & Bertram, 2010):
· Renewable - ‘Renewable energy is derived from natural sources that are replenished at a higher rate than they are consumed’ (United Nations, 2022). Examples of renewable energy include Solar, Wind, Geothermal, Hydropower, Bioenergy and tidal (Morvay & Gvozdenac, 2008) (United Nations, 2022). Also on the borderline of renewable is nuclear power (Clover & Bertram, 2010). 
· Non-Renewable Energy - ‘Energy source that is not replaced on a continuous basis or is replaced only very slowly, but dependent completely on natural processes’ (Gnosh & Prelas, 2009). Examples of non-renewable energy include Oil, coal gas and uranium (Zohuri & McDaniel, 2021) (Gnosh & Prelas, 2009) (Morvay & Gvozdenac, 2008). 
Intermediate (secondary) Energy – energy that is created by converting primary energy sources into other forms (Morvay & Gvozdenac, 2008). Examples of Intermediate or secondary energy include biofuels, manufactured solid fuels, petroleum products and electricity (Griha, 2021). 
Final Energy - Final energy is also known as consumption energy and is referred to as ‘the form of energy that consumers buy or receive to perform desired activities’ (Morvay & Gvozdenac, 2008). This finding was supported by Unece (2022) when they stated the final energy was the end consumers of transformed energy such as petroleum and primary fuels such as natural gas and solar. 
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With regards to energy, an audit is considered as an assessment of the energy used by a building or process (Rashidi, et al., 2022). This finding is supported by Landsberg & Stewart (1980) when they stated an energy audit is ‘the techniques used for assessing building energy consumption and identifying methods for reducing it’. Thumann & Younger (2003) found that energy audits are valuable tools to determine the baseline for improvement projects and are essential for an organisation to verify results post project. This finding is supported by Balaras (2020) when they identified that energy audits are used to analyse the findings of energy efficiency improvement efforts. 
 Yajima & Arimura (2022) state there are more than 100 different types of energy auditing completed worldwide, but the international standard is ISO 50001. As a result of this, this report will use this form of audit as the basis, and then will adjust based on further findings to suit the environment more greatly.  It is also found by Thumann & Younger (2003) that there are three types of basic energy audits that could be completed:
1. Walk Through Audit
2. Standard Audit
3. Computer Simulation
Further to this Landsberg & Stewart (1980) identified three classes of energy audit, these were: 
Class A - being visited on-site by an energy auditor who may potentially conduct inspections of the buildings (although this is not required). This audit will highlight economic savings that could be achieved through selected modifications. 
Class B – A questionnaire completed by the building owner/operator which will then be analysed. The findings from these completed questionnaires could then be analysed by an auditor to identify areas of improvement. 
Class C – using supporting information the building owners/operators can evaluate their own findings to identify potential economic savings from identified modifications. 
In these classifications, ‘Class C’ would be the lowest cost to implement as it does not require external auditors. However, Class A and B could be most beneficial due to the expert knowledge of specific energy auditors. One way of achieving a compromise between cost and effectiveness would be to run a small training session for internal employees to learn how to effectively complete energy audits. 
To effectively create an energy audit plan Nopec (2019) identifies six key areas to consider, these are: 
1. Identify any Air Leaks
2. Check Insulation Levels
3. Check Thermostats
4. Inspect HVAC Systems
5. Investigate Lighting
6. Assess Night-time Power Consumption
Supporting this point Business Energy Scotland (2022) has created an energy audit checklist template to support businesses identify and prioritize energy reduction opportunities. This audit includes in depth checks of many areas including: 
· HVAC (Heating, Ventilation and Air-Conditioning) Equipment
· Hot Water
· Building Fabric
· Lighting: Lamps
· Lighting: Controls
· Compressed Air
· Electric Motors
· Steam
· Other Equipment (e.g. Refrigeration and IT) 
· Staff Awareness
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Taiichi Ohno began to develop lean principles during the 1940s whilst working to improve the changeover process of a stamping press die for Toyota. The western solution to this was to install hundreds of stamping presses, allowing for dedicated presses for each individual part, thus eliminating the need for die change over for potentially years. This solution however was not suitable for Taiichi Ohno as this solution was suited to produce over a million cars a year, whereas Toyotas production only required a few thousand cars per year.  Instead, Ohno focused his efforts on simplifying the die changeover process, he done this by creating simple adjustment mechanisms for the dies and the installation of rollers to move the dies in and out of position. This resulted in a huge reduction in changeover time from 24 hours to 3 minutes. As an unexpected consequence of the smaller production runs Toyota were producing, it was also identified that these runs were more cost effective than larger production runs. This was due to two reasons, one being that if there were any defects with the stamped components, then this would be found quickly and would not necessarily affect as many components as it would have if it was a large production run. Secondly there were financial savings from not having to carry the cost of larger inventories.  (Dennis, 2007)(Womack, et al., 1990) (Madigan, et al., 2017) (Ivanov, et al., 2021). The methodologies created and used by Taiichi Ohno was later developed into the Toyota Production System before becoming more widely known as ‘Lean Manufacturing’ during the late 1980s and early 1990s (Womack, et al., 1990).
Currently Lean is considered a continuous improvement methodology that focuses on the reduction of waste in many forms (Kumar, et al., 2022). This finding is supported by Sweeney (2015; Page 23) when he found Lean was focused on using various tools to support the continuous improvement of eliminating waste within a business or organisation. Lean is built upon two Pillars, ‘providing quality at a low cost and customer happiness’ (Kumar, et al., 2022). To achieve its goals, Lean maximizes resources to reduce waste through Non-Value-Added activities (Deshmukh, et al., 2022).  Value added activities are considered steps in the process that the customer would be willing to pay for, on a first time through basis. Non-value-added activities are considered activities that the customer would not be willing to pay for such as reworks. 
Originally there were 7 types of waste identified within the Toyota Production System, but over time this has evolved to a commonly known 8 wastes of lean. In addition to this some industries have now included a 9th form of waste. These are:
1. Waiting
2. Over production
3. Over Processing
4. Transportation
5. Motion
6. Inventory
7. Defects
8. Non-Utilized Talent
9. Energy 
(Sweeney, 2015) (Mofolasayo, et al., 2022)
Lean is very well accepted by practitioners and academics as a superior performer in continuous improvement (Pearce, et al., 2021). The reason for this includes the many benefits that have been linked to the implementation of Lean, these benefits include: 
· Increased Operational Efficiency
· Improved Profitability
· Resource Optimization
· Reduced Costs
· Improved Equipment Uptime
· Waste Reduction
· Improved Customer Satisfaction
· Improved Market Standing
· Improved FTT
· Systems / Process Simplification
· Increased Productivity
· Increased Employee Motivation
· More Sustainable and Green Production
(Jewalikar & Shelke, 2017) (Hariyani & Mishra, 2022) (Eskandari, et al., 2022)
Although the advantages of the lean system are agreed and accepted by most users around the world, there has been some that believe the system does have some disadvantages which include: 
· Very Time Consuming
· High Cost
· Inflexible Process
· Not applicable to all Sectors 
· Resistance to Change
(Karim, et al., 2011)
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In 1986 Six Sigma was developed by the American multinational telecommunications company Motorola. The Six Sigma methodology was created to be used as a powerful tool to help Motorola reduce the number of defects being produced to a target of 3.6 parts per million opportunities. Since its creation and implementation by Motorola, it is claimed to have reduced costs by over $17 Billion. The term six sigma has a literal meaning in that a sigma is one standard deviation in a data set and that six standard deviations should occur before a defect is shown in the process.  Snee & Hoerl (2003) states that six sigma aims to reduce process variations and thus defects through two major ways, 
1. ‘Shifting the process average to the desired target level
2. Reducing variation around the process average.’
The Six Sigma methodology guides the user to use the correct tools, in the correct place and in the correct way to solve complex problems and ‘provide a rigorous and structured approach to help manage and improve performance’ (Morgan & Brenig-Jones, 2009). Building on this statement Morgan & Brenig-Jones (2014, Page 1) published Six Sigma is a process for quality improvement and is regarded as the most effective method of improving business and organizational performance by problem solving. 
As well as improving quality the focus of Six Sigma also focuses on the customer satisfaction and bottom line of a product or service (Taghizadegan, 2006).
In Six sigma there is one primary improvement methodology, this is the 5-step approach known as DMAIC (4 - Leading six sigma Page 10). This is supported by Holpp & Pande, (2001) when they identified DMAIC as a six-sigma methodology to help achieve its goals of waste and defect reduction. The acronym DMAIC represents the following steps:
· Define – The problem, the system, improvement activity, goals, opportunity for improvement, requirements and VOC.
· Measure – Collect necessary data to measure process performance and critical elements of the process.
· Analyse – Collected data to determine variation root causes and relationships between factors.
· Improve – Improve process performance using six sigma and other innovation-based tools to address and eliminate identified root causes.
· Control – The improved process performance to ensure future achievement of performance goals.
(Sweeney, 2015) (ASQ, 2022)
Within each step of the DMAIC methodology, there are various tools that can be used to obtain a complete and well-defined understanding of the process and the current issues being faced. Some of the tools that can be used in each stage are; 
DEFINE
Project Charter – Also known as project scope statements, a project charter is a written document that is prepared for each project. The document created should include the project justification, problem statement, any deliverables of the project, project objectives, metrics to be used and scope of the project. Gygi & Williams (2012) found that up to 50% of the success achieved by a project is affected by how well the project has been defined. 
Voice of the Customer (VOC) - the purpose of the VOC is to determine the wishes and desires of what the customer requires. The customer being evaluated can be considered internal or external. The internal customer could be the next step within a process, so could be part of the same organization.  The external customer could be considered the end user of a product or service.  From gathering the VOC and understanding their requirements, metrics can be created known as Critical to Quality (CTQ). 
Value Stream Map (VSM) - This step has been considered a potential tool to be used in either the define phase or the measure phase of DMAIC. When delivering a product or service to a customer, the information or materials must pass through a number of steps. The purpose of the value stream map is to create a visual guide that includes all the value-added steps and non-value-added steps in the process of delivering a product or service. The VSM can include stakeholders at each step and well as cycle / lead times to help identify potential bottlenecks or limitations. 
Project Management Plan - The project management plan should include a list of activities to be carried out during the project, the resources needed, potential barriers / obstacles and timings of the project. The timing milestones of the project can be outlined using a Gantt chart. Further to this the project management plan should also include the performance metrics to be measured and the measurement techniques to be used. 
SIPOC – SIPOC is an acronym for a high-level process map which stands for Supplier, Input, Process, Output and Customer. A SIPOC can align the focus on understanding the process of the organisation.  
MEASURE
Value Stream Mapping - This step has been considered a potential tool to be used in either the define phase or the measure phase of DMAIC. For the purpose of this report a description of this tool has been generated under the define phase. 
Pareto - a pareto chart is essentially a bar chart where the bar represents a frequency of an event, for example a break down caused by a specific reason such as ‘Tool Clamping Failure’.  The value of the bars is arranged so that the highest frequencies are on the left-hand side of the chart in descending order. By arranging them in this way it is easy to visually identify which failures are occurring with the highest frequency, and so these failures can be prioritized. Within the Pareto analysis it is generally accepted that there is a principle that for many situations, up to 80% of defects come from as little as 20% of causes. 
Capability Analysis - capability analysis uses a set of calculations to statistically compare the output of the process to the customer requirements / specifications. By completing a process capability analysis, it can be determined if the process is incapable, meaning the spread of the variation is too high, or whether the process is off target, meaning the process average is off centre.
[image: ]
[bookmark: _Toc133078486]Figure 1 - Capability Analysis Table (ISixSigma, 2010)

FMEA - There are many different forms of Failure Mode Effects Analysis. These include System FMEA, Design DFMEA, Process PFMEA and Equipment FMEA. For the purpose of this report the focus will remain on the core FMEA. The aim of carrying out FMEA is to improve the reliability, safety, and quality of products. This is achieved by listing at what points in the process failures can occur and what the effect and result of these failures would be. By assigning numerical values to the severity of the failure, the potential of the failure being detected and current controls in place, a ‘Risk Priority Number’ (RPN) can be given to each potential failure and so they can be prioritized.  Lastly, actions can be put in place to reduce and risks and the RPN value can be recalculated. 
ANALYSE
Cause and Effect – Also known as a fishbone diagram, the cause-and-effect method was first created by Dr Ishikawa to visually display, and group various ideas generated from a brainstorming session. This method helps identify what potential causes of issues are, and drills down into why they occur. For this report, it could be questioned ‘Where and Why is Energy Being Wasted?’ and then investigate this by following the generally accepted 6 categories: Machines, Methods, Materials, Manpower Measurements and Environment. These 6 categories can however be tailored to suit the situations being questioned.  An example of this based on Carbon Emissions can be seen in Fig 2. 
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[bookmark: _Toc133078487]Figure 2 - Fishbone Diagram (Go Lean Six Sigma, 2022)
Root Cause Analysis - to further analyse the findings and potential causes of failure identified in the Cause and Effect’ diagram, root cause analysis may be needed. One established method of root cause analysis is known as ‘5 Whys’. To complete a ‘5 Whys’ analysis, the idea is to keep asking why an issue is occurring until you arrive at the root cause. An example of this with regards to driving through a red traffic light can be seen in Fig 3. 
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[bookmark: _Toc133078488]Figure 3 - Five Why Process (Kanbabize, 2022)


IMPROVE
Develop Potential Solutions – from the findings of the ‘Cause and Effect’ and ‘Root Cause Analysis’ in the analyse phase, identify potential solutions to the identified problems. From the identified ‘Potential Solutions’, time should be spent evaluating each of the solutions and optimizing them to achieve the best possible results. Designed experiments can be used at this stage to determine the effectiveness of each selected solution. 
Pilot Testing – using a selected number of recommended improvement solutions to run trials on. This will allow for the identification of any potential failures or issues that arise as a result of each solution. This will need to be done on a small scale and could help determine the effectiveness of each solution. 
Full Scale Implementation – Officially implement any solution or solutions that have been deemed to be successful in the required performance improvement. Documentation of plans for the full scale roll out should be created which include the performance results, both achieved and expected. Risks and risk registers should be created and monitored from this point onwards. 
FMEA Update – the FMEA should be still treated as a live document and so should be updated. The updates should include any new processes, procedures or working practices. The Risk Priority Numbers should be updated also to identify any risk reductions and to capture any potential new risks. 
CONTROL
Create New Documentations and Methods Around New Procedures / Methods of Working - for any new procedures, processes, or methods of working that are being implemented, the relevant documentations such as single point lessons should be updated to reflect this. Updates should be document controlled and previous versions should be placed into archive. 
Deliver Training on New Procedures / Processes - It is vitally important that relevant training should be giving to all stakeholders and team members regarding any new procedures or working practices. The purpose of this is to ensure that all improvements being implemented are being completed as intended to achieve the maximum performance improvements. 
Monitor Performance - new procedures, working practices and system performance should be monitored for an agreed upon length of time. This is to ensure that the desired results are being achieved and that all new procedures and working practices are being completed as intended. If the desired performance results are not being achieved at this stage, then further improvements could be suggested. 
Audit Results - an agreed upon number of random audits should be completed at regular intervals to ensure the system is working correctly and to assign real value figures to the savings being achieved. 
(Shankar, 2009) (George, 2002) (George, et al., 2005) (Gygi & Williams, 2012; Page 336) (Coutinho, 2021) (Morgan & Brenig-Jones, 2014; Page 55) (Kumar, 2006; Page 55) (Craig, Neil, & Bruce, 2005; Page 252-253) (George M., Rowlands, Price, & Maxey, 2005; Page 7) (Parmenter, 2007; Page 41) (Okes, 2009)
   
SIX SIGMA IN ENERGY PERFORMANCE
Six sigma has been used in industry to help improve energy performance through the use of DMAIC (Falcon, et al., 2012). FIG 4 is an example of the different tools that have been used by Falcon, et al., (2012) to complete an energy performance improvement project using six sigma within a fuel reforming plant. 
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[bookmark: _Toc133078489]Figure 4 - DMAIC Energy (Falcon, et al., 2012)


SIX SIGMA AND LEAN
It is common for Six Sigma and Lean to be combined to form Lean Six Sigma. When combined, Lean Six Sigma is a methodology that aims to improve performance through the elimination of waste and defects. Sweeney (2015; Page 23) supported this finding when they stated, ‘from the root doctrines of the lean and six sigma programs, we can see a basic compatibility and a shared goal: the elimination of variation’. This is further supported by Morgan & Brenig-Jones (2014) when they found Lean Six Sigma provided a structured framework to manage and improve performance by reducing non-value-added activities and improving existing processes within an organisation. 
When considering Lean Six Sigma, George, et al., (2004) highlighted 4 key pillars in the methodology, all of which are based on the foundation of data and facts. The four pillars recognised by George, et al., (2004) are Quality, Speed, Variation and Defects and Process Flow. A visual example of this can be seen in FIG 5. As can be seen in FIG 5. The two pillars ‘Speed’ and ‘Quality’ support the improvement of ‘Customer Delight’ and the two pillars ‘Variation and Defects’ and ‘Process Flow’ support ‘Improving Processes’. 
(Sweeney, 2015; Page 23) (George, Rowlands, & Kastle, 2004) (Morgan & Brenig-Jones, 2014) 
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[bookmark: _Toc133078490]Figure 5 - The Keys to Lean Six Sigma (Maxim Consultants, 2015) 
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The International Organization for Standardization describe ISO 50001 as a framework that will guide organizations to continually improve energy management, use data driven decisions on energy usage and develop a policy to allow for more efficient energy usage (International Organization for Standardization, 2022). This finding is support by Fuchs, et al., (2020) when they state, ‘ISO 50001 is the international framework for the holistic and structured practice of managing energy’. 
The group of ISO standards were first developed in 1947 in London. The reason for this was in a post war era, 25 countries gathered together to create these international standards which were believed to be a key to reconstructing the world (Tranchard, 2017).  As part of these growing international standards and the need to reduce energy consumption on a global level, the ISO 50001 standard was introduced in 2011 and then revised in 2018 to the current standard. 
The ISO 50001 suggests using the continuous improvement method of Plan, Do, Check, Act (PDCA) and to measure efficiency improvements using appropriate indicators also known as Energy Performance Indices (EPI). The PDCA cycle is ‘a problem-solving technique that is generally used to resolve problems, issues or concerns.’ (Page, 2002).  A Visual representation of the PDCA cycle can be seen in Fig 6. 
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[bookmark: _Toc133078491]Figure 6 - Plan-Do-Check-Act Cycle (ASQ, 2022)
In each step of the PDCA cycle the following should be completed;
· PLAN – Identify and analyse the Problem.
· DO – Develop Solutions and Implement Plan
· CHECK – Evaluate the Results
· ACT – Use Feedback to Improve and Replan
(Page, 2002)
The British Standards Institute has highlighted a number of benefits associated with the implementation of ISO 50001, these include; 
· ‘Identify and manage the risks surrounding your future energy supply.
· Measure and monitor energy use to identify where to improve efficiency.
· Improve overall performance to cut energy consumption and bills.
· Reduce carbon emissions and meet government reduction targets.
· Demonstrate environmental credentials to increase tender opportunities.’
(British Standards Institute, 2022)
Further to this, it was highlighted by Jin, et al., (2021) that ISO 50001 implementation has significant potential to see sizable savings in energy costs and energy efficiency. This has been widely reported from several organizations worldwide who have found that by the long-term use of ISO 50001 they have permanently improved their energy performance. 
It has been found by Dall'O', et al., (2020) that some of the drawbacks associated with the ISO 50001 framework is that if there is not already an effective energy monitoring system in place within an organization, then it would be very difficult to validate any potential savings. 




[bookmark: _Toc133078540]Prince 2 Project Management
Prince 2 is a framework that will help guide a project manager through a project lifecycle with the aim of delivering the project on time, in scope and within budget (Alexos, 2020). This finding is supported by Hinde (2017) when they highlighted Prince2 as a methodology that provides a structured approach to working through projects.  The acronym Prince stands for PRojects IN Controlled Environments. 
The prince2 was created in the 1980 by the Central Computer and Telecommunications agency branch of the UK Government, which was later renamed as the Office of Government Commerce (Taylor, 2011) (ILX Marketing, 2017). The methodology was originally named PROMT 2 and was created to provide an effective standard for managing projects within the UK government's ICT agencies (Molen, 2015) (Graham, 2010). Since its creation, the method evolved into a more generic project management methodology and released to the public in 1996 (Molen, 2015) (Graham, 2010).  The trademark of Prince2 is still belonging to the Crown to this day (Taylor, 2011). 
The structure of the Prince2 methodology is based around Processes, Themes and Principles, an illustration of this can be seen in Fig 7. 
[image: ]
[bookmark: _Toc133078492]Figure 7 - The Structure of Prince 2 (Alexos, 2020)
[bookmark: _Toc133078541]Principles
As can be seen in fig 7, the Prince2 Principles are the foundation to the method and provide the structure of best practice for all involved.  There are seven principles that should be followed during a project, these are: 
Continued Business Justification – this principle is to ensure there is a justification for the project before starting and is revisited throughout the project to ensure the project remains valid. 
Learn From Experience – during the start-up of a project, the project manager should create a lessons log. This lessons log can be used for two purposes, one would be to identify lessons that could be taken into this new project from previously completed projects (both internal and external), the other purpose would be document lessons that have been learnt during this project that could be taken into future projects. 
Defined Roles and Responsibilities – this will be the structure of the team involved with the project being completed. The structure can include the user, business stakeholder interests and suppliers. All people involved with the project should know what their roles are and the responsibilities involved with that role. 
Manage by Stages – the project should be broken down into stages to ensure the project remains manageable. The number of stages within a project should depend on how large, complex, and risky the project is. The larger, more complex, and riskier the project is, the more management stages should be planned. 
Manage by Exception – within the project being completed, there will be a number of variables recognised by Prince2, these are cost, time, quality, scope, benefits and risk. With these variables there will be an acceptable level of variance that each level of the project team can work within.  For example, if the project is predicted to run over or under cost by 0.5%, then there will likely be no need to immediately notify the project board as this will be an acceptable tolerance. By assigning tolerances for each level of the project team to work within, it ensures the right decisions are made at the right level in the organisation. 
Focus on Products – Prince2 referrers to the output of a process as the product. It is important to the quality of the product that during a Prince 2 project, the focus should always remain on the product, and not the activities that feed into the product. 
Tailor to Suit the project – A Prince2 project can be both large or small and the tools within the project can be omitted from the project if not relevant. Each area of the project should be tailored to suit the project being completed; this has been shown to increase the chance of success on the outcome of the project. 
(Alexos, 2017) (StudyCorgi, 2023) (Hinde, 2017) (Marketing, 2016) (Graham, 2010)
[bookmark: _Toc133078542]Themes
When completing a Prince2 project there are also ‘Themes’ that should be taken into account. These themes are generated and agreed upon at the beginning of the project and should be monitored throughout the project lifecycle. Essentially, themes are there to outline how the project should be managed.  There are seven themes that should be addressed continually and reviewed at the end of each project stage, these are: 
Business case – the business case is in place to identify a project that could potentially have value to the organisation. This should be created at the beginning of the project and reviewed through the project lifecycle, preferably at the end of each stage. The business case project should remain viable and worthwhile throughout the project.  
Organisation – Linked to the defined roles and responsibilities principle, the project team and their individual roles and responsibilities should be documented and retained. This document should be communicated to the team to ensure everyone is aware of their role. The paths of reporting and delegation could also be documented here. If there is any change to the team structure, this should be updated here. 
Quality – During the early stage of the project and its start-up, the project will only have a broad outline. This theme is in place to highlight how the project will strive to meet the quality characteristics of the product being delivered. 
Plans - The project plan should be created early in the project and cover the whole project from the initiation stage onwards.  Three levels of plans could be considered under this theme, they are the team plan, the stage plan, and the project plan. The plans should focus on how the targets are going to be achieved and in what timescale, as well as identifying costs, product, and quality. 
Risk – When projects are being undertaken, there is likely going to be some form of risk involved. It is vitally important that during a Prince2 project, the risks involved are managed. During this theme risks will be identified, assessed, and controlled. There are two forms of risk that could be identified during a Prince2 project, these are positive risks known as opportunities, and negative risks known as threats. All risks should be recorded in a risk register. There is the potential for a budget to be set aside called a risk budget to fund any actions required because of the risks. 
Change – It is likely that during a project, change may need to be made. These changes could occur in several different areas, examples could include budgets, timescales or a product not meeting expected outcomes. The purpose of the change theme is to have a system in place to deal with any project changes.  The theme requires the assessment, monitoring, and control of any changes as well as recording of them. There is also the opportunity in this theme to allow for a ‘change budget’ to manage any project changes. 
Progress – The progress theme sets out to assess the viability of the project to move forward. The project manager should consider and document how the project will be controlled and kept on track. The progress theme will guide the project manager to ask the questions ‘Where are we now?’, ‘Where are we going?’ and ‘Should we continue?’. 
(Alexos, 2017) (StudyCorgi, 2023) (Hinde, 2017) (Marketing, 2016) (Graham, 2010)
[bookmark: _Toc133078543]Processes
Prince 2 is a project management methodology that uses a process-based approach. Alexos (2017) states ‘A process is a structured set of activities designed to accomplish a specific objective. It takes one or more defined inputs and turns them into defined outputs’.  There are seven processes identified under Prince2 which guide the project through sets of activities required to manage various parts of a project. These processes are used as a framework to direct and successfully deliver a project. 
The seven processes to be completed withing Prince 2 are:
Starting up a project - This step is completed before the project has started. The aim of this step is to outline the potential project to help decide if it would be worthwhile undertaking the project. This step helps eliminate the waste of time and resources of an organisation by having the opportunity to reject an unviable project before inception. 
Initiating a Project – During this process, the project manager should lay out a plan for the entire project and how it will achieve the desired outcome. This plan should include how the targets of risk, cost, time, quality, scope and benefits should be managed. 
Directing a Project - as can be seen in Fig 8 the ‘Directing a Project’ process is under the ownership of the corporate project board. It can also be seen that this process should run from the initiation process to the project closure. This process is in place to manage ad-hoc direction, stage boundaries and project closure. 
Managing a Stage Boundary - at the end of each stage, which were agreed upon during in the ‘Plan’ theme, there will be a stage boundary. At this stage boundary, the project manager and the project board should complete an ‘End Stage Assessment’ and determine whether to continue with the project or not. If proceeding with the project, then the plan for the next stage should be agreed upon here as well as updating any live documents such as the risk register and business case if any changes have taken place. 
Controlling a Stage - during the pre-agreed upon stages the project manager will delegate work packages to the project team. It is here where the day to day running of the project is carried out by the project manager. During this stage, the project manager will also complete progress reports on the work being completed by the project team. 
Managing Product Delivery - There are three activities that will need to be completed during this process. These are ‘Accepting a Work Package’, ‘Executing a Work Package’ and ‘Delivering a Work Package’. It is during this process that a large portion of the specialist work and testing is completed to the deliverable or products. Communication between the Project Manager and the Project Team is key here. 
Closing a Project - Closing a Project is the last of seven processes to be completed. As the name states, it is at this stage the work is completed in the process of shutting down or finishing a project. The step may be completed once a successful deliverable or product has been achieved, or it may occur at the end of a stage if the project was no longer deemed viable. Reviews and analysis should be completed here to determine if the project has achieved it objectives, if there is any more work to complete and if there are any lessons learned. Once completed the process of hand over to the customer should begin. 
(Alexos, 2017) (StudyCorgi, 2023) (Hinde, 2017) (Marketing, 2016) (Graham, 2010)
An illustration created by Alexos of the seven processes and how they interact can be seen in Fig 8. 
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[bookmark: _Toc133078493]Figure 8 - Prince 2 Seven Processes (Alexos, 2020)

A benefit of the Prince2 method that was featured in a report by Laoyan (2022), was that because the methodology is intended to be used as a framework instead of having fixed rules in place, this allows the method to be extremely flexible and so can be used on almost any project. This finding is supported by Matos & Lopes (2013) when they found Prince2 could be scaled to suit the project needs and so can be flexible in its delivery.  Further to these advantages of Prince2, Hedeman, et al. (2009) noted other benefits of using Prince2 as keeping a project in control, maintaining focus on the product and providing a clearly defined organizational structure. All these benefits will contribute to the successful delivery of a project. 
One issue highlighted about the Prince2 methodology by Lawton (2015) is that it is very complex, and so it is a large task for anyone to develop and have a solid understanding of the different elements and terminologies in the process. This finding is supported by Miller (2023) when they identified the Prince2 methodology can be complex and cumbersome with excessive documentation. In addition to this they also found that teams may take time to adapt to changes. 
[bookmark: _Toc111658088][bookmark: _Toc133078544]
Main Body Chapters
This report will attempt to tailor a continuous improvement model regarding energy consumption that will be little to zero cost. To be able to achieve this, the report will draw applicable steps and processes from currently well know and effective improvement models six-sigma, ISO 50001 and Prince2. All these methodologies have a proven track record of successful implementation and improvements within organisations.  To keep the proposed methodology usable in all organisations, this report will aim to keep the process simple and effective, this will be in contrast to Six Sigma and Prince2 which Miller (2023) noted can be considered very complex. This finding is supported by White & Fortune (2002) and further noted that these project methodologies have the additional drawback of being ‘too heavy in documentation’ and too time consuming.  To ensure the methodology being suggested by this report does not develop the same drawbacks, documentation will be kept simple and contained to as few documents as possible. To achieve this, some documentation will need to remain live throughout the project, this will allow the same document to be reviewed and updated to account for any changes and the previous version could be archived. 
To ensure the methodology is memorable to the user an acronym will be used to outline the process. Acronyms ‘use the first letter of words, or phrases, in a list, or sequence of events, to build a new word that can help you to remember better.  This means that instead of memorizing the entire list or process in order, you just have to remember one word.  The word can then be used as a prompt to help you to recall the entire sequence’ (Absolutely Studying, 2023).  This finding is supported by Radovic & Manzey (2019) when they stated the learning of material can be enhanced by creating a learning phrase of the to-be-remembered materials. This will in turn enhance the performance of the recall memory of the material. 
A widely used tool within continuous improvement is the Plan-Do-Check-Act method, known as the PDCA cycle (Rajan, 2019).  The PDCA cycle popularity is partly due to the fact it is a simple process that doesn’t require much instruction and that the circular illustration of the process encourages continuous improvement (Ionos, 2019). It is for this reason this report will adapt a similar styled system to its proposed process, in addition to this a simple acronym will be used to increase the memorability of the process.  
The Acronym for the process going to be proposed by this project is the ‘PAIR’ system.  This acronym will stand for: 
· Plan – The project plan will include the team members, the project scope, budget, and approximate timeframe to build a definitive direction for the project to move forward.
· Audit – Various levels of auditing will need to be completed to identify opportunities for improvement and potential areas of waste. 
· Implement – prioritize the identified energy saving projects and begin implementation.
· Review – Measure the results of the implemented projects and determine savings achieved. At this stage a project closure document can be created. 
The illustration of this process is shown in fig 9.



· Project Review Form
· Agree if a new project should be started if further savings can be achieved.
· Project Definition Form
· Project Timing Plan
· Energy Consumption Map


· Project Information Table
· Correlation Table
· Prioritization Table
· Project Timing Plan
· Audit Preparation
· High Level Audit
· Observational Audit



[bookmark: _Toc133078494]Figure 9 - Process illustration proposed by this report.
To prove effectiveness and trail the process being proposed by this report, a trial project will be run in line with this report implementing its suggested methodology. This will be highlighted at the end of each project step being suggested to provide templates and examples where possible. The purpose of trailing the new process being suggested is to learn if there are any amendments that could be made to improve the suggested process, this practice is supported by Chepul, (2022) when they noted that during the execution of a project you will learn how it can be adapted and improved and so adjustments can be made. 



[bookmark: _Toc133078545]Step 1 – project Plan and foundation
Following ISO50001 framework and the six-sigma methodology, this report will suggest the first step of the process should be ‘Project Plan and Foundation’. This could be a single document containing all the required information known as a project definition form. To create this document various points will be adapted from Prince2, Six Sigma and ISO50001 to create a simple but effective document planning the initial stage of the project.  The original signed document should be securely placed in the project file and copies should be distributed to the team. As part of this initial document the following sections could be included:
· Project Team Members
· Problem Statement 
· Project Objective
· Project Scope
· Energy Consumption Map
· Energy Sources
· Measurement Methods and Equipment
· Initial Funding
· Reinvestment Funding
· Project Timing Plan
[bookmark: _Toc133078546]Project Team
The project team should have team members of various levels and responsibilities. For smaller organizations the minimum number of team members that are required is two. However, for larger organizations a larger team may be required. 
Project sponsor - Mandatory
As part of the team there should be a member of the senior leadership team which will be known as the ‘Project Sponsor’. The project sponsor will not require a large hands-on approach to the project but will be required to agree and provide and initial funding, agree the reinvestment funding, help define project scope and provide project approval / commissioning. If there is only the mandatory two team members for the project, then the Project Sponsor will also be responsible for auditing the findings of the project managers throughout the project. 
Project Manager – Mandatory 
The other mandatory team member will be responsible for the running to the project and will be known as the project manager. This role will be capable of carrying out all other tasks of the project, the purpose for this is to maintain as low cost as possible for the project. In a larger team, the project manager will be responsible for selecting team members as well as work delegation. In addition to this they will have the overall responsibility for managing the approved budgets and ensuring work schedules are met.  
Energy Auditor – Part Time
The role of ‘Energy Auditor’ will only be required during select times of the project. The first requirement will be to complete ‘as-is’ audits of the organisation to determine any potential ‘opportunities for improvement’. The second requirement will be to complete audits in specific areas once targeted improvements have been made. This is to ensure the desired results are being achieved. It would also be beneficial for the energy auditor to conduct random audits of the organisation periodically after the project has been completed, this would be to ensure any improvements are continuing to be effective and to capture any changes to energy performance early on. 
Procurement Advisor – Part Time
Once the opportunities for improvement have been identified by the energy auditor, there will be some areas that will require investment. This investment could be of small or high value depending on the initial investment agreed by the project sponsor or at what phase of reinvestment the project is at. The role of the procurement advisor will be to source any required materials or subcontracted work for the best price possible. This will ensure the most efficient kWh saving per £1 spent is achieved. 
[bookmark: _Toc133078547]Problem Statement
The project problem statement should be a simple justification for the project being undertaken. The statement should identify the gap between where the organisation is currently performing regarding energy efficiency / consumption and state what performance ambitions of the project are.  In addition to this the problem statement should include the consequences of the performance gap and what is needed to reduce this gap. 
[bookmark: _Toc133078548]Project Objective 
The specific objectives for the project. The objectives can be one line or more detailed but should include the timeline in which the performance improvements will be made. The main points made in a project objective should be to set out specific, qualifiable and measurable values of performance improvement above the baseline discussed in the problem statement (Craig , et al., 2005). 
[bookmark: _Toc133078549]Project Scope
The project scope section of the ‘Project Definition Form’ document should highlight the boundaries of the project. It should include what is ‘in scope’ and ‘out of scope’ for the project being undertaken. This will help ensure the project team stay focused on what improvements can be made rather than improvements where there would be no appetite for change. For example, changing some procedures may have the potential to improve energy efficiency, but this may impact on quality standards and so in some settings, certain process or operational changes may be deemed out of scope due to the related risks. 
[bookmark: _Toc133078550]Energy Consumption Map
The energy consumption map should be designed similar a process flow diagram. This is to ensure the consumption of energy on site is as simple as possible to understand. The flow should follow from the incoming electricity or gas feed and then follow the process of where this is consumed. This will be useful in identifying where potential performance improvements can be made. 
[bookmark: _Toc133078551]Energy Sources
Primary and secondary energy sources should be understood during this early stage of the project. With regards to the primary energy sources, this should be the main infeed to the organization such as Gas and Electricity. The secondary sources of energy could be considered as other forms of energy that are created from the primary energy sources, this could include compressed air, vacuum, lighting, chilled water, heating etc. 
[bookmark: _Toc133078552]Measurement Methods and Equipment
In this section it will be the aim to simply outline the methods that are going to be used to determine baseline performances and project improvement verifications after completion. It is expected that this section will vary widely from organisation to organisation. 
There is the option to propose an initial measurement funding at this stage to ensure the correct measurement equipment is used for the project. It may also be that the measurement equipment could also be funded as part of the initial project savings. 
Depending on the granularity of energy bills, these have the potential to be used as the measurement during the initial stages to maintain a low project cost. If this method is used, then the project manager should outline in this section how they will aim to prove that any efficiency improvements they make are as a direct result of the project and not due to any other factors. 
If portable measurement devices are being used in the project, then their calibration certificates should be included. The suggestion here would be to use a metering system on individual areas being monitored for the most accurate measurements, however with the aim of keeping costs as low as possible this is not essential. 
[bookmark: _Toc133078553]Initial Funding
There may be the possibility of initial funding to support the project at the start. This would allow the project manager to invest in metering systems or to give them the ability to fund some of the early stages of efficiency improvements without the complete reliance on reinvestment funding. Any initial funding would have to be agreed upon and provided by the project sponsor. 
[bookmark: _Toc133078554]Reinvestment Funding 
The reinvestment funding is the amount of money that will be reinvested into the project once efficiencies have been made. This reinvestment fund should then be used to support further energy efficiency projects. The percentage of reinvestment funding will need to be agreed upon and provided by the project sponsor. Initial project steps will not require any initial funding and so can be generated by carrying out zero cost efficiencies the generate the cash flow into the project. An example of this would be if a project sponsor agreed for zero initial funding and a 10% reinvestment value, waste elimination projects such as shutdown procedures could be used to generate funds. The reinvestment funding percentage is mandatory for the project and the value should be a realistic amount to be able to support the project in achieving further efficiencies. 
[bookmark: _Toc133078555]Project Timing Plan
The project manager will be responsible for creating this part of the document and will have to seek approval from the project sponsor once the plan is complete. The timing plan should keep focus on suggesting realistic time goals for the work to be completed in step 2: ‘Auditing and Measurement’ as this area will be most reliable. Any proposed time plans for step 3: ‘Energy Improvement Methods and Projects’ will be purely for guidance. The reason for this is step 3 will depend on many factors such as initial funding, contractor lead times and how many improvement cycles will be desired to be completed.  
[bookmark: _Toc133078556]Communication Plan
Within Prince2 it was noted by Tuttle (2012) that communication is vitally important to the success of a project. For this reason, the primary and secondary methods of communication should be clearly identified during this section of the form and the frequency of this communication. For example, setting up weekly meetings with the project team to discuss progressions within the project or meetings at the end of each stage of the project between the project manager and project sponsor to agree on whether to proceed or not. 




[bookmark: _Toc133078557]Step 1 - PLAN - trial  
As discussed in the previous chapter, this chapter will follow the suggestions made previously on a live project. The project this will be implemented on is for a large food packaging manufacturer in the South Wales area. For confidentiality purposes the company name will not be disclosed some names have been omitted.
[bookmark: _Toc133078558]Project Definition From
In order to honour this reports aim of keeping the format as simple as possible, the majority of the first step has been compiled into a single document. This document can be used as a reference throughout the project to ensure the focus remains on the agreed upon scope.
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[bookmark: _Toc133078495] Figure 10 - Project Definition Form - Completed

[bookmark: _Toc133078559]Project Timing Plan 
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[bookmark: _Toc133078496]Figure 11 - Project Timing Plan - Completed
[bookmark: _Toc133078560]Energy Consumption Map
The below maps in 12, 13 and 14 are the basic consumption maps within the UK1 and UK2 buildings for Gas and Electricity. The building known as UK2 does not have a gas supply map as there is no feed into the building. In these maps the orange-coloured points are in reference to the mains incoming supply of energy, the blue coloured points refer to the transferring of energy from one form into another and the final points in the process are highlighted as green which represent the final consumers of the energy.



[bookmark: _Toc133078497]Figure 12 - Electricity consumption map for UK1


[bookmark: _Toc133078498]Figure 13 - Gas consumption map for UK1


[bookmark: _Toc133078499]Figure 14 - Electricity consumption map for UK2



[bookmark: _Toc133078561]Step 1 - PLAN - Findings
From completing the suggested steps on a live project, this report has had an opportunity to identify where the suggested steps could perform well, and where they could be improved. Some of these benefits and shortcomings are outlined below: 
· The single document format of the first phase is beneficial to the aims of this project as a simple and easy to follow process. Thus, reducing training costs to the business. 
· Within the document it should have been included the frequency and required attendees of communication meetings. This could have been included within the ‘Communication Plan’ section of the document. It could also have highlighted who would be responsible for scheduling the regular meetings. By not completing this it could have a detrimental effect of the project as communications meetings may not occur. 
· It is the belief of this report the Project Definition Form could be further improved by including a section to highlight the projects that have been completed.  This is to ensure there is no duplication of work during the project. 
· With businesses and projects constantly changing and adapting to their current needs, it will be beneficial if the Project Definition form was to remain a live document. This could be periodically updated by the project team and the version of the form to be updated in line with this. It would be the suggestion of this report that under the meetings scheduled in the ‘Communication Plan’ of the document, one of the discussion points of the meeting was to review if the document was still relevant. Some examples of changes that could occur in the changing of project team members or the energy sources being considered.
 

[bookmark: _Toc133078562]Step 2 – auditing and measurement
During this phase of the process the aim will be to complete Energy audits of the area being investigated. This report will suggest the auditing to be completed on a high level to begin with to understand the process better. Following on from this, the report suggests two further audits, these are a Low-level audit and a wastage identification audit. Within this section there is several audit templates that have been created for this project. These templates can be used in their entirety or adjusted to suit the workplace being audited. 
[bookmark: _Toc133078563]Audit Preparation 
Prior to completing any audits, some preparation should be carried out. In this preparation will include the identification of the energy team, audit checklists, auditing scope and audit plan (Russell, 2007) (Hasanbeigi & Price, 2010).
[bookmark: _Toc133078564]High Level Audit
The first level of auditing that will be suggested by this report is a ‘Class B’, (Landsberg & Stewart; 1980) which the project manager will complete from a predominantly office-based position.  To complete this audit from a high level, a simple questionnaire could be used to help the auditor understand from an early stage where potential savings could be made or where further, more in depth auditing could occur.  This audit will further help the auditor consider which services are available on site for further auditing and potential savings. 
As part of the high-level audit, it should be identified which energy consumers are the ‘Significant Energy Users’.  Significant energy users are defined by the Office of Energy Efficiency & Renewable Energy, (2022) as ‘an energy use that accounts for substantial energy consumption and/or offers considerable potential for energy performance improvement.’ This report will suggest creating a simple pareto chart to chart to clearly identify which energy users are the highest consumers. The suggested high level audit form can be seen in Fig 15. 
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[bookmark: _Toc133078500]Figure 15 - High Level Audit
[bookmark: _Toc133078565]Low Level Audit
The low-level audits being recommended will be another form of questionnaire that will be focused on the various areas within the workplace. This form of auditing has been recommended by Business Energy Scotland (2022) in their initiative in working towards net zero.  Multiple questionnaires will be created that will be tailored towards various forms or plant or equipment that may be in the workplace. To monitor which audits are required and when they have been completed, the checklist created/completed in the high-level audit can be used. 
Not all questionnaires will need to be completed, the relevant questionnaires will need to be selected by the auditor depending on what equipment is identified in the workplace. 
This level of auditing will require a greater understanding of the different areas within the workplace, if the required information is not known then it will need to be researched. It is highly likely that this level of auditing will need to be completed both as a desktop exercise and by walking and visiting the areas in question. 
Within this level of auditing, this report will aim to maintain a similar form of questions throughout the areas where possible then add targeted questions to the audit for each specific area. The benefits of this would be to keep the process as simple as possible with common questions whilst not missing potential savings by targeting some questions to specific workplace areas. In addition to this, the questions being asked will encourage the auditor to investigate the current maintenance practices to ensure they are suitable and ensuring any equipment is running as efficiently as possible. 
During this phase of auditing is where it would be expected to identify the highest volume of potential saving opportunities. The opportunities at this stage are likely to require investment to achieve. 
Some examples of the audit questions that could be completed in multiple specific areas can be seen in fig 16, 17, 18 and 19. 
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[bookmark: _Toc133078501]Figure 16 - HVAC Audit
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[bookmark: _Toc133078502]Figure 17 - Lighting System Audit
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[bookmark: _Toc133078503]Figure 18 - Building Fabric Audit
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[bookmark: _Toc133078504]Figure 19 - Compressed Air System Audit
[bookmark: _Toc133078566]Observational Auditing and Waste Identification 
The last phase of auditing will be based around observations seen within the workplace. The purpose for this will be to get the actual as-is energy performance. It was noted by Agency for Healthcare Research and Quality (2021) that observational audits are the best way in which to determine if staff are following the procedures and practices set out by the organization.  In addition to this Schubert, et al., (2021) stated that completing observational energy audits can improve the adoption of energy efficiency measures. It is expected that from these audits there will be areas of wastage identified that would have to potential to become zero/low-cost initial projects.  
The observational audits being suggested will fall into two categories, one being an office-based audit and the other will be a production area-based audit. The reason for this is due to the differences expected to be seen in each of the areas, there will need to be considerably different procedures and services investigated. In addition to the observational audits, there will also be the option to complete a further desktop-based audit to identify any weekend wastage. 

Office Based Audit
During the office-based audit, it is suggested by this report to be completed on two separate occasions. One of the audits should be conducted during office hours to establish the working practices and the areas where the office consumes energy during occupied hours (Steel & Heath, 1998). Another benefit of this is to assess the usage of lighting condition more accurately during daylight hours (Thumann, et al., 2009).  
Fig 20. Is a template that could be used to complete the audit within the office environment. The template has included potential areas that could be identified as wastage. These questions are there to assist the auditors in completing the audit effectively. The guided points also help in keeping the audit process easy to follow by highlighting common areas where savings could be achieved, this will further improve the simplicity and reduce training required to complete the project. There have been several blank sections left at the bottom of the audit form to allow for other observations to be included within the audit. This will allow the auditor to tailor the audit to their specific workplace. 
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[bookmark: _Toc133078505]Figure 20 - Office Based Audit
Production Area Based Audit
The format of the production-based audit will remain similar to the template created for the office-based audit. The guidance questions will remain in place but will be guiding the auditor to instead investigate areas related to production environments. The additional observations section of the template will remain in place to maintain the tailoring of the audit to each specific workplace.  Regarding the shutdown of machinery, if it is highlighted that machines are powered on when not in use, it would be beneficial to hold a discussion with the production team to ensure there is not a genuine reason for this equipment to be powered on, such as machine warm up or maintenance activities. This could potentially save time and resources in quantifying potential savings and creating shutdown procedures when current shutdown practices are already in place and are effective. 
Fig 21 is the suggested template that could be used to audit production areas. 
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[bookmark: _Toc133078506]Figure 21 - Production Based Audit
Wastage Identification Audit
It should first be noted that this form of audit will only be possible to complete if the metering and monitoring systems allow. This suggested form of auditing will also assist in quantifying a value to the wastage being generated.  To complete this audit, the auditor will be required to use the metering system in place to identify consumers of energy during non-operation hours. 
This audit will focus on wastage, which could be completed on the office environment and on the production machines. These two will be similar and focus the energy being consumed during unoccupied or non-production times. This would be completed by using the metering system to draw on the historical energy consumption data of these two areas when they are not in use i.e. on weekends.  The time periods in which the wastage could be measure would have already been identified in the ‘High Level Audit’ form under the ‘Operational Hours’ section.  These audits will highlight how effective the shutdown procedures of equipment are within the organisation. Any findings here could highlight low cost or free energy improvement projects to begin the financial saving process to fund further projects. During these audits it could be beneficial to establish what the lowest baseline consumption would be to measure other values against this (Energy Hub, 2020). The report will suggest that the baseline consumption data should be taken from Christmas day readings as long as the facility does not operate during this time. The reason for this is because the consumption of energy is likely to be the lowest during this time due to complete plant shutdowns. 
In addition to these areas, a audit could also be completed on the wastage being seen on the site services on site where applicable. The first step in this audit will be on the power factor correction, power factor correction is a ratio figure that shows the user how much of the energy being supplied is converted into useful energy output (Alasooly, 2020). The lower the ratio of the power factor correction results in a higher level of energy wastage and higher supply bills for the consumer (Ware, 2006). Building on from the inspections on the power factor correction, measurements should be taken of significant energy users within the site services department, for example compressed air, vacuum, and chilled water systems.  During this audit it would be beneficial to use a non-productive day such as Christmas day to qualify how much is being consumed by these services. This will help identify to actual cost of compressed air leaks on site. 
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[bookmark: _Toc133078507]Figure 22 - Wastage Identification Audit


[bookmark: _Toc133078567]Step 2 – audit – TRIAL 
Continuing with the trail of the process being suggested by this report, this chapter will complete the step 2 trial. During this trial audits will be completed at a high level, low level, on working practices (observational) and on wastage identification.  
[bookmark: _Toc133078568]HIGH LEVEL AUDIT
In line with the suggestions made by this report, the first audit completed during the trial was the high-level audit. This involved capturing high level information about the environment where the project is taking place. The findings of the high-level audit can be seen in fig 23. 
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[bookmark: _Toc133078508]Figure 23 - High level audit - Trial
As can be seen in fig 23 there are only three forms of primary energy that will be consumed on site, in order of highest consumption these energy sources are electricity, gas and diesel.  From these primary sources there is also the generation of compressed air, vacuum, chilled water, HVAC and lighting. The 6 largest consumers of energy on site were identified as compressed air, forming production, plastics production, printing production, cutting production and an automated palletizer system. Of these 6 consumers, compressed air was the largest in the organization, consuming 40.3% of electricity on site. As a result of this further focus will be placed on service to improve its efficiency as much as possible. 
The high-level audit also outlines the form of energy metering system that is in place and to what granularity consumption information can be generated. The audit indicates the metering system in place is sufficient to base the project measurements on as it can capture HHD and captures consumption data on individual production lines/areas. 
Lastly, the operating hours were also identified across different departments, this will give the auditor a good indication of when it would be expected to see lower consumption in different areas as they are non-operational.  

[bookmark: _Toc133078569]LOW LEVEL AUDIT
The energy project being completed alongside these reports suggestions will complete low level audits on the compressed air system, the HVAC equipment, the building fabric and lighting systems. These are because it is believed that these will identify possible energy efficiency improvements that could be made. The audits completed can be seen in fig 24, 25, 26 and 27.


Compressed Air System
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[bookmark: _Toc133078509]Figure 24 - Low Level Energy Audit – Compressed Air
HVAC Equipment
[image: ]
[bookmark: _Toc133078510]Figure 25 - Low Level Energy Audit – HVAC
Building Fabric Audit
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[bookmark: _Toc133078511]Figure 26 - Low Level Energy Audit – Fabrication
Lighting Audit
[image: ]
[bookmark: _Toc133078512]Figure 27 - Low Level Energy Audit – Lighting
From the audits completed in fig 24, 25, 26 and 27 it has been identified there are many areas in which the organization is already performing well such as; 
· Regenerative heating being used to heat UK2 building.
· Air Management system installed on compressors to optimize performance.
· Skylights installed on roof space.
· Reflective window film installed on south facing windows.
These finding as well as others show the organization has already completed multiple projects of various sizes with the aim of improving energy performance. In addition to these completed projects, it was also identified a number of areas of potential projects could be completed to improve energy efficiency, these areas were;
· Various air leaks identified.
· High output pressure – could be reduced.
· Automation of office AC system
· Lighting to be upgraded to LED.
· Install PIR sensors in common areas.
· LUX sensor control of external lighting
These observations will be further investigated as potential projects that could be completed as part of the energy efficiency upgrades. 

[bookmark: _Toc133078570]Observational Audit
The next stage of audits carried out in line with the suggestions being made by this report is the observational audits, both in the on-site office areas and the production areas. 
Office Area Audit
Office based observational audits were completed throughout all offices at the UK site. During these audits there was a similar trend in the observations being identified.  An example of the audits completed and the observations identified can be seen in fig 28.
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[bookmark: _Toc133078513]Figure 28 - Audit Completed on UK Office Area
As fig 28 highlights, this particular audit was completed on the customer service office on the 25th July 2022. This audit is a good representation of the findings being seen across all offices audited. Supporting the findings in the low-level audit completed on the HVAC system and the Lighting system, there were a few common observations, these were;
· Automation of office AC system
· Lighting to be upgrade to LED.
· Install PIR sensors in common areas.
In addition to these observations, it was also noted that not all staff were aware of the correct procedures to shutting down the IT equipment, for this reason the need for a correct shut down procedure of the equipment has been raised as an opportunity for improvement. Further to this, it was also identified that another opportunity for improvement would be around the communication on the importance of energy reduction, this could be communicated to the teams, possibly through email or signage in common areas. 

Production Area Audit
On the same day as the completion of the office audit, audits were also completed on various areas in the production environment of the organization. For the purpose of this report, the area that has been included is ‘Production Area – Forming’. The reason for this audit being included to represent all the production areas is because it is the largest production area and the area with the most opportunities for improvement. The audit completed in the Forming production area can be seen in fig 29. 
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[bookmark: _Toc133078514]Figure 29 - Audit Completed on UK Forming Production Area
Similarly to the office area audit, there has also been a number of areas in which the organization has made an effort to improve its energy efficiency. These are;
· PIR high level lighting.
· Heating system controlled by thermostat. 
· Windows closed when heating system in operation.
Whilst it is seen as a positive that the above measures are in place to improve the energy efficiency of the organization, there were also a high number of opportunities for improvement noted. One of these opportunities was in line with the IT equipment shutdown procedure identified in the office audit completed. The other opportunities have been noted as;
· High level lighting should be upgraded to LED.
· Shutdown procedure to be re-communicated to production teams.
· Investigation and repair of air leaks.
As well as the opportunities noted above there was also a further opportunity identified in support of the finding in the low-level audit completed on the compressed air system. This finding was the possibility of reducing the compressed air system pressure to 6.5 bar from the current set point of 7.8bar. 
Other areas that potential energy saving opportunities were identified were on the building's externals and the forklift truck battery charging area. On the externals it was identified the external lighting could be controlled with photocells. Regarding the forklift charging stations it was noted that newer charging units are now available that reduce the energy consumption required to charge the batteries. 

Wastage Identification Audit
The last audit completed on the trial of the process being suggested was the ‘Wastage Identification Audit’. The areas that were considered for wastage identification or the quantification of wastage were; 
· Air Compressors
· Production Areas
· Offices 
The reason for these areas being selected for further investigation is due to them being highlighted the significant energy users earlier in the project trial.  During this audit it was identified the shutdown procedures being completed in the printing, plastics and cutting production departments were extremely effective, all of which achieving a consumption of below 30kWh per 24-hour period when not running production. 
 Contrasting the positive results seen in the other production departments, the forming production department is calculated to consume in excess of 300,000kWh annually, based on consumption seen in a 24-hour period during non-production hours. This supports the finding identified on the observational audit completed on the forming production department that identified several production machines not correctly shut down during non-production. The wastage identification audit also supported a finding highlighted in the office audit completed, this finding was the potential annual saving of 40,000kWh. 
The largest area identified of wastage was the consumption of compressed air due to air leaks. The consumption data was taken during Christmas day where there was zero production or manning on site, and still a calculated annual saving of nearly 900,000kWh could be achieved as a result of repairing the air leaks across the two production buildings.
All the findings from the ‘Wastage Identification Audit’ can be seen in fig 30. 
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[bookmark: _Toc133078515]Figure 30 - Wastage identification audit – Completed.



[bookmark: _Toc133078571]STEP 2 – AUDIT - FINDINGS  
From the completion of the ‘Audit’ phase steps in a trial process, there have been some positive findings and some areas where it is believed the process could potentially be improved. 
Some of the areas in which this report believes the process worked well was in the usage of the multiple levels of auditing. The high-level audit was a useful tool to gain a solid understanding of where the energy is consumed on site and what the significant energy users were. The identification of the significant energy users highlights where there may be some potential efficiency improvements made.  In addition to this, the observational audits were seen as a positive tool as they encouraged the auditor to see where procedures could be created or improved to create cultural change or poke yoke systems that would reduce energy consumption i.e. install PIR lighting to eliminate the need to manually switch off.  Lastly the Wastage Identification Audit was successful in supporting the opportunities identified in the previous audits as well as quantifying the amount of energy that is being consumed as wastage. 
There were however two areas where improvements could be made, these areas were around the number of audits completed on each area, and which areas were considered for auditing. Firstly, regarding the services on which the low levels audits are completed. The report considered compressed air, HVAC, building fabric and lighting systems, however it is believed further audits would be valuable to be completed on hot water systems and electric motors. In addition to this improvement, it is also believed that multiple observational audits should be completed on production areas and offices. The reason for this is to get a greater understanding of potential areas of energy reduction. With only one audit suggested to completed in and out of office hours, there is the potential to not only miss opportunities for improvement but also focus efforts on a opportunity what was a one off occurrence during the time of the audit. 

[bookmark: _Toc133078572]Step 3 – implementation and improvement methods and projects
During this phase of the project, it will be the aim to analyse the findings of the completed audits and prioritise them into various potential projects. To achieve this there will be four steps that will be suggested, these are a ‘Project Information Table’, a ‘Project Correlation Table’, a ‘Project Prioritization Table’ and a ‘Project Timing Plan’. Once these are completed there should be a clear plan in which the various projects have been identified, and in which sequence they will be completed in to achieve the self-funding approach of this project. 
[bookmark: _Toc133078573]Project Information Table – Live Document
The project information table is a document that will be kept live during the remainder of the project. The purpose of this table will be to track any changes that occur as the energy efficiency improvements take place. These changes could include the estimated cost, savings, or proposed start date of works. 
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[bookmark: _Toc133078516]Figure 31 - Project information table
[bookmark: _Toc133078574]Project Correlation Table
With the potential energy savings projects successfully pinpointed and their savings quantified, the next step will be to determine if any of the projects interact with each other. The correlation between projects will identify the relationship between two projects and if they have a positive, negative or no impact on each other (Bubevski, 2018).  
Correlation analysis is used within Six Sigma to determine if there is any relationship between different variables within a process (Harry, et al., 2010). Further to this Bubevski (2017) found that correlation between different projects can also be considered as part of six sigma.  This project will propose using a simplified version of correlation analysis to determine if any proposed project interact with each other and what the result of the interaction could be. An example of this could be in lighting projects, two projects such as installing LED lighting and ‘Person in Room’ sensors (PIR) would have an impact on the amount of savings that could be achieved. 
The project correlation table being suggested by this report can be seen in fig 32, this table highlights the different projects and a space to highlight if there is any relationship between two projects. A suggested key for this table can also be seen in fig 33, this shows a total of five symbols to highlight the level or relationship between two projects. these levels are ‘Strong Positive Correlation’, ‘Positive Correlation’, ‘No Correlation’, ‘Negative Correlation’ and ‘Strong Negative Correlation’. The suggested levels are guidance and could be adjusted or amended to suit the project being undertaken. 
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[bookmark: _Toc133078517]Figure 32 - Project Correlation Table
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[bookmark: _Toc133078518]Figure 33 - Project Correlation Relationship Strength Key

[bookmark: _Toc133078575]Project Prioritization Table
With the aim of this project to create a self-funding or low initial investment, it will be important to understand in which order the identified projects should be completed. The aim will be to start with zero/low-cost projects to begin generating savings, then the pre-agreed percentage of these savings could be reinvested into larger projects. This suggestion is supported by Sobh (2009) when they highlighted the benefits involved with prioritizing project to understand which projected should be completed first and in which order. 
To prioritize the projects identified during the auditing process, there are a number of areas that should be considered. This report suggests taking into consideration the project cost, implementation time, predicted energy savings, return on investment (ROI) and kWh saved per £1 spent. Based on these areas a priority score can be given to each project in order to establish an order in which they should be completed. 
The Project Prioritization Table being suggested by this report can be seen in Fig 34.  As can be seen in the project prioritization table, all five areas being considered have been included as well and the project name and predicted annual financial savings that would be achieved.  
[image: ]
[bookmark: _Toc133078519]Figure 34 - Project Prioritization Table
The last two columns of the Project Prioritization Table are the Priority Score and Priority Number. The priority score will be generated on a points system based on the values achieved in the Priority Table Criteria Value Scale in fig 35. For each of the criteria, a value will be given depending on the scale achieved within the table. The value achieved for each criteria will be multiplied together to deliver the Priority Score for each project.  Based on these scores, the Priority Number or implementation order will be determined by highlighting the project’s priority score from highest to lowest. 
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[bookmark: _Toc133078520]Figure 35 - Priority Table Criteria Value Scale

[bookmark: _Toc133078576]Project Timing Plan
The last tool to use in step three will be a project timing plan table. Hartman & Ashrafi (2004) found that poor planning of a project is widely accepted to cause the failure of that project, this failure may come in the form of quality, costs, timeframe or not meeting expectations. This finding is supported by Shah & Chandragade (2023) when they state lack of knowledge of effective planning has a direct negative impact on the project performance regarding times and cost.  This table will be an important part of the inter project implementations, and its aim will be to ensure the continued success of the project being completed by providing a structure to the proposed energy efficiency improvements.  This table will guide the user into a predictive timing plan for the projects and how they will fund each other’s implementation. 
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[bookmark: _Toc133078521]Figure 36 - Project Timing Plan
[bookmark: _Toc133078577]Step 3 - implementation - TRIAL
[bookmark: _Toc133078578]Project Information Table – Live Document
From the findings and observations in the completed audits in step three, there were ten energy efficiency projects identified to be completed as part of the larger project. These projects were;
1.  Production Machinery Shut Down
2. Office LED Lighting Upgrades
3. UK1 Shop Floor LED Lighting Upgrade
4. PIR Controllers on Communal Offices, Toilets and Corridors
5. LUX Sensor Control of External Lighting
6. Production Machine Pressure Reduction
7. Office AC Systems on Automatic Timers
8. Installation of Low Consumption FLT Battery Chargers
9.  Compressed Air Leak Survey and Repair
10. Office Equipment Shutdown Procedure
In addition to these projects, more effective communication of the importance of being mindful of energy consumption will also be completed. The forms of communication will include company-wide emails and signage place in common areas. This has not been included as a specific project as the report believes any savings seen as a result would not be accurately quantifiable, so it would not be possible to reinvest any potential savings.  
The Project Information Table completed highlighting the various projects and other information such as calculated savings and implementation costs can be seen in fig 37. 
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[bookmark: _Toc133078522]Figure 37 - In Progress Project Information Table
From the investigation of the install costs of the highlighted projects there are two projects that are of little to zero cost, so could be considered as the initial projects to begin the process generating savings for the funding of larger projects. These two projects were around the shutdown procedures of both the production machinery and office equipment. Building on from this there are a further three projects that could be installed for below a cost of £1,000. These projects were the pressure reduction of the compressors which had the potential to deliver a large saving of more than 350,000 kWh. The other two projects in this category were the installation of PIR lighting in common areas and LUX sensors controlling external lighting. On the other end of the scale regarding installation cost, the installation of LED lighting was the highest cost project at £95,000 with an estimated saving of above 440,000 kWh. 

[bookmark: _Toc133078579]Project Correlation Table
With the project information table now populated, the next step in the process was to gain an understanding of how each of these ten projects could interact with each other. During this table completion it was highlighted that the largest number of correlations were between projects 2, 4 and 10. All these projects had a strong correlation with each other and so the estimated savings may alter as all three projects are completed. In addition to this there was also a strong correlation between project 6 (pressure reduction) and project 9 (air leak repairs). The table completed during this trial can be seen in fig 38.
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[bookmark: _Toc133078523]Figure 38 - Completed Project Correlation Table


[bookmark: _Toc133078580]Project Prioritization Table
For the project to be the self-funding methodology, the order in which the projects are completed is vital. To determine the correct order for the projects to be completed the prioritization table will be completed. The findings of this and the priority value scale used can be seen in fig 39 and 40. 
[image: ]
[bookmark: _Toc133078524]Figure 39 - Completed Project Prioritization Table
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[bookmark: _Toc133078525]Figure 40 - Priority Table Criteria Value Scale
On review of this table there has been an immediate fault identified in its calculation. This fault was in that one of the two projects that were identified to be low / zero cost, and so the first projects to be completed, was highlighted as priority number 4. This priority does not align with the ethos of this self-funding methodology. Aside from this failing, it is believed the rest of the table is a suitable plan for the order of the projects to be completed. In the number 1 priority spot was the other low / zero cost project, machinery shutdown procedures. The second priority project was a suitable project for this position as it was relatively low cost with a very large energy consumption saving. The last project prioritized for completion were the production area LED lighting, common area PIR installation and low consumption battery chargers.  

[bookmark: _Toc133078581]Project Timing Plan
The last tool to be used in this stage of the project will be the ‘Project Timing Plan’ tool. To keep in line with the suggestions made by this report, the order in which the projects are going to be completed will remain in line with the project prioritization tool, despite there being a failure in the priority of project already being identified.  The completed timing plan table can be seen in fig 41. 
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[bookmark: _Toc133078526]Figure 41 - Project Timing Plan - Completed
Based on the reinvestment value of 35% and the predicted energy savings, the tool estimates the last project will begin at week 74, with completion of the last project at week 82. 


[bookmark: _Toc133078582]Step 3 – IMPLEMENTATION - Findings  
During this stage of the project trail, there was one area in which there was an obvious improvement that could be made. This improvement was within the prioritization table which did not place all zero/low-cost projects as the top priority. It should be considered to either alter the value scale tool or place these projects automatically as top priority to align with project goals. Other projects can then be subject to the prioritization evaluation.
Despite this failure it is believed by this project that the rest of the process was completed successfully due to the tools used. Other than the identified single project priority error, it is believed the remaining projects were prioritized in a suitable order. It is the belief that the simple correlation tool was great for generating an understanding of how the different project may interact with eat other during their implementation. In addition to this, the timing plan tool was very useful in generating an estimated timeline for each of the projects and when they will be started and completed. This was particularly well received by the project sponsor as it opened solid discussion points around the different projects and allowed for tracking of the projects during communication meetings. 
One further improvement that could be made during this stage was within the timing plan. The timing plan could have the inclusion of the monetary value that could be saved during timeline of the project. It is the belief of this report that highlighting this value would gain further buy in from the project team and most importantly the project sponsor.  







[bookmark: _Toc133078583][bookmark: _Toc111658089]Step 4 – rEVIEW
This stage is predicted to be the shortest and simplest stage of the project. The main aim during this stage will be the review the completion of the project, record any findings and handover any documentation. This stage is a mandatory stage and should be completed either at the end of a successful project, or even if it has been deemed necessary to close to project prematurely.  The report will aim to complete this document on a single form similar to the ‘Project Definition Form’ created in step one of the project. The reason for this will be to maintain a level of simplicity to the methodology process. At this level of the project the aim will be to complete a successful project closure, it could also be decided whether it is believed to be further savings that could be achieved, in this case the ‘PAIR’ system would restart in a continuous improvement fashion. 
Within Prince2 this stage of a project is known as the ‘Closing a Project’ process, this report will look to take some notes from this methodology due to its history of successful project management. Some of the areas this report will look to transfer from Prince2 into its own methodology is capturing lessons learned, handover documents and any follow-on actions required (Graham, 2010).
The single document being suggested by this report to finalise and close the project can be seen in fig 42. 
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[bookmark: _Toc133078527]Figure 42 - Project Review Form


Fig 42 has simply been named a project review form and in the top section and follows a similar layout to other documents completed in this project being the project number, project manager name and date are all included.  The first stage of the project review form has got some basic questions that will guide the project manager into ensuring that several important steps relating to the closure of a project have been completed. Also, in align with these questions there is the space to be able to include any additional notes that the project manager may consider important. Some of the questions included are based on the level of project completion, the objectives met, documentation updating, and any handovers required. 
From these questions the form then allows adequate space for the recording of any lessons learnt during this project, these lessons could include where the project succeeded and where it may have failed. This space will also be useful for recording any notes that would be useful in any other projects in the future.  In addition to this space, there is also space for the recording of any follow up actions that may be required after the completion of the project, this could include maintenance or future audits. 
Following on from this the next section requires the project manager to record the a few key metrics involved with the project. These metrics are project duration, annual kWh savings, annual financial savings and total amount reinvested. These metrics are deemed to be important as they will provide an immediate insight into whether the project is seen as successful or not. 
The last section of the project review form is to obtain the final closure signatures from both the project sponsor and the project manager. 


[bookmark: _Toc133078584]Step 4 – REVIEW – tRIAL 
Due to the timeline of the trail project being completed and the report deadline not aligning at the same end date, this project review form has been completed in advance of the completion of the ‘UK Energy Saving Project’. The project review form completion at this stage still can provide insight into how it performs and if it could be improved, in addition to this it will also help establish how the data could be captured if the project was brought to a premature end. 
The form completed for the completion of the project trial can be seen in Fig 43.
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[bookmark: _Toc133078528]Figure 43 - Project Review Form - Completed

The questionnaire section has highlighted a few key points in relation to the trial project. The first point is that the project has not yet been completed, is currently on week 30 and has one more energy saving opportunity to implement before completion. To date all the nine completed projects have been deemed successful. Due to the successful signs being seen during the implementations of the energy saving opportunities, the project sponsor agreed to offer additional funding to complete the installation of high-level LED lighting throughout the production area of the UK1 building.  At the time of writing this the handover of documentation such as maintenance manuals and training procedures have been handed over to the relevant departments. 
It was raised in the review form that there should be further observational audits completed in three months’ time, this will be with the aim to ensuring any shutdown procedures implemented as part of this project continue to be adhered to, and so the savings continue to be generated.  In Addition to this it was also highlighted that further air leak surveys should be completed on an annual basis to ensure new leaks are identified and repaired continually. In the section regarding lessons learned, the form has acknowledged there should have been a rearranged project priority to ensure the free / low-cost projects were completed first. 
Finally, the performance of the project can be seen in the final section, excluding the final energy saving opportunity (which has not yet been implemented) the project has achieved and annual saving of over two million kWh with a reinvestment value of below £104,000. In total the energy saving opportunities will save the organization more than £375,000. 

[bookmark: _Toc133078585]Step 4 – REVIEW – Findings
On the final tool / table of the project it is believed by this report this is a sufficient method of collecting relevant data relating to the project and its performance. Similarly, to previous tools such as the audits, the initial questions on the form guide the project manager in completing important steps such as documentation recording, which will help close the project successfully. In addition to this the questions will help the project manager reflect on the project performance and if the original targets and objectives have been met. 
Another area of the review form that is very useful to the project manager is the two questions relating to the follow up actions and lessons learned. This was useful in capturing any information for future projects and for the successful handover of the current project changes. 
Lastly, the final section was great for highlighting the overall performance of the project. This section served well in highlighting to the project sponsor and project team how successful the project was and its achievements. 
Although the project review form has performed well in the above areas, it was found by this report that there could have been the inclusion of two further points which would improve the project closure. One point would be a section dedicated to highlighting and linking to forms or documents that were created as a part of the project, these forms could include the completed training documents relating to procedures such as machinery shutdowns. The other point which could be included is the agreement of where all project documentation and form will be saved / stored after completion and closure. 


[bookmark: _Toc133078586]Conclusion
The aim of this project was to create a new methodology that would support energy improvement projects within industry. The aim of the new methodology was to be as low cost as possible to implement whilst remaining effective in its outcome. 
To establish a solid understanding of other project methodologies currently being used within industry, the report firstly carried out investigations into Lean, Six Sigma and Prince2. The report found that whilst these methodologies have been proven to be very effective with organizations globally, they do have some limitations which include the level of complexity. With high levels of complexity there is an associated cost involved regarding either training current staff members or recruiting experienced professionals. This factor was shown to be a contributing factor to some SMEs for not completing large projects as they don’t have the resource or funding available to support this.  
To be a successful methodology in not having the same limitations as Six Sigma and Prince2 this report would aim to be low/zero cost to implement.  The methodology being suggested by this report would aim to achieve this by being both simple in its application, to reduce training requirements and would rely on the reinvestment of funding generated from energy efficiency improvements made by this project.  To determine the proposed methodologies effectiveness and learn if it could be improved, a trail energy efficiency project was run within a large packaging manufacturer in line with the suggestions being made by this report.  
This report suggested that a four-step approach should be used, like the PDCA cycle used within the ISO50001 framework. The four-step approach being suggested by this report would have the memorable acronym PAIR, which would stand for Plan, Audit, Implement and Review. Within each of there 
During the planning phase it was suggested to use a single document to gather and agree  the required information and parameters of the project to be completed. This document would be known as the ‘Project Definition Form’ and it is suggested to include information important to the project such as the problem statement, project benefits, objectives, and scope. These sections should outline why the project is being initiated, what should be achieved and the boundaries within which the project should be completed. In addition to this, the project definition form included the identification of the project team, initial funding, and reinvestment funding. The form would need to be agreed and signed off by the project sponsor and project manager. In line with the project definition form, a timing plan and energy consumption map are required to be completed at this stage. After the completion of the trial project it was identified that the suggested form was suitable in that is was simple in its approach, but could be improved by the inclusion of the project communication plan and the identification of other project completed in this area to avoid duplication of work. 
The next stage of the suggested methodology was Audit, this would include the auditing of various areas through various methods. The audit to be completed in this section were high level, low level, observational and wastage identification. The aim of the high-level audit is to give the project team a solid understanding of the current situation of the energy being consumed within the organisation. Within this audit it will include what forms of energy are being consumed, what services are consuming energy, the organisational operational hours, the energy metering system in place and the significant energy users. The next audit to be completed were the low-level audits which included auditing systems such as HVAC, compressed air, lighting and building fabric. In addition to these, observational audits should be completed in both office and production areas. The last audit to be completed was to monitor the consumption of energy being used in various areas during unoccupied hours. It was identified by this report that the audits being suggested in this stage were good tools and guided the auditor through the audit process, one area in which it was identified this stage could be improved is with the completion of multiple observational audits, as this would allow for a more accurate picture of the current situation. 
The third stage of the methodology, named implementation included the planning and completion of the energy improvement opportunities identified during the audit phase. The better understand the individual improvement opportunities and how they should be completed, there were a number to tools created by this report. These first tool was the project information table; this is a live document which included information such as the potential energy saving opportunities of each project as well as implementation time and costs. The next tool to be used in this stage was the correlation table, this was created to understand how the different projects interact with each other. The next two tools were the project prioritization table and the timing plan. These tools will guide the project team in understanding in which order the projects should be completed to allow for the self-funding methodology to be achieved as well as the time in which they should be implemented, and the savings achieved. Although the tools in this section worked very well during the project trial, there was an improvement that could be made to the prioritization table, this was based around the automatic placing of the zero/low-cost projects as the top priorities. 
Similarly, to the first stage, the last stage, Review, was a single document to be completed capturing the relevant information to successfully close the project. This document included a small questionnaire to ensure all important steps have been followed in the project closure as well as the capturing of the project’s performance such as total amount of reinvestment, annual savings achieved and project time. In addition to these there are also sections to be completed around the handover of information after project completion and follow up actions that are suggested to be completed. Finally, sign off is required from the project manager and project sponsor to close the project.
 Overall, the methodology suggested by this report has provided a foundation for the successful completion of a self-funding energy improvement project. This was proven by the completion of the project in line with the suggestions made by this report. The trail project had zero initial funding and was completed over a period of 40 weeks. During this time the project provided an annual saving to the organization of more than 2,000,000 kWh. Further projects should now be completed using this methodology to further identify areas of potential improvement in different environments. 


[bookmark: _Toc111658090][bookmark: _Toc133078587]Recommendations and Further Work
Although the project completed using the suggested ‘PAIR’ methodology is seen to have been successful, it is the recommendation of this report that the ‘PAIR’ methodology should be adjusted to accommodate the findings highlighted in each of the ‘Findings’ sections on each of the four steps.
In addition to this, this report suggests that the ‘PAIR’ methodology should be subject to further tails in different environments as well as further trails within a similar production environment to further learn how effective it could be and if any further amendments are required.  
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achieved from upgrading the system?

[Have controls been set to match occupancy?

e fiters on AHUs and coils on AC condensers appropriately cleaned?

Has output legs of the AC and AHU Systems been appropriately
insulated?

Have TRVS been fitted to radiators (Thermostatic Radiator Valves)?

s heating or cooling taking place in un-used areas?

Are there any portable heaters or cooling units being used?

[Are thermostatic controls placed in sensible places (not in direct
sunlight/behind fumiture. etc)?

Has the system been set up to automatically tum off during unoccupied
times?

Is there a risk of heating and cooling operating in the same area?

i areas of heating/cooling, are there windows that are able to be opened?

[Are heating systems used in warehouse areas?

Are maximin temperature settings locks on indiidual control units?

Is exhaust-air heat recovery installed?
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Lighting Systems

Project Num
Auditor:
Dat

Completed
{y/n)

Is there a inspection / cleaning plan in place for the lighting
[system? Is this being completed in the scheduled time?

[What is the age and condition of the lighting equipment? Could
[savings be achieved from upgrading the system?

[Have controls been set to match occupancy?

Has Lux surveys been completed in areas to ensure correct level
of lighting?

[Are there any tungsten. florescent or halogen lamps still in use?
intemal or extemal)

Is the lighting in common areas being controlled by PIR? (meeting|
ofices. toilets, corridors)

Can light output be reduced in any exterior lamps?

[Are tamps and reflectors/shades ditty or discoloured?

[Are unoccupied areas being lit?

A there large banks of lighting controlled by single switches?

Does lighting automatically dim during sunny periods?

s schedule in place to clean windows and skylights?

A all exterior lights controlled by timers or daylight sensors?
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Building Fabric

Project Num
Auditor:
Date:

Completed ]
‘y‘,‘") opportunity

Is there a inspection plan in place for the building fabric? Is this|
being completed in the scheduled time?

[What is the age and condition of the building fabric? Could
[savings be achieved from upgrading the system?

[Have controls been set to match occupancy?

Does the roof have an acceptable level of insulation?

e all cavity appropriately insulated?

A all window openings appropriately sealing when closed?
No air ingress/egress

[Are the windows on site double glazed?

[Are doors sealing correctly when closed? No air
ingress/egress

s schedule in place to clean windows and skylights?

[Are door closures being used on all entry / exit points?

[Are loading bay skitts being used to create seal around trailers
during loading/unloading?

Do south facing windows have solar film installed to them?
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Compressed Air System

Project Title: Project Number:
Auditor:
Date:

Completed

in Observations Opportunity For Improvement

s there a maintenance plan in place for the system? Is this being
[completed in the scheduled time?

[What s the age and condition of the compressed air equipment? Could
savings be achieved from upgrading the system?

Have controls been set to match occupancy?

Are regular Compressed air leak surveys being completed with the
[appropriate equipment? Are the identified leaks being repaired in a timely
manor?

s compressed air used only where there are no other aftematives?

Is the air intake of the compressors being fed from the coldest air
possible?

[ What pressure is the system currently operating at? Can this system
pressure be reduced?

Is regenerative heating being generated from the compressors? What is
this heat being used for?

s there an automatic management system in place controling the
compressors? Is this designed to deliver the required volume of air in the
most efficient way?

[Are there condensate drains linked to the compressors? How are they
operated?

Does the compressed air distribution network have automtic isolation
points on individual areas? Do these operate to isolate sections when no
[compressed air is required?
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OFFICE BASED AUDIT

Project Title:

Project Number:

Completed
ly/n)

Auditor:

Date:

Office No.

Office Name:

Observations

Opportunity For Improvement

Are lights switched off when not in use?

Is AC system switched off when not in use?

Is all other equipment switched off when not in use?

Have windows been left open when AC systemis in
use?

Does all IT equipment have energy saving features
enabled?

Are portable heaters in use?

What temperature is AC system set to?

Is refrigeration equipment properly cleaned and
maintained?

What setting is the refrigeration equipment set to?

Are there posters/guidance displayed to remind staff
of good practice?

Are staff aware of shutdown procedure of office
equipment?

Other Observations
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PRODUCTION BASED AUDIT

Project Title: Project Number:

‘Completed

e Observations ‘Opportunity For Improvement

e any aic leaks detectable within the area?

[What temperature is heating system setto?

s al other equipment switched off when not i use?

Have windows been left open or extraction systems.
on wihist neating system s n use?

[Does ai I cquipment have eneray saving features.
enabied?

[are portable hesters 1 AC cookers n use?

[are staff aware of shutdown procedure of machinery.
[eaupment?

are fgts switched off when not in use?

Other Observations.
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WASTAGE IDENTIFICATION AUDIT

Project Title: Project Number:
|Auditor:

Date:

N " Method of Timeframe of . o - N
Area / Service Identified Measurement Meaurement Potential Savings Description / Calculation
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HIGH LEVEL AUDIT FORM

Project Title: Project Number: 0001

UK Energy Saving Project Auditor: Liam Gill

Incoming Sources of
Energy (Primary):

1. Electricity
2. Gas
3. Diesel (for HGV Shunting)

L

Secondary Sources of
Energy:

1. Compressed Air
2. Vacuum

3. Chilled Water

4. HVAC

5. Lighting
6.

Scope of Current
Metering System:

‘Current energy monitoring system is provided by Enica.

The system has the ability to measure electricity supply only on a departmental basis such as, offices,
forming production, printing production and extraction system etc.

System does not have ability to measure indicitual machines.

Customized reports can be created using online softeware and can measure down to HHD.

Identify Significant
Energy Users:

1. Compressed Air (40.3%)

2. Production - Forming (28.1%)
3. Production - Plastics (18.2%)
4. Production Printing (7.9%)

5. Production - Cutting (4%)

6. Automated Palletizer (0.7%)

Operational Hours:

Department 1: Offices - 8:30am - 17:00 Monday - Friday
Department 2: Production (excluding Plastics) 3 shift pattern - Monday - Friday

Department 3: Production Plastics - Continental - 7 days per week

AREAS / SERVICES ON SITE Y/N AUDIT COMPLETED?
Offices ane YEs  [QNA
Building Fabric Ono e One
Windows anoe MYs  OwA
Heating, Ventilation and Air Con ano EYs  Ona
Lighting ano EYs  Ona
Compressed Air ano EYs  ONa
Vacuum oo Ov  mNa
Chilled Water Y& [ONo av @A
Steam oves NO ovs NA
Effluent oves NO Ovs NA
Production Machines Yes  [JNO YES  [NA
(Other: Fork Lift Truck Battery Chargers ano MYs [ONA
Other:Waste Extraction System Yes  [ONO Y& ONA
Other: gvs  Ono ovs  Owva
Other: gvs  Ono ovs  Owva
Other: gvs  Ono gvs  Onva
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UK Energy Saving Project

Completed|
(y/n)

Observations

Liam Gill
01/08/22

Opportunity For Improvement

Is there a maintenance plan in place for the
system? Is this being completed in the
scheduled time?

YES

Maintenance records
checked - completed on time

[What is the age and condition of the
compressed air equipment? Could savings
be achieved from upgrading the system?

RUE VaTTeS oM T-T3 JEars:
after discussions with
Kaeser, there is no
considerable savings to be
achieved.

Have controls been setto match occupancy?

Sigma Air Management
System in place to deliver
correct requirements in most
efficient way.

Are regular Compressed air leak surveys
being completed with the appropriate
equipment? Are the identified leaks being
repaired in a timely manor?

Air leaks observed on
production machines

[Compressor supplier to complete
air leak audit on site - engineering
team to repair any findings

Is compressed air used only where there are
no other alternatives?

Is the air intake of the compressors being fed
from the coldest air possible?

Additional louvres recently
installed to allow increased
volume of air into
compressor room

What pressure is the system currently
operating at? Can this system pressure be
reduced?

System setto 7.8 bar

consider lowering pressure to 6.5
bar once identified air leaks have
been repaired.

Is regenerative heating being generated from
the compressors? Whatis this heat being
used for?

Regenerative heating used
as sole heating source for
UK2 building

Is there an automatic management system in
place controlling the compressors? Is this
designed to deliver the required volume of air
in the most efficient way?

Sigma Air Management
System in place to deliver
correct requirements in most
efficient way.

Are there condensate drains linked to the
compressors? How are they operated?

Mechanical Pump in place

Does the compressed air distribution network
have automatic isolation points on individual
areas? Do these operate to isolate sections
[when no compressed air is required?
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Heating, Ventilation and Air Conditioning (HVAC)

Project Title: Project Number: 0001

UK Energy Saving Project Auditor: Liarm Gill
Date: 0voe22

C';"(':,':;e Observation Opportunity

Is there a maintenance plan in place for the Maintenance records
HVAC system? Is this being completed in YES checked - completed|
the scheduled time? on time

‘Whatis the age and condition of the HYAC Systems <5VYears old
equipment? Could savings be achieved - not viable for
from upgrading the system? upgrade

Have controls been set to match
occupancy?

Maintenance
recodes show
cleaned bi~annually

Are filters on AHUs and coils on AC
condensers appropriately cleaned?

All ductwork
appropriately
insulated

Has output legs of the AC and AHU Systems
been appropriately insulated?

Have TRVS been fitted to radiators
(Thermostatic Radiator Valves)?

Is heating or cooling taking place in un- Systems mustbe
used areas? manually turned on

Are there any portable heaters or cooling
units being used?

Are thermostatic controls placed in sensible Confirmed correct
places (not in direct sunlight/lbehind locations with
furniture, etc)? maintenance supplier

TnStall SUtomatic
timers onto systems
to automatically turn
off outside working

locase.

Has the system been set up to automatically
turn off during unoccupied times?

Condensers only able
to heat o cool, not
both

Is there a risk of heating and cooling
operating in the same area?

‘windows observedto
be closed during time.
of audit

in areas of heatinglcooling, are there:
windows that are able to be opened?

Gas heating used -

Are heating systems used in warehouse heat required to

areas? maintain integrity of
materialproducts

Install max and min
Are manimin temperature settings locks on temperature limits
individual control units? onto heating
controllers

Maintenance supplier
confirmed this not in
place but also not a
viable option

Is exhaust-air heat recovery installed?
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Building Fabric

Project Title:

Project Number:

0001

UK Energy Saving Project

Completed
({yin)

Auditor:
Date:

Observation

Liam Gill
01/08/22

Is there a inspection plan in place for the
building fabric? Is this being completed in
the scheduled time?

YES

Completed on monthly
general inspections

Whatis the age and condition of the building
fabric? Could savings be achieved from
upgrading the system?

17 Years - Notin
scope to upgrade
building fabric

Have controls been set to match
occupancy?

Does the roof have an acceptable level of
insulation?

Are all cavity appropriately insulated?

Are all window openings appropriately
sealing when closed? No air
ingress/egress.

Are the windows on site double glazed?

Are doors sealing correctly when closed?
No airingress/egress

Is schedule in place to clean windows and
skylights?

Are door closures being used on all entry /
exit points?

Are loading bay skirts being used to create
seal around trailers during
loading/unloading?

Do south facing windows have solar film
installed to them?

Confirmed insulation
levels with roofing
supplier

Gaps identified -
adjusted during audit

Roof cleaned three
times per year

In place as part of BRC
standards

Infiatable skirts used to

create effective seals

Sealed and
completed
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Project Title:

Project Number:

UK Energy Saving Project

Complete
d(y/n)

Auditor:
Date:

Observation

Liam Gill
01/08/122

Is there a inspection / cleaning plan in place for|
the lighting system? Is this being completed in
the scheduled time?

YES

High level cleaning
completed annually as part
of BRC standards

What is the age and condition of the lighting
'equipment? Could savings be achieved from
(upgrading the system?

Lighting >12 years old

Upgrade lighting for LED
fittings

Have controls been set to match occupancy?

Lux level low in production
area - 180 lux

Upgrade lighting to
achieve >350 lux

Has Lux surveys been completed in areas to
ensure correct level of lighting?

Are there any tungsten, florescent or halogen
lamps still in use? (internal or external)

Is the lighting in common areas being controlied
by PIR? (meeting offices, toilets, corridors)

Can light output be reduced in any exterior
lamps?

Are lamps and reflectors/shades dirty or
discoloured?

Are there large banks of lighting controlied by
single switches?

Does lighting automatically dim during sunny
periods?

Is schedule in place to clean windows and
skylights?

Are all exterior lights controlied by timers or
daylight sensors?

Lux level low in production
area - 180 lux

Internal lighting halogen -
External LED

controlled by switch

Unable to reduce due to
safety concerns

High level cleaning
completed annually as part
of BRC standards

Switches control individual
production lines

Roof cleaned three times
per year

Lighting controlied by
timers

Upgrade lighting to
achieve >350 lux

Upgrade internal lighting

Install PR in common
areas

Upgrade lighting to
dimmable units

Consider controling
external lighting using
LUX sensors
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OFFICE BASED AUDIT

Project Title:

Project Number:

001

UK Energy Saving Project

Auditor:

LIAMGILL

2510712022

014

Completed

Observations
(3in)

CUSTOMER SERVICE

Opportunity For Improvement

Avre lights switched off when not in use?

2lights left on in corridor

o outside office hours

Install PIR in corridors

Is AC system switched off when not in use?

Customer Service AC
systemlefton at 23
degreed outside office
hours

Installtimers on AC Systems

Is 3ll other equipment switched off when not in use?

Printers and monitors left
onin Finance Office

communicate and enforce IT equipment
shutdown procedure.

Have windows been left open when AC system is in use?

All Windows Closed

Does allIT equipment have energy saving features
enabled?

Monitors stilpowered on
duting non operational
hours

Are portable heaters in use?

AC System only

What temperature is AC system setto?

26Degrees | Very high setting

Consider programming limitiation on max
and min temperature settings

Is refrigeration equipment properly cleaned and
maintained?

What setting is the refrigeration equipment set to?

5Degrees

Are there postersiguidance displayed to remind staff of
good practice?

Consider signage being placed in communal
areas

e staff aware of shutdown procedure of office
equipment?

5 staff spoken with - none.
aware of shutdown
procedure

Other Observations

Create work instuction with IT department
and communicate with office staff

Observation 1

Offices have halogen lighting in place, should be upgraded to LED

Observation 2

Lightes left on in toilets when not in use

Observation 3

Observation 4

Observation §
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PRODUCTION BASED AUDIT

Project Title:

UK Energy Saving Project

Completed
(aim)

TAMGIL

EEE

Observations

Fraduotion frea—Forming

‘Opportunity For Improvement
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Area / Service Identified

WASTAGE IDENTIFICATION AUDIT

Project Title:
UK Energy Saving Project

Method of
Measurement

Timeframe of
Meaurement

001

LIAM GILL

Potential Savings

03/08/2022

Description / Calculation

Compressed Air

Sigma Air
[Management System

(Chiistmas day

893,776 kWh

[Consumption data taken on chistmas day
with zero production. Consumption will
dentiy level of ai leaks on site

Production - Forming

Enica Measurement
system

[Weekend - No Production

321,992

Mutiple machines not cortectly isolated over
weekend period

Enica Measurement
system

Weekend - Out of Hours

various offce equipment not correctly shut
|down out of office hours.

Production - Printing

Enica Measurement
System

[Weekend - No Production

<30 kWh

Effective shutdown procedure in place

Production - Cutting

Enica Measurement
System

[Weekend - No Production

<30 kWh

Effective shutdown procedure in place

Production - Plastics

Enica Measurement
system

Chiistmas day

<30 kWh

Effective shutdown procedure in place
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VALUE

CRITERIA RATING SCALE
- ______________________________ |
IMPLEMENTATION COST: >£75,000
TIME TO IMPLEMENT: >12 MONTHS
PPREDICTED ENERGY SAVINGS: <5,000 kWh
ROI >3 YEARS
KWH SAVED PER £1 INVESTMENT: <1 kWh/£

IMPLEMENTATION COST: £25,001 - £75,000
TIME TO IMPLEMENT: 6 MONTHS - 12 MONTHS
2 PPREDICTED ENERGY SAVINGS: 5,000 - 50,000 kWh
ROI 1.51 - 3 YEARS
KWH SAVED PER £1 INVESTMENT: 1-10 kWh/£
IMPLEMENTATION COST: £5,001 - £25,000
TIME TO IMPLEMENT: 1 MONTH - 6 MONTHS
3 PPREDICTED ENERGY SAVINGS: 50,001 - 200,000 kWh
ROI 0.51 - 1.5 YEARS
KWH SAVED PER £1 INVESTMENT: 10.1-50 kWh/£
IMPLEMENTATION COST: £101 - £5,000
TIME TO IMPLEMENT: <1 MONTH
4 PPREDICTED ENERGY SAVINGS: 200,001 - 500,000 kWh
ROI 0.11- 0.5 YEARS
KWH SAVED PER £1 INVESTMENT: 50.1 - 100 kWh/£
IMPLEMENTATION COST: £0-£100
TIME TO IMPLEMENT: IMMEDIATE
5 PPREDICTED ENERGY SAVINGS: >500,000 kWh
ROI <0.1 YEAR

KWH SAVED PER £1 INVESTMENT:

>100 Kwh/£
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LIAM GILL

1
Project 10
off
‘Shutdown

PROJECT CORRELATION TABLE I
Juavou |

Project 7
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PROJECT REVIEW FORM

Project Title: Project Number:
Project Manager:
Date:

Completed

Further Information
Lyin)

PROJECT QUESTIONS

Have all identified projects been completed?
1f no please provide further information

Were all projects completed deemed successful?
1§ no please provide further information

[ Was the project timeline miestones agreed upon in the
project definition form met?
1f o please provide further information

Were outined project objectives met?
1£no please provide further information

Have all project documents been updated?
110, why not?

s there the requirement of handover to other teams?
Le. Production or office teams.

Has project closure been communicated to all
stakeholders?

Outine any follow-up actions that are required (if any)

Outine any lessons learned (including project
successes and project faiures)

PROJECT RESULTS

Total project time

|Annual Savings (kWh)

|Annual Financial Savings

Total amount reinvested

PROJECT CLOSURE AGREEMENT
Project manager: Signed:

Project Approval by: Signed:
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PROJECT REVIEW FORM

Project Title:

Project Number:

UK Energy Saving Project

PROJECT QUESTIONS

Project Manager:

Date:

Completed

(yin) Further Information

Have allidentified projects been completed?
1 n0 plsce provide further nformstion

Project ongaing at time of form completion - currently on implementation
week 30. Due to success of project so far, additional funding granted for
installation of LED lightingin UK 1and common area PIRinstall. Only
remaining project Low consumption FLT chargers

Were all projects completed deemed sucoesshul?
1fn0 please provide further information

All project completed so far have been deemed successful

Was the project timeline milestones agreed upon in the
project definition form met?
1f no pleaze provide further information

To current date the tineline have been reduced due to extra funding
being granted form project sponsor and group board level.

Were outlined project objectives met?
1fno please provide further information

To date all objectives have been met.

Have allproject documents been updated?
1Fne, why not?

All documentation up to date. Remaining documentation on remaining
project tbe.

Is there the requirement of handover to other teams? Le.
Production or office teams.

Signed copies of shutdown procedures to relevant department
managers.
New product manuals, maintenance procedures and warranty to
Facilties Team.

Has project closure been communicated to all
stakeholders?

Outline any follow-up actions that are required (if any)

Attime of completing this document there is one energy saving project
remaining.

Recommended that observational audits are completed in 3 months time to monitor
implemented shutdown procedures.
Recommended that air leak survey is completed once per year to identify new leaks.

Outline any lessons leamed (including project successes
andproject failures)

During the project priority evaluation, it should have been adjusted to allow for the
completion of zerollow cost project top be completed first.

PROJECT RESULTS

Totalproject time

40 Week - to date

Annual Savings (Kwh)

2,096,424 KWh (exclading FLT charger Project)

Annual Financial Savings

£375,260.08 (excluding FLT charger Project)

Total amount reinvested

£103,725 (exclading FLT charger Project)

PROJECT CLOSURE AGREEMENT

Project manager:
Liam Gi

Signed:
pr

Project Approval by:
MD

Signed:
D
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