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[bookmark: _Toc39337886]Abstract
The energy performance of buildings is a growing subject amongst governments, businesses and households, and is rather important for economic, social and environmental sustainability. The evaluation of energy performance is the first significant step in identifying, implementing and improving energy efficiency in a building. Energy efficient measures, either technological or practical, can improve energy performance, achieve cost savings, and reduce energy consumed by a particular process, technology or facility, and can be implemented readily, provided they are economically feasible. The evaluation of energy performance at one of Calsonic Kansei’s production plants is conducted and possible improvement suggestions are presented.
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[bookmark: _Toc39337889]Pandemic Impact
Due to unforeseen circumstances as a consequence of the COVID-19 (Coronavirus) pandemic, the content that was planned for the discussion section of this thesis has changed and therefore, resulted in it becoming further work. Since the lockdown began and having to work from home, I have had difficulty accessing the internet and this has not just been an individual issue, it has affected the entire household. As a result, my access to online resources that I could have used for information, data and referencing has been restricted and thus, limited the time I have spent on the thesis. For the discussion section, I planned to conduct a feasibility study into possible energy efficient measures, such as presenting no, marginal or major investment measures with recommendations prioritising each according to cost, estimated annual savings, time implementation, payback period, Net Present Value (NPV), Internal Rate of Return (IRR) and savings to investment ratio. However, due to my limited internet access and often times slow computer performance which has affected my project timescale, I was unable to achieve this and therefore could only present simple improvements which could be considered.
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[bookmark: _Toc39337891]The Environmental Issue
A global energy transition is underway to deviate from existing finite fossil fuels and adopt low carbon alternatives such as wind, solar, hydro and biomass (Gielen, et al., 2019). This comes as calls from leading scientists and environmental experts, along with pressure from the public urging governments and industries worldwide to keep global warming to a maximum 1.5°C (Dunlop, 2019).
In the twenty-first century, climate change is recognized as the greatest environmental issue confronting the human race (Friedrich, et al., 2016). By 2100, average global temperatures could increase approximately 4.8–7.4°C due to global warming (Valadkhani, et al., 2019). Currently, the major cause of global warming is greenhouse gas (GHG) emissions, particularly, carbon dioxide (CO2) which has been responsible for unprecedented global temperature rise (Hargrove, et al., 2019). According to the Intergovernmental Panel on Climate Change (IPCC) 2018 special report, exceeding 1.5°C global mean temperature will lead to catastrophic outcomes for humans and the environment, including rising sea levels and extreme weather conditions; such as heat waves, tropical cyclones and desertification (IPCC, 2018). 
On Thursday 28th November 2019, the European Parliament declared a climate and environmental emergency globally as a result of continuous demand of fossil fuel production and release of CO2 emissions. EU countries are now being urged to propose their strategies of tackling climate change, and by 2050 the latest. In order to accomplish this, countries must ensure proposals are aligned with 1.5°C target, cut greenhouse gas emissions by 55% by 2030, phase out all direct and indirect fossil fuel subsidies by 2020 and double their contributions to the international Green Climate Fund (GCF) (Haahr, 2019).
This demand for energy has been largely driven by rising production in energy-intensive industries, such as metal and chemical production, petroleum refining, and cement and forest products (Archer & Rahmstorf, 2010). To save energy and help mitigate climate change, energy efficiency represents a cost-effective solution and an important policy strategy to governments worldwide (Florence, 2019).
[bookmark: _Toc39337892]The Project
For this project, an energy audit will be conducted to analyse the energy performance of a production plant and identify areas where the company can reduce energy consumption and GHG emissions whilst conserving energy and costs. Through the implementation of energy efficient technologies and practises. This project will include supervised site visits to understand the working environment and operations, what energy is being used, where is it being used, how much is being used and how much it costs? Examining certain energy consuming equipment, for instance, lighting, heating and motors, as well as, analysing consumption data. The reason for the project is simple! To improve energy efficiency and sustainability of the plant. This is important because the issue of energy efficiency is a growing subject amongst businesses. Not just because of its immediate impact on production costs but also its significant impact on environmental, social and economic sustainability. 
[bookmark: _Toc39337893]Aims
· Identify what energy is used, where is it used, how much is used and how much it costs.
· Assess existing patterns of energy consumption in different cost centre operations.
· Relate energy inputs and production outputs.
· Highlight energy wastage in major areas.
· Implement measures for energy conservation and efficiency.
[bookmark: _Toc39337894]Objectives
· [bookmark: _Hlk36649104]Identify areas of improvement and implement energy conservation measures requiring no or marginal investment through optimisation of operations.
· Identify areas of improvement and implement energy conservation measures requiring major investment by integrating modern energy efficient equipment and upgrading existing equipment. 


[bookmark: _Toc39337895]Literature Research
[bookmark: _Toc39337896]Climate Change
[bookmark: _Hlk36829631]The scientific evidence is now overwhelming: climate change is a serious global threat and it demands an urgent global response (Stern, 2007). The Earth’s climate is rapidly changing, since the Industrial Revolution, man-made activities together with human activities, have contributed towards significant amounts of GHG emissions (Vijayavenkataraman, et al., 2011). As production of GHGs continues, rise in global temperature is accelerating (Chao & Feng, 2018) and have increased by more than 1°C since pre-industrial age, and concentration of CO2 in the atmosphere is now well over 400 parts per million (ppm) - highest level on record (Ritchie & Roser, 2019).
[bookmark: _Hlk36829652]Globally, 36 billion tonnes of CO2 are emitted each year from industrial activities, and this is rising (Harvey & Gronewold, 2019). There is no surprise that China and the United States, are responsible for more than 40% of this with both countries containing the largest populations and industrial outputs (Fleming, 2019). Industry is a major contributor towards GHG emissions and responsible for one-third of CO2 emissions worldwide, and by 2025, global energy use in this industry is expected to rise by 75% (Brown, 1999). The chemical and petrochemical industries are the largest industrial energy consumers, accounting for 10% of global final energy demand and producing 7% of GHG emissions (Griffin, et al., 2017).
[bookmark: _Hlk36829672]The effects of climate change are being felt today, and projections show potentially devastating risk to human health (Watts, et al., 2015). According to the World Health Organisation (WHO), between 2030 and 2050 an estimated 250,000 deaths will occur per year, as a consequence of climate change (WHO, 2014). The direct effects of climate change will include heatwaves, floods, droughts and storms, in addition to, indirect effects such as air pollution, disrupted water and ecosystems, spread of diseases, food insecurity and ill health (Houghton, 2009).
[bookmark: _Hlk36829681]The Paris Climate Agreement was a significant milestone towards tackling climate change by cementing actions and investments needed for a sustainable low carbon future (UNFCCC, 2020). Nevertheless, as a global community we cannot rely on governments and businesses to step up and make a difference. Everyone on this planet has a moral responsibility to make a change regardless of how big or small that might be: it is in our hands to decide what kind of difference we want to make.

[image: ]	[bookmark: _Toc39337969]Figure 2: Average global temperature from 1850-2018 (Ritchie & Roser, 2019)

[image: ][bookmark: _Toc39337970]Figure 3: Global atmospheric CO2 concentration (Ritchie & Roser, 2019)

[image: ][bookmark: _Toc39337971]Figure 4: Global annual CO2 emissions map (Ritchie & Roser, 2019)


[bookmark: _Toc39337897]Energy Consumption
[bookmark: _Toc39337898]Energy Consumption in Buildings
As of 2017, buildings consumed 30% (22% residential and 8% non-residential) of global final energy, equating to more than 3.0 Gtonne (Giga tonne) and accounting for 28% of CO2 emissions. Energy consumption in buildings has increased since 2000, at an annual average growth rate of around 1.1% (IEA, 2019). The drive behind this increase is due to expanding population and urbanisation, increasing purchasing power in developing economies and growing commercial activity (Turok & McGranahan, 2013). Furthermore, energy is used in every stage of a building’s life cycle: from architectural design and construction, to usage and maintenance and demolition and waste disposal (Yüksek & Karadayi, 2017), along with, the provision of heating, cooling, lighting, water, equipment and appliances (Vorsatz, et al., 2012). Although buildings account for almost one-third of total energy consumption worldwide, there are opportunities for governments and businesses to adopt energy efficient practises on new and existing buildings, that make financial or economic sense (ESMAP, 2014).
[bookmark: _Toc39337899]Energy Consumption in Industry
Industry is vital for the world’s economy and plays an imperative role in the development and sustainability of society’s economic security (Dong, et al., 2018). However, as industrial activity increases, so does the pressure on the environment in the form of emissions and pollutants to the atmosphere and ecosystems, generating waste and consuming resources (EEA, 2019). Currently, the industrial sector accounts for 34% of the world’s total final energy use and is projected to increase by an average of 1.2%/year by 2040 (EIA, 2016). There are three main types of industries responsible for this: energy intensive manufacturing, such as metal production, pulp and paper production, and food, drink and tobacco production. Non-energy intensive manufacturing such as machining, printing and publishing, and transport equipment. Lastly, non-manufacturing, for example, agriculture, mining and construction (Gazprom, 2019). The measurement and implementation of energy efficiency of a system, sub-system or process, is a critical step towards energy conservation, controlling energy consumption and costs within these industries (Giacone & Mancò, 2011).
[image: ][bookmark: _Toc39337972]Figure 5: Global energy transition through three different areas: sectors, regions and fuels (BP, 2019)


	[image: ][bookmark: _Toc39337973]Figure 6: Change in industrial consumption 2017-18 by fuel and sub-sector in the UK (BEIS, 2019)




	[image: ][bookmark: _Toc39337974]Figure 7: Final energy consumption by sector in the UK, 2018 (BEIS, 2019)




[bookmark: _Toc39337900]Energy Efficiency
In order to reduce energy consumption and avoid a temperature rise, industries and businesses must recognise and implement energy efficient measures to play their part in mitigating climate change (Velazquez, et al., 2018). By adopting energy efficient practises, benefits can be achieved for industrial organisations and society, through sustainable development and addressing the economy of primary resources (König, 2019).
[bookmark: _Toc39337901]Barriers to Implementing Energy Efficient Measures
Improving energy efficiency is considered the quickest and most cost-effective method to achieve GHG emission targets, climate change mitigation and environmental protection (Schleich, 2009). However, it is not as straightforward to implement energy efficient measures, as there are often financial, behavioural and political barriers preventing the implementation of energy efficient technologies and practises (Schleich & Gruber, 2008). According to (Manrique, et al., 2017; United States Department of Energy, 2015), the points below explain the main barriers industry face.
· Flawed information: Lack of information conveyed to customers regarding energy efficient opportunities and technologies available, or conversely, when unavailable. Thus, inadequate information can lead to little or no investment.
· Hidden costs: Costs of adopting energy efficient technology, such as overhead, production and performance costs are often not included in investment models and so individuals, particularly industry managers, are unaware due to inadequate information available.
· Risk and uncertainty: Companies unwilling to invest in energy efficient technologies due to financial uncertainty of recovering initial investment over long term. Furthermore, technical risks such as unreliability and inconsistency of the performance of technologies used. Thus, the risk of investing can outweigh the benefits.
· Access to capital: For companies to invest and implement efficient measures, bank loans are usually required. However, it is difficult to access bank loans because energy efficient technologies are more expensive. Furthermore, if an organisations' access to capital is limited, they can only borrow at high interest rates, preventing investments even if they show high rates of return.
· Boss-to-employee relationships: If there is no trust between parties at different organisational levels, the programme will fail or not be as effective as it should be.
· Split incentives: Neither the landlord or tenant are responsible for paying utility bills and thereby have little or no interest to invest in energy efficiency or conserving energy.
· Heterogeneity: This occurs when there is a technology more profitable at the time or if the energy efficient technology cannot be implemented due to operational restrictions, for instance, contamination, temperature limitation or technical specifications.
[bookmark: _Toc39337902]Benefits of Implementing Energy Efficient Measures
Despite widespread recognition of the importance of energy efficiency for industrial competitiveness and climate change mitigation, the rate of adopting energy efficient measures is still low (Cagno, et al., 2018). In order to increase this, businesses must be aware of the benefits surrounding energy efficiency. According to (Kamal, et al., 2019), the points below explain the benefits associated with energy efficiency at different levels of an organisation, along with its impact on social and environmental sustainability.  
Micro-Economic
· Asset value: Increased capital value of building and equipment.
· Materials & labour: Cheap material and labour costs.
· Savings in capital investments: Unnecessary to purchase new equipment to balance energy supply.
· Energy savings: If a business is running efficiently, this will lead to increased savings in energy consumption and cost.  
· Savings in carbon offset/environmental tax: Avoid carbon offset payments and environmental taxes by complying to efficiency standards and regulations.
· Productivity: Increase productivity and work output (both technologically or manually) with same or lower energy consumption levels.
Macro-Economic
· Incomes: Lower energy bills equates to an increase in income.
· Industry productivity: Increased productivity across entire sector.
· Energy prices: Lower energy demand means expected reduction in energy prices.
· Public budgets: Increased public budgets for potential projects.
· Energy security (buying/selling): An energy importer country importing less energy, and an energy exporter country exporting more energy.
· Economic effect: Increased Gross Domestic Product (GDP) of a country.
Environmental
· Greenhouse gas emissions: Reduction in greenhouse gases, for instance, carbon dioxide (CO2), methane (CH4), nitrogen oxides (NOx) and ozone (O3).
· Resource management: Conserving natural resources such as water, minerals and crude oil.
· Air/water pollution: Reduction of air and water pollutants.
Social
· Health: Less time spent in hospitals and reduced medical expenses.
· Energy affordability: Opportunity for more people to access energy at lower or affordable prices.
· Energy access: Financial savings can be used to increase infrastructure access to energy.
· Development: Development of economy, society and environment.
· Public image: Better public image due to low energy consumption.
· Job creation: Increase in direct and indirect production of jobs.
· Rebound effect: Reduction in expected efficiency gains because of increase in non-energy benefits.
	[image: ][bookmark: _Toc39337975]Figure 8: Benefits of energy efficiency improvements (Avram, et al., 2018) 
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Having considered the barriers and benefits of energy efficient measures, it is useful to present general energy conversation interventions that exist and the benefits of each. These measures are not limited or specific to, any type of individual, business, industry or building and thus, can be implemented universally. However, depending on their applications, they could pose different benefits or may even be undesirable to implement in terms of economic viability (Sorrell, 2015). According to (Myrto, 2011), in order to evaluate every possible conservation method, it is helpful to gather all available data of the building(s) you wish to improve and decide on an appropriate evaluation method. These measures could concern:
· Improving the building envelope.
· Improving electromechanical equipment. 
· Changing electrical appliances.
· Using renewable energy systems.
In table one below are various energy conservation measures which could be implemented, and their impact on energy savings and CO2 emissions. These are measures are based on the literature research done within the context of this thesis.


[bookmark: _Toc39338002]Table 1: Energy conservation measures
	Energy Conservation Measures
	Energy Savings
	CO2 Savings (kT)/year
	References

	Thermal insulation of external walls with inadequate insulation
	30–60% for space heating
	3,574
	(Balaras, et al., 2005)

	Thermal insulation of roofs with inadequate insulation
	2–14% for space heating
	550
	(Balaras, et al., 2005)

	Installation of double-glazing windows
	14–20% for space heating
	1,539
	(Balaras, et al., 2005)

	Maintenance of central heating systems
	10–12% for space heating
	951
	(Balaras, et al., 2005)

	Temperature balance controls
	3–6% for space heating
	157
	(Balaras, et al., 2005)

	Space heating thermostats
	3–6% for space heating
	147
	(Balaras, et al., 2005)

	External shading
	10–20% for space cooling
	78
	(Balaras, et al., 2005)

	Roof ventilators
	5-10% for space cooling
	942
	(Georgopoulou, et al., 2005)

	Night-time ventilation
	15% for space cooling
	54
	(Georgopoulou, et al., 2005)

	Ceiling fans
	60% for space cooling
	93
	(Balaras, et al., 2005)

	Replacement of old and inefficient local air-conditioning units
	72% for space cooling
	241
	(Balaras, et al., 2005)

	Energy efficient lamps
	60% for lighting
	817
	(Balaras, et al., 2005)

	Replacement of old inefficient electrical appliances
	63% of electric consumption
	2,500
	(Georgopoulou, et al., 2005)

	Installation of solar collectors for hot water production
	72% of electric consumption for cooling
	2,710
	(Balaras, et al., 2005)

	PV cells for electricity
	Extra 25% reduction of total primary energy consumption 
	1,200
	(Georgopoulou, et al., 2005)

	Building management system (BMS)
	15-20% for energy efficiency
	1,298
	(Georgopoulou, et al., 2005)
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[bookmark: _Toc39337905]Why is Energy Wasted?
Before explaining what, an energy audit is, it is important to understand the reasons why energy is wasted in many residential, commercial and industrial  buildings. According to (Beggs, 2009), the reasons for this are as follows:
· Poorly designed buildings: Buildings inadequately insulated result in high space heating and cooling costs, or mechanical ventilation ducts undersized resulting in high power consumption.
· Inadequate control systems: Heating systems installed without any optimum controls.
· Poor control settings: Time clock controllers set incorrectly resulting in the building being heated when not in use.
· Inefficient plant operation: Use of old or out-of-date technology, a situation made worse if maintenance is not carried out correctly.
· Poor operating and working practises: Lights left on in buildings when they should be switched off. This is due to lack of awareness or concern from staff (or occupants) surrounding energy efficiency.
Although the reasons mentioned above are multifactorial, according to (Thorn, 2019) the main reasons for energy wastage are mentioned below:
· Building designers do not pay energy bills: Design process is associated with construction process, and therefore, designers usually select low capital solutions resulting in higher operating costs.
· Energy consumption taken for granted: Most building occupants and users do not pay energy bills and will prioritise personal comfort and are less interested in how much energy they consume.
· Cultural awareness: Most organisations do not have an awareness, understanding or education surrounding energy efficiency or conservation.  
· Energy & labour: In many countries the cost of energy in comparison to labour costs is low.
[bookmark: _Toc39337906]What is an Energy Audit?
An energy audit is a management method/tool used to identify opportunities for energy efficiency in domestic, commercial or industrial buildings (Li, et al., 2017). It enables owners and businesses to understand how and where energy is used and what improvements could be made to conserve energy (EcoVision Sustainable Learning Center, 2012). The procedure involves: an inspection of the plant, building(s), systems and equipment, and producing a report of recommendations where the business can improve energy efficiency (Vesma, 2017). Energy audits are often conducted by consultants; however, they can be conducted in-house if the individual feels confident (The Green Energy Advice Bureau, 2017).
[bookmark: _Toc39337907]Types of Energy Audits Available
There are two types of energy audits available: a preliminary and detailed audit. Depending which is appropriate, the following criteria must be considered: business function, size of site, type of industry, extent of audit needed, and the potential and magnitude of energy savings desired (Hasanbeigi & Price, 2010).
Preliminary Energy Audit
A preliminary (or walk-through) energy audit, is considered the simplest and quickest. It can be carried out within ten days and consists of conducting a walk-through inspection of the building(s) or facility to identify maintenance, operational or defective equipment, highlight energy costs and major energy supply and demand areas. (Nikhila, 2016). The process involves collecting, classifying and analysing data such as utility billing information, building equipment, process diagrams and operating data. Once the data has been examined, the auditor can identify areas of energy waste or inefficiencies, along with energy saving opportunities, a qualitative analysis of implementing these measures and an estimation of potential energy and cost savings. A final audit report would then be produced containing basic comments on a project’s feasibility, including low-cost and no-cost measures (Sharma, 2016).
Comprehensive Energy Audit
A comprehensive (or detailed or investment grade) energy audit, is considered more thorough and laborious. It is usually carried out within two to four weeks and involves a comprehensive review and thorough engineering analysis of equipment, systems and operations of the entire building(s) or facility to provide energy saving recommendations. In addition, a quantitative study of implementation with complete investments, operational and maintenance costs and a breakdown of the investment model (EMANZ, 2019). This audit comprises of real energy demand, and suggests various energy saving measures, including the calculation of energy and cost savings and the investment needed to implement them. Furthermore, a financial plan, as well as an implementation of a savings plan. In addition, a feasibility study of recommended energy performance improvements, using accurate estimates for major capital investments (EA Team, 2017).
[bookmark: _Toc39337908]Benefits of an Energy Audit
Energy audits provide important guidelines to individuals and offer insights into major areas of energy consumption. If performed correctly, audits lead to immediate savings financially through energy efficiency and conservation (Smith, 1981). According to (Santalla, 2019), the following benefits can be achieved:
General Benefits
· Reduced energy usage increases energy conservation and cost savings.
· Reduced production costs subsequently improves company competitiveness.
· Reduced dependence on foreign energy sources.
· Reduced environmental damage, pollution and production of GHG emissions.
· Increase security of energy supply.
· Reduced consumption and exploitation of natural resources.
Major Benefits
· Lowers energy bills.
· Increased comfort for occupants in the building.
· Increased lifespan of equipment.
· Discovers unaccounted energy consumption within the building or facility.


[bookmark: _Toc39337909]Methodology
[bookmark: _Toc39337910]Methodological Approach
In order to appropriately and successfully address the issue of energy consumption and GHG emissions within the plant, while attempting to achieve the aims and objectives stated, a methodical approach was followed. This is to justify what was done throughout the project and how it was done, as well as, evaluating the reliability and validity of research conducted. Therefore, a mixed (quantitative & qualitative) methodical approach was considered and implemented. The reason for this approach is because it enabled a greater range of numerical measurements and in-depth exploration of data collection through site visits, observations and descriptions by staff (qualitative), along with numerical comparisons and statistical analysis of building and consumption data (quantitative). The approach fits well with the project as it presents a broader picture of the plant’s operations and energy consumption on site.
[bookmark: _Toc39337911]General Procedure
It is important to have a structured approach (or procedure) in place before and during an energy audit, to ensure it is conducted appropriately and professionally, in addition to, following regulations and safe working practises (Muhammad, 2017). For organisations or individuals with years of experience and expertise in this field, this would be common knowledge, but for someone with no prior knowledge or experience, secondary sources are beneficial. To ensure this audit was performed correctly, research was conducted beforehand through secondary data from various sources such as books, previous research (articles and journals), websites and agencies involved in building conversation. In particular, information published from the (Carbon Trust, 2011; SAEI, 2019; NIFES Consulting Group, 2002) were some of the secondary sources used to gather information on how to appropriately conduct an energy audit on site. Therefore, this research methodology was executed in four phases:


[bookmark: _Toc39337912]Phase One – Preliminary Data Collection
[bookmark: _Hlk39161546][bookmark: _Hlk36299815]Phase one was the preparation and pre-analysis of the audit. Prior to collecting preliminary data, an introductory meeting was arranged with the plant manager and site service engineer to discuss; firstly, the potential of an energy audit with the company and secondly, the scope and scale of the audit in terms of which site areas to cover and sub-systems to address. This would determine the type of energy audit most appropriate, as well as discussing goals, objectives, and possibilities. Once determined, preliminary data could be gathered from the company, this included: energy consumption of the facility including the last three years of consumption data, equipment inventory and process diagrams, identifying fuel types used, patterns of consumption, main areas consuming energy and analysing the effect of the weather on energy consumption.
[bookmark: _Toc39337913]Phase Two – Walk-Through Survey
[bookmark: _Hlk39162516][bookmark: _Hlk39007728][bookmark: _Hlk33715026]Phase two involved a scheduled site visit to conduct a walk-through energy survey of all relevant buildings. This was the primary method of assessing energy use on site, however, to effectively perform the survey, there were five key aims to achieve: (1) identify customers’ needs and concerns, (2) identify types of energy used, (3) identify what equipment consumes most energy on site, (4) understand how energy consuming equipment is controlled and (5) identify opportunities for savings. Furthermore, gather additional information about the equipment, such as: brand, model, power & consumption, operating hours and conditions and current operating and maintenance procedures. In addition, reviewing relevant information on energy use, such as consumption and sub-metering data and process diagrams. An audit checklist was designed and used to stimulate questions about energy practises for each sub-system such as lighting, heating and motors to ensure each was addressed. The survey was performed in a safely manner, following safety procedures and wearing appropriate protective clothing such as steel toe boots and high vis vest. Once the survey was complete, data was analysed and a summary of observations and recommendations made, including, scheduling further walk-through surveys to focus on specific sub-systems in more detail.
[bookmark: _Toc39337914]Phase Three – Data Analysis
[bookmark: _Hlk39163531]Phase three involved the analysis of data collected from phase one and two to construct a picture of the plant’s overall energy use, operations and energy losses. Consumption data, particularly those for electricity and natural gas were examined to understand and analyse the plants energy costs so an accurate analysis could be conducted. Furthermore, by gathering this data, a model could be developed to represent existing energy use and operating conditions for the relevant building. To ensure a realistic model was created, all operations of the organisation were analysed, for instance, the equipment. Processes possessing higher energy consumption were identified in order to reduce consumption and identify energy saving measures to improve performance. All information collected was used to evaluate different uses of energy and establish a breakdown of energy consumed.
[bookmark: _Toc39337915]Phase Four – Energy Saving Measures
Phase four, final phase of the procedure involved identifying energy saving measures once all data was collected and analysed. It was an opportunity to develop an account of cost-effective energy conservation measures to reduce energy consumption, whilst maintaining the same or better operating and climate conditions or improving these conditions with no change in consumption. 


[bookmark: _Toc39337916]Results
[bookmark: _Toc39337917]Primary Data
Results are split into two sections: plant data and components & press workshop data. Plant data is about the plant overall, and determines types of energy used, where it is used, how much is used and how much it costs. This data was collected from consumption data and provides a broader picture of plant operations. Components and press workshop data is information about that particular building, which is the main focus of this thesis. The data was gathered by conducting walk-through surveys and using an audit checklist to examine certain energy consuming equipment, as well as producing calculations.
[bookmark: _Toc39337918]Overall Plant Data
Total Energy Consumption (2017, 2018 & 2019)
[bookmark: _Hlk37270869]The data below (tables two, three & four) represents energy consumption, running cost and GHG emissions of electricity and natural gas. The data is spread across three years to provide a clear picture and understanding of fuel consumption patterns. Moreover, data from tables have translated into graphs (figures nine and ten), to illustrate and describe visually the consumption patterns during a twelve-month period from 2017 to 2019. Subsequently, it was revealed that during the three-year period, total energy consumption for both sources decreased, thus, reducing running cost. However, although GHG emissions decreased from 2017 to 2018, an increase occurred in 2019 due to gas consumption. This could be due to weather conditions, for example, colder climates influencing consumption of gas needed for heating.
[bookmark: _Toc39338003][bookmark: _Hlk36970976]Table 2: Energy consumption, running cost and GHG emissions (2017)
	[bookmark: _Hlk34381722]2017
	Energy Consumption
	Running Cost
	GHG Emissions

	
	(kWh/Year)
	(%)
	(£/Year)
	(%)
	(Tonnes/Year)

	Electricity
	14,736,345
	49%
	1,781,624
	59%
	5,181

	Gas
	15,218,132
	51%
	1,217,451
	41%
	2,803

	Total
	29,954,477
	100%
	2,999,075
	100%
	7,984


[bookmark: _Toc39338004][bookmark: _Hlk36971549]Table 3: Energy consumption, running cost and GHG emissions (2018)
	2018
	Energy Consumption
	Running Cost
	GHG Emissions

	
	(kWh/Year)
	(%)
	(£/Year)
	(%)
	(Tonnes/Year)

	Electricity
	14,110,413
	48%
	1,705,949
	59%
	3,994

	Gas
	15,043,708
	52%
	1,203,497
	41%
	2,767

	Total
	29,154,121
	100%
	2,909,446
	100%
	6,761



[bookmark: _Toc39338005]Table 4: Energy consumption, running cost and GHG emissions (2019)
	[bookmark: _Hlk34296655]2019
	Energy Consumption
	Running Cost
	GHG Emissions

	
	(kWh/Year)
	(%)
	(£/Year)
	(%)
	(Tonnes/Year)

	Electricity
	12,719,300
	47%
	1,537,763
	57%
	3,251

	Gas
	14,564,446
	53%
	1,165,156
	43%
	3,723

	Total
	27,283,746
	100%
	2,702,919
	100%
	6,974



	[image: ][bookmark: _Toc39337976]Figure 9: Natural gas consumption comparison (2017, 18 & 19)





For natural gas (figure nine), there is a trend with consumption during the twelve-month period. As gas is primarily used for heating, during the colder season, for instance autumn and winter, consumption would be higher to provide adequate heating for occupants, conversely, during warmer seasons, for example spring and summer, consumption would be lower due to an increase in external temperatures. However, notice the significant increase in consumption during May, September and October (2017), February and March (2018) and November (2019), this could be due to long periods of unexpected colder climates and influence of storms or higher production demand.
	[image: ][bookmark: _Toc39337977]Figure 10: Electricity consumption comparison (2017, 18 & 19)



[bookmark: _Hlk37355696]For electricity (figure ten), there is a trend of consumption each year, in particular, how consumption increases and decreases each month. As shown in January, May and November (2017, 18 and 19) where the most amount of electricty was consumed, compared to April, August and Decenber (2017, 18 and 19), where the least amount was consumed. Notice how cosnumption during 2019 is significantly lower from January to September, and only slightly lower from October to December. However overall, 2019’s electricty consumption is below the previous years, showing that the company are trying to reduce electricty consumption. 
Energy Consumption (2019)
The data below (figures eleven and twelve) represents energy consumption of electricity and natural gas. The data is spread across a twelve-month period during 2019 to provide a clear picture and comprehensive understanding of the plants most recent fuel consumption patterns.
Natural Gas
[bookmark: _Hlk35366461]Shown in figure eleven is the monthly gas consumption throughout 2019. From January to August, consumption decreases (exceptions for May and July), and from August to December consumption increases. The reason for this trend could be due to seasonal weather in UK. During autumn and winter (September to February), average UK temperature was between 7-10°C, therefore, the plant may have required more internal heating for comfort of its occupants and thus, increase in consumption and cost. Conversely, during spring and summer (March to August), average UK temperature was between 9-18°C, and so the plant may have required less internal heating due to adequate external heating of building, resulting in a decrease in gas consumption and costs. Cost consumption graph for natural gas can be found in appendices 15.7.1.
	[image: ][bookmark: _Toc39337978]Figure 11: Natural gas consumption (2019)




Electricity
Shown in figure twelve is the monthly electricity consumption throughout 2019. A noticeable fluctuation occurred which saw January, May and November consume the most electricity, totalling 3,838,200 kWh (about one-third) of total electrical consumption. In addition, April, August and December, consumed the least amount of electricity, totalling 2,584,334 kWh of total electrical consumption. For February, March, June, July, September and October energy consumption was steady around 1,000,000-kWh. The reason for this fluctuation could be due to an increase and decrease of production demand. Cost consumption graph for electricity can be found in appendices 15.7.2.
	[image: ][bookmark: _Toc39337979]Figure 12: Electricity consumption (2019)



Electricity Consumption – Breakdown (2019)
Shown in figure thirteen is the breakdown of electrical consumption throughout the plant in 2019. In particular, where and how much electricity is consumed, in percentage form, from the total amount which is approximately 12,719,300 kWh. From the pie chart, compressed air, nitrogen, lighting, moulding equipment and components area were the most electrically consuming sections on the site and when combined, reach a total of 7,029,233 kWh of total electrical consumption. There is no surprise that these are the most electrically demanding applications, as they are primarily used for performance and operations of the site and are always being used simultaneously to keep plant running, during both high and low production demand. 
	[image: ][bookmark: _Toc39337980]Figure 13: Electricity consumption breakdown (2019)



Lighting
[bookmark: _Hlk35545574][bookmark: _Hlk39235341]Shown in figure fourteen is the monthly electrical consumption for lighting. The graph shows a fluctuation of consumption throughout 2019 which saw January, May, August and November consume the most electricity, totalling 483,259 kWh. Conversely, April consumed least amount of 86,648 kWh. For February, March, June, July, September, October and December consumption for each month was steady around 100,000-kWh. Typically, a consumption trend should occur through the year due to the impact which seasonal weather has on lighting in the UK. For instance, during spring and summer, consumption should be lower because of longer, lighter and warmer days which provide an abundance of natural sunlight. In contrast, during autumn and winter, consumption should be higher due to shorter, darker and colder days. However, this does not seem to be the case. Cost consumption graph for lighting can be found in appendices 15.7.3.
	[image: ][bookmark: _Toc39337981]Figure 14: Lighting consumption (2019)



Compressed Air
Shown in figure fifteen is the monthly electrical consumption for compressed air. The graph shows a fluctuation of consumption throughout 2019 which saw January, February, March, September, October and November consume the most electricity, totalling 697,995 kWh. Conversely, April, May, June, July, August and December consumed the least amount, totalling 528,141 kWh. There are no consumption trends with compressed air as they do not have an impact from external sources other than being switched on or off and so subsequently, energy and costs will vary depending on amount of electricity consumed and working patterns of the compressors. Cost consumption graph for compressed air can be found in appendices 15.7.4.
	[image: ][bookmark: _Toc39337982]Figure 15: Compressed air consumption (2019)



Nitrogen
Shown in figure sixteen is the monthly electrical consumption for nitrogen. The graph shows a similar fluctuation to lighting where some months consume a great deal of electricity and the rest of the months consume roughly the same amount. As shown during January, May, August and November which consumed a total of 470,453 kWh of electrical consumption. Conversely, for February, March, April, June, July, September, October and December, consumption for each month was steady around 120,000-kWh. Nitrogen is a specialist area when it comes to energy consumption due to its complexity of use throughout the plant, however, it is the biggest energy consumer at the site. Cost consumption graph for nitrogen can be found in appendices 15.7.5.
	[image: ][bookmark: _Toc39337983]Figure 16: Nitrogen consumption (2019)



Production Lines 1, 3 & 4
Shown in figure seventeen is the monthly electrical consumption for production lines one, three and four. The graph illustrates that line four consumes significantly more energy compared to lines one and three. Suggesting that line four contains more energy intensive, and heavy-duty processes and equipment which may be utilised more often for production. In some cases, for instance during January, February, March, May and June, consumption in line four is almost double the energy consumption in lines one and three together. Throughout 2019, line one and three together consumed 1,021,426 kWh (line one = 656,352 kWh) (line three = 365,074 kWh) and line four consumed 1,616,040 kWh. Cost consumption graph for production lines one, three and four can be found in appendices 15.7.6.
	[image: ][bookmark: _Toc39337984]Figure 17: Production lines 1, 3 & 4 consumption (2019)



Components 
Shown in figure eighteen is the monthly electrical consumption for components workshop where the tool room (CNC) machines, welding equipment, washers, ovens and chillers are situated. The graph shows a fluctuation of consumption throughout 2019 which saw January, May, August and November consume the most electricity, totalling 552,000 kWh. Whereas, April consumed least amount which was 76,053 kWh. For February, March, June, July, September, October and December consumption for each month was steady around 110,000-kWh. As with compressed air, there are no consumption trends with components as they do not have an impact from external sources other than being switched on or off and their working patterns vary depending on production demand. Therefore, energy and costs will vary depending on amount of electricity consumed. Cost consumption graph for components can be found in appendices 15.7.7.
	[image: ][bookmark: _Toc39337985]Figure 18: Components consumption (2019)





[bookmark: _Toc39337919]Components & Press Workshop Data
Lighting
Shown in table five is data collected from the lighting system. The data was collected when the walk-through survey was conducted, and it provides a broader picture of the lighting system installed and enables the calculation of energy consumption, GHG emissions and running costs which can be found in appendices 15.3.
[bookmark: _Toc39338006]Table 5: Lighting data
	[bookmark: _Hlk36301171]Type of lighting system:
	T5 compact fluorescent

	Lighting wattage:
	54 W/pair & 108 W/unit (27 W/bulb)

	Age of lighting:
	4-5 years old

	Working pattern:
	Mon – Fri (24 hrs) & Sat (6 hrs)

	Lighting controls:
	Zoning switching

	Maintenance strategy:
	Reactive maintenance

	Estimated annual energy consumption
	87,187 kWh

	Estimated annual running cost
	£10,541

	Estimated annual GHG emissions
	22,285 kg CO2e


Heating
[bookmark: _Hlk38056080]Shown in table six is data collected from the heating system. The data was collected when the walk-through survey was conducted, and it provides a broader picture of the heating system installed and enables the calculation of energy consumption, GHG emissions and running costs which can be found in appendices 15.4.
[bookmark: _Toc39338007]Table 6: Heating data
	Type of heating system:
	Ambirad SOLARGLEOW Plaque heaters & Industrial Air Curtains

	Heating input:
	[bookmark: _Hlk38389104]Plaque heaters = 15.25 kW
Air curtains = 49 kW

	Age of heating:
	Plaque heaters: 25 years old
Air curtains: 5 – 6 years old

	Working pattern:
	[bookmark: _Hlk33816685]Mon – Fri (24 hrs), Sat (6 hrs) & Sun (12 hrs)

	Heating controls:
	Manually controlled (previously controlled by thermostat)

	Maintenance strategy:
	Reactive maintenance

	Estimated annual energy consumption
	Plaque heaters = 743,922 kWh
Air Curtains = 1,195,154 kWh

	Estimated annual running cost
	Plaque heaters = £59,514
Air Curtains = £95,612

	Estimated annual GHG emissions
	Plaque heaters = 136,770 kg CO2e
Air Curtains = 219,729 kg CO2e


Electric Motors
Shown in table seven is data collected from the electric motors. The data was collected when the walk-through survey was conducted, and it provides a broader picture of the motors installed and enables the calculation of energy consumption, GHG emissions and running costs which can be found in appendices 15.5.
[bookmark: _Toc39338008]Table 7: Electric motor data
	[bookmark: _Hlk38895120]Types of motors:
	Servo motors, stepper motors & three-phase squirrel cage induction motors

	Motor wattage range:
	2.25 – 54 kW

	Working pattern:
	Between 20 & 120 hours per week 

	Maintenance strategy:
	Reactive maintenance

	Estimated annual energy consumption
	1,095,860 kWh

	Estimated annual running cost
	£132,490

	Estimated annual GHG emissions
	280,102 kg CO2e




[bookmark: _Toc39338009]Table 8: Highest electrically consuming motors
	
	Motor (kW)
	Running Hrs/Week
	Annual Demand (kWh)
	Annual Cost (£)
	CO2e (kg)

	ONA Datic D360 (x1)
	14
	20
	12,726
	1,539
	3,253

	Pollard Corona Single Spindle Pillar Drill (x2)
	12
	20
	10,958
	1,325
	2,801

	Rhodes DS2-250 Tonne (x2)
	37
	78
	128,487
	15,534
	32,841

	Rhodes DS2-200 Tonne (x1)
	15
	78
	51,402
	6,214
	13,138

	Rhodes DS2-80 Tonne (x1)
	8
	78
	25,701
	3,107
	6,569

	Oak Press LP-150-1532 (x1)
	22
	39
	37,912
	4,584
	9,690

	WILKINS & MITCHELL 300 TONNE (x1)
	37
	78
	128,504
	15,536
	32,846

	HME DCP6 150 Tonne Double Crank Press (x2)
	22
	39
	38,567
	4,663
	9,858

	Atkin Automation SP250/2.5 (x2)
	10
	39
	16,543
	2,000
	4,228

	JLS Electric Oven (x1)
	54
	78
	186,113
	22,501
	47,571

	MecWash Maxi 600 (x1)
	50
	120
	265,118
	32,053
	67,764

	ICS Chiller 40 (412) (x2)
	36
	39
	62,038
	7,500
	15,857

	Origo™ Tig 3000i AC/DC (x6)
	22
	78
	74,445
	9,000
	19,028





U-Values
U-values represent the effectiveness of a building’s construction materials at slowing the rate of heat transfer between the inside and outside of the building (Marshall, et al., 2018). The lower the U-value, the slower heat is transmitted through the building and therefore, better insulation and maintaining comfortable conditions. Conversely, the higher the U-value, the quicker heat is transmitted through the building (Tae & Jeong, 2019). R-values are the reciprocal of U-values and used to determine the thermal resistance of a material at a specific thickness, that is, its resistance to heat transfer. The higher the R-value the more effective it is as an insulator (Li, et al., 2014).
Shown below are the calculations made to determine the U and R-values for the plant’s buildings materials and then justifying the results with values published by professional and governmental bodies.
Calculations
Roof & Walls Materials:
Internal skin (Sheet steel coated with white enamel) = 0.4 mm (4 x 10-4 m) thick
External skin (Sheet steel coated with plastisol) = 0.5 mm (5 x 10-4 m) thick
Polyisocyanurate = 40 mm (0.04 m) thick
R-value Equation:
Equation: R = 
I = thickness of the material (m)
λ = thermal conductivity of the material (W/m.K)
R-values:
Internal skin: I = 4x10-4 m, λ = 50.2 W/m.K = R =  = 7.97 x 10-6 m2.K/W
Polyisocyanurate: I = 0.04 m, λ = 0.023 = R =  = 1.739 m2.K/W
External skin: I = 5x10-4, λ = 50.2 = R =  = 9.96 x 10-6 m2.K/W
RTotal: 1.739 + (9.96 x 10-6) + (7.97 x 10-6) = 1.739 m2.K/W
[bookmark: _Hlk31875325]U =  =  = 0.575 W/m2.K (for roof and walls)
From the calculations it was determined that the U-value for the building (roof and walls) was 0.575 W/m2.K each, which according to (Kingspan Group, 2018) the U-value for non-domestic existing buildings in Wales should be 0.26 W/m2.K for windows and 0.15 W/m2.K for a pitched roof. This means that the buildings fabric materials are underperforming and are not adequate enough to slow the rate of heat transfer and the building is losing heat at a rapid pace. Therefore, this has a consequence on indoor heating as the company is consuming and paying more to try and heat the building.


[bookmark: _Toc39337920]Analysis
[bookmark: _Toc39337921]Lighting
[bookmark: _Toc39337922]System
The lighting system installed is T5 compact fluorescent, each containing 27 watts per bulb, with an installation age between four to five years old and there are 580 lights installed. The current lighting system demonstrates commitment towards energy efficiency and a step in the right direction in tackling climate change. Compact Fluorescent Lamps (CFLs) are a common type of energy-saving bulb and, cost-effective and efficient in areas where lights are on for long periods (Philips, 2019). According to (Browne, 2020; Cowan, 2017), there are a number of benefits to using CFLs:
1. CFLs use 60-80% less energy and replacing a 100-watt incandescent bulb with a 22-watt CFL bulb produces the same amount of light output for less energy. 
2. CFLs are cheaper in the long term because of their longevity (about 10,000 hours of usage) and use a third of electricity compared to traditional bulbs.
3. Replacing an incandescent bulb with a CFL bulb will reduce a half-tonne of CO2 from the atmosphere over its lifespan.
4. CFLs use an electric current to stimulate gases within the bulb instead of using a filament. This causes a phosphorous coating which produces light and results in less energy lost to heat and energy consumed by the bulb.
5. CFLs have excellent lumen maintenance, meaning their light output does not depreciate over time. Even after years of usage they will still be bright. 
6. CFLs come in many shapes and sizes, for instance, globe, tube, spiral etc., which makes them excellent bulbs for many types of lights and applications.
Nevertheless, there are limitations to using CFLs according to (Singh & Katal, 2013; Abbas, 2018) who highlight the following:
1. Presence of toxic mercury in the bulb. Although only small amounts are contained, if the bulb gets damaged or disposed of incorrectly it can be released into the environment. 
2. Reduction in light output in low temperature regions. As temperature decreases, CFLs take longer to heat up to full capacity, making them inadequate for frequently cold regions.
3. Light output decreases through frequent on/off switching. Although CFLs last up to 10,000 hours, turning them on and off regularly can reduce their lifespan and should only be used for long periods.
4. Not all CFLs can be used with dimmer switches and so using a regular CFL that cannot be used with a dimmer switch will shorten its lifespan.
5. CFLs are only suitable for ambient light and not for focused, spotlight or narrow beams of light.
[bookmark: _Toc39337923]Operational Controls
The lighting system is controlled manually through an operation called zoning lighting. This means, occupants have control over more than one light or lighting simultaneously, through separate controls in which certain areas can be switched on or off independently (Laura, 2015). Zoning offers different lighting requirements depending on task, along with dimming switches which provide lighting levels and use natural daylight closer to windows. Thus, reducing energy consumption and heat (Hager, 2015). This is a basic form of control; however, zoning provides efficient lighting which can improve local conditions, save energy and costs and satisfy individual preferences (Pandharipande & Newsham, 2018).
[bookmark: _Toc39337924]Illumination (Lighting Levels)
Due to the type of work in this industry (engineering and manufacturing) there is a level of illumination considered acceptable in these operating conditions. According to (CIBSE, 2019; HSE, 1997) the recommended lighting levels for this industry are as follows: Tool shops: 300 – 750 lux, arc welding: 300 lux, spot welding: 500 – 1000 lux, heavy machine assembly: 300 lux and inspection and testing: 500 – 2000 lux. Comparing this with the lighting levels measured in the components area, which was on average 442 lux at the front, 339 in the middle and 335 lux at the back and in the press shop it was 250 lux on average. These measured values compared with values published by professional and governmental bodies shows that these areas are adequately lighted.
[bookmark: _Toc39337925]Calculations
[bookmark: _Hlk38389909]Once the lighting data was collected, calculations were made as shown in appendices 15.3 to estimate consumption, running cost and GHG emissions. From the calculations, it was revealed that with the current lighting system, the 145 light fixtures (580 lights) installed are consuming 90,812 kWh of energy per year, therefore producing 23,028 kg of CO2, 59 kg of CH4 and 124 kg of N2O. In total, producing 23,211 kg CO2e. Furthermore, their running cost per year based on their working pattern was £10,979.
[bookmark: _Toc39337926]Space Heating
[bookmark: _Toc39337927]System
There are currently two heating systems installed: plaque heaters and air curtains. Both use natural gas, the plaque heaters have a power consumption of 15.25 kW, there are eight of them and are twenty-five years old. The air curtains have a power consumption of 49 kW, there are four of them and are between five to six years old. The current heating systems could be improved due to two reasons: firstly, the age of the plaque heaters are old and less energy efficient and more expensive to run, secondly, both heaters are high energy consumers. However, according to (British Gas, 2013; Winrow, 2017) there are a number of benefits to natural gas heaters:
1. Natural gas heaters take no time to start and will heat the surrounding area immediately without having to wait.
2. Gas heaters have longer lifespans because they are less likely to breakdown as a result of water leaks, faulty valves, frozen pipes and system failures.
3. It is easier to control the temperature desired in the building by adjusting the ventilation.
4. Radiant heaters can be positioned where direct heating of people, machinery, or stock can be achieved without heating the whole volume of air.
5. High surface emissions can achieve about 170 k.W/m2 and surface temperatures between 800 to 900°C and radiant efficiency is about 55-40%.
6. Heater installations are cheaper in capital-cost and running costs because air temperature can be 3°C lower.
Nevertheless, there are limitations to using CFLs according to (British Gas, 2013; Aire Serv, 2016) who highlight the following:
1. Natural gas prices fluctuate which means the operating costs of the heater will change. In colder months, when fuel prices are high, the cost of using the heater will increase.
2. Natural gas heaters are more likely to corrode and last about five years before requiring a service or maintenance.
3. Potential for carbon monoxide leak, which can be poisonous or fatal at high doses. Gas leaks and fires are also possible.
4. Initial purchase and installation cost can be high and may need to spend time re-routing ducts as well as ensuring there is adequate insulation.
5. The system will struggle to determine the correct temperature if doors or windows are open, causing it to take longer to heat the area.
6. The on and off mechanism can become problematic.
[bookmark: _Toc39337928]Calculations
Once the heating data was collected, calculations were made to estimate consumption, running cost and GHG emissions as shown in appendices 15.4. From the calculations, it was revealed the eight plaque heaters installed are consuming 743,922 kWh of energy per year, therefore producing 136,517 kg of CO2, 179 kg of CH4 and 74 kg of N2O. In total producing 136,770 kg of CO2e. Furthermore, the running cost of plaque heaters per year based on their working pattern was £59,514. The air curtains on the other hand are consuming 1,195,154 kWh per year, therefore, producing 219,323 kg of CO2, 287 kg of CH4 and 120 kg N2O. In total producing 219,730 kg of CO2e. Furthermore, the running cost of the air curtains per year based on their working pattern was £95,612.
[bookmark: _Toc39337929]Electric Motors
[bookmark: _Toc39337930]Individual Motors
Shown in table eight above are the highest electrically consuming motors. These motors were identified as the highest energy consumers in the components and press shop building and typically represent the most energy demanding machines  in the workshop such as pressers, chillers, ovens, washers, CNC machines and welding. These machines are essential for production and to meet demand, and therefore use a lot of energy. All motors catalogued in table eight consumed more than 10,00 kWh of energy, cost more than £1,000 to run and emit more than 2,000 kg of CO2e. From the table, the two Pollard Corona Single Spindle Pillar Drills consumes the least amount of energy of 10,958 kWh, cost £1,325 to run and emits 2,801 kg of CO2e per year based on their working pattern of 20 hours per week. On the other hand, the single MecWash Maxi 600 machine consumes the most amount of energy of 265,118 kWh, cost £32,053 to run and emits 67,764 kg of CO2e per year based on their working pattern of 120 hours per week.
[bookmark: _Toc39337931]Calculations
Once the electric motor data was collected, calculations were made to estimate consumption, running cost and GHG emissions as shown in appendices 15.5. From the calculations, it was discovered the motors installed are consuming 1,095,860 kWh of energy per year, therefore producing 277,888 kg of CO2, 712 kg of CH4 and 1,501 kg of N2O. In total, producing 280,102 kg CO2e. Furthermore, the running cost of the lights per year based on their working pattern was £132,490.
[bookmark: _Toc39337932]Degree Days
Degree days account for effects of weather changes on energy demand within buildings (Atalla, et al., 2017). It is used to measure indoor heating and cooling energy consumption; and for predicting energy demand, consumption patterns and carbon emissions (Mistry, 2019). Furthermore, degree days is used extensively to assess climate change impact (Mourshed, 2012). It is a simple but effective tool used in monitoring and targeting, to model the relationship between outdoor air temperature and energy consumption. It works by finding the summation of the difference between the outdoor air temperature and a reference (or base) temperature, in a particular location over a specified period of time (Day, 2006). According to (Lee, et al., 2014), to estimate weather-related energy consumption and impact of climate change, two indictors are commonly used:
· Heating Degree Days (HDD): Measures how much (in degrees), and how long (in days), the outdoor air temperature is lower than the base temperature (or balance point). It is used to calculate energy consumption required to heat buildings.
· Cooling Degree Days (CDD): Measures how much (in degrees), and how long (in days), the outdoor air temperature is higher than the base temperature. It is used to calculate energy consumption required to cool buildings.
[bookmark: _Toc39337933]Monthly Average Temperature (2019)
In order to find the relationship between weather-related energy consumption, a graph was produced to show monthly average temperature throughout 2019. This is to demonstrate how the monthly average temperature compares to the base temperature, in this case, 15.5°C and how the effects of changing temperature will impact energy consumption. Monthly average temperatures have been taken from (Time and Date, 2020).
	[image: ][bookmark: _Toc39337986]Figure 19: Monthly average temperature in Llanelli vs base temperature (2019)



[bookmark: _Toc39337934]Heating Degree Days
Heating Degree Days vs Energy Consumption 
Figure twenty represents space heating consumption against heating degree days. The graph yields a straight line and consists of the slope and intercept on the vertical axis – in the form of y = mx + c. The “regression or performance line” is the line of best fit through the points and used to calculate the expected energy consumption for a given number of degree days. The slope measures amount of extra fuel consumed for an increase in degree days; the intercept suggests non-weather-related energy use. The R2, measures accuracy of the correlation and the closer the R2 value to one, the better the correlation, or the higher the R2, the better (Carbon Trust, 2012). The graph shows that as the number of degree days increases each month so does energy consumption, however, there are some fluctuations with the scattered points. Everything below 150-degree days represents months (May, June, July, August, September & October) where less energy was consumed as a result of average warmer days, thus, less heating required to heat the building. Conversely, everything above 150-degree days represents months (November, December, January, February & March) where more energy was consumed as a result of average colder days, thus, more heating required for the building.
	[image: ][bookmark: _Toc39337987]Figure 20: Heating degree days vs space heating consumption (2019)



Actual vs Projected Energy Consumption
Figure twenty-one shows the current energy consumption which the plant consumes through space heating against projected consumption. The projected consumption figures were calculated from the performance line equation y = 2868.7x + 789133 which means the difference between actual and predicted consumption = actual consumption – (slope x degree days + intercept) (Carbon Trust, 2012). The graph shows a fluctuation of actual consumption results across 2019, particularly during March, April, May, June, August, September and December where consumption was close, if not lower, than projected consumption. Therefore, less space heating used during these months as a result of warmer climates or better heating controls. Whereas, during January, February, July, October and November consumption was slightly or significantly higher than projected meaning more space heating used as a result of colder climates. There is an anomaly however with consumption during July which is unexpected, as July had the highest average temperature throughout 2019. Meaning that heating consumption should be considerably less than the projected value due to warmer outdoor temperatures resulting in less space heating required.
	[image: ][bookmark: _Toc39337988]Figure 21: Actual vs projected space heating consumption (2019)



Control Chart
The control chart is used to study how a process, in this case, space heating, changes over time. Figure twenty-two, represents how space heating consumption varies from the performance line. This is calculated by subtracting predicted consumption from the actual consumption for each month. These differences are then plotted as shown in the graph and show an unpredictable pattern. From the graph, all positive values (above the central line) mean that the plant consumed more energy compared to the projected consumption value and therefore did not make any energy savings. Whereas all negative values (below the central line) mean that less energy was consumed compared to the projected value and therefore energy savings were made. For instance, during April, actual consumption was 1,087,204 kWh and the projected consumption was 1,322,767 kWh, therefore energy savings of 235,563 kWh were achieved.
	[bookmark: _Hlk37617423][image: ][bookmark: _Toc39337989]Figure 22: Control chart (2019)



Cumulative Sum of the Difference (CUSUM)
CUSUM is used for monitoring industrial production and detecting changes in operation, for example, the development of a fault in the heating system. It takes the CUSUM of the difference between actual and predicted energy consumption and exposes overall trends in energy performance. Figure twenty-three shows some fundamental characteristics of the graph, for example, if savings are being achieved then the slope from one month to the next will decrease; this mainly occurs during summer months when energy consumption and fuel costs are lower. Any occurrence in slope increase suggests that energy consumption has increased; this mainly occurs during winter months when consumption and fuel costs are higher (Carbon Trust, 2012). The graph shows an unpredictable pattern throughout 2019 and as expected, the fundamental characteristics of CUSUM are shown. As anticipated, there is a significant increase in the slope during January to February, June to July and from October to November. This suggests that the presence of lower average temperatures and thus a higher demand for space heating. Conversely, from February to June and July to September, less space heating was used as a result of higher average temperatures.
	[image: ][bookmark: _Toc39337990]Figure 23: Cumulative sum of the difference (2019)





[bookmark: _Toc39337935]Discussion
Discussed below are typical energy saving measures which pose opportunities for improving energy conservation and efficiency, along with estimations of average energy saving. These savings are presented as a percentage of the equipment’s total energy consumption. Therefore, the measures presented are applicable to many industries, business types and sizes, and independent of equipment’s size and energy use. Cost of implementation are not included as it is often difficult to provide, as costs are dependent on size and type of organisation. The measures discussed are classified into the following: building envelope, HVAC (heating, ventilation and air conditioning), lighting and electric motors/pumps/fans/drives. All energy savings measures have been taken from (Brems, et al., 2016; Galitsky, et al., 2008; Masanet, et al., 2012; Neelis, et al., 2008)
[bookmark: _Toc39337936]Building Envelope
The thermal performance of the building envelope is important in reducing energy consumption. In cold regions, the annual heating and cooling energy consumption in public buildings, are about 50% consumed by heat transfer (Feng, et al., 2016). The potential energy saving lies in the improvement of the building envelope to reduce consumption. Through local climatic conditions and maximising the control of design and construction (Yao, et al., 2006). The building envelope can affect energy performance and comfort, therefore, energy conservation in buildings is vital (Gan, et al., 2019).
· Exterior wall and roof insulation: Implement high performance materials such as phenolic foam, eurothane, cellulose or fibreglass will reduce heat loss and achieve energy savings between 2-40%.
· Windows and skylights: Replace old windows and frames with energy efficient windows such as double or triple glazed windows and timber or hardwood frames, in addition, correctly sealing around the frame will significantly reduce energy used to heat, cool and ventilate the building and achieve energy savings between 4-30%.
· Windows for heat load/gain: Retrofit windows with permanent shades, built in filters, automatic sunshades or low emissivity (thermal) window films can control and reduce heat load, heat gain and reduce heat loss. HVAC energy savings between 5-10% can be achieved.
· Air leakage: Caulk and weather-strip doors, windows, plumbing, ducting, or electrical wiring that comes out through walls, floors and ceilings or install foam gaskets around switch plates. Estimated savings can be up to 30% of energy use.
· Replacing doors and adjusting seals: Older doors are often not sealed properly and may be poorly insulated. Adjusting doors and improving the sealing can reduce air leakage and achieve estimated energy savings between 0.5-5%.
· Door closers and powered door operators: Implement hydraulic spring-type door closers to prevent loss of conditioned air from doors being left open. Door operators can either be manual or motion based and can save between 0.1-0.5% of energy use.
[bookmark: _Toc39337937]Lighting 
[bookmark: _Hlk35547233]According to the (Carbon Trust, 2011), 25% of an organisation’s electricity costs come from lighting and according to (Amasyali & El-Gohary, 2016), lighting accounts for 20% (4.36 trillion kWh) of global electricity consumption and 5% (1.8 million tonnes) of CO2 emissions. Furthermore, lighting is a significant heat source and affects the cooling demand of buildings (Wong, et al., 2009). By implementing energy efficient lighting measures, energy savings up to 80% and financial savings up to 60% can be achieved (Bougdah & Sharples, 2010).
· Efficient lighting technologies: Replace low energy efficient fluorescent fixtures like T12 and T8 with more efficient fixtures such as T5 and LED’s, energy consumption can be reduced by 15-70%.
· Skylights and light pipes: Implement skylights and light pipes to introduce more natural light while reducing artificial lighting, causing heat gains and are best applied in cold climates. Savings vary based on weather conditions.
· De-lamp fixtures: Remove unnecessary lamps and ballasts can result in savings of 0.5-5% of total lighting costs.
· Time clock, motion sensor or photo controls: Where lighting is on a repetitive schedule, use time clock controls. Where lighting used infrequently, use motion sensors. Photo controls sense ambient light conditions and used for interior and exterior lighting. Lighting savings range from 20-70%.
[bookmark: _Toc39337938]Heating 
[bookmark: _Hlk39253238]According to the (European Commission, 2020), in industry, space heating accounts for 70.6% (193.6 Mtoe) of energy consumption and according to (Vorsatz, et al., 2014), thermal energy accounts for 60% of residential and 50% of commercial buildings globally. Within this, space heating compromises of 32-33% (11.38 trillion kWh) of total building energy. Nevertheless, space heating can become more energy efficient through modern equipment, improved insulation, heat recovery, heat pumps, or fuel switching. This would limit overall heat requirements, reduce final energy demand and heating costs by up to a third (Bellevrat & West, 2018).
· Ventilation system: Implement sensors or time-based controls to restrict the amount of outside air conditioned. Depending on type of controls used, energy savings can range from 1-95%.
· Exhaust air heat recovery: Install heat recovery systems which can recover heat from air that is expelled from the building. There are many types available and their efficiencies range from 45-90%.
· Efficient motors: Replace old or inefficient motors with high efficiency motors can reduce energy consumption by 2-8%.
· Multi-speed or variable speed motors: Implement multi-speed or variable speed fan motors to reduce reheat energy use by 30 to 60% and fan energy use by 50%.
· Thermostat operation and control: Implement “dead band” thermostat controls or optimal start capability to reduce energy consumption by 1-10% or implement setback thermostats in unoccupied spaces which can save up to 20% of cooling energy.
· Chiller controls: Install advanced chiller controls such as chiller staging, outdoor air enthalpy controls, timed/scheduled plant operation, or optimising chiller water discharge temperature. Consumption savings range from 1-20%.
· Chiller heat rejection: Clean condenser water tubes, reducing bleed rate and installing multi-speed or variable speed fans on cooling towers can increase heat rejection efficiency and reduce chiller energy consumption.
· Old compressors: Replace chiller compressors can reduce energy consumption by 10-35% and offers a payback period of one year and is normally less expensive than replacing the entire chiller.
· Thermal storage: Install thermal storage tanks to produce chilled water in the morning when ambient temperatures are lower and therefore use less energy. If a site has time of use billing, chilled water can be produced with lower electricity costs.
· Water side economizer: Implement a water side economizer to precool water before it is used for cooling when ambient temperature is low. Savings depend on annual hours where outdoor temperature is low, however, energy consumption can reduce by up to 70%.
[bookmark: _Toc39337939]Electric Motors
According to the (Carbon Trust, 2011), running motors use almost two thirds (2.05 trillion kWh) of electricity consumed by UK industry and according to (Rahman, 2009), are the largest end use consumers and account for more than 40% (8.92 trillion kWh) of global electricity consumption. However, there is potential for energy efficiency and around 25% electricity could be saved cost which would reduce total global electricity demand by 10% and reduce your carbon footprint and energy bills. The efficiency of electric motors are therefore vital (Almeida, et al., 2019).
· Efficient motors: Implement single-phase or three-phase motors, with an efficiency of 50-60% and 60-95% respectively and compromise of high-power factor and are 2-8% more efficient.
· Idling motors: Change operating procedures to start up and shut down motors which are idling as they are often used for back-up. A start-up can be used in case the primary motor fails.
· Variable Frequency Drives (VFD): Implement VFD’s to adjust the speed and power of a motor, and estimations show that VFD’s save around 20-30% of energy use.
· Motor sizes: Oversizing motors can reduce efficiency and produce poor power factors. Therefore, before replacing a motor, assess its current usage patterns and expected future developments. 
· Advanced motor control: Motors that operate below 40% of rated capacity should operate in wye mode as this leads to a voltage reduction by a factor of √3. The motor becomes electrically downsized, but performance characteristics remain unchanged.
· Voltage level and balance: Voltage unbalance should be kept under 1% and to within 5% deviation of the nameplate value.
· Rewinding motors: It is often more cost effective to buy a new state-of-the-art motor if the rewind cost for the original/old motor exceeds 50-65% of a new energy-efficient motor price.
· V-belts, cogged or synchronous belt drives: Replace V-belts with cogged belts reduces the bending resistance and improves motor efficiency by up to 98%. Furthermore, cogged belts require less maintenance, operate in dirtier environments and can transfer higher torque because of reduced slippage. In contrast, synchronous belts have approximately 98% efficiency which does not depreciate over the lifespan of the belt. Replacing an old V-belt with a new cogged belt can save 3% of transmitted energy, if the belt is replaced regularly.
[bookmark: _Toc39337940]Extra Energy Efficiency Measures
	[image: ][bookmark: _Toc39337991]Figure 24: No capital investment: energy saving measures (Masanet, et al., 2012)



	[image: ][bookmark: _Toc39337992]Figure 25: Short payback period: energy saving measures (Masanet, et al., 2012)




	[image: ][bookmark: _Toc39337993]Figure 26: Short payback period: energy saving measures (continued) (Masanet, et al., 2012)




	[image: ][bookmark: _Toc39337994]Figure 27: Capital projects: energy saving measures (Masanet, et al., 2012)






[bookmark: _Toc39337941]Conclusion
[bookmark: _Hlk39171670]The aim of this thesis was to conduct an energy audit to analyse the energy performance of a production plant and identify areas where the company could reduce energy consumption and GHG emissions, whilst conserving energy and costs. Through the implementation of efficient technologies and practises. The project involved several supervised site visits to understand the working operations and  environment, along with what energy was being used, where it was being used, how much was being used and how much it was costing the company. This was achieved by examining certain areas of the plant such as production lines, tool rooms and components and press workshop, and energy consuming equipment, for instance, lighting, heating, motors and compressors, as well as, analysing consumption data. In addition, collecting equipment data such as the brand, model, power & consumption, operating hours and conditions and current operating and maintenance procedures. The reason for the project was to improve the efficiency and sustainability of the plant, in order to reduce energy consumption and costs. 
This study depicted that reasonable amounts of energy can be saved if the audit is performed correctly and satisfactory energy efficient measures are presented. The energy audit revealed that lighting, heating, motors, compressed air and nitrogen are important factors in the plant which contribute significantly to the consumption of natural gas and electricity, which were found to be the two primary fuels used. These five processes were found to consume the most compared to any other process as they are primarily used for the performance and operations of the site and are always being used simultaneously to keep plant running, during both high and low production demand. Additional data showed that production lines one, three and four and the components workshop were high energy consuming areas within the plant as a result of them being the main production areas and containing the most energy consuming and heavy-duty machinery. It was also revealed that the building lacked sufficient insulation as calculated from the U and R-values which have an adverse effect on both the space heating and cooling consumption resulting in a low energy performance of the building. Furthermore, all suggested energy saving measures affect the building’s performance and operation to the environment. These cost-effective measures may be energy efficient, but their feasibility depends on the economic aspect, based on the amount of money that should be invested and the savings obtained from investments.
Nonetheless, results show that there is a sense of awareness from the company regarding energy conservation and this is reflected from the data collected. As demonstrated by the natural gas consumption comparison graph (figure nine) where consumption during 2019 was 14,564,446 kWh in comparison with 2018 which consumed 15,043,708 kWh and 2017 which consumed 15,218,132 kWh. This is also validated from the electricity consumption comparison graph (figure ten) where consumption during 2019 was 12,719,300 kWh in comparison with 2018 which consumed 14,110,413 kWh and 2017 which consumed 14,736,345 kWh. Showing that the company are trying to decrease their consumption where possible. The current lighting system installed, T5 CFL fixtures and the VSD’s implemented on some of the motors show that the company are implementing energy efficient technology where possible. There is also an opportunity to replace the existing radiant gas heaters to heaters more modern, efficient and sustainable.
There is further scope to conduct in the future for this study and additional research and data would be required to produce better results and devise an effective method to conserve energy. By conserving every kilowatt of energy, significant amount of carbon emission and carbon footprint can be reduced. Thus, for a sustainable environment and to achieve carbon neutrality it is essential to introduce energy audits in every sector to cut the growing energy demand globally.


[bookmark: _Toc39337942]Evaluation
Overall, this thesis successfully addressed the issue of energy consumption of appropriate equipment (lighting, heating and motors) within the plant. Furthermore, proposing energy efficient measures which the company could consider implementing. However, there is certainly room for improvement in this thesis and mentioned below are some of the ideas which could be employed to enhance this study and make the research and data more reliable:
· Conducting a survey involving the occupants (or staff) regarding the awareness or promotion of energy efficiency and whether staff are getting involved. Furthermore, finding out about the indoor comfort conditions, and operating conditions of a particular process or equipment they work on.
· Collecting energy consumption data over a longer period, for instance four to five-years. This would provide a comprehensive and reliable spread of data and can be used to further investigate the fluctuation of energy consumption, cost and GHG emissions for both fuels as well as individual equipment.
· Assessing further equipment within the plant, for instance compressors and injection moulding machines. These are also energy intensive processes and could be examined to further understud why energy consumption, and costs are high plus implementing measures to make them more efficient.
· Finally, investigating patterns of energy consumption during the bank holidays and Christmas period as consumption would change significantly due to changes in production demand and equipment working patterns.
If this study were to be repeated, it would be useful to investigate heat gains of the building envelope to determine the buildings performance. Moreover, conducting Cooling Degree Days (CDD) to analyse heating consumption during periods where outdoor temperature is higher than the base temperature and thus, the energy required to cool the building. Lastly, conducting a feasibility study of energy efficient measures such as Internal Rate of Return (IRR), Net Present Value (NPV), payback period and savings to investment ratio and payback. This would allow the company to see exactly how much investment would be needed when implementing certain measures and the financial and economic benefits they would gain in return.
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[bookmark: _Toc39337944]Appendices 
[bookmark: _Toc39337945]Energy Monitoring & Targeting
[bookmark: _Toc39337946]What is Monitoring & Targeting?
Energy monitoring and targeting (M&T) is a business management practise which was developed after the 1970s energy crisis which occurred across the Western world, and was introduced in the British sheet board, paper and textile industry (Gotel & Hale, 1989). It proved an effective technique in measuring energy efficiency and performance, along with improving operation and maintenance procedures (Harris, 1989). Energy M&T is still a standard practise adopted by many businesses today, to understand and manage energy consumption data to eliminate waste, reduce and control energy usage and improve existing operating practices, in addition, being implemented into energy management information system (EMIS) software and standards such as ISO 50001 (Hooke, et al., 2004). 
The technique is based on the principle “you can’t manage what you don’t measure” and combines principles of energy use and statistics. Although monitoring establishes existing patterns of energy consumption, targeting identifies level of consumption desirable in order to conserve energy. Nevertheless, both techniques are used to manage and control plant and building utilities such as fuel, steam, refrigeration, compressed air, water, effluent and electricity and divides the facility into energy cost centres. The utilities used in each cost centre are monitored and energy use is compared with production volume. Once this information becomes regularly available, targets can be set, discrepancies can be spotted and interpreted, and corrective actions can be taken and implemented (Bureau of Energy Efficiency, 2017).
[bookmark: _Toc39337947]Elements of Monitoring & Targeting 
According to (SEAI, 2019), energy monitoring and targeting involves the following steps:
1. Identify where energy is consumed.
2. Measure and record energy consumption at major consumers.
3. Analyse data gathered in order to:
· Highlight consumption trends.
· Identify associated factors that influence energy consumption; and
· Identify and analyse periods of excess consumption.
· Correlate energy consumption to measured output.
4. Develop energy-consumption baselines that represent typical or expected energy consumption.
5. Set targets to reduce energy consumption with reference to baseline and/or external benchmarks.
6. Monitor energy consumption against targets set and identify when and why it differentiates and implement appropriate actions to correct it.
[bookmark: _Toc39337948]Benefits of Monitoring & Targeting
According to (SEAI, 2019), monitoring and targeting has been found to provide multiple benefits for industry, such as:
· Energy cost savings between 5-20% by identifying and correcting excessive consumption.
· Improved capital investments.
· Improved product costing.
· Improved budgeting due to better predictions on future energy consumption.
· Improved productivity, quality, maintenance, and equipment lifespan to identify irregularities – effective monitoring and targeting acts as an early warning system that highlights issues before they have a significant impact.
· Energy waste avoidance.
· Ability to benchmark against competitors.
· Measurement and verification of savings from capital investment activities.
· Compliance with ISO 50001 requirements. 


[bookmark: _Toc39337949]Case Study
[bookmark: _Toc39337950]British Sugar
According to (British Sugar plc, 2019), back in December 2018, the company relocated to their new office building in Peterborough, England. The building occupies 320 people and is designed from the ‘Passive House’ principles to ensure the building performs at a high level with minimal energy demand. The features of the building include; ability to heat or cool the building using fresh air, rainwater harvesting, low energy LED lighting, ‘keep cups’ provided to reduce single use plastic, 34.2 kW of installed PV (photovoltaics) solar panels generating 40,000 kWh of used energy, and an Energy Performance Certificate (EPC) rating. The environmental improvements which British Sugar have achieved through adopting low energy principles include:
· Optimised control of solar energy for heating – enabling the building to retain right amount of heat for occupants and shade the building form unwanted heat. Furthermore, moveable louver panels installed to provide adequate shading and minimise glare, along with, a glass envelope to capture solar radiation.
· Optimal wall and ceiling insulation, along with optimal windows to minimise heat loss and maximise natural sunlight.
· Combining natural ventilation with heat recovery technology and efficient air conditioning units (HVAC) energy recovery and underfloor distribution to optimise indoor conditions.
· Maximising use of natural sunlight from the creation of a central atrium, thus, minimising the need for powered lighting. Also, where necessary, incorporating LED lighting with motion sensors. 
· Water savings through the use of rainwater harvesting which is used across the building.
· Optimising performance and minimising the environmental impact through an integrated building management system.
Whilst the building is still relatively new and in early stages of occupancy, it has already achieved a grade ‘A’ from the EPC environmental rating, as a result of reducing gas and electricity by 51% and water usage by over 30% - placing it in the top 5% of energy efficient buildings within England and Wales.

[bookmark: _Lighting_Calculations][bookmark: _Toc39337951]Lighting Calculations
[bookmark: OLE_LINK1]Energy Consumption: **Figures rounded up**
NOTE: Working pattern: Mon – Fri (24 hrs) & Sat (6 hrs)
NOTE: Plant is open for 48 weeks = 11.0466 months
· 145 light fixtures
· 108 W/light fixture
· Total = 108 W x 145 = 15,660 W
· [bookmark: _Hlk37408144]Mon – Fri (24 hrs): 15,660 W x (24 hrs x 5 days) ÷ 1000 = 1,879 kWh (5 days) = 376 kWh (1 day)
· Sat (6 hrs): 15,660 W x 6 hrs ÷ 1000 = 94 kWh
· Weekly Demand: 1,879 + 94 = 1,973 kWh/week
· Monthly Demand: 1,973 x 4 = 7,892 kWh/month
· [bookmark: _Hlk33796994]Annual Demand: 7,892 x 11.0466 = 87,180 kWh/year
Running Cost: **Figures rounded up**
· Weekly Cost: 1,973 kWh x £0.1209 = £239/week
· Monthly Cost: 7,893 kWh x £0.1209 = £954/month
· Annual Cost: 87,180 kWh x £0.1209 = £10,540/year
GHG Emissions: **Figures rounded up**
NOTE: Conversion factors have been taken from (Department for Business, Energy & Industrial Strategy, 2019) MS excel spreadsheet from page eight.
· CO2 = 87,180 kWh/year x 0.25358 = 22,107 kg CO2
· CH4 = 87,180 kWh/year x 0.00065 = 57 kg CH4
· N2O = 87,180 kWh/year x 0.00137 = 119 kg N2O
· CO2e = 22,107 kg CO2 + 57 kg CH4 + 119 kg N2O = 22,283 kg CO2e


[bookmark: _Space_Heating_Calculations][bookmark: _Toc39337952]Space Heating Calculations
[bookmark: _Toc39337953]Plaque Heaters
Energy Consumption: **Figures rounded up**
NOTE: Working pattern: Mon – Fri (24 hrs) & Sat (6 hrs) & Sun (12 hrs)
NOTE: Open 48 weeks = 11.0466 months
· Heat Input = 15250 W/unit x 8 units = 122,000 W
· [bookmark: _Hlk37408238]Mon – Fri (24 hrs): 122,000 W x (24 hrs x 5 days) ÷ 1000  = 14,640 kWh (5 days) = 2,928 kWh (1day)
· Sat (6 hrs): 122,000 W x 6 hrs ÷ 1000 = 732 kWh
· Sun (12 hrs): 122,000 W x 12 hrs ÷ 1000 = 1,464 kWh
· [bookmark: _Hlk37408430]Weekly Demand: 14,640 + 732 + 1,464 = 16,836 kWh/week
· Monthly Demand: 16,836 x 4 = 67,344 kWh/month
· [bookmark: _Hlk37409105]Annual Demand: 67,344 x 11.0466 = 743,922 kWh/year
Running Cost: **Figures are rounded up**
· Weekly Cost: 16,836 x £0.08 = £1,347/week
· Monthly Cost: 67,344 x £0.08 = £5,388/month
· Annual Cost: 743,922 x £0.08 = £59,514/year
GHG Emissions: **Figures rounded up**
[bookmark: _Hlk34066058]NOTE: Conversion factors have been taken from (Department for Business, Energy & Industrial Strategy, 2019) MS excel spreadsheet from page four.
· CO2 = 743,922 kWh/year x 0.18351 = 136,517 kg CO2
· CH4 = 743,922 kWh/year x 0.00024 = 179 kg CH4
· N2O = 743,922 kWh/year x 0.0001 = 74 kg N2O
· [bookmark: _Hlk34041012]CO2e = 136,517 kg CO2 + 179 kg CH4 + 74 N2O = 136,770 kg CO2e
[bookmark: _Toc39337954]Air Curtains
[bookmark: _Hlk37618422]Energy Consumption: **Figures rounded up**
NOTE: Working pattern: Mon – Fri (24 hrs) & Sat (6 hrs) & Sun (12 hrs)
NOTE: Open 40 weeks = 11.0466 months
· Heat input = 49,000 W/unit x 4 units = 196,000 W
· Mon - Fri (24 hrs): 196,000 W x (24 hrs x 5 days) ÷ 1000 = 23,520 kWh (5 days) = 4,704 kWh (1 day)
· Sat (6 hrs): 196,000 W x 6 hrs ÷ 1000 = 1,176 kWh
· Sun (12 hrs): 196,000 W x 12 hrs ÷ 1000 = 2,352 kWh
· Weekly Demand: 23,520 + 1,176 + 2,352 = 27,048 kWh/week
· Monthly Demand: 27,048 x 4 = 108,192 kWh/month
· Annual Demand: 108,192 x 11.0466 = 1,195,154 kWh/year
Running Cost: **Figures rounded up**
· Weekly Cost: 27,048 x £0.08 = £2,164/week
· Monthly Cost: 108,192 x £0.08 = £8,655/month
· Annual Cost: 1,195,154 x £0.08 = £95,612/year
GHG Emissions: **Figures rounded up**
NOTE: Conversion factors have been taken from (Department for Business, Energy & Industrial Strategy, 2019) MS excel spreadsheet from page four.
· CO2 = 1,195,154 kWh/year x 0.18351 = 219,323 kg CO2
· CH4 = 1,195,154 kWh/year x 0.00024 = 287 kg CH4
· N2O = 1,195,154 kWh/year x 0.0001 = 120 kg N2O
· CO2e = 219,323 kg CO2 + 287 kg CH4 + 120 N2O = 219,730 kg CO2e


[bookmark: _Electric_Motor_Calculations][bookmark: _Toc39337955]Electric Motor Calculations
Energy Consumption: **Figures rounded up**
NOTE: Calculations for weekly, monthly and annual demand have been calculated from the total individual motor consumption power and working patterns on an excel spreadsheet.
NOTE: Plant is open for 48 weeks = 11.0466 months
· Weekly Demand: 24,801 kWh/week
· Monthly Demand: 99,203 kWh/month
· Annual Demand: 1,095,860 kWh/year
Running Cost: **Figures rounded up**
· Weekly Cost:  kWh x £0.1209 = £2,998/week
· Monthly Cost:  kWh x £0.1209 = £ 11,994/month
· Annual Cost:  kWh x £0.1209 = £132,490/year
GHG Emissions: **Figures rounded up**
NOTE: Conversion factors have been taken from (Department for Business, Energy & Industrial Strategy, 2019) MS excel spreadsheet from page eight.
· CO2 = 1,095,860 kWh/year x 0.25358 = 277,888 kg CO2
· CH4 = 1,095,860 kWh/year x 0.00065 = 712 kg CH4
· N2O = 1,095,860 kWh/year x 0.00137 = 1,501 kg N2O
· CO2e = 277,888 kg CO2 + 712 kg CH4 + 1,501 kg N2O = 280,102 kg CO2e


[bookmark: _Toc39337956]Energy Audit Checklist
[bookmark: _Lighting][bookmark: _Toc39337957]Lighting
[bookmark: _Toc39338010]Table 9: Lighting checklist
	[bookmark: _Hlk39066556]Type of lighting system installed?

	Number of light fixtures?

	Working patterns of lights?

	Age of the lighting?

	Lighting wattage?

	Are lights on in empty rooms/unoccupied areas? (if so, where?)

	Are lights on when daylight is sufficient?

	Are windows clean?

	Are light fittings clean?

	Are light switches clearly labelled?

	Is external lighting switched off during the day?

	Are low-energy (CFL) light bulbs being used?

	Are any areas over-or under-lighted?

	Are windows and skylights cleaned regularly?

	Are all exterior lights controlled by timers or daylight sensors?


[bookmark: _Space_Heating][bookmark: _Toc39337958]Space Heating
[bookmark: _Toc39338011]Table 10: Space heating checklist
	[bookmark: _Hlk39067035]Type of heating system installed?

	Number of heaters?

	Working patterns of heaters?

	Age of heating?

	Heating wattage?

	Are any areas over or under heated?

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

	Are any unoccupied areas being heated?

	Are windows and doors often left open in heated spaces?

	Are portable heaters being used?

	Are there timers? If so, are they set for the right times?

	Are there obstructions in front of radiators or heaters?

	Is all associated pipework insulated?

	Is heating and air conditioning on simultaneously in the same area?


[bookmark: _Toc39337959]Electric Motors
[bookmark: _Toc39338012]Table 11: Electric motor data
	Type of motors installed?

	Working patterns of motors?

	Motors wattage?

	Check rating and loading of individual motors

	Check potential for switching to night operation

	Check for unnecessary running



[bookmark: _Toc39337960]
Energy Consumption Cost Graphs
0. [bookmark: _Natural_Gas][bookmark: _Toc39337961]Natural Gas
	[image: ][bookmark: _Toc39337995]Figure 28: Natural gas consumption cost (2019)



[bookmark: _Electricity][bookmark: _Toc39337962]Electricity
	[image: ][bookmark: _Toc39337996]Figure 29: Electricity consumption cost (2019)



[bookmark: _Lighting_1][bookmark: _Toc39337963]Lighting
	[image: ][bookmark: _Toc39337997]Figure 30: Lighting consumption cost (2019)



[bookmark: _Compressed_Air][bookmark: _Toc39337964]Compressed Air
	[image: ][bookmark: _Toc39337998]Figure 31: Compressed air consumption cost (2019)



[bookmark: _Nitrogen][bookmark: _Toc39337965]Nitrogen
	[image: ][bookmark: _Toc39337999]Figure 32: Nitrogen consumption cost (2019)



[bookmark: _Production_Lines_1,][bookmark: _Toc39337966]Production Lines 1, 3 & 4 
	[image: ][bookmark: _Toc39338000]Figure 33: Production lines 1, 3 & 4 consumption cost (2019)
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	[image: ][bookmark: _Toc39338001]Figure 34: Components consumption cost (2019)
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Global average land-sea temperature anomaly relative to the 1961-1990 average temperature in degrees celsius
(°C). The red line represents the median average temperature change, and grey lines represent the upper and
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Atmospheric CO2 concentration

Global average long-term atmospheric concentration of carbon dioxide (CO:), measured in parts per million (ppm).
Long-term trends in CO: concentrations can be measured at high-resolution using preserved air samples from ice
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