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[bookmark: _Toc483108511]Abstract
The high-energy bills and fuel requirements have always been a major concern for every organization. Demand on energy is continuously increasing while resources are limited. In order to overcome this problem energy management has to be applied. This report is an energy audit at Al-Amour steel tubes and profiles factory, Bedya, Palestine, which has a good potential for energy efficiency practices. The report aims to obtain an overview of the existing energy consumption and analyse energy efficiency opportunities to minimize energy bill by reducing consumption and maximize efficiency of the production lines. The factory has two main production lines, which mainly consist of electric motor, compressed air system high frequency welding and lighting system, the audit was conducted through various steps. First of all is visiting the factory to find out the used equipment and takes an overview of the production lines, through meeting the manager, engineers and employees, after that the main reading of the electric motor and lighting system were taken and tabulated, to analyse the energy performance and energy conservation opportunities. It was found that the annual energy consumption was 353,162 kWh/year. Where electric motors consume 48%, HF welding 45%, compressor 6.5% and the lighting less than 0.5% of the total consumption. The main energy conservation opportunities were to replace some of the existing motors with high efficient motors and to fix the leakage on the pipeline of the compressed air system. The total estimated saving was about 7.85% of the total consumption.
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Introduction


[bookmark: _Toc483108513]Overview
Since the first oil crises in the 1970s, the word start investigates in an alternating source of energy. Renewable energy was used since Palaeolithic times such as Geothermal energy for heating. The most important features of renewable energy are low running cost like photovoltaic cells and hydro power. On the other hand, it has high initial investment and a big number of limitations. All of that limitations leaded to energy management solution.
After the crises of petrol happened, some energy engineers start looking for many solutions such as energy saving, but it was the beginning, because that period of time saws up and down in the energy management. Late 80’s, the impact of the Natural Gas Policy Act began to be felt so energy managers found they could sometimes save significant amounts of money by buying “spot market” natural gas and arranging transportation. About the only thing that could be done in purchasing electricity was to choose the appropriate rate schedule and optimize parameters such as power factor, demand, ratchet clauses, time of use. With the arrival of the Energy Policy Act of 1992, electricity deregulation moved closer to reality, creating the opportunity of purchasing electricity from wherever the best deal could be found and to wheel the electric energy through the grid.
1.1: [bookmark: _Toc483108514]Problem statement
Palestine is considered as one of the poorest countries considering the usage of energy resources. Nearly all main energy resources like fossil fuels and electricity are imported from Israel. This makes Israeli control the quantity, price, tariff, condition and form of each source of energy to Palestine. 
The direction towards getting use from renewable energy sources such as solar and photovoltaic energy from sun was a competitive and good option to Palestinians; especially Palestine has been gifted with huge solar radiation. This type of renewable energy was excellently utilized in water heating, but without clear feasibility to use it in utilizing electricity because of the high cost of photovoltaic system.
The industrial sector is one of the main energy consuming sectors in Palestine that suffers from incredible energy consumption and bad management.
The proceeding toward reducing energy consumption in all energy consuming sectors is considered one of the quickest and feasible measure to bring down and reduce the problem of energy and reduction in environmental emissions in Palestine.
1.2: [bookmark: _Toc483108515]Project objectives and motivations
1. Improving the performance of the production line: Becoming economically competitive in the global marketplace, which requires reducing the cost of production or services, reducing industrial energy intensiveness, and meeting customer service needs for quality and delivery times.
2. Rising the efficiency of the motors: energy management makes the most of motors work on the rated load and that increase the efficiency of that motors.
3. Increase the power factor of the factory: the energy management depends on capacitor installation, which rise the power factor so that the real power decrease.
4. Reduce the environment impacts: energy management reduces the load on power plants as fewer kilowatt hours of electricity are needed. If a plant burns coal or fuel oil, then a significant amount of acid rain is produced from the Sulphur dioxide emitted by the power plant. Acid rain problems then are reduced through energy management, as are NOx problems.
5. Reduce the bill of the factory: increasing the efficiency of the motors and the power factor will make a reduction in the electricity bills.
1.3: [bookmark: _Toc483108516]Scope of the work
The project was done on the second building of the industry that produce profile and metal pipes, the energy performance analysis was done on the main energy consumption in the factory were electric motor, a compressed air system, high frequency welding and lighting system. And applying energy efficiency methods for the production lines, and find energy efficiency opportunities and give the appropriate recommendation.
1.4: [bookmark: _Toc483108517]Research questions
The idea of the project starts from answering such questions that is followed: 
Does Al-Amour factory have a high-energy consumption? 
Where does most of the energy consumed? 
Is it consumed by the bad behaviour of the workers?
Does the motors are properly selected?
Does the industry suffer from low power factor?
Does the lighting quality is satisfied?
Does the air compressor has air leakage?
1.5: [bookmark: _Toc483108518]Hypothesis
It is hypothesized that the most of energy consumption has consumed by the motors.
It is hypothesized that the motors load factor is less than 50%.
It is hypothesized that power factor is less than 90%.
It is hypothesized that the quality of lighting in the industry is not accepted according to the standards.
It is hypothesised that following energy management measures in the industry reduces the energy consumption to more than 85%.
1.6: [bookmark: _Toc483108519]Organization of the report 
This report was organized as following:
· Chapter one: is an introduction to energy management and the project.
· Chapter two: is an introduction to AL-Amour industry
· Chapter three: Constraints, Standard and Earlier Course Work, this chapter views the main difficulties that the auditing team face, used standards and earlier courses that help the making of this project. 
· Chapter four: Research methodology, this chapter views the methodology that the auditor had used to collect and analysed the final results.
· Chapter five: Literature Review, the chapter review previous studies from different sources. 
· Chapter six: Theoretical Background, this chapter views the theoretical aspect and equation that will be used in the analyses of the energy efficiency opportunities.
· Chapter seven: Collected Data and Analysis of Energy Performance, the chapter reviews the devices that bean used to measure the required data along with soma tabulated measurements. And evaluate the energy performance indicator
· Chapter eight: Energy Conservation Opportunities and Economic Evaluation, the chapter analyse the energy conservation opportunities for the different system in the factory and evaluate the economic analysis.
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Al-Amour Industry


Al-Amour Industrial and Trading (AIT) company was founded in 1999. Located at Bedya, Salfit. It has two building the first one with its area of 3000 m2 and the second building is Steel Tubes and Profiles established in 2014 with one single floor and area 4000 m2, the total area of the Factory is about 7000 m2. (Alamour Industrial And Trading, 2016 )
The factory includes three main division illustrated below:
· Trading division: metals and steel trading, gypsum boards and accessories and timber and roof tiles.
· Manufacturing division: steel structures, agriculture water tanks, prefabricated offices and units and light weight houses.
· Production division: galvanized roll forming, steel tubes and profiles, corrugated sheets, fencing works and barbed wires, sandwich panels. (Alamour Industrial And Trading , 2016)
This project will take a case study in the steel tube and profile factory, it’s a separately part of the industry, the factory was chosen because of the high-energy consumption and to give the audit team good opportunity to focus on one main factory as a case study. The main two product of the factory is steel tube and profiles with different diameters, the raw material of the factory is a roll of steel with total length of over a 1200 meter and different width and diameter. The factory has two production lines, the first line cuts the steel roll to 4-5 thinner rolls, the second line use the thinner roll from the first line to form the steel tube and profile. Each line has eight electric motor, the second line has a cooling tower to control the temperature of the main electrical board.
Steel tubes and profiles production:
AIT don’t only provide specialty materials with easy welding and forming characteristics, but also provide its customers with additional services such as production of pipes and profiles to a certain length beyond the standard.
Round Pipes:
AIT manufactures a wide range of hot rolled steel (HR- Black), Galvanized (GI) and Cold rolled steel (CR) pipes. Pipes are cold rolled to the required diameters and thicknesses then welded along their length, the pipes are manufactured using carbon steel in accordance with the Standard EN10025. Table 2-1 shows the round pipes dimensions.

[bookmark: _Ref483093520][bookmark: _Toc483108476]Table 2‑1: The Round Pipes Dimension

	Pipe Diameters: 
	16 mm – 2.5 mm

	Wall Thickness:           
	1.0 mm – 3.5 mm

	Pipe Lengths:       
	Standard lengths in stock are 6 and 12 meters (any length up to 12.3 m can be ordered). 



Oval pipes and any special type of pipe required by the customer, custom tailored to the customer’s needs.
Square and Rectangular Tubes:
AIT manufactures a very broad range of square and rectangular steel tubes. Tubes category:
Hot Rolled Steel (HR- Black)
Galvanized (GI)
Cold Rolled Steel (CR)
Square tubes are cold rolled then welded along their length, the profiles are manufactured using carbon steel in accordance with the Standard EN10025. Table 2 shows the round pipes dimensions

[bookmark: _Toc483108477]Table 2‑2: Square and Rectangular Tubes Dimension
	Pipe Diameters: 
	15x15 mm to 60x60 mm
30x20 mm to 80x40 mm

	Wall Thickness:           
	1.0 mm – 3.0 mm

	Pipe Lengths:       
	Standard lengths of 6m and 12m (different lengths at the customer’s request up to 12 meters can be ordered). 


AIT pipes, tubes and profiles can be used in industry, agriculture, fencing, construction, lighting poles, traffic light poles, furniture and more. (Alamour Industrial And Trading, 2016)
AIT industry got a certificate of quality management (ISO 9001: 2000 / IWA1)/
Process Manufacture:
[bookmark: _Hlk481521141]In this section, we will explain the process manufacturing in Al-Amour steel tubes and profiles factory which has two production line the first one is Slitting Line and the second line is mild steel welded tube line.
1. Slitting line:
Slitting is a shearing process in which the width of an original steel coil is reduced into multiple narrower steel rolls, called strips these strips recoiled to be use in the second production line, the outside edges of the original coil are trimmed this creates an accurate register cut. In this production line, there 2 or 3 workers.
Slitting lines which consist of four basic devices:	
· The Uncoiler: which tightly grips the original steel coil on its inside diameter using an expandable mandrel. The coil is fed into the slitter by rotating the mandrel by using hydraulic system and motors, the motors will be refereed later on the report as no. 1 and 2 these two-motor works less than one minutes in every slitting process.
· The Slitter: which consists multiple cutting knives. These knives partially penetrate the original steel sheet causing a fracture then slit the steel sheet and separating it to narrower steel sheets. The outside edges of the original coil are trimmed by cutting knives and recoiled by using tow motors the motors will be refereed later on the report as no. 3 and 4.
· A Tensioning device: which is placed between the Slitter and the subsequent Recoiler. A tensioning device is needed to pass the steel sheets through the cutting knives, the motor will be referred as no. “B”. the motor has an external fan and will be referred to as fan 2
· The Recoiler: which takes up the slit coils on a driven and recoiled to be use in the second production line, the motor will be referred as no. “A”. the motor has an external fan and will be referred to as fan 1.

[image: cstle]
[bookmark: _Toc483108496]Figure 2‑1: Layout of slitting line. (kcico, 2010)
1. Mild steel welded tube line:
A mild steel welded tube line typically consists of the following equipment:
· Uncoiler: The Uncoiler pays strip out to the line. The typical Uncoiler has two arms so that a second coil can be readied while the first is being run.
· Shear/End Welder: The end welder is key to producing continuous tube. Its function is to shear the trailing edge of the first coil and the leading edge of the next coil, then weld the two together so that the strip can be fed continuously through the mill.
· Strip Accumulator: Strip must be stored so that the mill will have an ample supply while the end weld is being completed. The way used to store strip are the horizontal accumulators to create a storage bank of strip in the form of a large coil by using motors the motors will be refereed later on the report as no. 1 and 2, which the mill then depletes during the end welding process.
· Forming/Welding Mill: It consists of vertical and horizontal passes that form the strip into an open tube there is many driven vertical stands. They break the edge of the strip and form it into an initial U shape then to make it to tube profile by pulled the strip through the vertical stands by using motor the motor will be refereed later on the report as no. “B”. The weld area forges the strip into a closed tube and then removes the bead created during the weld. We will explain this in detail later.
· Sizing Mill: Once the tube is pulled by using motor the motors will be refereed later on the report as no. “A” then formed and cooled, the sizing section brings it to its final diameter. Also, if the tube is to be reshaped, that is accomplished here.
· Cutoff System: A typical cutoff system used is the double-cut flying shear by using motor the motor will be refereed later on the report as no. “C” The press receives a signal from a length encoder mounted at the end of the mill. The encoder signals the die set to accelerate to the speed of the tube. The die set powered by a direct current (DC) motor.
[image: ]
[bookmark: _Toc483108497]Figure 2‑2: Layout of mild steel welded tube line. (RLT Group, 2010)


Welding Process:
Principals of HF welding process operation:

Induction welding is a form of Electrical Resistance Welding (ERW) in which the large rotary transformer common in low frequency ERW is replaced by a “virtual transformer” consisting of the work coil (primary winding) and the tube itself (secondary winding). A ferromagnetic core inside the tube has a similar role to the laminated iron core in a conventional transformer.

[image: ]
[bookmark: _Toc483108498]Figure 2‑3: high frequency induction welding process   

Current flowing in the coil causes a magnetic field to develop surrounding the coil, part of which intersects with the open tube. This causes an electric field on the outer surface of the tube which in turn creates a voltage difference across the edges of the strip. At the frequencies used for induction welding, the interaction between electric and magnetic fields can cause currents to flow in unexpected ways. The “skin effect” confines current to within a few thousandths of an inch of the surface, so the voltage across the strip edges tends to cause current to flow circumferentially around the inside surface of the tube in the opposite direction to the induced current on the outside
surface.
 An impeder is simply a bar of ferromagnetic material placed inside the tube within the weld area. Such materials have the effect of raising the inductance of a circuit surrounding them. The resistance of the inside surface of the tube is extremely low but at high frequencies, it is inductance (or more specifically inductive reactance) that is the primary factor in determining current flow. The sum of reactance and resistance is known as impedance.  (WRIGHT, 2008)








[bookmark: _Toc483108521]
Constraints, Standard and Earlier Course Work


[bookmark: _Toc483108522]Constraints
The difficulties, which had faced the team up to now in the project, are illustrated below
· Lack of data: One of the most important challenges that faced the team in this project is the lack of data and experience related in Energy Management here in Palestine, there is no data related in energy consumptions in the Palestinian factories so there is no reference data for initial compering between the factories in energy consumption in Palestine this is mainly because it’s a new strategy here.
· Absence of energy policy: One of the most important challenges that were faced in this project is the absence of energy policies generally, there is no electrical design plans for the electrical device connections in the factory especially the motors connections and no electrical and energy engineers are specialized in the factory and that was a non-negligible obstacle.
· Obstacles in data measurement: As for obstacles facing us in the process of recording data, we were unable to expand the recording process to some motors, as doing so necessarily requires a total shut-down of the production line and disassembling certain production lines and recording data related to them.
· Time: As with any graduation project, time factor is a very important and sensitive issue, time of delivering the project was limited. The nature of the work required visiting the factory several times in order to verify the mechanism of work in the upcoming implementation steps. This has consumed too much time especially in selecting relevant meetings dates because the factory electrical engineer wasn’t available all the time in the factory it was called when there is a problem in the factory so the meetings was depending on the electrical engineer because he is the only person who can understanding the connections of the motors and the only person has the authorities to open the main electrical distributions in the factory. As well as selecting relevant meetings with the factory, where it worked coincides with the university working hours except on Saturday, which was the only suitable dates for the team and the factory managers and the electrical engineer.
·  Lack of documentations: One of the most difficult problems we encountered in the second stage of the project is documentations of data for the machines and its catalogues, to understand the behaviour of the machines, although it is one of the most important data necessary to rationalize energy consumption and help the energy audit to find solutions for high energy consumption problem.
[bookmark: _Toc483108523]Standards 
· Electrical Motor
The motors used in Al-Amour factory manufactured in China and must be certified and registered by the Label office and provided with an energy label confirming that they meet certain efficiency standards. The energy label must be attached to the motor itself or to the packing immediately around it. It must show the following information:
− Name of the manufacturer.
− Energy efficiency level of the motor.
− Code identifying the National Standard applied.
To qualify for the China Energy Label, motors must meet the requirements specified in Chinese National Standard “GB 18613-2012”. This standard, which was issued by the General Administration of Quality Supervision, Inspection and Quarantine of the People’s Republic of China, specifies the minimum allowable energy efficiency values, and energy efficiency grades for small and medium sized three-phase induction and asynchronous motors. Motor efficiency must be equal to or better than the specified value at 100% of the rated output power. Efficiency is measured in accordance with Standard GB/T1032, which is identical to “IEC 60034-2-1” and the grades are in line with the classes in “IEC/EN 60034-30”. 
Standard “GB 18613-2012” specifies three different energy efficiency levels, Grades 1-3, where Grade 1 represents best-in-class performance. Energy efficiencies of motors shall fall into 3 grades, among which the grade 1 claims the highest energy efficiency. The measured efficiency of differently graded motors at the rated output power shall not be lower than the specified value in the appendix in Table A-3Table A-3: standard rated efficiency for the electrical motor. 
The current standard replaced the past editions which are “GB 18613-2002”, and “GB 18613-2006”. (Quality Supervision, Inspection and Quarantine Administration, 2011)
· 

· Lighting
This European Standard EN 12464-1:2002 was approved by CEN on 16 October 2002. CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national standards may be obtained on application to the Management Centre or to any CEN member.
This standard EN 12464-1:2002 specifies requirements for lighting systems for most indoor work places and their associated areas in terms of quantity and quality of illumination. In addition, recommendations are given for good lighting practice. This Standard specifies many parameters related for good lighting practice it is essential that in addition to the required illuminance, qualitative and quantitative needs are satisfied. Some of these parameters are: 
· Luminance distribution.
· Glare.
· Directionality of light.
· Colour rendering and colour appearance of the light.
The measured illuminance value in Al-Amour factory doesn’t satisfied the standard illuminance. In appendix at Table A‑2: standard illumination levels gives the maintained illuminance Em on the reference surface for the interior area and task or activity given. (CEN national Members, 2012)

[bookmark: _Toc483108524]Earlier coursework
The following courses were and will be used for the project
· Energy management - 65521
This is one of the most important courses that will be the used in the project. At this course, several important issues and principles of energy management are defined such as, justifications of energy consumption; energy scrutiny and analysis, and the formulation of the power management options, economic evaluation of the implementation of the control. Techniques of justifications of energy consumption, the most important rationalization of energy consumption in the factory is Electrical Motors.
· Energy and Environment - 64235
This course covers energy systems and the environment, conventional energy sources and renewable energy, energy situation in Palestine and sources of various applications, the implications of the use of renewable energy, the rationalization of energy consumption on the environment and reducing harmful emissions, the implications of the increase of pollution in the air, water, soil, temperature and pollution resulting from the inconvenience, the causes of climate change the global, regional and local levels, and ways to combat pollution; environmental laws in the fight against pollution. Sustainability: Global Warming; emissions of greenhouse gases, and the mitigation of their effects and sustainability; external influences energy systems in the future, and the impact of clean energy technologies.
· Electrical Machines and its lab - 63391, 63392
This two course covers the information about the main types of generators and motors used in industries and commercial buildings and to become familiar with the measurements of voltage, current, power, torque & speed. The performance of each machine was studied in details.
· Principles of Scientific & Technical Writing Research - 64300
This course in its broad perspective introduces the key concepts related to scientific research and technical writing within an engineering framework. This course covers and demonstrate an understanding the importance of scientific research and the role of professional technical writing.
· Maintenance Management -64535
At this course, several important issues and principles of energy management are defined such as the common problem faced the energy auditor in the facility, the energy policy must be followed to reduce energy consumptions of the facility, the energy manager certified CEM, the types of maintenance and the maintenance policy in the facility.








[bookmark: _Toc483108525]
Methodology

In order to answer the research questions an energy audit was performed in AL-Amour Industry, the study was conducted in the steel tube and profile factory as case study of the overall energy performance of the industry. The energy audit study was conducted through various steps. As shown in the following figure.

[bookmark: _Toc483108499]Figure 4‑1: methodology procedure

· Data collection
The first stage of the energy audit is to gather preliminary information of the faculty such as: geographic location, facility layout and identify the mechanism of the production line throw some technical details such as: process diagram, drawings and equipment inventory.
· Field visit
1. Initial walk through tour
The first step of the field visit will help the auditing team understand the preliminary data of the industry such as: the layout of the factory and mechanism of the production line
2. Introductory meeting
After the initial walk through the factory, the auditing team conducted a first meeting with executive manager and the supervised engineers to layout the method, time plan and expected goals of the energy audit.

3. Audit interview
The auditing team conducted some interviews with staff to understand the behaviour of the worker.
4. Gathering detailed data
The auditing team gathered the needed information, including collecting details of the energy consuming equipment such as brand, model, power and hours of operation. Using some metering device to measure the needed values to estimate the energy consumption and to conduct the energy saving opportunities, such as: voltage, current, power and power factor.
The required data was gathered during several visits to the industry with coordination with the industry engineers and our department instructors.
· Analysis of energy performance
The energy performance of the equipment was analysed, as well as the equipment consuming higher energy and compared to the energy standard in order to determine the potential for reducing consumption and to define the energy saving measures to improve global energy performance. Load factor and efficiency for the electrical motor was estimated as the primary indicator of the energy performance, electrical consumption was the primary indictor of energy performance for the lighting system and compressed air system and energy production index was estimated to estimated energy consumption over production for the high frequency welding. More details and mathematical equation are illustrated in Chapter 6.
· Analysis of energy saving opportunities 
After collecting the required data, energy saving opportunities was identified and analysed based on the theoretical background and literature review done by the auditing team. The analysed data manage the auditor to detect energy saving measures to reduce energy consumption.  Energy and cost savings of these measures was assessed, together with investment needed and payback.
· 

· Energy audit report 
Following the energy audit, an energy audit report was implemented, which included the following information:
1. Technical scope: this point includes facilities, services and included areas and level of depth in the analysis and detail required.
2. Methodology: this point includes the analysis of the state of art of the facilities (energy inputs, technologies and services), measurement results and energy balance.
3. Suggested energy saving measures: this point includes a description of each energy saving measure, including potential energy savings, economic savings, investment needed and payback.
4. Conclusions: this point includes the recommended measures, total energy savings, total economic savings, total investment and payback.








[bookmark: _Toc483108526]
Literature Review


In order to understand the project, the auditor have studied some literature reviews in the field of energy efficiency and conservation in the industrial sector. The literature referred for this report was articles, master degree thesis and research papers mostly published in international journals.
T. Tantisattayakul et al, (2016) studied the potential of energy saving in the petrochemical industry in Thailand, the researchers divided energy conservation measurement into six categories; steam saving, seam optimization, cogeneration, power saving by efficient chillers, energy efficiency and waste energy recovery. The analyses were performed in energy, environment and economical respective, they found out that, from energy and environmental perspectives, the cogeneration was the most capable of reducing energy consumption and greenhouse gas emission, however it was the lowest cost effective method. From economic point of view, the most cost effective measure category was steam saving and steam loss reduction. The researchers point out that the most popular method was energy efficiency due to its simplicity, wide range of application and low investment cost.
K. Natarajan, (2015) investigated electrical energy conservation strategies and energy management practices and policies, which enhance the conservation of electrical energy in industries. A three-pronged approach to energy conservation was presented: capacity utilization, fine-tuning and technology up gradation.
Alajlan, Smlai and Elani, (1998) studied the sharp increase of the electrical energy consumption in Saudi Arabia, and the need of energy efficiency technology. They divided energy efficiency technologies into three main groups; electrical equipment, energy conservation in building (throw thermal insulation to the building envelope) and energy conservation supporting tools (public awareness and information). The researchers estimated that 25% of the new energy generating capacity will be reduced if the three factor were implemented.
B. Yaseen, (2008) investigated the potential of energy conservation opportunities in some Palestinian industrial facilities, through conducting energy audits in some industries in Palestine (the facilities consider to be high energy consumers), and he found out a good potential for energy saving in the audited facilities. The researcher estimated that on the national level (10% - 20%) savings from the total energy consumption in the industrial sector could be achieved by implementing some energy conservation measures with no and low cost investment.
Palestinian energy & environment research centre, (2011) studied energy consumption for “JACIR PALACE INTERCONTINENTAL HOTEL” in Bethlehem, Palestine and the possible energy conservation, the study was carried out on the lighting system, boilers, HVAC system and motors load, they found out there was a good energy saving opportunities with low cost investment. The saving was estimated around 30% with SPBP of 1.31 years.
Nassorah, (2016) studied the possibility of implementation energy efficiency opportunities and renewable energy in the industrial sector of Palestine in order to contribute in solving the problem of energy in the West Bank. Three industrial facilities were taken as a sample which consider large energy consumers according to the Palestinian classification, the study of the energy efficiency opportunities include the analysing of tariff, power factor, load, lighting, motors and boilers, and he found out that the possible saving of the energy efficiency opportunities range between 15.7% to 18.7%, and the possible saving from the on-grid PV system is estimated to be around 10 %, and the total annual reduction of CO2 emissions would be 2,285 tons.
Shaikh, Memon and Hussain, (2016) studied the benefit of installing high efficiency motors over the stranded efficiency motors of similar rating in the industrial sector of Pakistan. They have conducted some personal visits to the industries in order to collect the necessary measurements about the current motors (SEMs), 20 motors with different rating and application were compared with similar (EEMs) and they found that the additional investment required to buy the efficient motors would be recover within 0.22 years.
Chirakalwasan, (2006) in his article he describes the efficiency and the usage of induction motors for energy conservation such as speed reduction and variable speed drive. The article also describes two methods to estimate the operated efficiency for electric motors, the first method was to find the part load of the motor and to estimate the efficiency from the manufacture or standard part load-efficiency tables, in the absence of the part load-efficiency tables the author describe a second method to estimate the efficiency by using a mathematical equation estimating the electrical losses and the efficiency.
Vishnu and Vasanthakumar, (2015) studied experimentally the performance of air compressor systems. They conducted the experiment on a sample of twelve compresses that were operated in a manufacturing plant in India, some performance parameters were calculated experimentally such as: volumetric efficiency and power consumption. They found out that the majority of compressors at the plant are running at efficiencies less than 70%. But due to cost problem the auditors suggested that only the lowest efficient compressor with an efficiency of 30.7% should be replace with an energy efficient one, and for the other compressors preventive measures were to be taken to improve efficiency such as: air leakage maintenance and periodic check for the air filtering system and control valves. 
As it was discussed in the hypothesis of the report, most audited industries in Palestine suffered from low energy efficiency and good potential of energy saving as B. Yaseen, (2008) and Nassorah, (2016) show in their studies. Energy efficiency is the most popular method to reduce operating cost as T. Tantisattayakul et al, (2016) discussed in their study. The audited team suppose that replacing energy efficient motor over standard efficient motor will reduce consumption as Shaikh, Memon and Hussain, (2016) show in their study, and as Vishnu and Vasanthakumar, (2015) show in their experiment, periodic maintenance of the air leakage and control valve could be the primary concern for better energy efficiency for the air composers system.








[bookmark: _Ref480631939][bookmark: _Toc483108527]
Theoretical Background


Energy conservation and efficiency opportunities vary depending on the system and operation condition, many of them have been established with exact procedure and equation, or do be determine depended on the operation condition of the device.
This chapter discusses the main energy consumption in the industry which are the electrical motor, lighting system, compressed air and the high frequency welding.

1. [bookmark: _Toc482370918][bookmark: _Ref480631904][bookmark: _Ref480631889][bookmark: _Ref480631886][bookmark: _Ref480631882][bookmark: _Ref480631872][bookmark: _Ref480631866][bookmark: _Toc483108528]Electrical motors

Type of electrical motors
· Direct-Current Motors
Direct-Current motors, as the name implies, use direct, i.e. unidirectional, current. Used in special applications, they only represent about 10% of motors used in industry.

· Synchronous Motors
AC power is fed to the stator of the synchronous motor. The rotor is fed by dc from a separate source. The rotor field locks onto the stator rotating field and rotates at the same speed. The speed of the rotor is a function of the supply frequency and the number of magnetic poles in the stator.

· Induction Motors
In induction motors a magnetic field is induced in the rotor windings by the magnetic fields set up in the stator by ac power supplies. They are the cheapest and simplest type of electric ac motor.



Energy performance indicators
· Electrical consumption
The consumption of the electrical motor is illustrated in the following equation

[bookmark: _Ref482492465][bookmark: _Toc482371652][bookmark: _Ref481525925][bookmark: _Toc483108455][bookmark: _Ref482492460]Equation 1:motor power consumption

Where
V =Average voltage between any two phases in Volt

Vab: Voltage between phase a and b
Vbc: Voltage between phase b and c
Vac: Voltage between phase a and c
I = Average current of the motor in Ampere

Iab: current at line a, b
Ibc: current at line b, c
Iac: current at line a, c
Cos∂ = Power Factor

PF1: Power Factor for phase 1
PF2: Power Factor for phase 2
PF3: Power Factor for phase 3
 
[bookmark: _Ref483093263][bookmark: _Toc482371653][bookmark: _Toc483108456]Equation 2:motor energy consumption

· Power Factor
The power factor of the motor is real power divided into apparent power, the real power and the apparent power can be found directly from power analyser.
Power factor = Real power / Total power

[bookmark: _Toc482371654][bookmark: _Toc483108457]Equation 3:power Factor
As the load on the motor decrease, the active current decrease, so that the power factor decrease, the relation between the percent of the load with power factor, when the percent of the load increase, the power factor increase. 
· Load factor
The load factor is the operated load on the motor to the rated load. The load factor can be estimated as the following equation shows

[bookmark: _Toc482371656][bookmark: _Ref481524194][bookmark: _Ref481524180][bookmark: _Ref481524165][bookmark: _Toc483108458]Equation 4:load factor
Where: 
Pin: measured or calculated power consumption
Prated: rated power or nameplate nominal power.
: rated efficiency on the name plate of the motor.



· Efficiency
The efficiency of the motor is the power output to the input power.

[bookmark: _Ref481530842][bookmark: _Toc482371655][bookmark: _Ref481530848][bookmark: _Ref481530823][bookmark: _Toc483108459]Equation 5:motor efficiency
The rated efficiency can be obtained from the nameplate as illustrated Table 7‑1. If the rated efficiency wasn’t found on the nameplate of the motor it can be estimated from the national standard of the manufacture. And since the used motors in the industry were Chinese, (GB18613-2012) 
The actual efficiency or operated efficiency of the electrical motor various from the rated efficiency, depending on some factors. One of the most important factor is the load factor as Figure 6‑1 shows the relation between motor efficiency and load factor.

[image: ]
[bookmark: _Ref482378070][bookmark: _Ref482378056][bookmark: _Toc483108500][bookmark: _Ref482378064]Figure 6‑1: Typical motor Efficiency vs. Load factor (Natural Resources Canada, 2015)
The operated efficiency of the electric motors can be estimated from the calculated load factor as Figure 6‑1shows, the efficiency increase as the power factor increase until it reaches the maximum or rated value. The figure also shows that the efficiency of the bigger motor varies less above 25 % load factor. 



Energy conservation opportunities
There are many energy efficiency opportunities on electrical motor, this section focused on five main methods.
1. Load Scheduling
1. Switch off the unnecessary Motors: by turning of the motors that not used, there is an amount of saving happened that can be calculated as: 

[bookmark: _Toc482371657][bookmark: _Toc483108460]Equation 6: saving on motor, using load shedding
1. Schedule Motor Operations to Lower Overall Demand: the motors should be scheduled to ensure that the necessary motors operate at the needed time.
1. Drive Maintenance and Alignment 
Operation of a motor is affected by maintenance. the maintenance could be cleaning the motor or filters against the dust, or it could be by make the temperature and the moisture is good, or by noticing any noticeable increase in motor drive vibration.
1. Power Factor Correction
Induction motor uses magnetizing current to convert the electrical energy into mechanical energy. This magnetizing current or reactive current component of the total current lags behind the applied voltage by 90 Ø and results in a phase displacement. This reactive current can come from the utility and there is a penalty is paying for it, or from the capacitors. 
The capacitor size that should be used can be calculated for the following equation,

[bookmark: _Ref483075536][bookmark: _Toc482371658][bookmark: _Ref483075503][bookmark: _Toc483108461]Equation 7: power factor correction
Where 
P = Motor Rating (kW)
 = Motor Efficiency
Ø1 = Phase angle before correction 
Ø2 = Phase angle after correction
1. Balance Motor Phase Voltages
Motors should operate within turbulence between phases of 5% of the rated voltage. the unbalance phase voltage increases the losses and temperature.
1. Choice Energy Efficient Motors
Energy efficiency motor might be expensive comparing with standard efficiency motor. However, it has many advantages such as: reduce the losses and the heat generation, lower operating costs, Improved Bearing Life and improved power factor (Turner, 2007).
[image: ]
[bookmark: _Toc483108501]Figure 6‑2:Standard motors vs high efficiency motors

[bookmark: _Ref483118181][bookmark: _Toc482371659][bookmark: _Toc483108462]Equation 8: saving from installing energy efficient motors
[bookmark: _Toc482370919]Hrs: the estimated annual operated hours of the electric motor
1. [bookmark: _Toc483108529]Lighting system
lighting system consists of:
1. light sources (lamps).
1. luminaires (or ﬁxtures).
1. ballasts. 
Lighting system consume 5-25% of the total energy consumption in the total industrial facilities. Light measured in lumens by the light meter, per unit surface area., illumination (lux)
To get a reference point on the lighting system, the illumination of the industry will be measured to be compare to standard value.

Energy performance indicator 
Electrical consumption:
[bookmark: _Hlk478821275]Consumption ($) = kw of each lamp *number of lamps *operating hours* cost of electricity($/Kwh)

[bookmark: _Ref483075246][bookmark: _Toc483108463][bookmark: _Toc482371661]Equation 9: lighting system energy consumption 


Energy conservation opportunities
This section focus on four main energy conservation opportunities, three of them depend on the current value of illumination. 

1. Switch off Unnecessary Lights 
That can be done manually or automatically by using a controller that contains photo sensors or time switchers.
Saving ($) = kw of each lamp closed *number of lamps *operating hours* cost of electricity($/Kwh)

[bookmark: _Toc483108464]Equation 10: lamp saving, unnecessary lamp

2. Fixture De-lamping
By remove the unnecessary lamp and keep updating it to reduce the cost.

[bookmark: _Ref483090297][bookmark: _Toc482371662][bookmark: _Toc483108465]Equation 11:the optimum number of fixtures

Where
E is illumination lm/m² (lux), A: area in m², n: number of lamps in the unit, Φ: luminous flux in lumen, Ku is reflectance factor (it depends on the colour of walls) (0.6-0.8) and Km is maintenance factor (it depends on the condition of the lamp, clean or not, 0.6- 0.8).
3. Task lighting
It’s a method to reach the prober illumination level on the work surface by putting lamps close to the needed work areas.
4. Maintenance by cleaning from the dust and re-lamping
The dust could be a main factor for reducing light utilization by up to 40 percent and increases heat production, so cleaning the lamp and reflector and the surface of the rooms important. As for re-lamping, there is two types which is spot re-lamping and group re-lamping that is used normally because it reduces lamp costs (discounts), allow lamp maintenance to be scheduled, maintain higher and more uniform lighting levels and insure the correct lamp use. The cost of re-lamping is defined by below equation:
· Spot re-lamping

[bookmark: _Toc482371663][bookmark: _Toc483108466]Equation 12: cost, spot re-lamping
S: spot replacement labour cost per lamp.
L: Price per lamp.
· Group re-lamping

[bookmark: _Toc482371664][bookmark: _Toc483108467]Equation 13: cost, group re-lamping
Where:
L: Price per lamp.
G: group replacement labour cost per lamp.
I: group re-lamping interval.

5.  Installing high efficiency lamps. 

[bookmark: _Ref483090523][bookmark: _Toc483108468]Equation 14: saving, high efficient lamps
[bookmark: _Toc482370920]

1. [bookmark: _Toc483108530]Compressed air system
Compressed air is air kept under a pressure that is greater than atmospheric pressure. It serves many domestic and industrial purposes.
Compressed air systems consist of a supply side, which includes compressors and air treatment, and a demand side, which includes distribution and storage systems and end-use equipment.
A properly managed supply side will result in clean, dry, stable air being delivered at the appropriate pressure in a dependable, cost-effective manner.
A properly managed demand side minimizes wasted air and uses compressed air for appropriate applications.
Energy performance indicator:

Electrical consumption


[bookmark: _Toc482371665][bookmark: _Toc483108469]Equation 15: power consumption in compressor
Where:
V and I are the average measured voltage and current respectively.
Energy consumption:

[bookmark: _Ref482967937][bookmark: _Toc482371666][bookmark: _Ref482967931][bookmark: _Toc483108470]Equation 16:energy consumption, compressor


Energy saving opportunities in compressor

1. Leak Reduction. Leaks can found using Ultra sonic leak detector and it can be a significant source of wasted energy in a compressed air system, sometimes wasting 20-30% of a compressor's output. A typical plant that has not been well maintained will likely have a leak rate equal to 20% of total compressed air production capacity or more. On the other hand, proactive leak detection and repair can reduce leaks to less than 10% of compressor output. Leakage expressed in terms of the percentage of compressor capacity lost. The percentage lost to leakage should be less than 10% in a well-maintained system. Poorly maintained systems can have losses as high as 20-40% of air capacity and power.

the additional power demand for the coverage of the wasted energy is:

[bookmark: _Ref483003055][bookmark: _Toc482371667][bookmark: _Ref483003032][bookmark: _Ref483003083][bookmark: _Toc483108471]Equation 17:the additional power for the coverage of the wasted energy

Where 
W loaded: Power requirement during "loaded" mode (kW)
W unloaded: Power requirement during "unloaded" mode (kW)
T = Time running "loaded" (sec)
t = Time running "unloaded" (sec)


[bookmark: _Ref483003153][bookmark: _Toc482371668][bookmark: _Ref483003180][bookmark: _Toc483108472]Equation 18:leakage percentage
Where:
T is the loaded time in and t is unloaded time in minutes.
2. Inlet Temperature of the compressor. The inlet temperature of the air has an impact on the density of the air at the intake of the compressor and will influence the kinetic energy transferred by the blades to the air. Increased density at lower intake temperatures will result in higher power consumption of the compressor. 
As a rule of thumb, each 3°C lower air temperature will save 1% compressor energy. In addition to energy savings, compressor capacity is increased when cold air from outside is used.

[bookmark: _Ref483003304][bookmark: _Toc482371669][bookmark: _Toc483108473]Equation 19:power reduction caused by decreasing inlet temperature
W1, W2 = initial and final ideal compression powers (kW)
T1, T2 = initial and final inlet air temperatures (°C)

3. Maintain separators, filters, dryers and valves. Regularly check and replace filters. Blocked filters will cause a significant pressure drop and so waste energy. Replace manual, disc and timed drains with new electronic level sensing drains to reduce the amount of waste. Electronic level sensing drains help to optimize the time that drains are open for.
4. Install variable speed Drive. Variable speed drives can be fitted to the motors of screw and vane compressors, and most suppliers are now offering factory-fitted, variable-speed units. These allow the motor to be run at the rate required in order to fulfil demand at that time. This method can save considerable amounts of energy.



[bookmark: _Toc483108531]High frequency welding

The industry has a high frequency welding to form the pipes, the energy consumption of the welding is shown in the equation

[bookmark: _Ref483045394][bookmark: _Ref483045057][bookmark: _Toc483108474]Equation 20: energy consumption, HF welding
Where:
Pavg is the average power measured using the power analyser
Hrs is the annual operated hours

[bookmark: _Ref483045408][bookmark: _Ref483045399][bookmark: _Toc483108475]Equation 21: EUI, HF welding
The above equation shows the energy unity index as kWh per produce pipe







[bookmark: _Ref483051032][bookmark: _Toc483108532]
Collected Data and Analysis of Energy Performance

To obtain the best result for successful energy efficiency opportunities, the energy audit requires to make some measurements during the study in the industry. This chapter include some details of the instruments that were used during the project and samples of the collected data. As well as the energy performance analysis of the energy consuming systems.
· Clamp Meter
These are very useful instruments for measuring current in a wire without having to make any live electrical connections. The clamp is opened up and put around one insulated conductor, and the meter reads the current in that conductor. Also, used to measure voltage first by setting the clamp meter to the voltage symbol “V” to read the voltage on the conductor.  

[image: Image result for clamp meter photos]

[bookmark: _Toc483108502]Figure 7‑1: Clamp Meter device (PCE Instruments, 2016)


· Light meter
A lux meter is a device for measuring brightness, specifically, the intensity with which the brightness appears to the human eye. The lux is a unit of measurement of brightness, or more accurately, illuminance. It ultimately derives from the candle, the standard unit of measurement for the power of light. A candle is a fixed amount, roughly equivalent to the brightness of one candle. The lux takes into account the surface area over which this light is spread, which affects how bright it appears. One lux equals one lumen of light spread across a surface one square meter. A lux meter works by using a photo cell to capture light.  
[image: Image result for lux meter]
[bookmark: _Toc483108503]Figure 7‑2: Light Meter Device (Magnaflux , 2010)
· Thermometer
Digital thermometer is a device measures the air temperature almost instantly. The LCD display to read the temperature in either Celsius or Fahrenheit, and receive a temperature read in 10 seconds this device was used to read the inlet air temperature of the compressor. 
[image: http://www.pcimedical.com/images/products/large/digital-thermometer.jpg]
[bookmark: _Toc483108504]Figure 7‑3: Thermo Meter Device (zytemp, 2014)
· Power Analyzer
An instrument for measuring various parameters of an electrical power distribution system is often called an energy analyzer. The term is also used for computer software for analyzing the use of electrical or other energy use, for example determining how electrical power is consumed in a building with a view to reducing waste, calculate loads and costs associated with air conditioning, heating, and on-site power generation. An electrical energy analyzer might measure for single- and three-phase systems volts RMS, amps RMS, power factor, instantaneous power in watts (W), instantaneous volt-amperes (VA), reactive volt-amperes (VAR), frequency (Hz), average and maximum powers (W), energy in watt-hours (Wh), and phase angles. 

[image: نتيجة بحث الصور عن ‪power analyzer‬‏]
[bookmark: _Toc483108505]Figure 7‑4: Power Analyzer Device (PCE Instruments, 2016)


[bookmark: _Toc483108533]Electric motor 
The factory has two main production line each consist of several electric motors and a cooling tower the name plate reading and some measured data were taken using clamp meters and a power analyzer, as shown in the following tables.
A. Name plate 
The nameplate rating of the electrical motors was tabulated, the electrical motor was referred to as number. Table 7‑1 includes a sample of the collected reading from the electric motor name plate
More detailed are included in the Table A‑4, page 72
[bookmark: _Ref481322501][bookmark: _Ref481524532][bookmark: _Ref481524711][bookmark: _Toc483108478]Table 7‑1: A sample of the name plate reading of the electric motor.
	Electric motor
	Rated power
(kW) 
	Full load current (A)
	Rated voltage (V)
	Speed (RPM)
	IP
	Rated Efficiency
	Rated
Power factor

	1st production line

	2
	
	5.5
	12
	380
	55
	
	

	3
	4
	8.8
	380
	1440
	
	84.2%
	0.82

	2nd production line

	2
	11
	22.6
	380
	1460
	44
	88%
	0.84

	4
	90
	7.45
	180
	1500-2800
	21S
	
	

	Colling tower

	Pump 1
	7.5
	15
	380
	2900
	
	
	

	Pump 2
	1.5
	3.44
	380
	2800
	
	
	



The shown table describe the name plates data for the existing motors in the factory, it is obvious that some data is missing such as starting current and voltage, efficiency and power factor, these data does not exist because most of motors doesn't contains it on its name plate.
B. Measured data
Measured data were necessary to conduct the energy performance analysis. To obtained the needed measurement the electrical motors were divided into two group the first one which had a higher rated power with respect to the rest and suspected to have a variable load, so the data were obtained using a power analyzer. The second group were the motors had a smaller rated power and were operating at nearly constant load, and the required measurement could be obtained by using clamp meters.
Motors “A” and “B” from the first and second production line and the induction welding were considered within the first group, the rest were considered within the second group.
Detailed power analyser measurements are included in Appendix 5: Power analyser measurements, page 74.
Table 7‑2 includes a sample of the collected data from the electric motor using clamp meters
More detailed tables are included in the Table A‑5, page 73.
[bookmark: _Ref481326228][bookmark: _Ref481326220][bookmark: _Toc483108479]Table 7‑2: A sample of measured data using clamp meters.
	Electric motor
	Phase current (A)
	Line voltage (V)

	
	A
	B
	C
	Avg. 
	AB
	BC
	AC
	Avg.

	1st production line

	2
	5
	4.88
	4.8
	4.9
	393
	384
	388
	389

	3
	4.45
	3.9
	4
	4.1
	391
	382
	386
	386

	2nd production line

	1
	12.9
	12.3
	12
	12.4
	414
	409
	410
	411

	2
	15
	15.1
	15.3
	15.1
	410
	411
	409
	410

	Cooling tower

	Pump 1
	10.1
	10
	9
	9.7
	405
	405
	406
	405

	Pump 2
	3.1
	3.2
	3
	3.1
	406
	405
	408
	406



Energy performance analysis
As it was discussed in the research methodology the primary indicator of the energy performance of the electrical motor are the electrical consumption, load factor and efficiency.
A. Electrical consumption
The electrical consumption of the electrical motor can be estimated from Equation 2
 
Pin can be calculated from measured data as Equation 1 shows below

B. Load factor

Equation 4:load factor, describes the mathematical equation to calculate the load factor, as it shown in the equation the needed measurement are the input power, rated power and efficiency.
The rated power and efficiency can be obtained from the name plate of the electrical motor as Table 7‑1 shows. Some motor name plate didn’t include the rated efficiency, in this case the readings were obtained from the “National Standard of the People’s Republic of China” Table A-3, page 70. 

Calculation sample is illustrated below, for motor # 3 from the first production line



C. Efficiency
The operated efficiency was estimated as a ratio with the load factor as Figure 6‑1 shows.
The load% for motor number 3 from the first production line was calculated to be 47.4% and the rated power was 4 kW. the estimated efficiency from Figure 6‑1 is 81%.
Table 7‑3 shows the various electric motor by number, rated power in kilo Watt, rated efficiency, percentage of load factor and the estimated operated efficiency.
[bookmark: _Ref482485556][bookmark: _Ref482485552][bookmark: _Toc483108480]Table 7‑3: load factor and efficiency of the electric motor
	Electric motor
	Rated power (kW)
	Rated efficiency
	Load factor
	Estimated efficiency

	1/1PL
	3.70
	83.0%
	79.0%
	83.0%

	2/1PL
	5.50
	85.7%
	41.6%
	81.0%

	Fan 1/1PL
	3.00
	83.5%
	51.0%
	80.0%

	3/1PL
	4.00
	84.6%
	47.8%
	81.0%

	4/1PL
	4.00
	84.6%
	47.8%
	81.0%

	Fan 2/1PL
	3.00
	83.5%
	56.7%
	80.0%

	C/1PL
	11.00
	85.0%
	49.7%
	83.0%

	1/2PL
	11.00
	88.0%
	59.3%
	85.0%

	2/2PL
	15.00
	90.0%
	54.6%
	86.0%

	pump1 /2PL
	7.50
	87.0%
	69.0%
	86.0%

	pump 2/2PL
	1.50
	78.5%
	93.6%
	77.0%

	A/2PL
	90.00
	83.0%
	32.0%
	82.0%

	B/2PL
	90.00
	83.0%
	17.3%
	80.0%



The total energy consumption by the electric motor is 162,105 kWh


[bookmark: _Toc483108534]Lighting system 
There are 23 metal halide lamps in the industry, but the industry mainly depends on natural lighting during the day time and only thirteen lamps for additional illumination during cloudy days, and the rest of the lamps were burn out. 
To estimate the performance of the lighting levels in the factory using “EN 12464-1:2002” standard shown in Table A‑2, page 68. and compare it with the measured lighting values.
Some measurement of the illumination was taken in different location of the factory using the light meter. The illumination levels were measured using the lux meter, and the average values are shown in the table below.
[bookmark: _Toc483108481]Table 7‑4: measured illumination levels
	Time
	Location
	Lighting system
	Measured illumination

	Before Midday
	First Production Line
	Off
	75 Lux

	
	
	On
	115 Lux

	
	Second Production Line
	Off
	93 Lux

	
	
	On
	172 Lux

	After Midday
	First Production Line
	Off
	170 Lux

	
	Second Production Line
	Off
	315 Lux



As it shown the table above the illuminations levels before midday are low without lighting. And for better work area the lamps should be turn on for additional three hour before midday to improve the illumination levels to an Acceptable value.



[bookmark: _Ref481418825]Table 7‑5 shows technical data for the used metal lamps. And Figure 7‑5 shows a picture of the lamp.
[bookmark: _Toc483108482]


Table 7‑5: lamp data sheet
	Nominal power
	400 W

	Rated luminous flux
	34,000 lm

	Rated lamp efficacy
	81 lm/W

	Energy efficiency class 
	A


 
[image: ]
[bookmark: _Ref481522352][bookmark: _Ref481522347][bookmark: _Toc483108506]Figure 7‑5: power star hqi-t/ metal halide lamp

Electrical consumption
The industry depends mainly on natural lighting and turn on thirteen lamp after midday during cloudy days and the early morning of Ramadan month.
The annual operated hours of the lamps are
1. 3 hours after midday during cloudy days, around 52 days/ year (meteoblue, 2014)
1. 3 hours during the early morning of Ramadan month, 30 days/year
Total operating horse are 246 hour/ year
The electrical consumption of the lighting system can be found using Equation 9.

[bookmark: _Toc483108535]Compressed air system
The industry has one compressor with a rated power of 22 kW and a storage tank of about three m3, which feed pneumatic air valve and moving strips to help the worker push the profile the shipping area. The compressor operates at a pressure between 7-8.3 bar and its needed the whole day. The power analyzer was used to measure the needed data to complete the performance analysis. Such as the time and power consumed during load and unload condition. Table 7‑6 shows the average measured data from the power analyzer. More detailed tables are included in Table A‑8, page 90.
[bookmark: _Ref482967771][bookmark: _Ref482967766][bookmark: _Toc483108483]Table 7‑6: measured data from the compressor
	Power Avg., load
	Time, load
	Power Avg., no load
	Time, no load 
	Power Avg., Total

	14.9 kW
	44.2 %
	3.6 kW
	55.8%
	7.42 kW



The annual electrical consumption of the compressor can be found using Equation 16:energy consumption, compressor




[bookmark: _Toc483108536]High frequency welding
The industry has a high frequency welding in the second production line after to form the pipes. The power analyzer was used to measure the needed data to complete the performance analysis as shown in the Table A‑9, page 101. The measurements of the welding were obtained as the factory form a pipe with a nominal dimeter of 2 inch.
The main energy performance indicator is the electrical consumption and energy unit index as shown in Equation 20 and Equation 21



[bookmark: _Toc483108537]Evaluation of the overall energy consumption 
The total estimated energy consumption from the industry is 338,913 kWh/year. Figure 7‑6 shows the percentages of energy consumption in the industry excluding the lighting system for its small amount.

[bookmark: _Ref483094127][bookmark: _Toc483108507]Figure 7‑6: energy consumption percentage







[bookmark: _Toc483108538]
Energy Conservation Opportunities and Economic Evaluation


1.10: [bookmark: _Toc483108539]Electrical motors
The main energy conservation opportunities that can be implemented on electrical motors as it was discussed in Chapter 6 is to improve the load factor and to replace the current motors with high efficient motors. the analysis was estimated to replace the current motors with motors that has better load factor and higher efficiency using “TOSHIBA”, electric motor catalogue. Table A‑10, page 108.
Table below shows the rated power and estimated efficiency for the current electric motors with the suggested replacement from Toshiba’s catalogue.
[bookmark: _Toc483108484]Table 8‑1: rated power and efficiency for current and suggested motors
	Current motor
	Suggested motor

	Motor number
	Rated Power
	Efficiency
	Model number
	Rated Power
	Efficiency

	1/1PL
	3.70 kW
	83.0%
	813-B0030
	3.00
	90.2%

	2/1PL
	5.50 kW
	81.0%
	813-B0031
	3.00 kW
	90.2%

	Fan 1/1PL
	3.00 kW
	80.0%
	813–B0020
	2.20 kW
	88.5%

	3/1PL
	4.00 kW
	81.0%
	813–B0020
	2.20 kW
	88.5%

	4/1PL
	4.00 kW
	81.0%
	813–B0020
	2.20 kW
	88.5%

	Fan 2/1PL
	3.00 kW
	80.0%
	813–B0020
	2.20 kW
	88.5%

	C/1PL
	11.00 kW
	83.0%
	813–B0070
	7.50 kW
	91.5%

	1/2PL
	11.00 kW
	85.0%
	813–B0070
	7.50 kW
	91.5%

	2/2PL
	15.00 kW
	86.0%
	813–B0110
	11.00 kW
	92.4%

	pump1 /2PL
	7.50 kW
	86.0%
	813–B0070
	7.50 kW
	91.5%

	pump 2/2PL
	1.50 kW
	77.0%
	813–B0015
	1.5 kW
	86.2%

	A/2PL
	90.00 kW
	85%
	813–B0370
	37 kW
	94.5%

	B/2PL
	90.00 kW
	85%
	813–B0371
	37 kW
	94.5%




[bookmark: _Ref483056931][bookmark: _Toc483108508]Figure 8‑1: load factor improvement
Figure 8‑1 shows the estimated improvement in load factor for the suggested motors.
The estimated saving from replacing the current motor can be estimated from Equation 8. A sample of the estimated saving is calculated below, for motor A/2PL 


[bookmark: _Ref483082906][bookmark: _Toc483108509]Figure 8‑2: comparison of the annual cost between the current motors and suggested replacement
As shown in Figure 8‑2, the annual saving from replacing the electrical motor with high efficient motor is better to be implemented for motors with high operating hours and rated power
Table below shows the annual saving from installing high efficient motors for motors with more the cooling tower pumps and motor A and B from the second production line.
[bookmark: _Ref483083073][bookmark: _Toc483108485]Table 8‑2: saving by replace the electric motors with high efficiency motors
	Current motor
	Suggested motor
	Saving ($/year)
	Saving %

	pump1 /2PL
	813–B0070
	129.09
	6.99%

	pump 2/2PL
	813–B0015
	69.49
	13.86%

	A/2PL
	813–B0370
	1245.94
	11.83%

	B/2PL
	813–B0371
	672.94
	11.83%

	Total
	2,117.5
	10.71%



Table 8‑2 shows the total saving from replacing the cooling tower pumps and motor A and B from the second production line could save 2,117 $ per year. The estimated energy reduction is 12,308 kWh/year.


1. [bookmark: _Toc483108540]Lighting system
The used lighting system consist of 23 lamps, 10 of them were burn out, and they operate only when needed at estimated period of 264 hour/ year, as discussed in Chapter 7

11. [bookmark: _Toc483108541]Energy conservation opportunities
1. The number of necessary lamps can be found from Equation 11
N = (300*450)/ (1*34000*0.5*0.7) = 11.3 = 12 lamp
There are 13 working lamps working in the factory
The lamps in the factory works about 264 hours, but this make a problem in the illumination before midday, the lamps should be switched on about 3 hours in the morning for 300 days per year to cover the shortage in the illumination at the factory. This leads to increase the energy consumption which can be found from the following Equation: 
 
Additional energy is needed to cover the shortage in the illumination levels. This additional energy can be reduced by using high efficient lamps.
1. Install led lamps with 250w
Using Equation 14, the saving can be estimated to be

Economical evaluation 
1. The additional hours needed can have a such of cost which can be calculated from the next Equation.

Install high efficiency lighting lamps each lamp cost 7 $ and 3 $ for labor.
The annual saving = 2269*0.17 = 385.7 $
SBP = Implementation cost/Saving per year = 13*10/385.7 = 0.337 year.


1. [bookmark: _Toc483108542]Compressed air system
12. [bookmark: _Toc483108543]Energy opportunities 
1. Reduce leak.
The additional power needed for overage leak is found from Equation 17 

And leakage % also from Equation 18 
 of the total consumption.
1. Reduce inlet temperature of the compressor
The reduction of the inlet temperature of the compressor can make a good saving, and it can be calculating use Equation 19.
W2 = 7.47  = 7.31 Kw
Saving = (7.47-7.31) *3000= 480 kWh/ Year.
Total energy reduction of 15,450 kWh/year
12. [bookmark: _Toc483108544]Economic analysis 
1.    = 4.99 * 3000*0.17
 = 2544 $
If we assume that 90 % of the leaks can be arrested, so the annual saving will be about 2290 $.
The investment cost summarizes on improving the maintenance procedure, retrofitting control valves and fittings. The estimation cost, according to the maintenance manager, around 150 $.
SBP = 150/2290 = 0.065 Year.
1.  = 480*0.17 = 81.6$
The investment cost required for this saving is the price and the installation cost of the duct which estimated at 160 $.
SBP = 160/81.6 = 1.96 Years.


1. [bookmark: _Toc483108545]High frequency welding
We could save a big amount of apparent power by increasing the power factor of welding and calculate the needed amount of reactive power from. Equation
 
     =73.16127( = 100 kVAR
The welding needs a 144.1622 kVAR ,100 can be used from the capacitors and 44.1622 kVAR from the utility.




[bookmark: _Toc483108546]Evaluation of the overall energy saving opportunities
the annual electric bill for the industry is shown in the table below

[bookmark: _Toc483108510]Figure 8‑3: monthly electric bill for the factory

Is it shown in the figure the annual energy consumed is 353,162 kWh. And the total estimated energy consumed in Chapter 7 was 338,913 with an 4% error of estimating the total energy consumption.
The total energy saved is equal to energy saved in the electric motor and compressed air system



The estimated energy saving in the factory is 7.85% of the total bill.


[bookmark: _Toc483108547]Greenhouse gases impact
The estimated greenhouse gases reduction will be estimated from the estimated. 

Greenhouse gasses reduction can be estimated using the following equations

· 
· 

· 







[bookmark: _Toc483108548]
Conclusion and Recommendations


High population growth, increasing living standards and rapid industrial growth has led to tremendous energy demand in the Palestine in recent years. The energy situation in Palestine is highly different compared to other countries in the Middle East due to non-availability of natural resource, financial crunch and unstable political condition.
Palestine is heavily dependent on Israel for meeting its energy requirements. Almost all petroleum products are imported through Israeli companies.  Israel controls energy imports into Palestine and thus prevents open trade in electricity and petroleum products between Palestine and other countries. So, the most of Palestinian should look forward to use renewable energy such as photovoltaic cell and solar water heaters, also applied energy audit strategy that comes to use in a widely range.
This project is an energy audit on Al-Amour factory to assessment the energy consumption, also analyse the readings, finding opportunities for saving and give the suitable recommendations. The savings could reduce the financial burden of the current energy bills at the factory. There would also be environmental benefits derived from implementing energy conservation measures. There would be tremendous reduction of localized gaseous emissions to the environment. The energy manager should also take the responsibility of educational awareness campaigns as way of changing the attitudinal behaviours of employees and even the management towards energy conservation.
The total energy consumption of the industry is 353,162 kWh/year, where the most of the energy is used by the electric motor 48%, HF welding 45% and compressor 7% of the total electrical consumption and the lighting system is less than 0.5% of the total consumption.
[bookmark: _GoBack]The energy saving opportunities for the electrical motor were analysed after calculating the main energy performance indicator which are load factor and operated efficiency, and the main energy conservation opportunities was to replace the current motor with high efficient motor with smaller rated power to improve the load factor and efficiency. the result of changing the cooling power pumps and motor A and B from the second production line was 12,308 kWh/year or 2,117 $/year.
As for the compressed air system, leaks from the piping was estimated to cost the factory 4.99 kW at estimated 3000 hour of operation per year. And reducing the inlet temperature by 4 ℃ would save 480 kWh/year. The total saving was estimated to reach 2,647 $/year.
The estimated energy saving is 7.85% from the total energy consumption from the motors and compressor.
The illuminations levels were measured in the industry before midday and without using the lighting, and the illuminations levels were below the standard acceptable range. And so, the lighting will have to be turn on for additional 3 hours every day to improve the illumination levels, the additional operating hour will cost 476 $/year. But it could be reduced by 62.5 % if the current lamps were to be replaced with high efficient lamps with SPBP of 4 months.
The high frequency welding has a low power factor of about 0.45, to improve the average power factor to 0.85 and to reduce the reactive power demanded on the utility. 100 kVAR capacitors is needed 
In the end, we recommend to make a good maintenance programme for the electrical motors and to replace low efficient motors with high efficient ones, make a periodic check to fix the leakage in the pipelines of the air compressor and to increase the operating hours of the lighting and replacing the lamps with high efficient lamps.
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[bookmark: _Toc483108550]Appendices
[bookmark: _Toc483108551]Appendix 1: Electrical bill of the steel tubes and profile factory
[bookmark: _Ref483093526][bookmark: _Toc483108486]Table A‑1: electrical bill of the factory
	Month
	Electric bill (Nis)
	Electric bill ($)
	Energy consumption (kWh)

	 January 
	 19,935 
	 5,522.00 
	 31,998.39 

	 February 
	 15,773 
	 4,369.12 
	 25,317.82 

	 March 
	 25,106 
	 6,954.36 
	 40,298.56 

	 April 
	 18,887 
	 5,231.70 
	 30,316.21 

	 May 
	 19,386 
	 5,369.92 
	 31,117.17 

	 June 
	 17,712 
	 4,906.22 
	 28,430.18 

	 July 
	 14,506 
	 4,018.16 
	 23,284.11 

	 August 
	 17,099 
	 4,736.42 
	 27,446.23 

	 September 
	 17,573 
	 4,867.72 
	 28,207.06 

	 October 
	 16,543 
	 4,582.41 
	 26,553.77 

	 November 
	 18,750 
	 5,193.75 
	 30,096.31 

	 December 
	 18,750 
	 5,193.75 
	 30,096.31 

	Total
	 220,020 
	 60,945.54 
	 353,162.12 


[bookmark: _Toc483108552]Appendix 2: Used standards

[bookmark: _Ref483089672][bookmark: _Ref483002654][bookmark: _Toc483108487]Table A‑2: standard illumination levels
	Type of interior, task or activity
	Standard Illumination (lm /m²) or lux

	Open die forging
	200

	Drop forging
	300

	Welding
	300

	Rough and average machining: tolerances ≥ 0,1 mm
	300

	Precision machining; grinding: tolerances < 0,1 mm
	500

	Scribing; inspection
	750

	Wire and pipe drawing shops; cold forming
	300

	Plate machining: thickness ≥ 5 mm
	200

	Sheet metalwork: thickness < 5 mm
	300

	Tool making; cutting equipment manufacture
	750

	


	Assembly

	Rough
	200

	Medium
	300

	Fine
	500

	precision
	750

	Galvanizing
	300

	Surface preparation and painting
	750

	Tool, template and jig making, precision mechanics, micromechanics
	1000





[bookmark: _Ref483037789][bookmark: _Ref483037766][bookmark: _Toc483108488][bookmark: _Ref483109037]Table A-3: standard rated efficiency for the electrical motor
	Rated power (Kw)
	Efficiency %

	
	Grade 1
	Grade 2
	Grade 3

	
	2 poles
	4 poles
	6 poles
	2 poles
	4 poles
	6 poles
	2 poles
	4 poles
	6 poles

	0.75
	84.9
	85.6
	83.1
	80.7
	82.5
	78.9
	77.4
	79.6
	57.9

	1.1
	86.7
	87.4
	84.1
	82.7
	84.1
	81
	79.6
	81.4
	78.1

	1.5
	87.5
	88.1
	86.2
	84.2
	85.3
	82.5
	81.3
	82.5
	79.8

	2.2
	89.1
	89.7
	87.1
	85.9
	86.7
	84.3
	83.2
	84.3
	81.8

	3
	89.7
	90.3
	88.7
	87.1
	87.7
	85.6
	84.6
	85.5
	83.3

	4
	90.3
	90.9
	89.7
	88.1
	88.6
	86.8
	85.8
	86.6
	84.6

	5.5
	91.5
	92.1
	89.5
	89.2
	89.6
	88
	87
	87.7
	88

	7.5
	92.1
	92.6
	90.2
	90.1
	90.4
	89.1
	88.1
	88.7
	87.2

	11
	93
	93.6
	91.5
	91.2
	91.4
	90.3
	89.4
	89.8
	88.7

	15
	93.4
	4
	92.5
	91.9
	92.1
	91.2
	90.3
	90.6
	89.7

	18.5
	93.8
	94.3
	93.1
	92.4
	92.6
	91.7
	90.9
	91.2
	90.4

	22
	94.4
	94.7
	93.9
	92.7
	93
	92.2
	91.3
	91.6
	90.9

	30
	94.5
	95
	94.3
	93.3
	93.6
	92.9
	92
	92.3
	91.7

	37
	94.8
	95.3
	94.6
	93.7
	93.9
	93.3
	92.5
	92.7
	92.2

	45
	95.1
	95.6
	94.9
	94
	94.2
	93.7
	92.9
	93.1
	92.7

	55
	95.4
	95.8
	95.2
	94.3
	94.6
	94.1
	93.2
	93.5
	93.1

	75
	95.6
	96
	95.4
	94.7
	95
	94.6
	93.8
	94
	93.7

	90
	95.8
	95.2
	95.6
	95
	95.2
	94.9
	94.1
	94.2
	94

	110
	96
	96.4
	95.6
	95.2
	95.4
	95.1
	94.3
	94.5
	94.3

	132
	96
	96.5
	95.8
	95.4
	95.6
	95.4
	94.6
	94.7
	94.6

	160
	96.2
	96.5
	96
	95.6
	95.8
	95.6
	94.8
	94.9
	94.8

	200
	96.3
	96.6
	96.1
	95.8
	96
	95.8
	95
	95.1
	95

	250
	96.4
	96.7
	961
	95.8
	96
	95.8
	95
	95.1
	95

	315
	96.5
	96.8
	96.1
	95.8
	96
	95.8
	95
	95.1
	95

	355-375
	96.6
	96.8
	96.1
	95.8
	96
	95.8
	95
	95.1
	95





[bookmark: _Toc483108553]Appendix 3: Name Plate data for the electrical motor
[bookmark: _Ref483075158][bookmark: _Ref483088332][bookmark: _Toc483108489]Table A‑4: Name Plate data of the electrical motors
	Motor #
	Power- rated (kW)
	F.L current- rated (A)
	Voltage- rated (V)
	RPM
	IP
	EFF,rated
	PF,rated

	1/1PL
	3.70
	8.40
	380.00
	1440.00
	
	83.00%
	0.81

	2/1PL
	5.50
	12.00
	380.00
	1440.00
	55.00
	85.70%
	0.81

	Fan 1/1PL
	3.00
	6.30
	380.00
	2280.00
	
	83.50%
	0.84

	3/1PL
	4.00
	8.80
	380.00
	1440.00
	
	84.60%
	0.82

	4/1PL
	4.00
	8.80
	380.00
	1440.00
	
	84.60%
	0.82

	Fan 2/1PL
	3.00
	6.30
	380.00
	2280.00
	
	83.50%
	0.87

	C/1PL
	11.00
	22.60
	380.00
	1460.00
	44.00
	85.00%
	0.87

	1/2PL
	11.00
	22.60
	380.00
	1460.00
	44.00
	88.00%
	0.84

	2/2PL
	15.00
	29.90
	380.00
	1450.00
	44.00
	90.00%
	0.85

	pump1 /2PL
	7.50
	15.00
	380.00
	2900.00
	
	87.00%
	0.87

	pump 2/2PL
	1.50
	5.44
	380.00
	2800.00
	
	78.50%
	0.82

	A/2PL
	90.00
	
	
	
	
	82.98%
	0.87

	B/2PL
	90.00
	
	
	
	
	82.98%
	0.74


[bookmark: _Toc483108554]Appendix 4: Clamp meter measurements
[bookmark: _Ref483075188][bookmark: _Ref483088357][bookmark: _Toc483108490]Table A‑5: clamp Meter Measurement
	Motor #
	Line A- Current (A) 
	Line B- Current (A) 
	Line C- Current (A) 
	Current (A)- R.M. S
	Line AB- Voltage (V)
	Line BC- Voltage (V)
	Line AC- Voltage (V)
	Voltage (V)- R.M. S

	1/1PL
	6.70
	6.30
	6.50
	6.50
	
	
	
	388.00

	2/1PL
	5.00
	4.88
	4.80
	4.89
	
	
	
	388.00

	Fan 1/1PL
	3.10
	3.40
	3.30
	3.27
	
	
	
	388.00

	3/1PL
	4.45
	3.90
	4.00
	4.12
	
	
	
	388.00

	4/1PL
	4.45
	3.90
	4.00
	4.12
	
	
	
	388.00

	Fan 2/1PL
	3.60
	3.35
	3.55
	3.50
	
	
	
	388.00

	C/1PL
	11.00
	10.80
	11.20
	11.00
	
	
	
	388.00

	1/2PL
	12.90
	12.30
	12.00
	12.40
	414.00
	409.00
	410.00
	411.00

	2/2PL
	15.00
	15.10
	15.30
	15.13
	410.00
	411.00
	409.00
	410.00

	pump1 /2PL
	10.10
	10.00
	9.00
	9.70
	405.00
	405.00
	406.00
	405.33

	pump 2/2PL
	3.10
	3.20
	3.00
	3.10
	406.00
	405.00
	408.00
	406.33

	
	
	
	
	59.47
	
	
	
	387.40

	A/2PL
	
	
	
	37.90
	
	
	
	386.00





[bookmark: _Ref483088900][bookmark: _Ref483088909][bookmark: _Ref483088944][bookmark: _Toc483108555]Appendix 5: Power analyser measurements

[bookmark: _Toc483108491]Table A‑6: power analyser measurements for motor A/2PL
	No. of reading
	Time 16-4-2017
	Average kW
	Average kVAR
	Average kVA
	Average current
	Average voltage
	Average PF
	Load Factor %

	1
	14:08:35
	30.2
	23.3
	38.8
	58.06666667
	387.8061758
	0.794333333
	0.28582

	2
	14:08:40
	31
	23.6
	39
	56.1
	387.5752357
	0.804333333
	0.279366

	3
	14:08:45
	30.3
	22.3
	37.7
	56.1
	387.5752357
	0.791333333
	0.274756

	4
	14:08:50
	29.8
	23
	37.6
	54.46666667
	387.4597657
	0.809
	0.272912

	5
	14:08:55
	29.6
	21.4
	36.5
	56.7
	387.4597657
	0.796
	0.279366

	6
	14:09:00
	30.3
	22.9
	38.1
	55.9
	387.6907058
	0.780333333
	0.270146

	7
	14:09:05
	29.3
	23.4
	37.5
	56.76666667
	387.1133555
	0.801
	0.28121

	8
	14:09:10
	30.5
	22.7
	38.1
	57.4
	387.4597657
	0.812333333
	0.288586

	9
	14:09:15
	31.3
	22.5
	38.5
	57.1
	387.5175007
	0.790333333
	0.279366

	10
	14:09:20
	30.3
	23.4
	38.3
	57.56666667
	387.3442956
	0.794333333
	0.283054

	11
	14:09:25
	30.7
	23.4
	38.6
	57.7
	387.5175007
	0.797
	0.284898

	12
	14:09:30
	30.9
	23.2
	38.7
	56.23333333
	387.3442956
	0.816
	0.283976

	13
	14:09:35
	30.8
	21.6
	37.7
	56.66666667
	387.4020306
	0.809333333
	0.283976

	14
	14:09:40
	30.8
	22.2
	38
	50.93333333
	386.8246804
	0.844
	0.265536

	15
	14:22:42
	28.8
	18.2
	34.1
	61.33333333
	386.4205352
	0.521
	0.197308

	16
	14:22:47
	21.4
	34.9
	41
	59.6
	384.6307493
	0.594
	0.217592

	17
	14:22:52
	23.6
	31.9
	39.7
	63.7
	384.2266041
	0.591666667
	0.231422

	18
	14:22:57
	25.1
	34.1
	42.4
	63.4
	384.1688691
	0.611
	0.236954

	19
	14:23:02
	25.7
	33.3
	42.2
	57.56666667
	383.995664
	0.805
	0.284898

	20
	14:23:07
	30.9
	22.4
	38.3
	57.2
	383.880194
	0.811666667
	0.284898

	21
	14:23:12
	30.9
	22.1
	38
	58.5
	383.5337838
	0.806666667
	0.289508

	22
	14:23:17
	31.4
	22.8
	38.9
	59.1
	384.3420742
	0.801666667
	0.291352

	23
	14:23:22
	31.6
	23.3
	39.3
	58.96666667
	384.1111341
	0.796666667
	0.288586

	24
	14:23:27
	31.3
	23.5
	39.2
	59.66666667
	383.7069889
	0.806333333
	0.29504

	25
	14:23:32
	32
	23.3
	39.6
	59.36666667
	383.6492539
	0.794666667
	0.289508

	26
	14:23:37
	31.4
	23.8
	39.4
	57.33333333
	385.5545098
	0.783
	0.2766

	27
	14:23:42
	30
	23.6
	38.3
	59.13333333
	385.0348945
	0.803
	0.292274

	28
	14:23:47
	31.7
	23.4
	39.4
	59.83333333
	385.958655
	0.794
	0.293196

	29
	14:23:52
	31.8
	24.1
	40
	59.83333333
	385.6699798
	0.804333333
	0.296884

	30
	14:23:57
	32.2
	23.5
	40
	60.8
	387.2288255
	0.806333333
	0.303338

	31
	14:24:02
	32.9
	24
	40.8
	61.13333333
	387.2865606
	0.800333333
	0.302416

	32
	14:24:07
	32.8
	24.6
	41
	60.8
	387.5752357
	0.805333333
	0.303338

	33
	14:24:12
	32.9
	24.1
	40.8
	61.86666667
	387.1710905
	0.795
	0.30426

	34
	14:24:17
	33
	25.1
	41.5
	60.53333333
	386.8824154
	0.802666667
	0.300572

	35
	14:24:22
	32.6
	24.1
	40.6
	62
	387.4597657
	0.806666667
	0.309792

	36
	14:24:27
	33.6
	24.5
	41.6
	63.03333333
	387.4020306
	0.779666667
	0.30426

	37
	14:24:32
	33
	26.3
	42.3
	60.13333333
	387.2288255
	0.797333333
	0.296884

	38
	14:24:37
	32.2
	24.1
	40.3
	59.73333333
	387.2865606
	0.813
	0.300572

	39
	14:24:42
	32.6
	23.3
	40.1
	61.5
	387.3442956
	0.794333333
	0.302416

	40
	14:24:47
	32.8
	25
	41.3
	60.83333333
	387.2865606
	0.795333333
	0.29965

	41
	14:24:52
	32.5
	24.6
	40.8
	59.46666667
	387.1710905
	0.8
	0.294118

	42
	14:24:57
	31.9
	23.9
	39.9
	60.13333333
	387.1710905
	0.808333333
	0.300572

	43
	14:25:02
	32.6
	23.7
	40.3
	56.7
	387.1710905
	0.791
	0.277522

	44
	14:25:07
	30.1
	23.1
	38
	56.6
	387.3442956
	0.784
	0.274756

	45
	14:25:12
	29.8
	23.5
	38
	55.93333333
	387.3442956
	0.804333333
	0.278444

	46
	14:25:17
	30.2
	22.3
	37.5
	56.66666667
	387.3442956
	0.803333333
	0.282132

	47
	14:25:22
	30.6
	22.3
	38
	58.43333333
	387.4020306
	0.803333333
	0.29043

	48
	14:25:27
	31.5
	23.3
	39.2
	59.93333333
	387.4597657
	0.792333333
	0.294118

	49
	14:25:32
	31.9
	24.3
	40.2
	59.76666667
	387.3442956
	0.802666667
	0.296884

	50
	14:25:37
	32.2
	23.8
	40.1
	60.86666667
	387.2865606
	0.798
	0.300572

	51
	14:25:42
	32.6
	24.5
	40.8
	60.26666667
	387.3442956
	0.798
	0.297806

	52
	14:25:47
	32.3
	24.3
	40.4
	60.9
	387.2288255
	0.800333333
	0.301494

	53
	14:25:52
	32.7
	24.4
	40.8
	61.33333333
	387.0556205
	0.8
	0.303338

	54
	14:25:57
	32.9
	24.7
	41.1
	62
	386.9978854
	0.788666667
	0.302416

	55
	14:26:02
	32.8
	25.4
	41.5
	62.1
	387.2865606
	0.786666667
	0.302416

	56
	14:26:07
	32.8
	25.6
	41.6
	61
	386.9978854
	0.797
	0.300572

	57
	14:26:12
	32.6
	24.6
	40.9
	62.26666667
	386.8824154
	0.780666667
	0.300572

	58
	14:26:17
	32.6
	26
	41.7
	60.33333333
	387.0556205
	0.798333333
	0.297806

	59
	14:26:22
	32.3
	24.4
	40.4
	61
	386.9978854
	0.804333333
	0.303338

	60
	14:26:27
	32.9
	24.2
	40.9
	61.36666667
	387.4020306
	0.799666667
	0.303338

	61
	14:26:32
	32.9
	24.8
	41.2
	60.83333333
	387.8061758
	0.797
	0.300572

	62
	14:26:37
	32.6
	24.5
	40.9
	60.73333333
	387.4597657
	0.787
	0.295962

	63
	14:26:42
	32.1
	25
	40.8
	60.16666667
	387.6329707
	0.804
	0.29965

	64
	14:26:47
	32.5
	23.9
	40.4
	61.5
	387.4020306
	0.777333333
	0.295962

	65
	14:26:52
	32.1
	25.8
	41.3
	61.16666667
	387.4597657
	0.794
	0.300572

	66
	14:26:57
	32.6
	24.9
	41
	60.33333333
	387.6907058
	0.801666667
	0.29965

	67
	14:27:02
	32.5
	24.1
	40.5
	61.16666667
	387.6907058
	0.788666667
	0.298728

	68
	14:27:07
	32.4
	25.2
	41.1
	61.46666667
	387.8061758
	0.787
	0.29965

	69
	14:27:12
	32.5
	25.4
	41.3
	61.2
	387.8061758
	0.782666667
	0.296884

	70
	14:27:17
	32.2
	25.4
	41.1
	60.86666667
	387.5752357
	0.783333333
	0.29504

	71
	14:27:22
	32
	25.3
	40.8
	60.36666667
	387.6329707
	0.784
	0.293196

	72
	14:27:27
	31.8
	25.1
	40.5
	59.33333333
	387.8639108
	0.789333333
	0.29043

	73
	14:27:32
	31.5
	24.3
	39.9
	60
	387.9216459
	0.793333333
	0.29504

	74
	14:27:37
	32
	24.4
	40.3
	59.46666667
	387.8061758
	0.793333333
	0.292274

	75
	14:27:42
	31.7
	24.1
	39.9
	58.83333333
	388.3835261
	0.790333333
	0.288586

	76
	14:27:47
	31.3
	24.1
	39.6
	58.56666667
	387.9793809
	0.798333333
	0.289508

	77
	14:27:52
	31.4
	23.8
	39.3
	59.1
	387.9216459
	0.797666667
	0.292274

	78
	14:27:57
	31.7
	23.9
	39.7
	59.76666667
	387.4020306
	0.782333333
	0.289508

	79
	14:28:02
	31.4
	24.8
	40.1
	58.86666667
	387.7484408
	0.791
	0.288586

	80
	14:28:07
	31.3
	24
	39.5
	55.46666667
	387.8639108
	0.81
	0.278444

	81
	14:28:12
	30.2
	21.7
	37.3
	58.06666667
	387.5175007
	0.773666667
	0.278444

	82
	14:28:17
	30.2
	24.5
	39
	57.66666667
	387.4020306
	0.783
	0.279366

	83
	14:28:22
	30.3
	24
	38.7
	57.33333333
	388.152586
	0.798666667
	0.283976

	84
	14:28:27
	30.8
	23.2
	38.5
	57.5
	387.8061758
	0.812666667
	0.289508

	85
	14:28:32
	31.4
	22.4
	38.6
	58.56666667
	388.210321
	0.796333333
	0.289508

	86
	14:28:37
	31.4
	23.6
	39.4
	57.33333333
	388.0948509
	0.807
	0.286742

	87
	14:28:42
	31.1
	22.6
	38.5
	59.46666667
	387.8061758
	0.780333333
	0.287664

	88
	14:28:47
	31.2
	24.8
	39.9
	58.86666667
	387.9793809
	0.799333333
	0.291352

	89
	14:28:52
	31.6
	23.8
	39.5
	59.3
	387.6329707
	0.775666667
	0.284898

	90
	14:28:57
	30.9
	25.1
	39.8
	58.4
	387.5175007
	0.809333333
	0.292274

	91
	14:29:02
	31.7
	23
	39.2
	59.76666667
	387.5752357
	0.784333333
	0.29043

	92
	14:29:07
	31.5
	24.6
	40.1
	58.56666667
	387.8639108
	0.792333333
	0.287664

	93
	14:29:12
	31.2
	23.9
	39.3
	57.83333333
	387.4597657
	0.795666667
	0.284898

	94
	14:29:17
	30.9
	23.4
	38.8
	57.73333333
	387.8639108
	0.800666667
	0.286742

	95
	14:29:22
	31.1
	23
	38.8
	59.76666667
	387.4597657
	0.777333333
	0.287664

	96
	14:29:27
	31.2
	25.2
	40.1
	58.93333333
	387.5752357
	0.780666667
	0.284898

	97
	14:29:32
	30.9
	24.6
	39.6
	57.4
	387.8061758
	0.814
	0.289508

	98
	14:29:37
	31.4
	22.3
	38.5
	60.86666667
	387.3442956
	0.790666667
	0.297806

	99
	14:29:42
	32.3
	24.9
	40.8
	59.53333333
	387.8061758
	0.789666667
	0.291352

	100
	14:29:47
	31.6
	24.4
	40
	59.53333333
	387.6907058
	0.802666667
	0.295962

	101
	14:29:52
	32.1
	23.8
	40
	60
	387.5175007
	0.809666667
	0.300572

	102
	14:29:57
	32.6
	23.6
	40.3
	60.13333333
	387.5752357
	0.802333333
	0.298728

	103
	14:30:02
	32.4
	24
	40.4
	60.83333333
	387.6907058
	0.777333333
	0.293196

	104
	14:30:07
	31.8
	25.5
	40.8
	60.8
	387.8061758
	0.776
	0.292274

	105
	14:30:12
	31.7
	25.7
	40.8
	59.8
	387.6907058
	0.799
	0.295962

	106
	14:30:17
	32.1
	24.1
	40.1
	60.16666667
	387.3442956
	0.782333333
	0.291352

	107
	14:30:22
	31.6
	24.9
	40.4
	58.56666667
	387.5175007
	0.790333333
	0.286742

	108
	14:30:27
	31.1
	23.9
	39.3
	58.13333333
	387.5752357
	0.809666667
	0.291352

	109
	14:30:32
	31.6
	22.9
	39
	60.46666667
	388.0371159
	0.762
	0.28582

	110
	14:30:37
	31
	26.1
	40.6
	59.06666667
	388.6144662
	0.781333333
	0.286742

	111
	14:30:42
	31.1
	24.7
	39.7
	57.83333333
	388.268056
	0.797333333
	0.28582

	112
	14:30:47
	31
	23.5
	38.9
	58.16666667
	388.268056
	0.795333333
	0.286742

	113
	14:30:52
	31.1
	23.7
	39.1
	57.8
	388.4412611
	0.786333333
	0.282132

	114
	14:30:57
	30.6
	24
	38.9
	57.96666667
	388.268056
	0.784333333
	0.282132

	115
	14:31:02
	30.6
	24.1
	39
	59.6
	388.6144662
	0.794333333
	0.294118

	116
	14:31:07
	31.9
	24.2
	40.1
	60.43333333
	388.4989961
	0.779333333
	0.292274

	117
	14:31:12
	31.7
	25.4
	40.7
	58.86666667
	388.4989961
	0.776666667
	0.283976

	118
	14:31:17
	30.8
	24.8
	39.6
	58.56666667
	388.210321
	0.809666667
	0.294118

	119
	14:31:22
	31.9
	23
	39.4
	60.03333333
	387.9793809
	0.801
	0.297806

	120
	14:31:27
	32.3
	24.1
	40.3
	60.53333333
	388.0371159
	0.783
	0.294118

	121
	14:31:32
	31.9
	25.1
	40.7
	59.33333333
	388.152586
	0.799666667
	0.294118

	122
	14:31:37
	31.9
	24
	39.9
	58.86666667
	388.210321
	0.795
	0.29043

	123
	14:31:42
	31.5
	23.8
	39.6
	59.6
	388.268056
	0.795
	0.294118

	124
	14:31:47
	31.9
	24.2
	40.1
	58
	387.9216459
	0.782333333
	0.28121

	125
	14:31:52
	30.5
	24.2
	39
	57.4
	388.152586
	0.802666667
	0.28582

	126
	14:31:57
	31
	22.9
	38.6
	58
	388.268056
	0.796666667
	0.286742

	127
	14:32:02
	31.1
	23.5
	39
	59.46666667
	388.3257911
	0.782666667
	0.288586

	128
	14:32:07
	31.3
	24.8
	40
	58.83333333
	388.4412611
	0.780666667
	0.284898

	129
	14:32:12
	30.9
	24.8
	39.6
	58.7
	388.268056
	0.802666667
	0.292274

	130
	14:32:17
	31.7
	23.5
	39.5
	59.53333333
	388.268056
	0.799
	0.29504

	131
	14:32:22
	32
	23.9
	40
	60.76666667
	388.268056
	0.783
	0.29504

	132
	14:32:27
	32
	25.4
	40.9
	59.83333333
	388.3835261
	0.789333333
	0.293196

	133
	14:32:32
	31.8
	24.6
	40.2
	58.73333333
	388.4989961
	0.804666667
	0.293196

	134
	14:32:37
	31.8
	23.5
	39.5
	60.66666667
	388.210321
	0.786666667
	0.295962

	135
	14:32:42
	32.1
	25.1
	40.8
	60.23333333
	388.3257911
	0.789333333
	0.29504

	136
	14:32:47
	32
	24.9
	40.5
	59.43333333
	388.3835261
	0.807
	0.297806

	137
	14:32:52
	32.3
	23.4
	40
	59.7
	388.4412611
	0.810666667
	0.300572

	138
	14:32:57
	32.6
	23.4
	40.2
	60.4
	388.152586
	0.792666667
	0.296884

	139
	14:33:02
	32.2
	24.6
	40.6
	58.56666667
	388.3257911
	0.789333333
	0.286742

	140
	14:33:07
	31.1
	24.1
	39.4
	59.6
	388.7299362
	0.789
	0.292274

	141
	14:33:12
	31.7
	24.5
	40.1
	59.63333333
	388.7876713
	0.798666667
	0.295962

	142
	14:33:17
	32.1
	24
	40.2
	65.9
	387.8061758
	0.767333333
	0.31348

	143
	14:33:22
	34
	28.4
	44.3
	75.46666667
	387.4020306
	0.767333333
	0.358658

	144
	14:33:27
	38.9
	32.4
	50.6
	70.56666667
	386.8824154
	0.748333333
	0.326388

	145
	14:33:32
	35.4
	31.2
	47.3
	76.53333333
	386.4205352
	0.794
	0.375254

	146
	14:33:37
	40.7
	31
	51.2
	60.3
	386.7092103
	0.779
	0.29043

	147
	14:33:42
	31.5
	25.3
	40.4
	58.46666667
	386.7092103
	0.788
	0.284898

	148
	14:33:47
	30.9
	23.9
	39.1
	56.5
	386.4205352
	0.802333333
	0.280288

	149
	14:33:52
	30.4
	22.4
	37.8
	55.83333333
	386.4205352
	0.783
	0.270146

	150
	14:33:57
	29.3
	23.1
	37.4
	56.76666667
	387.1133555
	0.79
	0.277522

	151
	14:34:02
	30.1
	23.2
	38.1
	57.8
	387.3442956
	0.763
	0.272912

	152
	14:34:07
	29.6
	25
	38.8
	61.16666667
	386.9978854
	0.775333333
	0.293196

	153
	14:34:12
	31.8
	25.8
	41
	62.4
	387.2288255
	0.769
	0.296884

	154
	14:34:17
	32.2
	26.7
	41.8
	60.46666667
	387.1710905
	0.766333333
	0.286742

	155
	14:34:22
	31.1
	26
	40.5
	60.96666667
	387.2865606
	0.774333333
	0.292274

	156
	14:34:27
	31.7
	25.7
	40.9
	60.26666667
	387.6329707
	0.777666667
	0.29043

	157
	14:34:32
	31.5
	25.3
	40.5
	60.4
	387.8061758
	0.793
	0.296884

	158
	14:34:37
	32.2
	24.6
	40.6
	60.83333333
	387.7484408
	0.782666667
	0.29504

	159
	14:34:42
	32
	25.3
	40.8
	60.7
	387.9216459
	0.769666667
	0.289508

	160
	14:34:47
	31.4
	26
	40.8
	60.5
	387.6907058
	0.769666667
	0.288586

	161
	14:34:52
	31.3
	25.9
	40.6
	61.23333333
	387.5752357
	0.782666667
	0.296884

	162
	14:34:57
	32.2
	25.4
	41.1
	62.2
	387.1710905
	0.770666667
	0.296884

	163
	14:35:02
	32.2
	26.4
	41.7
	62.53333333
	387.4020306
	0.778
	0.301494


[bookmark: _Toc483108492]Table A‑7: power analyser measurements for motor B/2L
	No. of reading
	Time 16-4-2017
	Average kW
	Average kVAR
	Average kVA
	Average current
	Average voltage
	Average PF
	Load Factor %

	1
	13:45:23
	12.6
	16.7
	19.2
	29.86666667
	389.1340814
	0.581
	0.107874

	2
	13:45:28
	11.7
	16.3
	20.1
	27.5
	389.4227566
	0.593
	0.10142

	3
	13:45:33
	11
	14.9
	18.5
	23.3
	389.8269018
	0.572333333
	0.08298

	4
	13:45:38
	9
	12.8
	15.7
	24.76666667
	389.6536967
	0.557
	0.085746

	5
	13:45:43
	9.3
	13.9
	16.7
	23.13333333
	389.6536967
	0.563
	0.081136

	6
	13:45:48
	8.8
	12.9
	15.6
	26.33333333
	389.5959616
	0.556666667
	0.091278

	7
	13:45:53
	9.9
	14.8
	17.8
	25.26666667
	389.5959616
	0.569
	0.089434

	8
	13:45:58
	9.7
	14
	17
	27.23333333
	389.4227566
	0.562333333
	0.094966

	9
	13:46:03
	10.3
	15.2
	18.4
	28.1
	389.3650215
	0.580666667
	0.10142

	10
	13:46:08
	11
	15.4
	18.9
	29.63333333
	389.3072865
	0.580666667
	0.106952

	11
	13:46:13
	11.6
	16.3
	20
	29.06666667
	389.4804916
	0.565666667
	0.102342

	12
	13:46:18
	11.1
	16.2
	19.6
	28.8
	389.4227566
	0.568
	0.10142

	13
	13:46:23
	11
	16
	19.4
	32.26666667
	389.1340814
	0.597
	0.11986

	14
	13:46:28
	13
	17.4
	21.7
	30.1
	389.0186114
	0.597333333
	0.111562

	15
	13:46:33
	12.1
	16.2
	20.3
	31.46666667
	389.2495515
	0.59
	0.11525

	16
	13:46:38
	12.5
	17.1
	21.2
	33.66666667
	389.5959616
	0.589666667
	0.123548

	17
	13:46:43
	13.4
	18.3
	22.7
	35.8
	389.6536967
	0.600666667
	0.13369

	18
	13:46:48
	14.5
	19.3
	24.2
	38.83333333
	389.2495515
	0.595666667
	0.143832

	19
	13:46:53
	15.6
	21
	26.2
	37.76666667
	389.2495515
	0.605333333
	0.141988

	20
	13:46:58
	15.4
	20.3
	25.5
	38.43333333
	389.5959616
	0.601333333
	0.143832

	21
	13:47:03
	15.6
	20.7
	25.9
	40.9
	389.0763464
	0.577333333
	0.146598

	22
	13:47:08
	15.9
	22.5
	27.6
	41.4
	389.4227566
	0.590666667
	0.15213

	23
	13:47:13
	16.5
	22.5
	27.9
	43.23333333
	388.6722012
	0.590666667
	0.158584

	24
	13:47:18
	17.2
	23.5
	29.1
	42.9
	386.7092103
	0.621666667
	0.164116

	25
	13:47:23
	17.8
	22.6
	28.7
	41.16666667
	385.9009199
	0.71
	0.180712

	26
	13:47:28
	19.6
	19.2
	27.5
	45.5
	385.7277148
	0.716
	0.200996

	27
	13:47:33
	21.8
	21
	30.4
	40.5
	386.074125
	0.740666667
	0.185322

	28
	13:47:38
	20.1
	18.1
	27.1
	44.96666667
	386.01639
	0.723333333
	0.200996

	29
	13:47:43
	21.8
	20.7
	30.1
	46.76666667
	385.958655
	0.721
	0.208372

	30
	13:47:48
	22.6
	21.5
	31.3
	44.06666667
	386.1895951
	0.745
	0.20284

	31
	13:47:53
	22
	19.6
	29.5
	41.63333333
	386.7669453
	0.754666667
	0.194542

	32
	13:47:58
	21.1
	18.1
	27.9
	40.16666667
	386.7092103
	0.741666667
	0.1844

	33
	13:48:03
	20
	17.9
	26.9
	38.2
	386.9401504
	0.742
	0.17518

	34
	13:48:08
	19
	17
	25.6
	38.2
	386.9401504
	0.752333333
	0.177946

	35
	13:48:13
	19.3
	16.8
	25.6
	36.13333333
	386.8824154
	0.755
	0.168726

	36
	13:48:18
	18.3
	15.8
	24.2
	36.76666667
	386.9978854
	0.729666667
	0.16596

	37
	13:48:23
	18
	16.8
	24.6
	37.3
	387.2865606
	0.73
	0.168726

	38
	13:48:28
	18.3
	17
	25
	37.8
	387.2865606
	0.728333333
	0.17057

	39
	13:48:33
	18.5
	17.3
	25.3
	36.66666667
	386.8824154
	0.751666667
	0.17057

	40
	13:48:38
	18.5
	16.1
	24.6
	36.43333333
	386.8824154
	0.723666667
	0.163194

	41
	13:48:43
	17.7
	16.7
	24.4
	35.9
	386.7092103
	0.727333333
	0.16135

	42
	13:48:48
	17.5
	16.5
	24
	36.56666667
	386.9978854
	0.745333333
	0.168726

	43
	13:48:53
	18.3
	16.1
	24.5
	36.33333333
	386.7669453
	0.746666667
	0.167804

	44
	13:48:58
	18.2
	16.1
	24.3
	35.3
	386.8824154
	0.772
	0.168726

	45
	13:49:03
	18.3
	14.9
	23.6
	36.1
	387.4597657
	0.746333333
	0.166882

	46
	13:49:08
	18.1
	16
	24.2
	37.86666667
	387.2865606
	0.723333333
	0.169648

	47
	13:49:13
	18.4
	17.5
	25.4
	37.6
	386.8824154
	0.725
	0.168726

	48
	13:49:18
	18.3
	17.2
	25.2
	37.03333333
	387.3442956
	0.739333333
	0.169648

	49
	13:49:23
	18.4
	16.5
	24.8
	36.06666667
	386.9401504
	0.743666667
	0.16596

	50
	13:49:28
	18
	16.1
	24.2
	37.3
	386.7092103
	0.746666667
	0.172414

	51
	13:49:33
	18.7
	16.4
	25
	38.1
	386.1895951
	0.701333333
	0.165038

	52
	13:49:38
	17.9
	18.1
	25.5
	37.1
	386.2473301
	0.732333333
	0.167804

	53
	13:49:43
	18.2
	16.8
	24.8
	37.73333333
	386.3050651
	0.736333333
	0.171492

	54
	13:49:48
	18.6
	17
	25.2
	35.96666667
	386.3050651
	0.734666667
	0.163194

	55
	13:49:53
	17.7
	16.2
	24.1
	34.76666667
	386.01639
	0.761
	0.163194

	56
	13:49:58
	17.7
	15
	23.2
	35.53333333
	385.958655
	0.74
	0.162272

	57
	13:50:03
	17.6
	15.9
	23.7
	38.06666667
	386.13186
	0.740666667
	0.174258

	58
	13:50:08
	18.9
	17
	25.5
	37.9
	386.074125
	0.74
	0.173336

	59
	13:50:13
	18.8
	16.9
	25.3
	38.33333333
	386.2473301
	0.743333333
	0.176102

	60
	13:50:18
	19.1
	17
	25.6
	38.43333333
	386.3050651
	0.714
	0.169648

	61
	13:50:23
	18.4
	18
	25.7
	41.26666667
	387.4597657
	0.728333333
	0.186244

	62
	13:50:28
	20.2
	18.9
	27.7
	40.6
	387.8639108
	0.731666667
	0.1844

	63
	13:50:33
	20
	18.5
	27.3
	37.26666667
	387.8061758
	0.738333333
	0.17057

	64
	13:50:38
	18.5
	16.8
	25
	36.13333333
	387.6329707
	0.749
	0.167804

	65
	13:50:43
	18.2
	16
	24.3
	36
	387.5752357
	0.728
	0.162272

	66
	13:50:48
	17.6
	16.6
	24.2
	35.13333333
	387.2865606
	0.78
	0.169648

	67
	13:50:53
	18.4
	14.7
	23.6
	36.73333333
	387.4597657
	0.782333333
	0.177946

	68
	13:50:58
	19.3
	15.3
	24.6
	36.76666667
	387.5175007
	0.777666667
	0.177024

	69
	13:51:03
	19.2
	15.4
	24.7
	36.76666667
	387.5752357
	0.769666667
	0.17518

	70
	13:51:08
	19
	15.6
	24.7
	36.63333333
	387.6907058
	0.775333333
	0.176102

	71
	13:51:13
	19.1
	15.4
	24.6
	40.53333333
	386.8824154
	0.740666667
	0.185322

	72
	13:51:18
	20.1
	18.3
	27.2
	38.9
	386.4205352
	0.767
	0.1844

	73
	13:51:23
	20
	16.6
	26
	36.5
	386.1895951
	0.778
	0.17518

	74
	13:51:28
	19
	15.3
	24.4
	37.93333333
	386.2473301
	0.755666667
	0.177024

	75
	13:51:33
	19.2
	16.5
	25.4
	39.7
	386.3050651
	0.744666667
	0.182556

	76
	13:51:38
	19.8
	17.7
	26.6
	35.3
	386.8246804
	0.786333333
	0.171492

	77
	13:51:43
	18.6
	14.6
	23.6
	39.36666667
	386.7092103
	0.746
	0.181634

	78
	13:51:48
	19.7
	17.5
	26.4
	37.7
	386.1895951
	0.772333333
	0.17979

	79
	13:51:53
	19.5
	16
	25.2
	39.8
	386.13186
	0.743
	0.182556

	80
	13:51:58
	19.8
	17.7
	26.6
	40.5
	386.2473301
	0.734
	0.183478

	81
	13:52:03
	19.9
	18.4
	27.1
	42.7
	385.9009199
	0.721333333
	0.189932

	82
	13:52:08
	20.6
	19.8
	28.5
	43.46666667
	386.074125
	0.711333333
	0.190854

	83
	13:52:13
	20.7
	20.4
	29.1
	43.76666667
	386.074125
	0.725666667
	0.196386

	84
	13:52:18
	21.3
	20.1
	29.3
	39.66666667
	386.6514753
	0.747666667
	0.183478

	85
	13:52:23
	19.9
	17.5
	26.6
	39
	386.5937402
	0.753666667
	0.181634

	86
	13:52:28
	19.7
	17.1
	26.1
	41.4
	386.2473301
	0.731333333
	0.187166

	87
	13:52:33
	20.3
	18.8
	27.7
	38.3
	386.13186
	0.771
	0.182556

	88
	13:52:38
	19.8
	16.2
	25.6
	36.6
	386.2473301
	0.734333333
	0.16596

	89
	13:52:43
	18
	16.6
	24.5
	36.73333333
	386.01639
	0.744666667
	0.168726

	90
	13:52:48
	18.3
	16.4
	24.5
	37.1
	385.9009199
	0.757333333
	0.173336

	91
	13:52:53
	18.8
	16.1
	24.8
	37.03333333
	385.5545098
	0.774666667
	0.177024

	92
	13:52:58
	19.2
	15.5
	24.7
	39.8
	385.6699798
	0.747
	0.183478

	93
	13:53:03
	19.9
	17.5
	26.6
	39.93333333
	385.7277148
	0.748666667
	0.1844

	94
	13:53:08
	20
	17.6
	26.7
	41.23333333
	385.9009199
	0.722333333
	0.183478

	95
	13:53:13
	19.9
	19.1
	27.6
	39.2
	385.7277148
	0.754333333
	0.182556

	96
	13:53:18
	19.8
	17.1
	26.2
	42.26666667
	385.9009199
	0.732666667
	0.190854

	97
	13:53:23
	20.7
	19.3
	28.2
	41.36666667
	385.7854499
	0.746333333
	0.190854

	98
	13:53:28
	20.7
	18.3
	27.6
	39.86666667
	386.074125
	0.737333333
	0.181634

	99
	13:53:33
	19.7
	17.9
	26.7
	38.83333333
	385.9009199
	0.757
	0.181634

	100
	13:53:38
	19.7
	16.9
	25.9
	40.86666667
	386.1895951
	0.756333333
	0.190854

	101
	13:53:43
	20.7
	17.8
	27.3
	40.96666667
	386.01639
	0.740333333
	0.187166

	102
	13:53:48
	20.3
	18.4
	27.4
	39.4
	385.8431849
	0.757333333
	0.1844

	103
	13:53:53
	20
	17.1
	26.3
	41.4
	385.6699798
	0.736
	0.188088

	104
	13:53:58
	20.4
	18.6
	27.6
	40
	385.2658346
	0.736666667
	0.181634

	105
	13:54:03
	19.7
	18
	26.7
	38.33333333
	385.3813047
	0.752333333
	0.177946

	106
	13:54:08
	19.3
	16.8
	25.6
	38.33333333
	385.5545098
	0.760666667
	0.17979

	107
	13:54:13
	19.5
	16.6
	25.6
	37.36666667
	385.3235697
	0.769
	0.177024

	108
	13:54:18
	19.2
	15.9
	24.9
	38.9
	384.8616894
	0.758
	0.181634

	109
	13:54:23
	19.7
	16.8
	25.9
	37.36666667
	385.0926295
	0.761333333
	0.17518

	110
	13:54:28
	19
	16.1
	24.9
	38.83333333
	385.0926295
	0.729
	0.174258

	111
	13:54:33
	18.9
	17.7
	25.9
	39.8
	385.3813047
	0.751333333
	0.1844

	112
	13:54:38
	20
	17.5
	26.6
	40.5
	385.7277148
	0.749
	0.187166

	113
	13:54:43
	20.3
	17.9
	27.1
	39.13333333
	385.7854499
	0.748666667
	0.180712

	114
	13:54:48
	19.6
	17.2
	26.1
	38.86666667
	385.6122448
	0.753666667
	0.180712

	115
	13:54:53
	19.6
	17
	26
	38.13333333
	385.6699798
	0.761
	0.178868

	116
	13:54:58
	19.4
	16.5
	25.5
	37.53333333
	386.13186
	0.779666667
	0.180712

	117
	13:55:03
	19.6
	15.6
	25.1
	38.3
	386.1895951
	0.748666667
	0.177024

	118
	13:55:08
	19.2
	16.9
	25.6
	39.53333333
	386.074125
	0.736666667
	0.17979

	119
	13:55:13
	19.5
	17.8
	26.4
	38.23333333
	385.8431849
	0.789333333
	0.186244

	120
	13:55:18
	20.2
	15.5
	25.5
	38.53333333
	385.9009199
	0.759666667
	0.180712

	121
	13:55:23
	19.6
	16.6
	25.8
	37.13333333
	385.5545098
	0.784666667
	0.17979

	122
	13:55:28
	19.5
	15.2
	24.8
	37
	386.01639
	0.787333333
	0.17979

	123
	13:55:33
	19.5
	15.1
	24.7
	36.63333333
	386.4205352
	0.802333333
	0.181634

	124
	13:55:38
	19.7
	14.6
	24.5
	37.16666667
	386.7092103
	0.771
	0.177024

	125
	13:55:43
	19.2
	15.7
	24.9
	35.26666667
	386.7092103
	0.766333333
	0.166882

	126
	13:55:48
	18.1
	15.1
	23.6
	33.33333333
	386.5937402
	0.787
	0.162272

	127
	13:55:53
	17.6
	13.6
	22.3
	33.8
	386.4782702
	0.790333333
	0.165038

	128
	13:55:58
	17.9
	13.8
	22.6
	35.33333333
	386.4782702
	0.764666667
	0.166882

	129
	13:56:03
	18.1
	15.1
	23.7
	37.8
	386.1895951
	0.745666667
	0.174258

	130
	13:56:08
	18.9
	16.8
	25.3
	37.73333333
	386.13186
	0.747666667
	0.174258

	131
	13:56:13
	18.9
	16.6
	25.2
	34.03333333
	386.6514753
	0.784333333
	0.165038

	132
	13:56:18
	17.9
	14.1
	22.8
	36.1
	386.074125
	0.777
	0.173336

	133
	13:56:23
	18.8
	15.1
	24.1
	33.9
	386.2473301
	0.784
	0.164116

	134
	13:56:28
	17.8
	14
	22.7
	34.93333333
	386.2473301
	0.747333333
	0.16135

	135
	13:56:33
	17.5
	15.4
	23.4
	35.23333333
	385.9009199
	0.767333333
	0.166882

	136
	13:56:38
	18.1
	15
	23.5
	34.66666667
	386.1895951
	0.800666667
	0.171492

	137
	13:56:43
	18.6
	13.7
	23.2
	36.86666667
	386.1895951
	0.768666667
	0.17518

	138
	13:56:48
	19
	15.7
	24.7
	37.16666667
	386.13186
	0.759666667
	0.174258

	139
	13:56:53
	18.9
	16.1
	24.8
	38.2
	386.13186
	0.762
	0.17979

	140
	13:56:58
	19.5
	16.5
	25.5
	38.23333333
	386.13186
	0.750666667
	0.177024

	141
	13:57:03
	19.2
	16.9
	25.6
	39
	386.2473301
	0.764
	0.1844

	142
	13:57:08
	20
	16.7
	26.1
	40.93333333
	386.074125
	0.768666667
	0.194542

	143
	13:57:13
	21.1
	17.3
	27.4
	39.8
	386.13186
	0.776333333
	0.190854

	144
	13:57:18
	20.7
	16.7
	26.6
	35.83333333
	386.5937402
	0.791333333
	0.17518

	145
	13:57:23
	19
	14.6
	24
	34.2
	386.7092103
	0.786
	0.16596

	146
	13:57:28
	18
	14.1
	22.9
	34
	386.7669453
	0.784666667
	0.165038

	147
	13:57:33
	17.9
	14
	22.8
	35.96666667
	386.8246804
	0.775
	0.172414

	148
	13:57:38
	18.7
	15.1
	24.1
	36.66666667
	386.5937402
	0.772666667
	0.17518

	149
	13:57:43
	19
	15.4
	24.5
	35.56666667
	386.2473301
	0.789666667
	0.173336

	150
	13:57:48
	18.8
	14.5
	23.8
	38.96666667
	386.4205352
	0.773333333
	0.186244

	151
	13:57:53
	20.2
	16.4
	26.1
	38.43333333
	386.4782702
	0.764
	0.181634

	152
	13:57:58
	19.7
	16.5
	25.7
	38.63333333
	386.5937402
	0.772
	0.1844

	153
	13:58:03
	20
	16.4
	25.9
	38.6
	386.3050651
	0.756333333
	0.180712

	154
	13:58:08
	19.6
	16.7
	25.8
	38
	386.1895951
	0.753666667
	0.177024

	155
	13:58:13
	19.2
	16.7
	25.4
	40.3
	386.074125
	0.756333333
	0.188088

	156
	13:58:18
	20.4
	17.5
	26.9
	39.7
	385.7854499
	0.763333333
	0.187166

	157
	13:58:23
	20.3
	17
	26.5
	39.33333333
	386.01639
	0.775
	0.188088

	158
	13:58:28
	20.4
	16.6
	26.3
	41.23333333
	385.9009199
	0.745666667
	0.189932

	159
	13:58:33
	20.6
	18.3
	27.6
	40.5
	385.7854499
	0.745
	0.186244

	160
	13:58:38
	20.2
	18
	27.1
	41.93333333
	386.1895951
	0.743333333
	0.192698

	161
	13:58:43
	20.9
	18.7
	28
	41.2
	386.9978854
	0.726666667
	0.185322

	162
	13:58:48
	20.1
	19
	27.6
	42.2
	386.1895951
	0.745333333
	0.194542

	163
	13:45:23
	21.1
	18.6
	28.2
	41.4
	387.1133555
	0.734
	0.188088





[bookmark: _Ref483024633][bookmark: _Ref483088526][bookmark: _Toc483108493]Table A‑8: Power analyser measurements for the air compressor
	Measurements during load

	No. of reading
	Date
	Average kVA
	Average kVAR
	Average kW
	Average PF
	Average Voltage
	Average Current

	1
	13/05/17
	18
	9.4
	15.3
	0.85
	230.8333333
	26

	2
	13/05/17
	18.2
	9.8
	15.3
	0.841
	230.9666667
	26.23333333

	3
	13/05/17
	18.2
	9.6
	15.5
	0.852
	231
	26.26666667

	4
	13/05/17
	18.2
	9.8
	15.3
	0.841
	230.8666667
	26.23333333

	5
	13/05/17
	18.2
	9.7
	15.4
	0.846
	230.8
	26.26666667

	6
	13/05/17
	18.3
	9.6
	15.5
	0.847
	231
	26.33333333

	7
	13/05/17
	18.3
	9.6
	15.6
	0.852
	231.1
	26.43333333

	8
	13/05/17
	18.4
	9.8
	15.6
	0.848
	230.9333333
	26.53333333

	9
	13/05/17
	18.4
	9.8
	15.6
	0.848
	230.8333333
	26.6

	10
	13/05/17
	18.5
	9.7
	15.7
	0.849
	230.8
	26.66666667

	11
	13/05/17
	18.5
	9.6
	15.8
	0.854
	230.8333333
	26.7

	12
	13/05/17
	18.5
	9.6
	15.8
	0.854
	230.3666667
	26.73333333

	13
	13/05/17
	18.6
	9.7
	15.8
	0.849
	230.4333333
	26.83333333

	14
	13/05/17
	18.6
	9.7
	15.8
	0.849
	230.4333333
	26.83333333

	15
	13/05/17
	18.6
	9.8
	15.8
	0.849
	230.5666667
	26.9

	16
	13/05/17
	18.6
	9.4
	16.1
	0.866
	230.0333333
	27

	17
	13/05/17
	18.6
	9.8
	15.9
	0.855
	229.8666667
	27.03333333

	18
	13/05/17
	18.7
	9.7
	16
	0.856
	229.7666667
	27.1

	19
	13/05/17
	18.7
	9.6
	16.1
	0.861
	229.7333333
	27.16666667

	20
	13/05/17
	18.7
	9.6
	16
	0.856
	228.4333333
	27.23333333

	21
	13/05/17
	18.7
	9.4
	16.2
	0.866
	228.5
	27.33333333

	22
	13/05/17
	18.8
	9.5
	16.2
	0.862
	228.0666667
	27.43333333

	23
	13/05/17
	18.8
	9.5
	16.2
	0.862
	227.7666667
	27.46666667

	24
	13/05/17
	18.8
	9.5
	16.2
	0.862
	227.6333333
	27.5

	25
	13/05/17
	18.8
	9.4
	16.3
	0.867
	227.6666667
	27.56666667

	26
	13/05/17
	18.9
	9.6
	16.2
	0.857
	227.6666667
	27.6

	27
	13/05/17
	18.9
	9.4
	16.4
	0.868
	227.7333333
	27.66666667

	28
	13/05/17
	18.9
	9.3
	16.5
	0.873
	227.5333333
	27.73333333

	29
	13/05/17
	18.9
	9.3
	16.5
	0.873
	227.5
	27.73333333

	30
	13/05/17
	19
	9.4
	16.5
	0.868
	227.4666667
	27.8

	31
	13/05/17
	19
	9.6
	16.5
	0.868
	227.4666667
	27.9

	32
	13/05/17
	19.1
	9.5
	16.5
	0.864
	227.7666667
	27.9

	33
	13/05/17
	19.1
	9.4
	16.6
	0.869
	227.7666667
	28

	34
	13/05/17
	15
	4.3
	14.4
	0.96
	228.9333333
	21.9

	35
	13/05/17
	13.5
	8.4
	10.5
	0.778
	229.3666667
	19.6

	36
	13/05/17
	12.7
	8.7
	9.3
	0.732
	230.2666667
	18.36666667

	37
	13/05/17
	12
	8.4
	8.6
	0.717
	230.4666667
	17.36666667

	38
	13/05/17
	11.4
	8.5
	7.5
	0.658
	230.7666667
	16.4

	39
	13/05/17
	10.9
	8.4
	6.8
	0.624
	230.8666667
	15.7

	40
	13/05/17
	10.7
	8.5
	6.3
	0.589
	232.6333333
	15.26666667

	41
	13/05/17
	10.3
	8.5
	5.8
	0.563
	232.5666667
	14.76666667

	42
	13/05/17
	10
	8.5
	5.2
	0.52
	232.6
	14.36666667

	43
	13/05/17
	15.2
	10.5
	11
	0.724
	229.1666667
	22.16666667

	44
	13/05/17
	17.8
	9.2
	15.2
	0.854
	228.2666667
	25.96666667

	45
	13/05/17
	17.9
	9.2
	15.3
	0.855
	228.1666667
	26.1

	46
	13/05/17
	17.9
	9.2
	15.3
	0.855
	228.3333333
	26.06666667

	47
	13/05/17
	17.9
	9.3
	15.3
	0.855
	228.7
	26.06666667

	48
	13/05/17
	17.9
	9.4
	15.3
	0.855
	228.5333333
	26.16666667

	49
	13/05/17
	18
	9.3
	15.4
	0.856
	228.5
	26.26666667

	50
	13/05/17
	18.1
	9.5
	15.4
	0.851
	228.3666667
	26.4

	51
	13/05/17
	18.1
	9.4
	15.5
	0.856
	228.7666667
	26.43333333

	52
	13/05/17
	18.2
	9.1
	15.7
	0.863
	228.7666667
	26.46666667

	53
	13/05/17
	18.3
	9.5
	15.6
	0.852
	228.9
	26.6

	54
	13/05/17
	18.3
	9.3
	15.7
	0.858
	228.7666667
	26.63333333

	55
	13/05/17
	18.4
	9.6
	15.7
	0.853
	230.0333333
	26.66666667

	56
	13/05/17
	18.4
	9.5
	15.8
	0.859
	230.2666667
	26.7

	57
	13/05/17
	18.5
	9.3
	15.9
	0.859
	230.1666667
	26.76666667

	58
	13/05/17
	18.5
	9.7
	15.8
	0.854
	230.0333333
	26.83333333

	59
	13/05/17
	18.5
	9.6
	15.9
	0.859
	230.0333333
	26.86666667

	60
	13/05/17
	18.6
	9.6
	15.9
	0.855
	229.9333333
	26.96666667

	61
	13/05/17
	18.6
	9.6
	15.9
	0.855
	229.9
	26.96666667

	62
	13/05/17
	18.6
	9.6
	16
	0.86
	229.9
	27.03333333

	63
	13/05/17
	18.7
	9.6
	16
	0.856
	230
	27.1

	64
	13/05/17
	18.7
	9.6
	16.1
	0.861
	229.9666667
	27.16666667

	65
	13/05/17
	18.8
	9.8
	16
	0.851
	230.0666667
	27.2

	66
	13/05/17
	18.8
	9.8
	16.1
	0.856
	229.7666667
	27.3

	67
	13/05/17
	18.9
	9.7
	16.1
	0.852
	229.5666667
	27.36666667

	68
	13/05/17
	18.9
	9.7
	16.2
	0.857
	229.7
	27.4

	69
	13/05/17
	18.9
	9.6
	16.3
	0.862
	229.4666667
	27.46666667

	70
	13/05/17
	18.9
	9.6
	16.3
	0.862
	229.6
	27.5

	71
	13/05/17
	19
	9.9
	16.2
	0.853
	229.3
	27.56666667

	72
	13/05/17
	19
	9.7
	16.3
	0.858
	229.2666667
	27.56666667

	73
	13/05/17
	19
	9.5
	16.5
	0.868
	229.1666667
	27.66666667

	74
	13/05/17
	19
	9.6
	16.5
	0.868
	229.3
	27.66666667

	75
	13/05/17
	19
	9.4
	16.5
	0.868
	227.9666667
	27.8

	76
	13/05/17
	19.1
	9.8
	16.4
	0.859
	228.4
	27.83333333

	77
	13/05/17
	19.1
	9.7
	16.5
	0.864
	228.4
	27.9

	78
	13/05/17
	19.1
	9.7
	16.5
	0.864
	228.3333333
	27.9

	79
	13/05/17
	19.1
	9.7
	16.5
	0.864
	228.1333333
	27.96666667

	80
	13/05/17
	14.4
	8.4
	11.7
	0.813
	229.4333333
	20.96666667

	81
	13/05/17
	13.4
	8.6
	10.2
	0.761
	229.6666667
	19.43333333

	82
	13/05/17
	12.5
	8.5
	9.2
	0.736
	230
	18.16666667

	83
	13/05/17
	11.8
	8.5
	8.2
	0.695
	230.1
	17.1

	84
	13/05/17
	11.2
	8.6
	7.3
	0.652
	230.5333333
	16.2

	85
	13/05/17
	15.9
	10.7
	11.8
	0.742
	229
	23.2

	86
	13/05/17
	17.9
	9.3
	15.2
	0.849
	228.3
	26.06666667

	87
	13/05/17
	17.9
	9.4
	15.3
	0.855
	228.3333333
	26.16666667

	88
	13/05/17
	17.9
	9.3
	15.3
	0.855
	228.2666667
	26.13333333

	89
	13/05/17
	17.9
	9.2
	15.3
	0.855
	228.2
	26.1

	90
	13/05/17
	17.9
	9.4
	15.3
	0.855
	228.1666667
	26.2

	91
	13/05/17
	18
	9.2
	15.4
	0.856
	228.1
	26.26666667

	92
	13/05/17
	18.1
	9.4
	15.5
	0.856
	228.2
	26.4

	93
	13/05/17
	18.1
	9.1
	15.6
	0.862
	228.2
	26.43333333

	94
	13/05/17
	18.1
	9.2
	15.6
	0.862
	228.1
	26.5

	95
	13/05/17
	18.2
	9.4
	15.6
	0.857
	227.9333333
	26.6

	96
	13/05/17
	18.2
	9.4
	15.6
	0.857
	227.9666667
	26.6

	97
	13/05/17
	18.3
	9.4
	15.7
	0.858
	228.2
	26.7

	98
	13/05/17
	18.3
	9.5
	15.7
	0.858
	228.4666667
	26.73333333

	99
	13/05/17
	18.4
	9.4
	15.7
	0.853
	228.5
	26.76666667

	100
	13/05/17
	18.4
	9.3
	15.8
	0.859
	228.2
	26.83333333

	101
	13/05/17
	18.5
	9.5
	15.8
	0.854
	228.5
	26.93333333

	102
	13/05/17
	18.5
	9.4
	15.9
	0.859
	228.4333333
	26.96666667

	103
	13/05/17
	18.5
	9.5
	15.9
	0.859
	228.3666667
	27.03333333

	Average P Loaded = 14.89313725
	T Loaded = 210 Seconds

	Measurements during unload

	104
	13/05/17
	9.8
	8.5
	4.8
	0.49
	232.7
	14.03333333

	105
	13/05/17
	9.6
	8.5
	4.5
	0.469
	232.8333333
	13.76666667

	106
	13/05/17
	9.5
	8.5
	4.2
	0.442
	232.7666667
	13.53333333

	107
	13/05/17
	9.4
	8.5
	3.9
	0.415
	232.9333333
	13.46666667

	108
	13/05/17
	9.3
	8.5
	3.7
	0.398
	233.1333333
	13.26666667

	109
	13/05/17
	9.2
	8.5
	3.6
	0.391
	232.8
	13.13333333

	110
	13/05/17
	9.1
	8.4
	3.4
	0.374
	233.1666667
	13

	111
	13/05/17
	9.1
	8.5
	3.3
	0.363
	233.2
	13.06666667

	112
	13/05/17
	9.1
	8.5
	3.3
	0.363
	233.1666667
	13.03333333

	113
	13/05/17
	9
	8.3
	3.3
	0.367
	232.9666667
	12.86666667

	114
	13/05/17
	9
	8.3
	3.2
	0.356
	232.9333333
	12.9

	115
	13/05/17
	9.1
	8.5
	3.2
	0.352
	232.9666667
	13

	116
	13/05/17
	9
	8.4
	3.3
	0.367
	232.9666667
	12.93333333

	117
	13/05/17
	8.9
	8.3
	3.2
	0.36
	232.6666667
	12.8

	118
	13/05/17
	9
	8.4
	3.2
	0.356
	232.5
	12.9

	119
	13/05/17
	9
	8.3
	3.3
	0.367
	232.6
	12.9

	120
	13/05/17
	8.9
	8.3
	3.2
	0.36
	232.5666667
	12.76666667

	121
	13/05/17
	8.7
	8.1
	3.2
	0.368
	231.3
	12.6

	122
	13/05/17
	8.8
	8.2
	3.2
	0.364
	231.3
	12.66666667

	123
	13/05/17
	8.7
	8
	3.2
	0.368
	231.3666667
	12.56666667

	124
	13/05/17
	8.8
	8.1
	3.2
	0.364
	231.2
	12.63333333

	125
	13/05/17
	8.8
	8.1
	3.2
	0.364
	231.2
	12.63333333

	126
	13/05/17
	8.7
	8
	3.2
	0.368
	231.0666667
	12.53333333

	127
	13/05/17
	8.7
	8
	3.2
	0.368
	230.9333333
	12.56666667

	128
	13/05/17
	8.8
	8.2
	3.2
	0.364
	231.1
	12.66666667

	129
	13/05/17
	8.7
	8
	3.2
	0.368
	231.0333333
	12.56666667

	130
	13/05/17
	8.7
	8
	3.2
	0.368
	231.2333333
	12.53333333

	131
	13/05/17
	0.7
	0.2
	0.7
	1
	232.3666667
	1.033333333

	132
	13/05/17
	0
	0
	0
	0
	232.3
	0

	133
	13/05/17
	0
	0
	0
	0
	232.3333333
	0

	134
	13/05/17
	0
	0
	0
	0
	232.5666667
	0

	135
	13/05/17
	0
	0
	0
	0
	232.4333333
	0

	136
	13/05/17
	0
	0
	0
	0
	232.5333333
	0

	137
	13/05/17
	0
	0
	0
	0
	232.3333333
	0

	138
	13/05/17
	0
	0
	0
	0
	232.3666667
	0

	139
	13/05/17
	0
	0
	0
	0
	232.3666667
	0

	140
	13/05/17
	0
	0
	0
	0
	232.4
	0

	141
	13/05/17
	0
	0
	0
	0
	232.5
	0

	142
	13/05/17
	0
	0
	0
	0
	232.5666667
	0

	143
	13/05/17
	0
	0
	0
	0
	232.3666667
	0

	144
	13/05/17
	0
	0
	0
	0
	232.3
	0

	145
	13/05/17
	0
	0
	0
	0
	232.3
	0

	146
	13/05/17
	0
	0
	0
	0
	232.5
	0

	147
	13/05/17
	0
	0
	0
	0
	232.4
	0

	148
	13/05/17
	0
	0
	0
	0
	232.6
	0

	149
	13/05/17
	0
	0
	0
	0
	232.3666667
	0

	150
	13/05/17
	0
	0
	0
	0
	232.3666667
	0

	151
	13/05/17
	0
	0
	0
	0
	232.2
	0

	152
	13/05/17
	0
	0
	0
	0
	232.1666667
	0

	153
	13/05/17
	0
	0
	0
	0
	232.2333333
	0

	154
	13/05/17
	0
	0
	0
	0
	232.5333333
	0

	155
	13/05/17
	0
	0
	0
	0
	232.5
	0

	156
	13/05/17
	0
	0
	0
	0
	232.7
	0

	157
	13/05/17
	3.7
	2.7
	2.5
	0.676
	231.7666667
	5.366666667

	158
	13/05/17
	3.9
	2.7
	2.7
	0.692
	231.9333333
	5.533333333

	159
	13/05/17
	10.7
	8.4
	6.7
	0.626
	230.9333333
	15.46666667

	160
	13/05/17
	10.3
	8.4
	6.1
	0.592
	231.1
	14.9

	161
	13/05/17
	10
	8.4
	5.6
	0.56
	231.5666667
	14.43333333

	162
	13/05/17
	9.8
	8.3
	5.1
	0.52
	232.0333333
	14.03333333

	163
	13/05/17
	9.5
	8.3
	4.8
	0.505
	232.1333333
	13.7

	164
	13/05/17
	9.4
	8.2
	4.5
	0.479
	232.2
	13.46666667

	165
	13/05/17
	9.3
	8.3
	4.2
	0.452
	232.2
	13.3

	166
	13/05/17
	9.2
	8.3
	3.8
	0.413
	232.6333333
	13.13333333

	167
	13/05/17
	9.1
	8.3
	3.7
	0.407
	232.6333333
	12.96666667

	168
	13/05/17
	9
	8.2
	3.5
	0.389
	232.4333333
	12.86666667

	169
	13/05/17
	9
	8.3
	3.4
	0.378
	232.4666667
	12.83333333

	170
	13/05/17
	9
	8.4
	3.3
	0.367
	233.7666667
	12.9

	171
	13/05/17
	9.1
	8.5
	3.2
	0.352
	233.9666667
	12.96666667

	172
	13/05/17
	9.2
	8.5
	3.2
	0.348
	233.9666667
	13.03333333

	173
	13/05/17
	9.1
	8.5
	3.2
	0.352
	233.8333333
	12.93333333

	174
	13/05/17
	9.1
	8.4
	3.3
	0.363
	233.9666667
	12.9

	175
	13/05/17
	9.1
	8.5
	3.2
	0.352
	233.8666667
	13.03333333

	176
	13/05/17
	9.2
	8.5
	3.2
	0.348
	234.0666667
	13.06666667

	177
	13/05/17
	9.1
	8.5
	3.3
	0.363
	234.0333333
	12.93333333

	178
	13/05/17
	9.1
	8.5
	3.2
	0.352
	234
	13

	179
	13/05/17
	9.2
	8.5
	3.3
	0.359
	233.8333333
	13.1

	180
	13/05/17
	9.1
	8.5
	3.3
	0.363
	233.8333333
	13

	181
	13/05/17
	9.1
	8.5
	3.3
	0.363
	233.6666667
	12.93333333

	182
	13/05/17
	9.1
	8.4
	3.3
	0.363
	233.4
	13

	183
	13/05/17
	9.1
	8.5
	3.3
	0.363
	233.3666667
	13

	184
	13/05/17
	9
	8.3
	3.3
	0.367
	233.2
	12.9

	185
	13/05/17
	9.1
	8.5
	3.2
	0.352
	233.3333333
	13

	186
	13/05/17
	9.1
	8.4
	3.3
	0.363
	232.6333333
	12.96666667

	187
	13/05/17
	8.9
	8.3
	3.2
	0.36
	232.5333333
	12.8

	188
	13/05/17
	9
	8.3
	3.2
	0.356
	232.4666667
	12.83333333

	189
	13/05/17
	9
	8.4
	3.2
	0.356
	232.3
	12.9

	190
	13/05/17
	0
	0
	0
	0
	232.3666667
	0

	191
	13/05/17
	0
	0
	0
	0
	232.3666667
	0

	192
	13/05/17
	0
	0
	0
	0
	232.2666667
	0

	193
	13/05/17
	0
	0
	0
	0
	232.2
	0

	194
	13/05/17
	0
	0
	0
	0
	232.3333333
	0

	195
	13/05/17
	0
	0
	0
	0
	232.4333333
	0

	196
	13/05/17
	0
	0
	0
	0
	232.7333333
	0

	197
	13/05/17
	0
	0
	0
	0
	232.4
	0

	198
	13/05/17
	0
	0
	0
	0
	232.6333333
	0

	199
	13/05/17
	0
	0
	0
	0
	232.5333333
	0

	200
	13/05/17
	0
	0
	0
	0
	232.5666667
	0

	201
	13/05/17
	0
	0
	0
	0
	232.6
	0

	202
	13/05/17
	0
	0
	0
	0
	232.6
	0

	203
	13/05/17
	0
	0
	0
	0
	232.6333333
	0

	204
	13/05/17
	0
	0
	0
	0
	232.8333333
	0

	205
	13/05/17
	0
	0
	0
	0
	232.8
	0

	206
	13/05/17
	0
	0
	0
	0
	232.6
	0

	207
	13/05/17
	0
	0
	0
	0
	232.6666667
	0

	208
	13/05/17
	0
	0
	0
	0
	232.6333333
	0

	209
	13/05/17
	0
	0
	0
	0
	232.6666667
	0

	210
	13/05/17
	0
	0
	0
	0
	232.5333333
	0

	211
	13/05/17
	0
	0
	0
	0
	232.8666667
	0

	212
	13/05/17
	0
	0
	0
	0
	232.7333333
	0

	213
	13/05/17
	0
	0
	0
	0
	232.8
	0

	214
	13/05/17
	0
	0
	0
	0
	232.7333333
	0

	215
	13/05/17
	3.7
	2.8
	2.5
	0.676
	231.8
	5.366666667

	216
	13/5/17
	3.9
	2.7
	2.8
	0.718
	231.9333333
	5.566666667

	Average P Un Loaded = 3.603448276 kW
	T Un Loaded = 265 Second

	Average Power = 7.421538462 kW
	Operating hours = 3000 h
	Energy consumption = 22,264.62 kWh






[bookmark: _Ref483075340][bookmark: _Ref483088527][bookmark: _Toc483108494]Table A‑9: power analyser measurements for the HF welding
	No. of reading
	Time
	Average KW
	Average KVAR
	Average KVA
	Average PF
	average current
	Average voltage

	1
	11:31:07
	74
	145.9
	163.6
	0.452
	243.6333333
	223.8

	2
	11:31:12
	74.5
	146
	163.9
	0.455
	244.2333333
	223.6666667

	3
	11:31:17
	74.4
	145.9
	163.7
	0.454
	243.8666667
	223.7333333

	4
	11:31:22
	74.3
	145.2
	163.1
	0.456
	243.2666667
	223.4666667

	5
	11:31:27
	74.6
	145.8
	163.8
	0.455
	244.0333333
	223.7333333

	6
	11:31:32
	74
	146.1
	163.7
	0.452
	244.1
	223.5666667

	7
	11:31:37
	74.4
	145.1
	163
	0.456
	242.9333333
	223.6333333

	8
	11:31:42
	74.3
	145.9
	163.8
	0.454
	244.2
	223.6

	9
	11:31:47
	74.1
	145.7
	163.4
	0.453
	243.4666667
	223.7333333

	10
	11:31:52
	73.9
	145.8
	163.5
	0.452
	243.5333333
	223.7

	11
	11:31:57
	74.3
	144.8
	162.8
	0.456
	242.7333333
	223.5666667

	12
	11:32:02
	74.3
	145.7
	163.6
	0.454
	243.7333333
	223.6666667

	13
	11:32:07
	74
	145
	162.8
	0.455
	242.6666667
	223.6333333

	14
	11:32:12
	74.4
	146.1
	163.9
	0.454
	244.3666667
	223.6

	15
	11:32:17
	74.1
	145.4
	163.3
	0.454
	243.5333333
	223.4333333

	16
	11:32:22
	74.3
	144.9
	162.9
	0.456
	243.1666667
	223.2333333

	17
	11:32:27
	73.7
	145.2
	162.8
	0.453
	242.9
	223.3333333

	18
	11:32:32
	73.9
	144.8
	162.6
	0.454
	242.6
	223.3666667

	19
	11:32:37
	74.1
	144.8
	162.7
	0.455
	242.7333333
	223.3666667

	20
	11:32:42
	73.6
	145.5
	163.1
	0.451
	243.0666667
	223.6666667

	21
	11:32:47
	74.6
	145.4
	163.4
	0.457
	243.8666667
	223.3

	22
	11:32:52
	73.4
	144.9
	162.4
	0.452
	241.9666667
	223.7

	23
	11:32:57
	74.1
	145.1
	162.9
	0.455
	242.7333333
	223.7

	24
	11:33:02
	73.7
	145
	162.6
	0.453
	242.2666667
	223.7333333

	25
	11:33:07
	73.8
	144.5
	162.2
	0.455
	242.0333333
	223.4

	26
	11:33:12
	73.8
	144.5
	162.3
	0.455
	241.9666667
	223.5333333

	27
	11:33:17
	73.8
	144.6
	162.3
	0.455
	242.1333333
	223.4666667

	28
	11:33:22
	73.6
	144.8
	162.3
	0.453
	242.0666667
	223.5

	29
	11:33:27
	73.8
	144.4
	162.2
	0.455
	241.5333333
	223.8333333

	30
	11:33:32
	73.5
	145.5
	163
	0.451
	243
	223.6333333

	31
	11:33:37
	73.8
	145.4
	163.1
	0.452
	242.6666667
	224.0333333

	32
	11:33:42
	73.8
	144.8
	162.5
	0.454
	241.7333333
	224.1

	33
	11:33:47
	73.9
	144.9
	162.6
	0.454
	241.8333333
	224.1333333

	34
	11:33:52
	73.9
	145.5
	163.2
	0.453
	242.8
	224.0333333

	35
	11:33:57
	73.5
	145.3
	162.8
	0.451
	242.0666667
	224.1333333

	36
	11:34:02
	73.5
	144.8
	162.4
	0.453
	241.6666667
	223.9333333

	37
	11:34:07
	73.8
	144.7
	162.4
	0.454
	242.1
	223.6

	38
	11:34:12
	73.6
	144.7
	162.3
	0.453
	241.7666667
	223.7666667

	39
	11:34:17
	73.9
	145.3
	163.1
	0.453
	242.7666667
	223.9

	40
	11:34:22
	73.8
	144.6
	162.3
	0.455
	241.6
	223.9333333

	41
	11:34:27
	73.6
	144.5
	162.1
	0.454
	241.1666667
	224.0333333

	42
	11:34:32
	73.4
	144.6
	162.2
	0.453
	241.5666667
	223.7666667

	43
	11:34:37
	73.9
	144.9
	162.6
	0.454
	242.2333333
	223.7666667

	44
	11:34:42
	73.2
	145.4
	162.8
	0.45
	242.4666667
	223.8

	45
	11:34:47
	73.7
	144
	161.7
	0.456
	241.0333333
	223.6333333

	46
	11:34:52
	73.8
	144.9
	162.6
	0.454
	242.6333333
	223.3666667

	47
	11:34:57
	73.5
	144.4
	162.1
	0.453
	241.6
	223.5666667

	48
	11:35:02
	74
	145.1
	162.8
	0.455
	242.8
	223.5

	49
	11:35:07
	73.6
	145
	162.6
	0.453
	242.4
	223.6333333

	50
	11:35:12
	73.6
	143.9
	161.6
	0.455
	240.7333333
	223.7333333

	51
	11:35:17
	73.7
	144.2
	162
	0.455
	241.3333333
	223.6666667

	52
	11:35:22
	73.4
	144.2
	161.9
	0.453
	241
	223.8333333

	53
	11:35:27
	73.3
	144.8
	162.2
	0.452
	241.8
	223.6333333

	54
	11:35:32
	73.5
	144
	161.8
	0.454
	241.4333333
	223.3

	55
	11:35:37
	73.8
	144
	161.8
	0.456
	241.4
	223.3666667

	56
	11:35:42
	73.8
	144.3
	162.1
	0.455
	241.9333333
	223.2666667

	57
	11:35:47
	73.8
	144.4
	162.2
	0.455
	242.0666667
	223.3333333

	58
	11:35:52
	73.5
	144.5
	162.1
	0.453
	241.8333333
	223.4

	59
	11:35:57
	73.5
	144.8
	162.4
	0.453
	241.9333333
	223.7

	60
	11:36:02
	73.3
	144.6
	162.2
	0.452
	241.9666667
	223.4666667

	61
	11:36:07
	73.2
	143.6
	161.1
	0.454
	240.1666667
	223.6

	62
	11:36:12
	73.7
	144.7
	162.4
	0.454
	242.0666667
	223.5333333

	63
	11:36:17
	73.2
	144.2
	161.6
	0.453
	240.7666667
	223.7666667

	64
	11:36:22
	72.6
	144.2
	161.4
	0.45
	240.3666667
	223.8666667

	65
	11:36:27
	71.9
	143.5
	160.6
	0.448
	239.3
	223.6333333

	66
	11:36:32
	72
	144.1
	161.1
	0.447
	240.1
	223.6

	67
	11:36:37
	72
	143.2
	160.3
	0.449
	239.0666667
	223.4666667

	68
	11:36:42
	72.4
	143.3
	160.6
	0.451
	239.3666667
	223.5666667

	69
	11:36:47
	72.2
	142.9
	160.1
	0.451
	238.7333333
	223.5333333

	70
	11:36:52
	72.1
	142.9
	160
	0.451
	238.7
	223.4333333

	71
	11:36:57
	72.2
	143.1
	160.2
	0.451
	238.9333333
	223.5333333

	72
	11:37:02
	71.9
	143
	160.1
	0.449
	238.6
	223.6

	73
	11:37:07
	72.2
	143
	160.2
	0.451
	238.9333333
	223.5

	74
	11:37:12
	71.8
	142.6
	159.7
	0.45
	238.4
	223.2333333

	75
	11:37:17
	72.3
	143.4
	160.6
	0.45
	239.6
	223.3666667

	76
	11:37:22
	72.3
	143.2
	160.4
	0.451
	239.4666667
	223.2333333

	77
	11:37:27
	72.4
	143.8
	161
	0.45
	240.4333333
	223.2333333

	78
	11:37:32
	72.1
	143.4
	160.5
	0.449
	239.5666667
	223.3333333

	79
	11:37:37
	71.9
	142.9
	160.1
	0.449
	238.8
	223.4333333

	80
	11:37:42
	72.5
	142.7
	160.1
	0.453
	238.8
	223.4666667

	81
	11:37:47
	72.2
	143.6
	160.7
	0.449
	239.8333333
	223.3666667

	82
	11:37:52
	72.2
	142.8
	160
	0.451
	238.8333333
	223.3

	83
	11:37:57
	71.7
	143.6
	160.5
	0.447
	239.5666667
	223.2666667

	84
	11:38:02
	71.6
	143.2
	160.1
	0.447
	238.8333333
	223.5

	85
	11:38:07
	72.5
	143.9
	161.2
	0.45
	240.4333333
	223.4666667

	86
	11:38:12
	72.6
	143
	160.3
	0.453
	239
	223.6

	87
	11:38:17
	72.7
	143.8
	161.2
	0.451
	240.5
	223.4333333

	88
	11:38:22
	71.6
	143.1
	160
	0.448
	238.9
	223.3

	89
	11:38:27
	72.3
	143.2
	160.4
	0.451
	239.5
	223.1666667

	90
	11:38:32
	71.7
	142.8
	159.7
	0.449
	238.5333333
	223.2333333

	91
	11:38:37
	72
	143
	160.1
	0.45
	238.7
	223.6

	92
	11:38:42
	71.9
	143.2
	160.3
	0.449
	239.3
	223.2333333

	93
	11:38:47
	72
	142.4
	159.6
	0.451
	238.3333333
	223.1666667

	94
	11:38:52
	71.7
	142.7
	159.7
	0.449
	238.2333333
	223.4666667

	95
	11:38:57
	71.8
	143.2
	160.1
	0.448
	238.9333333
	223.4

	96
	11:39:02
	72.1
	143.1
	160.3
	0.45
	238.9666667
	223.5333333

	97
	11:39:07
	71.8
	142.7
	159.7
	0.45
	238.1333333
	223.6

	98
	11:39:12
	71.8
	142.8
	159.9
	0.449
	238.1666667
	223.7333333

	99
	11:39:17
	71.6
	143.1
	160.1
	0.447
	238.5
	223.7

	100
	11:39:22
	72.9
	142.9
	160.3
	0.455
	238.8333333
	223.7333333

	101
	11:39:27
	73.6
	143.1
	160.9
	0.457
	239.6666667
	223.7333333

	102
	11:39:32
	73
	143.1
	160.7
	0.454
	239.2
	223.9666667

	103
	11:39:37
	73.1
	142.9
	160.5
	0.455
	239
	223.8333333

	104
	11:39:42
	73
	144.2
	161.6
	0.452
	240.7666667
	223.7333333

	105
	11:39:47
	73.3
	143.6
	161.3
	0.454
	240.4
	223.6

	106
	11:39:52
	73
	142.9
	160.5
	0.455
	239.1333333
	223.7

	107
	11:39:57
	72.5
	142.7
	160.1
	0.453
	238.7666667
	223.4333333

	108
	11:40:02
	72.5
	143.2
	160.5
	0.452
	239.4
	223.4666667

	109
	11:40:07
	73.1
	144
	161.5
	0.453
	240.6666667
	223.6333333

	110
	11:40:12
	73.1
	143.6
	161.1
	0.454
	240.1
	223.6333333

	111
	11:40:17
	73.3
	144.7
	162.2
	0.452
	241.6
	223.7666667

	112
	11:40:22
	72.8
	143.2
	160.7
	0.453
	238.5666667
	224.5

	113
	11:40:27
	73
	143.7
	161.2
	0.453
	239.0666667
	224.7

	114
	11:40:32
	73
	143.6
	161.1
	0.453
	239.1666667
	224.4666667

	115
	11:40:37
	73.1
	143.3
	160.9
	0.454
	238.7333333
	224.5666667

	116
	11:40:42
	72.9
	143.1
	160.6
	0.454
	238.7333333
	224.2333333

	117
	11:40:47
	73
	143
	160.6
	0.455
	238.9
	224.0333333

	118
	11:40:52
	72.9
	142.1
	159.7
	0.456
	237.6333333
	223.9666667

	119
	11:40:57
	72.7
	142.8
	160.3
	0.454
	238.1666667
	224.2666667

	120
	11:41:02
	72.8
	143.5
	160.9
	0.452
	239.1666667
	224.1666667

	121
	11:41:07
	72.9
	142.9
	160.4
	0.454
	238.3666667
	224.2666667

	122
	11:41:12
	72.8
	141.9
	159.5
	0.456
	237.0666667
	224.3

	123
	11:41:17
	72.4
	143.1
	160.3
	0.452
	238.3333333
	224.2

	124
	11:41:22
	72.9
	143
	160.5
	0.454
	238.4333333
	224.3333333

	125
	11:41:27
	72.8
	142.7
	160.2
	0.454
	238
	224.3

	126
	11:41:32
	73.3
	143.3
	160.9
	0.456
	239
	224.3666667

	127
	11:41:37
	72.8
	143
	160.4
	0.454
	238.6666667
	224.0666667

	128
	11:41:42
	73
	142.6
	160.3
	0.455
	238.0333333
	224.4

	129
	11:41:47
	73.3
	143.2
	160.9
	0.456
	239.0666667
	224.2666667

	130
	11:41:52
	72.9
	142.6
	160.2
	0.455
	238.0333333
	224.3666667

	131
	11:41:57
	73.3
	143.8
	161.4
	0.454
	239.8
	224.3

	132
	11:42:02
	73.5
	144
	161.6
	0.455
	240
	224.4333333

	133
	11:42:07
	73.8
	144.7
	162.5
	0.454
	241.8333333
	223.9333333

	134
	11:42:12
	74
	145
	162.7
	0.455
	242.3666667
	223.7666667

	135
	11:42:17
	73.5
	144.6
	162.2
	0.453
	241.6333333
	223.7

	136
	11:42:22
	73.5
	143.6
	161.4
	0.455
	240.4
	223.7333333

	137
	11:42:27
	73.6
	144.3
	162
	0.454
	241.4333333
	223.6

	138
	11:42:32
	73.7
	144.5
	162.2
	0.454
	241.6
	223.7333333

	139
	11:42:37
	73.6
	144.5
	162.2
	0.454
	241.6333333
	223.7

	140
	11:42:42
	73.1
	142.5
	160.2
	0.456
	238.5
	223.9333333

	141
	11:42:47
	73.1
	143.2
	160.8
	0.455
	239.1666667
	224.0666667

	142
	11:42:52
	73.1
	143.7
	161.3
	0.453
	239.7
	224.2333333

	P Avg. = 73.16126761 Kw
	Operating hours = 2100 h
	Energy consumption = 153,638.66 kWh/year

	2-inch pipe need 10 second 
	EUI (Energy Unit Index) = (73.16126761*10)/3600 = 0.203225743 kWh/pipe




[bookmark: _Toc483108556]Appendix 6: Toshiba- high efficiency motor catalogue 
[bookmark: _Ref483075426][bookmark: _Ref483090108][bookmark: _Toc483108495][bookmark: _Ref483075410]Table A‑10: catalogue of the suggested motor
	Output Kw
	RPM
	Model No.
	Frame Number
	Efficiency (%)
	Power factor

	
	
	
	
	Full Load
	75% Load
	Full Load
	75% Load

	0.75
	2850
	813-A0007
	D80
	84.7
	84.3 
	0.71 
	0.63

	
	1445
	813-B0007
	D90SL
	84.6
	82.6 
	0.53 
	0.44

	
	945
	813-C0007
	D90SL
	81.1
	81.5 
	0.65 
	0.55

	1.1
	2850
	813-A0011
	D80
	84.7
	84.8 
	0.83 
	0.76

	
	1445
	813-B0011
	D90SL
	86
	85.3 
	0.66 
	0.56

	
	925
	813-C0011
	D90LL
	81.5
	82.6 
	0.69 
	0.60

	1.5
	2875
	813-A0015
	D90SL
	87.4
	88.2 
	0.87 
	0.83

	
	1420
	813-B0015
	D90LL
	86.2
	87.1 
	0.74 
	0.66

	
	945
	813-C0015
	D100L
	85
	85.3 
	0.70 
	0.62

	2.2
	2875
	813-A0020
	D90LL
	88.7
	89.4 
	0.89 
	0.84

	
	1440
	813-B0020
	D112ML
	88.3
	88.5 
	0.76 
	0.68

	
	960
	813-C0020
	D112ML
	88.2
	88.4 
	0.75 
	0.67

	3
	2905
	813-A0030
	D100L
	88.5
	88.6 
	0.88 
	0.85

	
	1440
	813-B0030
	D112ML
	90.2
	90.4 
	0.79 
	0.72

	
	960
	813-C0030
	D132S
	89
	89.5 
	0.73 
	0.65

	4
	2905
	813-A0040
	D112ML
	89.4
	90.2 
	0.88 
	0.84

	
	1450
	813-B0040
	D112ML
	89.1
	90.2 
	0.84 
	0.80

	
	965
	813-C0040
	D132M
	88.7
	89.5 
	0.77 
	0.71

	5.5
	2915
	813-A0050
	D132S
	91.3
	91.5 
	0.86 
	0.84

	
	1460
	813-B0050
	D132S
	90.5
	90.7 
	0.83 
	0.79

	
	965
	813-C0050
	D132M
	89.6
	90.3 
	0.76 
	0.69

	7.5
	2915
	813-A0070
	D132S
	91.7
	91.7 
	0.88 
	0.86

	
	1455
	813-B0070
	D132M
	91.1
	91.5 
	0.78 
	0.73

	
	970
	813-C0070
	D160M
	91.1
	91.9 
	0.79 
	0.74

	11
	2925
	813-A0110
	D160M
	92.6
	92.9 
	0.91 
	0.90

	
	1465
	813-B0110
	D160M
	92.3
	92.4 
	0.81 
	0.77

	
	970
	813-C0110
	D160L
	91.4
	92.2 
	0.79 
	0.74

	15
	2925
	813-A0150
	D160M
	92.3
	92.7 
	0.91 
	0.89

	
	1465
	813-B0150
	D160L
	93
	93.3 
	0.82 
	0.78

	
	975
	813-C0150
	D180L
	92.1
	92.7 
	0.82 
	0.77

	18.5
	2940
	813-A0180
	D160L
	93.6
	93.6 
	0.89 
	0.86

	
	1470
	813-B0180
	D180M
	93.6
	93.8 
	0.80 
	0.77

	
	975
	813-C0180
	D200L
	92.5
	93.3 
	0.87 
	0.83

	22
	2955
	813-A0220
	D180M
	93.9
	93.9 
	0.89 
	0.86

	
	1480
	813-B0220
	D180L
	94.1
	93.7 
	0.79 
	0.74

	
	980
	813-C0220
	D200L
	93.4
	93.8 
	0.83 
	0.78

	30
	2960
	813-A0300
	D200L
	93.9
	93.5 
	0.88 
	0.85

	
	1480
	813-B0300
	D200L
	94.8
	94.7 
	0.85 
	0.81

	
	980
	813-C0300
	D225M
	94.3
	94.7 
	0.83 
	0.80

	37
	2960
	813-A0370
	D200L
	94.2
	93.8 
	0.87 
	0.84

	
	1480
	813-B0370
	D225S
	94.6
	94.5 
	0.80 
	0.75

	
	985
	813-C0370
	D250S
	94.5
	94.8 
	0.81 
	0.78

	45
	2975
	813-A0450
	D225M
	94.7
	94.4 
	0.89 
	0.86

	
	1480
	813-B0450
	D225M
	95.1
	95.3 
	0.82 
	0.80

	
	985
	813-C0450
	D250M
	94.9
	94.9 
	0.80 
	0.75

	55
	2965
	813-A0550
	D250S
	95.2
	94.9 
	0.85 
	0.81

	
	1480
	813-B0550
	D250S
	95
	95.1 
	0.85 
	0.81

	
	990
	813-C0550
	D280S
	95.5
	95.5 
	0.81 
	0.78

	75
	2970
	813-A0750
	D250M
	95.5
	95.4 
	0.86 
	0.84

	
	1485
	813-B0750
	D250M
	95.6
	95.9 
	0.84 
	0.80

	
	990
	813-C0750
	D280M
	95.6
	95.9 
	0.78 
	0.76

	90
	2980
	813-A0900
	D280S
	96
	95.7 
	0.90 
	0.89

	
	1485
	813-B0900
	D280S
	95.9
	95.9 
	0.87 
	0.85

	
	985
	813-C0900
	D315S
	95.6
	95.8 
	0.83 
	0.80




Data collection


Field visit


Anylsis of energy performance


Analysis of energy saving opportunities 


energy audit report





Energy consumption 


Motors	Welding	Comprossor	162105	153264	22264	

Load % improvment

Current Load%	1/1PL	2/1PL	Fan 1/1PL	3/1PL	4/1PL	Fan 2/1PL	C/1PL	1/2PL	2/2PL	pump1 /2PL	pump 2/2PL	A/2PL	B/2PL	0.7901002506265663	0.41636257309941527	0.51020988691841518	0.47765151515151505	0.47765151515151505	0.56725146198830412	0.49697251979506279	0.59343269678621335	0.54608930352637453	0.68977777777777782	0.93626119178888234	0.32787918819605205	0.17709050565546747	New Load%	1/1PL	2/1PL	Fan 1/1PL	3/1PL	4/1PL	Fan 2/1PL	C/1PL	1/2PL	2/2PL	pump1 /2PL	pump 2/2PL	A/2PL	B/2PL	0.97445697577276513	0.76333138401559475	0.69574075488874787	0.86845730027548185	0.86845730027548185	0.77352472089314184	0.72889302903275877	0.87036795528644617	0.74466723208141983	0.68977777777777782	0.93626119178888223	0.79754397128769416	0.43076068943221818	



Comparison of annual cost

Annual cost by current motors	1/1PL	2/1PL	Fan 1/1PL	3/1PL	4/1PL	Fan 2/1PL	C/1PL	1/2PL	2/2PL	pump1 /2PL	pump 2/2PL	A/2PL	B/2PL	89.814408007971736	68.138682470470243	373.95024047194022	460.7135181603266	460.7135181603266	415.75795776867324	1312.0074522589659	1134.940032603633	1392.5277239922552	2122.8505747126442	638.68518242413575	12393.83331381077	6694.0211137766719	Annual Cost by EE	1/1PL	2/1PL	Fan 1/1PL	3/1PL	4/1PL	Fan 2/1PL	C/1PL	1/2PL	2/2PL	pump1 /2PL	pump 2/2PL	A/2PL	B/2PL	82.560843192719858	60.699069375703822	336.02175633593737	419.4549817605473	419.4549817605473	373.58906095035627	1185.7216602250853	1050.4883222266587	1290.4019321639462	1992.2451102317696	568.37376400512846	10674.466839124158	5589.8618110148336	



Electric bill

January	February	March	April	May	June	July	August	September	October	November	December	5521.9950000000008	4369.1210000000001	6954.362000000001	5231.6990000000005	5369.9220000000005	4906.2240000000002	4018.1620000000003	4736.4230000000007	4867.7210000000005	4582.4110000000001	5193.75	5193.75	January	February	March	April	May	June	July	August	September	October	November	December	19935	15773	25106	18887	19386	17712	14506	17099	17573	16543	18750	18750	January	February	March	April	May	June	July	August	September	October	November	December	31998.394863563404	25317.817014446227	40298.555377207063	30316.211878009632	31117.174959871591	28430.176565008027	23284.10914927769	27446.227929373996	28207.062600321027	26553.772070626004	30096.308186195827	30096.308186195827	January	February	March	April	May	June	July	August	September	October	November	December	29430.176565008034	month


($/ month)
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