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Question 1:

By setting up an energy monitoring and targeting system, Alucasts can begin to understand their energy usage in detail, allowing for concise targets in regards to improving their energy efficiency to be made. By auditing their energy usage in detail they can highlight energy conservation opportunities, therefore it is vital that the auditing process is completed to as high a standard as possible before energy targets can be set as the data collected during the monitoring stage can be used to inform the targeting system. Targets must be set in a manner that lists energy conservation projects in an order of priority, this will require estimations for the potential for energy savings, the time taken for projects to be undertaken and the payback time for each of the energy conservation projects that have been considered. As the results of the energy monitoring will be used to inform the targeting system, setting up the energy monitoring system should be carried out before considering how to manage the targeting system.
       As there is no energy policy, monitoring or targeting schemes currently in use at the facility, Alucasts needs to start this energy management project by arranging for an energy management committee to be arranged at the facility so that responsibilities regarding energy monitoring and targeting can be established. This energy committee should produce an energy management system (EnMS) that clearly highlights the new energy management policy of the facility and schedules meetings for those involved with setting energy targets and performing energy monitoring so that productive discussions can be made regarding making efficiency improvements at the facility. An energy audit needs to be conducted so that a detailed understanding of exactly how much energy is consumed, where it is consumed and what form of energy is being consumed can be established. Industrial energy audits can be considered in two distinct categories;

Preliminary (walk-through) audit-

This form of energy audit involves utilising readily available energy usage information such as the power ratings of machinery and light fittings so that common opportunities for energy saving such as installing more energy efficient fittings or equipment can be considered. This stage of energy monitoring should be used to complete a visual inspection of equipment in order to highlight obviously outdated or poorly maintained equipment and fittings. Studying energy invoices can allow for an understanding of overall energy consumption and how much each form of energy consumption i.e., electricity, gas and oil, is costing the facility. This form of audit takes a relatively short amount of time and allows for some basic payback period calculations to be completed. This form of energy audit should be considered as the beginning step in energy monitoring as more detailed and analytical evaluation can be carried out in the diagnostic audit.

Detailed (Diagnostic) audit-

Diagnostic energy audits require more detailed energy data acquisition. Data can be collected for individual processes or pieces of equipment over a period of time, this allows for specific systems to be considered in isolation. Detailed information regarding the fabric of the buildings may also be collected in the case of heating for example, along with detailed information such as the required luminance for lighting and highlighting areas where compressed air may be able to be replaced in order to reduce energy demands where possible. By analysing the performance of individual pieces of equipment, more specific energy conservation opportunities can be highlighted, e.g. a specific air compressor can be considered for replacement. A diagnostic approach to energy monitoring should be considered after a preliminary audit has been completed. (Hasanbeigi & Price, 2010)







Issues that need to be considered during energy monitoring;

· An energy monitoring team in a large to medium scale industrial operation should consist of members with varying responsibilities and skillsets. Typically an energy auditing team may comprise of a team leader, material manager, electrical engineer, mechanical engineer, civil engineer, accountant and a technician with knowledge and experience regarding electrical or mechanical engineering.
· The detail regarding energy consumption of specific pieces of equipment will be dependent on the sub metering capabilities in place at the facility.
· Variations in energy consumption due to demand and external factors e.g. how temperature effects heating demands at different points of the year, should be considered.
· Utilisation of a programmable automation controller (PAC) and computerised maintenance management system (CMMS) will allow for detailed data acquisition regarding energy usage and maintenance down times for specific machines. This data can then be analysed in detail to evaluate potential areas of improvement. A PAC system was initially designed to replace relay logic boards to sequence device actuation and coordinate activities. By using programmable memory to store instructions and execute specific instructions such as on/off control, timing, counting, and sequencing this offers the potential for energy saving. In addition to this a PAC system can perform data handling and store energy usage data onto a computer. (Pushpavalli, et al., 2014)


Issues that need to be considered when setting up a targeting system:

· [bookmark: _GoBack]When setting energy targets it is vitally important to ensure that health and safety is always considered, and regulatory requirements are always met. The safety of employees should never be compromised due to efforts to reduce energy consumption. An example of this could be in regards to installing automatically controlled lighting, whilst automatically switching off lighting can reduce energy consumption, in potentially dangerous areas a well-lit working environment should always be continuously maintained. Regulations such as the required luminance for lighting in working areas must always be met. Potential lawsuits from failure to comply with regulatory standards can cost far more than any energy savings in some circumstances.
· Energy targets need to be achievable.
· Energy targets need to be set in order of importance. Free/cheap projects should be carried out first whilst payback period should determine the importance of investment projects.
· Communication of targets needs to be clear, information regarding the energy management targets and the performance of the energy management projects should be available to all employees.
· Consider applying for ISO50001 accreditation for the energy management system, this will ensure that targets are continuously updated so that the standard of the energy management system is upheld.
· Use industry standard performance indicators to evaluate the energy efficiency performance of the facility in comparison to similar industrial operations.
· Consider use of the ‘plan-do-check-act cycle’ when setting new targets to ensure that previous targets have been met.


Question 2:

a) Annual energy consumption of electric furnaces

Company operates 5 days per week, from 8am to 5pm for 50 weeks per year.

5 days per week x 50 weeks= 250 days per year

Melting alloys from cold;

177 kWh x 6 furnaces x 5 times per day for each furnace= 5310 kWh per day,
5310 kWh x 250 days per year = 1,327,500 kWh per year.

Production;

113kWh per furnace per day= 113kWh x 6 furnaces x 250 days/

= 169,500 kWh per year.

Holding molten alloys overnight;

all furnaces use 39kWh, this is done 4 days per week.

39 kWh x 4/5 x 250= 7800 kWh per year

Holding molten alloys over the weekend;

The three furnaces use 134 kWh over a weekend. 50 weeks = 50 weekends per year

134 kWh x 50 weekends = 6700 kWh per year


Total annual energy consumption from the electric furnaces=

6700 + 7800 + 169,500 + 1,327,500 = 1,511,500 kWh per year.




b) 9.2p per kWh = £0.092 per kwh

Annual energy cost = £0.092 x 1,511,500 kWh = £139,058 per year




C)
· Melting alloys from cold is by far the largest consumer of energy in regards to the electric furnaces, the foundry also has 5 gas furnaces where there is presently no current data available for energy usage. Data should be collected regarding the energy usage of the gas powered furnaces in comparison to the electricity powered furnaced. Potentially the gas fired furnaces are more energy efficient, if this is the case consider replacing the electrical furnaces with gas powered alternatives whilst in the mean-time, make full use of the gas powered furnaces where possible in priority of using the electric furnaces.
· Calculate how much energy is saved by holding molten alloys overnight as opposed to heating from cold, if gains are significant ensure that the maximum volume of molten alloys required for production the next day is maintained.
· Calculate the most efficient temperature to maintain the molten alloys at, balancing the amount of energy required to reheat back to 750 degrees with the energy required to maintain overnight temperature.
· Consider possibility of insulating furnaces to maintain internal temperatures.
· Mitigate the need for heating of alloys from cold as much as possible.
· Make use of electric furnace sub metering capabilities to analyse energy consumption in detail, this might highlight potential areas for improvement.




Question 3

a) Annual energy costs of foundry lighting

Price per kWh = £0.092 

Operates for 10 hours per day, 5 days per week, 50 weeks per year,
= 2500 hours per year.

20 x 95W metal halide = 1.9 kW
12 x 2(double fitting) x 85W T10 = 2.04 kW
4 x 125W sodium = 0.5 kW

Total lighting power = 4.44 kW 

Total annual energy consumption= 4.44 kW x 2500 hours= 11,100 kWh

Annual cost of the lights energy consumption = 11,100 x £0.092= £1,021.20p


b)
· When evaluating air compressor energy usage the first consideration to make is whether compressed air is required for every application where it is utilized at the facility. Evaluate whether less energy intensive alternatives can be used instead, such as a mechanical operation.
· Match compressor capacity to the required air pressure. If the air compressor system is overly powerful for the required air pressure needed, energy can be wasted. 
· Test the air pressure required by gradually decreasing pressure in the system and observing the lowest safe value of pressure required to maintain reliable operation of the compressed air systems. If the system is running at an air pressure above what is needed to maintain operation of the systems that use compressed air, this can lead to more energy being used than is necessary.
· Evaluate where the leaks in the system are found and estimate the cost of repairing leaks to increase overall system efficiency. Excessive leaks may force the compressor to operate at a higher output to maintain the required air pressure in the system.
· The compressor is serviced every 6 months requiring the shutdown of systems that require compressed air, evaluate how a new compressor might reduce maintenance requirements.
· The system is offload for 2 hours a day, measure for how much of the day the compressor is required to be working at full capacity. If the compressor does not need to be continuously working at full capacity, an investment in replacing or upgrading the existing compressor to a variable speed drive may be a worthwhile investment as a variable speed drive will be more energy efficient when not operating at maximum capacity.
· Evaluate using a heat recovery system to utilize hot air from compressors to heat office/ workshop spaces. This could be in the form of a space heating system by ventilating hot air to the desired areas or by using heat from compressors to heat water for use in central heating, or for hot water use in sanitary applications.
· Use an air receiver to balance pulsations from the compressor, cool the air and collect condensation. Fit air receiver with condensate collector to remove condensate from the air supply.
· Arrange compressor so that intake air is as cool as possible, cooler intake air is higher density, increasing the efficiency of the system.
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