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Summary 
 Through the preliminary audit process, it has been shown that up to 10,102.98kWh of electrical energy can be saved annually saving the business up to £1,932.70 yearly. In the process area requiring a targeted audit have been identified a submitted in the report.
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[bookmark: _Toc31580318]1. Introduction
 With greater understanding of how energy intensive processes has led to what is now known as the greenhouse effect, efforts are being made to reduce subsequent greenhouse gas emissions through many techniques. One such technique is the energy management of public buildings and industry businesses. The energy consumption of large-scale public buildings and industrial businesses, especially in the developed countries, have become one of the main consumers of electricity. In the last 100 years the United Kingdom commercial industry has continued to expand and so to has the energy intensity of this process. In January 2018, total production was estimated to have increased by 1.3% compared with December 2017 (Office for national Statistics, 2018) and a year-on-year growth in quantity bought increased by 3.3% in July 2019 (Office for National Statistics, 2019). The energy management of these processes can be done through conducting an energy audit. 
 Energy audit, as defined by the European commission, is “a systematic procedure to obtain adequate knowledge of the existing energy consumption profile of a building or group of buildings, of an industrial operation and/or installation of a private or public service, identify and quantify cost-effective energy savings opportunities and report the findings” (Lucchi, 2018). 
 Energy audits cannot be successfully implemented without convincing top management to fully commit to the energy management procedure. Reasons for this energy management include potential money returns and compliance with environmental destruction reduction strategies, such as ‘The Energy Efficiency Directive (2012/27/EU)’. Originally set in 2012 to reach 20% energy efficiency target by 2020, it has since been amended in 2018, where the energy efficiency target has been set to at least 32.5% by 2030 (European Commission, 2020) shown in figure 1.
 The energy audit takes place in two main stages, the first stage included a preliminary audit where a baseline energy consumption is compared with a calculated actual consumption based on fair assumptions made in the process (Eleonora Annunziata, 2014). The aim of a preliminary audit is to identify potential areas that require energy management, with little or no cost. This is done by comparing expected energy consumption with the actual consumption and identifying reason areas that may need a more detailed targeted audit/comprehensive audit. Preliminary audits are typically done prior to comprehensive audits due the more expensive and time-consuming nature of the comprehensive type. A full energy audit covers energy conversion, distribution, end use and management systems (Giuliano Dall’O’, 2012). 
 The aim of this report is to conduct a preliminary energy audit on Iscoed Chambers and identify any energy losses or inefficiencies. Once identified, this report will include suggestions for energy management in the form of low, mid and high cost solutions and highlight areas that may need a targeted audit.





[bookmark: _Toc31580319]2. Company Background
 Iscoed Chambers is a successful and long-established barristers chambers based in Swansea, South Wales. Members of chambers are individual self-employed barristers who cover a range of legal cases covering family, civil, employment and criminal cases. They are a workforce of 40 persons with flexible workhours within 8:30am-6pm, Monday-Friday. Staff are elf-employed and can take holidays as and when they please, meaning the summer months July-August are periods of low operations.
[bookmark: _Toc31580320]2.1 Building Details
 The building is made up of 3 renovated residential homes to make up one large building. It contains 20 office rooms, 1 small kitchen, 4 lavatories and one main entrances with a small porch. 4 large windows on the north and east sides of the buildings. There is no insulation in the loft space or around the walls of the building. A detailed description of appliances can be found in (section. 3).
[bookmark: _Toc31580321]2.2 Operational Assumptions
  To calculate the expected energy consumption, first some observations and assumptions must be made. Assuming there is no work on any of the 104 weekend days, 8 bank holidays (Gov.uk, 2020) and there is no work for 2 weeks at Christmas, the annual operational days can be determined as: 

Paper is shredded off site confidentially 
[bookmark: _Toc31580322]3. Energy Types and Where its Used
 This section aims to identify the various types of energy usage throughout the business, calculate an expected value for energy consumption and compare it with the actual baseline energy consumption. The types of energy and where its used can be seen below:
	Energy Type
	Where its used
	Quantity

	Electrical
	Computers/Monitors
	40

	Electrical
	Shredder
	5

	Electrical
	Printer
	2

	Electrical
	Lights
	4x20

	Heat
	Boilers
	2

	Electrical
	Coffee machine
	1

	Electrical
	microwave
	1

	Electrical
	 Small fridge
	1

	Electrical
	kettle
	1

	Heat
	Radiators
	20











[bookmark: _Toc31576831][bookmark: _Toc31577648]Table 1. List of various energy types and where its used.



[bookmark: _Toc31580323]3.1 Lighting
	Light type
	Bulb
	Size DxL (mm)
	Colour Temp (K)
	Power (Watt)
	luminocity (lm)
	Quantity

	Spotlight bar
	Standard halogen GU10 par16
	50 x 55
	Warm white 2700
	50
	385
	80

	Tube
	Fluorecent Triphosphor
	25 x 1500
	Daylight 6500
	58
	1600
	1

	Standard
	Osram E27 LED GLS
	60 x 105
	Cool white 4000
	40
	470
	8


[bookmark: _Toc31576832][bookmark: _Toc31577649]Table 2. Detaails of the lighting configuration.
Observations/Assumptions:-
· All light switches are manually controlled.
· All Lights are on throughout the working day


[bookmark: _Toc31580324]3.2 Heating
	Heating
	Type
	Fuel Type
	Size
	Power (W)
	Efficiency %
	Quantity

	Boiler
	Vaillant ecoTEC Plus 64

	Natural gas
	800x480x472
	64
	88.7
	1

	Radiator
	Old type 15 years old
	Central heating
	[bookmark: _GoBack]N/A
	N/A
	N/A
	20


[bookmark: _Toc31577650]Table 3. Heating configuration.
Observations/Assumptions:-
· The rooms each have their own radiator.
· The temperature of the buildings is controlled by a central thermostat
· Building is heated using a timer and only heated during work hours







[bookmark: _Toc31580325]3.3 Utilities 
	Utility
	Brand 
	Size DxLxZ (mm)
	Power (Watt)
	Quantity

	Fridge
	ESSENTIALS CTT50W18 Mini Fridge
	510 x 440 x 470
	107 kWh annual
	1

	Kettle
	BREVILLE Curve VKT118 Jug Kettle
	
	1200 – 350ml
	1

	Coffee Machine
	Sage Oracle Touch Fully Automatic
	454 x 373 x 392
	2400 – 2 cups
	1

	Printer
	Xerox WorkCentre 3335DNi A4 Mono Multifunction Laser Printer
	
	3.3 – sleep mode
50 – standby
500 - prinitng
	2

	Microwave
	SAMSUNG MS28J5215AS Solo Microwave
	297 x 357 x 357
	1000
	1

	Computer
	Inspiron Desktop

	373 x 160 294
	65 - 350
	40

	Monitor
	Lenovo ThinkVision S27i-10 LED Backlit LCD 27
	220 x 612 443
	15 - 60
	40

	Hand Dryer
	Storm, High Speed Jet Hand Dryer
	
	1000 – per hour
	2


[bookmark: _Toc31576834][bookmark: _Toc31577651]Table 4. Utility Configuration.


Observations/Assumptions:-
· The fridge is on 24/7 365 days a year with an annual power consumption of 107kWh.
· There are 40 staff and its takes 1200W to power the kettle or coffee machine to produce one cup (350ml) of hot beverage. It is assumed that on average everyone has two cups of either coffee/tea/other for every day they are in work. 
· There are an estimated average of 1000 pages printed a day, as there are many case briefs and reports that are submitted. The printer prints 33 pieces per minute(ppm) and consumes 500W in the process. The printer consumes 50W on standby whilst not being used.
· Not everyone uses the microwave or has their lunch in the kitchen facilities, and less hot food is consumed in the summer compared with winter. Therefore, it is assumed that ½ of staff use the microwave no longer than 3 minutes each a day at 1000W, for half of the days they work annually.
· The computers and monitors are used from the start of the day to finish, and then they are placed on standby overnight and off days.
· It can be assumed that all staff use the toilets at least 5 times a day and wash their hand after use. That is 40 people using it 5 times a day each using it for 12 seconds each cycle at a power consumption of 1000W per hour.


[bookmark: _Toc31580326]4. Expected Energy Consumption Calculations 
Each calculation is made in units of Kilo-Watt hours (kWh). 1kW = 1000W. 1hr = 60minutes or 3600seconds (explain how its calculated)
[bookmark: _Toc31580327]4.1 Lighting
Assuming all lights are on throughout the working day as there are no censored lights, the annual energy consumption can be calculated as:




[bookmark: _Toc31580328]4.2 Utilities 
Using the assumptions made in section (2.x) the expected energy consumption of each utility can be written as:
 
 
 
 
 
 

Therefore, total expected annual electrical energy consumption can be written as the sum of the following values to give:







[bookmark: _Toc31580329]5. Actual Energy Consumption.
 Energy consumption is quantified using annual utility bills. These utility bills and generally split into two types of bills, electrical and gas, depending on the energy source. The energy providers for iscoed chambers is SSE. The actual value of electricity and gas consumption can be seen in table 5 and 6.
	Actual Annual Electricity consumption (kWh)
	Expected Annual Electricity consumption (kWh)

	71,485.91
	73,232.18


[bookmark: _Toc31576835][bookmark: _Toc31577652]Table 5. Actual and estimated electrical consumption.
 It can be seen in table 5 that the expected electrical energy consumption is greater than the actual. This difference could be due to inaccuracies in the behavioural assumptions. However, this provides enough information to assess whether improvements can be made, section x does exactly that.
 The expected gas consumption submitted in table 6 is estimated by (UK Power, 2019) as the information required to calculate an estimated value is not available with the limited information acquired. Table 6 clearly shows some energy efficiency issues in heating the building.

	Actual Annual Gas Consumption (kWh)
	Expected Annual Gas Consumption (kWh)

	81,728.62
	60,000


[bookmark: _Toc31576836][bookmark: _Toc31577653]Table 6. Actual and estimated  gas consumption.

[bookmark: _Toc31580330]6. Energy Management Improvements
Generally, energy management improvements are suggested in forms of no/low cost and a cost ranging from low-high.
[bookmark: _Toc31580331]6.1 Electrical
Lighting Saving Opportunities.
	Current Practise
	Recommendations
	Cost

	[1] Empty Areas are unnecessarily lit.
	Inform and educate staff of the location of the light switches.
Introduce them to an energy efficient work culture.
	Low/No cost

	[2] 4 halogen GU10 par16 bulbs used on spotlight bar in office rooms.
	Switch to a more energy efficient bulb. Tubular bulbs have shown to have a much greater luminosity resulting in a lower quantity requirement. Crompton 1500mm LED T8 has a luminosity 7x greater with half of the power requirements.
	High cost

	[3] Fluorecent Triphosphor bulbs are used in the kitchen.
		Crompton 1500mm LED T8 24W 5ft Tube Daylight can be used as an alternative. It has a power consumption of 24W (vs 58) and a luminosity of 2550lm (vs 1600), Providing better quality light at a lower cost of energy

	Low/No cost

	[5]  Lights are turned off and on manually by staff
	Fitting censored lights that switch on when a person is present.
	High cost

	[6]      Lights are on continuously in the working hours
	On sunny days the office rooms equipped with large windows can use the luminosity of the sun through some hours of the day.
	Low/No cost

	[7]  Fridge is left on over weekends and holidays
	Empty the fridge over the holidays and switch off at the wall
	Low/No cost

	[8]   Toilet lights are left on throughout the day
	Turning the lights off while they’re not in use
	Low/No cost

	SSE energy tariff
	Looking around and comparing other energy tariff deals to find the best value for money
	Low/No cost


[bookmark: _Toc31576837][bookmark: _Toc31577654]Table 7. Light Saving opportunities.
Utility Saving Opportunities.
	Current Practice
	Recommendations
	Cost

	[8]       Computers & monitors are left on stand-by overnight and days off.
	Switch the computers & monitors completely off out of working hours (with the exception of those that must be left on for good reason)
	Low/No cost

	[9]  The Printer is left on stand-by throughout the working hours
	Use the rest mode feature of the printer between periods of printing activity to consume less electricity.
	Low/No cost

	[10]   Excess water in the kettle is being boiled
	Only boil water for the correct number of cups being used.
	Low/No cost

	[11]   Computers left on during lunch periods
	Install software then induces an energy saving mode for time of idle activity.
	Low/No cost


[bookmark: _Toc31576838][bookmark: _Toc31577655]Table 8. Utility saving opportunities
[bookmark: _Toc31580332]6.2 Gas
 The actual gas energy consumption is shown to be much higher than the expected. This is a clear indication of low energy efficient operations, where energy management strategies would be very beneficial. It is worth noting that due to limited data the recommendations to remedy these energy losses are somewhat vague. A more comprehensive targeted audit of the heat energy losses is required to provide a more detailed solution. However, preliminary recommendations can be seen in table 9.

	Current Practise
	Recommendations
	Cost

	Heating of empty spaces
	Using control systems to reduce heat transferred to empty spaced
	No/Low cost

	Ageing boiler plant
	Consider replacing the old boiler with a new more efficient boiler
	High cost

	Possible leakage and transport of heat from the boiler
	Inspect for leaks and repairs and conduct regular maintenance
	Mid cost

	Attic space is used as offices and there is no insulation
	Install loft insulation to reduce heat loss through the roof of the building
	High cost

	None of the surrounding walls of the building and insulated
	Install cladding around the building to prevent heat loss through the material of the walls.
	High cost

	
	
	


Heat Energy Saving Opportunities.
[bookmark: _Toc31576839][bookmark: _Toc31577656]Table 9. Heat energy savings recommendations.














[bookmark: _Toc31580333]7. Potential Energy Bill Savings
 It is worth noting that for these calculations as the schemes progress from no cost – high cost, the benefits and recommendations considered are carried forward also. For example, the benefits from no cost be seen in the mid cost scheme also. Another note to add is only quantifiable recommendations are used in the following calculations.
[bookmark: _Toc31580334]7.1 Electrical
 Energy consumption using the ‘No/Low Cost’ recommendations can be shown as: 
 
 
 
 
 
Assuming the toilets are used 5 times a day for an average time of 5 minutes per trip, the energy consumption of the lights while being used can be calculated to give:
 

Energy consumption using the ‘Mid Cost’ recommendation is as follows:
 

 The ‘High Cost’ recommendation involved upgrading light switches to censors. This energy management technique has shown to save energy in some instances, however, in this situation more quantifiable data is required before a fair assessment of this technique could be conducted. For that reason, it is not included in the calculations. It is instead a suggestion for a targeted audit in section (X)
	Utility
	Original 
	Low/No cost 
	High cost 

	Computer & Monitor
	39,848
	36,328
	36,328

	Printer
	167.3
	66.85
	66.85

	Kettle/coffee machine
	22,944
	22,944
	22,944

	fridge
	107
	103.88
	103.88

	Kitchen light
	131.69
	54.49
	54.49

	Office lights
	9,028
	9,028
	1,089.84

	Toilet light
	363.28
	152.96
	152.96

	Corridor lights
	 363.28
	363.28
	363.28

	Hand dryer
	160.13
	160.13
	160.13

	Microwave
	119.5
	119.50
	119.5

	Total
	73,232.18
	69,321.09
	61,382.93



[bookmark: _Toc31576840][bookmark: _Toc31577657]Table 10. Comparison of the estimated energy consumption with the original, low/no and mid cost management schemes.

[bookmark: _Toc31577661]Graph 1. Estimated Electrical energy consumption for original, high and low cost energy management strategies

 Graph 1 clearly shows the energy saving potential of implementing energy management strategies. No cost strategy can be seen to reduce energy consumption by 4% and the high cost strategy is shown to reduce energy consumption by 14.2%.
[bookmark: _Toc31580335]7.2 Gas
 The data for heat energy is limited at this stage of the audit, however, there is a clear indication of energy saving potential as the actual value of energy is higher than the expected. Upon visit to iscoed chambers the radiators installed in all the rooms were the old-style radiators and the boiler was nearing 10 years of age. It was also stated that there was no wall insulation around the cladding of the building. Therefore, further investigation into these area through a comprehensive audit is required to quantify the potential savings.



[bookmark: _Toc31580336]8. Money Savings
Note: Price per kWh = £0.19 provided by SSE.
	Energy Management Strategy
	% Reduction From Actual Usage
	Energy Saved (kWh)
	Annual Savings After Payback(£)

	No Low cost
	4
	2,164.82
	414.13

	High cost
	14.2
	10,102.98
	1,932.70


[bookmark: _Toc31576841][bookmark: _Toc31577658]Table 11. Money savings for high and low cost energy management strategies.

[bookmark: _Toc31580337]8.1 Payback
The total project cost is the sum of all costs included in the project. Using data from (Trusted Traders, 2020) and cost of the bulb from BLT Direct, it can be shown to be:
	Component
	Cost (£)

	Bulbs
	10.86 *20    =  217.20

	Fitter
	55 *20         = 1,100

	Total 
	1317.20  


[bookmark: _Toc31576842][bookmark: _Toc31577659]Table 12. Cost of the fitting the new lights.
The payback period is calculated by calculated by . 
	Initial cost
	Annual savings
	Payback period

	1317.20
	1932.70
	9 months


[bookmark: _Toc31576843][bookmark: _Toc31577660]Table 13. Payback period for the project.


[bookmark: _Toc31580338]9. Conclusion
 The preliminary energy audit of the business is a success as areas in need of targeted comprehensive audits have been identified (section 7.2). Also, a substantial amount of money is shown to be saved through implementing energy management strategies to the current practise. Maximum of 10,102.98 kWh could be saved annually saving the business £1,932.70 a year whilst also playing a part in the carbon emissions reduction movement. The actual savings could potentially be substantially greater when the heat energy of the building can be quantified and analysed to produce estimated annual savings.







[bookmark: _Toc31580339]10. Further Work
Upon further investigation of the heating system and more site visits, the heat loss through the fabric of the building can be calculated using;
[bookmark: _Toc31578926]                                        Equation 1
Where, 
QF = Fabric heat loss rate                                                            (W)
U = Is the thermal transmittance (U- value)             	(W/m2 K)
A = is the area                                                                                (m2)
tai = Internal air temperature                                                      (°C)
tao = External air temperature                                                     (°C)
Air leakage through drafts can also be investigated using infrared thermography imaging to locate area withing the building where heat is lost to the external surroundings (Lucchi, 2018)
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Estimated Electrical Energy Consumption with Various Energy Management Strategies  

Original 	Low/No cost 	High cost	73232.179999999993	69321.09	61382.93	
Electrical Energy Consumption (kWh)



2

image1.jpeg
,,ic
S
Uy A

3





image2.png
w Prifysgol Cymru
Y Drindod Dewi Sant
University of Wales

Trinity Saint David




