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1.0 Aim of the report
Through this report I will calculate the cost of the current energy consumption of the house using the current system in place and then calculate the expected cost of consumption after three improvements have been made. Through this report I will also calculate the cost of these improvements and then the expected savings and the payback period of the refurbishment works. All calculations used for this report are listed in the appendix.

2.0 Change lighting to LED
In order to calculate the cost of changing the lighting to LED I have considered the fact that the height of the ceilings are 3.3m and 3.5m and therefore used the average amount of lux required for each room with this height of ceiling and then multiplied this amount of lux with the square metres of each particular room in order to find the required lumens and from that I have been able to determine the amount of LED bulbs are required. I am using the LAP GU10 LED light bulb which is available at Screwfix for £1.99 a bulb and emits 400 lumens.
According to Charleston Lights 2020, the average lux for a room with a ceiling of around is as follows:
· Bedroom = 150 lux
· Kitchen = 300 lux
· Bathroom = 200 lux
· Living room = 150 lux
· Utility room = 350 lux
· Hallway = 75 lux
These figures are also backed up by beacon lighting trade club 2014 who agree with the amount of lux for each of those rooms.
This house has one large living room space, one kitchen, five bedrooms, seven bathrooms, six dressing rooms, a technical room, a staircase on each floor and also corridor and access space. For the dressing rooms and the technical room, I have assumed that that space will require the same amount of lux as a utility room and I have assumed that the staircases, accesses and corridor spaces will require the same lux as an average hallway space. 

I have found the area of each particular room and grouped the rooms with the same functions together to give the total area required to be lit for each set of rooms. The below table shows the area, required lumens and light bulbs for each set of rooms.
	Room
	Area m2
	Lumens Required
	LED Bulbs Required

	Living room
	52
	7800
	19

	Kitchen
	16.5
	4950
	12

	Bathrooms
	43.94
	8788
	22

	Dressing rooms and technical room
	31.67
	11084
	28

	Staircases, accesses and corridor
	42.45
	3183
	8

	Bedrooms
	62.67
	9400.5
	24



The minimum total amount of bulbs required for the refurbishment works is 113 LED bulbs. The cost of these bulbs through Screwfix would come to 264.70 and there are no labour costs as it is just the bulbs being changed, not the fittings so no electrician is required.

3.0 Improve insulation of cavity walls and ceiling
It does not state the current insulation system of the house so I have assumed that a glass wool system would be an improvement on the current system. According to 232 The average price of a glass wool insulation is between £13-£18/m2 so in order to ensure I’m giving the client a realistic budget I have assumed the price to be £15/m2. In order to work out the cost of this insulation system for this house I have to calculate the area of each external wall and ceiling excluding any openings such as windows or doors. 
The total area that needs insulation improvement is 484m2. At the rate of £15m2 for the glass wool insulation, the total cost of the cavity insulation improvement is £7260.


4.0 Switch combi and PV panel system
The third refurbishment work that is to be done in order to reduce energy consumption Is to change the heating and hot water system to a combined gas and PV panels system. Due to the large size of the house it would require a powerful combi system and according to Household quotes 2020 a house this large would need a 35kw boiler to work effectively. Through Household quotes 2020 I have found a suitable 35kw boiler- the Ideal Logic combi ESPI 35
Which comes at a cost of £930. Using Household quotes again I had a quote for the complete installation of the boiler including the cost of moving pipes and the mechanical flush to come to £1590. The total cost of the boiler and insulation comes to £2520. 
The system improvement also includes PV panels. Although I have used all my data from this one site, it is a credible price as it considers prices from multiple companies across the UK to produce the data. After analysing the data given as to the amount of consumption the panels would create, it is clear that they do not add up as there is not anywhere near enough space on the roof to generate these kinds of improvements. Therefore, I have assumed that this house would require the average solar system which according to Greenmatch 2014 is a 4kw system. This system would occupy around 28m2 of the south facing roof and as the south facing roof of this house has an area of 61.1m2 this is suitable. The average cost of the installation for this system at that size is £7000. Therefore, the total cost of the boiler and PV panel improvements would come to £9520.

5.0 Cost and savings
In order to determine the current cost of the energy consumption being used in the household I have used the following rates from British Gas provided by UK power 2020 in south wales to the nearest pence.
Electric = 12p
Gas = 3p
	
	Consumption kw/m2
	Cost £

	Lighting
	148
	17.76

	Heating and hot water
	752
	22.56

	Appliances and other
	333
	39.96

	Total 
	1233
	80.28


The data provided shows energy consumption kw/m2 and therefore to find the total cost I have to multiply the cost p/m2 by the total area of the house. This gives me a total cost of energy consumption of £23,120.

After the completion of the refurbishment works, the cost of consumption p/m2 is shown in the table below.


	Improvement
	Lighting kw/m2
	Heating and hot water kw/m2
	Cost £

	1
	31
	
	3.72

	2
	
	428
	12.84

	3
	
	863
	25.89

	2+3
	
	158
	4.74



After multiplying these figures by the area of the house, I was able to determine the savings from each refurbishment works per year. The savings are shown in the table below

	
	Original cost £
	New cost £
	Saving £

	Lighting
	5114
	1071
	4043

	Heating and hot water
	6497.28
	1365.12
	5132.16

	Appliances
	11,508.72
	0
	11,508.72



The total amount saved on energy consumption across the year would be £20,683 to the nearest pound.

6.0 Payback period 
According to the corporate finance institute 2020 payback period is how long it takes for someone to “recoup” their investment. The formula for payback period is 
	             Payback Period =
	Initial Investment

	
	Net Cash Flow per Period


The payback period for each of the refurbishments is shown in the table below, however I have not included the appliances in the table as according to the figures the PV panel system means there is no cost for the appliances.

	
	Payback Period

	Lighting
	22 Days

	Heating and hot water
	1 year 9 months


After incorporating the savings from the appliances, it would take 43 weeks for the client to start recouping money for their investment.

7.0 Conclusion
In conclusion, although the figures given are not realistic, it would be clear that the investment on the refurbishments would definitely be a worthwhile investment as it would only take 43 weeks to recoup money on the investment. Additionally, as the panels would be generating so much energy to be taking all consumption away from the appliances, it could be possible for the client to sell back energy to the grid as a means of profitability. Furthermore, regardless of the figures, switching to an LED bulb is will always reduce energy consumption and the energy saving trust 2020 says “Replacing a traditional light bulb with an LED of the same brightness will save you up to £2 per year”.
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9.0 Appendix
              Cost and saving calculations
Lighting = 148 x 0.12
Lighting = £17.76
Heating and hot water = 752 x 0.03
Heating and hot water = £22.56
Appliances = 333 x 0.12
Appliances = £39.96
Total cost = 17.76 + 22.56 + 39.96
Total cost = £80.28 x area of house
Area of house = area of garage + area of ground floor + area of first floor
Area of house = 8 x 3.5 + 10 x 13 + 10 x 13
Area of house = 288m2
Total cost of consumption = £23,120
Lighting after improvement = 31 x 0.12
Lighting after improvement = £3.72
Heating and hot water improvement 1 = 428 x 0.03
Heating and hot water improvement 1 = £3.72
Heating and hot water improvement 2 = 863 + 0.03
Heating and hot water improvement 2 = £12.84 
Heating and hot water improvement 2+3 = 158 + 0.03
Heating and hot water improvement 2+3 = £4.74
Total cost after improvement = 3.72 + 4.74
Total cost after improvement = £8.46/m2
Total cost after improvement = 8.46 x 288
Total cost after improvement= 2,436

Savings = 23,120 – 2436
Savings = 20,684

Payback period
To calculate the payback period for each one I have multiplied the cost/m2 by the area of the house
Saving for lighting = £5114 - £1071
Saving for lighting = £4043
Saving for Heating and hot water = £6497.28 – 1365.12
Saving for heating and hot water = £5132.16
Payback period = Initial investment ÷ cash saved
Payback period for lighting = 264.70 ÷ 4043
Payback period for lighting = 0.06 (22 days)
Payback period for heating and hot water = insulation cost + boiler cost ÷ cash saved
Payback period = 7260+2520 ÷5132.16
Payback period = 1 year 9 months
Total payback period = total investment ÷ total saved
Total payback period = 7260+ 2520 + 7000 + 264.70 ÷ 20,684.16
Total payback period = 0.824 (43 weeks)






   Combi boiler cost = £930
Installation = £780
Cost of moving pipes = £310
Mechanical flush = £500
Total cost of boiler and installation= £2520

Area of south facing roof = 3.3 + 15 ÷ 2 x 6.5
Area of south facing roof = 61.1m2


Area of external walls = L x H
Area of external walls = 14 x 9.5
Area of external walls = 133m2
Area of external walls = 133 x 2
Area of external walls = 266m2
Area of side walls = 10.5 x 9.5
Area of side walls = 99.75
Area of side walls = 199.5 m2
Total area of external walls= 133 + 199.5
Total area of external walls = 332.5
Area of ceiling = 10.5 x 13.7
Area of ceiling = 143.85
Total Area that requires insulation improvement = 332.5 + 143.85
Total area that requires insulation improvement = 484m2
Cost of insulation = 484 x 15
Cost of insulation = 7,260 



Area of living room = 5.2 x 10 
Area of living room = 52 square metres
Lumens required = 150 x 52
Lumens required = 7800
LED Bulbs required = 7800 / 400
LED Bulbs required = 19 bulbs


Area of Kitchen = 3.3 x 5 
Area of kitchen = 16.5 m
Lumens required = 300 x 16.5
Lumens required = 4950
LED bulbs required = 4950 / 400
LED Bulbs required = 12 Bulbs

In this house there are 6 bathrooms.
Area of Basement bathroom = 2 x 1.5  
Area of Basement bathroom = 3 m
Area of Ground floor bathroom A = 1.7 x 3.2 
Area of Ground floor bathroom A = 5.44 m2
Area of Ground floor bathroom B = 3 x 1.5 
Area of Ground floor bathroom B = 4.5 m 
Area of First floor bathroom A = 2.5 x 3.2 
Area of first floor bathroom A = 8m
Area of first floor bathroom B = 3 x 2.5
Area of first floor bathroom B = 7.5
Area of first floor bathroom C = 3 x 2.5 
Area of first floor bathroom C = 7.5
Area of first floor bathroom D = 2.5 x 3.2
Area of bathroom D = 8
Total Area of Bathrooms = 3 + 5.44 + 4.5 + 8 + 7.5 + 7.5+ 8
Total Area of Bathrooms = 43.94m


Lumens required = 200 x 43.94
Lumens required = 8788
LED bulbs required = 8788 / 400
LED Bulbs required = 22 bulbs required

In this house there are 5 bedrooms 
Area of Ground floor bedroom = 3.3 x 2.9 
Area of Ground floor bedroom = 9.57
Area of first floor bedroom A = 3 x 5.5 
Area of first floor bedroom A = 16.5
Area of first floor bedroom B = 3.5 x 3.5 
Area of first floor bedroom B = 12.25 
Area of first floor bedroom C = 3.5 x 3.1 
Area of first floor bedroom C = 10.85
Area of first floor bedroom D = 3 x 4.5 
Area of first floor bedroom D = 13.5 
Total area of bedrooms = 9.57 + 16.5 + 12.25 + 10.85 + 13.5
Total area of bedrooms = 62.67
Lumens required = 150 x 62.67
Lumens required = 9400.5
LED bulbs required = 9400.5 / 400
LED bulbs required = 24 Bulbs

In this house there are 6 dressing rooms and also one technical room. I have assumed these rooms to require the same amount of lux as a utility room.
Area of Basement dressing room = 1.5 x 3 
Area of basement dressing room = 4.5
Area of basement technical room = 3 x 3.5
Area of basement technical room = 10.5
Area of ground floor dressing room = 3.2 x 1 
Area of ground floor dressing room = 3.2 
To work out the Area of first floor dressing rooms I have split the room up in order to calculate the area as they are “L” shaped.
Area of first floor dressing room A = 1 x 1.5 + 1.3 x 2 
Area of first floor dressing room A = 3.1
Area of first floor dressing room B = 1.5 x 1 + 2 x 1
Area of first floor dressing room B = 3.5
Area of first floor dressing room C = 1.6 x 1.1 + 1 x 1.8
Area of first floor dressing room C = 3.56
Area of first floor dressing room D = 1.3 x 1.7 + 1 x 1.1 
Area of the first-floor dressing room D = 3.31
Total area of dressing rooms and technical room = 31.67
Lumens required = 350 x 31.67
Lumens required = 11,084
LED lights required = 11,084 / 400
LED lights required = 28 bulbs
The house also has 3 staircases, a corridor and an interior access which needs to have light. I have assumed all of these to require the same amount of lux as a hallway.
The area of the basement staircase = 3.5 x 2.5
The area of the basement staircase = 8.75
The area of the ground floor staircase and internal access area = 8.2 x 2.5
The area of the ground floor staircase and internal access area = 20.5
The area of the first-floor staircase and corridor = 5.5 x 2.4 
The area of the first-floor staircase and corridor = 13.2
The total area of staircases, accesses and corridor = 8.75 + 20.5 + 13.2
The total area of staircases, accesses and corridor = 42.45
Lumens required = 75 x 42.45
Lumens required = 3183
LED bulbs required = 8 bulbs

Total amount of LED bulbs required = 19 + 12 + 22 + 24 + 28 + 8
Total amount of LED bulbs required = 113 Bulbs







