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Introduction
To understand and work out how improvements to the house will effect energy use we must first summarise the energy use provided as follows -

Energy reduction with improvements in kWh/m2 -
	Improvement
	Lighting
	Heating/Hot water
	Appliances
	Total (Elec)

	None
	148
	752
	333
	481

	1
	31
	752
	333
	364

	2
	148
	428
	333
	481

	3
	148
	655
	0
	148

	2+3
	148
	158
	0
	148


The floor area of the house must also be calculated as follows (Room areas taken from Autocad Drawing Plans) -
	Basement Rooms
	Area m2

	Staircase
	9.28

	Bathroom
	3.50

	Dressing Room
	3.21

	Technical Room
	12.60

	Garage/Storage
	154.76

	Total
	183.35


	Ground Floor Rooms
	Area m2

	Staircase
	3.77

	Bathroom
	5.96

	Dressing Room
	3.46

	Living Room/Dining Room
	57.72

	Internal Access
	18.99

	Kitchen
	17.91

	Bedroom
	15.95

	Toilet
	4.70

	Total
	128.46


	1st Floor Rooms
	Area m2

	Staircase
	3.77

	Corridor
	6.68

	Bedroom 1
	22.94

	Bathroom 1
	8.28

	Bedroom 2
	20.74

	Bathroom 2
	8.00

	Bedroom 3
	21.59

	Bathroom 3
	7.89

	Bedroom 4
	20.35

	Bathroom 4
	7.83

	Total
	128.07


Total area of living space including garage is 439.88m2.

Total area of living space excluding garage is 285.12m2.

Refurbishment Works -
Improvement 1 - Lighting -
Assumption made that it is most likely 60W and 100W incandescent lamps to be replaced. With this in mind a 'like for like' incandescent to LED upgrade has been considered.

The following lamps are listed for sale by ledbulbs.co.uk (ledbulbs.co.uk, 2020) with vat and shipping included -


Philips CorePro 8.5W LED BC B22 GLS Dimmable

· 15000 hrs

· £3.10

· 806 lumens

· 2 year warranty

Philips CorePro 13W BC/B22 GLS 150° Dimmable 

· 15000 hrs

· £4.56

· 1521 lumens

· 2 year warranty

The Philips CorePro lamps will be the choice for this estimate providing good value for money, appearance and performance.

As an alternative the Osram Parathom lamps are more expensive but have a 5 year warranty.
To estimate the amount and type of lamps required I have looked at room type/layout and lux level required. The lamps should provide the minimum lux required.
This table shows a guide to lux levels -
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(Oca, 2020)
Where room types/descriptions are missing from the above table I have used similar rooms as a guide to lux levels for the following -

· Staircase area - 30 Lux

· Dressing room area - 300 Lux

· Technical room area - 200 Lux

· Living Room/Dining Room area - 100 Lux

· Internal Access - 30 Lux

· Corridor - 30 Lux

The following tables show estimated number of required lamps -
	Basement Rooms
	Area m2
	No. Light fittings
	Required Lux (Lumen/m2)
	Lamp (8.5W)
	Lamp (13W)

	Staircase
	9.28
	1
	278
	1
	

	Bathroom
	3.50
	1
	1,050
	
	1

	Dressing Room
	3.21
	1
	963
	
	1

	Technical Room
	12.60
	2
	2,520
	
	2

	Garage/Storage
	154.76
	20
	30,952
	
	20

	Total
	183.35
	25
	
	1
	24


	Ground Floor Rooms
	Area m2
	No. Light fittings
	Required Lux (Lumen/m2)
	Lamp (8.5W)
	Lamp (13W)

	Staircase
	3.77
	1
	113
	1
	

	Bathroom
	5.96
	2
	1,788
	2
	

	Dressing Room
	3.46
	1
	1,038
	
	1

	Living Room/Dining Room
	57.72
	4
	5,772
	
	4

	Internal Access
	18.99
	1
	569.70
	1
	

	Kitchen
	17.91
	4
	5,373
	
	4

	Bedroom
	15.95
	3
	797
	3
	

	Toilet
	4.70
	2
	1,410
	2
	

	Total
	128.46
	18
	
	9
	9


	1st Floor Rooms
	Area m2
	No. Light fittings
	Required Lux (Lumen/m2)
	Lamp (8.5W)
	Lamp (13W)

	Staircase
	3.77
	1
	113
	1
	

	Corridor
	6.68
	1
	200
	1
	

	Bedroom 1
	22.94
	3
	1,147
	3
	

	Bathroom 1
	8.28
	3
	2,484
	3
	

	Bedroom 2
	20.74
	3
	1,037
	3
	

	Bathroom 2
	8.00
	3
	2,400
	3
	

	Bedroom 3
	21.59
	3
	1,079
	3
	

	Bathroom 3
	7.89
	3
	2,367
	3
	

	Bedroom 4
	20.35
	3
	1,017
	3
	

	Bathroom 4
	7.83
	3
	2,349
	3
	

	Total
	128.07
	26
	
	26
	0


	Total
	36
	33


Philips lamps (recommended) cost -


36 x £3.10 = £111.60

33 x £4.56 = £150.48

Total = £262.08
Improvement 2 - Improving Insulation of cavity walls and ceiling -
From the Autocad drawing provided the following areas have been calculated (with the area tool), all areas in m2 -
	Elevation
	Area
	Windows/Doors
	Sub Total

	Front
	115.50
	48.80
	66.70

	Rear
	115.50
	13.77
	101.73

	Left
	155.96
	12.59
	143.37

	Right
	155.96
	19.69
	136.27

	
	
	Total area
	448.07


EPS beads: £18 to £22 per square metre on average. (Insulation-info.co.uk, 2020)

Using the top estimate of £22 per m2 -


£22 x 448.07 = £9,857.54
Glass wool: an average price of £13 – £18 per square metre.(Insulation-info.co.uk, 2020)

The first floor ceiling/attic joist area (taken from the Autocad drawing) is 163.45m2.

Using the top estimate of £18 per m2 -


£18 x 163.45 = £2,942.10
Total estimated cost for cavity wall and ceiling insulation is £12,800 (nearest £).
Improvement 3 - Change Heating/Hot water to combined gas and PV panels -
Solar thermal/gas hot water/heating system (as shown below) -
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(Greenfieldspenrith.com, 2020)

Assumptions made -

· The heating and hot water system will be upgraded from a standard gas boiler to a more efficient gas boiler with solar thermal pre-heating of water.
· A new water tank will be required.

· Roof area at 217.40m2 (horizontal) is sufficient.

Pricing from 'SolarUK' -

"Fully Installed Domestic Hot Water Systems

The typical costs (excluding grants) for fully installed LaZer2 solar domestic hot water system are:

2 to 3-Bedroom Properties: £2,880-£5,190

4 to 5-Bedroom Properties: £3,690-£7,180


6 to 7-Bedroom Properties: £5,610-£7,990" (Solaruk.com, 2020)
As this is such a large house the uppermost price of £7,990 should be considered.
Solar PV system -

Assumptions made -
· The solar PV system will provide for 'Appliances and others' at 333kWh/m2. With a floor area (not including the garage) of 285.12m2 calculates to an annual requirement of 94,945kWh. Even with the largest 'commercial' system shown in the table below we cannot generate enough electricity, bearing in mind non-optimal roof angles and limited sunlight hours.
· There are no subsidies or feed in tariff to take in to account.

· Roof area at 217.40m2 (horizontal) is sufficient.
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(ExpertSure, 2020)

For this example I will use the estimate for a 10kW system (complete with batteries, inverter and labour cost) at £20,000.
Current Cost of Energy and Expected Savings -
Assumptions made -

· Garage and storage areas are not to be considered for calculations

· LED Replacement lamps are to replace bayonet fixing incandescent lamps in original fittings (holders)

· Cost of electricity per kWh is 15.5p (Nimblefins.co.uk, 2020)
· Cost of gas per per kWh 3.74p (Home and us, 2020)
· Subsidies and grants are not included in calculations
· Maintenance or finance costs are not included in calculations
Current Cost of Energy (per year) -

Lighting @ 148 kWh/m2 x 285.12m2 x 15.5p = £6,540.65

Appliances @ 333 kWh/m2 x 285.12m2 x 15.5p = £14,716.47

Heating/Hot Water @ 752 kWh/m2 x 285.12 x 3.74p = £8,018.94

Total cost = £29,276.06
Improvement 1 - Change all lighting to LED -

Cost of Electricity (per year) after LED lamp upgrade -


Lighting @ 31 kWh/m2 x 285.12m2 x 15.5p = £1,370
Improvement 2 - Improving Insulation of cavity walls and ceiling -
Cost of Heating/Hot Water (Gas) (per year) after Cavity Wall Insulation -


Heating/Hot Water @ 428 kWh/m2 x 285.12 x 3.74p = £4,563 (nearest £)
Improvement 3 - Change Heating/Hot water to combined gas and PV panels -

Cost of Heating/Hot Water (Gas) and Appliances (per year) after heating system and PV panels installation -


Heating/Hot Water @ 655 kWh/m2 x 285.12 x 3.74p = £6,985 (nearest £)
Improvements 2 and 3 combined -

Cost of Heating/Hot Water (Gas) and Appliances (per year) after heating system, PV panels installation and Cavity Wall Insulation -


Heating/Hot Water @ 158 kWh/m2 x 285.12 x 3.74p = £1,684 (nearest £)
Energy reduction with improvements in kWh/m2 -
	Improvement
	Lighting
	Heating/Hot water
	Appliances
	Total (Elec)

	None
	148
	752
	333
	481

	1
	31
	752
	333
	364

	2
	148
	428
	333
	364

	3
	148
	655
	0
	148

	2+3
	148
	158
	0
	148

	1+2+3
	31
	158
	0
	31


Summary - Energy cost and savings with improvements in £(nearest) -
	Improvement
	Lighting
	Heating/Hot water
	Appliances
	Total
	Saving

	None
	6,540
	8,018
	14,716
	29,274
	0

	1
	1,370
	8,018
	14,716
	24,104
	5,170

	2
	6,540
	4,563
	14,716
	25,819
	3,455

	3
	6,540
	6,985
	0
	13,525
	15,749

	2+3
	6,540
	1,684
	0
	8,224
	21,050

	1+2+3
	1,370
	1,684
	0
	3,054
	26,220


Payback Period -
Improvement 1 - Change all lighting to LED -

Cost of LED lamps (nearest £) = £262

Saving (per year) = £5,170


Payback period = 262/5170 = 0.051 years 



0.051 x 365 = 19 days payback period (nearest day)
Improvement 2 - Improving Insulation of cavity walls and ceiling -

Cost of Insulation = £12,800

Saving (per year) = £3,455

Payback period = 12800/3455 = 3.705 years 



( 0.705 x 12 = 8.46 )


= 3 years and 8 months payback period (nearest month)
Improvement 3 - Change Heating/Hot water to combined gas and PV panels -

Cost of Solar Thermal/Gas Hot water/Heating system = £7,990


Cost of Solar PV system = £20,000

Combined cost = £27,990


Saving (per year) = £15,749


Payback period = 27990/15749 = 1.777 years



(0.777 x 12 = 9.32)



= 1 year and 9 months payback period (nearest month)
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