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[bookmark: _Toc31573534]Introduction
This report is comprised of a brief description of the charity organisation; Narberth & District Community & Sports Association (NDCSA) and the building it operates in; Bloomfield House Community Centre, which gives details of a grade II listed building and their limits. It investigates the types of energy in the building and how and where this energy is used. A general assessment of the current situation is included and a FMEA on water heating alternatives. It also covers a more in-depth investigation into the listed part of the building, calculating fabric heat loss for two of the main rooms. It concludes with some recommendations for improvements for potential energy savings.
At the time of the report the UK was still in the European Union (EU) and utilises the Energy Performance of Buildings Directive 2010 (EUR-Lex, 2018) to analyse efficiencies. 


[bookmark: _Toc31573535]Background to the company
Bloomfield house was built as a private manor house in 1819. Between 1953 and 1979 it was owned and used by local government.  When the district council proposed selling Bloomfield house a community campaign resulted in the town council purchasing the site in 1980 and leasing it to the Narberth and District Community Association, now NDCSA.  Since 1980 a series of renovation and extension projects have been undertaken, resulting in quite a large and complex building. The old part of the building is grade II listed (Perkins, 2019). 
Activities are varied including Adult Education classes and regular room hire for private clubs and societies. There are a range of sports facilities including a recently installed Recreation Hall, newly refurbished fitness suite, two squash courts and a sports hall. There are a number of offices, some of which are leased out to the local authority. There is a day care centre for local elderly people and also a nursery and after school club for young children. The centre has an average annual footfall of 150,000 and is generally in use from 8:00 – 22:00 Monday to Friday, 9:00 – 17:00 Saturday and 9:00 – 13:00 on Sundays (Perkins, 2019).

[bookmark: _Toc31573536]Types of energy used and where it is used
As mentioned before the building is comprised of several extensions onto a 200 year old Grade II listed manor house. Electricity is billed for the entire building and gas is separated into three areas; old building, new building and recreation hall. 
The new building refers to the most recent extension which was completed in 2005 and comprises a seminar room with a kitchen on the ground floor and toilets, two classrooms and an office on the first floor. Built to modern energy standards this won’t be included in the audit but should be considered when looking at the electricity consumption.
The recreation hall replaced an old air dome and has recently been updated with LED lights, it uses overhead electric heaters to heat the room in the winter. It has solar panels on the roof which brings in a Feed in Tariff payment on average of £600 per annum, this supports payments for the electricity used.
The area under consideration known as the old building, uses grid electricity for lighting, power and water heating and mains gas for space. The rooms vary in size, insulation and types of lighting. 
[bookmark: _Toc31573537]Space and Water Heating 
Following a Carbon Trust Energy Audit in 2004 the centre upgraded its heating system in 2006, switching from electric storage heaters and an old oil boiler to a mains gas central heating system. The old building is now heated by 2 mains gas condensing boilers, which were replaced from the original boilers in 2017. The heating system has a good controls package that includes thermostatic radiator valves, zone thermostats and zoned programmers. At present the programmers aren’t used, the heating is switched on manually and controlled using the zoned thermostats. The boilers are serviced annually when the heating system is switched back on after a short break during the warmer months. The sports hall is heated by one large ceiling mounted gas powered radiant heater.  The squash courts have a similar set up, however, they have an external gas bottle supply.  They both work well and are only used in the colder months.
[bookmark: _Toc31573538]Lighting
Many of the corridors and the rooms have strip lighting of various sizes and wattage and other areas use energy saving bulbs. After having a professional consultation, the centre is currently undergoing lighting improvements switching from fluorescent strips and bulbs to using more efficient LED lighting.  This is being done in phases due to the initial cost.
[bookmark: _Toc31573539]Insulation and Draught-proofing
Insulation levels are generally far better in the newer parts of the centre however a complete understanding of wall cavity information is unknown. Loft insulation has been installed in the old building and lagging surrounds all water pipes.
[bookmark: _Toc31573540]Grade II Listed Building
There are many restrictions on listed buildings regarding any changes to the exterior and sometimes the interior, according to Pembrokeshire County Council this is to, ‘… ensure on-going care and protection for important buildings.’ (Pembrokeshire County Council, 2018). A large area of the centre is listed Grade II and has many old single glazed sash windows in the centre, a primary cause of heat loss with a high U-value of 5W/m² (Pullen, 2009).  The listed status of the building would make it incredibly hard to completely replace the windows.


[bookmark: _Toc31573541]Assessment of the current situation
To make a general assessment of the centre, their accounts from 2013 – 2019 were made available. In the accounts both light and heat expenditures are grouped together, figure 1 displays this information with a following table which goes into more detail of the costs.

[bookmark: _Toc31574606]Figure 1.Chart displaying light and heat total expenditures from tax year 2012/13 to 2018/19 (NDCSA, 2013 - 2019)

[bookmark: _Toc31574348]Table 1 Table showing figures to nearest 100 of light and heat total expenditures from tax year 2012/13 to 2018/19 (NDCSA, 2013 - 2019)
	Year
	2012/13
	2013/14
	2014/15
	2015/16
	2016/17
	2017/18
	2018/19

	Cost (£)
	28200
	15700
	20400
	17500
	15400
	19500
	21900



During 2013 construction of their new Recreation Hall was undertaken to replace the very inefficient Air Dome, this explains the dramatic decrease in the total expenditure 2012/13 to 2013/14. The result of completing the new Recreation Hall gave them an annual saving of £8,000 in their gas bill which is reflected in the 2014/15 total. One of the main reasons for the increase in total expenditure is due to their new suppliers not recognising the organisation as a charity and charging the full 20% VAT instead of 5%. 
[bookmark: _Toc31573542]Baseline energy consumption 
2019 electricity and gas consumption can be found in figures 2 and 3. As expected, both daytime electricity and gas consumption reduce during the lighter warmer months.  They currently have a night-time tariff for their electricity which is fairly stable. 

[bookmark: _Toc31574607]Figure 2. Line chart displaying total electricity consumption, 2019

[bookmark: _Toc31574349]Table 2. Electricity consumption, 2019
	Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Daytime (kWh)
	8399
	7864
	7769
	5967
	5877
	6373
	5029
	4728
	5590
	6933
	7862
	6999

	Night-time (kWh)
	960
	932
	912
	835
	948
	987
	879
	963
	1074
	1219
	1343
	1216


 

[bookmark: _Toc31574608]Figure 3. Line chart displaying total gas consumption, 2019
 
[bookmark: _Toc31574350]Table 3. Gas consumption for 2019
	Month
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Consumption (kW/h)
	11440
	8930
	8964
	6436
	2936
	400
	0
	0
	190
	5537
	9452
	7445


 
[bookmark: _Toc31573543]Patterns of operation and the work practices
With the centre offering such a wide variety of activities it is open 364 days a year, however, with many of the users attending adult education classes, the After School Club and after school clubs it does have considerably more usage during school term time. The centre has a monthly average footfall of 12,000 in the quieter non term time months and a larger figure of 15,000 in term time.
The daytime consumption is vastly due to water heating; the current water heating system uses an immersion heater which is estimated to use 3100 kW per month.
Another major energy consumer will be the lighting. The centre is currently going through a lumens inspection with areas already having LED lighting fitted, these include the larger rooms of the sports hall and Recreation Hall and part of the upstairs including corridors and classrooms. 
Overnight appliances such as a large community fridge and freezer will be the main sources of energy used during the night-time tariff.

[bookmark: _Toc31573544]Calculations of the amount of energy used 
Some assumptions have been made with the following data.
[bookmark: _Toc31573545]Water Heating
One of the largest consumers of electricity for the centre is the current water heating system, it uses an electric immersion heater which consumes a lot of energy. The centre needs to provide hot water throughout the day for the public showers and toilets, Day Care Centre and Nursery. Exact calculations cannot be provided however table 4 contains data based on heating mains water from 15°C to 60°C with the assumption that a total of 5 hours out of the 15 they’re open the water will need to be heated. The remaining 19 hours are based on keeping the temperature between 50-60°C to prevent legionella and assume 100% efficiency. Equations 1-3 were used to complete the calculations, 4.2 in equation 1 is the constant specific heat capacity of water rounded to 1 decimal place (Sust-it, n.d.).

[bookmark: _Toc31574617]Equation 1


[bookmark: _Toc31574618]Equation 2


[bookmark: _Toc31574619]Equation 3


With an average monthly energy consumption of 7638kWh at a cost of £1440, Table 4 shows that an average monthly total of £450, just under a third, is due to heating water. Finding a more efficient way to do this will not only reduce cost but also reduce carbon emissions.

[bookmark: _Toc31574351]Table 4. Data displaying inputs and results of immersion heating
	 
	Reaching temp when in use 
(5 hours)
	Maintaining Temp

	Element
	Unit
	Amount
	Amount

	Tank capacity (2x250l) (L)
	l
	500.00
	500.00

	Element (1 x 18kW and 1x19kW)
	kW
	37.00
	37.00

	Starting Temperature (T)
	°C
	15.00
	50.00

	Final Temperature (T)
	°C
	60.00
	60.00

	Temperature difference (ΔT)
	°C
	45.00
	10.00

	Thermal power (Pt)
	kWh
	26.25
	5.83

	Time to heat (t)
	h
	0.71
	0.16

	Day rate
	£/kWh
	0.14
	0.14

	Night rate
	£/kWh
	0.10
	0.10

	Charge for 1 hour during day
	£
	3.57
	0.79

	Charge for 1 hour during night
	£
	2.56
	0.57

	Charge for day 
	£
	12.67
	1.50

	Charge for night
	£
	0.00
	0.63

	Charge for month
	£
	385.46
	64.76



[bookmark: _Toc31573546]Playschool Room and Jackson Room Fabric Heat Loss Investigation
A more in-depth analysis has been completed on the ‘front’ of the house (grade II listed) which contains the Playschool Room (PSR) and the Jackson Room (JR). Due to the age of the listed part of the building, 200 years, focus for the PSR and JR will be on fabric heat loss and how to improve the insulation. This area of the building is already in the process of switching to the more efficient LED’s after having a professional lumen inspection.
The PSR and JR are situated in what’s known at the centre as the front of the house, it being the main entrance to the old manor house. They have the same floor space but differ in height. The PSR has an access door and an internal double door, both are wooden with glass panels. It has two single glazed sash windows and four radiators. Upstairs the JR has solid wood double doors, three single glazed sash windows and three radiators. The heating is controlled by a thermostat. The PS room is used almost constantly from 8:30 – 18:30, sometimes all the way through to 22:00.
Tables 5 and 6 calculate the total fabric heat loss with the PS and JR having a fabric heat loss of 4.8kW and 5.3kW respectively, U-values have been estimated using a table of U-values obtained from www.puravent.co.uk (Puravent, 2020). The temperature (T) difference has been calculated for the colder months (October to March) with the internal T controlled at 20°c and the outside T has used four years of data (2015 – 2018) to gain the average of each month and then averaged the total (Tiseo, 2019).
[bookmark: _Toc31574352]Table 5. Playschool Room total fabric heat loss calculations
	Playschool Room
Element
	U Value (W/m²)
	Area (m)
	ΔT (°C)
	Rate of heat loss (W)

	2 single glazed windows
	4.8
	4
	13
	249.60

	Wooden door with glass panels to outside
	3.9
	2.88
	13
	146.02

	Inside double wooden door with glass panels
	3.9
	3.6
	13
	182.52

	Floor (concrete)
	0.8
	63.8
	13
	663.52

	Ceiling (floor of JR)
	1.7
	63.8
	13
	1409.98

	Internal walls
	1.5
	32.36
	13
	631.02

	External stone walls
	2
	59.58
	13
	1549.08

	
	
	Total fabric heat loss W
	4831.74




[bookmark: _Toc31574353]Table 6. Jackson Room total fabric heat loss calculations
	Jackson Room
Element
	U Value (W/m²K)
	Area (m)
	ΔT (°C)
	Rate of heat loss (W)

	3 single glazed windows
	4.8
	4.86
	13
	303.26

	Solid wood double door
	3
	3.4
	13
	132.60

	Floor (ceiling of PS)
	1.7
	63.8
	13
	1409.98

	Ceiling (into roof)
	1.7
	63.8
	13
	1409.98

	Internal walls
	1.5
	29.08
	13
	567.06

	External stone walls
	2
	58.42
	13
	1518.92

	
	
	Total fabric heat loss W
	5341.80





[bookmark: _Toc31573547]Discussion of potential energy savings that can be obtained
[bookmark: _Toc31573548]Space and Water Heating
[bookmark: _Toc31573549]Space heating
The current heating system using gas is suitable to the task.
[bookmark: _Toc31573550]Water Heating
After finding leaks within an old water heating system a modern unvented indirect cylinder system was installed in January 2019. It comprises of two connected 250l tanks with one primary coil rating 18kW and one 19kW. This being a large source of energy use, an FMEA (table 9) has been done on installing a Solar Thermal System (STS) or Air Source Heat Pumps (ASHPs), the results follow.
Solar thermal system
The centre has a lot of roof space and could make use of this by installing an STS. Some of the benefits of using an STS is the all year round solution, just using some extra heat from the existing immersion heater during the winter months. Using a free energy source, the Sun, will reduce the energy bills, anything up to 60% (Energy Saving Trust, n.d.). At that rate it would take just over 11 years to recoup the installation costs, estimated at £55,000 (Vasili, 2020), at today’s rate for power. It would be eligible for the Government’s Renewable Heating Incentive (RHI) (Gov.uk, n.d.) shortening the time to recover the cost.  They would not have to worry about energy prices increasing (GOV.uk, n.d.) and it will reduce CO2 emissions reducing the organisations carbon footprint (Energy Saving Trust, n.d.).
[bookmark: _Toc31574354]Table 7. STS cost recoup figures
	Solar Thermal System

	Year
	Cost recoup
	Energy used
	Cost saving

	1
	£55,000.00
	£1,080.52
	£4,322.07

	2
	£49,597.42
	£1,080.52
	£4,322.07

	3
	£44,194.83
	£1,080.52
	£4,322.07

	4
	£38,792.25
	£1,080.52
	£4,322.07

	5
	£33,389.67
	£1,080.52
	£4,322.07

	6
	£27,987.08
	£1,080.52
	£4,322.07

	7
	£22,584.50
	£1,080.52
	£4,322.07

	8
	£17,181.92
	£1,080.52
	£4,322.07

	9
	£11,779.33
	£1,080.52
	£4,322.07

	10
	£6,376.75
	£1,080.52
	£4,322.07

	11
	£974.17
	£1,080.52
	£4,322.07

	12
	-£4,428.42
	£1,080.52
	£4,322.07



Air source heat pumps
Absorbing heat from the outside, Air source heat pumps (ASHPs) are a new low carbon alternative to heat buildings and provide hot water. With their energy source constantly being renewed they have minimal environmental impact (Energy Saving Trust Ltd, n.d.). Dimplex predicts their water heater will use five times less electricity; assuming the claims of five times reduction to be correct, installation cost of an estimated £20,000 (Dimplex) would take just over 8 years to recoup and would also be eligible for the RHI (Gov.uk, n.d.).
[bookmark: _Toc31574355]Table 8. ASHP cost recoup figures
	Air Source Heat Pumps

	Year
	Initial cost
	Energy used
	Cost saving

	1
	£20,000.00
	£1,080.52
	£4,322.07

	2
	£16,758.45
	£1,080.52
	£4,322.07

	3
	£13,516.90
	£1,080.52
	£4,322.07

	4
	£10,275.35
	£1,080.52
	£4,322.07

	5
	£7,033.80
	£1,080.52
	£4,322.07

	6
	£3,792.25
	£1,080.52
	£4,322.07

	7
	£550.70
	£1,080.52
	£4,322.07

	8
	-£2,690.85
	£1,080.52
	£4,322.07



[bookmark: _Toc31573551]Renewable Heating Incentive (RHI)
Both STS and ASHPs are eligible for the Government’s Non-Domestic RHI, table 9 shows the different tariffs available for 2019/20 (Ofgem, 2020), they are quoted in kilo Watt thermal hours i.e. for every kilo Watt thermal hour produced they will reimburse the amount shown. Installing an STS system will bring nearly 4 times as much income as the ASHP, however with such a large initial cost this still wouldn’t make it more cost viable. 
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[bookmark: _Toc31574356]Table 9. FMEA on the water heating system
	FMEA

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Process/Product Name:
	Water Heating System 
	
	Prepared By:
	Emma Bergson
	
	
	
	

	Responsible:
	Project Leader
	
	FMEA Date (Orig.):
	12-Jan
	(Rev.):
	31-Jan-20
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Process Step/Input
	Potential Failure Mode
	Potential Failure Effects
	SEVERITY  (1 - 10)
	Potential Causes
	OCCURRENCE  (1 - 10)
	Current Controls
	DETECTION  (1 - 10)
	RPN
	Action Recommended
	Resp.
	Actions Taken
	SEVERITY  (1 - 10)
	OCCURRENCE  (1 - 10)
	DETECTION  (1 - 10)
	RPN

	What is the process step, change or feature under investigation?
	In what ways could the step, change or feature go wrong?
	What is the impact on the customer if this failure is not prevented or corrected?
	
	What causes the step, change or feature to go wrong? (how could it occur?)
	
	What controls exist that either prevent or detect the failure?
	
	
	What are the recommended actions for reducing the occurrence of the cause or improving detection?
	Who is responsible for making sure the actions are completed?
	What actions were completed (and when) with respect to the RPN?
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Water heating system
	Using too much electricity
	Electricity bill rising
	4
	Old technology
	10
	Monthly bills
	3
	120
	Investigate ASHPs
	Project leader
	Full investigation made and information passed onto the relevant people, 3/2/20
ASHP estimated instalment £20,000
Uses 5 x less energy
RHI = 2.75 p/kWhth
	7
	2
	1
	14

	
	
	
	4
	Old technology
	10
	Monthly bills
	3
	120
	Investigate SHSs
	Project leader
	Full investigation made and information passed onto the relevant people, 3/2/20
ASHP estimated instalment £55,000
Uses up to 60% less energy
RHI = 10.98 p/kWhth
	8
	2
	2
	32



[bookmark: _Toc31573552]Lighting
The lighting is already under review so will not be included here.
[bookmark: _Toc31573553]Insulation and draught proofing
Insulating listed buildings can be difficult if permission is needed to change anything on the interior, luckily Bloomfield House doesn’t have such stipulations. Internal Wall Insulation (IWI) can be created to improve the thermal resistance of an old building (McCraig, Pender, & Pickles, 2018). Pavadentro is an IWI Board that can be plastered directly and will improve the U-value by 0.9W/m² (Pavadentro).
Another form of draught proofing is to add secondary glazing to the windows, again this can be difficult for a listed building (Mynors, 2006) but not impossible and could improve the U-value by 2.8W/m² (Pullen, 2009).
An improvement in U-values will decrease the energy needed to warm and maintain heat in the rooms, this will in turn reduce the carbon emissions of the centre.
[bookmark: _Toc31574357]Table 10. Improved U-values for the Playschool Room
	Playschool Room
Element
	U-value (W/m²)
	Area (m)
	ΔT (°C)
	Rate of heat loss (W)

	2 single glazed sash windows with secondary glazing shutters
	2.00
	4.00
	13.00
	104.00

	Wooden door with glass panels to outside
	2.00
	2.88
	13.00
	74.88

	Solid wood double door
	3.00
	3.60
	13.00
	140.40

	Floor (concrete)
	0.80
	63.80
	13.00
	663.52

	Ceiling (floor of JR)
	1.70
	63.80
	13.00
	1409.98

	Internal walls
	1.50
	32.36
	0.00
	0.00

	External stone walls x 3 with internal insulation
	0.60
	59.58
	13.00
	464.72

	 
	Total fabric heat loss W
	2857.50



[bookmark: _Toc31574358]Table 11. Improved U-values for the Jackson Room
	Jackson Room
Element
	U Value (W/m²K)
	Area (m)
	ΔT (°C)
	Rate of heat loss (W)

	3 single glazed sash windows with secondary glazing shutters
	2.00
	4.86
	13.00
	126.36

	Solid wood double door
	3.00
	3.40
	13.00
	132.60

	Floor (ceiling of PS)
	1.70
	63.80
	13.00
	1409.98

	Ceiling (into roof)
	1.70
	63.80
	13.00
	1409.98

	Internal walls
	1.50
	29.08
	0.00
	0.00

	External stone walls x 3 with internal insulation
	0.60
	58.42
	13.00
	455.68

	 
	Total fabric heat loss W
	3534.60


[bookmark: _Toc31573554]Recommendations
After a thorough investigation the following recommendations will be put forward.
To improve the amount of energy used heating water they should replace their current system with an ASHP. Not only will this reduce their energy bill it will reduce their carbon emissions. With the reduced bill they could cover the cost of installation within 9 years. If they take up the option of the Government’s RHI scheme this time would be reduced.
To improve the heat loss in the Playschool Room and Jackson Room they should put secondary glazing on the windows and install IWI on the walls. This will improve the U-value by 2.8W/m², not only will this reduce the heating needed it will reduce the carbon footprint of the building.
Finally, they should look into finding a new supplier, one that would recognise them as a charity, this would save them 15% on their electricity bill.
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Total Gas Consumption 2019

Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	11440	8930	8964	6436	2936	400	0	0	190	5537	9452	7445	Month


Energy (kW/h)



Chart displaying light and heat total expenditures from tax year 2012/2013 to 2018/2019 

Cost (£)	2012/2013	2013/2014	2014/2015	2015/2016	2016/2017	2017/2018	2018/2019	28175	15696	20430	17452	15438	19481	21862	Tax year


Cost of energy (£)



Total Electricity Consumption 2019

Daytime	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	8398.6	7864.3	7768.6	5966.8	5876.6	5400.2500000000009	5029.3999999999996	4728.2	5589.9	6933.3	7862.3	6998.9	Night-time	959.5	931.6	911.6	835.4	947.8	906.25	878.9	962.9	1074.4000000000001	1218.8	1342.9	1215.8	Month


Energy (kW/h)




