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Introduction:
A report has been asked for to demonstrate an Energy Management System and what they do. 
BS EN ISO 50001:2018 Is the controlled official document and the aim of the document is to enable organisations to establish the systems and processes necessary to continually improve energy performance, including energy efficiency, energy use and energy consumption. 

The document goes on to specify the requirements for establishing, implementing, maintaining and improving an energy management system (EnMS). 

The intended outcome is to enable an organisation to follow a systematic approach in achieving continual improvement of energy performance and the EnMS to ISO (the International Organization for Standardization) standards. The objectives are resource conservation, climate protection and cost savings.

As BS EN ISO 50001:2018 is such a crucial part an EnMS (and instructions on how to do complete one) it will be used constantly throughout this report.

The methodology behind the EnMS is a four-point repetitive structure of; Plan, Do, Check and Act. Each point is broken down to specific actions:

Plan:
· Create an energy policy (Usually a one-page document showing management commitment).
· Assign an energy management team or co-ordinator.
· Address risks or opportunities.
· Conduct an energy review.
· Identify significant energy uses (SEUs).
· Establish energy performance indicators (EnPIs).
· Establish energy baselines (EnBs) 
· Create objectives and energy targets.
· Create an action plan.


Do:
· Implement the action plan.
· Implement operational and maintenance controls.
· Communicate with all stakeholders.
· Ensure competence, provide training where necessary.
· Consider energy performance throughout the design or procurement stages.

Check:
· Monitor actions.
· Measure responses.
· Analyse data.
· Evaluate decisions.
· Audit outcomes.
· Review the energy performance and EnMS.

Act:
· Address non-conformities.
· continually improve the energy performance and EnMS.

Table 1 is a visual aid to show this cycle.
A local council office has been chosen to demonstrate the EnMS using this technique. Whilst actual figures have been used there are some assumptions that have been made throughout to demonstrate knowledge and show understanding where needed. 







Case Study:
Pembrokeshire county council is a recently constructed (2001), highly glazed, 3350 sq. metre office block, set over 4 floors with 425 full time and 95 part time staff members (See Appendix 2). They have kindly provided half hourly electricity readings for the last 3 years, and do not use any other form of energy. See Appendix 3 for a sample of this data.
They operate a “flexi-time” work pattern which means most staff can work whatever hours they choose over the week on condition that their number of contracted hours is worked. 
Data was gathered by meeting with and talking to Michael Armstrong who is a maintenance officer at the council. He, and the building will be referred to as “The Council” from this point on, as he did not know all the answers to the queries but was able to find out by talking to/ phoning other staff members.













Energy Review:
Assuming the energy policy has been implemented and the energy co-ordinator has been assigned, the next actions would be to identify risk and opportunities whilst conducting an energy review.
The purpose of the review is to:
· Analyse energy use and consumption based on measurement or data. Past and current consumption should be applied to different types of energy.
· Identify SEUs from the analysis, highlighting variables, the energy performance and people which affect the SEUs.
· Prioritise opportunities for improving the energy performance.
· Estimate future energy uses or consumption.

There are many risks to be considered whilst conducting the energy review, and when conducting it consideration should be given to any internal or external factors which could influence the outcomes. Understanding the needs and expectations, and any activities or processes which can affect the energy performance is crucial. 
Identifying these risks will ensure continuous improvement and prevent unwanted effects whilst ensuring the EnMS achieves its desired goals.
Since the council only has electricity as a fuel, the half hourly data was analysed to give annual/ monthly usage figures for the last 3 years (2016, 2017 and 2018), which can be seen in Appendix 4. 
After questioning the council, it was identified that the drop in energy consumption between 2016 and 2017 was due to low energy LED lighting with correct controls being installed along with new low energy monitors for all the computers. The decrease in energy between 2017 and 2018 was due to a new air handling unit and better controls for the air conditioning system. Nothing has been installed or modified since 2018.
To identify the SEUs and estimate future energy costs we need to analyse the data from 2018 further by looking at the annual usage by month (Appendix 5) and the average daily usage by hour (Appendix 6).
When the monthly data is seen in this form it is quite clear that the energy usage drops in the summer months or perhaps it should be said that energy use increases in the winter months. This is to be expected with differences in external air temperatures and weather patterns. This is a variable which cannot be controlled (a risk factor which could affect outcomes). By adding the trendline to this graph future energy costs can be identified.
When looking at the hourly data on appendix 6 it is quite clear ‘when’ the bulk of the energy is being used. This graph, along with answers from the council allows identification of ‘what’ the energy is being used on:
· At 4.30 am the heating controls activate the air conditioning and air handling unit, this slowly brings the building temperature up from 16 degrees to 21 degrees. This reverses at 7.00 pm when the building can naturally cool back down to 16 degrees.
· Staff arrive for work between the hours of 06.00 am and 10.00 am.
· Staff leave work from 2.00 pm and generally most have left by 8.00 pm.
· There is always a minimum of 20 Kwh being used in the building overnight for ancillary devices, this is due to aircon in the server room, sensors, heating pumps, alarm systems, fridges etc. along with the heating maintaining an ambient temperature. Appendix 3 shows this to be true of Saturdays and Sundays (highlighted red), where the ‘average low hourly (Kwh)’ is around 18 (slightly lower due to the data being from peak time in July). 

Without sub meters installed it is very difficult to identify exactly what is using the energy, and lighting/ heating upgrades over the last 3 years have already shown massive decreases in energy.
 
Looking at Appendix 7 Ancillary devices have an estimated use of 4 Kw per hour (according to the council) which leaves the heating to take up the remaining 16 Kw per hour (even though higher temps are needed during the day, the outside temperature is also higher which will mean equivalent energy demands). This leaves 140k Kwh per year unaccounted for. 
With the upgraded lighting taking up an estimated 3% of the remaining energy, that leaves the computers/ printers/ monitors using up the remaining 130k Kwh of energy per year. This, along with the heating is one of the biggest SEUs.

 



Energy Baselines (EnBs):
An EnB or Energy Baseline is a starting point which an improvement to an SEU can be compared. This is made up from information gathered during the energy review and is usually the data from the year before the SEU improvement is implemented. It can be directly compared to new data and can confirm whether the improvement is achieving its goals or identify that it is non-conformant.

Appendix 4 shows that the council used 314862 Kwh of electricity in the year 2018, and Appendix 5 demonstrates where the Kwh were used. With the same graphs created 12 months after the SEU improvement, a direct comparison can be made to the baseline. This will be discussed further in the action plan.

Energy Performance Indicators (EnPIs):
ENPIs or Energy Performance Indicators are in place to measure and monitor and are used to demonstrate the energy performance improvement.  
The EnPIs will be documented and compared against their respective EnBs.
The documentation will include EnPI values and financial budgets.
The council would have EnPI’s including annual/ monthly/ weekly and daily energy reduction markers, and this would be demonstrable for each year when compared to the initial EnB. An EnPI could be a re-creation of Appendix 4 confirming less energy use when comparing 2019 against 2018. Another EnPI could be financial figures showing the SEU improvement is saving money when comparing monthly energy bills.










Significant Energy Uses (SEUs): 
A SEU is a substantial energy consumption which has potential for energy performance improvement. It can be a system, a process, facilities or equipment.
Improvements could include:
· Lighting – upgrading from T12, T8 or Tungsten to T5 or LED.
· Lighting controls – Sensors which auto dim, or automatically turn lights on and off.
· Heating/ Cooling – upgrading or introducing better controls (Stats, Programmers etc.). 
· Hot Water – balancing storage with demand, insulating tanks.
· Computing – Upgrade printers, monitors, computers, servers etc.
· Counter acting measures – Solar PV, Solar Thermal, Wind Turbines.
· Heat reducing measures – Loft Insulation, wall insulation, new windows.

In the council we have identified from Appendix 7 that the 2 biggest SEU’s are the heating/ cooling and the computer related processes that come from people working. Appendix 6 shows us that energy use peaks during the hours between 08.00 am and 5.00 pm but there is a constant use of 20 Kwh.

When we look at our list of improvements (above), heat reducing measures can be eliminated as the council is a relatively new building. Lighting, Lighting controls, Heating and Computing improvements can also be removed as they have already been done in the last 3 years. The only improvement left is ‘Counter acting’ measures. Since all usage in the council relies on electricity and peaks during daylight hours, the ideal way to reduce energy demand would be to create it on site and reduce the consumption of energy from the grid. As there is no space for a wind turbine, Solar PV panels would be the only answer to improving on energy demand.

A Solar PV system can create electricity at site by harnessing the sun’s energy and passing it through a series of panels and into an inverter. The more panels, the more electricity can be made. 

Appendix 6 shows that a minimum demand of 50Kw is needed between the hours of 10am and 3pm which is when the sun is at its strongest, and PV systems perform best. Bearing in mind that financial budgets still play a huge role in SEU Upgrades even though they are not an intrinsic part of the EnMS, figures will have to be worked out and compared to ensure financial viability. Appendix 3 shows that the council is always consuming a minimum of 18Kw of electricity per hour at any given time during a Saturday and Sunday (Average Low Hourly Kwh), these are the absolute lowest usages during the year as the data was taken from the two peak summer weeks in July.

To install a PV system 5 things would need to be considered:
· What will it cost?
· How much energy will it save?
· How much money will it save?
· Can it be monitored?
· Is it possible?

Appendix 9 shows the cost of installing a 20Kw Peak PV system, and the depreciation associated with its 25-year (assumed) life expectancy, the system requires no maintenance but the 2 inverters tend to last around 10 years before they need replacing at a cost of approx. £1500 each. When this is added to the fully installed price of £20,000, we get an overall cost of £26,000.

Appendix 10 shows the same depreciation chart but based on a 50Kw peak PV system. With 5 inverters the replacement cost would be £15000 over the 25 years which would total £60000 for the cost of the PV system.

Appendix 11 demonstrates how much electricity can be made from the 20Kw PV system and how much money can be saved over the term of its life. Considering an initial cost of £26000, the savings of over £110000, along with 475000 Kw of renewable electricity show it to be a worthwhile venture.

Appendix 12 demonstrates how much electricity can be made from the 50Kw PV system and how much money can be saved and earned over the term of its life. Considering an initial cost of £60000, the combined savings and earnings of over £250000, along with nearly 1.2 million Kw of electricity being produced takes this to another level.

Assumptions:
· Each installed Kw peak of PV would make 1000 Kw of electricity per annum.
· The PV system loses efficiency of 10% over the 25-year period.
· The 20Kw PV system would use all its generated electricity.
· The 50 Kw PV system would use 91% and export 9% of its generated electricity.
· The cost of electricity would rise by 3% per annum in line with inflation.
· The cost of the PV systems is loosely based on 1 installers price.

Objectives and Targets:
Documented information on the objectives and energy targets should be kept and include action plans for each of the SEU improvements identified in the energy review. This will include what to do, which resources are needed, who will do it, when it will be done and the methods of evaluating/ verifying the energy performance improvement.

The objectives and energy targets need to be measurable, consider the SEUs, be monitored (updated if necessary) and be communicated. They should always consider how to improve energy efficiency. The objectives should be SMART:
· Specific.
· Measurable.
· Achievable.
· Realistic.
· Timebound.








Action Plan:
An action plan is needed for each SEU that is identified in the energy review. The individual action plans are documented and form part of the larger EnMs. for the council this would include:

What to do: Installation of 50Kw Solar Photo Voltaic system on the South facing roof of the council building and 5 x 10Kw Inverters in the plant room. Install 1 x generation meter and 1 x export meter in the plant room. 

Resources: Space required in the plant room to house the 5 x inverters, space to be created in the cable boxes for cabling, electric supply to be turned off whilst integration takes place. Monies to be sourced to fund the system.

Who: A specialist sub-contractor will be employed to fit the system, with the permission and support of the council technical services department. Ongoing maintenance and monitoring will be done by the maintenance department.

When: Commencement of system install will start on 20/12/2019 with an aim to complete the installation by 27/12/2019. It should be operational, fully integrated and commissioned by 02/01/2020. 

Evaluation: The results will be evaluated by comparing the forecasted figures from the PV system with actual gains in Kwh from the PV generation meter. This will be done daily and recorded so a new baseline can be created each year as part of the on-going improvement to the SEU. This SEU will become part of the EnMs and be monitored accordingly to its EnPI’s. Production figures will be taken from both/ all 5 inverters weekly and compared against each other, this will highlight any non-conformities if one inverter is performing less well. 




Implementation, monitoring and review:
When implementing the EnMs it is vital to communicate with internal and external stakeholders. A communication process should be determined and documented stating to who, when, why and how the information is relayed. It is also important to note who does the communication, and ensure all relevant staff are competent. The staff should all have awareness of the energy policy and the EnMs and understand the impact of their activities within them. They should be trained where necessary and know what the impact of non-conformities mean.

Encouragement should be given to make communication a ‘two way’ system, and feedback from staff on maintenance, performance and improvements should be embraced.

Involvement in the council will mainly be from the maintenance team, however all staff should be informed about the PV system. It will demonstrate that the council is moving towards ‘greener’ solutions whilst saving the taxpayer money. This will enforce to the public that the council does have a positive approach to increasing renewables whilst working towards overall climate change goals.  Appendix 8 demonstrates that this directly lines up with the relationship between energy performance and the EnMs, and what it is intended to do.

The EnMs should be constantly monitored so any issues or non-conformities are identified as early as possible. Using the EnBs and the EnPIs constant checks should be in place to ensure these are always conforming, tweaks can be easily made if the problem is not too great. Any issues should always be communicated to management.

There are multiple ways of reviewing the EnMs, they include planned audits and management reviews which ensure the suitability and effectiveness of the system are maintained. These should always be documented with corrective actions, measurement results and proof of compliance with legal requirements.




Conclusion:
Even though there are many assumptions, a great deal has been learned about the EnMS throughout this report. Communication, documentation, understanding and reviewing are intrinsic to the accurate implementation and running of an EnMS.
BS EN ISO 50001:2018 plays a massive role in the implementation of the EnMS and is the only document to be used when contemplating installing it.
Surprisingly there is very little information on the government website about the EnMS which was shocking considering the public demand for reducing carbon and alleviating global warming issues.
The council has made no SEU improvements in the last 18 months and seemed quite happy to lay back and accept that they had done ‘all they can do’ to improve energy performance over the last 3 years. After realising the impact of Solar PV there could be a change in attitude! The electric bills are massive and even though the PV system has a small affect on this, the savings in cost are massive (for both the environment and the taxpayer).
Perhaps the government should step in and force all organisations to look at solar PV as an alternative to buying electricity from the grid, then maybe there would be a chance of reaching the carbon reduction targets they keep setting. 
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Pembrokeshire County Council (2018)
Appendix 3:
	Time:
	12:00
	12:30
	13:00
	13:30
	14:00
	14:30
	15:00
	15:30

	Date:                            14/07/2018
	11.20
	10.40
	10.80
	10.50
	9.20
	9.30
	9.80
	9.00

	15/07/2018
	8.20
	8.10
	8.50
	8.60
	8.30
	8.10
	8.00
	8.90

	16/07/2018
	31.10
	28.80
	28.50
	29.80
	27.60
	28.70
	27.10
	26.50

	17/07/2018
	31.00
	31.20
	31.50
	31.80
	30.70
	29.40
	27.50
	24.80

	18/07/2018
	29.20
	27.50
	25.00
	24.20
	27.90
	28.50
	27.80
	24.70

	19/07/2018
	21.00
	21.50
	21.90
	20.60
	20.30
	19.20
	19.40
	16.90

	20/07/2018
	19.70
	18.00
	18.90
	18.60
	18.80
	18.20
	18.30
	15.00

	21/07/2018
	9.00
	9.00
	9.30
	8.90
	9.10
	9.30
	9.00
	8.90

	22/07/2018
	8.20
	8.10
	8.10
	8.30
	8.30
	8.50
	8.10
	8.70

	23/07/2018
	28.10
	30.80
	28.60
	27.20
	25.90
	25.60
	29.20
	26.00

	24/07/2018
	27.60
	28.90
	25.30
	25.30
	24.50
	25.50
	25.50
	23.90

	25/07/2018
	28.10
	28.70
	26.90
	25.50
	26.80
	25.30
	26.40
	24.90

	26/07/2018
	25.80
	25.60
	25.60
	24.80
	25.20
	25.80
	26.10
	24.40

	27/07/2018
	27.30
	29.60
	29.10
	29.00
	28.90
	28.50
	27.90
	24.90

	Average High (Kwh)
	26.89
	27.06
	26.13
	25.68
	25.66
	25.47
	25.52
	23.20

	Average Low (Kwh)
	9.15
	8.9
	9.175
	9.075
	8.725
	8.8
	8.725
	8.875

	
	
	
	
	
	
	
	
	

	Time
	12:00
	 
	13:00
	 
	14:00
	 
	15:00
	 

	Average High Hourly (Kwh)
	53.95
	 
	51.81
	 
	51.13
	 
	48.72
	 

	Average Low Hourly (Kwh)
	18.05
	 
	18.25
	 
	17.53
	 
	17.60
	 



Appendix 4:
	 
	2016
	2017
	2018

	January
	36527.77
	31548.98
	30165.20

	February
	38161.59
	32485.55
	30993.20

	March
	35224.79
	34175.93
	31492.10

	April
	30382.68
	22663.48
	25843.70

	May
	31935.23
	27123.92
	27848.30

	June
	27723.46
	25077.47
	22615.10

	July
	25602.33
	23295.31
	20671.30

	August
	24973.44
	22281.03
	19745.80

	September
	32095.10
	27334.88
	22393.80

	October
	39779.28
	34891.11
	27636.10

	November
	38078.75
	34580.96
	27159.30

	December
	31053.76
	28365.85
	28298.90

	ANNUAL Kwh
	391538.18
	343824.47
	314862.80
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BS EN ISO 50001:2018 (2018)
Appendix 9:
	 
	Sum of years
	Depreciation
	Book Value

	Year 0
	 
	 
	£20,000.00

	Year 1
	25/325
	£1,538.46
	£18,461.54

	Year 2
	24/325
	£1,476.92
	£16,984.62

	Year 3
	23/325
	£1,415.38
	£15,569.23

	Year 4
	22/325
	£1,353.85
	£14,215.38

	Year 5
	21/325
	£1,292.31
	£12,923.08

	Year 6
	20/325
	£1,230.77
	£11,692.31

	Year 7
	19/325
	£1,169.23
	£10,523.08

	Year 8
	18/325
	£1,107.69
	£9,415.38

	Year 9
	17/325
	£1,046.15
	£8,369.23

	Year 10
	16/325
	£984.62
	£7,384.62

	Year 11
	15/325
	£923.08
	£6,461.54

	Year 12
	14/325
	£861.54
	£5,600.00

	Year 13
	13/325
	£800.00
	£4,800.00

	Year 14
	12/325
	£738.46
	£4,061.54

	Year 15
	11/325
	£676.92
	£3,384.62

	Year 16
	10/325
	£615.38
	£2,769.23

	Year 17
	9/325
	£553.85
	£2,215.38

	Year 18
	8/325
	£492.31
	£1,723.08

	Year 19
	7/325
	£430.77
	£1,292.31

	Year 20
	6/325
	£369.23
	£923.08

	Year 21
	5/325
	£307.69
	£615.38

	Year 22
	4/325
	£246.15
	£369.23

	Year 23
	3/325
	£184.62
	£184.62

	Year 24
	2/325
	£123.08
	£61.54

	Year 25
	1/325
	£61.54
	£0.00
















Appendix 10:
	 
	Sum of years
	Depreciation
	Book Value

	Year 0
	 
	 
	£45,000.00

	Year 1
	25/325
	£3,461.54
	£41,538.46

	Year 2
	24/325
	£3,323.08
	£38,215.38

	Year 3
	23/325
	£3,184.62
	£35,030.77

	Year 4
	22/325
	£3,046.15
	£31,984.62

	Year 5
	21/325
	£2,907.69
	£29,076.92

	Year 6
	20/325
	£2,769.23
	£26,307.69

	Year 7
	19/325
	£2,630.77
	£23,676.92

	Year 8
	18/325
	£2,492.31
	£21,184.62

	Year 9
	17/325
	£2,353.85
	£18,830.77

	Year 10
	16/325
	£2,215.38
	£16,615.38

	Year 11
	15/325
	£2,076.92
	£14,538.46

	Year 12
	14/325
	£1,938.46
	£12,600.00

	Year 13
	13/325
	£1,800.00
	£10,800.00

	Year 14
	12/325
	£1,661.54
	£9,138.46

	Year 15
	11/325
	£1,523.08
	£7,615.38

	Year 16
	10/325
	£1,384.62
	£6,230.77

	Year 17
	9/325
	£1,246.15
	£4,984.62

	Year 18
	8/325
	£1,107.69
	£3,876.92

	Year 19
	7/325
	£969.23
	£2,907.69

	Year 20
	6/325
	£830.77
	£2,076.92

	Year 21
	5/325
	£692.31
	£1,384.62

	Year 22
	4/325
	£553.85
	£830.77

	Year 23
	3/325
	£415.38
	£415.38

	Year 24
	2/325
	£276.92
	£138.46

	Year 25
	1/325
	£138.46
	£0.00
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Average Kwh by hour

Average Kwh	
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Energy use 
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January	February	March	April	May	June	July	August	September	October	November	December	30165.199999999997	30993.200000000004	31492.100000000002	25843.699999999993	27848.3	22615.100000000002	20671.300000000007	19745.8	22393.8	27636.099999999995	27159.299999999996	28298.899999999998	


Page 2 of 2

image3.JPG
EnMS context

- Continually improve energy management system
- Continually improve energy performance

- Achieve intended outcome(s)

( Energy management system \

(32.2)

Set of interrelated or interacting
elements of an organization such
as:

- policy

- objectives

energy targets

energy baselines

energy performance indicators
internal audits

addressing norrconformities
procurement processes

- design

S

Promotes,
supports

and
sustains

~

Energy performance improvement

(3.4.6)

Improvement in measurable results of:

- energy efficiency, or

- energy consumption related to energy use,|
compared to the energy baseline )

(“Achievement of other intended outcomes)
such as:
- reduced cost of energy
- meet overall climate change goals
- improved reliability
e increased use of renewables )

(" Continual improvement of the EnMS N
in terms of:

- suitability

- adequacy

- effectiveness

N alignment with strategic direction )





image4.emf
Kwh ProducedCost per Kwh£ Saved Total Kwh Running Total

Year 1 20000.00 0.16 £                3,200.00 £     20,000.00 3,200.00 £        

Year 2 19916.80 0.16 £                3,282.29 £     39,916.80 6,482.29 £        

Year 3 19833.95 0.17 £                3,366.69 £     59,750.75 9,848.98 £        

Year 4 19751.44 0.17 £                3,453.27 £     79,502.18 13,302.25 £      

Year 5 19669.27 0.18 £                3,542.07 £     99,171.45 16,844.32 £      

Year 6 19587.45 0.19 £                3,633.16 £     118,758.90 20,477.48 £      

Year 7 19505.96 0.19 £                3,726.58 £     138,264.86 24,204.06 £      

Year 8 19424.82 0.20 £                3,822.41 £     157,689.68 28,026.47 £      

Year 9 19344.01 0.20 £                3,920.71 £     177,033.69 31,947.18 £      

Year 10 19263.54 0.21 £                4,021.53 £     196,297.23 35,968.70 £      

Year 11 19183.40 0.22 £                4,124.94 £     215,480.64 40,093.65 £      

Year 12 19103.60 0.22 £                4,231.02 £     234,584.24 44,324.66 £      

Year 13 19024.13 0.23 £                4,339.82 £     253,608.37 48,664.48 £      

Year 14 18944.99 0.23 £                4,451.42 £     272,553.36 53,115.90 £      

Year 15 18866.18 0.24 £                4,565.89 £     291,419.53 57,681.78 £      

Year 16 18787.69 0.25 £                4,683.30 £     310,207.23 62,365.08 £      

Year 17 18709.54 0.26 £                4,803.73 £     328,916.77 67,168.81 £      

Year 18 18631.71 0.26 £                4,927.26 £     347,548.47 72,096.07 £      

Year 19 18554.20 0.27 £                5,053.96 £     366,102.67 77,150.04 £      

Year 20 18477.01 0.28 £                5,183.93 £     384,579.68 82,333.97 £      

Year 21 18400.15 0.29 £                5,317.23 £     402,979.83 87,651.20 £      

Year 22 18323.60 0.30 £                5,453.97 £     421,303.44 93,105.17 £      

Year 23 18247.38 0.31 £                5,594.22 £     439,550.81 98,699.39 £      

Year 24 18171.47 0.32 £                5,738.07 £     457,722.28 104,437.46 £   

Year 25 18095.88 0.33 £                5,885.63 £     475,818.16 110,323.09 £   
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Kwh ProducedCost per Kwh£ Saved Export Rate £ Earned Total Kwh Running Total

Year 1 50000.00 0.16 £                7,280.00 £     0.05 £             202.50 £        50,000.00 7,482.50 £        

Year 2 49792.00 0.16 £                7,467.21 £     0.05 £             207.71 £        99,792.00 15,157.41 £      

Year 3 49584.87 0.17 £                7,659.23 £     0.05 £             213.05 £        149,376.87 23,029.69 £      

Year 4 49378.59 0.17 £                7,856.19 £     0.05 £             218.53 £        198,755.46 31,104.40 £      

Year 5 49173.18 0.18 £                8,058.21 £     0.05 £             224.15 £        247,928.63 39,386.76 £      

Year 6 48968.62 0.19 £                8,265.43 £     0.05 £             229.91 £        296,897.25 47,882.10 £      

Year 7 48764.91 0.19 £                8,477.97 £     0.05 £             235.82 £        345,662.16 56,595.90 £      

Year 8 48562.05 0.20 £                8,695.99 £     0.06 £             241.89 £        394,224.20 65,533.77 £      

Year 9 48360.03 0.20 £                8,919.61 £     0.06 £             248.11 £        442,584.23 74,701.48 £      

Year 10 48158.85 0.21 £                9,148.98 £     0.06 £             254.49 £        490,743.08 84,104.95 £      

Year 11 47958.51 0.22 £                9,384.24 £     0.06 £             261.03 £        538,701.59 93,750.22 £      

Year 12 47759.00 0.22 £                9,625.56 £     0.06 £             267.74 £        586,460.59 103,643.53 £   

Year 13 47560.32 0.23 £                9,873.08 £     0.06 £             274.63 £        634,020.92 113,791.24 £   

Year 14 47362.47 0.23 £                10,126.97 £  0.07 £             281.69 £        681,383.39 124,199.91 £   

Year 15 47165.45 0.24 £                10,387.39 £  0.07 £             288.93 £        728,548.83 134,876.23 £   

Year 16 46969.24 0.25 £                10,654.50 £  0.07 £             296.36 £        775,518.07 145,827.10 £   

Year 17 46773.84 0.26 £                10,928.49 £  0.07 £             303.99 £        822,291.92 157,059.58 £   

Year 18 46579.27 0.26 £                11,209.52 £  0.07 £             311.80 £        868,871.18 168,580.89 £   

Year 19 46385.50 0.27 £                11,497.77 £  0.08 £             319.82 £        915,256.68 180,398.48 £   

Year 20 46192.53 0.28 £                11,793.44 £  0.08 £             328.05 £        961,449.21 192,519.97 £   

Year 21 46000.37 0.29 £                12,096.71 £  0.08 £             336.48 £        1,007,449.58 204,953.16 £   

Year 22 45809.01 0.30 £                12,407.78 £  0.08 £             345.13 £        1,053,258.59 217,706.07 £   

Year 23 45618.44 0.31 £                12,726.85 £  0.09 £             354.01 £        1,098,877.03 230,786.92 £   

Year 24 45428.67 0.32 £                13,054.12 £  0.09 £             363.11 £        1,144,305.71 244,204.16 £   

Year 25 45239.69 0.33 £                13,389.81 £  0.09 £             372.45 £        1,189,545.39 257,966.41 £   
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