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[bookmark: _Toc508728038]1.0 Introduction 

This report focuses on the building services and energy practices of the Cardiff School of Optometry and Visual Sciences (Cardiff School of Optometry). The report is divided into three sections. 
The first section of the report will begin by briefly describing the major items of plant that is located within the building. A description will be given detailing how the various building engineering services are delivered with the aid schematic diagrams, charts and photographs. This section will be presented in the form of a case study.
The second section of the report will be presented in the form of a business case. This section will discuss the maintenance approaches of in-house and outsourced contracting and provide an insight into the advantages and disadvantages of outsourcing. This section will provide a recommendation in the form of a conclusion on how the university should organise its maintenance program.
The third and final section of the report will be in the form of an energy audit report. The energy audit report is produced for the Cardiff School of Optometry building and will describe the building and how the building currently performs. It will detail the current energy usage and benchmark the building against current benchmarking standards provided by CIBSE TM46. The audit will provide recommendations to the University on how the performance could be improved in terms of cost efficiency and how its carbon output could be reduced.
 


[bookmark: _Toc508728039]2.0 Section 1: Cardiff School of Optometry Building Services Case Study

[bookmark: _Toc508728040]2.1 About the Building
[image: ]The Cardiff School of Optometry is a three story University campus building with a total usable floor area of 7523m2 (Display Energy Certificate See Appendix). The building constructed in 2007, at the time represented Cardiff Universities largest investments with an estimated cost of £21m. The building houses a lecture theatre, classrooms, research rooms, laboratories, and offices. It also has a public clinic located on the ground floor. The building operates between the hours of 08:00am and 20:00pm daily and is open to students, staff, and the public. The building was constructed to the specification of Building Regulations 2000. The building orientation is north east facing and incorporates an array of solar shading to the north east face. The south facing façade holds a small amount of glazing and solar shading the 3rd floor of the building.

[bookmark: _Toc508728041]2.2 The Building Services
[bookmark: _Toc508728042][image: ]2.2.1 Heating and Cooling and Ventilation (HVAC)

[bookmark: _GoBack]The main source of heating and colling for the building is provided by four 54 kW Dynaciat LG-LGP reversible heat pumps and is combined with vertical indirect loops. The Dynaciat LG-LGP heat pumps have a coefficient of performance rating of between 4.42 and 5.02. This system is able to generate the majority of the heating and cooling requirements of the building for the majority of the year.  This system is supplemented by two Remeha Gas 210 160kw High Efficiency Condensing Boilers, which are used as back-up system and are used during winter months for additional support heating. These boilers also provide the hot water demand for the building. The main source of cooling is provided via roof mounted dry coolers that feed a centralised air system based around a packed air handling unit.
[image: ][image: ]Heating, cooling, air filtration and heat recovery are transported via mixed methods, utilising underfloor heating, a four pipe fan coil system and a CAIT Airtech Multi-Bloc Air Handling Unit. The air handling unit is controlled via sensor controls that are monitored using the Building Management System. This system is able to take warn and cool air from one area of the building and redistribute it to other parts of the building where it is needed. The fan coil system is a CAIT four pipe system which allows for mixed heating and cooling simultaneously. 

[bookmark: _Toc508728043]2.2.2 Lighting and Lighting Control
The majority of the glazing is located on the north facing side of the building and a small amount to the south facing side. As a result, natural light to the south facing side is limited. The glazing for the building also has tint film applied, which in turn further reduces light infiltration into the building. The building has four roof lanterns skylights which allow natural light into the building, which does reduce the necessity for internal artificial lighting to specific areas such as the atrium. The lighting system is a mix of compact florescent and high level LED luminaires to the communal areas, and T4 florescent and compact florescent to the classrooms and offices. All lights are manually switched with no lighting control or occupancy sensor fitted within the building. Therefore the current lighting system is not part of the Building Energy Management System. 

[bookmark: _Toc508728044]2.2.3 Building Managements System (BMS)
[image: ]The building holds a Building Managements System (BMS) which is used to monitor​ and  control specific services. The BMS currently monitors and controls a number of different services such as heating, ventilation, air conditioning and the safety circuits. The BMS is continually monitored by the in-house services team to ensure the building operates at a maximum level of efficiency. 70% of the original controls serving the BMS have been upgraded to Trend controls which the management team have found to be more reliable and accurate. The BMS can be remotely accessed and controlled externally via simple interface software giving full accessibility to number of different services within the building such as the boilers and heat pumps and also items such as the fire alarms, air handling units and external lighting. 
[bookmark: _Toc508728045]
[image: ]2.2.4 Motors and Pumps
There are a number of motors and pumps located at the optometry building. Much of these are of high efficiency. For example the motors located in the plant room are high efficiency 11kW Grundfos MG160MB2 motors with a voltage range of 380-415V. These motors have an efficiency rating of 91.2%. There are six motors located in the main plant room with a further two located in the secondary plantroom.  These motors are of very high efficiency and some are supplemented with variable speed drives which are used to control the output of the motor. The pumps are a mix of Grundfos Magna pumps which have Low energy consumption comply with the ErP/EuP 2015 requirements.


[bookmark: _Toc508728046][image: ]2.2.5 Energy Metering 
Good energy metering is fundamental to the monitoring and targeting process that is, in turn, an essential part of energy management (Cheshire, 2012). The Cardiff School of Optometry has invested heavily in this area and incorporated an large number of metering units which monitor both the electrical and gas consumption. Data is routinely checked by the services management team and the data is recorded by the meters in fifteen minute intervals for each meter. The significance of this is that allows the services management team to identify the slightest anomaly in the data set.

[bookmark: _Toc508728047]

2.2.6 Schematics of Building Services
Space Heating and Cooling Schematic 
The schematic below shows the space heating and cooling system used at the Cardiff School of Optometry.

[image: ]

Low Temperature Hot Water Boiler System Schematic 
[bookmark: _Toc508728048][image: ]The schematic below shows the Low Temperature Hot Water Boiler System used at the Cardiff School of Optometry.
2.3 Conclusion
This case study shows that the Cardiff School of Optometry has an array of effective and energy efficient plant and building services some of which is high specification, specialist equipment. It is managed consistently by an in-house maintenance team which currently has approximately 30 staff and also by a subcontractor list of approved specialists. 
Even though this building is designed to be energy efficient there is evidence that there are areas where performance can be improved. These areas will be shown in section three of the report.

[bookmark: _Toc508728049]

3.0 Section 2: Maintenance of Building Engineering Services Business Case

[bookmark: _Toc508728050]3.1 Executive Summery 
This section of the report discusses the different maintenance strategies available to the university such as in-house, and outsourcing of the building services maintenance.  It sets out a brief overview of the subject area and an assessment of the advantages and disadvantages of outsourcing. Following the assessment the report provides its conclusion and gives recommendations for the future maintenance of building services at the Cardiff School of Optometry.

[bookmark: _Toc508728051]3.2 Introduction and Overview
In order to keep the value of a building it must be properly maintained. This includes adequate operational maintenance to the plant and building engineering services (Yik and Lai 2005).  The decision of whether to deliver building engineering services “in-house or outsource” is a quandary that many organisations face. However, whatever route is taken both are perceived as an additional cost to the organisation. Dunn (1999) and Booty (2009) suggest that all non-core activities of a business should be outsourced. This principle is also an option expressed by research undertaken by BSRIA, (2003) which identified a number of issues that should be considered by organisations before making the decision on the approach to be used for maintenance services. 

At the Cardiff School of Optometry the maintenance of building engineering services is clearly not part of the core business of the university, however, due to the importance of reliable building engineering services, this area must be maintained regardless of the cost. Maintenance is currently provided by an in-house maintenance team that is made up of 30 personnel. In order to assist the University in making the decision of whether to provide building maintenance services in-house, outsource or use a combination of both this report will provide an evaluation of the advantages and disadvantages of outsourcing. Following the analysis the report will reach a conclusion and offer its recommendations for the future maintenance of building services at the University. 

[bookmark: _Toc508728052]3.3 Assessment of Advantages and Disadvantages
A reason that is commonly cited to justify outsourcing maintenance is that of reduced overheads and cost savings (Barret & Baldry, 2003; Atkin & Brooks, 2009). However, cost is not the only factor to consider when deciding how maintenance will be delivered. There are other relevant considerations including the timescales and availability of specialist contractors and the detrimental consequences of prolonged failed plant. Some areas of outsourcing such as statutory compliance, will not take the legal responsibility away from the client and this should also be considered when contemplating outsourcing. For example, the Gas Safety (Installation and Use) Regulations 1998 & ACOP L56 state it is the responsibility of the landlord to ensure that each appliance and flue to which that duty extends is checked for safety within 12 months of being installed and at intervals of not more than 12 months since it was last checked for safety. Therefore, if the contractor fails to service the appliance within the designated time the responsibility for the failure would sit with the landlord and not the contractor. Maintenance strategies therefore, need to comply with legislation as a minimum and then be tailored to match the business needs (Harris, 2008). Table 1 provides some of the advantages and disadvantages of outsourcing building services.

	Table 1: Advantages and Disadvantages of Outsourcing

	Outsourcing Advantages 
	Outsourcing Disadvantages

	Reduced Overhead Cost. Outsourcing services often comes with lower cost to the client. (Barret & Baldry, 2003; Atkin & Brooks, 2009).
	Lack of control leading to an increase in cost. Initial costs may not be realised (Atkin & Brooks, 2009).

	Access to specialist trained engineers and increased flexibility such as short term contracts (Buck-Lew, 1992).
	Quality related concerns, this can occur due to poorly selected contractors (Barret & Baldry, 2003; Atkin & Brooks, 2009).

	There are no capital start-up costs therefore; the university would not have to invest into the service (McCarthy & Anagnostou, 2004; Burdon & Bhalla, 2005).
	There is a possibility of selective discrimination. Therefore there may be bias or preferential treatment given to one contractor of another (Barret & Baldry, 2003).

	Employing outsourced contractors allows the university to focus on Core Business (Atkin & Brooks, 2009; Kroes & Ghosh, 2010).
	An over reliance on outsourced contractors which may have a negative effect should contractors have a lack of Resource (Atkin & Brooks, 2009; Ikediashi et al., 2012).



[bookmark: _Toc508728053]3.4 Conclusion and Recommendations
Maintenance for Cardiff University is not part of its core business. Therefore, if the university were to act on the finding of Dunn (1999) and Booty (2009) then outsourcing would be the route to take. However the most appropriate and beneficial approach for Cardiff School of Optometry to take would be to incorporate a combination of both in-house and outsourced expertise. Much of the standard maintenance and repairs can be completed by in-house staff and therefore, will reduce the net spend on outsourced contractors. Also in-house staff will be available for breakdowns that have to be dealt with immediately. Using completely outsourced labour will take away a degree of flexibility, because even simple repair and maintenance works which could be completed quickly in-house will have to be passed to the outsourced contractor. This in turn could lead to increase cost, which would defeat the overall objective which is to reduce cost. It would be imperative that the University does not as stated by (Atkin & Brooks, 2009; Ikediashi et al., 2012) create an over reliance on outsourced contractors, as an operational failure by outsourced contractor to deliver the services could have serious detrimental consequences for the university such as closed buildings resulting in, no lectures, which in turn then impacts the core business. Outsourcing if used for statutory compliance should be monitored and controlled carefully by the client. Therefore, a combination of both in-house and outsourced maintenance services should be recognised as the most appropriate method of maintenance for the building engineering services of the Cardiff School of Optometry building.








[bookmark: _Toc508728054]4.0 Section 3: Energy Audit

[bookmark: _Toc508728055]4.1 Executive Summery
Over a twelve month period the Cardiff School of Optometry used 1,740,428 kWh of Electricity and 335,565 kWh of Gas. The cost implications of the energy used at the university building are £174,042 for electricity and £6,711 for gas. The total emissions based on these figures are 673663 kgCO2e which equates to 183.91 tonnes of carbon. This audit report looks at building, its current energy performance, and offers recommendations on improving its energy performance, resulting in reduced cost and carbon output.

[bookmark: _Toc508728056]4.2 About The site 
The Cardiff School of Optometry is a three story University campus building located in Central Cardiff. The building has a total usable floor area of 7523m2 and was constructed in 2007 with a construction cost of £21 million. The buildings main source of heating is via reversible ground source heat pumps with additional gas powered boiler units as back up units. There is also mechanical ventilation on site which works for both heating and cooling.
The buildings official operating hours are 
· 08:00am till 20:00 Monday to Friday
· 09:00am to 17:00 Saturday
· Closed Sunday
There is no electrical regeneration on site.

[bookmark: _Toc508728057]4.3 Current Energy Performance 
To assist in the completion of this report Cardiff University supplied 12 months of energy data for the Cardiff School of Optometry. Table 2. Shows the actual energy consumption for the Cardiff School of Optometry. This data has also been used to calculate the carbon footprint of the building. 
	Table 2: Current Energy Use and Carbon Footprint

	Energy Type
	Consumption (kWh)
	Carbon (tonne)
	Cost (£)
	Price Per (kWh) (£)

	Electricity
	1,740,428
	167.03
	174,042
	0.10

	Gas
	335,565
	16.87
	6,711
	0.02


[bookmark: _Toc508728058]4.4 Benchmarking 
Energy efficiency is very much a focus point in the environmental management of University buildings. According to the Carbon Trust (2012) further and higher education facilities in the United Kingdom incur approximately £400 Million per annum in energy costs resulting in CO2 emissions of around 3.1 Million tonne per year.  
Benchmarking the energy consumption of a building is a crucial step towards increasing its energy performance. Benchmarking provides information that shows where an organisation is, in terms of energy usage and where they should expect to be. Table 3 and Chart 1 show the energy performance of the Cardiff School of Optometry when benchmarked against the typical University building. The information provided for a typical University building is provided by CIBSE TM46 Energy Benchmarks.
	Table 3: Energy Benchmarking Against Typical Building

	Benchmark
	Typical University
	Cardiff University

	Gas (kWh/m2/year)
	240
	44

	Electricity (kWh/m2/year)
	80
	213

	Energy from Renewables
	0
	0



	[image: ]Chart 1: Cardiff School of Optometry Benchmarked against Typical University Building




The data from Table 3 and Chart 1 demonstrates that using CIBSE TM46 for benchmarking the Cardiff School of Optometry does provide a true reflection of the building energy performance. The reason for this is the Cardiff School of Optometry’s main source of heating and cooling is provided via ground source heat pumps which are powered by electricity. This in turn reduces the need for gas as its primary source of heating .This is the criteria in which CIBSE TM46 characterises the typical university building and therefore, in order to accurately benchmark the Cardiff School of Optometry, a similar University building namely Kingston University Business School has been used as a comparison to benchmark against. Table 4 and Chart 2 show the Cardiff School of Optometry benchmarked against Kingston University business School on energy consumption.
	Table 4: Energy Benchmarking Against Kingston University

	Benchmark
	Kingston University
	Cardiff University

	Gas (kWh/m2/year)
	52
	44

	Electricity (kWh/m2/year)
	134
	213

	Energy from Renewables
	0
	0

	Total Usable Floor Area
	7389
	7523



	[image: ]Chart 2: Cardiff School of Optometry Benchmarked against Typical University Building






From Table 4 and Chart 3 it is clear that Cardiff School of Optometry uses considerably more electricity than that of Kingston University. There could be many reason why this may be the case. One of the main factors that could be contributing to the increased usage at the  Cardiff School of Optometry is the year that the building was constructed and the building regulations applicable at the time. The Cardiff School of Optometry obtained planning permission in 2004 and therefore was constructed to Approved Document L2 2002. While, Kingston University was constructed in 2010 and would have been built to Approved Document L2A 2006. There were significant changes in Approved Document L2A 2006. In the 2006 Approved Document building were  required to produce 20% less CO2 than they did under the levels set out by  the 2002 Approved Document. New levels of airtightness testing were also introduced which in turn made building much more energy efficient. These additions to the building regulations were enforced requirements to make building more energy efficient and therefore could answer the reasons why the Cardiff School of Optometry energy usage is greater than that of Kingston University.

4.5 Recommendations 
An energy walk over survey has been completed on the Cardiff School of Optometry and the following provides recommendations on how the energy performance of the can be cost-effectively improved.

[bookmark: _Toc508728059]4.5.1 Raising Awareness through Employee Engagement
The first recommendation to improve energy efficiency is to raise awareness of the importance of lowering energy consumption through employee engagement. The Carbon Trust (2010) states that in order to implement an effective energy awareness programme an organisation should be prepared to invest 1-2% of their annual utility budget into the programme. From this initial investment the organisation should see a potential energy reduction of 5-10%. Table 4 shows estimated investment and potential savings that could be made by implementing an in depth awareness and employee engagement program.

	Table 4: Estimated Saving from Investment into Employee Engagement

	Electricity (£)
	Gas (£)
	Total Energy Cost (£)
	Investment (£)
	Potential Reduction in Energy Cost (£)
	Carbon Reduction
Electricity (tonne)
	Carbon Reduction
Gas (tonne)

	174,042
	6,711
	180,753
	1087-3615
	9037-18075
	8.35 - 16.7
	0.84 - 1.68



[bookmark: _Toc508728060]4.5.2 Good Housekeeping and Zero to Low Cost Measures
Good housekeeping can include many different practices in order to reduce energy consumption. Table 6 shows some recommendations for good housekeeping and zero to low cost measures along with a rationale for each measure.

	Table 6: Good Housekeeping and Zero to Low Cost Measures

	Recommendation
	Rationale

	Service and Maintain Boiler Plant
	According to the Carbon Trust (2004) heating costs can increase by 30% or more if the boiler is poorly operated or maintained. Ensure that boilers are serviced at least annually and adjusted for optimum efficiency by carrying out regular maintenance. 

	Cleaning and Maintenance 
	Cleaning the windows and skylights of the building can allow more daylight into a building, reducing the need for artificial light (CIBSE, 2015). The university should also consider removing the tint film fitted to the north facing windows to make better use of natural light.

	Switching off computers and monitors
	The Carbon Trust (2004) suggests that switching of computers and Monitors off during the evening and weekends can reduce that appliances energy consumption by up to 75%.

	Replacing of Equipment
	CISBSE, (2015) suggest when specifying new and replacement fan motors, always specify higher efficiency motors as they will save you up to 5% on energy costs, for little or no extra capital cost. 


 

[bookmark: _Toc508728061]4.5.3 Switching Off Unused Equipment
Simply switching off unused equipment can save a considerable amount of energy. The Department of Energy and Climate Change (2015) released a guide for energy efficiency for businesses. The guide stated that up to 46% of electricity used in businesses is consumed outside the normal operation hours. This figure does show a similarity to the electricity consumption of the Cardiff School of Optometry. Therefore, it is recommended that all communal equipment is turned off manually or via timers at the end of each day this includes appliances such as vending machines, water coolers, printers, copiers etc. An example of how limiting the use of appliances such as vending machines to only operating hours can save energy and reduce costs to the University. This is shown in Table 7.

	Table 7: Saving Made From Switching Off Appliances

	

	Appliance Type
	kW Rating
	kWh Consumption
	Cost (£)
	Carbon (kg)

	Vending Machine
	590W
	5168
	516
	496

	Proposed running hours
	Estimated kWh Consumption
	Estimated Cost/Saving Per Annum (£)
	Carbon (kg) Reduction
	

	5475
	3230
	323 (saving £193)
	310 (saving 186kg)
	


Note: In order to determine a comprehensive figure regarding the saving that could be made from this recommendation a full list of appliances used at the University would need to be produced so calculations could be made.

[bookmark: _Toc508728062]4.5.4 Heating Control
The heating system at Cardiff School of Optometry is very efficient. According to CIAT (2016) the Dynaciat LG-LGP heat exchangers have a coefficient of performance rating of 4.42 to 5.02. This represents for every kW of electricity used by the system 4.42 to 5.02 kW of heat is generated. Therefore, the system is considered highly efficient. However, meter data suggests it is running outside of operational hours, over weekends and during holidays and therefore wasting energy. This can be resolved by setting parameters on existing controls or by upgrading the current controls for the system, again ensuring parameters are set so the system is not running during these time periods.
[image: ]The system should also incorporate primary timed controls and set thermostatic controls to ‘a minimum acceptable level’. The Workplace (Health, Safety And Welfare) Regulations 1992, state that during working hours, the temperature in all workplaces inside a building shall be reasonable.  Therefore, during late evenings and weekends when the building is not in use the heating controls should be set at a minimum.  Controls should also be set to exclude days such as bank holidays and periods when the university is not in operation such as Easter and Christmas. The Carbon Trust (2011) states that heating costs for buildings increase by around 8% for every 1C.  The current heating system at Cardiff School of Optometry is set at 24C however, many universities set heating between 19-21C. Therefore considerable savings could be made if this area was set up correctly.

[bookmark: _Toc508728063]4.5.5 Lighting Upgrade
[image: ]This lighting system is in good condition and has many years left in its life cycle. However, the majority of the luminaires are dated in terms of today’s standard and it is recommended that the current fittings holding compact florescent and florescent tubes should be replaced with a light emitting diode (LED) alternative. The majority of the lights in the building are  26w double compact florescent downlights it is proposed that these are replaced with a recessed LED downlights. These luminaires are a one for one replacement for traditional 26W single or 26W double compact fluorescent downlights. Manufacturer data tells us that the potential saving the can be expected from this is 65% however; Table 8 shows that the expected energy saving for this for this particular project is estimated to be 39%. These fittings are a simple replacement and can be fitted by the in-house maintenance team to reduce costs.





	Table 8: Lighting Comparison and Payback

	
	Current Luminaire
	Recommended Luminaire
	Energy Saving

	
	2x 26W Compact Florescent
	Cetus LED 2000 HF 830 
	39%

	Running cost per fitting/annum (£)
	30.24
	18.20
	

	These figure are based on:
Luminaires - 1 Cetus LED vs 1 compact florescent (Cetus 2x 26w HF)
Usage -  18hrs per day 7 days a week
Energy price – £0.10/kWh

	Unit Price (£)
	Annual Saving per Unit (£)
	Total Payback Per Unit

	24.36
	12.04
	2.2 Years


Note: In order to determine a comprehensive figure of the saving that could be made from this recommendation a full scope of the lighting system and requirements would need to be produced so calculations could be made. 


[bookmark: _Toc508728064]4.5.6 Lighting Controls
	[image: ]Carbon Trust (2012)



 CIBSE Guide F (2012) states that even with efficient lamps and luminaires, the energy used for lighting can be wasted in various ways. For an average building DiLouie (2006) suggests that 30-45% of a building electricity demand is used for lighting and the Carbon Trust (2012) states that 17% of all energy used in further education and university buildings can be attributed to lighting electricity consumption.  
[image: ]According to the New Building Institute (2003) effective lighting controls can help reduce lighting energy consumption by 50% in existing buildings. At Cardiff School of Optometry the control over lighting is significantly limited. There are over two hundred individual rooms that could benefit from lighting controls. For areas such as stairwells, corridors, and toilets the recommendation is that occupancy sensors be installed. For areas such as classrooms, research laboratories, and lecture theatres, vacancy sensors should be considered. 

Table 9 shows the lighting consumption of a typical building with an internal floor area the same size as the Cardiff School of Optometry. Using figures and guidance from (Energy Consumption Guide 19 Energy Use in Offices, 2001; CIBSE TM46, 2008; BSRIA, 2011) this can be applied to the Cardiff School of Optometry so a potential cost saving analysis for lighting controls can be proposed.

	Table 9: Lighting Controls and Potential Savings

	

	Typical Building Electricity consumption (kWh/M2/year)
	Cardiff School of Optometry Internal Floor Area (M2)
	Typical electricity Consumption
(kWh) 
	Typical Building Lighting benchmark (kWh/m2/year)

	240
	7523
	1805520
	60 = (25% electricity usage)

	Estimated Lighting Consumption
(kWh)
	Estimated energy saving from installation of lighting controls (kWh)
	Estimated Carbon  Reduction (tonne)
	Estimated Cost saving (£)

	451380
	225690
	21.66
	22569


[bookmark: _Toc508728065]4.5.7 Building Management System and Controls
[image: ]Building Regulations Approved Document L2A (2014) requires that automatic meter reading and data collection facilities for any buildings with a useful floor area greater than 1000M2. At the Cardiff School of Optometry automatic meter reading is fully implemented. The BMS and control system at the University are showing a number of faults within the system. It is recommended that the BMS investigated to establish the existing setup and a new energy efficient programme installed it is also recommended that the remaining 30% of the older controls still in use are replaced. Good Practice Guide 246, Building Management Systems in Further and Higher Education (1998) state that a fully working BMS can provide energy cost saving of 10-20% when compared to standard controls.

[bookmark: _Toc508728066]4.6 Conclusion
The audit report shows that the Cardiff School of Optometry uses a considerable amount of energy through its day to day operation. The recommendations show, where the University can implement changes to save on energy cost whilst also reducing its carbon output. The first actions should be to upgrade the lighting and lighting controls followed by an in depth and monitored energy awareness program. These recommendations result in significant financial savings on energy cost and carbon output. The overhauling of the BMS and upgrading of heating controls would again produce a significant financial saving for the University. It is recommended that there is investment into these areas in order to reduce energy wastage and in order to achieve long term financial savings. Maintenance programs should be implemented to increase the lifecycle of the building services, and maintain operational efficiency of plant. Low and no cost measure such as cleaning of windows switching off unused equipment etc. should begin immediately.




[bookmark: _Toc508728067]5.0 References 

1. Approved Document L2A (2014). The Building Regulations 2010, Conservation of fuel and power Approved Document L2A. London: Welsh Government.
2. Atkin, B. and Brooks, A. (2009). Total facilities management. Chichester: Blackwell.
3. Barett, P. and Baldry, D. (2003). Facilities Management. Osney Mead, Oxford, OX: Blackwell Science.
4. BSRIA. (2003). Specification for the procurement of building services operation and maintenance. Bracknell: BSRIA.
5. BSRIA (2011). Commissioning and handover case study - Edge Hill University. [online] Available at: https://www.bsria.co.uk/news/article/edge-hill/ [Accessed 8 Mar. 2018].
6. Buck-Lew, M.  (1992). “To Outsource or Not”, International Journal of Information Management, vol 12, no 1, pp. 3-20.
7. Burdon, S. & Bhalla, A. (2005). Lessons from the Untold Success Story: Outsourcing Engineering and Facilities Management. European Management Journal, 23(5), pp. 576-582.
8. Carbon Trust (2011). CTG065, Heating controls Technology Guide. London: Carbon Trust.
9. Carbon Trust (2012). CTV020, Further and higher education. London: Carbon Trust.
10. Carbon Trust (2010). CTG056, Creating an awareness campaign. London: Carbon Trust.
11. CIBSE (2012). CIBSE Guide F. Energy efficiency in buildings. London: CIBSE.
12. CIBSE, 2008. TM46 Energy Benchmarks. London: Chartered Institution of Building Services Engineers.
13. Cibse.org. (2015). CIBSE - Building Services Knowledge. CTT2 CIBSE Top Tips 2: Lighting in Buildings. [online] Available at: https://www.cibse.org/knowledge/knowledge-items/detail?id=a0q20000006oaz1AAA#Cleaning%20and%20housekeeping [Accessed 12 Feb. 2018].
14. Cibse.org. (2015). CIBSE - Building Services Knowledge: Ventilation in Buildings. [online] Available at: https://www.cibse.org/knowledge/knowledge-items/detail?id=a0q20000006oamlAAA#Cleaning [Accessed 12 Feb. 2018].
15. Department of Energy and Climate Change (2015). SME Guide to Energy Efficiency. London: Department of Energy and Climate Change.
16. DiLouie, C. (2006). Advanced lighting controls. Lilburn, GA: Fairmont.
17. Dunn, S. (1999). Maintenance outsourcing — Critical issues, available at: www.plantmaintenance.com/maintenance_articles_outsources.html
18. Energy Consumption Guide 19 Energy Use in Offices. (2001). London. Energy Efficiency Office.
19. Good Practice Guide 246, Building Management Systems in Further and Higher Education. (1998). London. Energy Efficiency Office.
20. Grundfos, (2018). MG STANDARD MOTORS. [online] Available at: https://net.grundfos.com/Appl/ccmsservices/public/.../Grundfosliterature-3666021.pdf [Accessed 10 Feb. 2018].
21. Ikediashi, D. & Okwuashi, O. (2015). Significant Factors Influencing Outsourcing Decision for Facilities Management (FM) Services. Property Management, 33(1), pp. 59–82.
22. Kroes, J. and Ghosh, S. (2010). Outsourcing congruence with competitive priorities: Impact on supply chain and firm performance. Journal of Operations Management, 28(2), pp.124-143.
23. Safety in the Installation and Use of Gas Systems and Appliances. (2018). Fifth Edition Sudbury: HSE Books.
24. The Gas Safety (Installation and Use) Regulations 1998. (1998). [London]: [Stationery Office].

[bookmark: _Toc508728068]6.0 Appendix
[bookmark: _Toc508728069]
6.1 Display Energy Certificate


Module: Postgraduate Methodology
Module Code: M7X01813
Lecturer: Paul Manley
Student Number: 1502958



19

image3.jpeg




image4.jpg




image5.jpeg
Optometry. Heat Pumps [ X
Heat Pumps o T

Curront Mode:
200




image6.jpeg
Efficiency [%]

Motor efficiency, 2 pole

motor

2 2 2 2 8 1
2323 3 3 3 4

Output [kW]

e 2p MG Motors
cE22p
- E12p





image7.jpg




image8.jpeg
Dynaciat LG-LGP
‘Ground Source Heat
Pumps

©

Chilled Water Return

Chilled Water Flow

CIAT 4 Pipe Fan Coil Units

Hot Water Flow
Hot Water Return
Chilled water Return
Chilled Water Flow

Thermometer





image9.jpeg
®

Hot Water Flow.

Remeha Gas
210 160kw
High
Efficiency
Condensing
Boilers

s Hot Water Return

S rm

, Thermometer

. Hot Water Systom

Calorifier

Gas Supply

CAIT Airtech Multi-Bloc
Air Handling Unit




image10.png
Eld

250

200

150

100

50

Typical University Vs Cardiff University

Typical University

= Gas (kWh/m2/year)

m Electricity (kWh/m2/year)

Cardiff University




image11.png
250

200

150

100

50

Kingston University Vs Cardiff University

Kingston University

= Gas (kWh/m2/year)

= Electricity (kWh/m2/year)

Cardiff University





image12.jpg




image13.jpg




image14.jpeg
Cooling and ventilation
(electricity) 1%)

Catering (electricity) 3%

Hot water (electricity) 3%)

Lighting (17%)

Office equipment 6%
Other (electricity) 3%
Space heating (electricity) 1%

Space heatin Catering (fossil fuel) 2%
(fo?si[ fuel) (,Zggg Hot water (fossil fuel) 2%




image15.jpeg




image16.jpg




image1.jpeg




image2.jpeg




image17.jpg
PRIFYSGOL CYMRU
Y Drindod Dewi Sant

UNIVERSITY OF WALES

Trinity Saint David





