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[bookmark: _Toc34993103]Introduction

This report is based on a case study building Cardiff Business School (CARBS), it will be split into 3 sections. The first section will describe the major items of plant and how the various building engineering services are delivered, the second part of the report will detail the most appropriate approach to the delivery of maintenance to these services. Finally an Energy Audit will be undertaken of the building to highlight how the building currently performs and recommendations made as to how the performance could be improved.

[bookmark: _Toc34993104]The Case Study Building 

The Cardiff Business School is a four storey building with twin-skin curtain walling. The building contains multiple modular offices, teaching areas, common rooms and a trading room that provides real time monitoring of world markets and shares. At the centre of the building is a large cavity atrium, shop and seating area.

[bookmark: _Toc34993105]Part 1

[bookmark: _Toc34993106]Introduction

The major items of plant and various building engineering services servicing the CARBS building will be described with the aid schematic diagrams and photographs. 

[bookmark: _Toc34993107]Cold water supply

[image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\Mains water.JPG]The cold water supply enters in the ground floor plant room (Figure 2).  A stop cock, double check valve, drain cock and leak detection meter are fitted at this point (Figure 1) with the leak detection being linked to the buildings Building Management System (BMS). 
This feeds a cold water storage tank which in turn supplies each floor to serve the various toilets blocks. A solenoid valve is activated by a PIR located in associated the entrance lobby to the toilets. A branch at ground floor level is also feeding the chilled water system pressurisation unit located in the second floor plant room. It is also worth noting that the building benefits from a Rainwater harvesting system supplying the buildings WC’s


 Figure 1 Cold Water Supply
[image: ]
Figure 2 Entry point of cold water supply

[bookmark: _Toc34993108]Natural Gas

The mains natural gas supply enters the building in the ground floor plant room where a meter, gas cock, test points and gas solenoid valve are fitted. The meter is connected to the BMS to monitor usage and to detect any leakage. The gas supply does not leave the ground floor plant room and serves only 3no gas boilers shown in figure 3 and the Combined Heat and Power (CHP) Unit (figure 7) all located in the plant room. This hot water is then stored in a hot water storage tank shown in figure 4. Secondary pumped circuits then feed 4 different locations.
1. The coils in the air handling units supplying the Office Areas.
2. The coils in the air handling units supplying the Seminar Areas.
3. The radiators and trench heating in all areas (figure 5) 
4. The underfloor heating manifolds in the Ground Floor Breakout Area and Corridors.
[image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\IMG_3277.JPG][image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\IMG_3236.JPG][image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\IMG_3238.JPG]
     Figure 3 Gas Boiler                    Figure 4 Hot Water Storage Tank       Figure 5 Radiator 

[bookmark: _Toc34993109]Electrical Supply, PV and CHP

There is an electrical supply coming from the 11kv sub-station between the Cardiff Business School and The Julian Hodge Building which enters the building in the electrical switch room directly under the switch panel. Sub-mains then feed two sub-distribution panel boards, lighting and power distribution boards (figure 6) fire alarm panel, lifts and plant.

[image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\IMG_3286.JPG]        [image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\IMG_3231.JPG]
Figure 6 Power Distribution Board	                            Figure 7 CHP Unit

The electricity produced by the CHP unit (Figure 7) and Photovoltaic panels is used up directly on-site

[bookmark: _Toc34993110]Hot water 

Hot water is provided by individual electric water heaters located locally to basins or sinks. All heaters provide instant hot water and supplied with boosted cold water as previously described.





[bookmark: _Toc34993111]Ventilation

Air handling units (figure 8) located in the plant rooms either on the Auditorium Roof Plant Room or the roof of the Office Block provide fresh air into the floor voids and then into the rooms through floor grilles (Figure 9), the air is then extracted through high level grilles via sheet metal ductwork by the extract section of the air handling unit. The air handling unit comprises of supply and extract air filters, supply fan, cooling coil, heating coil, extract fan and high efficiency rotating heat exchanger. 

[image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\IMG_3300.JPG]                                   [image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\IMG_3273.JPG]
Figure 8 Air Handling Units	     Figure 9 Floor Grills 

[bookmark: _Toc34993112]Comfort cooling

Chilled beams
There is a chilled beam system in the Trading Room and flexible teaching area which is fed from the air cooled water chiller.
Air Conditioning 
The first and second floor IT Rooms benefit from split type air conditioning connected to the roof mounted air cooled condenser.

[bookmark: _Toc34993113]BMS System 

The building is controlled by a building management system (BMS) shown in figure 10, which is a computer-based control system that controls and monitors all of the building's mechanical and electrical equipment including air handling units, metering, heating controls, cooling, boilers, windows etc
[image: \\internal.npthomes.co.uk\Users\Docs\uac1316\Documents\Masters\ENERGY\SITE VISIT\IMG_3259.JPG]
Figure 10 BMS

[bookmark: _Toc34993114]Conclusion

The case study building has various plant and building services including gas boilers, AHU’s, air conditioning, chilled beams, all of which are controlled by a building management system. These have been described and explained, as the building is only 6 years old all the major items of plant appear to be in good working order.
Even though the building was constructed to meet/exceed Building Regulations at time of construction it is evident that there are areas where improvements can be made which will be discussed later in this report.  
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[bookmark: _Toc34993116]Introduction

To effectively manage the maintenance of an academic building like the CARBS building can prove to be more challenging than other buildings like offices. The building is there to provide a facility for the university students to study, there for it is important to maintain reliable building engineering services. Lateef, O.A., (2010).  
BS 8210:2012 states “that the Facility assets need to be maintained to ensure that they are suitable for their intended purpose; they continue to perform their function throughout their useful life in a safe and efficient way and their value is protected”. BSI (2012)

[bookmark: _Toc34993117]Maintenance planning process

Before any maintenance is considered the O&M manual should be consulted to compile a database of all plant and equipment. Information stored on this database will included installation dates, service intervals, filter changes etc. these records would be kept up to date and stored in a secure environment. 
When organising the maintenance of the building energy services I would follow the steps outlined in the British Standard Guide to facilities maintenance management shown in figure 11. 
[image: ]
Figure 11 Maintenance Planning process. BSI (2012)
[bookmark: _Toc34993118]What is to be maintained?

I would first determine what services/ equipment are required to support the delivery of education in the university, in this case, I believe would be the main services described in part one of this report. If for instance the heating was to fail in the winter it is likely that the university building would have to shut. Due to having 3 boilers and CHP unit it is unlikely that all would fail at the same time so this will be taken into consideration when planning the maintenance. A meeting with senior management of the university should be arranged to agree a level of performance they expect from the building, following this an audit of the building services should be undertaken to highlight any gaps between current performance and what is expected. Reference should be made to the O&M manual as it will have recommendations of all the specific plant with reference being made to manufactures instructions and should include things like life expectancy of plant, annual maintenance and any statutory requirements like gas services, emergency light testing etc. this will determine a scope of work needed to meet the required performance level needed. I would compile all this information into a Maintenance Management Database (MMD).

[bookmark: _Toc34993119]Approach

From the information gathered I would consider the 3 main approaches to planning maintenance which are planned, condition based and unplanned. Planned which is where the maintenance is undertaken before the equipment fails minimising downtime, unplanned where maintenance is carried out after a failure/ breakdown has happened and aims to fix the broken equipment to full working order by either repairing it, or in the event that it cannot be repaired then it is replaced. Then condition based where plant and equipment is monitored to assess the condition and it is repaired/ replaced before failure occurs.  
I would suggest a condition based maintenance strategy for the CARBS building as I believe the benefits would suit the university best. These include energy savings which can be achieved through improved operating conditions of plant. 
Machine life can be extended, it would also ensure maintenance to take place before breakdowns occur reducing the risk of having to close all or part of the university building. The buildings current BMS system will play a large role in this by remote monitoring and analysing data. All this information should be gathered into the maintenance management database as outlined in BSRIA’s Condition Based Maintenance- an evaluation guide for building services BSRIA (2001). Alongside this is all the statutory maintenance and manufacturer requirements which including fire alarm testing, servicing of plant, filter changes should be input also.
No Planned Preventative maintenance strategies are currently employed by the Estates team for the University building, it was reported on the site visit. Plant is replaced upon failure. I feel by adopting a condition based approach rather than this will best protect the university.

The resource for this chosen method would come from a mixture of in house staff and out sourced contractors. 
I would appoint an in-house Building Services Manager covering a number of the university buildings, their responsibility would be monitoring the MMD to ensure it is effectively managed and all the requirements are met, they would also be responsible for permits to work, KPI’s, Benchmark and monitoring of the BMS. BMS systems can be very complex so any adjustment to settings should only be dealt with by a controls specialist.  In house admin staff may be needed to support the Building Services Manager.
Semi-skilled operatives would be employed to undertake the statutory compliance like emergency light testing, fire alarm testing, fire door checks, legionella, AHU filter changes. Due to the number of university building in the location I feel it would be most cost effective to employ an in-house team to undertake these works. Minimal training would be needed to carry out these tasks as it is not specialist work. By keeping this element of the maintenance in house the same personal will become familiar with the building and can feed back any changes/ anomalies to the system they are working on so that the MMD can be updated. 
Skilled Operatives would be employed in house to undertake the gas servicing on the CHP and boilers, due to the size of the universities portfolio I believe it would pay to have full time engineers to service the plant, this would also be beneficial for any minor breakdowns. The engineers again would become familiar with the plant and equipment.
A big advantage to keeping this work in house is the operatives become familiar with the plant so can ensure business continuity along with a potential for saving on energy consumption by ensuring plant is operating correctly and by also saving on costs from specialists unless absolutely required as highlighted by Alshehri, A.R., (2016)
Some downsides to using an in house team mean that the university would have to deal with personnel grievances, disciplinary issues, payroll, time keeping, labour relations, human resources, this can be very resource intensive and time consuming. The recruitment process for an organisation like the university can be lengthy and costly meaning they will not have the flexibility to adjust the numbers of employees faster than an outsourced contractor.
For all specialised maintenance including repairs/ replacement of major items or plant like the AHU’s, CHP, chilled beams etc and equipment I suggest employing specialised contractors which provide so benefits as highlighted by research undertaken by Suweero, K., Moungnoi, W. And Charoenngam, C., (2017) suggestting that outsourcing is seen as a means to accomplish high competitive advantage and to increase productivity. An outsourced contractor is likely to have access to skilled personnel and tools proving more efficient since it can be spread over a number of customers and does not have the human resource issue that employing in house would have. For this specialised work the university would be at risk of an employee leaving, by out sourcing this elements for the maintenance it would be done the contractor to meet the university’s needs.
Areas that will need particular attention include due to there being a mixture of both in house and outsourced it will be important for the manager to clearly identify the roles and responsibilities of each area to avoid confusion and elements being missed. For the outsourced maintenance there should be a robust and clear contractual arrangement.
From the discussed approaches and referencing the MMD a budget should be set, this should take into account the cover needed for the services over the short, medium and long term. From this a plan should be made with timescales, delivery methods and methods all clearly set out. Resource to undertake this should then be sort but either employing in house staff or procuring contracts for the specialist elements.

[bookmark: _Toc34993120]Review and monitor 

Once all this is in place the maintenance strategy can commence with close monitoring from the Building Services Manager. Due to the volume and various sites being covered it may be worth employing a works inspector to undertake some of this role. The maintenance should be inspected while it is being undertaken and after completion to ensure quality. As part of this process key performance indicators should be set and communicated with in house staff and contractors to measure areas of service. This information will then be used to review how the different areas are preforming and where improvements can be made.
Research carried out by Lateef, O.A., (2010) when researching maintenance methods for Malaysian universities suggests to continue to base maintenance on a condition inspection cannot deliver value to the university or its users, it does state that the condition reports can be useful but its results should be treated with caution. Maintenance should be more in line with the expectations about the performance of the building that the users have states Lynch, T. (2014). With this in mind I would suggest regular questions undertaken with the buildings users. 

[bookmark: _Toc34993121]Conclusion 

When deciding on how to organise the maintenance for the CARBS building it would be first important to establish exactly what services are in the building from there I would employ a condition based maintenance strategy as I believe this is the most cost effective method for the university. This would be delivered by a mixed of in house and outsourced resources for the more technical aspects of the works. By keeping the majority of the maintenance work in-house it can save costs and ensure continuity of service. The steps highlighted would be followed to ensure a robust stagey for maintenance 
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[bookmark: _Toc34993123]Introduction

Buildings account for over 45% of UK energy use and carbon emissions, various energy management policies are being introduced with the aim to reduce this figure. Energy audits will play an important role in achieving this. CIBSE. (2015). 
This part of the report focuses on an energy audit for the CARBS building located in Cardiff which is building used as a university post graduate teaching centre. Operating hours are Mon- Fri 08:00-21:00 with reduced hours on Sat-Sun 09:00- 16:00. The total floor plan of the building is 5142.45m2. Firstly the current energy of the building will be assessed along with comparing this with similar buildings and what potential the building has. Various data will be assessed and recommendations made following this assessment.

[bookmark: _Toc34993124]Audit

[bookmark: _Toc34993125]Current Energy Performance

The current energy performance was reviewed showing the actual consumption of energy over a 12 month period taken from the DEC for the building. Carbon emissions were then calculated using conversion factors from the Carbon Trust’s Conversion factors derived from Conversion Factors. Carbon Trust (2016)

	
Utility
	Units per Annum (Kwh)
	
%
	
Cost (£/Kwh)
	
Cost (£)
	
%
	Carbon Trust Applying Factors
	Carbon Emissions (kg/co₂) per Annum

	
	
	
	
	
	
	
	

	Electric
	246,816
	37
	£0.12
	£ 29,617
	70
	0.41205
	101,700

	Gas
	426,786
	63
	£0.03
	£ 12,803
	30
	0.183997
	78,527

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Total
	673,602
	100
	
	£ 42,420
	100
	
	180,227

	
	
	
	
	
	
	
	


Table 1 Annual Consumption

11% of the electrical consumption is derived from renewable energy via the solar PV panels attached to the building, this is used up direct on site so not included in the carbon emissions calculation
[bookmark: _Toc34993126]Benchmarking 

Bench marking can be a useful tool in increasing energy performance, it shows where an organisation is, in terms of energy usage and where they should expect to be. The energy consumption of the CARBS building was benchmarked against a typical university building. The typical university building information was provided by CIBSE TM46 Energy Benchmarks. CIBSE (2008)

	Energy Benchmarking Against Typical Building

	Benchmark
	Typical University
	CARBS Building

	Gas (kWh/m2/year)
	240
	83

	Electricity (kWh/m2/year)
	80
	48


Table 2 Energy Benchmark

The table indicates that the CARBS building is performing well against the typical building, although a comparison was made against the EPC and current DEC in table 3

	Energy Benchmarking EPC v DEC

	
	EPC (potential)
	DEC (actual)

	Performance Rating
	25
	48

	Carbon Emissions (KG/CO2)
	79,431
	180,227


Table 3 EPC v DEC

This comparison suggests that there are improvements that could be made to cut the total carbon emissions in half.












[bookmark: _Toc34993127]Energy Management Matrix Evaluation
[image: ]
Figure 12 Energy Management Matrix Evaluation  

By completing this evaluation it highlights areas which can be focused on when looking for improvements. This was completed with information provided by the energy manager on the site visit and publicly available information. The lowest scoring areas were training and communication so as part of this audit process these areas will be reviewed. 


[bookmark: _Toc34993128]Data Analysis

A vast amount of meter reading information was provided by Cardiff University for years 2018 and 2019. This was in the form of quarter hour readings for 36 meters and sub meters. Initial analysis of this data in the form of graphs was attempted to gain an understanding of annual usage patterns but due to the format changes, missing data and unknown units of measure it was decided that the only feasible use was to use this to determine patterns of use over days and weeks. 

[bookmark: _Toc34993129]Identify Opportunities  

[bookmark: _Toc34993130]Accurate data 

[bookmark: _GoBack]All the relevant metering does appear to be in place and the data is being received but due to the anomalies it is evident that the information is not being checked for accuracy. It was reported on the site visit that the university only start worrying if 10% of the total metering goes offline, this wasn’t including any incorrect data including format changes etc that are being received.  By reviewing the data being received and ensuring it’s accuracy it would give more opportunities for energy saving. For example it would be good to understand if the boilers and chillers were operating at the same time but no meter readings were provided for the chiller.

[bookmark: _Toc34993131]Review of BMS 

Gas usage data was analysed across 2 different days (table 4) which highlighted some energy saving opportunities. The baseload for the building on Christmas Day 2018 18.2kwh was compared against usage for the first 10 days back after the Christmas break which was an average of 21.44kwh showing that when the building was empty of occupants it was using 85% of the energy it uses when the building is in full operation use. Even on the weekend when there are reduced opening hours the average usage was 14.15kwh indicating that there are no provisions in place to adjust the BMS system for when the university is empty over the holiday periods. The graph (figure 13) highlighted the heating was coming on at 04:00, even if this was on a fully operation day the heating is shown to come on 4 hours before the core operation hours of the building. 
Reviewing the BMS system ensuring it is working efficiently could yield potential energy saving on 10% DETR. (1998). Equating to 42,678kwh, £1,280 and a reduction of 7,853kg/co2 for the CARBS Building.

[image: ]
Table 4 Gas Usage
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Figure 13 Gas usage for 03/05/18 and 25/12/18
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Figure 14 Degree Day v Gas Consumption

The graph (figure 14) above compares gas consumption data during 10 days in January 2018 against heating degree day data (external base temperatures 15.5°C) for the same period and location. The trend line of Gas consumption should follow the same trend line the as the heating degree days. In the case of the CARBS building there it does suggesting that the heating temperature settings are adequate.

[bookmark: _Toc34993132]Additional PV

It was discussed on site with the energy manager that there was roof space available for additional PV. Access was not granted to the roof as part of the site survey but an image of google maps was reviewed (figure 15). The areas highlighted with blue arrows shows potential for an estimated 2 x 6 kWh PV systems. Estimated costs to install these would be around £12,000 SPONS. (2016) this could produce a saving of 13,000kwh saving the university a potential £1,690 per annum and a reduction of 5,356 kg/co2. The payback for this investment would be around 7 years.

[image: ]
Figure 15 Roof of CARBS Building. Google Maps. (2020). 

[bookmark: _Toc34993133]Creating an awareness campaign

The carbon trust estimate that by spending 1-2% of the annual energy bills they can successfully implement an effective energy awareness programme, they can create a potential reduction in energy of 5-10% saving in bills. Carbon Trust (2013). For the CARBS building this would mean spending £424-848 on an in depth awareness and employee engagement program it could save the university between £2,121 and £4,242 per annum and a reduction of 9,011 and 18,022  kg/co2

[bookmark: _Toc34993134]Summary of recommendations

The recommendations as to how the performance could be cost effectively improved have been put in 3 main categories follow guidance from CIBSE Guide F- Energy efficiency in buildings. 

• No-cost measures – such as good housekeeping or changes in behaviour.
• Low-cost measures – not requiring capital expenditure approval.
• High-cost measures – capital approval will be required.
CIBSE (2012).

The table below shows investment grade recommendations 

[bookmark: _Toc508728060][image: ]
Table 5 Recommendations

[bookmark: _Toc34993135]Further recommendations 

The carbon trust, Carbon Trust (2011) state that up to 66% of the electricity consumed by UK industry is used by running motors and drives, the running cost of a motor for one year can be 10 times the initial cost to purchase. With this in mind the university should consider efficiencies of motors and when specifying new and replacement fan motors, always specify higher efficiency motors as they will save on energy costs, for little or no extra capital cost.

[bookmark: _Toc34993136]Conclusion

This audit report shows that the CARBS building uses a significant amount of energy throughout the year and although it performs well against similar buildings the EPC and DEC comparison highlighted that there is certainly room from improvement. After analysing the data provided from the university it soon became apparent there were many inconstancies so the first recommendation of this audit was to review the data and assure its accuracy, further recommendations were made for the BMS, adding additional PV and creating an awareness campaign all with potential cost and carbon savings and payback period calculated. If the university were to follow these recommendations there could be potential cost savings of over £6,000 per annum and a reduction of up to 34,000kg/co2.
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Figure 6 — Energy Management Matrix Evaluation.

Itis important to gather as much information about the building and how s currently being
managed and operated. By completing this it will enable any initiatives to be taken forward into an
action plan. In order this to happen we must follow an energy management matrix that examines
the buildings optimum operation and identifes its priorities.

In reference to the Cardiff University optometry case study and the data gathering process and
conversation with the energy manager during the survey allowed the above energy management
matrix to be completed. The annotated profile shown in figure & from left to right across the matrix
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