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[bookmark: _Toc31593174]Abstract
Building management systems allow for autonomous control of HVAC and electrical systems which relies on sensor feedback to make smart decisions which ultimately are designed to make the system more efficient; however, poor managment of a BMS due to lack of knowledge of the system, leads to a control system that ends up being a detriment to the electrical and thermal efficiency of a building. This report will analyse the current HVAC and electrical systems and determine whether they are performing as intended and provide a set of recommendations for the building management team.
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Energy Auditing
Energy Auditing is the process of reviewing the points of energy usage through a building or business with the intent of identifying where energy can be reduced, removed or used more efficiently. Energy Audits can be divided into 3 main categories; Walk through audit, Intermediate Audit and Detailed/Comprehensive Audit. A walk-through audit is the simplest of the 3 and involves identification of main energy inputs and energy wastages, in industry a walk-through audit can be done as many as 3 times a week. An intermediate Audit evaluates the data collected from a walk-through audit and analyses energy efficiency of systems and providing a set of recommendations for improvement. A Detailed Audit scrutinises every system and sub-system within that business and is compared with targeted energy projections; the resulting suggested improvements can range from simple changes in operating procedure all the way to modernisation and retrofitting of new more efficient equipment (Kumbhar & Joshi, 2012). A useful audit will conclude short, medium, and long-term solutions to the problems facing the energy usage in the building detailing cost of implementation, payback and potential savings.

[bookmark: _Toc31593176]Introduction to building
Opened in August 2018, Y Fforwm Library is a relatively new building. It is located on the UWTSD Swansea SA1 Campus. The building has maximum seating capacity of 325 throughout its 3 floors and is open from 8:30am-9:00pm Mon-Fri and 12:00pm-5:00pm Sat & Sun (UWTSD, 2019).The building is fitted with a BMS (building management system) which is chiefly responsible for managing the HVAC (Heating, Ventilation, Air-Conditioning) usually through automation. Building management systems allow for automated control of heating and cooling systems which, if well implemented allows for energy savings to be made as HVAC systems are best optimised for the building and allow for closer control and analysis of power data (Designing Buildings Wiki, 2019). The BMS in place will be reviewed to ensure it is providing a beneficial energy saving. 


[bookmark: _Toc31593177]Audit Planning and preparation
	To ensure an audit optimally evaluates the state of consumption of the building a step by step plan has been designed as follows:
· Acquisition of energy consumption data, building fabrication makeup and HVAC systems
· Walk through audit to count all items of electrical, water and gas consumption and measure dimensions of building
· Research the energy demand of each item
· Estimate how long each item should be used for
· Compare energy consumption data to estimations
· Compare calculation and consumption data to baseline building
· Discuss all avenues of ways to improve energy systems
· Recommend ways to improve energy losses over short, medium and long term

[bookmark: _Toc31593178]Initial Walk-Through
	Source of Electrical Energy usage
	Number of items
	Power Demand per device (W)

	Desktop PC’s
	52
	250

	Projectors
	4
	300

	Laptop safe
	1
	6480

	Display monitors
	6
	100

	Printers
	5
	500

	Vending Machines
	3
	500

	Elevator
	2
	3,800 kWh/year

	Hand dryers
	14
	1500

	Long bar lights (10m approx.)
	21
	170

	Short bar lights (5m approx.)
	64
	85

	Bulb lights
	83
	13

	Bookshelf lights
	60
	5


	It is important when undertaking an energy audit to understand an itemised breakdown of the areas of energy usage. Table 1 shows the itemised breakdown of areas of electrical consumption. Based on both visual inspection and research the power demand of each device is described in Table 1. The appendices explain calculations and references for power demands where appropriate.
Table 1 – Breakdown of electrical sources of consumption


As a part of gaining initial information about the building, it was important that the problems facing the energy usage in the building was understood from a staff members perspective. An interview was conducted with 1 member of the library team discussing the lighting and HVAC systems and the issues they face (De Angeli, 2020). One of the largest complaints was with relation to the heating systems within the building. The staff said that even with the temperature set high, the HVAC system was not achieving the displayed temperature. An investigation into the control of the BMS and the sensors that are monitoring the temperature to generate a feedback signal will be held. The library staff also explained which lights were on automatic switches and explained that it is rare to see 100% of PCs being used at any one time. 
The BMS Solution installed in the building is developed and installed by Daikin, boasting a SEER 8.02 rating and A++ level in cooling and heating; one of the highest available ratings. The system installed is known as the Sky Air system and is designed for medium-sized commercial locations (Daikin, 2019). HVAC systems account for approximately one fifth of total energy usages (Parisio, et al., 2014), therefore ensuring optimal efficiency and application is vital. It is clear that a building management system is only as good as its operation procedures, therefore the system will be analysed from a managment perspective as well as a techno-economic perspective.
[bookmark: _Toc31593179]System Analysis
A visit to the plant room within the Y Fforwm building provided information about the heating systems in place in the building. The HVAC system has been recognised to have 3 discrete system: Figure 1 highlighted in yellow on the left is the variable temperature low pressure hot water heating circuit which is designed for ‘wet heating’ where the return water is mixed with the heated water from the boiler to maximise thermal efficiency (SyxthSense, 2004). The second heating system highlighted on the right in figure 1 shows an AHU (Air Handling Unit) which is a part of the roof ceiling Cassettes and is intended to project heated air for high thermal mass systems like the library. The third system is a VRF (Variable refrigerant flow) system which is an integral part of the Daikin sky air system installed. These 3 systems allow for efficient space heating however there are potential issues that could, or already have occurred which would lead to excess energy spent. Images of the plant room are found in the appendices.











Figure 1 – Mechanical diagram of boiler system

	The third unhighlighted boiler system manages the usable hot water within the building. It consists of a closed water loop within the boiler heated at 80℃, which feeds into a calorifier; the calorifier takes water from a cold water storage tank and the heat exchanger from the boiler heats the water to 60℃, the calorifier integrates a de-stratification pump on a 24 hour cycle for risk reduction of legionella bacteria build up which thrives at between 20℃-45℃ found in the middle of the calorifier (Kupiec, et al., 2016).
[image: Image]Figure 2 – Hot water calorifier and de-Strat system




[bookmark: _Toc31593180]Potential system issues
Even in a well-controlled BMS there is an issue of conflicting Heating and Ventilation. The temperature for the BMS is referenced from small electronic wall panels, the building is zoned, and the sensor provides reference values for the variable heating systems to operate at. If one side of the room is measuring below the expected value and the other side is measuring above the expected temperature, as the heating and cooling are discrete systems, one side of the room could be heating while the other is cooling; this is often a large source of lost energy in a poorly managed BMS. There must therefore be a sufficient dead band above and below the desired temperature to avoid combative heating and cooling.
[bookmark: _Toc31593181]Building and Utility Data Analysis
Based on information provided by the library staff, through visual observation and some level of assumption Table 2 shows the estimated hours each device is used for in 1 day. This can then be used to estimate the daily power consumption in kWh. Library staff indicated that an average usage is around 30% of PC’s throughout the day, this is considered in weekly hours used. Laptop usage is based on 10 laptops a day being used and fully drained and then re-charged.
	Sources of electrical energy usage
	Number of items
	Power Demand per device (W)
	Hours used per week per device
	Estimated weekly energy consumption (kWh)

	Desktop PC’s
	52
	250
	21.75
	282.75 

	Projectors
	4
	300
	40
	48 

	Laptops (lapsafe)
	72
	90
	28
	181.4

	Display monitors
	6
	100
	35
	21

	Printers
	5
	500
	14
	35

	Vending Machines
	3
	500
	168
	252

	Elevator
	2
	3,800 kWh/year
	-
	72.88

	Hand dryers
	14
	1500
	1
	21

	Long bar lights (10m approx.)
	21
	170
	72.5
	258.83

	Short bar lights (5m approx.)
	64
	85
	72.5
	394.4

	Bulb lights
	83
	13
	168
	181.27

	Bookshelf lights
	60
	20
	20
	24


Table 2 – Estimated weekly electrical energy usage

One report suggests that devices use 1.96% of their base power when on standby (npower, 2013). Therefore, accounting for this it is estimated that the expected base power consumption excluding HVAC systems is 7136kWh per Month. Table 3 shows a collated list of power consumption statistics over the past 6 months.Figure 3 – Graph of monthly energy usages


	Month for 2019
	Electrical usage - kWh
	Gas usage - kWh

	July 
	15690.01
	5902

	August 
	16465.18
	6682

	September 
	18250.58
	6588

	October 
	23266.28
	7553

	November 
	26291.15
	7715

	December 
	26657.61
	7831


 Table 3 – Monthly energy consumption data

Figure 3 illustrates the demand in electrical power, one possible reason there is a rise in temperature from October, is most likely due to the University term starting and as students arrive. It is also important to recognise that increased demand, increases costs of power demonstrated by Figure 3 which shows the change in cost per kWh over the past 6 months. Minimisation of energy usage during winter months is paramount.









Figure 4 – Graph of cost electricity paid per kWh over 6 months
[bookmark: _Toc31593182]Baseline for Building Energy Use
[bookmark: _Toc31593183]Estimated heating loss through fabric
Measurements of the building have been taken to estimate the surface area of the Y Fforwm building. With a length of 50m, a width of 22m, a width to height ratio of approx. 2:1 and a 30 roof slant, the surface area was estimated as 3424.6 with the help of solid works. Figure 5 demonstrates the model used to estimate the surface area of the building. Figure 5 – Image of Y Fforwm building against solid works model to scale (UWTSD, 2019)

	The building consists of clear cavity wall and argon filled double glazing, to estimate the thermal loss through the fabric of the building, U values must be calculated shown in table 4 (MATWEB, 2020).
	Layer material
	Thickness(m)
	Thermal Conductivity ()
	Thermal Resistance 
(

	Wall
	
	
	

	Outer Brick
	0.1025
	0.15
	0.6833

	Air
	0.05
	0.02435
	2.0533

	Aerated concrete
	0.1
	0.12
	0.8333

	Thermal Board
	0.04
	0.3
	0.1333

	
	
	Total Thermal resistance  Wall
	3.7033

	Glass
	
	
	

	Glass x2
	0.005
	0.8
	0.0063

	Argon
	0.020
	0.0172
	1.1628

	
	
	Total Thermal resistance  Window
	1.1690


Table 4 – Table of wall fabric constituent materials

Based on theses thermal resistances the building has a U-Value of 0.27 for the walls and 0.855 for the windows. Based on visual inspection, the walls cover 70% of the building and the windows, 30%. Therefore, a set of estimated thermal losses can be calculated using Equation 1 (Johnston, et al., 2017).  represents the change in temperature through the material; as external temperature changes on a monthly basis an estimated heat loss must be calculated month by month (Sheffield Weather, 2020).

	Month
	Average Temperature
	Estimated thermal loss through walls
	Estimated thermal loss through windows
	Total power thermal loss (W)
	Lost Energy per Month (kWh)

	July
	17.8
	1774.656
	3747.88224
	5522.538
	133.6

	August
	17.1
	2162.862
	4567.73148
	6730.593
	211.6

	September
	13.7
	4048.434
	8549.85636
	12598.29
	590.1

	October
	9.2
	6544.044
	13820.3158
	20364.36
	1091.1

	November
	5.4
	8651.448
	18270.9259
	26922.37
	1514.3

	December
	5.4
	8651.448
	18270.9259
	26922.37
	1514.3



[bookmark: _Toc31593184]Baseline calculation
One report suggests that for a library building around 13 is an expected usage. Therefore, the projected energy consumption of the building is at 31,317kWh (Menezes, et al., 2014). With a combined gas and electricity peak usage in December of 34,488kWh; there are improvements to be made in the system.

[bookmark: _Toc31593185]Evaluation of Energy Saving Measures
[bookmark: _Toc31593186]Electrical measures
It was found during the walk-through survey that the PC’s are left on standby through the night, based on a 1.96% power usage on standby this means a potential 22kWh of energy could be wasted. Ensuring there is a functional shutdown timer on the PC’s will cut this cost down. 
	It was noted that the bulb lights are intended to operate on a timer however, they are very often left on throughout the night, this could be causing energy wastage in the night. Simply fixed by re-programming the BMS to turn the lights off at a set time.
	The doors to the Y Fforwm building operate as both revolving doors and sliding doors, the sliding mode is the mode in which the doors are most often operating; however it is suggested  that revolving doors can be 8x more energy efficient due to the wind not having any way to force cold air into the building (Continuing Education Center, 2017). Therefore, a potential recommendation is to keep the doors only in revolving mode; this is especially pertinent in the Y Fforwm building as doors open at either side of the building allow for very easy air movement which makes HVAC far more inefficient.
[bookmark: _Toc31593187]HVAC measures
It was found through inspection that one of the sensors which controls heating and cooling was located close to a heat source, as the HVAC systems are grouped and discrete, the heating of a zone could very easily be conflicting with the cooling of another as the heating of a sensor will be providing a false feedback reading to the BMS leading to excess energy usage. A fix would be to ensure no heating or cooling sources are near any sensors proving information to the HVAC systems. Another potential issue with the BMS is the dead band zone: The IQ building also faces issues with HVAC, with some rooms being well above the desired temperature and some rooms being well below the desired temperature. Therefore, a recommended action would be a recalibration of the dead band zone where there is no heating or cooling above or below the desired temperature within a range.
Ventilation is one of the largest costs in a library building with books requiring specific humidity and temperature levels; CIBSE regulations state a recommended ventilation rate of 8l/s/person (CIBSE, 2015). The Y Fforwm building will rarely see more than 60 people at any one time making the regular maximum around 500l/s of space ventilation. One report suggests that it is not just high humidity that causes damage to books, but cycles of high and low humidity (UCONN, 2019); therefore, if ventilation is to be changed through the night then it will have to be within 20% of base ventilation rate to avoid cracking and shrinkage of books.
	

De-stratification pumps are intended to de-stratify hot water calorifiers once for a short period every day; however, one common loss of energy is through constantly running de-strat pumps. This leads to inefficient water heating and hot water not reaching intended temperatures. Checking destratification pump cycles will ensure the energy is not lost.
[bookmark: _Toc31593188]Recommendations
As the building is relatively new the installation of new primary HVAC or electronic equipment would be unwise and would likely have unproportionally large payback periods; with all the newest solar panels, 98% efficient boilers and Smart metering, the Y Fforwm building has potential to be optimally efficient. Most of the problems facing the building are surrounding the management of the BMS in place. The first recommendation would be the implementation of reduced night-time ventilation of 20% reduction to reduce ventilation costs as described in the above section. As the number of people using the Library changes depending on the time of year and day of the week; the installation of a CO2 sensor will allow for transient response of ventilation as CO2 rate is related to current building occupancy, the full installation of a CO2 system would costs approximately £535 (Amazon, 2018). With Air conditioning representing approx. 25% of all HVAC systems (Hauser, 2014) a 20% potential reduction in Ventilation could save 500kWh or £75 per month. The next recommendation is to perform system checks on the De-stratification pump to ensure it is not constantly running. It would next be suggested to move all heating/cooling devices away from temperature sensors and re-calibrate a dead band to stop conflicting heating/cooling. The next recommendation would be to keep the doors as revolving doors which maximises thermal efficiency of the building. The final recommendations are to put the PC’s on the BMS and turn off all lights and PC’s at a given time. Long term it is suggested to ensure the f-gas service contract are ensuring no leaks in the VRF cooling systems, which is one of the leading causes of cooling system inefficiency.
 

[bookmark: _Toc31593189]Appendices
Sources for energy consumption – Table 1:
Vending machines - (OUC, 2018) – consume 4,400kWh a year = 502.3W  500W
Strip Lighting - (National Lighting, 2019)– 26W for 1.5m therefore 1m = 17W
Bulb Lighting - (RobinHoodenergy, 2018) – 13W per bulb 
[image: Image][image: Image][image: Image]Images of the plant room:
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Electrical usage - kWh

Electrical usage - kWh	July	August	September	October	November	December	15690.01	16465.18	18250.580000000002	23266.28	26291.15	26657.61	Month


Energy usage kwh



Cost paid per kWh Electricity (pence)

Cost paid per kWh Electricity (pence)	July	August	September	October	November	December	14.97309434474548	14.762486653653346	14.31039451896871	15.306271565544643	14.942252430951097	14.886668384750172	
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