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Analysis of Energy Consumption in the building during the year 
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The UWTSD Business School building’s energy consumption is to be analysed to reduce the yearly energy consumption and propose idea on minimising energy costs. A survey of the building was conducted to understand the use of the building’s facilities on a monthly and yearly basis. The energy consumption being analysed will be the electricity and gas use. The data collected will be analysed and compared. Other building uses to take into consideration are the uses of different lecture rooms, computer rooms, kitchen facilities etc. There various energy consuming appliances within the building and all these uses will be taken into account when analysing the data collected. The aim is to analyse the data collected and identify the use periods and compare the different semesters and also identify the best times to utilize the energy. Other aspect that will be analysed are the minimum and maximum consumption periods within the building. The objective and outcome of the data analysis is to reduce the energy consumption and define solutions that will contribute to saving costs on the electricity and gas consumed. Improving the energy efficiency within the building without changing the comfort levels is another aspect that should be highly considered. 
The results produced from the graphs will illustrate the energy consumption uses during day to day, monthly, yearly and also identifying the difference between 1st and 2nd semester. Change in weather also affects how energy is consumed within the building during the year. An analysis will be conducted on the different weather and temperature changes within the year. This analysis will identify the energy consumption uses of the building and also define the solution that can benefit the UWTSD Business School’s energy consumption and ways to utilise the building effectively. 
Methodology 
This case study is focused on the Business School to define the energy consumption within the building and suggest solutions to reduce the energy consumption in the building. The building is in use throughout the year, which means the energy consumption is being used all year round, but at different rates and cost. Electricity and electrical appliances account for a massive energy use within the building as lights, sockets and various other electrical equipment are used on a daily basis. The high energy consumption contributes to the CO2 emissions being emitted into the atmosphere. The aim is to reduce the energy consumption and find ways to minimising the energy being used.
The energy is supplied by Eon a well-known company around the UK and are based in Germany were the company has originated from. The energy tariffs Eon offer vary in different locations of the country. Part of the methodology is to analyse the energy tariffs in the location of the Business School and identify the difference between electricity and gas. 
Techniques 
Using the gas, electricity and costs data for the year provided by the Business School the data will be anaylsed to show the uses in different ways. The method that will be adopted for this energy consumption analysis for the UWTSD Business School building will be to analyse the data collected and illustrate the data into graphs, pie charts and tables. Different techniques will be used to produced graphs and pie charts. Using the excel software, numerical data will be inputted into the software accurately as this is important. It’s important to use the correct data as not doing so would produce errors in the final results. Two data sets are being analysed which are gas and electricity both with individual graphs. Graphs for the costs of both gas and electricity will be produced to be analysed and maybe compare to the previous year. Graphs will be produced to show results over a one-year period and also on a monthly basis to see the change in energy consumption within the building. The graphs will also illustrate the maximum and minimum use periods within the university year and to try and identify a trend within the data. Identifying trends within the data is important because the different trends within the data is what sets them apart. Trends that should be identified within the data are the maximum and minimum use points in the faculties. Other trends that should be identified are the differing cost prices in different months of the year. The graphs should give a clear understanding on how the building performs over different times of the year which would also help in identifying solutions that would help reduce the energy consumption in the building.  
Survey
An energy efficiency survey was carried out on separate rooms in the Business School building identifying the different electrical appliances and components within the selected rooms. The aim of this survey was to understand the energy being consumed within the rooms and how much energy the rooms were producing. The rooms were measured taking into account the room sizes, floor space, windows, walls, sockets and electrical appliances. The use of these rooms depends on the University timetable and lectures allocated to those rooms. The aim was to collect the data to be analysed in order to calculate the energy efficiency of the rooms. Another survey technique that was used was the thermal imaging camera which helped identify weaknesses within the building. Both rooms were surveyed using a thermal imaging camera. In one of the rooms the camera identified condensation in one of the walls. The thermal imaging camera proved to be a reliable instrument for the type of survey that was conducted. The data collected from the thermal imaging camera was analysed and the results obtained contributed to the survey findings. Applying this type of techniques and using it at a larger scale would prove difficult. Using a thermal imaging camera on the whole building would implicate the results as the time of day and light reflecting on the building would contribute to inaccurate readings. Thermal imaging has its advantages and disadvantages which are listed below.
Thermal imaging advantages:
Effective during the day and at night 
High performance in all weather and air conditions
Low maintenance required
Thermal imaging disadvantages:
Expensive equipment
Thermal images cannot be captured through certain materials like glass and water 
Not suitable if sunlight is reflecting the object being thermal imaged
Acquiring accurate thermal images for the whole building proved to be difficult because of the weather conditions when then survey took place. The sunlight reflecting on the buildings metallic envelop proved difficult in obtaining accurate readings using the thermal camera. The sun reflecting on the building metallic cladding added to the heat reflectance towards the thermal imaging camera causing it to pick up inaccurate images. 


Results and Discussion
The data collected was analysed to help understand the buildings energy efficiency performance and to help reduce the energy used to minimise the emissions realised into the atmosphere. The two energy sources that were analysed are shown in table 1 which includes the yearly consumption and the overall cost spent on both energy supplies. This data used was collected from, November 2016 to October 2017 and November 2017 to October 2018. 
The energy supplied in the year 2016-2017 for electricity was much higher than the year 2017-2018. The electricity consumption in table 1 was much greater compared to the present year and there could be various reasons for such a huge reduction in the energy used. The energy consumption reduction also means a huge percentage drop in the electricity price. There could be many reasons to why the overall electricity consumption was much less in the present year such as change in weather, efficient building components being implemented into the building which would improve the energy efficiency of the building and many more improvements that could have had a huge impact on the consumption levels. The energy tariffs are also different in the day and night, the day being more expensive and night time being much less as less electricity is being used. The daily standard charge (p/kWh) in the location of the University is 21.105p, the day units (p/kWh) at 19.887p and the night units at 9.093p. The units presented are current, which could mean units (p/kWh) in the previous year could have been much more or the University could have been using different supplier completely. Different energy companies could have better incentives and offer better energy prices. 
The standard daily charge (p/kWh) for gas in the location of the Business School to date is 25.820p and could have been different tariffs in the previous year. All gas units (p/kWh) from Eon are 3.854p in the south of the country. Figure 1 shows the use of energy during the year and electricity being supplied to the site was 53% and the gas supplied was 47% throughout the year. 
Table 1. Energy as Supplied 2016 – 2017 (Author, 2019)
	Energy 
	Consumption (kWh)
	Cost (£)

	Electricity 
	331,979
	47,208.59

	Gas 
	294,913
	11,356.95

	Total 
	626,892
	58,574.54



Figure 1. Energy Supplied Nov 16 - Oct 17 (Author, 2019)


The electricity consumption for the present year as shown in table 2 reduced by 95,519 kWh during the year and the gas consumption increased by 48,433 kWh during the year. The overall energy consumption total for the present was reduced by 143,952 kWh. The reduction is so significant between previous and present years which needs to be researched further to understand such a change in energy used. As shown I figure 2 a large amount of gas was supplied to the University site in 2017 - 2018. Figure 1 is the reverse and illustrates that electricity was the most supplied energy to the site in 2016 - 2017. The building has various uses during the year and to understand how the consumption is used on a monthly basis graphs were produced to visualize consumption at different times of the year.
Table 2. Energy as Supplied 2017-2018 (Author, 2019)
	Energy 
	Consumption (kWh)
	Cost (£)

	Electricity 
	236,460
	30,485.62

	Gas 
	246,480
	12,100.72

	Total 
	482,940
	42,586.34



Figure 2. Energy Supplied Nov 17 - Oct 18 (Author, 2019)


The graphs below illustrate the use of electricity and gas throughout the Business School year of 2016 – 2017 and the year of 2017 – 2018. The energy tariffs are supplied by Eon for the year 2017-2018 and the previous year is unknown. The gas consumption in the present year as shown in figure 3 at the start of the University term was 690 kWh and the previous year consumption at the start of term was 42,632 kWh. There’s a significant margin between the two consumptions and this could be inaccurate calculation or inaccurate reading of the gas meter. The graph shows how the energy has been used at different times of the year for example between December, January and February the graphs show and increase in the use of energy in the building due to change in temperature and change in weather. The change in weather alters how the energy consumed in the building. The change in energy used between May, June and July is due to the weather changing as summer time approaches. Between July, August and September the gas consumed drops dramatically and the reason for this is the University facilities are not in use as the University term concludes in July. The graphs also illustrate the maximum and minimum demand for gas throughout the both years. The highest demand being in January when temperatures drop drastically and the least demanding period being summer time when the University year has concluded.
Figure 3. Previous vs Present Gas Supplied (Author, 2019)


The electricity consumption shown in figure 4 shows a consistent use of the energy supplied to the University as electricity is in high demand throughout the School year. The start of the year as shown in November being the highest peak and highest demanding period throughout the year due to students returning to their studies and new students starting the year. The electricity consumption for November was 34,925 kWh being the highest demand for the year. Between the two years of electricity consumption data collected the maximum demand did not exceed 35,000 kWh. Compared to gas, electricity use maintains an average use as throughout has electricity is needed to light up the building and also used for all electrical appliances in the building. The minimum demand was during the summer as the University year concluded. In the previous year the demand for electricity continued at a high rate compared to the present year.

Figure 4. Previous vs Present Electricity Supplied (Author, 2019)



Carbon Dioxide Emission

A large amount of energy is consumed in various ways whilst the Business School is in use throughout the year. The major energy demand to run the building contributes to the rise in CO2 emissions. The aim is to reduce CO2 emission by introducing green energy resources into the building. Table 3 shows the carbon emissions produced from the previous and present University years.

Table 3. Carbon Emission 2016 – 2017 (Author, 2019)

	Energy 
	Consumption (kWh)
	kgCO2/kWh
	Tonnes CO2

	Electricity 
	331,979
	  0.30794
	102

	Gas 
	294,913
	  0.1840
	54

	Total
	626,892
	
	156




Table 4. Carbon Emission 2017 – 2018 (Author, 2019)

	Energy 
	Consumption (kWh)
	kgCO2/kWh
	Tonnes CO2

	Electricity (17 - 18)
	236,460
	  0.30683
	72

	Gas
	246,480
	  0.1840
	45

	Total 
	482,940
	
	117



The tables shown above are the buildings carbon footprint according to the energy used from electricity and gas from the previous and present year. The carbon dioxide emissions emitted from the previous year were much higher equaling a total of 156 tonnes of CO2 from both sources of energy required for the building to function. Electricity being the highest, because of the higher demand of electricity to light up the building and power various equipment around the building. In the present year the carbon emissions were 117 tonnes much less than the previous year and reducing by 39 tonnes between 2017 – 2018. The demand for gas was higher in the present year compared to the previous year were electricity was in higher demand, but the CO2 emissions emitted from electricity were much higher due to the kgCO2/kWh of electricity. There was a significant reduction in CO2 emissions between the years which is a huge improvement as the total consumption in the years to come will be much less with smart technologies being introduced in to the building in years to come. 

Conclusion 

The analysis of the buildings energy consumption during the year in both previous and present years shows how the buildings supplied energies are used in terms of consumption and CO2 emissions. The research carried out shows a clear understanding on how the consumption of electricity and gas are used throughout the year. The objectives of the research were to identify the maximum and minimum consumption periods during the year and this was achieved by producing graphs and clearly illustrating the use throughout the year. The data collected was analysed to work out the CO2 emissions emitted and was achieve by calculating the tonnes of CO2 emitted in a year from the building. There was a significant difference in CO2 emissions emitted between the previous and present year, which clearly shows a change in how the energy is used in the building. The aim for this research was to understand the energy supplied in order to define solutions to further reduced the energy used and also further reduce the emissions emitted on a yearly basis. To pinpoint the use period in the building proved difficult with the data provided, because the overall consumption accounts for the whole energy supplied to the site. The use was broken down into monthly use comparing the electricity and gas bills understand the trend. Further research would need to be undertaken to understand the performance of different rooms in the building, which would give a clear understanding on the energy used in the individual rooms. 

Recommendations

To reduce the energy consumption supplied to the University site in future it would be ideal to introduce smart technologies into the building. Smart technologies would help monitor different parts of the building and accurately pinpoint rooms being used in the building to understand the use of energy around the building. Changing the lights to energy saving light would benefit the consumption used and also installing motion sensors in each room would improve the use of electricity around the building. Renewable energy technologies such as solar panels would help to reduce electricity bills over the years to come. To reduce gas building various steps can be taken such as changing the buildings insulations to thicker insulation. Changing components in the building such as windows from single glazing to double glazing reducing the amount of heat escaping the building. Implementing some of these recommended technologies would benefit the University in saving thousands of pound throughout the year and reduce the CO2 content emitted from the building. 
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Gas Consumption 
Present Yr 16-17 	Nov-16	Dec-16	Jan-17	Feb-17	Mar-17	Apr-17	May-17	Jun-17	Jul-17	Aug-17	Sep-17	Oct-17	690	46248	53360	35345	51908	30047	24685	4083	114	0	0	0	Previous Yr 17-18	Nov-16	Dec-16	Jan-17	Feb-17	Mar-17	Apr-17	May-17	Jun-17	Jul-17	Aug-17	Sep-17	Oct-17	42632	47263	52056	45045	10037	30631	23296	7839	906	0	16551	18657	
kWh


Electricity Consumption 
Previous Yr 16-17	Nov-16	Dec-16	Jan-17	Feb-17	Mar-17	Apr-17	May-17	Jun-17	Jul-17	Aug-17	Sep-17	Oct-17	34581	28365	31548	32488	34155	22663	27123	23322	21236	19990	23129	33379	Present Yr 17-18	Nov-16	Dec-16	Jan-17	Feb-17	Mar-17	Apr-17	May-17	Jun-17	Jul-17	Aug-17	Sep-17	Oct-17	34925	26493	32475	33368	33778	24956	27849	22616	0	0	0	0	
kWh


Energy Supplied Yr 16-17

[PERCENTAGE]
[PERCENTAGE]

Electricity  	Gas	331979	294913	
Electricity  	Gas	

Energy Supplied Yr 17-18

[PERCENTAGE]
[PERCENTAGE]


Electricity  	Gas	236460	246480	
Electricity  	Gas	
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