Question 1
Compressed air for industrial applications is often thought to be a relatively cheap source of energy, but the reality is that it is a very expensive and often needlessly wasted.

a) Analyse how energy can be recovered from compressed air systems and what factors should be taken into account when evaluating the feasibility of such systems.
(12 marks)

b) An air compressor operates 16 hours a day, 5 days a week and for 48 weeks of the year.  The engineering manager has calculated that the compressor is on-load on average for 12 hours a day and off-load on average for 4 hours a day.  While the compressor is on-load the motor uses 25kW and off-load 8kW.
Calculate the annual energy consumption and annual energy cost assuming electricity costs 12.2p kWh.
(6 marks)

c) Discuss the role played by (1) Drain taps; (2) Receivers and; (3) Regulators in compressed air systems
(7 marks)

Question 2
With a great deal of emphasis placed upon having a comfortable working environment air conditioning systems are being used more and more to help achieve this.

a) Evaluate the importance of considering sol-air temperature and conductive heat gains when assessing air conditioning systems.
(10 marks)

b) A design office occupies a four storey building which has a floor area of 300m2 per floor and has occupancy of one person per 4m2 of floor.  The heat gains are 110w per person; lighting 15w/m2 and desk top computers which are evenly spread throughout the building are 30w/m2.  The air conditioning plant is centralised. External heat gains are 120kW and summer design indoor and outdoor air temperatures are 20°C and 38°C respectively.  Standard degree hours are 7,420.
AED = Q x SDD/dt
AEC = 0.5 x AED

(i) Estimate the annual energy consumption
(9 marks)
(ii) Determine a performance indicator for the building
(2 marks)
(iii) Calculate the annual carbon dioxide emissions using a factor of 0.27
(4 marks)

Question 3
The correct levels of lighting need to be applied in organisations in order that employees have the appropriate level of illumination to carry out the task in question.

a) A small assembly area 30m x 18m x 4m high has illuminance factors of 50 ceiling and 30 for the walls.  The maintenance factor is assumed to be 0.80.  The illuminance required for the task is 650 lumens/m and the lighting design lumens are taken as 5,500 lumens.  The working plane is 1.4m.

Table 1 for utilisation factors
Luminance Factors Room Index
	Ceiling  Walls            0.75    1   1.25  1.5   2    2.5   3     4     5

	70	     50	           48     53 	 59    64   71   75   79   83   86

	70	     30	           40     46	 51    57   64   69   73   78   82

	70	     10	           35     40	 46    51   59   64   68   74   78

	50	     50	           43     48	 52    57   63   67   70   74   76

	50	     30	           37     41	 46    51   57   62   65   70   73

	50	     10	           33     37	 42    46   53   58   61   67   70

	30	     50	           39     42	 46    50   55   59   61   65   67

	30	     30	           34     37	 42    46   51   55   58   62   65

	30	     10	           30     33	 38    42   48   52   55   59   62



(i) Calculate the number of luminaires required.
(6 marks)

(ii) If each luminaire uses 180W calculate the annual energy consumption for the assembly area assuming that it is in use for 18 hours a day, 5 days a week, for 50 weeks a year.
(4 marks)

(iii) Calculate the annual energy costs of the lighting the assembly area if electricity costs 12.8p/kWh.
(2 marks)

b) Analyse the range of issues that should be considered when replacing and designing new lighting installations.
(13 marks)
Question 4
Nuclear power has always been a very controversial source of electricity production, due to its costs, safety issues and production of hazardous waste.

Evaluate why there is so much concern about the hazardous wastes, produced in nuclear reactors and the steps that the industry has taken to manage this waste better.
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