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1. (a)  In evaluation of proposed long-term energy saving schemes, what are the advantages of using Discounted Cash Flow (DCF) methods of investment appraisal.
(4) 

(b) Describe what is meant by the Net Present Value (NPV) of a project, and in particular, what the NPV figure itself describes.
(3)

(c) In the NPV method, what is the relationship between discount factor and discount rate.
(3)

(d) A company is evaluating three energy saving projects, as shown in the table below:



	
	Project 1
	Project 2
	Project 3

	Capital cost (£)
	12000
	12000
	16000

	Year
	Net annual savings (£)
	Net annual savings (£)
	Net annual savings (£)

	1
	+5000
	+3600
	+3500

	2
	+4000
	+3400
	+3750

	3
	+3000
	+3200
	+4000

	4
	+2000
	+2800
	+4250

	5
	+1000
	+2600
	+4500

	6
	- 1000
	+2400
	+4750



For a discount rate of 12%, calculate the NPV of each project. 
(10)

2. (a) How is Accounting Rate of Return (ARR) calculated?
(5)

(b) What is the difference between Internal Rate of Return (IRR) and ARR?
(5)

(c) The management of a swimming pool is considering installing a heat-pump as the air leaving the pool is very humid and the heat pump can recover the enthalpy of vaporisation of the moisture in the air. Various schemes are considered which have different features. The Energy Manager has prepared details of two schemes which require £120,000 of capital and which generate the patterns of savings shown in the table. 







Savings (£) for





Project 1


Project 2




Year 1
30,000


50,000





Year 2
30,000


45,000





Year 3
35,000


43,000





Year 4
40,000


41,000





Year 5
50,000


30,000





Year 6
60,000


20,000




Assuming that the life of the project is six years, and using the straight-line depreciation method, calculate the value of ARR for each scheme.
(10)

3. (a) Draw a diagram of how a heat pump system could be combined with a plate heat exchanger in order to maximise heat transfer from a higher temperature exhaust stream. Use the following components and show the interconnections and direction of fluid flows.


(5)









Evaporator



Throttle-valve




Condenser


Plate heat exchanger




Compressor




Electric motor

(b) A swimming pool is heated by the above system. A volume flow rate of air of 15,000 m3/hour leaves the pool hall at 28oC, with a relative humidity of 70%, passes across the heat exchanger and then the coils of the heat pump evaporator, leaving at 17oC. The fresh air enters at 5oC, relative humidity 80%, passes across the heat exchanger and then the coils of the heat pump condenser, entering the pool hall at 31oC. The following additional data is given.

Data: 





Effectiveness of heat exchanger = 0.8




Air enters evaporator coils with a relative humidity of 90%




Power input to the compressor  = 4.16 kW



(i) Determine the mass flow rate of dry air leaving the pool.
(3)

(ii) Show that the heat transfer across the heat exchanger is         


18.8 kJ/kg





 

(3)

(iii) Calculate the heat transfer from the condenser coils.
(3)

(iv) Calculate the percentage saving in using the energy recovery system instead of electric heating of the fresh air to the pool hall temperature






(3)

(v) Sketch the psychrometric chart with all the salient points marked.
(3)

4.
(a)
List the potential problems which need to be considered before installing Combined Heat and Power (CHP) systems. 
(4)



(b)
Draw an energy flow diagram showing a comparison of a conventional system versus a diesel powered CHP system, where both electrical power and heat are supplied to premises.


(4)

(c) Given that:




Power station thermal efficiency = 38%




Boiler efficiency = 82%




Thermal efficiency of CHP diesel = 40%




Efficiency of waste heat recovery system = 67%




Heat/Power Ratio = 1:1


Calculate the increase in efficiency of the CHP system over the conventional system.








(4)


(d)
As the heat/power ratio changes over the range from 0:1 to 4:1, plot a graph of the increase of efficiency of the CHP system over the conventional system. 







(8)

5. (a)
What are the four main components of a micro-CHP system?
(5)

(b)
The electrical output can either be synchronous or asynchronous. Explain what this statement means.





(5)

(c)
A hotel has an electrical load of 48 kW and a demand for hot water which generates a heating load of 90 kW during a year in which the average proportional usage is 75%. This demand is currently met from mains electricity and an oil-fired boiler. It is proposed to install a micro-CHP unit, which uses natural gas. The installed cost of the unit is £24,000. Using the data below, calculate the payback period.


(10)



Data:


Present scheme:

Electricity: 


average unit charge = 4.1 p/kWh. 

Boiler:


efficiency = 70%, 


fuel cost 11 p/litre, 


Gross Calorific Value of fuel = 40 MJ/litre, 


annual maintenance costs = £500.

Micro-CHP scheme:

Engine:


gas input = 153 kW,


heat output = 90 kW, 


power output = 48 kW, 


fuel cost = 32 p/therm (1therm = 29.307 kWh), 


annual maintenance costs = £1,500.

6. Write an essay about either:

(a) Data Acquisition and Control Instrumentation in Energy Management.






(20)










(20)


Or

(b) The Roles of the Energy Manager.



(20)






















