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1. Introduction

This handout gives  examples of questions which have been set in previous years in Energy or Energy Related Courses.  There are several sections.    All papers set prior to 1987 had Energy Conservation questions included, and these have been omitted  as have questions related to parts of the course no longer taught,  or topics which are now out of date.

For your reference,  the former Course Codes were

1977 - 1982     ENV-217 Energy, Materials and Society - this essentially covered material now taught in ENV-2E02 and ENV-2D02 and was equivalent to 40 credits.   The examination was three hours and students were expected to answer 4 questions from three different sections.

1983 - 1986    ENV-217  Resource and Society - for financial reasons following the departure of one member of faculty,  the Energy Course was 
reduced to the equivalent of 20 credits and combined with another course (a fore-runner of Fossil Fuels).  The examination was 3 hours with 3 questions to be answered from 2 sections.

1987 - 1993  ENV-258 Energy Resources - ran alternate years.   This had more or less the same format as present except that a limited content now taught in fossil fuels was included [NKT's contribution to ENV-2DO6].  The introduction to Energy Course was not a pre-requisite.  The format of the exam is the same as for the current year.

1995 - 2001 ENV-2B12.   In 1995, the course was essentially the same as this year except that ENV-2B70 (now ENV-2A14) was not a pre-requisite.     From 1997,  the format of the course was the same as this year.  




FORMAT of Exam

The Rubric on the examination paper will be of the following form:-

ENERGY RESOURCES
Time allowed:   2 hours

Answer THREE Questions, ONE from EACH SECTION.  Questions in Section A carry TWICE the number of marks of those in Sections A or B.

Answer EACH Question in a SEPARATE BOOK.

THIS MEANS IN EFFECT THAT SECTION A QUESTIONS ARE equivalent to 1 hour while SECTIONS B and C are 30 Minutes

You will have provided both the ENV Data Book and the Energy Data Sheets

PLEASE NOTE:  in some years it has been necessary to reorder the sections to ensure convenient page breaks.  Thus sometimes, the one hour section is Section A and sometimes it is Section C.

Types of Questions in the different sections

30 minutes questions.

One section will consist entirely of descriptive questions covering the whole range of the course.  There will be three questions and you will choose one.

One section will consist of two questions which will contain a numeric element which will be worth 60 – 70% of the question.  You choose to do one of these questions.

60 minute questions

There will be three questions;  two will be descriptive and one will have a numeric component which will be worth 60-70% of the question.  You choose to do one of these.

You can thus choose the proportion of the numeric component from a minimum of  17% to a maximum of 51%

2. Questions set prior to 1987

Please Note that some of these questions were 1 hour questions,  others were 45 Minutes.

In some cases,  comparable questions have been set which have been allowed different amounts of time.  Clearly for 1 hour questions more depth in the answer was expected than one which was scheduled for 45 Minutes.   In the current format,  30 minute questions also appear,  and but the general question could still be set, albeit expecting a less detailed answer.

Prior to 1987, questions could be included which were entirely numeric.  Now all numeric questions must have at least 30% as a descriptive component (which may be a discussion of the assumptions involved),  but may have a larger descriptive component.  Thus some earlier numeric questions may not be quite the format at those suitable for an examination today.

The questions are listed in no particular order

1.  For the proposed nuclear power station at Sizewell,  the CEGB has chosen a pressurised water reactor.   Assuming that Britain is to continue with a Nuclear Power programme,  is the PWR the best choice of reactor?    (1 hour)

2.   Describe, with examples,  how energy may be extracted from the wind.   Indicate clearly the type of application to which each method might be employed,  and the range of power which it can supply.  What problems might hinder a widespread development of wind power in the UK?   (1 HOUR)

3.  How is energy released by nuclear fusion and fission reactions?   Why are the products of fission reactions radioactive?   Characterise this radioactivity and explain how and why the radioactivity of the fission products changes over time.   How may fuel for fission and fusion reactors be produced as a consequence of nuclear reactions?   (45 Minutes)

4.  (45 Minutes) 

     Define the following terms:-

      (a)    Nuclear fission

      (b)    Nuclear fusion

Describe the following types of reactor and explain the differences between them.

    1)   Reactor fuelled with natural uranium

    2)   Reactor fuelled with enriched uranium

    3)   Fast Breeder Reactor

5.   Describe the means by which geothermal energy can be made available for practical use.   What problems arise in the production of geothermal energy?   (45 Minutes)

6.   Outline the future prospects for new technologies for the use of coal.   Explain how these new technologies would overcome some of the present problems in coal production and use.  (45 Minutes)

7.   Describe the hazards which can arise from a nuclear power programme  (45 Minutes)

8.   What potential does solar energy have for the domestic sector in the UK   (45 Minutes)

9.   Evaluate the criteria which the CEGB uses for closing old power station and replacing them with new plant.  (45 MINUTES)

10.   (1 HOUR)

   Either   Formulate  the basic aspects of an energy policy for the UK for the next 30 years.

    Or     Describe how energy may  be extracted from the oceans.   Give examples of the devices which may be used to extract such energy,  and indicate how such energy could be supplied to the consumer.

11  Describe the methods used to reprocess used fuel elements from the generation of electricity by nuclear power.    Discuss the advantages and disadvantages of such reprocessing.   (1 HOUR)

12.  Outline the nuclear fuel cycle for the different reactor type in use or under development.   How do these fuel cycles differ,  and what are their merits and demerits.  (45 MINUTES)

13..   Describe and comment upon the schemes currently under consideration for extracting energy from the waves.  Why is wave power being explored with such vigour in the UK?  [45 Minutes]

14.  An electricity generating power station operating at 60% of Carnot efficiency has maximum and minimum cycle temperatures of 527oC and 27oC.  The station is modified so that 50% is diverted through a pass-out valve before the final turbine stage at 127oC.  If this steam is used to serve a district heating scheme with an effective thermal efficiency of 80%,  what will be the overall primary energy conversion efficiency.  How does this compare with that of the unmodified station.  (45 MINUTES).

[This question has not been fully covered in the course this year - and so you can disregard it,] 

15.   Why is energy storage a critical factor in determining the form and installed capacity of electric power stations.   In what ways may over-capacity be reduced in the short and long term?  (45 MINUTES)

16..  Describe in detail two thermal nuclear reactor system used for electric power generation.  In what ways does a fast breeder reactor differ from these,  and why does this require separate consideration when examining nuclear policy?   (45 MINUTES)

17.   Outline a reasoned strategy for energy supply for the UK over the next 50 years.  In your answer take care to examine transitional periods and the relationships between energy supply and mobility,  personal consumption and industry.  (45 MINUTES).

18.  If you were given a budget of £1000 million  to spend over the next 5 years on energy supply and conservation.  How would you allocate it?  Justify your answer.   (This has been modified slightly from original question).  (45 MINUTES)

19..   Describe in detail the nuclear Fuel Cycle.   Briefly consider which points of that cycle are contentious in the UK  (1 HOUR)

20.     Describe the working of a pumped storage scheme.   Evaluate the merits of such a scheme.   Explain how such schemes are integrated into the UK National Grid.  (1 HOUR)

21.   Outline the current status of tidal power world-wide.  What are the major environmental effects of tidal power generation?  (1 HOUR)

22. State briefly what is meant by energy production from biomass.  Discuss the problems stemming from possible conflicts between food production and energy production from biomass.  (1 HOUR)

23.   Argue the case for the continued development of nuclear fission power.  In your answer attempt to allay the various misgivings which have been expressed about the nuclear power option in recent years  ( 45 MINUTES)..

24.  Describe three different methods for storing energy,  and briefly state how they might be used.  Why are energy storage techniques of importance when considering renewable energy supplies?  (45 MINUTES)

25.   Describe two processes (based on different physical properties) for extracting energy from the oceans.  Give examples of the devices which may be used in both processes.  (45 MINUTES)

26.  Describe in detail,  proposals to set up a satellite solar power station.   What might be the advantages and disadvantages of such a scheme?  What problems would have to be overcome to achieve safe and economic operation?   (45 MINUTES)

27.  Discuss the merits of demerits of opting for a future nuclear programme in the UK based on the following 3 types of reactor 1) AGR's,  2) PWR's,  3) FBR's.  (45 MINUTES)

28.   Briefly describe the options available for storing energy in the domestic sector.  (45 MINUTES).
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Fig 1.    shows the distribution of solar radiation for a clear day in March.  A  house has a heat requirement of 300 WoC-1,  and the internal temperature is kept at 20oC.  Estimate the area of solar collector required if the house is to be self sufficient in energy in the summer months from March onwards.

The following data are relevant.

     mean external temperature in March   - 6.9oC

     efficiency of solar collectors         40%

     incidental gains in house              1.5 kW

Energy storage is to be provided in the form of a hot water store operating over a 25oC temperature range.   Estimate also the minimum volume of the store required to be compatible with the above solar collection scheme.

 QUESTIONS SIMILAR TO THIS QUESTION HAVE APPEARED TWICE ON EXAM PAPERS - 1981 and 1986].

A worked example is also shown in the Lecture Handout for the Solar Energy Section of the Course

29 . Describe, giving examples, how pumped storage schemes work.

The Lac Noir/ Lac Blanc pumped storage scheme in the Voges mountains has five 250 MW generating/pumping sets.  The mean difference in elevation between the upper and lower lakes is 300 m, while the upper lake as a mean surface area of 50 hectares.  The efficiency of sets in both the generating and pumping modes is 90%.  

Estimate the maximum rise and fall in the upper lake if generation at maximum output can continue for 6 hours.  Also estimate how long it will take to pump the water back uphill to replenish the upper reservoir after a period of maximum generation.  [30 Minutes]

================================================================================

Section 3.   1991 Paper in full




SECTION  A   (25%)  -  30 minute questions

1.  Explain the differences between the so called 'Green' Power Stations and Conventional Power Stations.  Discuss the advantages of the 'Green' Power Stations, and explain why interest in them has increased in the last two to three years.

[This question is no loner relevant as the material is now covered in ENV-2B19 Fossil Fuels]

2. EITHER   Discuss the advantages and disadvantages of the different methods available for enriching fuel for nuclear reactors.   

OR      Explain why some Countries favour reprocessing of spent fuel elements from nuclear reactors, while other do not.

3.  What is meant by Active and Passive Solar Energy Systems.  Describe how passive solar energy may be used for both heating and cooling.  What problems are there with passive solar energy systems?




SECTION  B   (25%)  -  30 minute questions

4.   Briefly describe how a solar energy may be used to supply domestic hot water.

An solar panel manufacturer has recently claimed that his product which consists of a 2m2 solar panel and associated storage tank will save a household £120 a year.  If the average householder uses 160 litres of hot water a day (at a temperature of 55oC), and the cost of electricity is 5.866p per kWh, investigate whether such a claim can be substantiated.  The mean availability of solar energy throughout the year is 115 Wm-2, and the efficiency of the solar panels is 55%.  The inlet temperature of the water to the house is 10oC.  If the total cost of the installation is £2000, and it has a life span of 20 years, is the scheme cost effective?  [numeric part 70%]

[The worked example of this question may be found in Section 7]

5.  Briefly Explain why some wind turbines have large numbers of blades while others have only two or three.  Give examples of the applications of both types of wind turbine.

The kinetic energy (E) in wind is given by:- 

      E      =  0.5 SYMBOL 104 \f "Symbol"  SYMBOL 112 \f "Symbol"

SYMBOL 114 \f "Symbol"AV3    watts

  where  SYMBOL 114 \f "Symbol"  is the density of air (1.0 kgm-3),

             SYMBOL 104 \f "Symbol"  is the theoretical efficiency factor (0.5926),

             A  is the area swept by the turbine (4.0 m2),

   and   V  is the velocity of the wind (ms-1).

The practical efficiency is 67.5%.

Over a typical day, the mean velocity of the wind over two hour periods is as follows:-

Hour
Velocity (m.s-1)

00 - 02
4.0

02 - 04
6.0

04 - 06
5.0

06 - 08
8.0

08 - 10
10.0

10 - 12
12.0

12 - 14
12.0

14 - 16
11.0

16 - 18
7.0

18 - 20
4.0

20 - 22
5.0

22 - 24
3.0

If electricity can be generated whenever the wind velocity exceeds 4.5 m-s, and the turbine is regulated to give a constant output when the velocity equals or exceeds 10.94 ms-1, estimate the electricity generated in the 24 hour period.  Give your answer in kilowatt_hours.   [numeric part 70%].

[The worked example of this question may be found in Section 7]




SECTION C   (50%)  - 1 hour
6.EITHER Explain why Britain does not have a coherent Energy Policy.

    OR       Consider how far the privatisation of oil,gas, and electricity generation is likely to promote or discourage energy conservation in the UK.

7.  Explain why energy storage is important for both the energy supply industries and also the consumer.  Describe four different methods by which energy may be stored giving examples of each, and for two of them estimate the volume required to store 1GJ of energy.                 [numeric part 30%].
8.   Several different schemes have been suggested for the extraction of energy from tides in the Severn Estuary.  Briefly describe them giving the advantages and disadvantages of each.

The height (h) of the water level above mean sea level in the Rance Estuary in Northern France may be approximately found from the relationship:-

              h =  0.5*d*cos(360*t/p)

where t is the time in hours after high tide,

      d is the range (maximum-minimum) of the tide = 9.0m,

 and  p is the period between high tides (12.5 hours in this case).

Generation of electricity takes place whenever there is a head difference of 2.089m or more, and continues until the level of water in the basin falls to 0.779m below mean sea level.  The turbines have an efficiency of 60%.

Estimate how long generation can continue during each tidal cycle.  Estimate also the mean output from the power station if a total of 108.73 x 106 m3 of water pass through the turbines during generation.   [numeric part 70% ].

[A full worked example of this question may be found in Section 16 of the handouts]

Section 4:  1993 Paper - Relevant Questions

1.  Describe the mechanisms of the Electricity "Pool" system in England and Wales and how it differs from the way electricity was distributed prior to March 1990.  In your answer discuss the influence the different participants have on the operation of the "Pool". [30 Minutes]

2. In some locations in the UK where wind turbines have been located there has been serious local opposition.  Explain why such a renewable form of energy should arouse such opposition. [30 Minutes]

3.  Several methods have been proposed for harnessing energy from the tides.  Briefly summarise the main advantages and disadvantages of the various schemes.  Where in the UK might such schemes be located, and which in your opinion, should the first tidal power station be constructed?  [30 Minutes]

4.  Briefly describe how a solar energy may be used to supply domestic hot water.

The mean energy required to provide hot water for a family is 1 GJ per month.   At present this is provided from the gas fired central heating system.  A solar panel having an efficiency of 50% and an area of 2 m2 is installed to pre-heat the hot water.  The pump to such a system consumes 32 W, half of which assists in heating the water.  If the Primary Energy Ratios of the gas and electricity are 1.06 and 3.06 respectively estimate the percentage saving in primary energy using the solar heater given the following data.

      Months                   Mean             Mean 

                            Solar Gain    Boiler Efficiency

   October - March          52.7 W m-2         66.3%

   April - September       178.7 W m-2         50.2%

[You may assume that both six month periods are of equal length i.e. 182 days].     [numeric part 70%]

[see section 7d for the solution to this question]

5.   Describe, giving examples, how pumped storage schemes work.

The Dinorwig pumped storage scheme has six 300 MW generating/pumping sets, any five of which may be used simultaneously.  The mean difference in elevation between the upper and lower lakes is 300 m, while the upper lake as a mean surface area of 50 hectares.  The efficiency of sets in both the generating and pumping modes is 90%.  

Estimate the maximum rise and fall in the upper lake if generation at maximum output can continue for 5 hours.  Also estimate how long it will take to pump the water back uphill to replenish the upper reservoir after a period of maximum generation.   [numeric part 70% - 30 Minutes].

[see section 7d for the solution to this question]

6. The Sizewell Enquiry made the recommendation for the construction of a Pressurised Water Reactor.   How does this reactor differ from the others currently in use in the UK?  Was this the best choice of nuclear reactor for the UK?  [60 Minutes]

Questions 7 and 8 in 1993 are now covered in the ENV-2DO6 Non-Renewable Resources Course and are no longer relevant.

Section 5.  1995 Exam Questions

SECTION A (25%) - 30 minutes

1. A hydro electric power station is proposed for an area in which there is an annual rainfall of 2000 mm, of which 60% reaches the reservoir.  The catchment area is 25 times the impounded lake area which has an average seasonal area of 15 km2.  The power station is to be positioned in an adjacent valley 310m below the crest of the dam, while the water intake to the station is 20m below the crest.  

If 20% of the possible energy is lost through pipe losses and inefficiencies in the turbines, estimate in GWh, the electricty generated in the year.  

If the turbines have an output rating of 2.92 times their mean load estimate the maximum time they could generate at full power.  

Clearly state any assumptions you make.       [for solution - see section 7e]

2. Energy Paper 62 (1994) indicates that biomass will contribute in an major way to the generation of electricity from renewable energy sources.  Discuss whether this is a sensible use of such a resource. 

                                                                                                                                 [30%]
It is planned to build a wood burning power station generating 25 MW electricity and having a load factor of 70%.  The station will generate electricity by using a conventional steam turbine as the motive power.  Relevant data for the proposed project are given in Table 1.

Estimate the area of forest needed to make such a project sustainable and also the area of forest which must be cleared each year if only 30 year trees are felled.                                              

[70%]

TABLE 1.

inlet temperature to steam turbine
442oC
isentropic efficiency
75%


exhaust temperature from steam turbine
27oC
generator efficiency
95%


combustion efficiency
90%
station use of electricity
5.95%


effective energy overhead

 associated with wood harvested
12.4%
calorific value of wood
20 GJ
tonne dry wood

annual growth rate of dry wood
20 tonnes per hectare




 [for solution - see section 7e]

SECTION B    (25%) - 30 minutes

3.   Describe  how an Oscillating Water Column, used in conjunction with an air turbine, can be used to abstract shoreline wave energy.

Wave energy levels along British coasts are amongst the highest in the world.  What are the technical and environmental problems which wave energy developers continue to face?

4.   Describe how the different types of Wind Energy Converters operate.    Summarise the  advantages and disadvantages of each type?

5.    What is the Non-Fossil Fuel Obligation (NFFO).  How effective has this been in promoting the use of renewable sources of energy in the UK?   What changes would you like to see in future NFFO orders, and why?

SECTION C (50%)   1 hour

6.    Describe how the Electricity Pool operates.                                                                       

[30%]
You are a manager of Electric Power plc which operates 6 power stations, A, B, C, D, E, and F.  For station A, you have a one-way contract with a customer with a strike price of £22.00 per MWh.  For station B, you have a two way contract with upper and lower strike prices of £21.50 and £21.20 per MWh respectively.

You are informed by the National Grid Company that the predicted demand for the 30 minute period (1700 - 1730) the following day is 42 500 MW.  The loss of load probability is 0.0005 while the value of lost load is £2400 per MW.   Your bid prices for the six stations to supply electricity to the Pool are shown in Table 2.  Following the bidding you are informed that full power will  be required from stations A, B, C, and D, and that station E will be required on standby.  Table 3 shows the bid prices from other generators.

What are the pool input and output prices for the half hour period, and what will be the income for your company during that period?  Clearly state any assumptions you make.                            

[70%]

[You may neglect transmission losses and assume that the UPLIFT arises solely from additional capacity charges and sub-optimal scheduling and despatch by the National Grid Company].

TABLE 2.  POOL BID PRICES BY ELECTRIC POWER plc


Station
Capacity (MW)
bid price (£
MWh)
Rank


A
470
10.00




B
530
10.00




C
420
19.68




D
370
20.02




E
470
19.82




F
270
19.23



TABLE 3.  BID PRICES FROM OTHER COMPANIES


Company
Capacity (MW)
bid price (£
MWh)
Rank


1
11500
10.00




2
10500
15.00




3
7500
17.00




4
1500
20.09




5
180
20.03




6
530
19.84




7
300
18.00




8
3600
17.50




9
1800
18.37




10
1600
17.91




11
900
19.55




12
900
19.81




13
850
19.60




14
450
19.72




15
1100
19.51




16
320
19.73



None of the stations in Table 3 are either constrained on or off.  Company 6 has been informed that it will not be required as standby.

 [for solution - see section 7e]

7.
Describe in detail the technical, environmental, and political aspects of nuclear fuel cycle.  Why have different countries which have nuclear power chosen to adopt different approaches with regard to the fuel cycle?

8.       Discuss the environmental impacts associated with the use of three of the following energy sources.

a)
tidal energy

b)
hydro power

c)
energy from waste

d)
geothermal energy

e)
solar energy

To what extent will environmental and other constraints limit the full exploitation of renewable energy sources in the UK?  In your answer you should comment on the recent projections in Energy Paper 62 (1994), and include a discussion of relevant methods of  storage associated with the energy sources you choose.

==============================================

Section 6.  1997 Exam Questions

SECTION A (25%)

1.      Briefly summarise the potential for exploiting geothermal energy sources in the UK.   

[20%]

A district heating system in a city centre operates at  flow and return temperatures of 80o and 60oC respectively.  10% of the energy supplied is lost in distribution.  A total heat demand on a typical  winters day  from all building connected to the system is 20 MW.  The current heating is supplied by a coal fired boiler operating at an efficiency of 80%.  How much coal is consumed each day if the calorific value of the coal is 24 GJ per tonne.  

It is proposed to supplement the boiler with a single geothermal well which will extract hot water at 80oC and discharge the effluent into the sea.  If the maximum flow rate is 71.65 litres per second,  how much coal will be saved each day.









[70%]

Briefly explain how a heat pump may be used to increase the potential output from the geothermal resource. [10%]

[See section 7f for solution]

2.     How could passive solar energy be exploited more effectively in the UK?













[30%]

Data for the mean solar gain through vertical windows on an average day in  September are shown in Table 1 together with the mean external temperatures. 

Five houses are built to the same insulation standards but with different window aspects as indicated in Table 2.   The internal temperature of the houses is kept at 20oC, and the heat loss rate is 225 W oC-1.   

a)
Estimate the net heat requirement for each of the five houses.  

b)
Which of the house types 2 - 5 have a lower energy requirement than the standard house?  

c)
If four houses are to be built,  would 4 standard houses consume more or less energy than four separate houses constructed each one to a different style 2 - 5?













[70%]

Month
North
East
South
West
Mean Temperature


MJ m-2 day-1

MJ m-2 day-1

MJ m-2 day-1

MJ m-2 day-1

oC



September


2.84


5.15


8.50


4.10


14.7



Table 1:     Solar gain through vertical windows in September


North
East
South
West


m2
m2
m2
m2

House 1  (standard)
4
4
4
4

House 2  (south facing)
2
2
10
2

House 3  (north facing)
10
2
2
2

House 4  (east facing)
2
10
2
2

House 5  (west facing)
2
2
2
10

Table 2:  Different house designs with same total window area

[See section 7F for solution]

SECTION B (25%) 

3.   Summarise the environmental impacts arising from the harnessing of two of the following renewable energy sources:-

a)
hydro power

b)
wave power

c)   tidal power

d)
Ocean Thermal Gradients (OTEC)

4.    Explain the differences in the modes of operation between a nuclear thermal reactor and a nuclear fast breeder reactor.

5.    Outline the advantages of  the current wisdom of concentrating on electricity as a national energy vector when considering the exploitation of renewable energy sources.

SECTION C [50%]

6.   Critically review the changes that have taken place in the Electricity Supply Industry in the last 10 years.  In your answer you should include a discussion of  the Non Fossil Fuel Obligation,  the Electricity Pool and the changes likely to take place following deregulation.

7.   

a)   Discuss the advantages and disadvantages of the different technologies for harnessing energy from the wind.













[50%]

(b)  Critically review the following conflicting statements made by opposing groups regarding the equivalent area to replace the output from the 4000 MW Drax coal fired power station with wind turbines.:-

1)  Pro nuclear/coal lobby -  To replace DRAX coal fired power will require wind turbines covering an area of  3000 - 3500 sq km.

2)   Anti-nuclear lobby - The area  required for wind turbines  would cover less than 5% of the 640 hectares covered by DRAX.













[50%]

Credit in part (b) will be given for a numeric analysis included in your answer using information in the data sheets.   

[a similar example to this was given in the lecture handouts]

8.   a)  Describe the main features of the three diagrams in Figure 1.  In your description:-

i)
distinguish between radiation produced by "actinides" and "fission products",

ii)
draw a graph showing how long a member of the general public could remain at a 30 cm distance from an irradiated Pickering fuel bundle after it has been cooling for varying amounts of time if that person were to receive the maximum recommended annual does of 5 mSv,

and  iii)
calculate the heat output of ten irradiated Pickering fuel bundles after 10 years and 
1000 years. 

     [One fuel bundle from Pickering Power Station contains 20 kg uranium].













[60%]

b) What criteria must be met for the safe storage of high level nuclear waste?  use the information in Fig. 1 to illustrate your answer














[20%]

c)  Given that nuclear waste remains radioactive after 10 000 years,  why is this time period commonly adopted in the design of a nuclear waste repository?














[20%]

[This Question was set by Alan Kendall - see him for a solution]

=====================================================

Section 7:  Numeric Questions from Previous Examination Papers -Worked Examples             

Section 7a:   1987 Questions

4. What are the main sources of energy loss in a power station?  In 1985-86, Rugeley - B Power Station consumed 2.36 million tonnes of coal having a calorific value of 26.02 GJ/tonne, and produced 6333.87 GWh of electricity.  A further 371.8 GWh were also generated but consumed in the station itself.  If the boiler efficiency is 93%, the generator losses amount to 5%, and the steam inlet and condenser outlet temperatures are 566oC, and 30oC respectively, what is the isentropic efficiency of the turbine?

Energy Consumed in Power Station = 26.02 x 109  x  2.36 x 106  = 61.4PJ

                                                     =  61.4 x  1015  /  3.600    Wh         =  17055.55 GWh

Total Energy Generated by station:-

                 =  6333.87 + 371.8        = 6705.67 GWh

Overall efficiency (excluding station use) =   6706.67 / 17055.55  =   39.312%  

Carnot efficiency  =  (566 - 30)/(566 + 273) =  63.886%
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5. A hydro electric power station is proposed for an area in which there is an annual rainfall of 2000 mm, of which 60% reaches the reservoir.  The catchment area is 25 times the impounded lake area which has an average seasonal area of 750000 m2.  The power station is to be positioned in an adjacent valley 310m below the crest of the dam, while the water intake to the station is 20m below the crest.  If 20% of the possible energy is lost through pipe losses and inefficiencies in the turbines, estimate in GWh, the electricity generated in the year.  If the turbines have an output rating of 5.84 times their mean load estimate the maximum time they could generate at full power.  Clearly state any assumptions you make.       

ANSWER
Annual output from hydro station is equivalent to potential energy in annual catchment of water making allowances for efficiency etc.  An assumption has to be made regarding the head of water as the level of the reservoir will vary. 

The maximum difference in head is 290m - 310 m i.e. about a 6.5% difference.  However, level of reservoir cannot be maintained continuously at full height,  nor at minimum height,  and a realistic assumption will be for the water level to oscillate around the mean level (i.e. a head of 300m - the maximum error in assuming this will be +/- 3.25%).

Total potential energy available from annual rainfall (allowing for 20% loss) is (assuming g = 10 ms-2):-

   0.6 x 2000/1000 x 25 x 750 000 x 1000 x 10 x 300   x    0.8 = 54 TJ

             |                    |         |              |            |       |              |

          rainfall            |    reservoir      |           g       |       efficiency   

                        catchment           density            head   

So energy generated in GWh will be 54/3.6 =  15 GWh

                                                                      ====== 

Mean output power will be 15 x 109 / (86400 x 365) =  1.712 MW

                                                                                 ========

So design size for turbines is 5.84 x 1.712  =  10 MW

                                                                    =====

Final part has two answers depending on the assumption made.

1)  Assume a drought,  and at the start the reservoir is full.  Maximum time for generation will occur if the reservoir goes from full to empty.  Total energy available is:-  

                                     750 000 x 1000 x 20  x 10  x 300 x 0.8 = 36 TJ

    so time of generation under maximum power =  36 x 1012/(10 x 106)

                 = 3.6 x 106 seconds                                        = 1000 hours or 41.67 days

                                                                                         ========================

2)  Assume rain continues at average annual rate.     Now from above, it is known that this rainfall supports a continuous output of 1.712 MW,  so additional output must come from depleting the reservoir  i.e. (10 - 1.712 = 8.288MW).  So repeating (1) using this figure will give:-

                    36 x 1012/(8.288 x 106)                        = 4.346 x 106 seconds = 50.27 days

                                                                                                                ==========

The numeric part had a maximum of 70 marks out of 100, but this depended on the method used above.  Method (1) gave a maximum of 60 marks for the numeric part with a further maximum of 35 marks coming from a discussion of the assumptions.  The second method had 70 marks (max) for the numeric part,  and a maximum of 30 for the discussion of the assumptions (since some of the assumptions are effectively implicit in this method.  The maximum possible mark if method one was attempted was 95%.

Section 7b: 1989 Questions
4.  What energy losses are associated with the generation of electricity?

Steam at 527oC is supplied in a power station by a boiler running at 93% efficiency.  The steam is expanded through a turbine having an isentropic efficiency of 80% and exhausted at 27oC to the condenser.  If the generator is 88.89% efficient and the overall power station efficiency is 35%,  what proportion of the electricity is used on the station itself?

ANSWER
Carnot efficiency is:-   (527-27)/(527+273) = 0.625
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where x is fractional proportion of electricity used on the station itself

so   0.35  =   0.90  x 0.625  x 0.8  x 0.8889  x (1 - x)           |           i.e. x = 12.5%

                                                                                                           =====

----------------------------------------------------------------------------------------------------------------------

5.   The average UK household consumes 165 litres of hot water at 55oC each day.  A householder installs a 2 m2 solar panel which has a seasonal efficiency of 47%.  If the mean annual solar irradiation at the location is 115 Wm-2, and the incoming water is supplied at 10oC,  estimate the amount of energy saved per annum as a proportion of the current consumption if the existing means for provision of hot water is a gas heated system operating with an efficiency of 75%

Outline how the householder should incorporate the solar panels into his hot water system for maximum convenience of operation. 

Current annual requirement of energy (allowing for boiler efficiency) is:-

   165 x 4.1868 x 103 x (55 - 10) x 365  x 1/0.75      =  15.129 GJ per annum

Solar energy received = 2 x 115 x 0.47 x 86400 x 365   =   3.409 GJ

which after allowing for boiler efficiency will give an annual saving of 3.4090 / 0.75              =   4.545 GJ

So percentage saving is  4.545/15.129 =        30.00%

Section 7c:  1991  Questions

4.   Briefly describe how a solar energy may be used to supply domestic hot water. An solar panel manufacturer has recently claimed that his product which consists of a 2m2 solar panel and associated storage tank will save a household £120 a year.  If the average householder uses 160 litres of hot water a day (at a temperature of 55oC), and the cost of electricity is 5.866p per kWh, investigate whether such a claim can be substantiated.  Estimate also the total energy requirement for hot water heating without a solar collector.  The mean availability of solar energy throughout the year is 115 Wm-2, and the efficiency of the solar panels is 55%.  The inlet temperature of the water to the house is 10oC.  If the total cost of the installation is £2000, and it has a life span of 20 years, is the scheme cost effective?

The annual energy requirement for hot water by household without solar collector is:-

     160   x    4.1868 x 103    x   365    x   (55  - 10)  =  11.00 GJ per annum.
       |                 |                       |                  |             ===============   

   litres         specific heat         days     temperature difference

Since this is supplied by electricity at an assumed efficiency of 100%, the delivered energy required is also 11.00GJ per annum.

Energy supplied by solar collector is:-

2 x 8760 x 115 x 0.55    Watt-hours per annum = 1108.14 kWh per annum

Cost saving is  1108.14 x 0.05866  =   £65  if heating device is 100% efficient. 

So claim is untrue,  as electric water heaters will have an efficiency of  close to 100%.   Only if the efficiency of the appliance were 54.17% would the claim be true.

If capital cost is £2000,  saving over life time is 20 x £65 (i.e. £1300),  so the project would have a net present deficit of 2000 - 1300 = £700 at a 0% discount rate.  Hence scheme will not be cost effective.

----------------------------------------------------------------------------------------------------------------------

5.  Briefly Explain why some wind turbines have large numbers of blades while others have only two or three.  Give examples of the applications of both types of wind turbine.  The kinetic energy (E) in wind is given by:- 

      E      =  0.5 (( AV3    watts

  where  ( is the density of air (1.0 kgm-3), (  is the theoretical efficiency factor (0.5926),

             A  is the area swept by the blades (4.0 m2),  and  V  is the velocity of the wind (ms-1).

The practical efficiency is 67.5%.   Over a typical day, the mean velocity of the wind over two hour periods is as follows:-

      hour          velocity (ms-1)      
      hour          velocity (ms-1) 

      00 - 02           4.0
      12 - 14          12.0

      02 - 04           6.0
      14 - 16          11.0

      04 - 06           5.0
      16 - 18           7.0

      06 - 08           8.0
      18 - 20           4.0

      08 - 10          10.0
      20 - 22           5.0

      10 - 12          12.0
      22 - 24           3.0

If electricity can be generated whenever the wind velocity exceeds 4.5 m-s, and the turbine is regulated to give a constant output when the velocity equals or exceeds 10.94 ms-1, estimate the electricity generated in the 24 hour period.  Give your answer in kilowatt_hours.

Total energy generated  =  0.5 ((  A(V3  x  time    =    0.5 x 0.5926 x 0.675 x  4 x (V3  x  time 

                                                                              =    0.800 x (V3  x  time 

Hour
Wind Speed  (V)
(V3)

00 - 02
4.0
feathered

02 - 04
6.0
216

04 - 06
5.0
125

06 - 08
8.0
512

08 - 10
10.0
1000

10 - 12
12.0
1309.34

12 - 14
12.0
1309.34

14 - 16
11.0
1309.34

16 - 18
7.0
343

18 - 20
4.0
feathered

20 - 22
5.0
125

22 - 24
3.0
feathered


Total   ((V3)
6249

Electricity generated:-

0.8 x  (V3  x  time 

=   0.8  x 6249  x 2

=   10.0 kWhr

      ========

Section 7d:   1993 Questions

4.  Briefly describe how a solar energy may be used to supply domestic hot water.

The mean energy required to provide hot water for a family is 1 GJ per month.   At present this is provided from the gas fired central heating system.  A solar panel having an efficiency of 50% and an area of 2 m2 is installed to pre-heat the hot water.  The pump to such a system consumes 32 W, half of which assists in heating the water.  If the Primary Energy Ratios of the gas and electricity are 1.06 and 3.06 respectively estimate the percentage saving in primary energy using the solar heater given the following data.

      Months                   Mean             Mean 

                            Solar Gain    Boiler Efficiency

   October - March          52.7 W m-2         66.3%

   April - September       178.7 W m-2         50.2%

[You may assume that both six month periods are of equal length i.e. 182 days].  [numeric part 70%]

Existing Situation

                                     Requirement       Efficiency          Delivered 

                                           (GJ)                  (%)           Requirement

                                                                                             (GJ)

October - March                   6                     66.3                9.0498

April   - September                6                     50.2              11.9522

                                                                                          ---------

                                                                                             21.002

So primary energy requirement = 21.002 x 1.06  =     22.262GJ

                                                                 ========

Energy from Solar
Useful energy from solar = mean gain + 50% of pump energy

So mean gain in October - March =  52.7   x   2   x    0.5  +   0.5 x 32

                                                                     area  efficiency      pump

                                                           =  52.7+16 = 68.7W

                                                                               ======

Similarly in summer months,  gain is  178.7 + 16  = 194.7 W

                                                                              =======


Mean Gain
Total Gain in Period (GJ)
Needed from Boiler (GJ)
Input to Boiler (GJ)

(allowing for efficiency)

October - March
68.7
1.080
4.920
7.421

April - September
194.7
3.062
2.938
5.853




Total
13.274

So primary energy requirement is 13.274 x 1.06 = 14.07GJ

                                                                             ======

Primary energy requirement for electricity used in pump =

     32 x 86400 x 364 x  3.06   =  3.080GJ

Saving in primary energy   =            22.262   -  ( 14.07+3.080)

                                                      ----------------------------  x 100  = 23.0%

                                                                   22.262                                 =====

Question 5
5.   Describe, giving examples, how pumped storage schemes work.

The Dinorwig pumped storage scheme has six 300 MW generating/pumping sets, any five of which may be used simultaneously.  The mean difference in elevation between the upper and lower lakes is 300 m, while the upper lake as a mean surface area of 50 hectares.  The efficiency of sets in both the generating and pumping modes is 90%.  

Estimate the maximum rise and fall in the upper lake if generation at maximum output can continue for 5 hours.  Also estimate how long it will take to pump the water back uphill to replenish the upper reservoir after a period of maximum generation.

[numeric part 70% - 30 Minutes].

Energy stored when water is in upper lake  =  mass x height diff x  g

Maximum change in level will occur when full output is maintained for 5 hours, i.e. maximum electricity generated is

            5 x 3600 x 5 x 300 x 106  =  2.7 x 1013 J

Allowing for efficiency (and assuming g = 10 m s-2),  volume of water which must be released =

            2.7 x 1013 

         -------------------  =  1 x 107 m3
         0.9 x 10 x 300 x103

 If the mean area is 50 hectares then the change in level of the water will be

            1 x 107  
          ------------    =   20 m

           50 x 104           =====

Energy required to pump uphill (allowing for efficiency) 

            2.7 x 1013
           ------------  =  3.333 x 1013 

            0.9 x 0.9 

So time needed to pump uphill =                      3.333 x 1013
                                                                        -----------------   =  6.172 hrs

                                                                         5 x 300 x 106      ==========

Section 7e:   1995 Worked Examples

1.  Annual output from hydro station is equivalent to potential energy in annual catchment of water making allowances for efficiency etc.  An assumption has to be made regarding the head of water as the level of the reservoir will vary. 

The maximum difference in head is 290m - 310 m i.e. about a 6.5% difference.  However, level of reservoir cannot be maintained continuously at full height,  nor at minimum height,  and a realistic assumption will be for the water level to oscillate around the mean level (i.e a head of 300m - the maximum error in assuming this will be +/- 3.25%).

Total potential energy available from annual rainfall (allowing for 20% loss) is (assuming g = 10 ms-2):-

   0.6 x 2000/1000 x 25 x 15000 000 x 1000 x 10 x 300   x        0.8 = 1080 TJ

             |                  |                   |                |        |       |                 |

          rainfall            |              reservoir      |        g       |          efficiency   

                        catchment                       density        head   

So energy generated in GWh will be 1080/3.6 =  300 GWh                                                     

                                                                      ====== 

Mean output power will be 300 x 109 / (24 x 365) =  34.247 MW

                                                                                 ========

So design size for turbines is 2.92 x 34.247  =  100 MW                                                         [30%]

                                                                    =====

Final part has two answers depending on the assumption made.

1)  Assume a drought,  and at the start the reservoir is full.  Maximum time for generation will occur if the reservoir goes from full to empty.  Total energy available is:-  

                                     15 000 000 x 1000 x 20  x 10  x 300 x 0.8 = 720 TJ

    so time of generation under maximum power =  720 x 1012/(100 x 106)

                                              = 7.2 x 106 seconds     = 2000 hours or 83.33 days                 [25%]

                                                                              ========================

2)  Assume rain continues at average annual rate.     Now from above, it is known that this rainfall supports a continuous output of 34.247 MW,  so additional output must come from depleting the reservoir  i.e. (100 - 34.247 = 65.753MW).  So repeating (1) using this figure will give:-

                    720 x 1012/(65.753 x 106)                        = 10.95 x 106 seconds = 126.74 days

                                                                                                                ==========

                                                                                                                                        [40%]

I suggest that the first part gets 30/70?   If method one is adopted then a maximum of 25% (i.e. 55/70 for numeric part).  Full marks can be obtained by doing method 2.

If method 1 is used,  then a maximum of 35% to be awarded for assumptions - and credit given if problem of continued top up is recognised.    If method 2 is used,  then a maximum of 30% as the assumptions for continued rainfall are implicit in this.   Maximum marks doing method 1 = 90%.

5.    The overall efficiency of the power station is:-
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Thus at a load factor of 70%, the total amount of wood consumed will be:-

             [image: image5.wmf]25

10

0

7

86400

365

0

35

20

10

78840

6

9

x

x

x

x

x

x

tonnes

.

.

=


[ 86400 is number of seconds in a day]

Allowing for energy overhead,  total tonnage to be felled each year is  78840/0.876  =  90000 tonnes

So sustainable area will be [image: image6.wmf]90000
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Area to be cleared each year:-
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6.  Station F is not being asked to generate but Station D is which has a higher bid,  Station F  must be "constrained off", so neglect this station temporarily when constructing merit order table.

Company
Capacity (MW)
bid price (£/MWh)
Rank
Cumulative Capacity (MW)

Electric Power A
   470
10.00
1
    470

Electric Power B
   530
10.00
1
  1000

1
11500
10.00
1
12500

2
10500
15.00
4
23000

3
  7500
17.00
5
30500

8
 3600
17.50
6
34100

10
 1600
17.91
7
35700

7
   300
18.00
8
36000

9
 1800
18.37
9
37800

Electric Power F
270 constrained off
19.23
10


15
1100
19.51
11
38900

11 
  900
19.55
12
39800

13
  850
19.60
13
40650

Electric Power C
   420
19.68
14
41070

14 
  450
19.72
15
41520

16
  320
19.73
16
41840

12
  900
19.81
17
42740

Electric Power E
   470
19.82
18
43210

6
   530
19.84
19
43740

Electric Power D
   370
20.02
20
44110

5
   180
20.03
21
44290

4
  1500
20.09
22
45790

.                                    15/70 for completing table

                                      but only  10/70 if it is not recognised   that Electric Power F is constrained off.

The maximum bid price which matches predicted demand of 42500 is £19.81 which is the System Marginal Price.   The company matching this price is company 12,  but for this company the generator will be running under low load (i.e. 660 MW of the potential 900 MW).  However,  Electric Power D is constrained on  so the actual generation required from company 12 is only 660 - 370 (i.e. 290 MW).  Thus the balance of 610 MW and the 470 MW requested standby of  Electric Power E are the standby capacity (since company 6 was not requested for capacity standby and neither company 5 or 4 were constrained on).

The Pool input Price  (PIP)   =   SMP   +    (VOLL - SMP)*LOLP

                                           =   £19.81  +   (2400 -  19.81)*0.0005

                                           =   £21.00 / MWh                                                               [15/70]

                                          ================

The additional capacity charges refer to the 610+470 MW noted above i.e.  1080 MW               

The charge for the constrained off and constrained on stations refer only to their bid prices

                                                                                                                                                [5/70]
So total output price for all units generated will be (remembering for half an hour!!!) 

(42500-370)*PIP/2 + 370*20.02/2  +     270*19.23/2          +   (1080)*2400*0.0005/2

                                           |                              |                                        |

                                     constrained on        constrained off                capacity payment

[442365]                    [3703.7]               [2596.05]                    [1296]

                                          [6299.75] 

The factor 2 refers to half an hour

Total cost =  £442365   +  6299.75  +  1296    =      £4499609,75                                            

Total units generated =  42500/2    =   21250 MWh

so Pool output Price  (POP)    =  449960.75/21250   =     £21.17 per MWh                               

                                                                                                                                             [20/70]
or uplift =  £0.17 per MWh

Since the POP is less than £22.00 there will be no payment by Electric Power to its customer for the one way contract.  However,  since the PIP is less than the lower strike price,  Electric Power will be paid the difference  (i.e. £21.20 - £21.00 = £0.20) for every unit generated by the two-way contract partner.

So income for electric power in half hour period will be:-

Stations A, B, and  C at PIP  i.e.  (470 +530 +  420)*21.00/2                       =     £14910.00

Station  B  supplementary payment from contract  (530*0.20)/2                    =            53.00

Capacity payment for station E   =   470*2400*0.0005/2                               =          282.00

Constrained off payment for station F  270*19.23/2                                      =         2596.05

Constrained on payment for stations D 370* 20.02/2                                     =         3703.70

                                                                                 TOTAL income        =      £21544.75

                                                                                                                        =========


                                                                                                                                              [15/70]
Section 7f  1997 Worked Examples




Model Answers for numeric questions

1.

Total heat to be supplied (allowing for distribution loss) =   20 / 0.9

=   22.22 MW

Total net energy supplied in day =   22.22 x 10 6 x 24 x 60 x 60   / 1012
              =     1.92 TJ

Coal consumed in a day (allowing for efficiency)  =   1.92 x 1000 / 24 / 0.8         =    100 tonnes










     =========

Energy supplied by geothermal heat =  flow rate * temperature difference * specific heat of water



=  71.65 * (80 - 60) * 4.1868 * 103    =   6.00 MW

hence saving in coal consumed per day =   6 x 10 6 *  86400  / (24 x 109) /0.8   =  27 tonnes

                                                                                          |                              |         =========







  seconds in day
efficiency

[ alternatively since 6 MW of 22.22 MW is supplied,  saving is 6 / 22.22 * 100 = 27 tonnes again]



----------------------------------------------------------------

2.   Total gain for house 1 = (2.84 + 5.15 + 8.57 + 4.10) * 4

=   82.36 MJ per day



   house 2 =  (2.84 + 5.15 + 4.10) * 2 + 10 * 8.50  
= 109.18 MJ per day



   house 3 =  (5.15 + 8.50 + 4.10) * 2 + 10 * 2.84
=   63.90 MJ per day



   house 4 =  (2.84 + 8.50 + 4.10) * 2  + 10 * 5.15
=   82.38 MJ per day



   house 5 =  (2.84 + 5.15 + 8.50) * 2  + 10 * 4.10
=   73.98 MJ per day



Total energy required for house = 225 * (20 - 14.7) * 86400 =      103.03 MJ per day


  




house 1
=  20.67   MJ per day






house 2           
=  0
    MJ per day







house 3           
=  39.13   MJ per day






house 4           
=  20.65   MJ per day






house 5           
=  29.05   MJ per day

The south facing house uses less energy,  the east facing house consumes the same,  while both the north and the west consume more.

Net energy requirement for 4 houses of style 1 =  4 * 20.67 =   82.68 MJ

Net energy requirement for 4 individual houses                     =  39,13+20.65+29.05 =   88.83 MJ

Thus 4 standard houses would use less energy than 4 separate houses of styles 2 – 5

The numeric question 8 was set by Alan Kendall – see him for a solution.
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