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INTRODUCTION

This Handout gives expanded details of all the practicals in the ENV-2E02 course in 2005.  It is intended that you should READ the relevant section IN ADVANCE of the practical sessions to make those periods more effective.  This is  particularly important as, because of numbers constraints, it is necessary to have two or more separate practicals running simultaneously in some weeks.

Occasionally supplementary information may be given as separate sheets should information about any practical change (e.g. minor changes to software etc.)

You are reminded that for the WIND ENERGY PRACTICALS,  you will require to get TWO BLANK and FORMATTED high density disks for each practical group of 3.  These must NOT contain anything else on them, but of course,  when this Course finishes you are free to use them again.

Details of the Formal Course Work Requirements are given in a separate Handout

PRACTICAL TIMETABLE FOR ENV-2E02 - 2005 - subject to revision Version 1.0 – 31st December 2004

WEEK 1
All Groups -  GDP Energy Relationships - simple predictive methods. followed by   Project Group Seminars Thursday 14:17:00

Location   Lab B



WEEK 2
All Groups -  Practical: Electricity Production from Wood     - Lab B  Thursday 14:17:00




Project Briefings for those doing Domestic, Industrial and Commercial Sectors at 18:00 Monday  SCI 3.05

At the time of preparation of this handout,  the room allocations had yet to be finalised,  and the schedule for weeks 3 – 9  is dependant on rooms available.

Details will be posted on the WEB Page.

Provisionally:  

WEEK 3 
No lecture,  but 4 hours of practical split in 2 halves each of 2 hours.  

               Session 1 in Room 0.63 (2 hours)  Either:  Tuesday  14:00 – 16:00,  Wednesday 14:00 – 16:00

                                                                             Or:  Thursday  12:00 – 14:00 or 14:15 – 16:30

                                                                             Or:   Friday  10:00 – 12:00 

Please note it will be essential  for a minimum of 5 groups to do the first session  at a time other than on Thursday. 

               Session 2 in Lab B  Either 12:30 – 14:45 or 14:45 – 17:00 to finish Wood Energy practical


SCI 3.05:  Project Briefings for those doing Transport 18:00 Monday;  Solar and Wind 18:20 Monday

WEEK 4 
Groups A & B Lab B: Solar Energy Practical  
Project Groups C and D:  Work on Projects 


Project Briefings for those doing Renewables:   18:00 Monday:  SCI  3.05

WEEK 5 
Project Groups A and B:  Work on Projects 
Groups C & D Lab B: Solar Energy Practical  

WEEK 6 
Work on Projects:   15 minute time slots will be bookable with NKT.   Priority booking will be given  for whole seminar groups A, B, C, D,  or groups doing the same project (i.e. Solar, Wind, etc).   Individuals can book only if slots are available   

The arrangements for the following weeks are subject to change

WEEK 7
Seminar Presentations:  -  one group 09:00 – 11:00 : two groups  12:00 – 14:00;   one group  14:30 – 16:30:  No lecture:  Rooms to be announced.

WEEK 8 
Groups A & B   Thursday pm   Wind Energy Practical (lab D)
Project Groups C and D  Finalise Group Project – part 1

WEEK 9 
Project Groups A and B  Finalise Group Project – part 2 
Groups C & D Thursday pm   Wind Energy Practical

WEEK 10
Finalise Group Scenarios: - you can also work on practical write ups (please note NKT may possibly not be available during this session.  Lab A and D

The following weeks will be more or less as indicated below

WEEK 11
14:00 – 15:00 Letter Writing to National Press followed by time to finish practical write-ups:  Lab A

NOTE:    Arrangements for weeks towards end of Semester may have to be changed - See WEB Page for modifications

PRACTICAL GROUPS 2005
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PRACTICAL 1:

1  GDP/ENERGY RELATIONSHIPS as a means for predicting future Energy Demand

1.1 AIM

To examine how energy consumption in the UK has varied with GDP since 1950 and to consider two methods for predicting future energy demand.
1.2 INTRODUCTION
Many Economists believe that there are relationships between the Energy Consumption of a Country and that countries GDP and one way to predict future energy demand is to examine historical trends and make projections based on the derived relationships. Since the energy demand varies with the wealth of a nation, refinements are often added so that a relationship between the Gross Domestic Product (GDP) and energy use is used in these projections. Predictions of future energy use can then be made, following an assumption about economic growth of a country. In this practical we shall examine. some of these relationships.

1.3 GDP/Energy Relationships
The primary energy consumption/GDP table shows the consumption of energy, both in million tonnes of coal equivalent and in GJ, and also the GDP at 1990 factor costs.

Two relationships are often used:-

1.3.1.        Energy Ratio (R)
                                                                        Energy Consumed

Currently this parameter is defined as               --------------------

                                                                         GDP at 1990 cost.

The energy consumed is corrected appropriately for temperature.

a)       Plot variation with Energy Consumption (PJ) with time 

b)
Evaluate the energy ratio for each year from 1950 onwards, some values are already included for you!.

c)
Plot the energy ratio against year on the special graph paper provided.

d)
Comment on the shape of the curves.   What significance do these have for future projections?

NOTE:    There was a question in the 1985 Exam based on the topic covered in this practical. see ENV 217  Resources and Society which was a fore-runner to this course 

Further Reading

Energy Paper 29  describes a better approach to forecasting by disaggregating the component parts and projecting future changes in each component separately, and finally re-aggregating figures at the end.

In 1998,  Energy Paper 66 was published which gives detailed information on current levels of Energy Demand.  This publication may well be of use to those doing Demand Projections for the project

                                                                 average growth rate of energy

1.3.2.           Energy coefficient  =             -----------------------------

                                                                  average growth rate of GDP    .

          Because we are dealing with 'exponential type functions', we can express the energy coefficient  

          as:-

(Et/Eo)1/t  - 1

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

(Gt/Go)1/t - 1 ,

where the subscript 't' represents  t  years after the base year defined by subscript 'o'.  E  refers to energy consumption, G  refers to GDP.

Clearly the value of the energy coefficient varies depending on both, the initial year and the final year chosen.  However, for much of the time, the coefficient is surprisingly stable, provided that a reasonable time interval is used.

a)   Start with a base year of 1966 and evaluate the energy coefficient for a time scale of 5 years  (i.e. till 1971). Repeat for further time scales of 5 years for successive starting years (e.g.  .1967,  1968,  1969, 1970, 1971, 1972, 1973)

b)   Repeat (a) for a time interval of 3 years, starting with a base year of 1966.

Why are the energy coefficients, determined for the two cases, so very different, both between one another and from year to year? 

                     FURTHER READING for Energy Coefficient:   

                     Economic Trends No 274    - August 1976   -   paper by R.I.G. Aden

                     Economic Trends                 - May 1981         -    paper by M. Hull, pp. 88-91

                     Economic Trends                 - May 1989 

TABLE A1.1 PRIMARY ENERGY CONSUMPTION, GROSS DOMESTIC PRODUCT AND ENERGY RATIO

YEAR
OIL(million tonnes equivalent)
Energy  (PJ)
GDP (billion pounds 1995 value)
Energy Ratio (GJ/£1000)

1950
143.5 
6008.3
275.7
21.79

1951
148.4 
6213.5
280.9
22.12

1952
147.4 
6171.6
283.0
21.81

1953
152.0 
6364.2
294.2
21.63

1954
156.6 
6556.8
306.6
21.38

1955
159.4 
6674.1
317.8
21.00

1956
160.7 
6728.5
322.1
20.89

1957
159.8 
6690.8
327.5
20.43

1958
159.2 
6665.7
326.9
20.39

1959
160.5 
6720.1
340.0
19.76

1960
170.7 
7147.2
359.1
19.91

1961
171.5 
7180.7
368.9
19.47

1962
172.4 
7218.4
374.0
19.30

1963
177.8 
7444.5
388.8
19.15

1964
183.5 
7683.1
410.4
18.72

1965
189.5 
7934.4
422.6
18.78

1966
190.8 
7988.8
430.6
18.55

1967
191.1 
8001.4
440.1
18.18

1968
197.2 
8256.8
459.3
17.98

1969
203.5 
8520.5
470.8
18.10

1970
211.9 
8872.3
476.4
18.62

1971
209.7 
8780.1
486.1


1972
212.6 
8901.6
503.6


1973
223.1 
9341.2
539.6


1974
212.4 
8893.2
532.2


1975
206.0 
8625.2
529.4


1976
208.9 
8746.6
543.6


1977
213.1 
8922.5
556.9


1978
213.7 
8947.6
575.2


1979
220.0 
9211.4
590.7


1980
206.2 
8633.6
578.6


1981
198.7 
8319.6
570.2


1982
196.3 
8219.1
581.2


1983
197.5 
8269.3
601.7


1984
196.7 
8235.8
617.2


1985
203.1 
8503.8
639.2


1986
206.8 
8658.7
664.5


1987
210.0 
8792.7
694.7


1988
217.7 
9115.1
729.2


1989
217.8 
9119.3
745.0


1990
221.6 

750.7


1991
221.4 

740.4


1992
220.6 

741.9


1993
222.5 

759.1


1994
221.5 

792.7


1995
226.6 

815.2


1996
230.1 

837.2


1997
232.6 

864.7


1998
235.8 

891.7


1999
235.7 

916.6


2000
237.9 

951.3


2001
238.7 

971.6


2002
236.2 

987.9


2003
236.8 

1009.2


Data derived from Table 1.1.4 of Digest of UK Energy Statistics (2004).

Energy Ratio   =      total inland primary energy consumption (temperature corrected)

                                                   GDP at 2000 factor cost

Conversion Factor used in all Tables in Digest of UK Energy Statistics    1 tonne oil =  41.87 GJ
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Comment on the trend of Energy Ratio with time.

PRACTICAL 2:    ELECTRICITY GENERATION FROM RENEWABLE ENERGY - WOOD

2.1 AIM

To examine the potential of an Energy Resource which can be exploited either in a sustainable way or in a way which will eventually deplete the resource, and to consider some related Environmental Aspects
2.2 INTRODUCTION

In mid September 1992 it was announced that a 20 MW electricity power station was planned for Thetford Forest and this would use wood from 30 year old trees from the forest as a fuel.   The wood would be harvested after 30 years of growth and then replanted.  Each year a different area would be cleared to provide the fuel returning to the same area after 30 years.

In this practical we shall investigate whether this proposal makes sustainable use of the resources.  We shall also look at the effect (in an alternative proposal) of a power station with twice the output.  Besides the basic assessment the supply of energy we shall also look at the energy requirements to exploit the reserve, and also an "alternative" Energy use of the fuel.

In exploiting a renewable (of for that matter a non-renewable resource) for energy we must consider not only the potential energy supply,  but also the energy overheads in obtaining energy in the form we require.  Even though we may be using renewable energy,  there may be unacceptable environmental consequences associated with such a project.  

We need to consider several aspects.  Thus energy must be used in harvesting the timber,  in transporting it to the power station,  cutting it into sizes suitable for combustion.  There will then be inefficiencies in the power station itself.  All these must be considered.    We should also consider the question as to whether or not the proposal makes most effective use of the resource.  What about alternatives?   How about transporting timber directly to Norwich (say), and burning the fuel directly in boilers (e.g. UEA?),  or how about a CHP scheme for central Norwich?  What about the environmental consequences of a power station in Thetford Forest:   aesthetics?;  cooling water requirement (possibly cooling towers)?;  increased truck movement? etc.  We shall consider some of these but you should think for yourself what other factors might be affected.

The attached map shows a plan of Thetford Forest.  You should note that there are two additional areas of forest which may be included.  One covers 16 sq km and is located 7 km south of A,  the other has 8 sq km and is 3 km east of B.

2.3 THE STEPS INVOLVED IN THIS ASSESSMENT OF THE RESOURCE

To undertake such an appraisal it is necessary to ESTIMATE*  the following:-

1)   the area of the forest from the map.

2)   the annual "growth" in Energy in each 1 km2
3)   the annual Energy Requirement of the Power Station.

4)   the Energy Overheads for harvesting the wood.

5)   the total area required to provide for sustained output.

6)   the maximum sustainable output from the Power Station.

7)   the existing Energy Value of the trees in each 1 km2.

8)   the time it will take to deplete the resource if the output of the station is doubled at 40 MW. - i.e. the station is used non-sustainably

Environmental Considerations:-

9)   an assessment of whether cooling towers would be required.

10) a comparison with other uses of the fuel.  We shall only consider the case of direct combustion of the wood in boilers in Norwich during the practical,  but you may wish to explore an alternative using CHP in Norwich.

* The word ESTIMATE  rather than calculate is used as several assumption must be made in the computations.

2.4 ASSUMPTIONS TO BE MADE

In assessing any resource,  several assumptions must be made.  Think about exactly what is required to generate electricity from such a power station.   The trees must be felled an transported to the power station (both of these activities use energy).  There will be annual maintenance of the forest requiring transportation,  and finally there are inherent inefficiencies in the power station itself.  

Data on several aspects relating to the yield and energy value of timber as well as other parameters are needed to proceed.  Unlike the fossil fuels, data on key values are scarce and vary considerably (sometimes by a factor of 10) within the literature.  The following values have been taken as realistic mean values:-

2.4.1 General Data:-

rate of growth of (dry) wood:-
10 tonnes/hectare/year

harvesting interval:-
30 years        

calorific value of wood:-
20 GJ/tonne

load factor of Power Station:-
80%

(i.e. amount it is used)

overall thermal efficiency:-
30%*

* The above figure of 30% for efficiency assumes 80% combustion efficiency, 60% Carnot efficiency, 67% isentropic efficiency, and 6.7% station use of electricity (refer to thermodynamics lectures notes which will be given out during the course).

2.4.2 Data relating to Energy Overheads

1) The wood is transported in 10 tonne trucks which can drive 3.35 km for every 1 litre of diesel consumed  (Diesel has a calorific value of 41.9 MJ/litre).

2)  Energy required for cutting trees and trimming on site = 30MJ/tonne.

3) Energy use in forest maintenance (i.e. fuel for transport for inspections, track and fence maintenance etc.) = 3 MJ/tonne/annum.

4) Energy used in a saw mill adjacent to the power station to cut timber into suitable sizes for use in the boilers = 165 MJ/tonne.

5) In this study it is to be assumed that all the Energy Overheads are provided from the wood itself at a mean conversion efficiency of 50% (i.e. the true Energy Overhead is double that computed from the aggregate of (1) to (4) above).

Before you can obtain a figure for the energy overheads per tonne of wood fed to the boiler,  you must know how much wood is actually transported (and how far) as implied by (1) above.

2.4.3 Data relating to "Alternative" Energy Uses. 

1) additional mean transport (round trip) distance (Thetford to Norwich) = 100 km in trucks with a similar fuel efficiency to above.   We shall assume this mode of transport,  but in fact a railway line runs through Thetford Forest and runs to Norwich (just adjacent to the current Power Station).

2.4.4 Alternative to fuel Wood burning District Heating Scheme

2) combustion efficiency of wood boilers (for simple district heating use e.g. UEA) = 70%.

            3)  distribution losses in the district heating scheme = 15%

[image: image1.png]



2.5 METHOD
1)  Draw 2 km x 2km squares on the map and estimate the fraction of each square covered by forest (e.g. 0.85).  Enter the value in column 2 on the sheet provided.  The squares actually shown on the map are 1 km x 1 km squares, and while it would be more accurate to use these smaller squares,  it will lead to unnecessary duplication of calculations for the purposes of this practical.  The 2 km squares will illustrate the principle involved.  Enter the values for the separate fractions in each of the larger squares in column 2 of the booking sheet and sum the values in column 2.  Finally multiply this summed value by 4 (i.e. 2 x 2) to get the total area of the forest in sq kms.  Copy area determined at bottom of column 2 of booking sheet to box in Row A of Pink Book.
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2)   Now select a position for the Power Station.  (It will require water for cooling purposes so site it close to the river).  Decide its exact location amongst members of your group:  consider proximity to good communications and also perhaps habitation for the labour force.  

3)   Now measure the radial distance from the centre of each of the squares above to the power station in mm.  Enter this value in column 3 [the scale of the plan is 1 km = 15 mm or 1:66667 - we will deal with the scale factor in a moment].  Multiply the factor in column 2 by that in column 3 and enter results in column 4.  Sum the values in column 4 and then divide by the sum of values in column (2).  This represents the mean distance between the power station and the forest.  Finally, to convert this into a true haulage dis​tance (d) in column (4) of the table as follows:-

             d   =    column (4) /  column (2)    x   1.5  /15

      i.e.  d   =   0.1 x   column (4) /  column (2)

[  The 1.5 in the above represents the fact that the true haulage distance will be about 1.5 times the radial "as crow flies distance",  and the 15 allows for the scale factor ].

      In all the subsequent calculations assume that the haulage distance is this mean value rather than the individual value for a particular square.   The mean distance should be entered into the box in Row B of the Pink Book.

4)   Now estimate the total annual energy growth (E) per square kilometre [ you do not need the booking sheet for this].

      The data needed for this are in the General Data Section above - but watch factors of 10 as you convert from hectares to kilometres.  [Row C of Pink Book]

      Also estimate the total current energy resource for the whole forest (T) assuming the whole of the forested area (as worked out in (1) above) is covered with trees which are 30 years old. [Row D of Pink Book]

      At this stage values of the key parameters have now been obtained, and it is now necessary to compare the demand for wood by the power station and that actually grown.

5)  In row E,  estimate the energy consumed in hauling the wood to the power station (in GJ/tonne), while in Row F the total overheads are computed.

         Total overheads = transportation energy + cutting energy + maintenance energy + saw mill energy

6) At this stage we need to consider how the energy that is used in the overheads is produced.  Will it be fossil fuel,  or perhaps biodiesel for machinery?  We shall assume the latter, and that this is produced at an overall efficiency of 50%.   Thus the effective overheads must be adjusted to take account of this inefficiency [Row G].   Think carefully about this should the raw overhead figure be multiplied or divided by the efficiency?

7) In row H,  we must now convert the energy overheads into an equivalent amount of extra wood per tonne of wood that must be harvested to provide this overhead energy.   This is relatively straightforward as it will be the energy overhead divided by the energy content per tonne of wood.

8) The next stage requires an estimation of how much electricity is produced in a year.  Remember the handout gives the output capacity in MW.  We need the total amount of energy produced in a year making due allowance for the laod factor.   The easiest way is to compute this in GWh and then convert to TJ  (Row I).
    .  Think about what the relationship is here.  Is it:-

      a) power station output  /    efficiency  x  load factor   

      b) power station output  x   efficiency   x  load factor

      c) power station output  /    efficiency  x  load factor   x a time interval

or  d) power station output  x   efficiency   x  load factor  x a time interval.  ?

      Also should you use efficiency and load factor as a percentage or as a  fraction?

   WARNING:  Be careful with units and powers of 10.   
9)    From the value in the box in Row I it is now straightforward to compute the amount of wood consumed by the boiler each year.  This will be the total energy required to produce the electricity divided by the energy content of a tonne of wood  [Row J].   

10) From (9) and (7) estimate the Gross Amount of Wood required per year [Row K].

11) Estimate the area of forest needed to produce this amount of energy.   This will be the value in Row K divided by the annual energy growth per sq kilometre from Row C. Enter the value in Row L.
12) Assuming that the trees to be felled are 30 years old, what area of forest will need to be cleared each year.  Enter your answer in Row M.

13) Now work out the total area of forest needed to make the project SUSTAINABLE [this latter figure will of course be 30 times the value in Row M.  If this is less than the total forest area, then the project is sustainable. Will the scheme in fact be sustainable?

14) You will probably find that the area of the forest is in fact greater than that required to be sustainable.  That means a larger than planned station could be operated and the scheme still remain sustainable.        What is the maximum sustainable output from the forest? [i.e. if the whole forest area is used].?  Enter your answer in Row N.   

15) If the Power Station were doubled the size, would it still use the resource sustainably,  and if not  estimate the time before the resource of wood will be depleted.  This is perhaps the part of the practical which needs the most careful reasoning.   Think about what you have learnt from (14) above.   That gives the amount which can be sustainably used.  If the double size power station is larger than this then part of the output up to the sustainability limit can be used sustainably.  The remainder must be provided from the capital stock of energy already existing in the trees in the forest.  

First work out what the non-sustainable output is,  and how much wood this would consume in a year  (a simple proportion to the original 20 MW station).   To work out how many years the plant could run.  We need to divide the total energy stock from Row D by this non-sustainable annual consumption,  and this will give the required estimate of the life span of the project.  Enter the result in Row O.

16) The river is about 10m wide, on average 1m deep and flowing at 0.5ms-1.  Of the Energy wasted in the Power Station, 55% is lost to the cooling water.  In normal opera​tion a proportion of the total flow (which must be less than 25%) is abstracted, used to cool the Station, and then returned to the river albeit several degrees warmer.  If the rise in temperature exceeds 5 oC, then cooling towers will have to be built to assist in the cooling.  Examine whether cooling towers are needed for the project.  What will be the overall temperature rise in the whole river well downstream of the return outfall?  [The specific heat of water is 4.1868 kJ kg oC-1].

The waste heat  to cooling water will be   
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     The specific heat of water is 4.1868 kJ kg-1 oC-1
      From the above work out what flow rate is required if the permitted maximum temperature in the cooling water is used.

      Then make a judgement whether this falls within the 25% guideline given.

      Finally work out what the temperature rise in the river will be at the location of the effluent pipe if full mixing of the effluent and undiverted river water occurs.  The results should be entered into Row P. Will this be acceptable environmentally?  

17)  The calculation in Row Q should be fairly straight forward.  We know what area of forest that is required for sustainable generation of electricity for a 20 MW station,  and we also know the annual output.  Calculate what 5% of the UK electricity demand is and then use this figure to work out the area of forest required to supply 5% of UK demand.  The value should be entered into Row R.  For your reference,  the total land area of the UK is around 250 000 sq km.

2.6 Alternative uses of the Wood

A few years ago, adverts on television have promoted "For All your creature comforts HEAT ELECTRIC".  The consequence of this will be to increase the use of electricity for space heating ( and hence the need for more Power Stations).  Does it make more sense to burn the wood directly?

18) Assume, as an alternative, a few large consumers in Norwich were persuaded to burn wood directly rather than "Heat Electric".  What would be the effects on the wood resource  if the Power Station were not built, but the central saw mill was, and the cut timber was taken by road to the consumers.  As shown in the Pink Book, there are in effect two scenarions to consider.   This part of the practical is a good exercise for you to do to ensure you understand the implications of efficiency, and will also help in your revision for the Test in ENV-2B14 - Introduction to Energy.

The data for this part of the exercise are included in the section entitled "Data relating to Alternative Energy Uses"

19)  For the final optional CHP example
 the energy overheads for the power station in Norwich will be the same as those in Thetford except the additional transportation must be included.  Assuming that the Power Station is the same size and noting the reduced efficiency of CHP plant with regard to electricity first work out how much electricity is generated.  Now how much energy is effectively available for district heating and hence work out the proportion of the original fuel which is used effectively.  Note:   since there is no demand for electricity in Thetford Forest you should also include the effects of the Transmission losses from Thetford to Norwich. 

2.7 GENERAL DISCUSSION

As a final exercise, and as part of the general discussion at the end of the practical, consider the overall environmental impacts of the schemes proposed.  Which scheme is the most energy efficient overall.  The power station in Thetford Forest or the alternative Norwich scheme?

2.8  OPTIONAL EXTRA FOR THOSE DOING THE GIS COURSE

If you have done the GIS course you may wish to consider alternative methods whereby you could work out the area of the forest and also the mean distance of the forest from the power station.  Consider how you would do this.  If you wish you can have a digital image of the map to test out your ideas.    This exercise is a little challenging but if you can solve the problem you clearly do understand what GIS can do.    It is hoped that you will have access to a digital image of Thetford which you can try out using IDRISI.

TABLE A2.1   BOOKING SHEET FOR WOOD RESOURCE

Column 1
Column 2
Column 3
Column 4 = column 2 x column 3

Column 1
Column 2
Column 3
Column 4 = column 2 x column 3

Square Number
Area factor
radial distance (mm)


Square Number
Area factor
radial distance (mm)







Brought Forward




1
0.23



41
0.00



2
0.75



42
0.04



3
0.93



43
0.89



4
0.41



44
0.83



5
0.49



45
0.99



6
0.20



46
0.60



11
0.55



51
0.00



12
1.00



52
0.78



13
0.99



53
0.94



14
1.00



54
0.93



15
0.99



55
0.77



16
0.24



56
0.41



21
0.17



61




22
0.82



62




23
0.80



63




24
0.93



64




25
0.94



65




26
0.36



66




31
0.00



South of A
1.00
(7 x 15) +


32
0.08



South of A
1.00
(7 x 15) +


33
0.67



South of A
1.00
(7 x 15) +


34
0.73



South of A
1.00
(7 x 15) +


35
0.71



East of B
1.00
(8 x 15) +


36
0.50



East of B
1.00
(8 x 15) +


Carried Forward 









NOTE:  for the two external areas,  the distance will be the distance to A or B plus the radial distance from A or B to the Power Station.  [the 15 relates to the scale factor]

Total area of woods =  column (2) x  4                                            =
                                                                                                     =====================

Mean Haulage distance =   column (4) /  column (2) x 0.1           =





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

Note:   the multiplication by 4 is because we have used groups of 4 squares

           The factor 0.1  comes from the equations on page 11








PRACTICAL 3:

3.  PASSIVE SOLAR ENERGY  - NOTE BECAUSE OF THE TEMPORARY ARRANGEMENTS MADE AT THE BEGINNING OF THE SEMESTER, it is probable that the WOOD ENERGY PRACTICAL may over - run.  If it does,  then the SOLAR PRACTICAL will be shortened (i.e. the results from the first part of the practical will be completed for you so you can use them in the more important latter part.

3.1 AIM

The aim of this practical is to examine how much passive solar energy is potentially available in the UK, and how the affect of architectural orientation of a building will affect the net energy demand of houses.,  
3.2 INTRODUCTION
In this practical the potential of passive solar energy in houses in the UK will be studied.  A typical latitude of 52o N will be used.  We shall need several sets of information,  including mean temperature data,  mean availability of sunshine,  and solar irradiation data.  Most of this information is provided as tables,  but other parameters must be derived using the overlays provided.  These give the amount of solar energy transmitted through the windows.

3.3 BACKGROUND

When solar energy strikes a window,  some of the heat energy is transmitted,  some is reflected,  and some is absorbed by the glass.  The proportion which is reflected varies with the angle of incidence.  Thus in winter,  the suns rays will strike a south facing window obliquely at 8 am,  and the proportion reflected will be high,  whereas for east facing windows,  the rays will be almost normal to the surface,  and much less will be reflected.  At mid-day,  the sun's rays will be nearly orthogonal to a south facing window,  but the reflection will be greater than an east facing window at sunrise, or a west facing window at sunset.  On the other hand,  the greater path length of the sun's rays through the atmosphere is larger at sunrise and sunset,  and there is an optimum orientation for greatest overall transmission of solar energy.  For this reason,  the greatest amount of solar energy on a south facing window is captured during March and September, and not June.

In the UK,  we have the second highest cloud cover in any country in the developed world,  and much of the direct radiation is thus unavailable to us.  On the other hand,  the diffuse component can often be useful.

To ascertain the total solar gain, we therefore need to determine the proportion of the incoming radiation which is reflected, the proportion which is transmitted, and the proportion which is initially absorbed by the windows and then re-emitted.   This can be done numerically,  but the equations are quite horrendous,  and it is much easier to read off using one of the overlays provided.

A further complication is that the absorption and transmittance factors vary depending on whether the sunlight is direct or diffuse.   For the diffuse component the transmittance factor varies little and is close to 0.67,  while the absorptance also is close to 0.2.  For the direct sunlight,  these factors vary according to the angle the sun makes with the glass,  which depends not only on the latitude, but also the time of day, and the time of year.  This information is obtained from the overlays.

Of the energy which is absorbed, some is re-radiated into the building, while the remainder is lost to the outside.  We must allow for the proportion of useful gain by re-radiation in our calculations.  The booking sheet provided will allow for a complete manual calculation of the solar gain, but it is suggested that you use the computer program once you have abstracted the relevant data from the tables and the overlays.

This year, unlike previous years, much of the calculation will be done by computer so that you can apply the results to specific problems.  If you wish to see exactly how the calculations proceed, then you should consult Appendix 4 where the full calculation is explained in depth, and also a second booking sheet is given should you wish to try it out for yourself.

3.3 PROCEDURE:    WARNING IF IT IS NECESSARY TO CURTAIL THIS PRACTICAL BECAUSE   LOGISTICS PROBLEMS PLEASE JUMP TO SECTION 3.4.   THIS IS LIKELY TO BE THE CASE IN 2005.

Each Project Group should work as four separate groups of two/three.  Within the project group,  one practical group should examine the North orientation,  one the South, one West,  and one East.  If a project group only has three practical groups,  then either the WEST or EAST orientation should be omitted.  Within each practical group of three,  one member should analyse for December,  aone for March or September, and one for June.  Finally you will pool your results between all members of your project group. for the second part of the practical.

1)    Liase with others groups in your project group to decide which orientation your group will do.

.  

2)
On the attached booking form (Table A3),  fill in the columns 2 to 4 by extracting the relevant data from table A2.26 from the CIBSE guide (see Appendix Table A2).  Use the overlays in the manner which will be illustrated to extract the transmittance and absorptance factors, and finally the availability factor from Appendix Table A1.  

3)
Now go to a computer and enter the data into the computer as shown in the Appendix below, obtain a printout of the results, to apply the basic results to real problems.  Proceed to section 3.5.

4)
Plot the variation in solar gain with time of day for a clear day and a cloudy day for each of the months for your chosen orientation [you can also get this directly from the computer printout].   Comment on the shapes of these curves.

3.4  ALTERNATIVE PROCEDURE if PRACTICAL has to be curtailed

This section is to be used only if practical has to be curtailed.

1)    The results from the manual abstraction of solar gain data indicated in 3.3 above have already been evaluated and are provided  at the end of this book in section 6.    They represent the completion and analysis of Table A3, and the partial completion of TABLE 3.1 from the Pink Book.  Had you done the full practical you would have completed one version of Table 3.1 for one of the four key orientations (other members in your project group would have worked on other orientations).  For this version of the practical, there are four separate versions of Table 3.1 - one for each of the orientations North, East, South, and West.

2).   Examine the graphs in Section 6 of the blue book.  Can you explain why the curves have the shape they have?

3.5   CONTINUATION OF PROCEDURE FOR BOTH ALTERNATIVES. 

5)
Now assess the effect of window orientation in December for three different houses,  each having the same window area (20m2).  The distribution of the windows is shown in Table 1.


Window Orientation



North   (m2)
East    (m2)
South   (m2)
West    (m2)







House 1
5
5
5
5

House 2
11
3
3
3

House 3
3
3
11
3

Table  1.  Three houses with same window area, but different orientation.

6)     You can now work out the total gain by multiplying your total results on a clear day,  a cloudy day,  and an average day by the area of the window in the particular orientation. you have studied, and aggregate these with those from others in your Seminar Group doing the same month but a different orientation.  Use the following  booking sheets to help with the calculation.   The total gain is the sum of the four separate solar gains in the four different orientations.  Use the tables below to compute the values and then enter the results in the appropriate table in the Pink Book.

CLEAR SUNNY DAY............................MONTH ......................................................

House Type
North

(m2)
Solar Gain

MJ
East

(m2)
Solar Gain

MJ
South

(m2)
Solar Gain

MJ
West

(m2)
Solar Gain

MJ
Total Gain

MJ












 1
5

5

5

5



 2
11

3

3

3



 3
3

3

11

3



CLOUDY  DAY

House Type
North

(m2)
Solar Gain

MJ
East

(m2)
Solar Gain

MJ
South

(m2)
Solar Gain

MJ
West

(m2)
Solar Gain

MJ
Total Gain

MJ












 1
5

5

5

5



 2
11

3

3

3



 3
3

3

11

3



AVERAGE DAY

House Type
North

(m2)
Solar Gain

MJ
East

(m2)
Solar Gain

MJ
South

(m2)
Solar Gain

MJ
West

(m2)
Solar Gain

MJ
Total Gain

MJ












 1
5

5

5

5



 2
11

3

3

3



 3
3

3

11

3



CLEAR SUNNY DAY............................MONTH ......................................................

House Type
North

(m2)
Solar Gain

MJ
East

(m2)
Solar Gain

MJ
South

(m2)
Solar Gain

MJ
West

(m2)
Solar Gain

MJ
Total Gain

MJ












 1
5

5

5

5



 2
11

3

3

3



 3
3

3

11

3



CLOUDY  DAY

House Type
North

(m2)
Solar Gain

MJ
East

(m2)
Solar Gain

MJ
South

(m2)
Solar Gain

MJ
West

(m2)
Solar Gain

MJ
Total Gain

MJ












 1
5

5

5

5



 2
11

3

3

3



 3
3

3

11

3



AVERAGE DAY

House Type
North

(m2)
Solar Gain

MJ
East

(m2)
Solar Gain

MJ
South

(m2)
Solar Gain

MJ
West

(m2)
Solar Gain

MJ
Total Gain

MJ












 1
5

5

5

5



 2
11

3

3

3



 3
3

3

11

3



3.6 Comparison  of proportion of energy requirement supplied by solar energy

7)  Houses built to current building regulations will have a heat loss rate of around 250 - 300 W oC-1.   To work out the total heat requirement for such a house we need to multiply this figure by the temperature difference between inside and outside.  We can assume a typical internal thermostat of 20oC,  while the mean external temperatures are given for each month in Table 2.

Month
Temperature oC
Month
Temperature oC

January
4.0
July
16.9

February
4.9
August
16.5

March
6.8
September
14.7

April
9.4
October
11.8

May
12.5
November
7.5

June
15.9
December
4.9

Table 2.   Mean Temperatures - (20 year mean)

8)  Now calculate the proportion of the total heating demand supplied by solar energy using the following booking sheet..  

     To help you comment on your results,  it is suggested that one member of the practical group tackles the problem for a clear day,  the second for a cloudy day,  and the third member do the calculations for the average day.

House Type
Total Solar Gain

(MJ / day)
Temperature Difference (oC)
Heat Loss Rate

(W oC-1)
Total Heat loss

(MJ / day)*
% provided by solar energy








House 1


300



House 2


300



House 3


300



*  Total heat Loss per day is  Heat loss rate x  temperature difference  x  number of seconds in a day

3.7 POINTS for DISCUSSION

1)   Why is the mean daily amount of solar energy falling on a south facing window in June less than that falling on West or East facing windows (see Table A2)?    Explain the mean solar gain on a south facing window varies throughout the year in the way it does.   In which month(s) is this gain at a maximum?.

2)
How much does solar energy contribute to the total heating requirement on both a sunny and cloudy day for the three different houses.  

3)  Are the windows a net energy benefit or a net energy loss?   Consider this point with respect to each orientation.

4)   How would you design a set of house in the Real World based on the information gained in this practical?

       Should the largest windows,  face south.  If so what happens with a street which runs east - west,  the largest  windows of those house on the North will face the street, and there will be small windows facing the garden.  Will this be acceptable to the population?

PRACTICAL 3   APPENDIX – UNLIKELY TO BE USED in 2005

3.6 USE OF THE COMPUTER TO ASSIST CALCULATIONS

1)  A specifically written template running under EXCEL has been written for you to use and to do the majority of the basic calculations.   At short notice this has had to be modified from the original program running on the mainframe,  and though it has been tested (as of Jan. 2003),  there may be some minor variations by the time the practical is run.  Latest information will be displayed when you access the ENV-2B12 data file.

2)  You will need to complete columns 2 - 7 of the large booking sheet (Appendix Table A3) before you go to the computer.   The Spreadsheet will compute the data in the remainder of the cells.

3) Go to a computer in Lab D or Lab E and enter the ENERGY suite of programs – see section 4.7.  Select the Solar Energy Button in the ENV-2B12 box.

4)   The Spreadsheet will display a format very similar to the booking sheet.  You should transfer your values to the Spreadsheet.  If you wish you can get a Printout of the Data by pressing the appropriate button.   

5)   To get the Results,  press the appropriate button,  and these will be displayed on the screen.  A printout can be obtained by pressing the "PRINT RESULTS" button.,  and if you wish you can save on a floppy disk by pressing  the "SAVE" button.  WARNING:  If you want to come back to this program you should save the file on disk otherwise all will be lost!.

At this point you should have the relevant data to complete the practical.

[  Note:  If you do save the file on floppy disk,  then you can reaccess this from EXCEL in the normal way.  Select the EXCEL option from the Main Menu  and load file SOLAR.XLS]

[If you wish to see exactly how the calculation is done then consult Appendix A4]

Table A1.  Solar Availability Table for Southern England based on 10 year average (1959-1968) at London Weather Centre.

The figures give the proportion of each hour in which direct sunshine is likely.  The "Total" figures are the respective sums of the hourly averages for the day.

Hour
Jan
Feb.
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Average for year

03-04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

04-05
0.00
0.00
0.00
0.00
0.03
0.12
0.07
0.01
0.00
0.00
0.00
0.00
0.02

05-06
0.00
0.00
0.00
0.04
0.27
0.36
0.28
0.18
0.00
0.00
0.00
0.00
0.09

06-07
0.00
0.00
0.04
0.21
0.42
0.44
0.39
0.37
0.13
0.00
0.00
0.00
0.17

07-08
0.00
0.05
0.24
0.34
0.48
0.50
0.46
0.45
0.35
0.15
0.01
0.00
0.25

08-09
0.07
0.21
0.37
0.38
0.52
0.54
0.48
0.48
0.46
0.33
0.14
0.03
0.33

09-10
0.22
0.26
0.42
0.40
0.53
0.56
0.50
0.51
0.52
0.40
0.25
0.17
0.39

10-11
0.29
0.28
0.46
0.42
0.51
0.55
0.49
0.52
0.55
0.45
0.29
0.23
0.42

11-12
0.29
0.29
0.46
0.42
0.51
0.54
0.46
0.52
0.55
0.45
0.31
0.26
0.42

12-13
0.27
0.29
0.44
0.44
0.50
0.54
0.47
0.52
0.52
0.47
0.30
0.28
0.42

13-14
0.23
0.28
0.40
0.42
0.48
0.52
0.43
0.50
0.51
0.44
0.27
0.28
0.40

14-15
0.17
0.24
0.40
0.37
0.46
0.51
0.43
0.48
0.49
0.38
0.24
0.19
0.36

15-16
0.03
0.16
0.34
0.34
0.43
0.49
0.41
0.45
0.47
0.32
0.13
0.02
0.30

16-17
0.00
0.04
0.20
0.30
0.41
0.45
0.40
0.40
0.38
0.14
0.00
0.00
0.23

17-18
0.00
0.00
0.03
0.21
0.39
0.42
0.36
0.30
0.13
0.00
0.00
0.00
0.15

18-19
0.00
0.00
0.00
0.04
0.24
0.37
0.29
0.13
0.01
0.00
0.00
0.00
0.09

19-20
0.00
0.00
0.00
0.00
0.02
0.14
0.05
0.00
0.00
0.00
0.00
0.00
0.02

20-21
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
1.58
2.10
3.81
4.34
6.21
7.04
5.98
5.82
5.06
3.54
1.94
1.46
4.07

Table A2:  Direct Solar Irradiances (W/m2) on vertical and horizontal surfaces for southern England




Sun Time

Date
Orient-ation
Daily

Mean
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20


N
35
40
160
145
45
-
-
-
-
-
-
-
-
-
45
145
160
40

June
NE
85
70
350
485
480
380
230
50
-
-
-
-
-
-
-
-
-
-

21st
 E
140
55
330
540
635
630
545
400
210
-
-
-
-
-
-
-
-
-


SE
135
10
120
280
415
510
540
515
435
300
135
-
-
-
-
-
-
-


S
105
-
-
-
-
90
220
330
400
425
400
330
220
90
-
-
-
-


SW
135
-
-
-
-
-
-
-
135
300
435
515
540
510
415
280
120
10


W
140
-
-
-
-
-
-
-
-
-
210
400
545
630
635
540
330
55


NW
85
-
-
-
-
-
-
-
-
-
-
50
230
380
480
485
350
70


Horiz
295
-
60
185
330
475
600
700
770
790
770
700
600
475
330
185
60
-

Diffuse
cloudy
120
10
50
90
140
185
230
270
300
310
300
270
230
185
140
90
50
10

Diffuse
clear
50
5
40
60
75
85
90
100
100
100
100
100
90
85
75
60
40
5


N
20
-
115
115
15
-
-
-
-
-
-
-
-
-
15
115
115
-

May
NE
75
-
265
445
455
360
210
30
-
-
-
-
-
-
-
-
-
-

22nd
 E
135
-
260
510
625
630
550
405
215
-
-
-
-
-
-
-
-
-

July 
SE
140
-
100
280
430
530
570
545
460
330
160
-
-
-
-
-
-
-

23rd
S
115
-
-
-
-
120
255
365
440
465
440
365
255
120
-
-
-
-


SW
140
-
-
-
-
-
-
-
160
330
460
545
570
530
430
280
100
-


W
135
-
-
-
-
-
-
-
-
-
215
405
550
630
625
510
260
-


NW
75
-
-
-
-
-
-
-
-
-
-
30
210
360
455
445
265
-


Horiz
270
-
35
150
290
435
565
670
735
760
735
670
565
435
290
150
35
-

Diffuse
cloudy
110
-
35
80
125
170
215
255
285
295
285
255
215
170
125
80
35
-

Diffuse
clear
45
-
30
55
70
80
90
95
100
100
100
95
90
80
70
55
30
-


N
5
-
5
50
-
-
-
-
-
-
-
-
-
-
-
50
5
-

April
NE
45
-
15
290
370
300
155
-
-
-
-
-
-
-
-
-
-
-

22nd
 E
115
-
15
360
565
610
545
410
215
-
-
-
-
-
-
-
-
-

August
SE
150
-
5
230
430
560
620
605
525
390
220
30
-
-
-
-
-
-

22nd
S
150
-
-
-
40
185
330
445
525
550
525
445
330
185
40
-
-
-


SW
150
-
-
-
-
-
-
30
220
390
525
605
620
560
430
220
5
-


W
115
-
-
-
-
-
-
-
-
-
215
410
545
610
565
360
15
-


NW
45
-
-
-
-
-
-
-
-
-
-
-
155
300
370
290
15
-


Horiz
215
-
-
60
190
335
470
575
640
665
640
575
470
335
190
60
-
-

Diffuse
cloudy
90
-
-
45
95
140
185
220
245
255
245
220
185
140
95
45
-
-

Diffuse
clear
40
-
-
40
60
72
80
90
95
95
95
90
80
75
60
40
-
-


N
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

March
NE
20
-
-
-
195
195
75
-
-
-
-
-
-
-
-
-
-
-

21st
 E
80
-
-
-
350
510
495
380
205
-
-
-
-
-
-
-
-
-

Sept-
SE
145
-
-
-
300
525
625
635
570
445
280
95
-
-
-
-
-
-

ember
S
175
-
-
-
75
230
390
520
600
630
600
520
390
230
75
-
-
-

22nd
SW
145
-
-
-
-
-
-
95
280
445
570
635
625
525
300
-
-
-


W
80
-
-
-
-
-
-
-
-
-
205
380
495
510
350
-
-
-


NW
20
-
-
-
-
-
-
-
-
-
-
-
75
195
195
-
-
-


Horiz
140
-
-
-
60
180
305
410
475
500
475
410
305
180
60
-
-
-

Diffuse
cloudy
60
-
-
-
45
90
130
165
185
195
185
165
130
90
45
-
-
-

Diffuse
clear
30
-
-
-
40
60
70
80
85
85
85
80
70
60
40
-
-
-


N
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Feb-
NE
5
-
-
-
10
90
15
-
-
-
-
-
-
-
-
-
-
-

ruary
 E
50
-
-
-
25
305
385
320
180
-
-
-
-
-
-
-
-
-

21st
SE
120
-
-
-
25
345
535
590
555
450
300
135
-
-
-
-
-
-

October
S
165
-
-
-
10
180
370
515
605
635
605
515
370
180
10
-
-
-

22nd
SW
120
-
-
-
-
-
-
135
300
450
555
590
535
345
25
-
-
-


W
50
-
-
-
-
-
-
-
-
-
180
320
385
305
25
-
-
-


NW
5
-
-
-
-
-
-
-
-
-
-
-
15
90
10
-
-
-


Horiz
80
-
-
-
-
55
160
250
310
330
310
250
160
55
-
-
-
-

Diffuse
cloudy
35
-
-
-
5
45
85
110
130
140
130
110
55
45
5
-
-
-

Diffuse
clear
20
-
-
-
5
35
55
65
70
75
70
65
55
35
5
-
-
-


N
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Jan-
NE
0
-
-
-
-
10
-
-
-
-
-
-
-
-
-
-
-
-

uary
 E
25
-
-
-
-
45
220
230
140
-
-
-
-
-
-
-
-
-

21st
SE
90
-
-
-
-
55
325
460
470
395
275
135
15
-
-
-
-
-

Nov-
S
125
-
-
-
-
30
240
420
525
560
525
420
240
30
-
-
-
-

ember
SW
90
-
-
-
-
-
15
135
275
395
470
460
325
55
-
-
-
-

22nd
W
25
-
-
-
-
-
-
-
-
-
140
230
220
45
-
-
-
-


NW
0
-
-
-
-
-
-
-
-
-
-
-
-
10
-
-
-
-


Horiz
35
-
-
-
-
-
45
115
165
185
165
115
45
-
-
-
-
-

Diffuse
cloudy
20
-
-
-
-
5
40
70
85
90
85
70
40
5
-
-
-
-

Diffuse
clear
15
-
-
-
-
5
35
50
55
60
55
50
35
5
-
-
-
-


N
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Dec-
NE
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

ember
 E
20
-
-
-
-
-
140
185
115
-
-
-
-
-
-
-
-
-

.21st
SE
70
-
-
-
-
-
215
375
410
355
245
115
15
-
-
-
-
-


S
100
-
-
-
-
-
165
350
465
505
465
350
165
-
-
-
-
-


SW
70
-
-
-
-
-
15
115
245
355
410
375
215
-
-
-
-
-


W
20
-
-
-
-
-
-
-
-
-
115
185
140
-
-
-
-
-


NW
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-


Horiz
25
-
-
-
-
-
20
70
115
135
115
70
20
-
-
-
-
-

Diffuse
cloudy
15
-
-
-
-
-
25
55
70
75
70
55
25
-
-
-
-
-

Diffuse
clear
10
-
-
-
-
-
20
40
50
50
50
40
20
-
-
-
-
-

Data in this table are derived from Table A2:26 of the CIBSE Guide.

TABLE A3:    BOOKING SHEET FOR SOLAR ENERGY PRACTICAL:MONTH  .........................    WINDOW   ORIENTATION  ..................

Hour
Direct
Diffuse

(cloudy)
Diffuse

(Clear)
Absorptance
Transmittance
Availability
Solar Gain

Clear
Solar Gain

Cloudy
Solar Gain

Mean


W m-2
W m-2
W m-2


%
MJ
MJ
MJ

0 - 1










1 - 2










2 - 3










3 - 4










4 - 5










5 - 6










6 - 7










7 - 8










8 - 9










9 - 10










10 - 11










11 - 12










12 - 13










13 - 14










14 - 15










15 - 16










16 - 17










17 - 18










18 - 19










19 - 20










20 - 21










21 - 22










22 - 23










23 - 24










Daily Solar Gain :        Clear   ....................MJ m-2      :       Cloudy:       .............................MJ m-2         :            Mean:    ......................................MJm-2

Total Heat Loss in 24 hrs        .....................MJ m-2     :        External Temperatue  .......................oC     :         Internal Temperatue  ..................oC

APPENDIX A4.  MANUAL CALCULATION OF SOLAR GAIN

This section describes the manual calculation of solar gain and mimics the computer program.  This section is of relevance to those who wish to know and who wish to attempt the calculation manually.  The associated booking sheet is shown on the next page.

The total solar again is composed of the transmitted intensity and also that intensity which is first absorbed and then retransmitted.

The transmitted intensity has two parts:-  that from the direct sunlight (applicable on sunny days only)

                                                                          that from diffuse radiation - applicable on cloudy days only.

There is also a slight complicating factor in that there is a small diffuse component also present on sunny days, but this is less than that on cloudy days.

To proceed we first fill out columns 2 - 7 in the booking sheet as before.

The column labelled  Tclear  is the directly transmitted radiation and is given by:-

                                 transmittance x  direct radiation   +   0.67   x   clear diffuse radiation.

The factor 0.67 is the transmittance for diffuse radiation which unlike the direct radiation hardly varies with angle of incidence on the glass.

The column    Tcloudy   is given   by :-      0.67  x   cloudy diffuse radiation

Approximately 30% of the original energy is absorbed and retransmitted so that arising on a sunny day will be:-

Column Aclear  i.e.:-

                    0.3 x (direct radiation x absorbtance  +    0.2   x  clear diffuse radiation)

Once again the factor 0.2 represents the absorptance for diffuse radiation which is nearly constant.

Finally,  the column Acloudy is associated with the absorptance from the diffuse radiation as is:-

                   0.3 x 0.2 x cloudy diffuse radiation.

These four columns i.e.  Tclear T cloudy Aclear, and Acloudy   are computed and the total solar gain will be:-

     clear day                       Tclear   +    Aclear
     cloudy day                   Tcloudy    +    Acloudy
whereas the mean gain will allow for the availability which indicates the probability that direct sunshine will be present at a particular hour (based on historical records of sunshine).

Thus   mean gain =       availability *   gain on clear day      +      (1 - availability) * gain on a cloudy day.

You can use the booking sheet to work out the various solar gains.

TABLE A4    BOOKING SHEET FOR SOLAR ENERGY PRACTICAL   MANUAL CALCULATION - ONLY FOR THOSE WHO WANT TO KNOW

:MONTH  .........................    WINDOW ORIENTATION  ..................

Hour
Direct
Diffuse

(cloudy)
Diffuse

(Clear)
Absorp-tance
Trans-ittance
Avail-ability
Tclear
Tcloudy
Aclear
Acloudy
Solar Gain

Clear
Solar Gain

Cloudy
Solar Gain

Mean


W m-2
W m-2
W m-2


%
W m-2
W m-2
W m-2
W m-2
MJ
MJ
MJ

0 - 1














1 - 2














2 - 3














3 - 4














4 - 5














5 - 6














6 - 7














7 - 8














8 - 9














9 - 10














10 - 11














11 - 12














12 - 13














13 - 14














14 - 15














15 - 16














16 - 17














17 - 18














18 - 19














19 - 20














20 - 21














21 - 22














22 - 23














23 - 24














Daily Solar Gain :        Clear   ....................MJ m-2      :       Cloudy:       .............................MJ m-2         :            Mean:    ......................................MJm-2

Total Heat Loss in 24 hrs        .....................MJ m-2     :        External Temperatue  .......................oC     :         Internal Temperatue  ..................oC.

PRACTICAL  4:  AN EXAMINATION OF EFFECTS OF ENVIRONMENTAL RESTRICTIONS ON POTENTIAL WIND ENERGY RESOURCE.

4.1  Aim

The aim of this practical is to examine the effects that restrictions on the sighting of wind turbines will have on the overall energy resource for the wind.  It is based around a form of GIS which will allow you to explore the constraints of different features (e.g. roads, houses, etc), on the potential wind energy resource.   When you come to complete the final part of the practical,  it is up to you group to explore a rational range of conditions on siting (e.g. exclusion zones around key features for houses etc.).

4.2  Organisation

This practical will be divided into three parts.   The first part will be done in one of the weeks 3-6 (depending on your group.  This session should last about two and a half hours,  but if it is not complete,  then this part should be completed by the end of the Monday  approximately 18 days after the initial practical  [see timetable notes later in this section].  The second session will be done during the week 7 practical,  when one member of each practical group will do a preliminary conversion and formatting of the data (this will take about 30 minutes).  Finally,  in week 8/9 (i.e. immediately after the Easter Vacation,  the interesting part of the practical will be completed.  

The first part of the practical involves a delineation of relevant features from a map using the digitising facilities in the Image Processing Lab.  We have tested the sequence and shown that this should take about two and a half hours.  If you do not complete your assigned area,  you are free to book to complete the area during a suitably available time slot [a booking sheet will be posted on the door of room 0.63 each Monday for this purpose].  To avoid clashing booking,  you are asked to complete your area by the end of the Monday approximately 10 days after your initial practical.  From the following morning,  your area will be frozen,  and it will not be possible to complete any more of your area,  and your areas will be marked as it exists.

4.3 Introduction

Wind Energy is one of the most promising renewable energy sources in the UK, at least in the short term.  The basic technology is developed,  and although some more development is needed (7% of blades installed in Californian Wind Farms either failed or showed signs of fatigue),  these problems are not insurmountable, and the possibilities exists for widespread deployment f wind farms in Britain.  Offshore wind energy still has several technical problems to be solved before it can be exploited effectively.  Various wind turbines from 100 kW in size up to 3000 kW in  size have been built in the UK in the last 10 years,  and we currently have the largest wind farm in Europe.  Machines installed in the US in the early 1980s were around 50 kW in rated output,  but the power goes up as the square of the blade diameter so there was a move towards larger and larger machines.  For much of the 1990’s the standard size seemed to be in the range 330 - 500 kW.  Larger machines mean that fewer machines are need for the same output.   Current plans for land based turbines appear to propose turbines in the 500 - 2000 kW range. 

While the rated output is may be say 330 kW,  the effective output (or load factor) is 30% of this i.e. 100 kW.  This reduction arises because the machine will only operate over a range of wind speeds.  At lower wind speeds, the output will be less, and when the wind speed is less than about 5 - 6 mS-1,  there will be no output.  Nor will there be output in winds above a certain speed as the blades will be feathered for safety reasons.

Wind turbines must be sited at about 7 - 10 blade diameters from each other (unless there is a predominant wind direction),  and, apart from on the tops of hills facing the prevailing wind,  the spacing will be around 200 - 300m between turbines.  This spacing is needed to avoid turbulence effects which will cause interference of one machine with another,  and may impose excessive bending stresses.  However, this technical constraint is often not the most important constraint on the siting of wind turbines.  There are five main considerations here:-

1)
turbulence effects near woods which may cause differential blade loading an premature blade failure.

2)
aesthetic impact on the landscape - which decreases with distance.

3)
noise (some turbines in Denmark can be heard at over 700m,  others are only just noticeable at 200m).

4)
interference of radio, television, and communication lines of sight including emergency service communications

5)
safety - distraction to drivers on a busy road,  moderate frequency shadowing as the blade intercepts light at sunrise and sunset,  and ice throw from blades during winter (it is assumed that the catastrophic blade failure can be ignored,  although blades have been known to fly 500m or more).  Flight line approaches to airports and airfields must be clear of turbines both for safety and communications.

Planning objections prevented the vast majority of schemes proceeding in the late 1990’s.   Some of the objectors are quite vociferous,  and there are many WEB Sites containing information from the opposition groups - sometimes the information is very erroneous.   This year a link to many of the Objectors WEB pages is provided as a link directly from the Energy Course WEB Page.

A key issue regarding planning is the social acceptability,  and all the above points must be addressed.  The aim of this practical to allow you to explore which of these issues have the most significant impact on the potential wind energy resource. Recently there has been an interest in using GIS to examine wind energy potential  including no fewer than 11 undergraduate projects in ENV - Till and Kuminek (1994),  and Shaw and Tinton (1995),  Vicat, Armstrong, and Jones (1996), Khandelwal (1997), Cole (200), and Paakkari (2001), Poullis (2002). In addition there is a good resume of work done at Cardiff posted on the Internet - see the Energy Course Home Page.  This practical will examine the effects of some of these constraints using initially image analysis and then GIS.

4.4 A General Description of the Approach.
If we have a map with key features identified in digital form,  then it would be possible to place and exclusion zone around each feature according to some judgement.  The remaining area could be filled with turbines and an estimate of the total resource could be estimated.  Unfortunately,  it is likely that each type of feature (e.g. trunk roads, A-roads, minor roads, rivers,  houses, towns, woods, SSSIs, communication towers etc.) will each have their own requirements as to exclusion zone,  and a simple common exclusion zone will not be sufficient.  Unfortunately,  the majority of digital maps do not give information to the precision needed for this type of analysis,  and it is necessary to first digitise the map ourselves, and use the resulting image for subsequent GIS analysis.  The practical is thus in two basic parts,  a digitising phase (which will take place, depending on your group between week 3 and week 6),  and a second phase in which the real information will be extracted which will take place in week 8/9.  There will also be a short session (during week 7) in which the files will be converted and preliminary processing done in preparation for the practicals in week  8/9.

4.5  Digitising phase
This will be done according to the timetable.  We have limited facilities and so it is important to stick to the schedule.  The county of Cornwall has been photographed in digital form,  and each group will be given an area of 8 km x 8 km on which to delineate the features. The computers having these facilitates are in Room ).48 in ENV.

4.5.1 Running the software
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                          To start the software Click on the Wind Turbine ICON

Some machine are running Windows 3.1,  some Windows 95 and some Windows 98,  but all should operate exactly in the same way.
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Part3: This is the main part of the analysis and will be done in Week 7/8.

[You you have your floppy disk with files as converted from PART2. There should be 28 or 29 files on
the disk. You can run this part of the Practicals from a floppy disk, or from your U: drive if you have
previously copied files to that drive.

[When you have run PART3: you can load your results rile driectly into WORD.
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of your file.In this way you need only load the file once at the end of the session.
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I

f for any reason your previous session was aborted,  then an automatic recovery procedure will be initiated.  If you saved your session at least once using option 3 (or the SAVE menu - see later),  it should be possible to obtain a full recovery,  otherwise, you will have to re-enter the data from the time you last did a SAVE.

Once the keys maps have been cut,  all work now proceeds on your local machine, and you should then not be affected by others until you come to finally save your session.

The computer then goes through some complicated checking and processing, and will eventually display your image overlain by any features already delineated.  The will also be a square box.  Your area is only that within the square box.  That outside will be the area of another group (or groups) and is displayed for your guidance only, AND INDEED ANY ATTEMPT BY YOU TO DELINEATE IN THIS AREA WILL BE IGNORED.   
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A menu is then displayed

FEATURE SELECTION MENU

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

 1>: Trunk Roads                       14>: NT areas / SSSIs etc

 2>: Class A roads                      15>: Airports

 3>: Class B roads                      16>: Industrial Areas

 4>: Class C roads                      17>: Lakes/Water bodies

 5>: Rivers                                  18>: Other area features

 6>: Railways                             19>: Swamp/Marsh

 7>: Pylons etc.                           20>: Isolated houses/farms

 8-10 not in use for ENV-2B12                      /antiquities

11>: Towns and Villages           21>: Radio/Communication Masts

12>: Wooded Areas                   22>: Other point features

13>: Parkland/Recreation/         24>: Rocky Areas/Quarries

     Orchards

.

98>: Correct a feature class  99>: Finish Analysis

These are POINT FEATURES  (e.g. individual houses, communication towers,  LINEAR FEATURES e.g. roads, railways, rivers,  and AREAL FEATURES e.g. woods, towns, parks, swamps etc.

You should delineate all point and linear features before attempting areal features.

Point Features
For point features,  you should move the cursor to the selected point, click, and move onto the next one.  When you wish to finish or to temporarily save the data so far,  double click on the same point.

Linear Features
For linear features,  you once again click on point following the particular feature,  but this time a line will connect the individual points.  When you get to the end of a linear feature,  double click to finish

Areal Features
For areal features,  you must complete a circuit back to the starting point, and double click on the starting point.  You should note that if you move the cursor by too small a step,  the computer will recognise this as the end of delineation and put a straight line from this point back to the starting point which is unlikely to be what you want - so be careful.

For point features, there is no reason why you should not click on 50 or more features in one go.  For linear and area features, never attempt to do more than about 5 - 10 without at least a preliminary save,  in case you make a mistake later.

After finishing the delineation sequence, you will be asked whether you wish to continue.

You are then prompted to check whether you are satisfied with the.  This prompt is in case you made a mistake.  If you accept,  then everything you have done will be added to your feature map and it is more difficult to correct later.

At this point you will be given 5 choices:-

1)
Continue with same feature

2)
Swap to another feature

3)
Temporarily Store Data on local hard drive

4)
Store data in Master File

5)
Finalise file

You should normally save data (either option 3 or 4) at least once every 5- 10 minutes

IF YOU FAIL TO DO THIS YOU MAY LOOSE ALL WHAT YOU HAVE DONE TO DATE - YOU HAVE BEEN WARNED.

·
Option 3 takes an intermediate role (takes longer to save than option 2,  but should be fully recoverable in the event of a failure.  

·
Option 4 will take about 30 - 45 seconds to complete and is the full method for saving.  

·
Option 5 should only be chosen when you are satisfied that the whole delineation is complete.  This will also initiate some additional statistics which will be accessible to you later. Option 5 will also store your area on floppy disk ready for use in the GIS part of the practical.  DO REMEMBER TO HAVE A FORMATTED, BUT EMPTY FLOPPY DISK READY FOR THIS.  Once you choose option 5 you will not normally be able to re-access the data, and your map will be marked on the basis of how it stands at that time.

If  you wish to rerun the program and you are still in SEMPER then  type LIB WINDENERGY  in the window at the top right and press CTRL and RETURN together

4.5.2  Correction of delineation
There is an option to correct an erroneous delineation by selection option 98 in the main feature menu.  You are then asked which feature you wish to correct, and whether you wish to delete all that feature or only part of it.

4.6  A Reminder
This is to remind you,  that several test areas have been delineated by technicians and others, and the average time seems to be between 120 and 150 minutes per area.  It is suggested that you use the practical period efficiently with one member of the group doing the delineation for say 45 minutes with a second person taking over at that point and the third after 90 minutes or so.  If you are unable, for any reason to complete the delineation during the period,  then you should book a time in the following 10 days to finish.  Because there are so many in the class, you will be only allowed 10 days after your initial practical at which time your area will be "frozen", and you will no longer be able to gain access to it.

PART 2 of WIND ENERGY PRACTICAL

4.7 Image Conversion and Preparation for GIS - to be done in Week 7
YOU WILL REQUIRE A SECOND BLANK BUT FORMATTED DISK AT THIS STAGE.

During the week 7 practical one member from each group should initiate the conversion of the file, and complete the preliminary GIS files (this will take about 30 minutes) and requires little intervention when started.

Insert the floppy disk with your area on it into the A: drive of a computer in Lab D or Lab E,  
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Select the PART 2 button.

The conversion takes a several minutes,  the number of features is also reduced as IDRISI can only display 16 colours simultaneously unlike the 256 in the image processing package.  There then will be several minutes while IDRISI prepares a number of files ready for use in the later practical.  

[For those of you doing the GIS course, you may wish to know,  that the process which goes on at this stage is the computation of the Distance function (or Buffer Zone in IDRISI terms) for each of the features separately.  This distance function is then simplified,  and to save space, the image is stored in RLE format].

At the end of the sequence,  the new files will also be copied to floppy disk,  and when it is full it will request that you insert a second empty but formatted disk.  Please keep these two disks safe until the practical in Week 8 or 9.

PART 3 of  WIND ENERGY PRACTICAL

4.8  Wind Energy Assessment - to be done in either week 8 or week 9 (depending on Group)

Please ensure that you have your two floppy disks with you at the start of the practical.  These should contain the

preliminary processing information from week 7 (see section 4.7)
4.9  Decision of exclusion zones

Before you start using the computers you must decide what exclusion zone to use for each feature.  These are listed below.  Things to consider are distraction of drivers on main roads,  noise,  turbulence from woods,  communication interference, and aesthetics (see section 4.3).   Also,  since the standard wind turbine is 30 m in diameter,  the turbine must have a clearance of at least 15m otherwise it will actually touch the structure.  In the practical you will be able to choose spacings in multiples of 20m.   As an initial guide you might like to start with the following, but the choice is yours.  You can of course do several runs and investigate the effects of several scenarios if you wish.  In one of these you could try putting a zero exclusion zone for all features just to see what the reduction is from such planning restrictions.

NOTE:   BECAUSE IDRISI CAN ONLY DISPLAY 16  colours at a time,  the features have been reclassified as follows

Feature
Exclusion Zone (m)
Feature
Exclusion Zone (m)

Class 2

 Trunk Roads
200
Class 10 

 Parks  (apart for aesthetics, there is no reason why there should be an exclusion zone here


Class 3 

A - Roads
100
Class 11 

Industry/Airports  


Class 4

 B  - Roads
60
Class 12 

SSSIs  (see comments about parks,  but what about birds)


Class 5

 C  - Roads
30
Class 13 

Individual houses (use same exclusion zone as for villages/towns?)
200

Class 6 

Railways/ Pylons
20 (min)
Class 14 

Communications Towers (this is a difficult one - most sources suggest at least 500m,  some say as much as 3000m
500

Class   7 

 Water Bodies
20 (min)



Class 8 

Towns/Villages - minimum planning regulations cite 200m,  some say up to 700m or more
200



Class 9 

Woods  - current wisdom suggests that 200 m is a minimum
200



         Table 4.1  Some suggested initial exclusion zones

There are clearly numerous alternatives, it is suggested that you try a few during the practical.

Enter the software in the same way as 4.7,  but this time select the PART 3 button.

A menu will appear and you can change the exclusion zone around each feature as you think fit.   To do this first select the relevant feature code,  and then specify the exclusion zone (to the nearest 20m).  When you have selected a relevant set of exclusion zones, enter 99.   This will allow  you to select a particular turbine size and array.   The software is flexible such that you can select up to 10 different combinations of turbine size/array combinations without having to re-enter the exclusion zone data.

IDRISI will then compute the combined effect of all exclusion zone using several passes.  Finally,  the full image will be displayed continuously at the end until you press ESC to continue.   This image shows the relevant features,  the exclusion zones and also the turbines.

FOR EFFICIENCY AT A LATER STAGE IN THE PRACTICAL IT IS SUGGESTED THAT EACH MEMBER OF THE GROUP RUN THROUGH THE ABOVE ON A SEPARATE MACHINE (all using the sane exclusion zones)

After you have examine the display press ESC to display the results for your particular run.   If you selected several different turbines, then these will be processed in turn.

The results are automatically stored in a file which you can load directly into WORD using the “LOAD RESULTS into WORD” button.   Please note that when you do the second and subsequent runs,  these results are automatically appended to the end of the file so you only need to load the results file at the end of the session.  This will help to reduce the amount of printing done.

Copy the relevant information into the booking sheet (Appendix A4.1 and A4.2) and convert, where needed as shown below.

SYMBOL 183 \f "Symbol" \s 12 \h
Areal features  - multiply by 0.022 to convert to square kilometres

SYMBOL 183 \f "Symbol" \s 12 \h
Linear features - multiply by 0.02 to convert to a length in kilometres

SYMBOL 183 \f "Symbol" \s 12 \h
Point features can be divided by 9  to get the number of such features.  (Each pixel is enlarged in the image for clarity,  but there may be some overlapping of neighbouring features, so the number will not necessarily be a whole number).

SYMBOL 183 \f "Symbol" \s 12 \h
Class 15,  i.e. the turbines will give number of turbines directly.  This should then be multiplied by the following factor to get the sustained output in MW:-

number of turbines x rated output * 0.3

the figure of 0.3 is the load factor.

Please note that this handout was updated in December 2002,  and subsequent improvements in the software may mean that the output in MW will automatically be computed for you.  This last section is retained in case the modifications are not completed in time.

You can now rerun this last section using a different sets of exclusion zones.   You should think logically about your choices and discuss them with your group members.  When this practical is marked, particular attention will be paid to your choices of exclusion zones. 

At this point you should be able to complete the relevant information in the booking sheet and be in a position to answer questions such as:-

1)
what proportion of the area is covered by features

2)
what proportion of the area is covered by exclusion zones

3)
how does  the output from the different size of turbine and the different configuration of turbines differ?

4)   if 10% of the UKs electricity is to be provided by onshore Wind, what area of land will be required assuming that the density of features is the same as in your test area?  [The current UK demand varies from about 55 000 + MW in winter to around 30 000 MW+ in summer].

4.10 For those who are interested, you might like to consider the following

SYMBOL 183 \f "Symbol" \s 12 \h
Assuming an area free of all features,  what difference will there be in the output using 330 kW machines as opposed to 500 kW machines, or for that matter any other size.  Think about this,  the power is related to the square of the blade diameter, but the spacing in each direction is proportional to the blade diameter.

SYMBOL 183 \f "Symbol" \s 12 \h
Theoretically what should the ratio of output be from an array of turbines arranged in an equilateral traingle format as opposed to a square format.  Would there be any difference with isosoles traingles?  Hint work out the effective area covered by each turbine in the two cases.  How does this ratio comapre with the actual values computed for your specific area.  Can you explain the difference?

APPENDIX

TABLE A4.1  BOOKING SHEET FOR WIND ENERGY PRACTICAL

This table will be common to all runs so you need only fill it in once

Feature Class No.
Feature
Length of feature in pixels
Length of feature in  kms
Feature Class No.
Feature
Area of feature in pixels
Area of feature in  sq kms

2
Trunk Roads


8
towns/villages



3
A-Roads


9
woods



4
B-Roads


10
Parks



5
C-Roads


11
Industry



6
Railways/Pylons


12
SSSIs



7
Water Bodies
















Feature Class No.
Feature
Number of pixels
Number of features





13
houses







14
comms towers







The total area covered by your region is 64 sq km

TABLE A4.2  BOOKING SHEET for OUTPUT RESULTS FROM IDRISI



Selected Exclusion Zones

Feature Class No.
Feature
Run 1
Run 2
Run 3
Run 4
Run 5
Run 6

2
Trunk Roads







3
A-Roads







4
B-Roads







5
C-Roads







6
Railways/Pylons







7
Water Bodies







8
towns/villages







9
woods







10
Parks







11
Industry







12
SSSIs







13
houses







14
comms towers








Exclusion Zone

Area  (sq km)








** Proportion covered by exclusion zones








100 kW square








100 kW triangle








330 kW square







Turbine
330 kW triangle







Size
500 kW square







And 
500 kW triangle







Array
1000 kW square








1000 kW triangle








3000 kW square








3000 kW triangle







**   the proportion of the area covered by exclusion zones is given by   
[image: image7.wmf]Area

of

exclusion
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kms

64


5.   Practical 5:   Responding to letters in the National Press

5.1 Introduction

There are few weeks which go by where there is not at least one letter to at least one of the quality daily newspapers relating to Energy resources or Energy Conservation.   In Sections 5.2 – 5.4 are three letters which were printed in the Independent in June/July 2004.   The aim of this practical is to write a suitable letter in response to either Professor Smith or Professor Bullough.  If you choose the former,  then your response should be aimed as explaining why the suggestions are optimistic.  If you choose the latter,  you may either write in support or against Professor Bullough’s stance.   

Letters to the editor  must be  concise and should be 250 (+/- 10%)  words in length otherwise they are likely to be editted and may  change the sense of your argument.

This is a group exercise  and it is suggested that you write one or two draft attempts before  completing the final  version in your Practical  Book.

5.2  Letter dated 22nd June 2004 in the Independent

Turn the tide towards sustainable energy sources 

Sir: The protest in Manchester on 19 June against the proposed wind farm on Saddleworth Moor should send a message to the Government that it has an uphill task if it is relying on wind power to meet most of its 10 per cent commitment to renewables by 2010. Wind is relatively cheap and quick to install onshore whilst at the same time creating the impression that the Government is putting its actions where its rhetoric has been. In the UK, wind power is likely to be an outsider in the energy stakes.

If we are to avoid the nuclear fall-back position within this decade then the Government should waste no time in planning to exploit the outstanding energy resource enjoyed by Britain in the form of the tides. If the potential of the 42 sites for tidal-stream energy, as identified by the EU, and the tidal rise and fall in our major estuaries were to be exploited, they could produce up to 76,000 megawatts of predictable electricity.

This would involve technologies like underwater tidal mills, tidal pounds and the innovative tidal fence. All of these have greater energy densities than wind turbines. If wave power is added, then a further 9,000 megawatts is potentially available. This is significantly more than the annual output to the UK grid.

At the moment we have the bizarre situation in which a highly polluting, heavily subsidised, high-risk fossil-based energy stream is shutting out long-life, robust, predictable, low running-cost technologies that could end our dependence on a contracting and politically fragile source of energy.

PETER F SMITH 
Special Professor in Sustainable Energy, School of the Built Environment, University of Nottingham

5.3 Letter dated 22nd June 2004 in the Independent

Sir: Privilege and self-centredness go together when it comes to wind farms. The most vocal opponents seem happy to work in cities and towns, making smog for somebody else, then to drive away from on roads built through someone else's piece of unspoilt countryside. On the way, they shop at out-of-town supermarkets, before going back to houses built in the areas they say they are trying to protect from wind farms.

Once there they use electricity produced in a massive, ugly, polluting, unsustainable power station near somebody else, that has been put up despite much local concern, in another previously unspoilt region. They want all the benefits of cheap, abundant energy, but aren't prepared to be inconvenienced by anything more than the flick of a switch. Of all the things they could find objectionable though, they choose wind farms - the most benign, sustainable and reversible source of energy known to man. It is shamefully anti-social.

Please can somebody put up a wind farm in my neighbourhood? And in areas where people object, let them be spared the "monstrosity". But charge them more for their electricity as the price of fossil fuels skyrockets in coming decades.

KUNO VAN DER POST 
Oxford

5.4 Letter dated 22nd June 2004 in the Independent

Wind farm lunacy 

Sir: Kuno van der Post's letter (22 June) demonstrates some naivety about the role that wind farms will play in UK electricity generation. The implication is that somehow if we build lots of wind farms, "the massive, ugly, polluting" power stations will just go away.

They will not. Not a single power station will be switched off, and indeed we will need to build more polluting gas or coal-fired stations as nuclear power is phased out and wind is phased in. Electricity supply must meet demand exactly, every second of the day. Unfortunately, wind energy is so unpredictable that all those polluting furnaces must be kept burning, ready at a moment's notice to produce electricity as the wind drops. When there is plenty of wind of course the furnaces produce nothing but heat and carbon dioxide.

Is this not lunacy? Massive wind turbines have blighted the lives of many ordinary people in rural mid-Wales and the North Pennines, with the people of rural Scotland soon to follow - these people are neither privileged nor self-centred, they are just victims of an ill conceived and costly energy policy that amounts to little more than "green" tokenism.

Professor PER A BULLOUGH 
University of Sheffield

5.5.  Concluding Remarks

It is worth mentioning that the whole question of renewable energy, nuclear energy, energy resources, and energy conservation is a fast moving subject, and it is worth  scanning the Independent, , Guardian,   Times,  and  Telegraph periodically  to see what views are being aired.

6.   PARTIALLY COMPLETED DATA FOR SOLAR PRACTICAL in case this practical has to be curtailed.

SOLAR GAIN in MJ m-2  for each hour of the day for North and East Facing Windows




4-5
5-6
5-7
7-8
8-9
9-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

North
Dec
clear





0.053
0.105
0.131
0.131
0.131
0.105
0.053






North
Dec
cloudy





0.066
0.145
0.184
0.197
0.184
0.145
0.066






North
Dec
average





0.063
0.135
0.170
0.179
0.169
0.137
0.065






North
Mar
clear



0.105
0.158
0.184
0.210
0.223
0.223
0.223
0.210
0.184
0.158
0.105




North
Mar
cloudy



0.118
0.237
0.342
0.434
0.486
0.512
0.486
0.434
0.342
0.237
0.118




North
Mar
average



0.115
0.207
0.275
0.331
0.365
0.385
0.381
0.344
0.288
0.221
0.118




North
Jun
clear
0.120
0.460
0.346
0.216
0.223
0.237
0.263
0.263
0.263
0.263
0.263
0.237
0.223
0.216
0.346
0.460
0.120

North
Jun
cloudy
0.026
0.131
0.237
0.318
0.486
0.604
0.710
0.788
0.815
0.788
0.710
0.604
0.486
0.318
0.237
0.131
0.026

North
Jun
average
0.038
0.250
0.285
0.293
0.344
0.398
0.464
0.505
0.517
0.515
0.482
0.424
0.368
0.305
0.277
0.177
0.027

North
Sep
clear



0.105
0.158
0.184
0.210
0.223
0.223
0.223
0.210
0.184
0.158
0.105




North
Sep
cloudy



0.118
0.237
0.342
0.434
0.486
0.512
0.486
0.434
0.342
0.237
0.118




North
Sep
average



0.114
0.200
0.260
0.311
0.342
0.362
0.352
0.324
0.268
0.207
0.117




East
Dec
clear





0.422
0.509
0.215
0.131
0.131
0.105
0.053
`





East
Dec
cloudy





0.066
0.145
0.184
0.197
0.184
0.145
0.066






East
Dec
average





0.126
0.228
0.192
0.179
0.169
0.137
0.065






East
Mar
clear



1.090
1.569
1.505
1.053
0.409
0.223
0.233
0.210
0.184
0.158
0.105




East
Mar
cloudy



0.118
0.237
0.342
0.434
0.486
0.512
0.486
0.434
0.342
0.237
0.118




East
Mar
average



0.352
0.729
0.830
0.719
0.451
0.385
0.381
0.344
0.288
0.221
0.118




East
Jun
clear
0.169
1.028
1.668
1.954
1.947
1.675
1.133
0.450
0.263
0.263
0.263
0.237
0.223
0.197
0.158
0.105
0.013

East
Jun
cloudy
0.026
0.131
0.237
0.318
0.486
0.604
0.710
0.788
0.815
0.788
0.710
0.604
0.486
0.318
0.237
0.131
0.026

East
Jun
average
0.043
0.454
0.866
1.161
1.275
1.204
0.943
0.606
0.517
0.515
0.482
0.424
0.368
0.296
0.207
0.128
0.026

East
Sep
clear



1.090
1.569
1.505
1.053
0.409
0.223
0.233
0.210
0.184
0.158
0.105




East
Sep
cloudy



0.118
0.237
0.342
0.434
0.486
0.512
0.486
0.434
0.342
0.237
0.118




East
Sep
average



0.459
0.849
0.947
0.774
0.444
0.362
0.352
0.324
0.282
0.226
0.118




This table is a completed version of what would have been obtained if the full practical had been done and is results Table after entering data from columns 2 - 7 in Table A3 of the Solar Practical

SOLAR GAIN in MJ m-2  for each hour of the day for South and West Facing Windows




4-5
5-6
5-7
7-8
8-9
9-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

South
Dec
clear





0.504
1.072
1.432
1.544
1.432
1.092
0.504






South
Dec
cloudy





0.066
0.145
0.184
0.197
0.184
0.145
0.066






South
Dec
average





0.140
0.358
0.508
0.574
0.533
0.327
0.074






South
Mar
clear



0.257
0.751
1.251
1.652
1.902
1.986
1.887
1.633
1.189
0.624
0.174




South
Mar
cloudy



0.118
0.237
0.342
0.434
0.486
0.512
0.486
0.434
0.342
0.237
0.118




South
Mar
average



0.152
0.427
0.724
0.994
1.137
1.161
1.046
0.913
0.630
0.314
0.120




South
Jun
clear
0.013
0.105
0.158
0.197
0.356
0.698
1.054
1.279
1.343
1.279
1.054
0.698
0.356
0.197
0.158
0.105
0.013

South
Jun
cloudy
0.026
0.131
0.237
0.318
0.486
0.604
0.710
0.788
0.815
0.788
0.710
0.604
0.486
0.318
0.237
0.131
0.026

South
Jun
average
0.025
0.122
0.202
0.283
0.416
0.657
0.899
1.054
1.100
1.044
0.885
0.650
0.428
0.296
0.207
0.128
0.026

South
Sep
clear



0.257
0.751
1.251
1.652
1.902
1.986
1.887
1.633
1.189
0.624
0.174




South
Sep
cloudy



0.118
0.237
0.342
0.434
0.486
0.512
0.486
0.434
0.342
0.237
0.118




South
Sep
average



0.167
0.473
0.815
1.104
1.260
1.239
1.203
1.021
0.740
0.384
0.125




West
Dec
clear





0.053
0.105
0.131
0.131
0.215
0.509
0.422






West
Dec
cloudy





0.066
0.145
0.184
0.197
0.184
0.145
0.066






West
Dec
average





0.066
0.145
0.184
0.197
0.244
0.241
0.074






West
Mar
clear



0.105
0.158
0.184
0.210
0.223
0.223
0.409
1.033
1.508
1.571
1.097




West
Mar
cloudy



0.118
0.237
0.342
0.434
0.486
0.512
0.486
0.434
0.342
0.237
0.118




West
Mar
average



0.115
0.207
0.275
0.331
0.365
0.385
0.455
0.681
0.738
0.503
0.148




West
Jun
clear
0.013
0.105
0.158
0.197
0.223
0.237
0.263
0.263
0.263
0.450
1.135
1.675
1.947
1.957
1.668
1.028
0.169

West
Jun
cloudy
0.026
0.131
0.237
0.318
0.486
0.604
0.710
0.788
0.815
0.788
0.710
0.604
0.486
0.318
0.237
0.131
0.026

West
Jun
average
0.025
0.122
0.202
0.283
0.344
0.398
0.464
0.505
0.517
0.613
0.927
1.129
1.144
1.035
0.866
0.257
0.028

West
Sep
clear



0.105
0.158
0.184
0.210
0.223
0.223
0.409
1.033
1.508
1.571
1.097




West
Sep
cloudy



0.118
0.237
0.342
0.434
0.486
0.512
0.486
0.434
0.342
0.237
0.118




West
Sep
average



0.114
0.200
0.260
0.311
0.342
0.362
0.447
0.737
0.785
0.410
0.128




This table is a completed version of what would have been obtained if the full practical had been done and is results Table after entering data from columns 2 - 7 in Table A3 of the Solar Practical

Completed Table 3.1
DECEMBER


Clear Day Data  for month of .....................December

Mean solar gain   North facing    

0.710
MJ m-2

Mean solar gain   East facing    

1.566
MJ m-2

Mean solar gain   South facing    

7.559
MJ m-2

Mean solar gain    West facing    

1.566
MJ m-2

Cloudy Day Data  for month of .....................December

Mean solar gain   North facing    

0.986
MJ m-2

Mean solar gain   East facing    

0.986
MJ m-2

Mean solar gain   South facing    

0.986
MJ m-2

Mean solar gain    West facing    

0.986
MJ m-2

Average Day Data  for month of .....................December

Mean solar gain   North facing    

0.920
MJ m-2

Mean solar gain   East facing    

1.097
MJ m-2

Mean solar gain   South facing    

2.509
MJ m-2

Mean solar gain    West facing    

1.151
MJ m-2

Completed Table 3.1
MARCH


Clear Day Data  for month of .....................March

Mean solar gain   North facing    

1.984
MJ m-2

Mean solar gain   East facing    

6.730
MJ m-2

Mean solar gain   South facing    

13.304
MJ m-2

Mean solar gain    West facing    

6.741
MJ m-2

Cloudy Day Data  for month of .....................March

Mean solar gain   North facing    

3.745
MJ m-2

Mean solar gain   East facing    

3.745
MJ m-2

Mean solar gain   South facing    

3.745
MJ m-2

Mean solar gain    West facing    

3.745
MJ m-2

Average Day Data  for month of .....................Narch

Mean solar gain   North facing    

3.031
MJ m-2

Mean solar gain   East facing    

4.818
MJ m-2

Mean solar gain   South facing    

8.223
MJ m-2

Mean solar gain    West facing    

4.205
MJ m-2

Completed Table 3.1
JUNE


Clear Day Data  for month of .....................June

Mean solar gain   North facing    

4.521
MJ m-2

Mean solar gain   East facing    

11.746
MJ m-2

Mean solar gain   South facing    

8.660
MJ m-2

Mean solar gain    West facing    

11.751
MJ m-2

Cloudy Day Data  for month of .....................June

Mean solar gain   North facing    

7.516
MJ m-2

Mean solar gain   East facing    

7.516
MJ m-2

Mean solar gain   South facing    

7.516
MJ m-2

Mean solar gain    West facing    

7.516
MJ m-2

Average Day Data  for month of .....................June

Mean solar gain   North facing    

5.668
MJ m-2

Mean solar gain   East facing    

9.515
MJ m-2

Mean solar gain   South facing    

8.223
MJ m-2

Mean solar gain    West facing    

8.757
MJ m-2

Completed Table 3.1
SEPTEMBER  


Clear Day Data  for month of .....................September

Mean solar gain   North facing    

1.984
MJ m-2

Mean solar gain   East facing    

6.730
MJ m-2

Mean solar gain   South facing    

11.304
MJ m-2

Mean solar gain    West facing    

6.741
MJ m-2

Cloudy Day Data  for month of .....................September

Mean solar gain   North facing    

3.745
MJ m-2

Mean solar gain   East facing    

3.745
MJ m-2

Mean solar gain   South facing    

3.745
MJ m-2

Mean solar gain    West facing    

3.745
MJ m-2

Average Day Data  for month of .....................September

Mean solar gain   North facing    

2.855
MJ m-2

Mean solar gain   East facing    

5.137
MJ m-2

Mean solar gain   South facing    

8.575
MJ m-2

Mean solar gain    West facing    

4.095
MJ m-2
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Note that the scales on the two graphs above are the same.   Are the results as you would expect?


[image: image10.wmf]East Facing Windows - Clear Days
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[image: image12.wmf]South Facing Windows - Clear Conditions
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Are the results for the different months as you would expect?
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For 2003 the percentage of forest in some of the areas has been completed already for you- see the Practical Note Book for details.  The numbers on the squares in the table correspond to those in the figure on the left





This section is an optional extra which you may not have time for in the formal practical but which you may consider in your write up.








Alternative to cogenerate electricity and heat at a power station situated in Norwich








4) electricity transmission losses in bringing electricity from Thetford to Norwich = 5% 





5) efficiency of electricity generation in a CHP plant = 25%





6) saw mill overheads as in Thetford





7) proportion of waste heat available for district heating = 60%





               8) distribution losses in district heating associated with CHP = 15%





�EMBED PaintShopPro���





The program will now automatically start and the first thing you will be prompted for is whether you wish to update the programs.  





Normally respond YES to this.   Then you will be asked for your practical group number, and finally  you will receive a prompt for the area allocated to you.





The sequence continues with your specific area being cut from the master files – this may take up to 30+ seconds depending on how many people are trying to access the file simultaneously.





This year the image is in enlarged format to make delineation easier and you will see the following menu information.











�





Selection of SUB AREA


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





To make delineation easier than previously, the underlying maps have


been enlarged.  You must therefore select which quadrant you wish to


delineate first - then proceed to the other quadrants.  There is some


 overlap between quadrants to ensure good continuity





1>: NW quadrant


2>: NE quadrant


3>: SE quadrant


4>: SW quadrant


5>: General Overview - not for delineation


6>: Finish session





Select the ENEGRY COURSES ICON and a display similar to that at the right should appear.





Press the  continue button and select the


Wind Energy Part2/3 button.   You will now be prompted for your Computer Number.  If you are not formally registered for ENV-2E02,  you will not be able to proceed.  Finally the screen below and to the right should be displayed.
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