ENV-2D02 Energy Conservation 2006
Lecture Notes:   

Sections 1 - 3

(copies of this handout are available from the ENV-2D02 Web Site http://www2.env.uea.ac.uk/gmmc/env/energy.htm)
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     [Illustration Acknowledgement:  Energy Saving Trust WEB Site:          http://www.est.org.uk/saving/index.htm]

1)
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2)
  Basic Energy Economics/Cost Benefit Analysis

             3)   Thermal Comfort
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Energy/GDP Relationships 

1.1 Introduction

Energy is required to sustain life on this planet, and while primitive societies rely on the energy output of their inhabitants, domesticated animals and a few sources of energy such as wood, geothermal,  wind, hydro etc.,  the developed world is typically using 100 times the energy that man himself can sustain.  Energy and Wealth are intricately linked to one another which has prompted many to use such relationships to predict future energy growth.

Fig. 1.1   Typical GDP/Energy Consumption plot

[image: image1.png]Glazing

Loft Insulation

i p
Wall Insulation




A scatter diagram of GDP against energy consumption (Fig. 1) shows a trend where the developed countries are towards the upper right and the third world countries are at the bottom left.  This type of diagram is somewhat imperfect as is overlook the type of economy that is involved.  Thus countries with heavy primary industries tend to fall below the trend line, while countries with a high secondary/tertiary industrial base (or a high hydro component, will tend to lie above this trend line.  Nevertheless there is a clear trend towards increasing energy consumption as wealth increases.  It is thus essential, that as the Third World develops, that the Developed world embraces energy conservation effectively and encourage the poorer countries to follow along these lines as current fossil fuel resources are finite,   Even the most optimistic projections for the development of renewable energy sources will only just allow a world totally sustainable on renewable resources which might be achieved in say 100 - 200 years time. 
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When  the Industrial Revolution began in  Britain, the Energy Consumption began to climb steeply as the wealth of the country grew.  by the time other countries caught up,  more efficient processes had been developed so that for them to achieve the same degree of wealth increase required less energy consumption.  This process continues to the present day such that Third World Countries require much less energy to start wealth gain than did the Developed World some 100 - 200 years ago.  Nevertheless there will always be an increase in consumption when this occurs,  and increases in energy consumption  continued to be seen in the developed world even into the early 1970's.  Though the richer countries have stabilised their consumption or even seen a fall while GDP has continued to increase, there are signs that consumption could increase again despite the greater awareness of the population.

1.2  Energy/GDP relationships in UK since 1950

Fig. 2 shows a plot of how energy consumption and wealth has varied over 50 years.  Noticeable is the fact that wealth has been growing at a faster rate than  energy consumption implying that we are becoming more efficient in the use of energy. 
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Fig. 1.2.  UK Energy and GDP (1995 prices) data over time

An indication of how much more efficient the UK has become since the 1950's is shown in the figure on the next page.  Plotted on the Y-axis is the Energy Ratio which is the amount of energy required to increase the  wealth of the country by £1000  (due allowance made for inflation).   This is shown in Fig. 3.

    Fig. 1.3  Energy Ratio for UK

Between 1950 and late 1960  there was an almost constant decline showing that even without any conservation incentives, the UK was becoming increasingly more efficient in the use of Energy.  

Around 1970 there was an anomalous peak which continued until 1973 at the time of the first Oil Crisis.  The effect of this was merely to bring the trend back on line, and despite claims by the then Labour Government,  there was no real improvement in conservation.

From 1979/1980,  the trend line steepened showing an improved energy efficiency in the economy,  but a worrying trend in the early 1990's recession has been a complete reversal of the efficiency gains, i.e. an increase in energy and decrease in wealth.   However,  in the latter part of the 1990's  the downward trend has again returned.   On average we are becoming 1-2% more efficient in using energy to generate wealth each year.

The peak in 1970+  coincided with falling energy prices in the late 1960's,  but more importantly,  it coincided with a massive building program - an area which is very energy intensive.  This program included:-

a)
major motor way construction

b)
building of many large power stations

c)
building of many large oil drilling rigs.

The increase in efficiency in the 1980's coincided with a restructuring of industry and the availability of conservation grants.  Industry became increasingly efficient and energy intensive industries such as aluminium smelting were closed, and major users such as iron and steel closed old processes, but introduced much more energy efficient processes to achieve the same throughput.

The recession of  the early 1990’s  was very different from earlier recessions as energy consumption actual went up as wealth declined.

2.  Revision of Cost Benefit Analysis

2.1  Introduction

Decisions as to whether an energy project (whether for conservation or the development of new alternative energy Resources] is largely made on the basis of economic analyses even though such analysis is imperfect,  can in the case of Energy issues be flawed,  and give misleading answers on which decisions are made.   

Most of you will have encountered discount rates in the first year,  but for those who have not, and also for those for whom the concept is new, the following is a brief summary.   It is a simple introduction and many who have done ENV-2B17 - Environmental Economics will know that there are some simplifications in what is described below.

2.2   Discount Rates

A key issue in any economic analysis hinges on what Discount rate is chosen,  and the magnitude of this can bias the answer towards one particular option or another.   This discount rate is chosen to allow for the traditional assumption that money will become less in value as time progresses.

If we have a conservation project which costs £100 to implement, and we save £20 each year,  then in simple Pay Back Terms,  the project is viable provided that the scheme does not have to be renewed in less than 5 years which would incur additional capital cost.

Normal economic wisdom assumes that the value of money declines with time (i.e. inflation], and that money borrowed to implement a project will incur interest charges which are compounded each year.

If £100 is borrowed at 5% interest rate then the total amount to be repaid after  one year would be 100 x 1.05 = £105.  In the second year the total debt would amount to £105 x 1.05 =  £110.25 and by the end of the fifth year the total amount to be repaid would be £127.63 instead of £125 by normal simple interest.   Thus the total to be repaid must be higher than in the simple interest case.  

An alternative way of looking at this is to say that we have a project costing £100, but that the effective value of the savings reduces each year because of inflation (or discount rate as it is called).

The best way to examine the effects of discount rates is either to use a tabular approach or to use cumulative discount rate tables if these are available.

Using the same example as above,  How many years will the scheme now have to run to break even if a discount rate of 5% is used.

	Year
	Capital Outlay
	Fuel Saving
	Discount Factor
	NPV of fuel saving.

	0
	£100
	
	
	

	1
	-
	£20
	0.952381
	£19.05

	2
	-
	£20
	0.907029
	£18.14

	3
	-
	£20
	0.863838
	£17.28

	4
	-
	£20
	0.822702
	£16.45

	5
	-
	£20
	0.783526
	£15.67

	6
	-
	£20
	0.746215
	£14.92

	7
	-
	£20
	0.710681
	£14.21


The discount factor may be obtained from tables but is also conveniently computed from the formula:-
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The NPV is the Net Present Value and reflects the value the fuel saving would have if it were accounted at the present time rather than some years into the future.  It accounts for the effects of inflation and/or interest rates.

In the example shown here it is assumed that the fuel bill comes at the end of the year, i.e. after 12 months or running by which time the full effects of one year's inflation will be shown.  If the bills are issued after 6 months then the analysis is a little more involved as the effective discount factor at each bill period needs to be taken into account.  This will make a small effect.  In any case the above analysis will always lead to an estimate which is slightly pessimistic so is valid for analysis purposes. 
If we sum up the savings over the first five years we see that the total saving is

£86.59, and we are still £13.41 short of repaying the initial capital.

In other words,  if the project had a life of only 5 years,  then the NPV would be

             -  £13.41 (i.e. a loss of £13.41) and the project would not be viable.

If the life could be extended to 6 years with no further cost, then the NPV now becomes  +  £1.51  (i.e.    -£100 [capital]  + £101.51 [cumulative saving]).  

Similarly if the life span is 7 years,  then the NPV becomes  + £15.72 and certainly viable.

Sometimes cumulative discount rate tables are available.  These give the cumulative factor of discount up to and including the year n.  i these are available,  then it is usually quicker to use such values rather then some the individual discount values as shown above.  the same example using Cumulative Discount Factors is shown below:-

.

	Year
	Capital Outlay
	Fuel Saving
	Cumulative Discount Factor
	Cumulative NPV of fuel saving.

	0
	£100
	
	-
	

	1
	-
	£20
	0.952381
	£19.05

	2
	-
	£20
	1.859410
	£37.19

	3
	-
	£20
	2.723248
	£54.46

	4
	-
	£20
	3.545951
	£70.92

	5
	-
	£20
	4.329477
	£86.59

	6
	-
	£20
	5.075692
	£101.51

	7
	-
	£20
	5.786373
	£115.73

	8
	-
	£20
	6.463213
	£129.26

	9
	-
	£20
	7.107822
	£142.16

	10
	-
	£20
	7.721735
	£154.43


Though it is much quicker to get the values in the last column using this method,  this is only valid if tables exist as there is no simple formula like the case for the previous method available.

2.3  Choice of Discount Rates and Project Life.

The duration of Project Life depends on a number of factors.  for some items, a single investment (e.g. installation of insulation) will have a single initial cost and then last for many years.  Others schemes may well in themselves require fuel to drive them and also maintenance charges which must be offset against potential savings in future years.

Finally,  energy conservation projects will often compete against other projects when capital resources are required,  and pay back times in terms of other projects may well dictate the project life-span.

Thus if an energy conservation project costs £10 000 and the saving is £2000 pounds a year,  this will not look favourable if for the same investment, and new process can be installed which will increase the number of products made and thereby increase profits by £3000 a year (i.e. a return of 50% more than for the conservation project].

In industry it is not uncommon for small schemes to be considered cost effective if the pay back time is no more than 9 - 18 months.  Exceptionally schemes which have pack back periods in excess of 2 years will be considered, while life times greater than 5 years will be rarely considered unless the installation is such that the companies future is threatened.  Thus the installation of a condensing boiler to replace and existing one may well not be cost effective unless the old one has completely broken down and it is essential that a new boiler is installed.

Discount rates vary from time to time depending on the economic climate and will reflect the current level of the cost of borrowing money.  Different organisations will set different target Discount rates, for example in the late 1970's, discount rates as high as 15% were not uncommon.  Today the figure is nearer 5%.

The choice of a discount rate (which depends on the economic situation at the time prevailing) will automatically bias decisions made solely in economic terms WITHOUT THE DECISION MAKERS BEING AWARE!

Thus in Energy issues

1)
A higher discount rate 10%+ favours coal and fossil fired power generation as the cost of fuel in the future is a substantial part of the total cost, and the more it is discounted the more favourable it becomes.

2)
Moderate discount rates ~5% tend to favour gas and nuclear options.  The later is so because the fuel cost is relatively small, so discounting at higher levels does not help, but the initial capital cost is higher than for coal.  Gas  has cheaper capital costs but lower fuel costs.     Low discount rates do not help the nuclear case as the cost of decommissioning in say 40 years time becomes insignificant when discounted back to the present day

3)
Low discount rates (or even zero or negative discount rates) favour conservation and renewable energy.  Capital costs are often high (particularly with renewable sources of energy), but running costs are small.  There are no fuel costs, but there are not insignificant maintenance costs.

2.4  What about Fuel Price Rises?

The  ideas of using discount rates are well established in economic analysis  and can be extended to cope with rising fuel prices, and even differential rises in fuel prices and staffing costs (see chapter 2 of  Energy Efficiency by T.D.Eastop and D.R. Croft  - Longmans Scientific and Technical Publications:    for examples).  In  practice,  if the fuel price rise equals the discount rate,  then discounting will be exactly compensated by the fuel price rise, and the pay back time will be exactly the same as with no interest charges applied.

2.5  What about Negative Discount Rates?

The idea that a discount rate could ever be negative is totally at odds to normal economic reasoning.    After all, inflation erodes into the value of money such that £1 today will be worth about 97p in 12 months time - implying a discount rate of around 3%.

On the other hand,  if one takes a lump of coal and converts it from a chemical store of energy into heat now,  then we would obtain only about 99% of what we will be able to achieve in 12 months time, as (even without any conservation programs industry, and society is becoming more energy efficient and thus unlike money,  the fuel will become more valuable to us.  

If we continue with the argument,  then it makes sense to compare energy projects in terms of discount rates which may be slightly negative (e.g. -1 ~ - 2%).  In this case,  the decision making changes quite dramatically as fossil fuel projects will become increasingly expensive because  of the need for large quantities of fossil fuel in the future,  Nuclear options becomes prohibitive as the significant decommissioning costs 40 years hence now become much larger when discounted back to the present day with a negative discount rate.   Finally,  conservation and renewable projects will  become increasingly attractive
2.6   Internal Rate of Return IRR

When calculating the Net Present Value of a Project,  the resulting answer will either be positive or negative, and the actual value will depend on the discount rate chosen.  High discount rates will generate low positive (or negative) NPVs.

If  the analysis to determine NPV is used with several discount rates it will be found that at one discount rate,  the NPV over the life of the project is 0,  and this corresponds to the Internal Rate of Return.  This is often a convenient measure to compare alternative projects.    The following figure shows the results of analysing the example in 2.2 with differing discount rates for a project life of 7 years.  The computed NPV values are plotted against discount rate. 

The NPV becomes zero for a discount rate of  9.2%, and this is the Internal Rate of return.    In the current economic climate it is difficult to get a guaranteed interest return of 9.2% net, and thus this conservation project would be more effective than investing in a Building Society.  However, one should be warned, that changing the project life but just one year can greatly change the outcome.

[image: image4.wmf]
Fig.   2.1   Net Present Value against Discount Rate.    Where the line crosses the axis this indicates the Internal Rate of Return (IRR) and may be compared with interest achieved by other means – e.g. in a Bank Account/ Building Society.

The line is approximately linear and so only three points need be determined on this line.  This graphical approach is much quicker to determine the IRR than a numeric method.

2.7 The CHANGING PRICE STRUCTURE for GAS and  ELECTRICITY.

2.7.1  ELECTRICITY

· Until privatisation in 1990,  electricity supply  in England and Wales (except for a very few large customers) was always via the local Electricity Companies.  These companies did not generate electricity but purchased electricity from the Central Electricity Generating Board.

· Prices varied for different groups of customer and most large  users were on what is known as a maximum demand tariff - details of this will be given  later which is significantly different from the domestic tariffs.

· Prices varied from region to region and depended on the ratio of day time to night electricity use in that region.  Regions with more industry tended to have lower prices as the demand through the night tended to be higher and the supply was less peaky.

· Since privatisation,  in 1990 consumers with demands > 1 MW could purchase electricity from any regional company or even from the generators themselves.

· Since 1994,  the threshold has been reduced to 100 kW

· From 1999, all consumers have been able to buy their electricity from wherever they like.

· Charges are in  two parts:-

· a charge to the Local Electricity Company (REC) for transmission which will be the same for all suppliers

· charges for the actual units used

· a charge for meter reading

It is the second and third parts of this charge which vary from supplier to supplier.

Since the Deregulation in 1998, there have been numerous mergers/demergers of companies.   Some companies have aimed to achieve vertical integration from Generation through Local Distribution to Supply to Customers.    Other companies have become specialists in specific aspects e.g. Generation only,  Supply only,   Distributed Network Operators,  Meter Reading Companies etc.

2.7.2 GAS

· Gas prices had generally fewer tariffs pre-privatisation.

· Since privatisation, the idea of interruptible gas contracts and large steady contracts have come to the forefront.

· Like electricity, customers can purchase gas from any supplier, and it is frequently cheaper to buy gas from the electricity company than purchase from British Gas. 

2.7.3 Dual Fuel

In the last 2- 3 years there has been an increase in the options whereby customers can purchase both their electricity and gas from the same supplier and receive and increased discount. 

2.8  Trends in Energy Tariffs

Following Deregulation of the Electricity and Gas Markets in the late 1990’s,  there are now many energy tariffs from which to choose.   Some involve a Standing Charge and relative low unit charge,  others have no standing charge and a high unit charge,  and yet others have no standing charge with a unit charge of a particular value up to a given level, and then a second one for energy consumption beyond that.

There are also different tariffs depending on whether you pay by monthly direct debit,  as normal,  or you pay promptly.  Most energy companies now supply both electricity and gas,  although some may not supply both fuels to all areas.  Most have cost calculators to see how much you can save by switching to their supply,  but this often masks other underlying factors.   The Deregulation Project aims to provide an objective and unbiased assessment of energy prices recognising that a tariff which might be good for one person might be the worst possible choice for another.

As an example the monthly direct debit Electricity Tariffs (as declared on 19th December 2005) for EDF, Scottish Power and PowerGen are compared below as an illustration.

EDF Tariff – from the WEB Site (19th December 2005)

	Standing Charge  per annum
	£59.24

	unit charge 
	6.56p


PowerGen Tariff – from the WEB Site (19th December 2005)

	First 800 units (p)
	10.7415p

	Remaining units (p)
	8.1165p


Scottish Power Tariff – from the WEB Site (19th December 2005)

	First 900 units (p)
	12.31p

	Remaining units (p)
	7.33p


For low consumption levels below 2000 units (~£190 per year)  PowerGen  is the cheapest on account of the zero standing charge followed by Scottish Power.  EDF is the most expensive in this range.   However, above 2500 units, EDF becomes the cheapest followed by PowerGen and then Scottish Power.  Finally above 3000 units, EDF is cheapest, followed by Scottish Power and finally PowerGen which is now the most expensive.  The typical average consumption is around 3400 – 3600 units which for most consumers would make EDF the most attractive of the three.  However, for those who are energy saving conscientious,  PowerGen would be the cheapest.  .
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[see graph below]

Fig. 2.2 Comparison of  three Electricity Tariffs (19th December 2005)

In the case of gas the corresponding tariff for PowerGen was 

PowerGen Tariff – from the WEB Site (19th December 2005)

	Standing Charge  
	0

	unit charge for first 4572 kWh
	3.63

	unit charge for gas consumed above the threshold
	2.05


.

Until recently the GAS tariffs, unlike the Electricity Tariffs were  uniform across the country.   The main reason for variations in Electricity reflected the different transmission losses and consequential charges.   For gas there was a single distributor.  However, recently  the charges for gas have varied as competition has been introduced into the distribution of gas as well.  

Generally speaking, in the case of Electricity, the most expensive supplier for the average consumer any particular region will be the local regional Electricity Company.  In East Anglia it is PowerGen, and  thus PowerGen tends to be more expensive.  In other regions, PowerGen will be the cheapest for the average consumer.

2.9 Some Examples on loft insulation 
Area of average house =    49m2
Example 1.    Assume house with no loft insulation

	
	( 
	Pre War
	Post War

	
	
	
	

	Heat Loss through roof  (WoC-1)
	
	146
	85

	Annual Energy Loss   (GJ)
	
	30.7
	17.8

	
	
	
	

	Full rate Electricity  
	100
	625.09

484.49*
	362.43

282.06*

	Off Peak Electricity  
	90
	336.85

272.47*
	195.31

158.63*

	Gas 
	75
	233.09

164.96*
	135.15

96.04*

	Gas condensing Boiler  
	90
	194.24
137.47*
	112.62

80.03*


* These figures are energy costs based on tariffs from December 2003.  The differences indicate the rise in prices over last two years. 

The calculation of heat loss through the roof  to get the figures in the first two rows will be covered later in the course in section 6.

Average prices  19th December 2005

[assumes   Gas  2.05 per kWh :  


Electricity - Full rate 7.33p per kWh (i.e. average of all three tariffs indicated above).

Electricity – Off-peak 3.95p per kWh for Economy 7 – assumed for heating.

 Standing Charges ignored for both fuels.

	Capital Cost to provide 100 mm insulation @  £2.08 per m2  (cost as at 19th December 2005 - Sainsbury's Homebase).  This is normal price of £9.49 per roll (the special offer of 3 rolls from price of 2 was ignored)
	£107.35

[£101.98 two years ago] 

	Less 2/3rd grant
	£71.57

[£67.98]

	
	

	Net cost
	£35.78

[£33.00]


Notice that the percentage rise in capital costs of the insulation is much less than the rise in tariifs.

 Saving in energy    27.0 GJ  (pre war)        15.5  GJ   (post war)            

Situation after insulation measures

	
	(
	After
	Saving

	
	
	
	Post War House

	Annual Energy Loss   (GJ)
	
	3.34
	14.5

	Full rate Electricity  
	100
	68.0152.85*
	295.24

229.21*

	Off Peak Electricity  
	90
	36.6529.72*
	159.10
128.91*

	Gas 
	75
	25.3618.00*
	110.09

78.04*

	Gas condensing Boiler  
	90
	21.1315.00*
	91.74

65.03*


· figures using 2003 prices

Note;  the difference in energy lost through the roof with insulation will be little different in the two houses.

Using least attractive case - i.e. gas heated  post war house with condensing boiler saving is approx.        £91.74      (remember to use 90% efficiency)  and pay back will occur in   35.78 / 91.74   or about 4.6 months.   In 2003 the pay back was 6.1 months  

 In  most attractive case:-

i.e. full rate electricity with post-war house,  saving is £295.24! and pay back is in 6.35 weeks!!!   If the house had been pre-war, the pay back is in less than a month!

Example 2.  Same house with 50mm insulation already

Gas heated (condensing boiler) case again    Initial consumption will be 6.48 GJ (c.f. 30.7 GJ) for pre-war house.  

Initial annual consumption    (post war house =   5.63 GJ  (cf 17.8GJ)

     [   NOTE:  you will be shown how to calculate the values of 6.48 and 5.63 later in course]

For post war house


cost of gas (condensing)  will be                        £35.62 

                                        (remember 90% efficiency again)
After extra insulation,        consumption  = 3.34 GJ  

        so cost of gas will be  as perviously i.e.                  = £21.13
So monetary saving each year is      £14.49
But capital outlay will be half (can double up existing insulation for half of area, and add 100 mm in remainder). -  107.35/2 =  £53.68.

So raw pay back time with 0% discount 

           53.68

       = ---------   =      3.70  years cf 4.97 years in 2003
           14.49

Thus upgrading insulation already existing is much less cost effective.

Using 5% and 10% discount rates and assume saving is constant throughout we need only evaluate the cumulative discount rates until it exceeds 3.70  (see Table 2.1)

For 5% discount rate we can see that it is just above 4 years and we can find the exact amount using linear interpolation: -

  4  +  (3.70-3.546)/(4.329-3.546)     =             4.20  years

          or at 10% discount rate        =            4.85   years

It is much more cost effective to install insulation to the highest level possible in one go rather than do it incrementally.

These figures should be compared with raw pay back time of 4.97 years.

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

Example 3.  No insulation (post war) with gas heating, but adding 150mm insulation.

New heat loss           = 2.38GJ                     saving is thus 15.43GJ.

Capital cost is about £161.03 and after grant net cost is;  £53.67

[i.e. 50% more than the figure for 100 mm].

Monetary saving with gas condensing boiler          £97.63 per annum. 

Pay back time is still well less than a year even with 10% discount rate.

HOWEVER, if house already has 100mm, it will NOT qualify for grant, but assume that one can purchase 50mm at same equivalent cost.   The energy saving will be 3.34 – 2.38 = 0.96 GJ per annum
MONETARY SAVING each year is only  £6.07 per year,  while CAPITAL OUTLAY IS STILL            £53.68  (assuming upgrading by 50 mm is at same volumetric cost). 

The raw pay back  is now 8.85 years  and at 5% discount payback will occur  in just under 12 years, while at 10% discount rate the period is just under 23 years.   Because of the relative capital cost and tariffs in 2003, in that year payback assuming a 10% discount rate was NEVER achieved.

	Year
	5%
	5%
	10%
	10%

	
	factor
	cumulative factor
	factor
	Cumulative factor

	1
	0.952
	0.952
	0.909
	0.909

	2
	0.907
	1.859
	0.826
	1.736

	3
	0.864
	2.723
	0.751
	2.487

	4
	0.823
	3.546
	0.683
	3.170

	5
	0.784
	4.329
	0.621
	3.791

	6
	0.746
	5.076
	0.564
	4.355

	7
	0.711
	5.786
	0.513
	4.868

	8
	0.677
	6.463
	0.467
	5.335

	9
	0.645
	7.108
	0.424
	5.759

	10
	0.614
	7.722
	0.386
	6.145

	11
	0.585
	8.306
	0.350
	6.495

	12
	0.557
	8.863
	0.319
	6.814

	13
	0.530
	9.394
	0.290
	7.103

	14
	0.505
	9.899
	0.263
	7.367

	15
	0.481
	10.380
	0.239
	7.606

	16
	0.458
	10.838
	0.218
	7.824

	17
	0.436
	11.274
	0.198
	8.022

	18
	0.416
	11.690
	0.180
	8.201

	19
	0.396
	12.085
	0.164
	8.365

	20
	0.377
	12.462
	0.149
	8.514

	21
	0.359
	12.821
	0.135
	8.649

	22
	0.342
	13.163
	0.123
	8.772

	23
	0.326
	13.489
	0.112
	8.883

	24
	0.310
	13.799
	0.102
	8.985

	25
	0.295
	14.094
	0.092
	9.077

	30
	0.231
	15.372
	0.057
	9.427

	40
	0.142
	17.159
	0.022
	9.779

	50
	0.087
	18.256
	0.009
	9.915

	75
	0.026
	19.485
	0.001
	9.992

	100
	0.008
	19.848
	0.000
	9.999


Table 2.1  Discount Table

2.10  Some Comments on these examples.

SYMBOL 183 \f "Symbol" \s 10 \h
The examples show exactly how cost effective loft insulation can be particularly if there is no insulation to start with.

SYMBOL 183 \f "Symbol" \s 10 \h
It pays to install thicker insulation at outset as it will be cost effective (even if there is no grant).

SYMBOL 183 \f "Symbol" \s 10 \h
It becomes progressively uneconomic to upgrade insulation standards, and that if 100m already exists, it is not cost effective to upgrade, even though it is cost effective to put in 150mm from scratch

SYMBOL 183 \f "Symbol" \s 10 \h
The present grant system is a disincentive to those who have spent money in the passed.

SYMBOL 183 \f "Symbol" \s 10 \h
Grants of up to 90% are available for pensioners

SYMBOL 183 \f "Symbol" \s 10 \h
It is argued that the poor cannot afford the capital outlay.  The poor will not have condensing boilers, and are more than likely to have electric heating, and pay back is within a few weeks.  With an extended 90% grant, the capital cost is no more than £10, so this can hardly be construed as a deterrent
2.11 Criteria for Investing in a Project:-

SYMBOL 183 \f "Symbol" \s 18 \h
The project must have a net positive present value over its life span - i.e. the costs will be recovered even allowing for discounting.  In the assessment, fuel costs and maintenance and labour costs needed must be included.  These may   change with different inflation  rates throughout the project lifetime.

SYMBOL 183 \f "Symbol" \s 18 \h
The project has the most favourable rate of return when compared to other projects, or to direct investment (i.e. use Internal rate of Return as an indicator here). 

SYMBOL 183 \f "Symbol" \s 18 \h
If money has to be borrowed to undertake the project, then the rate of return must be greater than the borrowing rate.

SYMBOL 183 \f "Symbol" \s 18 \h
The rate of return must be significantly above the direct investment rate as capital is tied up and cannot be used for other things. 

3. THERMAL COMFORT

The perception of thermal comfort is an individual thing as no two people will react the same in a given environment.

· In the ideal environment it has been shown by extensive research that if all individuals have the same clothing that when the temperature is at the optimum,  2.5% will find it too cold and 2.5% will find it too hot.

· Voting is normally done on the ASHRAE scale ranging from -3 for too cold to +3 for too hot.

· People who vote with values < -2 or > +2 are those who are at the extremes.

· The number of people voting at a particular values follows a Gaussian (normal) distribution which has its peak at a mean vote of zero.

· If we respond only to complaints from those who are feeling too cold or too hot then we are likely to find that more people will be dissatisfied as the curve will be shifted to hotter or colder end.

· Unfortunately,  people who are too cold complain more actively than the other way,  with the consequence that the temperature is often kept unnecessarily high.

· Remember that for every 1oC , the energy requirement rises by 8 - 10% (in UK).

· We need to be objective in any response to complaints by investigating the overall situation - not just the immediate problem of one or two complainants.

3.1  Thermal Comfort Theory

An individual's perception of thermal comfort depends on maintaining a balance between heat produced by body and heat losses:-

    H  -   heat generated by body - depending on metabolic rate

    R  -    heat lost through respiration

               (two components - exhaust air is warmer than air  taken in, AND

                    it is more moist - latent heat of  evaporation)

    E -     heat lost through evaporation from skin (sweat)

So net heat generated by body is (Q)

    Q   =   H   -    R     -     E                   

To maintain a balance this value of Q must loss by radiation and convection from the clothing

i.e.     Q  =  H  -  R  -  E     =     Qr     +      Qc                   ……(1)
where Qr  is heat lost by radiation

            Qc  is heat lost by convection

Expressions can be derived for each of the above quantities - some are very complex, but none need concern us.

NOTE:    The additional handout is ONLY for those who are mathematically inclined and would like to know a little more about the background.   Tables have been computed to allow us to work out estimates of thermal comfort without this elaboration.     

If  H becomes too large for heat losses,  then the body will overheat and this is compensated by increasing evaporation from the skin.

If the body becomes cold,  the body responds by shivering which causes the skin to roughen and the surface air-resistance,  and hence resistance to heat transfer to increase.

3.2  Factors affecting Thermal Comfort

      a)  the air temperature

     b)  the mean radiant temperature

     c)  the relative humidity

     d)  the level of clothing

     e)  the activity level

     f)  the air velocity

The mean radiant temperature is measured with a Globe Thermometer and is related to the exchange of heat between a person and his/her surroundings.

This is a 3D problem and is related to the angle each surface in a room subtends at the point of measurement.  Thus near a window,  the window will subtend a much larger angle than the wall remote from the window.

Since the internal surface of the window is much colder than the internal surface of the walls,  a large expanse of window will make a person feel colder.

As an approximation,  the AVERAGE MEAN radiant temperature within a room may be estimated by the following

( (  surface areas  x  surface temperatures)

                      total surface area

The theoretical basis of Thermal Comfort was developed by Fanger in a book entitled  "Thermal Comfort"

Some chapters are very readable and descriptive about the experiments conducted others are mathematical!

Tables have been produced to simplify analysis.

3.3   Thermal Comfort Experiments

Experiments were conducted in which all subjects were clothed identically and placed in a controlled environment where their activity level was closely monitored.

Periodically they were asked to respond to a number of questions

including how hot or cold they felt.

This provided the necessary link between the physical parameters and the subjective perception.

By constructing charts and tables,  the analysis for a particular environment is now relatively easy.  The tables are for a standard 50% humidity and the mean radiant temperature equalling the air temperature.

1)
select table for appropriate metabolic rate.

2)
select appropriate clothing level sub-table

3)
now read of value corresponding to air (dry-bulb) temperature

4)
and wind speed.

    This value is the basic value and is the Predicted Mean Vote for a large number (100+) individuals.  At this stage, no allowance is made of humidity or mean radiant temperature.

5)
Now use the Humidity correction chart which gives the correction for each 1% variation in humidity from 50%

6)
Repeat for the Mean Radiant Temperature Correction chart   i.e. for each 1oC that the MRT differs from the dry bulb  temperature.

7)
Apply these corrections to the basic value to obtain the corrected PMV (predicted Mean Vote).

8)
Use further chart to estimate proportion of people likely to be dissatisfied with thermal environment.

3.4  THERMAL  COMFORT - EXAMPLE

An office is 3m x 3m x 3m high with an external wall which is has a large 2m high window on the full width of the external wall - (single glazing) and North facing.

The outside temperature is 0oC while the internal air temperature is 19.5oC through out the building and the relative air-temperature is 50%

The office worker wearing clothing with a CLO value of 1.0 and has an activity level of 60 kcal hr-1m-2  complains of being too cold.  

You measure the average mean radiant temperature at worker's desk to be 17oC, 18.5oC on the other size of the room, and 20oC in a similar south facing room.  In What action would you take?

1)
  Need to estimate AVERAGE mean radiant temperature

2)
  Estimate Predicted Mean Vote

3)
  Consider Strategies

It can be assumed that air velocity in room is negligible.

So selecting appropriate section of table for activity level and clothing level

	Air Temp
	

	18
	-0.75

	20
	-0.32


By linear interpolation, 

Predicted Mean vote  =  -0.75  +  (19.5 - 18)/(20-18) * 0.43  =   -0.43                   

                                                                                                    ====

Now estimate correction for MRT difference

At   50 kcal hr-1m-2    correction is + 0.12

At 100 kcal hr-1m-2    correction is + 0.06

So at 60 kcal hr-1 m-2  correction will be 

                           +0.12 -  0.06/5      =   0.11

In North facing Office near window

PMV   =    - 0.43  -  0.11  *   (19.5 - 17)  =       - 0.69

on other side of office

PMV   =    -  0.43  -  0.11  *   (19.5 - 18.5)  =   - 0.54

in south facing office

PMV  =     - 0.43   -  0.11  *    (19.5 - 20)    =   - 0.37

ACTION:

By  Law thermostat cannot be set above 19oC,  and air temperature is already above this (from incidental gains).  Moving the desk to the other side of the room  would help or better still to a south facing office.

By complaining,  the office worker must be voting < -2, and yet the mean vote is only slightly negative.  This suggests that person always feels cold and should be encouraged to wear an extra sweater.  Increasing the CLO value to 1.25 will increase the vote by about 0.3.

3.5  COMPUTATION of AVERAGE MEAN RADIANT TEMPERATURE

Strictly speaking this should be:-

   Mean Temporal, Mean Spatial Mean Radiant Temperature!

Example:   An office is 3m x 3m x 3m (typical of UEA),  and windows are 2m high and full width of one wall.  What is MRT if internal surface temperature of windows is 8oC,  and that of the external wall is 18oC.  The air-temperature is 20oC.

[Note: We shall be considering question of internal surface temperatures in next lecture].

There are 5 internal surfaces (3 walls and ceiling and floor) at internal air-temperature i.e. 20oC.

So MRT   =  
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With double glazing,  the internal surface temperature of the windows would rise to around 14oC and the MRT to 19.44oC.   [ check this out as an exercise].

From the previous example,  we saw that a rise of 1oC in MRT will improve predicted Mean Vote by around 0.11,  so this will be the improvement through double glazing in this room.  Alternatively we could reduce the air temperature slightly to get the same equivalent comfort level.

Note:  Double Glazing sales people rarely recognise this additional benefit of double glazing.

Double glazing has three benefits:-

SYMBOL 183 \f "Symbol" \s 10 \h
reduces loss through windows by half

SYMBOL 183 \f "Symbol" \s 10 \h
enables air temperature to be reduced to maintain same comfort level,  and thus REDUCES loss through other components.

SYMBOL 183 \f "Symbol" \s 10 \h
will often reduce air-exchange rate by as much as 0.3+

3.6  THERMAL COMFORT - SUMMARY

Thermal Comfort measurements may be used to assess a given environment and are a useful additional aspect of Energy Management.

The level of comfort may be predicted using Fanger's Equations,  however, you should note the following:-

It is difficult to accurately assess metabolic rate,  and there is a tendency to underestimate value for people who are seated unless they have been in the particular Environment and at the particular activity level for at least an hour.

Manual use of the charts gives a value approximately 0.2 or so higher than the computer prediction.  This was discovered in a cross check,  and it is believed that one of the lengthy equations in Fanger's Book from which the computer program was developed has an incorrect sign.  This is being investigated.

Fanger's Theory strictly applies only to individuals having the same clothing,  but taking the mean values of a large number of votes should give the same as Fanger (but for the above problems).

If  actual votes are available then use can still be made of Thermal Comfort Tables or the computer to assess the effects of changes in the Environmental Conditions on the mean VOTE.

Rarely is actual thermal comfort data used in Energy Management Decisions -  responses are usually made for those who feel too cold without identifying the real problem


	



	



	



	



- SOME guidance on Mathematical Chapters in Fanger's Book " Thermal Comfort"


Variables affecting thermal comfort are:-


i)     heat produced by body ~ metabolic rate

ii)    clothing

	iii)   air temperature

iv)   mean radiant temperature

v)    humidity (vapour pressure of water)

vi)   relative air velocity

Thermal comfort is covered by the Heat Balance Equations:-

H   -   R   -   E   =   Q   =   QR   +   QC   .....................(1)


where H is heat produced by body

QR and QC are the heat lost from clothing by radiation and convection

Q = heat flow through clothing

R and E are the heat lost through perspiration (dry and latent)    

          and heat lost through evaporation of sweat etc.

Expressions can be derived for each of above quantities for instance, the heat flow through the clothing (i.e. the middle part of equation (1) is conductive and of the form:-
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where ts and tc  are the temperatures of the skin and clothing respectively, 

          A is the area of the nude body, 

    and 
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  is the thermal resistance of the clothing.

[later in the course we shall be covering conductive heat flow and this equation closely follows the form of the basic heat conduction equation]

Some of the relationships for the quantities in equation (1) are complex and can only be found empirically. However, once found they can be substituted into equation (1). The full equation is awkward to use and for most purposes, the approximate form may be used:- 

LHS of equation (1)         =     
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                                                                               ...(2b)

RHS of  equation (1)       =     
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	 This approximate form is valid if the mechanical efficiency of the body is zero, which it is in most cases.  It is only non- zero if the person is climbing a hill or stairs.

Here: -

	M
	is the metabolic rate
	pa
	vapour pressure of water in ambient air

	ta
	air temperature
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	Absolute Temperature of surface of clothing
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	Mean radiant Temperature (absolute)
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	area of clothed body to nude body

	hc
	coefficient of heat transfer by convection
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	A simple linear regression on the data gives:-
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Alternatively, Fanger, reckons that the following exponential is more realistic;

i.e. 
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We may integrate either equation (4) or equation (5) to obtain an expression for Y in terms of L. For compatibility with Fanger, we choose equation (5), and substituting for L in equation (3) and combining with equations (2) gives an estimate for Y if the approximations noted relating to equation (2) are applied :-
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Tables exist to evaluate Y at 5O% R.H., and Tmrt = Ta. When these latter conditions are not true corrections may be made using the appropriate diagrams.
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Values of M/A (i.e. the Metabolic Rate) are tabulated for various types of activity, 


           e.g. sleeping 40 Wm-2, 


seated  60 Wm-2, 


        standing still, 70 Wm-2.   





Note: in the tables from Fanger 1970 on the separate sheets, the values are given in kcal hr-1 m-2.


                  [NOTE: 10 kcal hr-l m-2 = 1.163 wm-2 ]





In the equations (2), the quantities pa, ta, and Tmrt may be measured directly, ts can be found from the empirical relationship:-


               �EMBED Equation ���





where �SYMBOL 104 \f "Symbol"� is the mechanical efficiency and hc is given by:-





                          �EMBED Equation ���    for   < 0.1 ms-1





                    and hc = 12.1                 for   > 0.1 ms-1





fc  varies from 1.0 for the nude body to 1.4 person clad in heavy outdoor clothing.











Finally, tc  can be found by iteratively solving the RHS and middle  parts of equation (2, i.e. 2a and 2c). In theory, tc could also be obtained from the first two parts of the equation (1, or 2a and 2b), but it must be remembered that the L.H.S. contains several approximations and greater precision is likely if the equations 2a and 2c are used.





The heat balance equations must be satisfied if a person is to survive and indeed the regulatory systems within the body respond to cope with adverse conditions e.g. sweating (to increase loss by evaporation) when hot or shivering (to increase thermal resistance of the skin) when cold. The equation, however, does not indicate whether the person is comfortable and indeed the more the regulatory systems have to operate with adverse conditions, the greater will be the feeling of discomfort. To incorporate such feelings, a physiological scale of thermal comfort perception must be considered. There are several such scales but the common one is the ASHRAE scale which goes from -3 for extreme cold to +3 for extreme heat.





Fanger conducted a large number of investigations in which he investigated the variation in mean vote for a large number of subjects with air temperature. All subjects had the same clothing (0.6 clo) and the relative humidity was kept at 50%, and the mean radiant temperature was equal to the air





Some of the relationships for the quantities in equation (1) are complex and can only be found empirically. However, once found they can be substituted into equation (1). The full equation is awkward to use and for most purposes, the approximate form may be used:- 





LHS of equation (1)         =     �EMBED Equation ���    ..........                     


                                                                               ...(2b)


RHS of  equation (1)


�EMBED Equation ���


...                                        ..(2c)


This approximate form is valid if the mechanical efficiency of the body is zero, which it is in most cases.  It is only non- zero if the person is climbing a hill or stairs.





Here: -


M�
is the metabolic rate�
pa�
vapour pressure of water in ambient air�
�
ta�
air temperature�
�EMBED Equation ����
Absolute Temperature of surface of clothing�
�
�EMBED Equation ����
Mean radiant Temperature (absolute)�
�EMBED Equation ����
area of clothed body to nude body�
�
hc�
coefficient of heat transfer by convection


�
�






�
�
Activity Level�
Wm-2�
(kcal hr-1 m-2)�
Mean Vote Y�
�
Seated�
58�
50�
Y = -8.47 + 0.33ta�
�
Low�
93�
80�
Y = -3.64 + 0.18ta�
�
Medium�
123�
(106)�
Y = -3.36 + 0.l7ta�
�
High�
157�
(135)�
Y = -4.16 + 0.27ta�
�
Y  is a prediction of the Mean Vote of comfort by a large number of respondents


It is now necessary to combine these equations in some way with the heat balance equation.





Let L be the Heat load caused by Temporary imbalance in the heat balance equation





 i.e.  L   =   H  -  R  -  E   -   (  QR   +   QC)  ..................(3)





We now examine the variations in both L and Y for small changes in ta.  Typically we shall use finite differences, and noting that.





                          �EMBED Equation ���


  


we can evaluate values of  �EMBED Equation ��� for different values of �EMBED Equation ���
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		PowerGen		0		53.7075		85.932		94.0485		102.165		142.7475		183.33		223.9125		264.495		305.0775		345.66		386.2425		426.825		0		0		0		0		0

		PowerGen		gas		3.63		2.05		4572

																68757		8/10/04

																72265		9/27/05		413				3100.2905569007

																1		9/27/05		0

																237		10/29/05		32				2691.875

																658		12/20/05		52				2955.0961538462
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										41.87

		YEAR		OIL(million tonnes

		equivalent)		OIL

		(PJ)		GDP (billion pounds																				Three year Basis						Twenty Year Basis

		1995		Energy Ratio																		Et/Eo		Gt/Go		Energy Coefficient

		(GJ/£1000)

		1950		143.5		6008.3		239.5		25.09

		1951		148.4		6213.5		246.1		25.25

		1952		147.4		6171.6		247.2		24.97		Energy Coefficient

		1953		152.0		6364.2		256.7		24.79				Five Year Basis

		1954		156.6		6556.8		267.7		24.49				Et/Eo		Gt/Go		Energy Coefficient

		1955		159.4		6674.1		276.0		24.18

		1956		160.7		6728.5		278.7		24.14		1956		1.083		1.132		0.64		0.64		1.057		1.132		0.44

		1957		159.8		6690.8		283.6		23.59		1957		1.084		1.147		0.58		0.58		1.020		1.147		0.14

		1958		159.2		6665.7		284.6		23.42		1958		1.047		1.109		0.45		0.45		0.999		1.109		-0.01

		1959		160.5		6720.1		297.0		22.63		1959		1.025		1.109		0.23		0.23		0.999		1.109		-0.01

		1960		170.7		7147.2		312.9		22.84		1960		1.071		1.134		0.54		0.54		1.068		1.134		0.52

		1961		171.5		7180.7		320.6		22.40		1961		1.067		1.150		0.46		0.46		1.077		1.150		0.53

		1962		172.4		7218.4		324.6		22.24		1962		1.079		1.145		0.56		0.56		1.074		1.145		0.52

		1963		177.8		7444.5		339.9		21.90		1963		1.117		1.194		0.62		0.62		1.042		1.194		0.22

		1964		183.5		7683.1		358.5		21.43		1964		1.143		1.207		0.71		0.71		1.070		1.207		0.35

		1965		189.5		7934.4		367.5		21.59		1965		1.110		1.174		0.65		0.65		1.099		1.174		0.58

		1966		190.8		7988.8		374.6		21.33		1966		1.113		1.168		0.68		0.68		1.073		1.168		0.45

		1967		191.1		8001.4		383.2		20.88		1967		1.108		1.181		0.62		0.62		1.041		1.181		0.24

		1968		197.2		8256.8		398.9		20.70		1968		1.109		1.174		0.64		0.64		1.041		1.174		0.24

		1969		203.5		8520.5		407.1		20.93		1969		1.109		1.136		0.81		0.81		1.067		1.136		0.50

		1970		211.9		8872.3		416.8		21.29		1970		1.118		1.134		0.89		0.89		1.109		1.134		0.82

		1971		209.7		8780.1		425.2		20.65		1971		1.099		1.135		0.74		0.74		1.063		1.135		0.48				1.4130727763		1.727752946		0.6291385109

		1972		212.6		8901.6		440.4		20.21		1972		1.113		1.149		0.76		0.76		1.045		1.149		0.31				1.4423337856		1.7815533981		0.6308830736

		1973		223.1		9341.2		472.7		19.76		1973		1.131		1.185		0.72		1.00		1.053		1.185		0.30				1.4677631579		1.8414491624		0.6249431871

		1974		212.4		8893.2		464.8		19.13		1974		1.044		1.142		0.32				1.013		1.142		0.09				1.3563218391		1.7362719462		0.5489791751

		1975		206.0		8625.2		461.6		18.69		1975		0.972		1.107		-0.27				0.969		1.107		-0.30				1.2923462986		1.6724637681		0.4954450366

		1976		208.9		8746.6		474.5		18.43		1976		0.996		1.116		-0.03				0.936		1.116		-0.58				1.2999377722		1.7025475422		0.4896346022

		1977		213.1		8922.5		485.7		18.37		1977		1.002		1.103		0.02				1.003		1.103		0.03				1.3335419274		1.7126234133		0.5316424056

		1978		213.7		8947.6		502.2		17.82		1978		0.958		1.062		-0.70				1.037		1.062		0.60				1.3423366834		1.7645818693		0.5148642926

		1979		220.0		9211.4		516.1		17.85		1979		1.036		1.110		0.33				1.053		1.110		0.49				1.3707165109		1.7377104377		0.5672821854

		1980		206.2		8633.6		504.8		17.10		1980		1.001		1.094		0.01				0.968		1.094		-0.36				1.2079671939		1.6132949824		0.392184364

		1981		198.7		8319.6		498.3		16.70		1981		0.951		1.050		-1.01				0.930		1.050		-1.46				1.1586005831		1.5542732377		0.3313611794

		1982		196.3		8219.1		507.3		16.20		1982		0.921		1.044		-1.86				0.892		1.044		-2.55				1.1386310905		1.5628465804		0.288461238

		1983		197.5		8269.3		526.3		15.71		1983		0.924		1.048		-1.66				0.958		1.048		-0.91				1.1107986502		1.5483965872		0.238343183

		1984		196.7		8235.8		539.0		15.28		1984		0.894		1.044		-2.54				0.990		1.044		-0.23				1.0719346049		1.5034867503		0.1689088998

		1985		203.1		8503.8		559.5		15.20		1985		0.985		1.108		-0.15				1.035		1.108		0.33				1.07176781		1.5224489796		0.1634531588

		1986		206.8		8658.7		583.2		14.85		1986		1.041		1.170		0.25				1.047		1.170		0.29				1.0838574423		1.5568606514		0.1802669994

		1987		210.0		8792.7		609.0		14.44		1987		1.070		1.200		0.36				1.068		1.200		0.35				1.0989010989		1.5892484342		0.2017064518

		1988		217.7		9115.1		640.6		14.23		1988		1.102		1.217		0.49				1.072		1.217		0.35				1.1039553753		1.6059162697		0.2068316017

		1989		217.8		9119.3		654.3		13.94		1989		1.107		1.214		0.52				1.053		1.214		0.26				1.0702702703		1.6072218128		0.1416687896

		1990		221.6		9278.4		658.5		14.09		1990		1.091		1.177		0.53				1.055		1.177		0.32				1.0457763096		1.5798944338		0.0968589401

		1991		221.4		9270.0		648.6		14.29		1991		1.071		1.112		0.64				1.017		1.112		0.16				1.0557939914		1.5253998119		0.1273987189

		1992		220.8		9244.9		649.0		14.24		1992		1.051		1.066		0.79				1.014		1.066		0.21				1.0385700847		1.4736603088		0.0967497739

		1993		222.7		9324.4		664.0		14.04		1993		1.023		1.037		0.63				1.005		1.037		0.14				0.998207082		1.4046964248		-0.005235827

		1994		223.9		9374.7		693.2		13.52		1994		1.028		1.059		0.48				1.011		1.059		0.19				1.0541431262		1.491394148		0.1307742752

		1995		224.7		9408.2		714.0		13.18		1995		1.014		1.084		0.17				1.018		1.084		0.21				1.090776699		1.5467937608		0.1974691209

		1996		230.6		9655.2		732.2		13.19		1996		1.042		1.129		0.33				1.035		1.129		0.28				1.1038774533		1.5430979979		0.2259215327

		1997		232.5		9734.8		757.9		12.84		1997		1.053		1.168		0.33				1.038		1.168		0.24				1.0910370718		1.5604282479		0.1940645357

		1998		236.8		9914.8		777.9		12.75		1998		1.063		1.172		0.38				1.054		1.172		0.33				1.1080954609		1.5489844683		0.2325982564

		1999		237.3		9935.8		795.7		12.49		1999		1.060		1.148		0.42				1.029		1.148		0.20				1.0786363636		1.5417554737		0.173295042

		2000		240.1		10053.0		819.9		12.26		2000		1.069		1.148		0.48				1.033		1.148		0.23				1.1644034918		1.624207607		0.3112127507
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				1995		224.7		714		315		100

				1996		230.6		732.2		315		100.1

				1997		232.5		757.9		307		97.5

				1998		236.8		777.9		304		96.7

				1999		237.3		795.7		298		94.8

				2000		240.1		819.9		293		93

				1995		224.7		0.0		714		0.00		1995		0.000		2.396		-5.24

				1996		230.6		0.0		732.2		0.00		1996		0.000		2.499		-4.97

				1997		232.5		0.0		757.9		0.00		1997		0.000		0.000		0.00

				1998		236.8		0.0		777.9		0.00		1998		0.000		0.000		0.00

				1999		237.3				795.7

				2000		240.1				819.9
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Sheet2

										41.87

		YEAR		OIL(million tonnes

		equivalent)		OIL

		(PJ)		GDP (billion pounds																				Three year Basis						Twenty Year Basis

		1995		Energy Ratio																		Et/Eo		Gt/Go		Energy Coefficient

		(GJ/£1000)

		1950		143.5		6008.3		239.5		25.09

		1951		148.4		6213.5		246.1		25.25

		1952		147.4		6171.6		247.2		24.97		Energy Coefficient

		1953		152.0		6364.2		256.7		24.79				Five Year Basis

		1954		156.6		6556.8		267.7		24.49				Et/Eo		Gt/Go		Energy Coefficient

		1955		159.4		6674.1		276.0		24.18

		1956		160.7		6728.5		278.7		24.14		1956		1.083		1.132		0.64		0.64		1.057		1.132		0.44

		1957		159.8		6690.8		283.6		23.59		1957		1.084		1.147		0.58		0.58		1.020		1.147		0.14

		1958		159.2		6665.7		284.6		23.42		1958		1.047		1.109		0.45		0.45		0.999		1.109		-0.01

		1959		160.5		6720.1		297.0		22.63		1959		1.025		1.109		0.23		0.23		0.999		1.109		-0.01

		1960		170.7		7147.2		312.9		22.84		1960		1.071		1.134		0.54		0.54		1.068		1.134		0.52

		1961		171.5		7180.7		320.6		22.40		1961		1.067		1.150		0.46		0.46		1.077		1.150		0.53

		1962		172.4		7218.4		324.6		22.24		1962		1.079		1.145		0.56		0.56		1.074		1.145		0.52

		1963		177.8		7444.5		339.9		21.90		1963		1.117		1.194		0.62		0.62		1.042		1.194		0.22

		1964		183.5		7683.1		358.5		21.43		1964		1.143		1.207		0.71		0.71		1.070		1.207		0.35

		1965		189.5		7934.4		367.5		21.59		1965		1.110		1.174		0.65		0.65		1.099		1.174		0.58

		1966		190.8		7988.8		374.6		21.33		1966		1.113		1.168		0.68		0.68		1.073		1.168		0.45

		1967		191.1		8001.4		383.2		20.88		1967		1.108		1.181		0.62		0.62		1.041		1.181		0.24

		1968		197.2		8256.8		398.9		20.70		1968		1.109		1.174		0.64		0.64		1.041		1.174		0.24

		1969		203.5		8520.5		407.1		20.93		1969		1.109		1.136		0.81		0.81		1.067		1.136		0.50

		1970		211.9		8872.3		416.8		21.29		1970		1.118		1.134		0.89		0.89		1.109		1.134		0.82

		1971		209.7		8780.1		425.2		20.65		1971		1.099		1.135		0.74		0.74		1.063		1.135		0.48				1.4130727763		1.727752946		0.6291385109

		1972		212.6		8901.6		440.4		20.21		1972		1.113		1.149		0.76		0.76		1.045		1.149		0.31				1.4423337856		1.7815533981		0.6308830736

		1973		223.1		9341.2		472.7		19.76		1973		1.131		1.185		0.72		1.00		1.053		1.185		0.30				1.4677631579		1.8414491624		0.6249431871

		1974		212.4		8893.2		464.8		19.13		1974		1.044		1.142		0.32				1.013		1.142		0.09				1.3563218391		1.7362719462		0.5489791751

		1975		206.0		8625.2		461.6		18.69		1975		0.972		1.107		-0.27				0.969		1.107		-0.30				1.2923462986		1.6724637681		0.4954450366

		1976		208.9		8746.6		474.5		18.43		1976		0.996		1.116		-0.03				0.936		1.116		-0.58				1.2999377722		1.7025475422		0.4896346022

		1977		213.1		8922.5		485.7		18.37		1977		1.002		1.103		0.02				1.003		1.103		0.03				1.3335419274		1.7126234133		0.5316424056

		1978		213.7		8947.6		502.2		17.82		1978		0.958		1.062		-0.70				1.037		1.062		0.60				1.3423366834		1.7645818693		0.5148642926

		1979		220.0		9211.4		516.1		17.85		1979		1.036		1.110		0.33				1.053		1.110		0.49				1.3707165109		1.7377104377		0.5672821854

		1980		206.2		8633.6		504.8		17.10		1980		1.001		1.094		0.01				0.968		1.094		-0.36				1.2079671939		1.6132949824		0.392184364

		1981		198.7		8319.6		498.3		16.70		1981		0.951		1.050		-1.01				0.930		1.050		-1.46				1.1586005831		1.5542732377		0.3313611794

		1982		196.3		8219.1		507.3		16.20		1982		0.921		1.044		-1.86				0.892		1.044		-2.55				1.1386310905		1.5628465804		0.288461238

		1983		197.5		8269.3		526.3		15.71		1983		0.924		1.048		-1.66				0.958		1.048		-0.91				1.1107986502		1.5483965872		0.238343183

		1984		196.7		8235.8		539.0		15.28		1984		0.894		1.044		-2.54				0.990		1.044		-0.23				1.0719346049		1.5034867503		0.1689088998

		1985		203.1		8503.8		559.5		15.20		1985		0.985		1.108		-0.15				1.035		1.108		0.33				1.07176781		1.5224489796		0.1634531588

		1986		206.8		8658.7		583.2		14.85		1986		1.041		1.170		0.25				1.047		1.170		0.29				1.0838574423		1.5568606514		0.1802669994

		1987		210.0		8792.7		609.0		14.44		1987		1.070		1.200		0.36				1.068		1.200		0.35				1.0989010989		1.5892484342		0.2017064518

		1988		217.7		9115.1		640.6		14.23		1988		1.102		1.217		0.49				1.072		1.217		0.35				1.1039553753		1.6059162697		0.2068316017

		1989		217.8		9119.3		654.3		13.94		1989		1.107		1.214		0.52				1.053		1.214		0.26				1.0702702703		1.6072218128		0.1416687896

		1990		221.6		9278.4		658.5		14.09		1990		1.091		1.177		0.53				1.055		1.177		0.32				1.0457763096		1.5798944338		0.0968589401

		1991		221.4		9270.0		648.6		14.29		1991		1.071		1.112		0.64				1.017		1.112		0.16				1.0557939914		1.5253998119		0.1273987189

		1992		220.8		9244.9		649.0		14.24		1992		1.051		1.066		0.79				1.014		1.066		0.21				1.0385700847		1.4736603088		0.0967497739

		1993		222.7		9324.4		664.0		14.04		1993		1.023		1.037		0.63				1.005		1.037		0.14				0.998207082		1.4046964248		-0.005235827

		1994		223.9		9374.7		693.2		13.52		1994		1.028		1.059		0.48				1.011		1.059		0.19				1.0541431262		1.491394148		0.1307742752

		1995		224.7		9408.2		714.0		13.18		1995		1.014		1.084		0.17				1.018		1.084		0.21				1.090776699		1.5467937608		0.1974691209

		1996		230.6		9655.2		732.2		13.19		1996		1.042		1.129		0.33				1.035		1.129		0.28				1.1038774533		1.5430979979		0.2259215327

		1997		232.5		9734.8		757.9		12.84		1997		1.053		1.168		0.33				1.038		1.168		0.24				1.0910370718		1.5604282479		0.1940645357

		1998		236.8		9914.8		777.9		12.75		1998		1.063		1.172		0.38				1.054		1.172		0.33				1.1080954609		1.5489844683		0.2325982564

		1999		237.3		9935.8		795.7		12.49		1999		1.060		1.148		0.42				1.029		1.148		0.20				1.0786363636		1.5417554737		0.173295042

		2000		240.1		10053.0		819.9		12.26		2000		1.069		1.148		0.48				1.033		1.148		0.23				1.1644034918		1.624207607		0.3112127507
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				1995		224.7		714		315		100

				1996		230.6		732.2		315		100.1

				1997		232.5		757.9		307		97.5

				1998		236.8		777.9		304		96.7

				1999		237.3		795.7		298		94.8

				2000		240.1		819.9		293		93

				1995		224.7		0.0		714		0.00		1995		0.000		2.396		-5.24

				1996		230.6		0.0		732.2		0.00		1996		0.000		2.499		-4.97

				1997		232.5		0.0		757.9		0.00		1997		0.000		0.000		0.00

				1998		236.8		0.0		777.9		0.00		1998		0.000		0.000		0.00

				1999		237.3				795.7

				2000		240.1				819.9






