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Table A2 DATA B. FORT DUNLOP: 1976

Total Specific Total . Specific
Degree Fugl Fuel Steam Steam
Days 10 ' MJ MJ/kg 10 kg kg/kg
302 145 42 .6 44.5 13.1
332 196 42.6 65.6 14.3
343 238 41.8 76 .4 13.4
237 163 39.8 50.9 12.4
127 159 35.3 50.0 R 2%
54 130 28.9 39.3 8.7
30 116 27 .6 34.3 8.2
47 57 27.1 20.1 9.6
100 134 29.8 36.9 8.2
175 145 31.5 43.7 9.5
302 161 35.8 49,5 11.0
437 269 48 .9 81.3 14.8
MEAN VALUES
207 159 36.0 49.4 11.2
SYMBOLS
D F J S K



Table A3 DATA C. FORT DUNLOP ANNUAL CONSUMPTIONS 1966-76

Town Borewell Total Total Total
0n a0 108 1003 100ws
2568 1909 4477 3369 ' 3823
2909 2028 4937 3332 3788
3346 1673 5019 3545 4021
3159 1164 4323 3528 4013
2996 1359 4355 2775 ' 3194
3037 1655 4692 2424 2851
2382 1282 . 3664 2386 2766
2205 1555 3760 2336 2724
1918 836 2754 2126 2452
1859 782 2641 2000 2322
1800 1214 3014 1895 2237

MEAN VALUES

2562 1405 3967 2701 3108
SYMBOLS .
A B A+B F 2z



Table A4 DATA D. DUNLOP UK INDIVIDUAL DIVISIONS: 1975
Town . Total
Divisions No Wagcg Fuel
— 10 m 10°MJ
(A+B) (F)
Industrial Group
Fluid Seal 1 140 96
Belting 2 232 153
Hydaulic Hose 3 128 96
Industrial Hose 4 52 97
0il & Marine 5 49 81
G.R.G. 6 693 476
Polymer Eng. 7 278 197
Precision Rubber 8 17 30
Rubber Plastics 9 24 45
Total (excluding Fire Armour) 1613 1271
UK Tyre Division
Fort Dunlop 10 1977 2004
Speke 11 766 780
Inchinnan 12 400 491
Washington 13 49 92
Regent 14 67 219
Total (excluding United Reclaim 3259 3586
and N.T.S.)
Engineering Group
Aviation 15 69 139
Plant & Equipment 16 8 61
Wheel 17 560 365
Suspensions 18 66 18
Redditch Moulding 19 1 17
Total 704 600
Grand Total
(excluding Fire Armour 5576 5457
United Reclaim
N-T-s'
Consumer Group)
MEAN VALUES 293 287

Total
Energy

[

150
162
137
118
93
550
231
44
57

1542

2326
989
567
130
243

4255

178
65
434
44
24

745

6542

344
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A2 1 Results of Polynomial Regression '

The following results have been obtained from the Hewlett Packard
HeP. 9830 programmable calculator, using a Polynomial Regression
Pack developed by D.C. Hickson. This programme however, did not
provide a correlation coefficient for each equation, 'consequently
feasibility of the 'fit' has been assessed on the RMS deviation;
the average percentage fluctuation equalling the RMS value divided

by the upper limit of the y scale.

’ - WA . ——

It must be noted that for specific consumption:analyses, the

results obtained were based on only 36 sets of data.

. 42,1 Independent Varisble = Production Output (W)

A Total Fuel Consumption ]F!

- It is impossible to produce tyres without consuming some

energy. This enforces the adoption of the 2nd ordexr
equation. The feasibility of this choice might well be
reinforced by the probability that at low and high
production levels, effective fuel usage is poor; whilst
throughout the average montjly output range (3,000 to 8,000

tonnes), dependence is more linear.

- The degree of scatter is large, representing an average
fluctuation of 8.4%. This shows a poor correlation
although still marginally significant when related to the

number of points considered.
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The degree of scatter tends to increase with higher output.
This could be due to: poor data: poor control of fuel;
improvements in utilisation of fuel during the period;

and variation in ambient temperature. Output tends to be
higher in the winter than during the summex ﬁonths,so
temperature variation is likely to have more effect at this

end of the scale.

The fuel overhead of 26.4 TJ/month is small when related
to the average monthly consumption (14%). This could,
however, be low since no account has been made for variable

overhead.

The gradient of the line, an indication of efficiency, is
mainly dependent on the linear term for smaller outputs.
Assuming linearity, improved efficiency would reduce the
gradient, which if there was no consequent alteration to
fixed overhead, the y intercept might well become positive
with the tilting of the line. Ignoring overheads, fuel
consumption therefore varies between 2.5 and 39.5 TJ for

every 1,000 tonnes of output.

With evidence of no-linearity at the extreme limits, plus
the increasing proportion of the overhead in total con=-
sumption as output drops, it is clear that specific con-
sumption is not a suitable measure of efficiency. Assuming

the 1st order equation, specific consumption varies ass

t =¥ o 395 =97
W W
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which is non-linear. Similarly with the 2nd order, specific
consumption varies as:

f = f: = + 25.5 + 1.3W + ?6.
W

W
Assuming the 2nd order equation to be feasible, the optimum
production output for maximum effective usage can be
obtained froms
¥ oo a3 - B4 L o
. dw W

henee w o= 405

Assuming the 1st order, maximum efficiency occurs at
infinite W, or in real terms, at the maximum output
possible for the factory. In practice, linearity will
not follow at levels of activity outside the design limits
for a factory. It can therefore be deduced that Fort

Dunlop operating at excessive output levels is not ccnducive
to fuel efficiency.

Electricity Consumption (E)

Choice of equation in this case must lie with the 1st

order since, based on theory, it is unlikely that electricity
consumption could ever reach a maximum point of inflectionj
as is the case with the 2nd orﬁer equation. Observing the
plot, it is difficult to predict any non-linearity at

either end of the limits.

Controllability of electrical use is evident with linearity

and a low degree or variation of scatter (average flutuation

= 3.9% in the range). This makes for a high degree of
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significance for this relationship, electrical consumption

being almost entirely dependent on production.

From this two points emerge. Firstly, improvements in
efficiency from 1969 to 1976 have obviously been minimal.
This could be due to more effective usage at the onset
relative to other services such as fuel, thus making
further improvement more difficult. Secondly, there is
little evidence of other variables, such as hours of day-
light, influencing consumption. ILighting etc., must

therefore contribute to the fixed overhead.

The level of fixed overhead of 5.3 TJ/honth is higher than
that for fuel, amounting to 17% at average activity levels.
This could be due to a constant lighting load. Obviously
no account can be made for variable overhead such as

mechanical/electrical power ratio on machines etc.

In the case of electricity, variation in specific consumption
with output is solely due to the effect of overhead.

With this being fairly large, once again there is evidence
that specific consumption is not an effective measure of

efficiency. Assuming the 1st order equation:
E 5e2

W W

e + 5.1 (which is non-linear)

Ignoring overhead, approximately 5.1 TJ of electricity are

consumed for every 1,000 tonnes of tyres produced.

Maximum output will provide the optimum level for effective

utilisation, assuming linearity holds true at these higher

levels,
30



Total Energy Consumption (2)

As in the case of fuel, it is impossible to have a negative
intercept and so the 2nd order equation must be chosen.

It is interesting to note, however, that the effect of
including electricity in the total: has been.to reduce “this

to = 3.5,

Taking the 2nd order, the most noticeable difference

between fuel and total energy is the increased gradient.

Once again, however, the correlation approaches linearity
over the normal working output range (3,000 to 8,000 tonnes).
The mode of the relationship between energy and output,
however, demonstrates in physical terms the dominance of

the thermal input.

As for fuel, the degree of éoatter at T.1% fluctuation is
large, thus showing poor correlation but relative
significance, The amplitude of scatter tends to be
greater at higher output levels probably for the same

reasons.

The total energy overhead pef nonth of 27.4 TJ is smaller
than expected amounting to 13% of an average monthly
consumption. Once agzin no account has been made for

variable overhead.

If the 1st order is assumed, a slight improvement in
efficiency of energy use could tend to tilt the line to
give a positive intercept. As in the case of fuel, there-

fore, linearity should be considered over the normal
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operation range. Ignoring overheads, energy consumption
can be said to range between 32.2 and 44.6 TJ for every -

1,000 tonnes of output.

Since nen-linearity and overheads do exist, however, it is
again selfevident that specific consumption is not a
suitable measure of efficiency. With the 2nd order equation,

this varies as:

Z = E = 27.4 + 32.2 + 1.1 w
W W

The optimum production output, therefore, occurs when:

9 . 91 =274 + ©

dw W2
hence W = 50

Towvn Water Consumption (A)

In this case, choice of order is more difficult. With the
high degree of scatter the assumption is that the 1st

order should be selecteds The feacibility of the choice
might be questioned in the light of poor control being

a major contributor to overhead; ' . consequently the 2nd
order might be realistic. On the other hand, low production
tends to occur in the summer, and with little cali for
steam-heating (a large water consumer), plus the declining
use of manpower demestic requirements at this time, the
lover valuve may be acceptable. FPhysical measurements

taken during past shut-downs have estimated,with no produc-
tion during 2 summer month, water usage can be between
40,000 and 65,000 1it/day (equivalent to a maximum of
48,000 n’ a month). This is in accordance with the lower

value,
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The extent of scatter is large, amounting to an average
fluctuation of 8.5%. Whilst correlation is poor, the

relationship is marginally acceptable.

Unlike that for fuel, the degree of scatter does not increase
with output but is random. Whilst water conservation has
improved usage in the period, this is more likely to be

from the effect of poor control.

The water overhead of 18,600 m;/honth accounts for as little
as 12% at average production levels, It is plausible,
however, that there is a large variable overhead associated
with the number of employees on the site at any one time;
i.e. washing and toilet facilities, heating etc. This,
however, tends to be related to production activity. It
should be explained that water consumption will tend to
increase with heating requirements,since only a small

proportion of condensate is returned to the boilers.

The gradient of the 1st order equation is such that,
assuming no overhead, 27,900 m3 are required for every 1,000

tones of tyres produced.

Specific consumption, particularly at low output, is not,

however, a suitable basis for e;fective use evaluation.

a = 2 . B8 Lo
W W

With this in mind, the maximum level of production for

highest effective use would be the optimum.
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Borewell Water Consumption (B)

For obvious reasons of a negative intercept for the 2nd -
Order plot, the linear equation must be chosen. This

complies with assumptions based on the degree of scatter.
. It is also unlikely that the equétion should have a maxi-

mum point of inflection.

The degree of scatier in this case is extremely large, the
average fluctuation being over 13%, peaking to 50% of the
scale limit. Correlation is poor and somewhat insignificant
which suggests that borewell water is only partially related

to production activity.

Clarification of an alternative variable is uncertain which
suggests that, although there is a slight trend for scatter
to increase with production output, the main cause is lack

of control on usage,

In contrast to town water, however, overhead per month is
relatively small (15,600m3), but at everage consumptions
accounts for over 19% of water pumped. This is thought to
be due to lack of control of cooling circuit water, large

quantities being unnecessarily lost to drain.

The shallower gradient of the line in relation to fixed
overhead shows less sensitivity to production changes than
for town water. Similarly, there is likely to be little
variable o%erhead associated with consumption,since the

number of borewells pumping relates to the level and
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temperature of the pump-room pond and not to any plant

being cooled.

It is difficult to ignore overhead in giving a value of
13,191 m: of consumption for each 1,000 tonnes of tyres
produced., It is clear that in the case of borewell water,
and consequently circulating water, specific usage cannot
be a measure of efficiency.

b = B . 156 . 435

W W
It can, therefore, be concluded that the most effective usage

will occur at maximum output.

Steam Consumption gs!

For reasons of a 2nd order, negative intercept and a maximum
point of inflection, in contrast to fuel and total energy .

censumptions, the 1st order equation must be chosen for

steam.

The affects of ambient temperature, inaccuracy of data,

poor centrol,and changes in efficiency in the period account
for the degree of scatter, which tends to funnel outwards
with increased production, The level of average fluctuation
is large ‘at 11.5%. This indicates poor correlation end
significance, the major reason being the independent ambient

influence. Clearly further investigation is required.

The fixed steam overhead is also large (95,000 tonnes/month),

accounting for some 18% of usage at average consumption levels.
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This endorses the relative poor control, particularly effects
of temperature. No account can be made for variable

overhead.

Ignoring overhead, the average steam consumption at Fort
Dunlop from 1969 to 1976 is 8.8 kg/kg. However, with such
a large fixed overhead, specific consumption cannot be

used as a measure of performance since:

S
s = e = E + 8.8
W W

As with 21l linearity, the most effective use of steam should
come at higher output levels, due to the thermal mass of
equipment such as presses. As in most cases, however, over-
production will depart from linearity and decrease

efficiency.

Bases on a heat take up of 2,57 MJ per kg of steam produced
and comparing the results with those for fuel, a2 boiler
house efficiency of over 868% is obtained. This is impossibly

high,obviating some improbability in the analysis to date.

There is clear evidence that both fuel and stean use relate
to more than one independent variable. Multiple regression
must therefore be used before assessment of non-production
consumptions can be made. Before this, however, it is

useful to consider consumption = temperature dependence.

Production Output vs Compressed Air and Hydraulics

It was questionzble whether compressed air and hydraulics

would collectively reflect eny meaning when compared with
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product output. Consequently, analysis failed to proceed
beyond the manual computation. Based on the data given
earlier - and derived from the average electrical
consumption for each service, the results of the exercise
were:

Figure A23(a) shows moderate scatter, maximum fluctuation

of 45% at any level of output. Vhilst this is unacceptable,
the average variance is much lower, thus providing some

significance,

Assuming a straight line plot, the fixed overhead 0.9
EU}hnnth represents 18.5% of the total consumption at

average output levels, This is likely to be due to:

2. excessive air leskage
b. non-optimisation of start up and shutdown

c. continuous 'no-load! running of pumps and

compressors

Vith such high overhead, the most efficient use of air
and hydraulics occurs at higher production outputs. This

reflects the observed operation characteristics.
Since both services are produced from electrical energy

input, Eontrol should be effective. Scatter must, there-

fore, result from loss effects,
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Figure 423 (a)
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- Specific air and hydraulic consumption would indicate

severe inefficiency of usage at low output levels.

A2.2 Independent Variable = Ambient Temperature

A  Total Fuel Consumption (F)

= Choice of which order to adopt is difficult since both fit
the theory., If the 1st order is extrapolated, The line
crosses the axis at 19.1 C, meaning that when temperatures
reach this level, no further fuel would be required regard-
less of production. Similérly for 2nd order, at 24 C a
minimum is reached, after which consumption will increase
once more., Neither situation is acceptable unless a
temperature limit is specified, after which consumption can
only be attributed to production and its inherent heat loss

overheads.

= In the light of results given to date, there is no way
of deriving such a value from production/fuel regression,
since neither overhead nor scatter can be attributed to
production influence and completely independent of tempera-
ture effects, Neither is it possible to Jjudge the extent
of heat loss from plant independent of space heating

effects.

- Based on average conditions for winter, space heating can
constitute 45% of the steam generated. Assuming an
average winter temperature of 4 C and using both equations,

the estmated fuel consumption attributable to production
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only is 144 TJ/month,which when extrapolated as an overhead,
intersects each curve at a temperature between 15 and 16 C.
Vith some heating left on in the summer (15%), however, plus
additional loss from plant, calculation for an average
summer (16 C) produces an intersection between 18 and 21 C.
For ease of analysis, therefore, 20 C is assumed the point
at which the space heating is isolated and the overhead is
attributable to production. This temperature has been
tzken as the space heating cut-off point for each of the

dependent variables in figures A12 to A16.

Over the range selected, there is still little to choose
between the two orders., The degree of scatter advocates

the usé of the 1st order, but theory suggests that since the
cooling of plant is included, the.2nd order should be
adopteds In either case both gradients are similar, the

only major di.fferenceé being the value of fuel attributable to
production at 20°C and the increasing gradient of the 2nd
order equation at lower temperatures. For the most part

linearity exists over the working range.

Vith interference from production effects, the degree of
scatter is large, the average fluctuation being 10.4%%,
peaking to 40% of the scale limit, Correlation is therefore
. poor, casting doubts ?n significance and suggesting that
consumption is only partially related to temperature.
Production output is obviously a second independent variable,
the effect -of which will need to be examined through

miltiple regression.
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~ From these results, fixed overhead, on the consumption

attributable to production is put between 93 and 121 'I‘J/
month. It should be noted that heat loss from plant occurs
at higher ambient temperatures than 20°C, Whilst allied
to output, this loss will vary with temperature and should
not be classed as an overhead. Since the quality of
energy actually required to make a tyre.is small compared
with that actually consumed (16), the remaining energy is
lost as heat., This loss, however, is attributable to both
production and ‘space heating, but in this instance it must
be assumed that the two are separate: space heating shown
as the marginal consumption, and fixed output.identified
with production. Based on these assumptions, at 0°c
space heating plus additional heat losses account for over
two thirds of the total consumption., With average measure-
ments and estimates of 50% of the total fuel use being for.
space heating, up to 20% of the heat could be lost through
poor insulation, It should be noted, however, that a portion
of this heat leoss from unlagged pipes is re-radiated for

: space heating,and should insulation standards improve, the

situation might arise where additonal fuel will be needed

, to maintain comfortable temperatures.

-~ The main objective of this exercise is to provide a means
of temperature correction for fuel consumption, since
ambient conditions are independent of production activity
and cannot be controlled. Outside multiple regression
analysis, this cannot be accurately assessed since, based

on polynomial regressions, it is impossible to isolate

t
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the effects of production from the ambient influences,
Ienoring the fixed overhead, it can be said that for every
degree drop in average temperature, an additional 10 to 17
TJ of fuel is required per month, but this relationship

is unlikely to be totally linear.

The only way in which a rough temperature correction can
be obtained, when assessing production performance, is
by deducting the marginal consumption from the actual
fuel usage for the month and comparing this with the
firxed overhead given by the equations., This brings

consumption to a common base at 20°¢,

Total Energy Consumption (Z)

Once 'again the degree of scatter is large but less than
that for fuel, the average fluctuation being 9.T%. Conse-
quently, choice of order is difficult. For the 2nd order
linearity is evident over the range 0 to 20°C. A second
independent variable (production activity) must be

introduced before adequate selection can be made.

Fixed overhead, entirely a function of output, is put
between 118 and 147 TJ/month. Based on this result, at
0% space heating plus additional losses account for less
than two thirds of the overall consumption due to the
effects of electricity.

Ignoring the fixed overhead, for every one degree drop

in average temperature, an additional 11 to 18 TJ of energy
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is required each month, with the relationship lik.ely to be

linear.
Production performance is once again difficult to evaluate.
Approximate temperature correction can be obtained using .

the method outlined for fuel use.

Steam Consumption S

The conclusions drawn from fuel use vs temperature are
likely to apply to steam. In this case, however, choice of
order of equation might include a cubic relationship.
However, to maintain simplicity, only the first and second

order will be considered.

For the range of temperature considered, the 2nd order
equation is almost linear with only smell overhead variation at
the O and 20°C limits when compared with the 1st order.

The 1st order can therefore be adopted.

The degree of scatter is large (10.2% fluctuation) due to
effects of the production variable. Howevexr. the scatter

appears more wniform with fewer peak variations,

Fixed overhcad, attributed to production, is between 25
and 29 million kg per month. Consequently at 0°C, gspace
heating and other losses constitute over two thirds the

steam damand.

Ignoring the fixed overhead, each degree drop in average

temperature is accompanied by an additional 3 to 4 million
43



kg of steam consumed per month, the relationship being

close to linear.

As in the previous cases, however, consumption cannot be
accurately corrected for temperature variation due to the ?
degree of scatter and low correlation significance. The
method used for fuel will give an approximate correction

to the 20°C base.

Specific Fuel Consumption (J)

Comparison of the effective use of fuel in.production may
be produced by relating specific consumptions to temperature
variation. This would eleminate the need for multiple
regression techniques. The following results for fuel and
steam have been based on a small number of points taken

for each month during 1973 to 1975.

Based on the assumptions made for fuel consumption in 3,2
A, 20°C is the temperature at which space heating is turned
off. In the-case of steam, however, specific'consumption
(given in the following section E) for the 2nd order equation
has a minimum point of inflection at 17°C, Increases there-
after are not credible,which infers a lovering of the cut-
off point to 17 C,with the lower limit still at 0°C.

Viith these new constraints, there is little to choose
between the two equations, differences in fixed overhead
and gradient being emall. The 1st order equation might,
therefore, be adopted in view of the degree of scatter.
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The significance of the relationship between specific
consumption and temperature is minimal,with a correlation
coefficient of 0.5. There is evidence that specific con-
sumption will itself vary with ocutput. In comparison with
ambient conditions, this is assumed to be constant, which
could amongst other reasons (data accuracy) account for the

scatter.

The proportion of overhead attributable to production out-
put is put at 31 MJ/kg. Consequently at 0°C, only a third
of the fuel consumed is attributable to heat loss end space
heating. This contrasts with the two-thirds calculated
using total consumpfions,which is thought to be a more

accurate estimate.

Discounting overhead, for each degree of temperature drop
below 20°C, an additional 0.84 MJ/kg is required, the

relationship being linear.
Having deduced a more accurate estimate for temperature

effects, improved correction for ambient variation can be

obtained for production performance.

J = 0.84 (20-T) MI/kg

d
]

where P

the temperature corrected specific fuel
consumption
J = the measured specific full consumption

(13 /ke)

T = the average monthly temperature (°C).
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Specific Steam Consumption (X)

Based on similar assumptions in E above, the linear equation
is assumed to be the best fit for the temperature range

considered.

The degree of scatter, however, is not as large with a
correlation coefficient approaching 0.7 which is thought to
be significant. The scatter is a result of variation in
specific consumption with production, accuracy of data

and improvements in performance throuchout the period. The
main reason for the improved correlation is the increased
efficiency of steam raising in 1969 and 1979, brought about

by substitution to gas firing,.

The production fixed overhead, assuming this does not
alter with changing activity, is 9.0 kg/fkg. At 0°C there-
fore, only a third of the steam load is attributable to
space heating. This contrasts with enalyses of total

consumptions but agrees with that of the previous section.

For each degree of temperature drop below 2000, en additional
0.3 kg of steam per kg of product is required; the correlation
approximating linearity. The measure of production
performance, -corrected for temper?ture, is given by:

Q = K-0.3 (20-1) xgke

where X = the measured specific steam consumption (ke/ke)

These results assume that space heating is proportional
to temperature and that the heat used in the process is
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wuneffected by changes in temperature. Such losses, how-

ever, are likely to vary with temperature drop, hence adoption
of the second order equation. In addition, specific

- consumption also varies with production output. Multiple
regression was, therefore, required for production of a

more feasible model.

- Ta2king both equations for specific fuel and steam use and
assuming there are 2,57 MJ taken up in every kg of steam
produced, the overall boiler efficiency can be calculated
to be 67%. This is not far from a realistic performance
for these boilers, if the additional fuel required for
non-steam-raising operations is subtracted it can be con-
cluded, therefore, that the regression coefficients have
some degree of credibility. A multiple regression analysis

will help to endorse these findings.,

A2.3 . Indevendent Varisble = Total Manhours

On the evidence of two polynomial regression exercises, it is
reasonable to conclude with relative conclude with relative
certainty that since there is a high degree of correlation between
production output snd the number of menhours (a measure of activity),
energy consumption will depend as much activity levels as tonnes

of tyres produced.Figures A 17 and A 18 depict the close relationship
between direct manhours, total manhours and production output.

The degree of scatter for the total manhours (5.23% average
fluctuation) is greater than that for direct manhours (3.35%). This
will be a result of the non-dependence of production on indirect

labour activity. Both cases are highly significent. Analysis of
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energy consumption with activity was, therefore, thought to be
Justified, the main object being to show how energy usage was
'people! dependent. To this aim total energy and steam have been

correlated to total manhours.

A  Total Enersvy Consumption (Z)

= The most likely equation is that of the 1st order, since
it is unlikely that there would be a record of activity
without any energy consumption. In addition to the normal
energy overheads such as transformer losses, heat dissipation
etc., which accrue even when activity is zero, the total
number of manhours do not include a record for staff,
Staff employees use substantial quantities of energy in
lighting, heating and hot washing water. This confirms

the choice of the first order and the linear relationship.

~ The degree of scatter is moderate, average fluctuation
being 6.1%. Significance is, therefore, marginal although
correlation appears to be better than that for production
output, The reason for this could be due to the antici-
pated hypothesis that the employees,and not just the
product,influence the usage of energy. Of course, scatter
in this instance will be caused by the same interferences
such as ambient conditions, improving efficiency etc. The
deduction is,that activity could be a2 better measure of

performence than output.

- The fixed monthly overhead is relatively small at 13.7 TVJ.

However, H = G + 31 and consequently Z = 31,9 + 0.5871 G.
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The inference is that the indirect manhours (= 31,000 hrs)
tends to halve the overhead normally attributed to
production, thus making total manhours a useful base for
specific measurement. At average levels, overhead accounts
for 6% of the consumption, compared with 10 to 209 for a

production output datum.

The gradient of the line is constant giving 0.6 TJ of
energy for every thousand manhours worked. With low over-
heads, this gradient is a direct measure of the effective

use of energy,since the 1st order term is the dominant

component.
E 13.75 + 0459 = constant for large
H H HE < 500,000hrs/month

Optimum operation based on menhours will, therefore, occur

a2t most operating activity levels,

Steam Consumption (8S)

Based on the increase in scatter, the 1st order is again
chosen as the best fit, particularly since for the 2nd
order the results are close to linearity for this range;
end effects being minimal,.

Comparitively, the degree of ‘scatter is large (11.3%
average fluctuation) making for poor ccrrelation and
relative insignificance., The scatter could be due to

effects of ambient temperature etc,
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Fixed overhead (4,600 tonnes/month) is small (%4) with
respect to average consumptions. This is due to the effects
of indirect activity. &As in the previous analysis, total

manhours become a useful basis for specific measurement.

The gradient of the line of 0-15 million kg for every
1,000 hours worked gives a relatively linear relationship
and a direct measure of performance. Temperature corrected

this should be reasonably accurate.

E = 4.62 + 0,15 = constant for large
H H

H < 500,000 hours/month

Optimun operation would still tend to occur at higher levels.

Possible reasons for manhours being an improved basis for

performance judgement are:

a. Manhours will tend to relate to the energy used
for space heating as well production purposes.
Any overhead will occur from the necessity to
leave certain items of plant switched on, plus
the effects of non-production orientated operations.
Production will not itself relate to heating,
lighting or anything outside the sphere of
producing the product.

be DManhours can be more readily meacured.

42.4 Independent Veriable = Steam

It is useful to relate primary consumptions,such as fuel and water,
to the secondary encrgy sources they produce (i.e. steam), thus

ascertaining efficiency of conversion.
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Totzl Fuel Consumption (Z) 5

The effects of poor conversion efficiency in 1969 and
1970 (prior to gas substitution) mey account for the negative
overhead given with the 1st order plot. According to
theory,variation of steam output with fuel input should
be linear over the designed working range. However it is
not possible to provide steam without fuel. In view of
the 2nd order being practically linear, this has been

chosen as the best fit.

The degree of scatter is moderate (643% average fluctuation),
giving reasonable correlation and marginal significance.

The amplitude of scatter tends to increase with steam out-
put,probably due to the 1969/70 coal firing differences.
Without these, the 1st order plot might easily be tilted

to a positive overhead as shown in the trial investigations.

The fixed overhead each month is 18.5 TJ, some 11% average
consumption. This overhead is made up of two components.
Firstly a small quantity of fuel (¢ 2.5 TJ/month) is used
directly in the process, for space heating or domestic
purposes. This is independent of the steam being produced
and therefore constitutes an overhead. Seccndly, some of
the energy lost in steam raising can be taken as constant
(i.ee losses from radiation, continuous blowdown, warm up

etc) and . 35 independent of the steam generated.

The emount of fuel required to raise steam will also depend

on g number of other fa,dtors which include:
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- The temperature of the feedwater (relates to
percentage condensate returned).

= The quantity of steam produced.

- The degree of menual blowdown.

- The combustion efficiency (wnburnt fuel in flue

" gases).

-  The heat transfer efficiency (temperature of flue

gases).

- The degree of excess air,

These constitute the marginal consumption of fuel, and

are dependent on the quantity of steam produced. Ignoring
the fixed lbss, the gradient of the line will give the
effective conversion of fuel energy to steam. Poor
combustion, heat transfer, control, low feedwater temperature
or high blowdown will increase the gradient. The converse

is also true: an efficient boiler will have a lower gradient.
The degree of gradient is therefore a measure of marginal

or variable overhead and consequently efficiency. Radiation
losses and other fixed overheads rclate to one boiler.

The degree of total loss in a boiler house will vary with
the number of boilers on range and hence the steam out-

puts It can be deduced, therefore, that these too are

partly marginal,

The gradient of the line based on the lineax 1st oxder

equation, is 3.73, with 2.57 MJ of energy being absorbed

by every kg of steam produced discounting the overhead.
F(inM) = >0 ¢ (in 1)

g

2057

52



This efficiency of boiler house operation is given by
E (in MJ) 69
F  (in MJ)
VWith the inclusion of fixed overhead losses, the actual
average efficiency over the period will be lower than this.
However, the level of efficiency is realistic and endorses

the use of the correlation as a basis for performance

measurement, the average specific fuel consumption being

3.7 MJ/kg.

At low outputs, there is evidence of non-linearity,resulting
from the effects of fixed overhead loss. Similarly at

high outputs,the 2nd order term tends to increase consumption.
This is in accordance with the theory that the boilers should
be run in the designed range. At low load factors and

above the désigned maximum continuous rating, efficiency

of conversion falls, Optimum steam output appears to be

between 30,000 and 80,000 tonnes/month.

Town Water Consumption (A)

With the high degree of scatter and a minimum point of
inflection with the 2nd order equation, choice of correlation

must lie with the 1st order.

The averzge fluctuation of scatter is 12.6%. This makes
for poor correlation and low significance. The conclusion
is that whilst water consumption tends to increase with

higher steam output, the physical value of specific consump-

tion is uncertain.
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A2.5

- In theory, the fixed overhead should relate to the water
consumed outside the boiler house (70,000 m3/l~lonth).
Similarly, the gradient of the line will indicate the
quantity of condensate returned. Based on 1195 lc(;';/m5
for feed water

5.3y w2 33
A (in 10°m?) = = S (in 10’n? equivalent)

1.20
The percentage condensate returned is then given.

This is a reasonably accurate value when compared with
measured returns. However, it is fluctuation of the

condensate return which could be one reason for scatter.

- Reviewing more recent data, total consumption of town water
on the site averages 150,000 m3. At this usage, approxi-
mately 120,;‘2)00 n:l3 is _conswned outside the boiler house
and can be classed as overhead. These proportions agree
closely with the 2nd order equation,intiminating non

linearity at the lower steam levels.

"Menual Investigations — U.K.T.D,

In addition to the aforementioned exercises, this manual analysis

was extended to other factories in the U.K.T.D. It was not

intended that the ensuing results be a rigorous analysis of energy
performance in the other factories, but rather a tentative comparison
with Fort Dunlop consumption patterms. Perhaps at some later date
or with a directive from each factory, more accurate results might
be obtained. Having plotted in the previous sections the dependent

variables against a number of critical factors, the following

general conclusions were drawn from the data given in Table A 5.
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Sneke

Poor correlation of steam to production results due to: -
a number of activities on the site not directly attribu-
table to tyre production; dubious data; poor control;

and variation of efficiency with low output or losses.

For similar reasons, fuel vs production gave poor corre-

lation.

Unlike Fort Dunlop, electricity did not produce a high

correlation, probably due to similar reasons.

In the context of constant interference with production,
varying energy loss and uncertain allocation of consumptions
to tyre activities only, no acceptable relationship between

these variables could be found.

When fuel was compared with steam produced the resultant
correlation was moderate, the straight line plot rendering

an overall efficiency of 77% and an overhead of 10,6 TVJ.
When compared with Fort Dunlop, relationships were poor.

Inchinnan
VWhen related to production output, steam usage produced a
linear fit with low scatter. Ior the factories tested,

this result had the highest correlation.
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S = 909“ + 1.1

Overhead appeared small at 8.3% of average consumption.

As for steam, the correlation proved significant, with
overhead equivalent to 8.4% of a{rerage consumption,

F = 30,30 + 3.5
Flectricity vs output revealed yet another significant
relationship in accordance with Fort Dunlop, overhead
representing 15% of average consumption.

E = 4.84¥ + 0.9
Of the factories studied in the manuzl analyses, Inchinnan
showed the closest relationships between energy and

production, fixed overheads being suprisingly low.

Vhen steam and fuel use were compared, the customary good
correlation resulted. Overhead was small,

F = 2,985 + 1.58
reflecting a higher conversion efficiency than expected.
Due to generation at two pressures, the actual efficiency
coulﬁ not be calculated.

Washington

There was no apparent relationship between fuel or steam
end output wvhich was surprising since this is a modern
well insulated factory,

For electricity the answers were similar. One possible

reason for this is the higher use of artificial lighting,
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Possible reasons include the steady improvement of
specific consumption over the period due to increased

output and conservation.

A plot of steam vs fuel showed remarkable correlation,
overhead representing 13% of average consumption,
F = 2,725 + 1.06

The effect of efficient control of new plant is demonstrated.

Binding conclusions drawn from these findings are dangerous,
since the znalysis has not been rigorous., In addition it
is folly to make assumption of equipment or factory

operations without in-depth knowledge of each plant.

A2.6 FEnergv vs VWater

Vater consumption is often affiliated to the use of enerxgy,

beczuse it is a heat sink and because it is used a a media for

energy transmission as steam, hot water etc. It is reasonable to

assume, therefore, that consumption of these two resources should

bear some relationship.

A

Fort Dunlop
Based on the data given © °~  (annual consumptions 1966-76),

the plot shown in Figure A24 compares fuel ond energy
to town water consumptions for Fort Dunlop. Vhilst it was
impractical to postulate a suitable equation, bearing in
mind the large time span, the following conclusions have

been drawni:
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a. & relationship between fuel/energy and town water
consumption exists.

b. Low specific consumptions for 1971 (an effect of
high production output) are not echoed in town
water usage.

c. Inefficiencies in steam raising prior to 1970 are
marked.

de Tuel has a better relationship with town water

than energy usage.

B U.K. Tyre Division

One obvious difficulty in forming relationships over a
number of years is the tendency for improvements to change
consumption patterns. This problem was eleminated when
sudging inter-factory comparisons based on 1975 data. (Table
A 5).
a. The relationship between fuel/energy znd water is
remarkable = figure A25 .
be. Ignoring the fixed consumption (C,100GJ), energy
and fuel increases 1.12 and 0.97 GJ respectively
for every 1000 m3 of water consumed.
ce The relatively higher efﬁ.ciency of energy use at.

Washington is apparent.

Dunlop U.K.
Figures 426 (a) and (b) compare the respective fuel and

energy consumptions for the Dunlop company as a whole,
based on 1975 data given in Table A 4.
a. Fuel and/or Energy bear some linear relationship

to the amount of water used.
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be. The fixed fuel/energy overhead is small, probably
equal to zero. -

ce There is a higher ratio of fuel/energy to ﬁater
in U.K.T.D. than in other groups, basically due
due to the higher energy intensiveness in tyre
manufac ture,
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A3 Results of the Multiple Regression Analysis

The following results were obtained using the SPSS - Multiple
Regression Package (154) using data for Fort Dunlop -consumptiona
gi.\_ren in section A _1‘.
'~ &3,0  Zheexy
The most important uses of the multiple regression technique as a
descriptive tool are: | .
a. to find the best linear prediction_equatioh and evaluate
its prediction accuracy.
b. to esta.blish the contribution of a specific variable or
set of variables.
The mzin function of the analysis, therefore, is the evaluation
and meast:rement of overall dependence of a variable on a set of

other variables.
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A3 .2

The basic theories should already be well understood (142) (154);

the general form of the regression being
/
¥y o=a ta X +a, X - a, X,

vhere y'represents the estimated value of y, 2y is the intercept,

and a, are regression coefficients.

As in the case of ‘simple vivariate regression, the total variation
of sums of squares in y can be partitioned into two independent
components, one that is explained by regression and another that
is unexplained. The proportion of variance of y explained (1.,
the goodness of fit) can be evalvated by examining the square of
the multiple correlation.

::-'2 = Variation in y explained by combined linear influence
of the independent varisbles.

Total variation in y

Tests for Sigmificsnce

To evaluate the accuracy of the prediction equation or to determine
the zmount of prediction error associated with predictions,
examination of the r° statistic indicate proportions of variation
explained or unexplained., As for the polynomial regression

exercises, standerd error of estimate (SEE) can be used:

i -
SEE = / Sly-v") e (for = hand czlculation)
N

Similarly the standard error of each regression coefficient can
bededuced and hence the confidence interval. If the sample size
is relatively smell (£ 200), the estimates for a, follow the 't!
distribution (142) and not the normal distribution. The sample
of 96 taken in the ensuing analysis uses this method. An absolute

value of 1,986 (approx) is obtainable for the 't! distribution with
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93 degrees of freedom at the 95% confidence level.

Alternatively overall significance may be determined by examining
the F ratio (154): '
F o= . = rz / k
(1-r2/ (=% = 1)

vhere r2 = overall multiple correlation coefficient

k = number of independent variables.

If the computed F value is larger than the statistical tables
critical value for a given significance level, the null hypothesis
that a; =0 is rejected for a significance level of 0.05, indicating
that there is a 95j probability that the relationship is not due
golely to chance, the F value for 2 and 93 degrees of freedom

would need to be greater then 3.86 (absolute).

In both cases of the F and t distribution, these methods of
significance measurement can be applied to individual regression

coefficients as well as the overall equation (154).

A3 <3 Interpretation of Results
The results are to be interpreted as follows:

a. Overzll Eouation

-~  The Mezn ond Standard Deviation of the dependent varizsble
are given at the top of each enalysis.

- R is the multiple correlation coefficient.

- R2 is the square of the multiple correlation coefficient.

- St. Dev. is the standard deviation of the fitted values to

the actual.
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A Significance value of 0.05 represents a 953 probability
that the relationship is not due to chance.

- Analysis of variance represents all information relevant
to tests of Rz.

Step Variazble represents information about each variable,
shoving the additive effective of each successive step in
the analysis, |

Finally each variable and regression coefficient (B) is
analysed in tum, giving stendard errors, F and T values,
Confidence intervals, and significance.

The BETA value is the partial-regression coefficient

assuming one or other value to be nullified.
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434

RESULTS A - DEPENDENT VARIABLE = TOTAL ENERGY (Z)

Independent variables =~ Production Output (W)

Ambient Temperature (T)

a) Overall Equation

Energy (Z) Mean = 234.1 Std. Dev. = 78.2

Independent Variables:

0.8609 R = 0,7412
40,2301

Multiple R
Std. Dev.

Significance = 0.000

Analysis of Variance = DF Sum of Mean Overall
Squares Square F
Regression Z 431000.5 215500.3 133.1
Residual 93 150516.8 1618.5
Step Variable Multiple R B Significance
Temperature (T) 0.4280 0.1832 0.000
Production (W) 0.8609 0.7412 0.000
Equation: Z = 40,7310 + 41,4219% - 2.7727 T

b) Variables in Equation

Temperature (T) Production (W)

) Constant
Regression Coefficient(B? = 2,7728 41,4219 40,7310
standard Error of (B) 0.6830 2.9254 19,0120
F Value 16.4795 200,4895 4,5898
Significance of F 0.000 0,000 0,035
T Value - 4,0595 14,1594 2.1424
95% lower conf Int. - 4,1292 35,0127 2.9770
95% upper Conf Int. - 1.4164 47,2312 78.4850
BETA - 0,221 0.7748
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c)

Comments

The overall R value greatly improves with the addition

of the production to the temperature component.

The level of significance is sufficient for acceptability
( > 95% confidence level).

overall F value of 133.1 is much greater than the 3.9

level required.

Significancé was > 95% confidence level at all steps of

analysis.

Individual F and T values for regression coefficients were
all significant, that for the constant being the worst.

If one independent variable is nullified, there is a marked effect

on the regression coefficient of the other.

Assuming electrical consumption obeys the bivariate relation-
ship given in Table 5+8.6. (E = 5.19 + 5,06 W), the total

fuel component (F) is given by:
F=(Z-E) = 35.54 + 36.36W = 2.77 T

Based on the assumption that space heating is only needed below
a base temperature of 15.5°%C ambient. (20i). which is equivalent
to an 'inside' temperature of 18.300, the additional heat
required for the winter amounts to only 15% of the total fuel
used. Thisassumes an average product output of 5 (106kg}.

A common winter space heating contribution is 45% at 4% average
temperature, which is much higher than the 15% calculated.
However, at 15.5°C it is common in practice for the space heating
load to be as high as 32% of total load. With account being
made for additional heat loss from the process and assuming this
base, re-calculation of space heating requirements becomes

7 43% which is a closer estimate. It is impossible, therefore,
to arrive at a value for space heating load calculated directly
from the regression equation and without prior knowledge of

factory practices.
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If it is assumed that only 4% of energy inputs are retained

in product manufacture (16), using the equation.

Z = 40,73 + 41.42 W = 2,77 T

it is possible to determine the equivalent temperature at

which heat/energy loss would be zero. At 86°C ambient,
therefore, losses from non-optimal operation, leaks, inadequate
insulation etc., for plant, equipment, distribution pipework
and buildings would be nil. This can be defined as the
Equivalent Average Site Temperature (EAST).

Some 20% of the energy used under average conditions is
attributable to fixed overhead. This contrasts with the 18%
deduced from the bivariate regression of total energy vs
production. Non-optimal operation, poor maintenance, surface
i losses etc, constitute this overhead. Reviewing the confidence
intervals, the fixed overhead has the greatest uncertainty
varying from 40% to 1% of average consumptions. In contrast,
the variation attributed to the two independent variables is

smaller.
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RESULTS B - DEPENDENT VARIABLE = TOTAL ENERGY (Z)

Independent variables - Production Output (W)
' Degree Days (D)

a) Overall Egquation

Energy (Z): Mean = 2341 Std, Dev = 78.2

Independent variables:

Multiple R = 0.9186 Rz = 0.8439

std Dev. = 31.2471

Significance = 0.000
Analysis of Variances DF Sum of Mean Overall

Squares Square E

Regression Z 490713.8 245356.9 251.2
Residual | 93 90803.4 976.4
Step Variable - Multiple R R Sipgnificance
Degree Days (D) - 0.65878 0.4340 0.000
Production (N) 0.91861 0.8439 0.000
Equation: Z = - 17.3702 + 36.6624 W + 0,2715D

b) Variables in Equation

Degree Days (D) Production (W) Constan

Regression Coefficient (B) 0.2715 36.6624 -17.3702
Standard Error of (B) 0.2887 2.3466 12.1911
F Value 88.4744 244.1028 2.0301
Significance of F 0.000 0.000 0.158
T Value 9. 4061 15.6238 - 1.4248
95% low conf int. 0.2142 32.0026 -41,5792
95% upper conf int. 0.3288 41,3222 6.8388
BETA 0.4129 0.6858
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c) Comments

-  The overall R value improves with addition of the production to
the degree day component but not as markedly as that for

temperature.

- The level of significance is acceptable (>95% confidence level),

being higher than that for temperature.

-  The overall F value of 251.3 is much greater than both the 3.9

level required and that for temperature.
- Significance was >95% confidence level at all steps of analysis.
-~ Individual F and T values were significant for the independent
variable regression coefficients but not for the constant.

-~ Nullifying independent variables produces the greatest effect
when D = 0.

- Assuming electrical consumption obeys the bivariate relationship
given in Table 5.8.6 (£ = 5-19 + 5,06W), the total fuel

component (F) is given by:

'F = (2Z-E) = -12.18 + 31.60 W + 0.27D.

- It is impractical to have a negative constant of -17.37 since at
D = W= 0 there would be a reverse flow of energy from the factory.
Since the significance of this value is outside the 95% confidence

level at 84%. an adjusted equation will need to be used.

The reasons for the negative constant are:

a) The space heating is not turned off at D = 0,but constituted a
level of 32% of total fuel load, thus enforcing the need to subtract

a sum from the production component.

b) Heat losses from plant and equipment still occur after D=0, thus

having similar effects.
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c¢) It is possible that at low W, the relationship becomes

non linear.

In theory,at D=0 there should be no need for space heatings thus
F = 145.82. Butc 32% space heating is required, thus this can be
split into:

99.16

F. (prod)

F. (S.L)

n

46.66 which appears as a constant.
Hence the revised equation is given by:

F = 34.48 + 19.83 W + 0.27D
Including Electricity

Z = 39.67 + 24,89 W + 0,27D

Alternatively the constant can be left as zero, in which case:
Z = 5.19 + 36.66W + 0.27D.
These revised equations, however, lack credibility and cannot provide

accurate results. Once again, it is impossible to arrive at a level

of space heating load calculated directly from the initial regression

equation.
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A3 «6 . RESULTS C - DEPENDENT VARIABLE = STEAM (S)

Independent variables = Production Output (W)
Ambient Temperature (T)

a) Overall Equation

Steam (S) ¢ Mean = 56.3 std. Dev., = 17.3

Independent Variables:

Multiple R = 0.8346 R® = 0.6966

Std. DeV. = g. 6284

Significance = 0,000
Analysis of Variance: DF Sum of Mean Overall

Squares Square F

Regression Z 19796.4 989.2 106.7
Residual 93 8621.6 92.7
Step Variable: ‘Multiple R Rz Significance
Temperature (T) - 0.5631 0.3170 0.000
Production (W) 0.8346 0.6966 0.000
Equation; S = 26.7766 + 75523W - 1.,0852T

b) Variables in Equation

Temperature (T)  Production (W) Constant

Regression Coefficient (B) -1.0852 7.5523 26.7766
Standard Error of (B) 0.1635 0.7001 4.5502
F Value 44,0699 116,3543 34.5299
Significance of F 0.000. 0.000 0.000
T Value -6.6385 10,7867 5.8847
95% lower conf. int =1.4098 6.,1619 17.7408
95% upper conf. int. -0,7606 8.9426 35,8123
BETA -0.3933 0.6391
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c)

Comments

The overall R value improves with the addition of production
to the temperature component although this is lower than the

value for total energy.

The level of significance is acceptable (> 95% confidence level).

Overall F value is less than for total energy but greater than the

3.9 level required.
Significance was >95% confidence level at all steps of analysis.

Individual F and T values for regression coefficients were all

significant.

If one independent variable is nullified, there is a marked effect
on the regression coefficient of the other.

Assuming no space heating requirement below 15.5°C ambient
(18.3% internal temperature) (20i), the additional steam required
for the winter amounts to only 21% of the total consumption at a
average output of 5 (105kg). However for similar reasons to the
total energy case, space heating of 32% being common in the
summer, re-calculation of the space heating requirements renders a
closer estimate of 46%. Once again it is impractical to suggest that
a value for space heating can be calculated directly from the
regression equationl |

Assuming only 4% of the energy inputs are retained in the product

manufacture (16) using the equation:

S = 26.78 + 7.55 W - 1,09T
the EAST value is put at 57C. This is lower than the values calculated
for total energy (86%) and total fuel (75%) but since, steam is the
largest source of heat supply the 57°C value is believed more accurate.
Some 56% of the steam used under average conditions (w=5(106kg) and T
=15.5°C} is attributable to fixed overhead. This contrasts strongly
with the 18% deduced from the results of bivariate regression of
steam vs production. It is suspected that a fairly large portion
of this high value is attributable to the 32% summer space heating
effect.
Reviewing the confidence intervals, variation of error appears to
be distributed evenly throughout all regression coefficients with

slight bias towards the temperature component.
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A3,7

RESULTS D = DEPENDENT VARIABLE = STEAM (S)

Independent variable - ﬁfoduction Output (W)
Degree Days (D)

a) Overall Equation

Steam (S) ¢ Mean = 56.3 Std., Dev = 17.3

Independent Variables:

Multiple R = 0.9392 R° = 0.8821

std dev. = 6,0028 oo

Significance = 0,000
Analysis of Variance: DF’ Sum of Mean Overall

sSquares Square F
Regression YA 25066.9 12533.4 347.8
Residual 93  '3351.2 36.0
Step Variable Multiple R EE Significance -
Degree Days (D) 0.8022 0.6436 0.000
Production (W) © 0.9392 0.8821 0.000
Equation: S =4,9001 + 6.1824 W + 0.0894 D
b) Vvariables in Equation
Degree Days (D) Production (W) Constant

Regression Coefficient (B) 0.0894 6.1824 4,9001
Standard Error of (B) 0.0055 0.4508 2.3420
F Value 259.6432 188,0851 4.,3789
Significance of F 0.000 0.000 0.039
95% lower conf. int. 0.0783 5.2872 0.2501
95% upper conf. int. 0.1004 7.0776 9.5516
BETA 0.6147 0.5281
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c)

Comments

The overall R value improves with the addition of production
to the temperature component giving the highest value for the

four correlations.

The level of significance is acceptable ()95% confidence level).

The overall F value is greater than the 3.9 level required and

is the highest value for the four cases.

Significance was >95% confidence level at all steps in the

analysis.

Individual F and T values for regression coefficients were

significant, the poorest values being for the constant.

If one independent variable is nullified, there is a marked

effect on the regression coefficient of the other.

Unlike the total energy - degree day analysis, the constant is
positive representing 9% of steam consumed at average conditions
of W=5 (loﬁk) and D=205. This appears to be a little low for
fixed steam overhead. The bivariate regression value for steam vs
production was 18%. In theory,steam consumption vs degree days
should pass through the origin (20i). In practice, however,

with heating being left on at values of D0, some overhead might
be expected. The low value contrasts strongly with the 56%

obtained in the previous case for temperature.

Assuming no space heating requirement at D=0, the additional
steam required for the winter amounts to 34%,which is a more
accurate figure, but fails to account for the 32% summer base
load. This wouldinflate the winter space heating load to 41%
of the total.

Reviewing the confidence intervals, variation of error is greater

for the regression constant.
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APPENDIX B

THERMOGRAMS FOR STUDIES MADE OF PLANT AND EQUIEMENT

—==— Plates 8A to 83
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APPENDIX C

THERMOGRAMS FOR THE TYRE 5 ENERGY BALANCE

~——— Plates 9.4A to 9.41

82



Get.

DATA RECORD FOR TYRE 5 ENERGY BALANCE

DATE : TUESDAY 12TH JULY 1977
Table € 4 . Steam Measurements
1.1 FLOW - meter readings in kg. of steam
- readings made every half hour
Time Main Flow Flaps Flow Tyre 5 Flow
0935’ - - -
0935 = 1425 42222 6737 35485
1155 - 1225 4368 697 * 3671 *
1225 - 1255 4368 697 * 3671 *
1255 - 1325 4368 697 * 3671 *
1325 = 1355 4368 697 * 3671 *
1355 - 1425 4368 697 * 3671 *
" 1425 -~ 1455 4313 254 4059
1455 - 1525 4222 222 4000
1525 -~ 1555 4222 254 3968
1555 - 1705 10760 572 10188
_ for this peried
~ % hourly ave 4368 697 3671 *
Total
1425 - 1705 23517 1302 22215
Hourly Average 8809 488 8320
2.67 hours
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1.2 CONDITION - as delivered from boiler house
Before experiment After experiment Average
Time Reading Time Reading
Temperature - C 278.3
Pressure - bar 22.4
3 0930 0925 73447 kg/hr
Total flow - kg. Mon 11th |34713611 | 1 0 1oth 36470210 (23,92 hrs)

TABLE € ,2 COLD HYDRAULIC WATER MEASUREMENTS

2.1 FLOW RATE - as measured to the cooling tower
= 54,55 m3/hr. average
2.2 TEMPERATURE - as measured by thermometer
Before experiment After experiment Average
Time Reading Time Reading
Hot Side - C 1410 22.0 1650 24,5 23.3
Cold Side = C 1410 15.0 1650 16.0 15.5
Difference = C 7.0 8.5 7.8

TABLE C .3

PRODUCTION OQUTPUT

FINISIIED PRODUCT

67691

84

2820 kg/hr

kgs. output over period (of 24hrs)




TABLE Cs4 CONDENSATE MEASUREMENTS

Temperature

Flow Rate

- meter readings in m3 from Tyre 1 pit for flow

- temperature in C from boiler house

After experiment

Before experiment Average
Time Reading Time Reading
0950 89 1645 88 88.5
0950 179886 1645 179945 8.6 msfhr
TABLE ~-C+> TEMPERATURE RELATIVE HUMIDITY AND WIND RECORDS
5.1 - Ambient air temperature on roof of Tyre 5 (average) - C - 14.8
General ambient temperature from Elmdon Airport - C -~ 15.3
5.2 Tyre 5 internal temperatures, average over period:
- Above presses - C= 29.0
- Above making - C = 26.2
-~ Central ground level - C - 20.2

5.3 Relative humidity - Tyre 5 - to be read at hourly intervals
from wet & dry bulb hypgrometer
in switch room

Time Dry bulb Temp. Wet bulb Temp. Relative humidity
C C %
1416 20.0 15,5 60 (81)
1516 19.0 16.0 72 (83)
1616 19.0 16.0 72 (85)
1700 19.0 16.0 72 (92)
AVERAGE
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Average local relative humidity - % -

General relative humidity from Elmdon Airport - % -

5.4 General wind condition from Elmdon Airport :
- Wind speed (average over period) - m/min = 269 m/min

- Wind direction - 030 to 040 approx NE

5.5 Comments on weather conditions

1 Dull all afternoon during experiments

2 Average temperatures based on hourly readings taken between 1200 and

1700

3 Relative humidity in brackets = Elmdon Airport. Average R.H. for

Elmdon based on hourly readings taken between 1200 and 1700. Average

for F.D. based on data available

4 Wind Speed averages over similar time period
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C.2 - DATA RECORD FOR TYRE 5 AIR CHANGES

DATE: 24th May 1978
TABLE \C.B_ STEAM MEASUREMENT
8.1 FLOW - meter readings in kg. of steam
- readings made every half hour
Time Main Flow Flaps Flow . Tyre S5 Flow
1130 1935647 183654 . 1751993
1200 1939639 184289 1755350
Total - 3992 - 635 3357
Hourly Average |- 7984 -~ 1270 6714
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8.2 CONDITION - as delivered from boiler house

Before experiment After cxperiment  Average

Time Reading  Time Reading

Temperature - C 278.3

Pressure - bar 22.4

TABLE '7°6+9  COLD IIYDRAULIC WATER MEASUREMENTS

% ¢ FLOW RATE - as measured to the cooling tower
= 54.55 m3/hr. average
9.2 TEMPERATURE ~ as measured by thermometer
Before experiment After experiment  Average
Time Reading Time Reading
Hot Side - C 1100 18.6 _ B 18.6
Cold side - C 1100 14.4 14.4
Difference - C 4,2 4.2

TABLE €10 PRODUCTION OUTPUT

FINISHED PRODUCT

kgs. output over period

60043 kg in 24 hrs,

2502 kg/hr average
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TABLE .C,11. CONDENSATE MEASUREMENTS

- meter readings in m3 from Tyre 1 pit for flow

- temperature in C from boiler house

Before experiment After experiment  Average

Time Reading Time Reading
: 1120 10.04
Temperature (24th) 82 (25th) 82 82
Flow Rate

TABLE - .C.12- TEMPERATURE, RELATIVE HUMIDITY & WIND SPEED RECORDS

12.1

12.2

12,3

12.4

Ambient air temperature on roof of Tyre 5 (average) = C -

Comments on weather conditions
Changeable wind conditions gave variation of draughts through

doors.

94

General ambient temperature from Elmdon Airport -C~- 12
Tyre 5 internal temperétures, average o*er period :
'~ = Above presses: - -C~- 38
;_Above ﬁaking | -C- -
- Central ground level making . -C=- 18
- Bottom of presses - : - C=- 29
- wést Road roller shutter door -C- 20
hGeneral wind condition from Elmdon Airport :
- Wind speed (average over period) - m/min - light
- Wind Direction -~ Changeable



TABLE _ C

«13

MEASUREMENT

OF DRAUGHT VELOCITY

Draughf
Wind
Position |Speed Aperture Vol. Flow
No. m/sec Dimen- |[Size m2 mS/sec.
' sions
Figure ft. (x0.0929)
9.4.14
A 2.0-3.0)12% x 4 4,65 9.30 - 13.95
B 3.0-3.5] 6 x 7 3.90 11.70 - 13.65
c 4,0 1% x124] 1.74 6.96
D 3.2 10 x 6 5.57 17.82
F 1.,0-2.0] 7 x 1 0.65 0.65 £ 1.30
G (2.0) |11 x10 | 10.22 (20.44) exiting
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APPENDIX D

THERNMOGRAMS FOR THE STEAM MAIN STUDY

~———— Plates 9.5A to 9.5I
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D.1 DATA RECORD FOR WEST ROAD STEAM MAIN

DATE : 23rd August 1977

TABLE ° De! STEAM MEASUREMENTS

1.1 FLOW - into each department

- meter readings in kg. of steam

Department Before experiment After experiment Total steam

metered. Time Reading " Time Reading kg/hr
23.8.77 23.8.77

New Mill 1340 634830 1610 638957 1651
C.M.S. 1335 60639 1608 60642 1

LP 1332 60107028 1605 60155101 19229

T:5 1342 357370 1615 377279 7964
F.P.D. - 1345 26262081 1617 26262081 Faulty meter:
T.6 1347 40621899 1622 40645155 9690

T.2 1350 74559000 1625 74582851 9938

Twd : 1350 31735246 1627 31744149 3710
Remainder 28817
Total from boiler |- - - — . 81000 -
house
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1.2 CONDITION - as delivered from boiler house
Before experiment After experiment Averape / Total
Time Reading Time Reading per hour
Steam
Temperature - C - 285
Pressure - bar 22.3
Total flow - kg. : 81000

Condensate ret. @ 24.7% of Boiler House Output

Temperature - C- : _ 87.2
Total flow = m3 - 20.1
TABLE : 5?2 TEMPERATURE, RELATIVE HUMIDITY & WIND SPEED
2.1 Génergl ambient temperature from Elmdon Airport - C - 18.7
2,2 General relative humidity from Elmdon Airport | -% - 54 °
2.3 General wind condition from Elmdon Airpoft.:
- Wind speed (average over period) -m/min- 124
- Wind direction - light easterly
2.4 Comments on weather conditions

Sunny intervals.

GENERAL COMMENT ON MEASUREMENTS

Estimates were made from average weekly consumptions for the total

boiler . = steam.
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D.2 DATA RECORD FOR WEST ROAD STEAM MAIN

DATE : 28th September 1977

TABLE D '3_ STEAM MEASUREMENTS

a1 FLOW ~ into each department

-~ meter readings in kg. of steam

Department Before  experiment After experiment  Total Steam

metered. Time 'Reading Time  Reading kg/hr.

28.9.77 28.9.77
New Mill 0935 1538277| 1325 1541905 918
C.M.S. 0934 61419| 1322 65959 1164
T.5 0938 4289796, 1320 4320317 7826
F.P.DJ 0926 | 26962380| 1332 | 26979663 4215
T.6 0925 | 45076747| 1335 | 45132983 | 13390
T.2 0921 | 77772923 1337 | 77797023 5671
T.7 0920 | 33904071 1340 | 33922792 4354
Remainder 41084

Total from boiler |- 0937 |- 85234258l 1321 [ 85525160 | 78622

house.
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3.2 CONDITION - as delivered from boiler house
Before experiment After experiment Average/Total
Time Reading Time Reading per hour
Steam
Temperature = C 276
Pressure - bar 22.0
Total flow - kg. 78622

Condensate ret. @ 24.7% of Boiler House OQutput

Temperature - C , 87.2
Total flow -— m3 19.5
TABLE -D.4 TEMPERATURE, RELATIVE HUMIDITY & WIND SPEED

4.2

4.3

General ambient temperature from Elmdon Airport - C - 15.6

General relative humidity from Elmdon Airport -% - -

General wind condition from Elmdon Airport :
-~ Wind speed (average over period) -m/min- 531

- Wind direction - -

Comments on weather conditions

Overcast

GENERAL COMMENTS ON MEASUREMENTS
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Figuze D~ 6

West Road Steam and Air Main

(with solar reflection)

(with solar:reflecyion)

Alr

o
m ™
@;.\i\ OO 5 @_\\ POEO
\\\
Tyre 7 126853 MJ/hr steam . : \
o)
@ |l & | -
lleeg 1 J—y 0]
|80 J
Tyre 2 16741 MJ/hr steam j ------ ¢ - ~ e ¢
- = . g (& ] Q I
| IR
- | T
I o I
o | ;
o -+
Tyre 6 39527 MJ/hr steam ! —l ™ g | ®= | ]
I + . '
: - 5 N
w, l;:‘ !
| | ]
.P.D. 12443 MJ/hr st
Fiekasd 35 / b u—-:!’ ?\4’ Stean. pipe measured
| surface temperature = 216 C
Tywe 1 E! Machine Tool
e '_l @2 chline 00
Air Bags * 1
r il —
]
=~ [ Tyre 5 23102 MJ/hr steam
| s = TR o
R
l‘ i © i;"
—;q_—_-’E! O i [jBoiler House
i M. 232092 MJ/hr stean
I @ 278 C
|
I S ——— —-o—-—--—-—..‘
e & CeGeSe/CoMSe 3436 MI/hr steam!
Tubes I
New Mill 2710 ¥J/hr l
steam

107




25A



DSB8



e —

Jﬂll"a.ﬂ’ /‘pl“m '
‘ﬂﬂﬂ'.-'z"'.llv ‘__.-_l:'-‘:-_ N

SSe



25>



9SE



OSF



oS &



SSH



9SsIT



AFPENDIX E

THERMOGRAMS FOR THE SITE SURVEY

———— Plates 9.6A to 9.6W
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Bel - DATA RECORD FOR SITE SURVEYS

Remote sensing positions : 11th July 1977 -~ Warstone Flats

24th Aupust 1977 - Commercial Offices

Although recorded, due to the conclusions drawn for the Tyre 5 energy

balance, documentation of measured flows of energy on the site

Table -Ee! Temperature, Relative Humidity and Wind Speed

as recorded from Elmdon Airport.

11th July 1977

Ambient temperature - ‘e ©14.8
Relative humidity = % . 79

Wind speed (average over period) - m/min 216.2

wWind direction - 040 - 060
Comment dull and overcast

109

was unnecessary.

24th August 1977

12.4

361

494
Strong S.E.
rain and cloud

with gusty
high wind.
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APPENDIX F

REVIEW OF THE GOVERNMENT POLICIES AND ACTIONS

Review of Government Strategy in the UK

Considerations towards energy conservation have been a part of
government strategy since the launch of campaigns to éave fuel in
the 1940's., The Ministry of Fuel and Power set up mobile lab-
oratories and teams of experts to visit industry with the aim of
achieving higher utilisation efficiencies. Publications on the
efficient use of fuel, steam and heat resulted from the investiga-
tion (6) (9) and the suggested practices became well tried by

industry.

It is not surprising that the events of 1973 brought about the
instigation of a new government department for energy. Its

nitial objectives were: (19).

8

a. To create a climate affording effective incentives for
efficient energy use through market forces.

b. To establish greater understanding of the need for
greater efficiency and acceptance of the need to act
upon it.

Ca Ao encoufage contacts between energy consumers and fuel

efficiency experts so that knowledge of specific saving

112



procedures could be made known.
d. To review research and development on energy efficiency and
to reinforce this when'necessary.
e. To legislate where appropriate.
The role of the department was, therefore, to provide the incentive
backed by technical information; the decisions as to which actions
were taken were to be made by the consumer since the government itself
controlled only 1% of the UK primary energy directly. (32). Effort
was to be spread over a period of time, during which a primary
objective was the need to change attitudes. This required a
co-ordinated approach involving co-operation between all parties
within the industrial environment, i.e. management and trade unions.
Education at all levels was to be enforced by maintaining and
increasing the number of courses, seminars and conferences, and by
making use of existing professional institutions (27), so as to
improve awareness. In accordance with previous views (2), the
department advocated assessment of projects on a cost-benefit basis,
involving social, and environmental as well as economic aspects.
Through adoption of market force control, with energy prices

reflecting true cost and the necessary technical back-up, the goal was

a 10% saving by 1985. (32).

F.,2 Actions Taken since 1973

The first positive action taken by the Department of Energy (D.E.) came
in June 1974 when the Advisory Council on Energy Conservation (ACEC)
was set up to provide advice on short and long term strategies, and to

encourape and sustain the national effort.

Recommendations were made resulting in a number of actions. A wide
range of literature, reports and surveys, previously decmed

confidential were published. Further attitude surveys were carried out

in August 1974, producing information on current public attitudes

113



towards energy.

Three problems were highlighted:

a. Mostly public awareness of the need to save was low and
advice on saving procedures was lacking (31).

b. Implementation of energy conservation in industry'was slow
due to resistance to action, poor communication structure and
rapid decline in available finances.

c. The majority of industries were not energy intensive which

often meant energy projects ranked low in priority.

This formed the basis of a 12 point plan put forward by the department
in December 1974. (Table F.1.) A summary of official povernment

activities is given in Table F,2.

F.3 Research and Development

The Research Requirements Board of the DOI was given the responsibility
of looking at the efficient use of energy in industry. A committee for
Energy Thrift in Industry was set up in June 1974 under specific terms

of reference (30).

With the aid of £1.7m budget set aside each year, early findings
suggested an apparent resistance of industry to any form of government
investigation. Consequently, a second stage was set up involving
industrial research associations, whose existing contacts with industry
being better,would hopefully produce more effective results.
Investigations commenced through the Industrial Energy Thrift Scheme
(28) (30). This evolved a three year study of volunteering industries
to promote good 'housekeeping' and increased action towards improved
efficiency. The effort was aimed at large firms and included one day
visits by a group of experts. A third stage investigation of selected

energy intensive industries was to be made under the Energy Audit

scheme (30) which was to carry out a more detailed analysis of energy
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Fl e F.z PROGRESS OF CO?FERNM'ENT ACTIONS & POLICY
1940 Teams set up to investigate energy utilisation efficiency.
&
After Publications of Efficient ways of using energy.
1972 Publication of *Energy For the Future' = Institute of Fuel.
ocT ; , LT
1973 0il Price Increase - 'Energy Crisis

Policy to reduce consumption by (1) market forces (2) feeding knowledge or saving procedures,
Increased activity by DOE and DOI.
Demand for increased Government activity in energy considerations.

Instipation of Energy Technology Support Unit - Harwell.

25?4 Investigation of sources of information on energy conservation,
Publication of reports and recommendations.
Instigation of the Department of Energy.
JUNE Instigation of Advisory Council on Energy Conservation.
1974 Co-ordinated approaches to energy savings brought into action,
Public awareness thought to be essential.
Instigation of Committee for Energy Thrift in Industry.
Policy to be self sufficient by 1980,
Introduction of Energy Management.
Energy Policy to include: (1) available sources (2) conservation.
AUG Review of energy related advisory services for industry.
1974 Implementation of Social attitudes survey on energy matters.
Financial aid policy for financing programmes.
NOV
Changes in behavioural adjustments towards energy use thought to be necessary.
74 :
1 Increasing of enerpgy prices policy to achieve realistic positions.
Announcement of 12 point interim plan.
DEC New thermal insulation standards for buildings. -
1974 Government Loan scheme instigated. (29)
Revision of speed limits on roads.
Co-ordinated policy discussion with Local Authorities on savings.
AN Publicity Campaign Launched *Energy Sense is Common Sense' - Save it.
1978 All items of 12 point plan in operation or completed.
JUNE " s
Publicity campaign orientated towards industry with availability of savinpg check lists,
1975
JUEY Domestic Publicity Campaign Launched.
1975
ocT f A s
Domestic Publicity Campaign Reminder.
1975
DEC "
Industrial Publicity Campaign Fully Launched.
1975
JAN Publication of saving techniques for industry - Efficiency Booklets.

1976 Publication of check lists for Domestie Secﬁr‘a




use in those companies.

More specific work was to be carried out by research establishments and
associations, involving particular industrial problems, and by
universities and other bodies. An Energy Support ﬁnit was set up at
Harwell to look at new sources of energy and methods of pfoducing
savings. The Rubber and Plastics Research Association (RAPRA) was
placed under contract to the EEC Commission on Energy to study the
energy content of products and materials. Finally, large industrial
users such as the British Steel dorporation were expected to maintain

their own programmes.

F.4 Industry
Early investigations revealed that different industries operated at
varying efficiencies of utilisation and that certain sectors were not
able to carry out an effective quantitative analysis (26). As a
result, little was known of industrial usage outside the energy
intensive industries. Companies often realise savings were possible
but did not know where or how to make them. The Industrial Energy
Thrift Scheme was to overcome this problem but it received poor

reception.

The Department of Energy also made available a wide range of technical
information and publications. The policy was to dissuade industry from
conveying increased prices to the final consumer. This was to be
achieved through publicity, availability of technical knowledge and
incentive. ‘'Energy Saving in Industry' (20b) outlined the basic
approach with reference to the 12 point plan (items 9 and 10 on table
F.1 ). Further publications (20a.b.c. etc) provided more specific
measures. Mostly the formats were based on general needs and

incentives to save backed with technical information in the form of

checklists and detailed accounts. In all cases, lists of consultant
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organisations and relevant literature were given.

F.5 Concluding Comments

Improvements resulting from actions and policies described in this
section have been achieved in the domestic, transport and those
industrial sectors having a relatively high consumption. ' For the
major part of industry,savings have been slight. The initial
government policy of providing financial incentive and technical
knowhow may have failed from companies not being geared towards
energy considerations; there being a stronger emphasis on other
activities such as production efficiency. The obvious reason is the
low cost of energy related to other expenses. In many cases outside
the energy iintensive operations, energy flow patterns and quantitative
analysis were unknown,which made conventional procedures difficult to

apply. Tighter monitoring and control was necessary.

In theory the Industrial Thrift Scheme should have provided the answers
to some of the above questions. In the first report, however, the
recommendations were dubious (30). Although technological advancement
is necessary, emphasis on this alone evades the real problems of
implementing the actions (see Chapter II). One day factory visits
produce insufficient evidence on which to base recommendations.
Similarly, detailed investigations of only the large users and the
energy intensive operations are fruitless since a great deal is already
known of these industries. A more useful exercise would have been the
investigation of smaller less intensive companies. Clearly there is a
need to subdivide and study industry in the sectors exhibiting

different energy usage.

The failure of the strategy cannot be entirely attributed to government

actions. Industry has not made use of the potential advantages
produced by either the Loan Scheme, or the Thrift Scheme. There
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appears to be scepticism of any government aid or activity; an

attitude which must be questioned. Saving energy is not an individual
activity, but one which must combine with the efforts of other
operations. It has become an increasingly sophisticated art requiring
many disciplines (26). Attitudes must change if successful conclusions
are to be reached. Government emphasis has been on long,-medium and
short term technical improvement. These may not provide the solution

to all of the problems.

The 'Save it' campaign has had some success in the domestic sector.

It is difficult to attribute this to publicity alone since it is
believed to be partially due to economic recession, better weather
conditions and energy price increases (26). The campaign was not
clearly defined as regards industry. It was initiated at the wrong
time of the year, namely in the summer quarter in preference to
autumn. Continuity appeared to be lacking. All of which,together with
the lack of more detailed knowledge and understanding of industrial

energy use,has produced little conviction,

Government policies were correct in their instigation with the
objectives laid out being of sound principles. Pricing policy has
brought different forms of energy onto realistic levels in accordance
with those outside the UK. The tendency, however, has been to increase
the prices of manufactured products,so further measures may be
required. Demand for greater government control through legislation is
possible but unlikely. Certainly a higher level of awareness and
involvement in conservation through education, traininé and improved
communcation at all levels are most likely to produce useful results.
First of all, however, there must be a greater understanding of the

use of energy in industrial sectors.
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APPENDIX G

A MODEL OF ENERGY CONSERVATION IN INDUSTRY

Having already discussed highlighted problems facing successful
energy saving, it is now a requisit to formulate some form of model
showing the mechanism of change and subsequent resistances. To

achieve this the ideal model approach has been used.

The 'Black Box' Diagram

Any system can be represented by a black box which takes on the
identity of the system. No change will occur within the system
unless there is an incentive to do so. An impulse crossing the
boundary may, if internal conditions are susceptive, bring about
a change and produce some result. If no result cccurs, the

attitude within is negative. Figure ' G..1 shows the basic model.

The identity of the system can be of any size, the boundaries

encompessing the entire world, a factory or a simple process.

In the short term since 1973, the overriding factor has been the
price increase. When fed into the black box, however, few results
have appeared. This indicated a negative system attitude and
concluded that the price mechanism gbove produced ineffectual
savings. The reason was probably the passing on of the increased
price to the final consumer, the negative attitude, and lack of
awareness by employees towards energy. Re-enforced by resultant
Government action through publicity and information services (19)

(20),two recommendations can be made:

a. to provide information on how to save energy;
120



Figure G.1 The'black box'model

Impulse

Y

'Black Box!

Result
[ a

Types of Impulse

l., Energy price rise
2. New technology

3« Changes in raw material price and supply

4. Improvements in plant and equipment or prdcesses

5¢ Political or legislative

6+ Financial - excess company funds, strike threats etc.

Types of Results

ls Decreased profitability
2. No change

3+ Savings and increased profitability
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b. to introduce an energy management structure,

Postulation of the effects of an impulse on the system led to

the development of a second model,

Results of Impulses
It must first be assumed that two types of change may occur in

a system,

a. the 'continuous' change, (plant modernisation, maintenance
and improved housekeeping) - short term actions brought
about by-good. attitudes, progressive management, and a
continuous trickle of technology into the company.

b. the 'step' change, the product of an impulse including
plant and process improvements - longer term a.ctions,'
introduced by capital investment. and an in;]ection of new
technology. An’ impulse may also affect the continuous
change by emphasising the activity and thus increase the
gradient of resultant savings. This is shown after time t,
in figure g.2. Using a graphical representation, various

conditions may now be considered.

a. No impulse
At time t1 s prior to any impulse, only three possibilities
exist. Firstly a progressive factory, utilising maximum
maintenance and plant modernisation facilities together,
with efficient control, will already be making a continuous
saving 'Sc'., Alternatively, a static plant may do just
enough to remain unaltered; no savings resulting., Poor
attitude, working practices and maintenance, however,could

be such that an actual loss could result. Fort Dunlop
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b.

appears to be in this third category.

Factories operating under the second and third conditions

are contrary to economic growth.Why then do organisations
waste energy in this way? The situation is !Imrsene,d by the
continuation of poor‘attitnde towards savings, even after

an impulse has resulted,

JImpulse -~ no step action

Assume an impulse occurs at time t;, but for possible
financial reasons, brought about by economic recession
meking capital investment in new plant impracticable, or
due to shortage of available technology,there is no step
change. The progressive company is likely to increase its-
continuous energy saving activity producing a surplus
saving of (82-31)a.fter time %, . As prices rise, the
differez.ltial becomes larger. It is in the interests of
operations such as Fort' Dtml;ap, therefore, to bring about
an attitude change towards maintenance and housekeeping.

Price rises or improvements in technology often make
previously unattractive projects more feasible. Impulses
without step changes can result in a 'potential' loss in
the face of competitors, Previously unacceptable projects
should, therefore,be re-examined.

Impulse - step action

Assume that the impulse occurs at time t,. From that moment
a step change could produce a 'potential' saving S 4
However physical criteria inhibit immediate resultant

savings, and so the minimum possible installation time
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(tz—t.l) is represented by the gradient of the line.

In reality, however, the 'actual' step change follows a

different path., Explanation can be divided into three

parts.

i)

ii)

ii1)

Response time - This is defined as the timé period
from the instance of the iﬁpulée to t-he commencement
of installation (t3-t1)' Company atfih:.de_s,
availability of finance, return on investment and
efficiency of communication are but a few of the
controlling factors. 4lso included here is time
required for research and development. Response
time will therefore depend on the technical level

within the Company.

Actual implementation time - Defined as the period
between implementation of the action and final
commissioning,it depends on the attitude and
motiviation of employees, availability of manpower
and materials and the type of operation needed

(i.e., safety procedures).

Actual savings achieved - These rarely reach the
potential level but are more likely to fall some way
below (S 4-35): Reasons for such results reflect
either incorrect installation or the effects of
incorrect specification at the time of the initiel
feasibility study.

Since 1973, response times have been lengthy, installations
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d.

having perceptively long period,and actual savings way
below potential. Basic problems with commmication,
attitude, identification of inefficiency and limitations

on capital constitute the reasons.

Forecasting the Impulse

Resulting from this thinking, conclusions can be drawn with
respect to actual versus theoretical savings. Thus at

tine tg. |

Total potential saving = s 4(t5-t1)

Total possible saving (accounting for implementation time)

= 5 (ts-tz)

Efficiency of effective installation = S!(tﬁ-tz) x 100

_S4(t5-t1)
Actual saving s 55(t5-t4)

Hence ratio of total potentiel saving = 5, (ts-t,)

54(t5-t1)

And ratio of total possible saving = si(tE-t!)
54(t5-t1)

It is assumed that energy price does not vary over the
period.

If, it was possible to forecast an impulse, the loss of

potential savings would be minimised by initiating the
126



implementation of the conservation action so that

completion coincides with time t,. The resultant

1
improved saving would be: ' e

55 [(5-t,) + (t,-t)]

85 (ts-t1)

i

Predicting price increases and analysing trend patterns, a
function relating to the buying departmen:b, are in little
evidence in Dunlop. VWhilst it is agreed that:

i) 4the significant benefits of pre-initiated
implementation will depend on the life cycle of the
congervation abtibn; - | |

ii) the project would have to compefé fﬁrqta..vaila.ble
finax-lcea, R o |
such a proposal could save money.
Ge3. [The ic Analo
Not all problems can be explained by the simple 'black box' model.
The 'hydraulic analogy! Bhows how the 'behafioufai pa.ttenisl ;.can be
represented by a model in which new end existing technology, '
implementation, and final results are viewed aa hydraulic ﬂév}a;
‘with impulses, feasibilities and incentives considered as pressures,

Figure G.3., depicts the general system,

Within the boundary limits of the company 1ie several i:leg:riy defined

areas j

a. the physical company environment in which potential
savings are to be made; '
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b.

Ce.

d.

e,

the management system in which evaluations,

recommendations and decisions are carried outs

project studies formed from a requirement to search

for conservation possibilities, ideas, research and

development;

technical possibilities within the Company;

resistances, gaps and opposing forces towards energy

savings; i.e., lack of available equipment or finance,

poor attitudes etc.

Impulses and new technical possibilities lie outside the boundary

and are not in direct control of the company.

Management acts as a pneumatic pressure regulator, influenced by

external forces, and controlling the emphasis on ideas and

proposals, thus influencing the flow rate of conservation action

through valves 'A', 'BY and 'C!'.

8.

No immulse

Technical possibilities within the Company include

maintenance, plant modernisation and a small number of new

ideas,

i)

Progressive management will ensure two things:

Provision for continuous improvement by allowing
thgae possibilities to be realised in actions and
results. This means opening valve C to allow a

flow into the physical environment., The degree to
which this will occur must depend on availability

of facilities (replacement equipment, manpower,
finance etc.) and attitude of employees, The

latter will fluctuate from time to time and will also
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be a product of management pressure. Attitude
towards energy can therefore.differ for management
and other employees.

ii) Provision for a continuous trickle of new ideas and
knowhow to enter the company's technical possibilities
through having valve 'A' cracked open. Continuous
flow of this kind will build up preaﬂure_:ln the top

" tank and will either form a proposal, which will
result in a step change, or increase the flow through
'Cts

Static management has valve 'A' shut making no provision
for new ideas. The flow through 'C' will not only be
reduced, due to fall off in enthusiasm but will gradually
decline as a 'vacuum' forms in the feeder 'technology'

tank., Fort Dunlop echoes this hypothesis.

Negative management will actually have valve 'C' closed
causing a degeneration of the physical and operational
environment. This will continue umtil the resultant
inefficiencies will themselves put pressure on management

to affect change.

b. Impulse - no step action % iE
Impulses can either be direct, such as price rises, or
indirect through technological discovery forcing the
existing technical possibilities to generate a 'proposal'
pressure on management, The immediate reaction is to
generate more enthusiasm and further open valve 'C', thus
increasing the rate of continuous change. The extent to

which this will occur will depend on the financial feasibility
129
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Ce

and the attitude of management. This will of course

diminish witha less progressive company.

Impulse - step action

An alternative management reaction to pressures of this
kind will be to open valve 'B! and allow a step change to
occur. The rate at which management responds is the
response time postulated in section .(G.2., and the degree
of resistances, gaps and opposing forces relates to the
implementation time and the level of actual savings/

potential savings achieved.

Should there be an inadequate level of technical possibilities

in the feeder tank, management would then initiate project
studies to further open valve 'A', increase the pressure °

in the tank, and generate a proposal.

Through project studies, management can identify potential
areas within the ph&aical environment, Identification can
be envisaged-as flow across the boundary ‘béﬁreen management
control and the physical environment. As with all the
pressure paths depicted in Figure G.3., Buﬁcess will .
depend on a formalised system and good communication.

Fort Dunlop, due to the nmature of its operation, fails to
achieve this. Identification of potential savings must,

therefore, be highlighted as a serious deficiency.

Forecasts and pre-emption of an impulse is a product of
active management thus producing a step change. The
result of a decision to correct a poor physical environment

or sudden identification of a major *hidden' inefficiency
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G. 4.

produces a similar change,

The properties and mechanisms of this model - clearly
indicate the problems facing industry as a whole., The
degree of difficulty will of course relate to individual
industries, each having their independent peculiarities.
Clearly, however, Fort Dunlop's problems have become

better defined.

The Flush Model

The rate at which conservation potential is converted into results

is subject to time factors:

a. response time (ti-t1)’
b. implementation time (% 4-t3).

Likewise the degree to which actual savings reach posaihlé savings
and the rate of change of continuous improvements will relate to
the employee attitudes, effectiveness of installation and project
weighting. These effects are best viewed through a new diagram:-
the 'Flush Model'. Here the rate at which a proposal reaches
fruition can be related to the positive forces and negative
resistances influencing implementation., (See Figure ...0.4).

BResponse time is made up of two components:

a, Iidentification - the time required to find the potential
areas and to generate a proposal; -
. be decision - the time required to assess or decide on the

proposal feasibility.
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Identification of wasted energy usage, must be highlighted as a
major problem, The identifying activity will heavily depend on
company policy and attitude. Active management for example, will
have identified potential areas long before any impulse. In this
respect Fort Dunlop appears passive; waiting for an energy price
rise to galvanise management into action. The situation is such
that the availability of technical knowhow exceeds the rate of

identification.

In addition to successful identification, generation of acceptable
proposals will reflect the availability of technical knowhow within
the company. and the effectiveness of movement of information
across the company's boundaries. Further factors are the general
attitudes of engineers towards energy and the efficiency of internal
commmications., There is a need for efficient organisation through

energy management. ~(See Chapter III).

Once identified and a solution found, the proposal is fed into the
decision making process. Here management undertakes feasibility

studies which produce cne of three possibilities:

a. acceptance - allowing initiation of implementation
b, deference - reserving final decision following further
studies or research

c. rejection,

This activity is critical and depends heavily on policy, general

attitude and awareness, and the attractiveness of the proposal.

Should the proposal be accepted, implementation proceeds. Once

.aga.in achievement of results faces many obstacles, comprised of
133



gaps, resistances and opposing forces, (See Table . G.5).
Analogy can be drawn with electrical theory of capacitance,

resistance and opposing potential difference. Such obstacles,
however, can be overcome if there is sufficient driving force
behind the proposal. This is shown in figure G.4., as a power
rating, and a product of management decisions, and effects the rate
of result achievement by allocating weightings to the proposal in

the "multiplier process".
The power rating is dervied from two main components.

a. The official system. Included are available manpower,
finance and priority urgency, reflected by the economic
attractiveness of the proposal. Management has direct
contrbl of these components. '

b. Other sources:

- enthusiasm of employees,
- influence of management and employees
on cne another,
= influence of physical and social factors,

such as knowledge of resource depletion.

The state .of the organisation and the effectiveness of commmication
"will govern the extent to which the 'multiplier' will weight a
proposal, This reflects the economic viability, the type of

manufacturing operation and the size of the system,

During implementatlon management does of course have additional facility
of removing the power rating to the proposal by effectively opening

a drain or releasing the pressure, Alternatively other proposals
may arrive and be given greater priority thus reducing the weighting
134
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originally assigned. Returning to the electrical analogy,
Management has the facility of regulating the potential difference.
across the circuit containing capacitors (gapa), resistors |
(resistances) and inductances/emf's (opposing forces). Thus
influencing rate at which current (proposals) will flow., Variation
in proposal priority has the same effect as varying the voltage.
Complete removal of power rating can be viewed as a short circuit.

Factors Influencing Management Decisions
Financial incentive, usually measured as a DCF rate of return,

‘exerts greatest influence in acceptance of a propesal, The

economic enviromment,in which managers Operate,playa a large part

in making positive decisions.

a. Energy Intensiveness
Energy intensiveness can have a direct bearing on the

type of change, the degree of improvement and the reaponae/
implementation times. It is common to find low activity
in companies having low intensiveness. since incentives

to save are minimal compared with other operational
priorities, such as labour and materials cost reduction.
High intensiveness produces higher activity since

management are more aware of the higher energy cost.

b. Annual Turnover Value
Assuming company/factory size relates to annual turnover,
it can be shown that capital intensive energy savings are
more difficult to introduce into smaller companies due to
the restricted available finance, Larger companies suffer
from a different problem having large diverse usage and

i1l defined consumption, Annual turnover value, therefore,
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might well give' an indication as to the situation. In
addition, annual turmover with company profitability may
reflect the degree of plant and process modernisation and
research activity. Conversely,company growth may direct
finances towards new products,at the expense of efficiency
in existipg plants. Care should be taken, however, not to
postulate hypotheseas without considering all the factors;

a subject for further research.

Other Factors

These incluﬂe H

= political intervention: internal and external

- geological and sociological location

~ industrial classification and tradition;
private, public or nationalised

o type- of product

- type of process, continuous or batch manufacture

age of plant

Making the assumption that (a) and (b) are major factors

in influencing decisicn, it is possible to represent the
ratio of actual energy recovery projects to available
potential ('Z') in a graphical model (See Figure G.6).
Personal employee/management attitude can be represented
as the locus of a point positioned in an 'influence' sphere

(i.e., an employee having positive attitudes will raise
the ratio to a higher value),

Fort Dunlop exhibits an 'intemedia.te intensiveness with a

high annual turnover, which points towards relative success
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in conservation. This is not the case for reasons which

may be included in 'Other Factors' shown above.
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APPENDIX H

IDENTIFICATION OF INEFFICIFNCY THROUGH CLASSICAL THEORY

If the electricity generated in a power station were used to heat a
process by means of a heat pump, according to the 2nd law of
thermodynamics the ratio of heat of initial combustion to heat delivered
is:

E > 1= To/Tp (= 0.12 at best)

Q 1 = To/Tc
Where: Q¢ = Heat of combustion of fuel, Tc = high combustion
temperature, To = atmospheric temperature, Qp = extracted heat from

atmosphere, and Tp (= 50°C) = process temperature.

Thus the use of direct combustion of fuel to heat hot water requires
approximately eight times as much fuel as would a reversible heat
engine - heat pump system. This illustrates that work, as opposed to
heat, is intrinsically the most valuable form of energy. In fact the
part of fuel which is of value is the extent to which the energy

content can be converted to work.

Thermodynamic Availability
In accordance with Gibbs, and later Keenan (135), if a fuel with

total energy (E), volume (V), entropy (S) is reduced to thermodynamic
equilibrium with an atmosphere at temperature (To) and pressure (P),
the maximum useful work (W) which can be derived by this step is
given by:

W= AmE=ToS 4V T 0N
Wheres /u = chemical potential of constituents

N = mole numbers of constituents

The quantity A is called the thermodynamic availability of the fuel

and is proportioned to its mass. The temrm ?. /‘3 W represents
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the maximum useful work obtainable from the diffusion combustion

products. Waste in availability repreaents' a waste of energy.

The first law of thermodynamics guarantees that energy can be

neither created mor destroyeds It would hardly seem necessary,
therefore, to have a national policy addressed to its conservation.
The unfortunate discrepancy occurs in the use of loose therminology,
by which “energy" has been substituted for "energy resources". This
has led a number of investigafors to assess the national use of fuels
and to identify wastes and losses of energy resource. Whilst improve=-
ment in the use of the resource in industry tizrc:.igh good housekeeping
etec. can be considered meaningful, "energy" itself is an entirely
ambiguous and unsuitable measure of the effectiveness with which it

is put to use

"Availability" and Industry

Awareness of thermodynamic availability is sometimes indirectly
expressed by industry through the price mechanism; e.g. preference
of space heating by gas compared to electric. Few, if any, however,
choose its inclusion as a measurement of efficiency of the plant
and équipment or process. So far attention has been drawn to avail=-
ability losses for power generation devices. Little has been given

to losses at the final point of use.

To attain maximum availability would require perfectly reversible
equipment and process operations at each stage of the system. Whilst
possible in principle, it would require infinite investment in heat
transfer apparatus, controls, electric conductor material etc. (56);
obviously an unrealistic goal. However, in many instances, wasted

availability of devices have not been economically evaluated. One
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reason is the difficulty in evaluating wastes attributable to
deficiencies in components,which funcition at points far removed from

the site of fuel combustion.

In many instances irreversibilities which cause wasted -enerw are
designed into devices in order to reduce initial investment, or
because the technical problems of eliminating them are nearly

insuperable. Examples are given below.

As a rule, efficiency and price correlate. This is because units
with larger heat transfer surfaces, more efficient motors and other
design features, which improve efficiency, cost more to manufacture.
On the other hand, total operating costs tend to be less for more
efficient, higher priced units, This demonstrates how higher

energy consumptions can and have been designed into devices in

order to reduce initial costs. It also shows how initial costs tend
to be more important than operating costs in decisions to purchase
equipment. The result has led to a systematic development of
inefficient energy use in industry. As a rule therefore, technical
measures to correct inefficient use of energy at the point of con-
sumption are economically justifiable when based on the 'life cycle!

costse

Throttling
Most refrigeration equipment uses a throttling valve to expand the

fluid and thus producing the cooling effect. Work is lost by
expansion of the fluid by throttling. The consequential loss of
cooling capacity can amount to an excess 20% power consumption

being designed into the cycle for a given capacity. Throttling, by

being a primitive way to expand a fluid, is an exacting way to
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minimise initial investment at the expense of energy used in operation.

(56)
Heat Exchangers

The rating of heat exchangers offers a simple example 61‘ the possible
use of thermodynamic availability in evaluating potential saving.
Provided that the exterior of a heat exchanger is sufficiently well
insulated, no energy need be lost from the device. The exit tempera-
ture of the secondary stream, ixowever, will still be lower than the
entry temperature of the primary stream due to a loss of thermodyn-
amic availability and hence an energy loss. To reduce this,
investment in better heat transfer surface material and fluid flow
control is needed. Thus economically rational methods.of rating
components, such as heat exchangers, can be constructed via the

path of thermodynamic availability measurement., Table.  E.,1 shows

the ratios of thermodynamic availability required (Ar) to that consumed

(Ac) for a number of processes.

Table H 01

Estimates of Ar/Ac for a number of processes (56)

Process Ar/Ac
Home Heating (electrical) 0.03
Home Heating (gas, oil ) 0.07
Paper Making 0.10
Kiln Operations . 0425
Vacuum Furnaeces : 0.25
Water Heating 0,10

In high temperature processes, gains in efficiency may be obtainable
through gains in heat transfer and control; whereas in low temperature
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processes, additonal modification to the basic process is needed

(e.g. switching from space heating by direct combustion to heat

pumps ).

H..5 Resin Curing
0f particular significance to tyre - curing, in one industrial plant

the application of ultraviolet radiation in place of direct heating
to cure resin coatings reduced the total energy required from 12720
MI/hr to less than 160 MJ/hr (57). This is an example of supplying
the process with the type of energy it requires.

‘H..6 Comment
The correction of inefficient use of energy at the point of consump-
tion, offers.one of the greatest but as yet unexploited opportunities
for improving overall fuel efficiency. Vulcanisation of tyres high-
ligh.ts the classic case of known inefficiency, which to date has
produced little interest beycnd tentative investigation into the

replacement of conductive heating by the micro-wave alternative,.

It is recommended that, in planning efforts for improving fuel and
energy efficiency, a rational system of measurement be used; one

which reflects the changes in energy consumption attainable through
various modifications in equipment and practices. The classical
thermodynamic availability, constructed originally by Gibbs and further
developed by Kennan (135),is believed a possible foundation for improved

identification at source.
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THE USE OF CONDENSATE MEASUREMENT IN THE EXPERIMENTAL DETERMINATION
QF _STEAM CONSUMPTION

The following experiments were carried out to determine the rates
of steam consumption under specific conservation procedures. They

relate to two exercises carried out at Fort Dunlop.

Comparison of TD Steam Traps and Condensate Control Systems on the

Dome Steam of McLloyd Presses in Tyre 4 Department by the

Condensate Collection Method (87)

a. Objective
To assess and compare the performance of a 1/2" TD3-2 Spirax

Sarco Thermodynamic Steam Trap with that of the standard

control system fitted to McLloyd presses in Tyre 4 Department.

b, Equipment -
A B2 McLloyd press was fitted with a #" TD3-2 steam trap

followed by an atmosphere valve and a sight glass before
connecting to the stop valve on the condensate main., This
trap :r:eplace;i the diaphragm valve control system, present

on press Bl, which operated from a temperature probe fitted
into a cooling chamber collecting the dome steam condensate.
As the temperature probe reacted to the colder condensate,
the generated signal released air to a diaphragm valve, this.
opened allowing discharge to the main., As steam replaced
discharged condensate, the probe again reacted through the
controller to close the valve,

In contrast, the Thermodynamic trap exploited the Bermoulli
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theorem (68);that in a moving fluid, the total pressure

was the same at all points and that this total was made up

of dynamic and static pressure, a decrease in one producing
an increase in the other. The flow of flashing condensate
through the trap varied the static and dynamic pressure
acting on a disc, so that it raised from its seat to discharge

-any condensate,but fell to prevent the passage of live steanm.

In each test on a prekss, the atmosphere valve was connected

to a copper coil immersed in a tank of cold water., The
condensed liquid was collected in a second tank for observation
of flow and quantity.

Tests
The standard press, Bl was examined first. The stop valve

was closed to prevent condensate entering the main and at the
start of the cure cycle the atmosphere valve was opened,
thereby passing the hot condensate through the cooling coil

to be collected as water. Observations of the rate and manner
of flow of condensate were made during the cure cycle. The

press was returned to its nommal operation after each test.

The modified press was tested in a similar manner,

Observations and Conclusions

The condensate control system gave pulses of steam at
relatively high felﬁcity and pressure. The pulses occurred
rapidly and were of long duration during the early stages of
the cure cycle, but progressed to pulses of shorter duration
and longer intervals as the cure time increased. This was to
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be expected as the press heated up during the cure, so
producing less condensate and requiring less steam late in
the cycle. Although no specific measurements were made,
this observation highlighted the ineffective use of steam in
tyre moulding where presses needed to be openéd for loading,
thus allowing the mould and steel structure to cool.

The 2" TD trap was found to perform adequately under similar
conditions. Cond.ensa;te was passed continuously in the initial
stages of the cure but with varying flow rate. However,
pressure and velocity of delivery was never as great as that
of the control system. After the initial build-up of
condensate early in the cycle, discharges progressed with the
cure to normal pulsations at lengthening intervals towards

the end of the cycle.

The condensate ccontrol system passed 59 to 77 litres of
condensate whilst the trap gave 41 to 50 litres. Each of the
figures were obtained during one cure cycle,and the difference

between trap and control system figures could be due to:=

slightly different cure times
passing steam from the control system
thermal inefficiency in press B1

variation in effectiveness of condensate collection

As a consequence, the TD3-2 trap was shownte work efficiently
as a substitute for the condense control systems To facilitate
the evaluation of press thermal efficiency, it was necessary

to0 revise the method of condensate collection and to examine
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varying conditions of press operation on the same press
and over a constant time scale, This was carried out by
E.G. Could commencing in November 1974, and continuing

over the next seven months (88).

H.7 .2 Steam Consumption Measurements for 40.5" Autoform Presses -

Tyre 5 Department

The report described the experimental determination of the level of
steam consumption,under nomal. preduction conditions,of a 40.5"
Autoform Press: Tyre 5 Department. The press used was C6, fitted
withatypical two-piece mould, and situated sufficiently far from the
ends of the line of presses to avoid any thermal influence from the
cooler a.tmosphez.:e. The tyre size (E70VR15) for the experiments was
the same throughout. This experiment once again demonstrated the
advantageous use of condensate collection in determining steam

consumption.

The platens of the press were connected in series and supplied with
steam at a controlled pressurej resultant condensate being discharged
through a trap. A pressure; vessel (25 litres) was connected after the
trap,with two valves arranged so that the condensate could either be
diverted into the vessel or follow its normal route to the condensate
return main. Condensate was then collected over a curing cycle, the
temperature measured and the contents of the vessel allowed to cool,

then drained and weighed,

The steam used to heat the tyre internally produced condensate

constituting two components:-

a. That produced by the tyre and bag which was completely

collected by the lower sidewall of the tyre and discharged
147
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o
to the main drain at the end of the steam period‘:‘ "\\
.
be That produced by the bagwell and its associated valves
and pipes, which was continuously discharged to a cimulatihg

drain using a trap.

For.the purposes of these experiments, only the second component was
collected. Estimates were made for the former due to collection
difficulties, confirmation of the values being obtained by experiment

at a later stage.

In addition, the following measurements were taken:- cycle times,
ambient temperatures at the front of the press and in the service

trench; and the weighis of the tyre cover.
The experimental procédu:ce was repeated for the following conditions. .

a. Normal operation of the standard press

be The press in standby condition with the mould in both
open and closed positionse

ce. Additional lagging of different parts of the press

de Dispensing with the circulating drain during the cure
and retaining all the condensate in the bagwell for

discharge at the end of the cycle.
The overall conclusions from the experiments were:

a. The total steam consumption of the unlagged press was
= equivalent to a power rating of 55.8 KWe
be Worthwhile savings would be made by closing the press fully
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under standby and warm-up conditions (6.9 kg/hr).

ce Removal of the trap from the bag drain system could give
savings of 17.5% of internal steam consumption (1.84 kg per
cure equivalent to 6.4 kg/hr).

d. Lagging over the top platens could save 11.7% of platen
steam (1.13 kg per cure equivalent to 3.9 kg/hr).

€. The addition of annular lagging round the outside edge of
the lower mould could give an additiocnal platen steam
saving of 4+1% (0.39 kg per cure equivalent to 1.3 kg/hr).

f. &n extra layer of Sindanyo between the bottom platens and
the press would give a reduction of 3.3% (0.32 kg per cure
equivalent to 1.05 kg/hr).

g. Extra Sindanyo between both upper and lower platens and the
press could give a saving of 14.7% (1.41 kg per cure
equivalent to 4.9 kg/hr).

h. The combination of Sindanyo between upper and lower platen
and the press, and the lagging over the top of the upper
platens would give a saving of 21.1% (2.09 kg per cure
equivalent to 7 kg/hr).

i. Comparison of g and h shows that the lagging over the platens
provided an additional T9% saving. .

je The first cure on Monday after the weekend shutdown required
a very large increase in steam, particularly for the bags
(approximately 100% increase after allowance has been made
for the three automatic cure extension). The preheating of
the platens ensures that the increase is'much less
(approximately 20%).

ke The press appeared to use less steam in the afternoon, showing
a tendency to vary with ambient temperature.

1. A cover weight variation of 10% did not appreciably affect
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the consumption of steam.

m. A leaking bag appeared to heat the platens and reduce
platen steam input.

n. A comparison of these results with those for a 36" Bagomatic
press showed good agreement for the platens but, as would
be expected, the Autoform press was more economical in its
internal heating requirements,

VWork to date has established the validity of this experimental method
as a2 means of measuring the steam consumed by any piece of plant and
equipment. In addition, the technique was sensitive enough to
determine variation in consumption brought about by some conservation

action.
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APPENDIX I
PRINCIPLES OF RADIATION AND THERMOGRAPHIC OPERATING PROCEDURES

Basic Principles of Thermal Radiation

The transfer of heat by radiation is only one of numerous
electromagnetic phenomena (Figure I{..1). The term 'radiation! is
applied generally to all kinds of processes which transmit energy

by means of electromagnetic wa..ves. The entire spectrum of such
waves can be subdivided, as shown, into classes according to
wavelength or frequency and also according to application. Although
the nature of radiation and its transport are not fully understood, it

can be described satisfactorily by either wave or quantum theory.
(155).

A= /v
Where ¢ = velocity of light (constant), A = wavelength,
v = frequency.
Radiation in the wavelength range 0.1 to 100 um when incident upon
a body will heat it and consequently is called thermal radiation.
This thermal radiation,in a uniform medium,can be said to travel in
straight lines. Opaque bodies, therefore, cast shadows, inferring
that a body cannot receive radiation directly from another unless
it can 'see!' it. This is an important limitation to thermography.
All bodies at a temperature above absolute zero emit thermal

radiation and consequently lose energy. (Prevost!s principle of

exchange (155)).
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I.2.2

Absorption, Reflection and Transmission
When radiation falls upon a body (solid, liquid or gas), a fraction

() is absorbed, (p) is reflected,and the remainder (2 ) is

transmitted through the body:

a+ @+ = 1

Solid materials, apart from glass, plastics etc., are opaque
materials having a transmissivity () = 0. Highly polished and
smooth solids behave like a minor,mem the angle of reflection
equals the angle of incidence. Reflectionsfrom most 'rough!
industrial surfaces occur indiscriminately in all directions and

are called 'diffuse'.

Kirchhoff's law (132) states that the monochromatic emissivity of a
surface is equal to its monochromatic absorptivity for bodies whose
emissivity dosnot vary with wavelength (black or grey bodies).

Many industrial materials approximate to the grey body ideal. In
many cases it is sufficiently accurate to assume that materials are
non-selective emitters, i.e. they are grey, and therefore obey
Kirchhoff's law.

Black - Body Radiation

A surface which absorbs all the thermal radiation incident upon it
is called a 'black surface' and the consequential body 'a black
body'. In reality, the perfectly black body does not exist. A
body coated with carbon black can be taken as a near - black
surface. A black body will absorb all radiation incident upon it,
reflecting and transmitting none and will emit,at any particular
temperature, the maximum possible amount of thermal radiation.
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The rate at which energy is radiated (Eb) from a black body of
unit area is proportioned to the fourth power of its absolute
temperature (T).

Eb =0T

o is the Stefan Boltzmann constant (56.7 x 10-12kw/m21(4).

Figure I1.2.2 shows the maximum possible emitted by a black body as
a function of wavelength for a number of temperatures, and is -
derived from Plank's Distribution Law (132)(156). At temperatures
£500°C, virtually no radiation will fall within the band wavelength
corresponding to visible light. At about 700°C some radiation will
fall in this band, the surface showing a dull red. With further
increases, the colour changes to cherry red (900°C), orange red
(1100°C) and finally at temperatures»1400°C, sufficient energy is
enitted in the visible range for the body to become 'white hot't.
For example:- at 250000, the temperature of the element of the
incandescent lamp, only 10% of the energy is emitted in the visible
range, illustrating that such lamps are a more efficient source of
heat than light. The wavelength at which maximum flux is emitted
(Amax) is inversely proportional to the absolute temperature, a

relationship known as Wien's displacement law (155).

The sun emits yellow light, peaking at about 0.5um in the middle of
the visible spectrum. At room temperature (300K) the peak of radiant
emittance lies at 9.7 pm in the far infrared; while at the
temperature of liquid nitrogen (77K),the maximum of the almost
insignificant amount of radiant emittance occurs at 38 pn in the
extreme infrared wavelengths.

It is also necessary to consider radiation intensity (I). When

the direction of emission im at angle @ to the normal, the intensity
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I.2.3

of emission is given by Lamberts Law:

I = Eb cosf /xu kw/mzster.

Real Surfaces

The absorptivity of a real body oxr surface is ﬁot the same for all
wavelengths and all angles of incidence. Monochromatic absorptivity
will vary with wavelength, incidence angle and temperature.
Emissivity, reflectivity and transmissivity also have monochromatic
counterparts. The emissivity of a real body or surface is defined
as the ratio of the radiative flux (E) emitted by the body to that
(Eb) emitted by a black body at the same temperature.

€ = E/Eb

The emissivities of a number of surfaces are given in Table I.2.3.
The values are approximate,since they depend very much upon the
conditions of the surface. Most non-metalic substances have a high
emissivity and are usually considered grey. Radiation from electri-
cal conductors and polished metals have lower emissivities and vary
considerably with wavelength; radiation leaving these surfaces is
not diffuse; and reflected radiation may well be described by the
ordinary laws of optics. Consequently, although the overall
emissivities of metals are listed with those of other materials,
some care must be taken in their use. In general, dirt and oxidation
considerably increases the emissivities of most surfaces; these

being poor conductors.

Over small temperature ranges, emissivities do not vary greatly. It
is often necessary to adjust for larger ranges. Similarly correction
for directional variation may be needed: €/én = 1.2 for metallic
surfaces and €/¢, = 0.96 for non-metallic surfaces (132), where € =

average emissivity throughout the hemispherical solid angle of 2+
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Table I.2.3 :

orwm] Total Esissivitiss of Various Surfaces Surfuce c mlaniviyy
The following table of ssissivities for the scel pars drawn up by C V Wurley Tron, polishdd.ccscsssassnas 32-5% 0.13
acd [ G Ersides (157), represent s ssleation of more cowmcn industrial Cast iron, polished.sesss 200 0.21
wurfaces. Tot original sowroe of the data was & compilatica hr N € Hovwel (16%), Bwooth Sheet 1ren. wue $00-1034 0.5%-0.63
P Treith (131) and B C Rottel mnd & P Garofin {166). A survey of the WOlMAm ArORsssennssnssssssnn mn 0.3-0.4
literature reveals wids variaoces io the reported results, deviations from thess Nild steel, slenned with toluene,
waluss can tharefore be arpected. then sthancl, repsatedly hestsd
and 00oledey,renarsnnirnns TA2-1066 0.40-0,%2
Vhen tesperatures and emissivitiss appsar in pairs separated dasbed, they
Sorrsspond mking linsar interpretation wus:‘h. & i * fon and Stesl Ouidised Surfeo
90, 8!
Sarface % Enisnivity ”'”:, 9 0.69 3
A .51
Fotals and their Crides 05 e
iron, oxidised at }100 r... 200-1093 0.64-0,70
Steel, oxidised at 1100°P., 200-1093 0.79
I& al.l.li. asssasannraaen Y00=1200 0.85-0.64
00 040 T tes. roag, Tough
”'lw a Gl-g? GEide LAYSTeansrsasnsanasssans £ 0,80
9 0,200,531 Ebest atesl, denae, 9 wxl
277-500 0.63-0,42 Iayer.csssresnsnnassssssaneses L] 0.82
7 0.42-0.26 Cast iron, rough, et
Alusious slloy T 38-249 0.95%
tolusne, thes -m-nn. n.nul.‘ur Wrought iren, dull, ﬁuluq. - 21=360 0.9
beated and m’“"m““. 230482 0,22-0.16 Btesl plate, Toughewsssessnarsss 38-371 0.94-0.97
1 with
Lo “."",.m‘u' 1, repestedly Lead, oridined at 300°P.. }i-:: °g::$
T 232-488 0,17-0.1 Pagnesiun.. o ipedghind
24 = BT westbered warface roofing 38 o.z; " exide . 88827 0.53-0.20
e tum exid $00-1704 0.20
Lo Molybderum [illasentsessssyaeess 558 0.0%
Poliabed 38-516 0.10 . Monml 400 oxidised at 111077, 200-1093 0udl=0,db
Eolled plate, matural murfece... 2 0.06 "
Dull 'h“"“"“""-iﬁa‘ . A5-349 0.22 Monel l:‘!ﬂo. :lﬂnﬂ with \::.:::.
Oxidized by beat t | . 0.61-0. \hen attencl, repsatedly
el Ll 200-409 £1-0,59 08 00OMMGasssssasnssrrsransane 332877 0146-0.6%
1 1 08-0,
el : ol Fickel, polisied.cessesnsesennnnn 100 0.07%
e Wickel "!"' oxidised by heating
Poliahed. .o i m 0.023 A% 11107 Piaasnnaanses . 200-1093 0. 37040
Commarcial, soraped shiny, but Bot ” Siloore poliehedesesses 3 0.0i
Plhte, baated leng time. sovared # o:2 Statnlens Gtesle
with thick oxide vernnan 25 0.78 100 0.074
Plate beated &t 1110 Picesnsoss 200-1033 0.57
At ’ and oooled.s.ssnsensarrsrsanans 232-950 G57=0.4%
“:.;' °:":::: o, ”m& ::"" Type 516, oleaned vith toluene,
@ooled.. sesees 232-882 0.55-0.78 Ahen sttancl, repsatedly
Type B, clemnsd with to heated snd cooled.ssssssnsannns 232-871 0570
mathanol, repsstedly s tod unl
Type 347, oleaned with toluens,
OB s sasssnienanesnpsarsas 2352-882 0.35-0.5% s aianol Eeyassstly Rastel ik -
and and cooledisiiseennns ! W52=0.0"
Too and Stesl Metallic a Staed Tabey Gaidin p 260 0.0
Steel, polishedescarurssnsnneas 3 0.066
Cont'd...
Surface % Ealasivity Burface % Estaniy 1y
Tyre 310, Brown splotched, exidised Paints, lacguers, Yarnished
fros fUIDece BeTviCe.cessssassass 215-517 0.50-0.97
Enow-whits snasel vamish oa rough
Tin, comercial tin-plated sheet iroa uhh................-.u. 23 0,50
LPORssssssnstsssassnsassrrasasne 100 0.07-0.08 Mack shimy lacquer, ow
24 D.ATy
Tungeten filamemteecessssenssansnns 38-1371 0.05-0.18 17-146 .31
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steradians,and €n is the emissivity in the direction normal to the

surface. In practice average values are used.

Photon Emission
The energy emitted by a thermal radiator is not transferred as a
continuous flow but rather as discrete energy 'jumps! or quanta
called 'photons'. The energy of a photon Q is give-n by
Q=he (Joules)

A :
Where: h = Plank's constant = 6.6 x 107 >4 joule sec.
The radiation laws given earlier were all concerned with the energy
of the radiation. They can, however, be modified to deal with the
number of photons (Nb) rather than the energy. This is of interest
where use is made of photon detectors, such as the AGA Thermovision

instruments (156).
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I.3

Radiation Theory and Thermography

An infrared detector is a device that absorbs IR energy and
converts it to a signal, usually an electric voltage or current.
There are two principal types: thermal detectors and photon

detectors.

Thermal detectors rely on the temperature rise produced in an
absorbing receiver. The most important thermal detector today is
the thermistor bolometer. Such detectors exhibit !flat!, constant

but slow response over a wide range of wavelength.

In contrast, photon detectors show distinctly different spectral
responses between types of detector characterised by a sharp 'cut-
off! in the long - wavelength range. These are composed of semi-
conductor material, in vhich the release or transfer of electrons
is directly associated with photon absorption. The energy of the
photon is inversely proportional to the wavelength associated with
it. The disappearance of photelectric activity above the cut-off
point indicates the energy of the photons to be insufficient to
free electrons; i.e. the photons must exceed the 'forbidden' energy

gap (Eg in joules) in the semiconductor material. This cut-off

" wavelength is

A = e (n)
Eg

In general Eg is increased by cooling the detector so that A. is

decreased.

'Photoconductive! detectors determine Eg by the nature of the
material itself. The effect of photon absorption is to 'free!

electrons thereby increasing the detectors conductivity. The altern-

ative detector --'photovoltaict! - also has Eg determined by the
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material, but the radiation-generated charge-carriers are swept by
the electric field in a p-n junction,thereby directly producing a

voltage rather than a change in conductivity.

High speed scanning requires a detector with a very short response
time. Photon detectors are more sensitive and have shorter response
times than their thermal counterparts. Limited spectral response
and the need for cooling (77K with liquid nitrogen) are their main
drawbacks. The ACA Thermovision System 680 IR camera, used for this
work,makes use of an indium antimonide (In Sg) detector which is
rugged and stable. It is constructed integrally with a 100 cm3
Dewar flask, which serves both as a container for the coolant and as
a vacuum envelope for the detector element. Response times are
shorter than a microsecond, but wavelength - response of the signal
obtained has limits of 2 to 5.5um (Figure I.2.2 ). Vhilst seemingly
a serious disadvantage in comparison with‘the broad response of

thermal detectors, (a factor of 25) greater sensitivity more than

compensates for the deficiency.

Long wavelength detectors are presently being developed but these
mostly require lower detector cooling temperatures. A widely accepted
figure of merit for expressing the sensitivity of IR detectors is
tdetectivity! (D). The higher this normalised value the better the
detector. In the case of an ideal thermal detector, with pexrfectly
flat spectral response, it is sufficient to state a single value of

D. Vith photon detectors, D is wavelength dependent. The ultimate
limit on D is set by the 'radiation noise! signal which is generated
by the detector. This results from the statistical fluctuation of

the radiation received and re-admitted by the detector itself.

Theoretical limits of D are now being approached. With peak
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I.4

detectivities at wavelengths beyond 40/4m.

Thermographic Equipment and Operating Principles

Thermography makes use of the natural IR radiation which varies with
the surface temperature of the object. In principle, a camera écana
the field of view and focuses the IR radiation on a sensitive
detector which in turn converts the variations to electronic signals
transferred via an interconnecting cable to a display unit (Figure
I.4.1). - After amplification, the signal is used to control the
electron beam of_a TV - type picture tube. The beam sweeps over the

picture screen in synchronism with the camera scanmner forming a
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_ Figurel .4.1

SCHEMATIC DIAGRAM OF THERMOGRAPHIC SYSTEM
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I.4.1

thermal image of the object,in which the lighter areas represent
details of higher temperature. The result is a live, or 'real-time!

thermal picture of the object on the screen.

The display is provided with two 'isotherm! functions used for
selecting isothermal (equal temperature) contours within the thermal
picture. The two isotherms appear in saturate white, superimposed
on the pictured 'grey' tones, with their levels adjustable either
separately or together and continuously adjustable within the
temperature span of the picture. With the aid of the isotherm

function, temperature levels in the picture can be measured very

accurately.

Conventional photographic cameras can be attached to the display
unit to enable simultaneous viewing and photo-recording of the
thermogram. An instant pack film is usually used for quick results.
Up to eight isotherm levels can be recorded in one photograph, each
in its own colour. This is achieved with the help of a special

colour-filter attachment.

The equipment used for the Fort Dunlop experiments was the AGA
Thermovision 680 camera unit in conjunction with the 103B Display
monitor. Photographic recording was achieved by a Polaroid Land
Back C-12 camera attached to a main frame adaptor. These are clearly
depicted in Plate 6A. Fuller description of specification and
equipment is given in the ensuing tables and diagrams. Further
detail can be obtained from the AGA operating manual (156).

The Thermal Picture

The signal derived from the camera is amplified and used to modulate

the intensity of the electron beam of the TV-monitor type picture
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tube in the display unit. The electron beam sweeps across the
screen of the tube in synchronism with the scanning optics. This
produces the thermal picture of the object being scanned. The

front panel serves as the control console of the system.

Through proper selection of sensitivity ranges and camera aperture
size the grey-tone thermogram is obtained. The particular sensiti=-
vity selection settings is shown by the indicator on the left and

right vertical scales of the picture (See figure I1.4.9).

A second control determines the temperature range. This control
allows for adjustment to a precise temperature level. Temperatures
within the range appear as shades of grey, completely black (cold)
to completely white (hot). If a sensitivity range has been chosen
which is a gmaller span than the object temperature span, cool
details 'black out! when the instrument is adjusted to warm details,
and 'white out! for cooler detail adjustment. There is no set
procedure for obtaining an optimum thermal picture. This is at the

discretion of the operator.

When quantitative temperature measurements are required, a selected
amount of the infrared radiation focused on the detector can be
marked electronically to produce isothermal contours on the display
screen. Whenever the detector video signal level corresponds tq a
selected isotherm levely, the image is saturated white. The
isothermal contours thus produced can be used to measure the exact
amount of temperature variation existing between details of the
thermal image of the object. Due to the highly non-linear nature of
the temperature/radiation characteristic of the IR detector, the

actual magnitude of the selected temperature span is a non-linecar
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104.2

function of the absolute temperature level. Because of this, the
instrument is not calibrated directly in terms of temperature
except for a limited range including that for the human body.

Calibration curves are required to obtain actual temperature..

The isotherm contours can be photographed in colour by means of the
AGA Polaroid Land Pack film Autocolour attachment (Figure I.4.6).
Up to eight different isotherms can be photographed, by multiple

exposures over 4 - 12 seconds on a single colour film frame through

‘various colour filters synchronised with automatically selected

isothermal contours. The result is a compiex surface temperature
pattern of the object made up of individual isotherms.

Operation Procedure Summary

The following procedure was used to obtain an optimum thermal picture.
(Figures I.4.7 and I.4.8). The camera was switched on, directed
towards the object and roughly focused. Having selected the aperture
and approximate sensitivity, the white and black levels were

adjusted to give a full grey scale at the base of the thermal picture.
Further adjustment of the picture black level produced an image,
vhich was consequently focused t0 give optimum definition. The
isotherm levels were then selected to provide appropriate contours,
the makers showing on the grey scale. The width of the isotherm
marker was then adjusted to a desired temperature span. Selection of
the black position removed the grey zones leaving only the isothemrm
in preparation for the photographing of the colour thermograms. The
polaroid mechanism was then activated to provide the final picture.

It was usual to select one of the isotherms at a temperature

corresponding to some known reference.
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Figure I o4_¢ 9

Example of a Thermogram Showing Two Isotherms ( one a reference source )

and the Sensitivity Marker Scale
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I.4.3 Alternative Equipment

In addition to the described IR camera, AGA manufacture an
alternative camera, the Thermovisicl 750. This equipment is
compiled of similar basic components to the Thermovisiol 680

but can be powered from a re-chargable battery,thus being more
readily transportable in normal industrial applications. The
equipment constitutes a hand held cine-type camera attached to a
monitor hung from the operators neck. This offers greater flexi-
bility of use than the semi-transportable 680,albeit. at the expense
of accuracy. Like the 680, the display can easily be recorded
photographically, although only in black and white.

AGA Infrared Systems are not the only suppliers of detection
equipment. Barnes Engineering Co, Stamford.Conn. has developed a
thermographip_instrument‘that will give a single amplitude trace
out;not an entire thermogram. The camera generates a single trace
showing temperature along a narrow band which can be photographed
with an optical camera attachment (162). The detector constitutes
aﬁ array of 100 IED's which react to an IR beam. No cooling is
required but the scan speed is limited to 4 lines per second. The
camera does not have the accuracy, resolution or convenience of

the AGA systems, but is available at 1/7th the price.

The model 800 imaging camera offered by Spectrothern Corp., Santa
Calif., illustrates a design having high resolution (528 lines/
frames) but low speed image formation. Images are formed in 10
distinct shades of grey at the rate of a frame a second. A mercury-
cadmium-telluride (HgCdTe) photoconductive detector (8 to 14/Jm) is
used. A unique feature is the cameras ability to display line scans
along with the complete thermogram. The equivalent AGA system

requires a separate monitor and display,’ The camera also relies on
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the use of liquid notrogen, has only semi~portability and is

expensive.

Thermography had limited appeal in its early years because the
equipment was heavy and the detector response slow. In the last
decade, weight has been reduced, with portability, image speed and
resolution improved. In agreement with R B Aronson (162), however,
acceptance appears to be limited by cost and lack of understanding
of what thermography can do. At the time of this work, Dunlop had
not long purchased an AGA 680 monitor. It was, therefore, prudent

that the experiments be carried out using this equipment.
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