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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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sion (IEC) on all matters of electrotechnical standardization.

n task of technical committees is to prepare International Standards, but in exceptional ‘eircun
| committee may propose the publication of a Technical Report of one of the followingdypes:

e 1, when the required support cannot be obtained for the publication of an International Standa
pated efforts;

b 2, when the subject is still under technical development or where for aty)other reason there is
not immediate possibility of an agreement on an International Standard;

e 3, when a technical committee has collected data of a different’kind from that which is normally
hn International Standard (“state of the art”, for example).

al Reports of types 1 and 2 are subject to review within thtee years of publication, to decide wih
transformed into International Standards. Technical Reports of type 3 do not necessarily I
0 until data they provide are considered to be no longefvalid or useful.

18455, which is a Technical Report of type 3;:;was prepared by Technical Committee TC 28,
5 and lubricants.

of this Technical Report is for information-only.
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Knowledge of the specific energy of residual fuel oils is important for both fuel choice and end-use design and
operation. Measurement of this property is time-consuming, requires specialist skills, and does not lead to great
precision. Thus for many years, specific energy values have been derived for general use by calculation from other
determined properties.

This Technical Report gives the basic data and the derivation of equations widely used in the petroleum-ind
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ion of specific energy of residual fuels. The following International Standards use equations-de
ta given in this Technical Report:

1993, Petroleum products — Fuels (class F) — Specifications of gas turbine fuéls for indus
Dlications.

| 996, Petroleum products — Fuels (class F) — Specifications of marine fuels:

pmpositional analysis, or even simple physical separation, is not often possible on residual
f their nature. Thus the techniques applied to calculations of specific energy of gases and
products are not applicable to residual fuel oils. The first empirical approach to the probl
by Cragoe in 19291). Subsequent methods of calculation havebeen based on the same basic pr
ecific energy can be related to the density of the product, with adjustment for the compositional v
LIfur and ash content.

e formulae were used almost exclusively in the petreleum industry until the 1960’s. It was then
lationship was based on residual fuels blended exclusively from components manufactured by
y processes, together with crude petroleum and petroleum products. It was suggested that th
routes for residual fuels emerging at this time, and the fact that the Cragoe formulae were bas
-section of fuel and crude petroleum types;)could influence the factors in the equations if restrig
dual fuel group. Also outside the US, there was a growing need for a modern metric equivale
mulae. New formulae were developed-by many standardization bodies during the period 1966
argely gave a very small change to_the calculated value of specific energy of residual fuel oils.

umbers were declining in/petroleum laboratories. Since any empirical formula or equation is esse
analysis of determined.data to achieve a best fit relationship expressed as an equation, it is §

that both the determined analyses are on a representative sample of the whole population, and that they

high level

of technical integrity. It was thus decided that a large-scale exercise to derive a relg

representdtive of world-wideresidual fuel oil availability should be carried out, probably for the last time j

French ex

pberts from Bareau de Normalisation du Pétrole (BNPé) were asked to carry out this work, an

process, to verify that\the original Cragoe relationship still applied across the residual fuel oil types then

available.

['he work-was carried out during 1980 and 1981, and reported in December 19812).
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1 Cragoe, US Bureau of Standards, Miscellaneous Publication No. 97, November 1929.

2) Report of Experts from France, December 1981.
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Petroleum products — Calculation of specific energy of residual
fuels from physical and compositional properties — Basic data

1 Scope

This Technical Report looks at data from 258 samples of residual fuel oil on which specific) energy| has been
determined by the standard technique of bomb calorimeter by experienced technicians. Fer-15 of these results,
there was insufficient physical and/or chemical data to calculate a corresponding value. Intmany cases, [the values
reported for water content were lower than the reporting limit (0,05 % or 0,10 %), and in some cases, this also
applied [to ash content. This Technical Report also contains much hydrogen content data, both medsured and
calculatpd. The residual fuel oils examined cover a range of density at 15 °C from912 kg/m’ to 1 032 kg/m’, and are
estimated to cover all the major crude petroleum source regions and normal petroleum processing options available
in the late 1970’s. The sulfur contents range from 0,33 %(m/m) to 5,19 %(n¥m). No samples of high water content
or high ash content were included in this analysis.

NOTE 1| For the purposes of this Technical Report, the terms ‘% (m/m) and ‘%(V/V)' are used to represent th¢ mass and
volume ffactions respectively.

2 Datq analysis approach

The apgroach taken in this Technical Report was to firstly verify that the Cragoe approach to gross spedgific energy
calculat{on was valid for this data set, then to look@t the numerical values in the Cragoe formulae, and gdjust them
as necegssary to provide a best fit relationship,” and finally to examine the relative importance of individual
components of the Cragoe formulae, to provide simplified equations of acceptable precision.

During this process, a humber of generalizations were highlighted, and although these are likely to give & negligible
bias to g¢alculated results in this data-Set, absolute accuracy would demand a detail of analysis not present generally
for residlual fuel oils. These generalizations largely relate to the fact that specific energy is a funcfion of the
hydrocarbon composition of the_material under examination, with a very small adjustment for sulfur, whereas the
bulk prgperties are measured on the whole sample. These effects are likely to be greater in the calculgtion of net
specific|energy, where Cragoe uses a direct relationship between hydrogen content and density, but evep here, the
effects are extremely small! There are also slight anomalies in the reporting of water content, where both ‘%(m/m)’
and ‘%(|/V)' are possible, and generally not identified. Again, because water contents in this data set aie low, and
densitiep are close.tg™1 000 kg/m® at 15 °C, the effect can be regarded as negligible.

flculations,

actual practice, th|s Technlcal Report continues this trend, in that the ongmal document produced by the French
experts expressed density in terms of kg/l, whereas all ISO documents since the early 1980’s have used the correct
Sl unit of kg/m®. This latter unit is now widely accepted in the petroleum industry, and is used in this Technical
Report.

3 Definitions

For the purposes of this Technical Report, the following definitions apply:
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3.1

gross specific energy

total quantity of heat released by combustion of a unit mass of fuel with oxygen saturated with water vapour at
constant volume. The reactants and combustion products are considered at the same temperature, with the water
produced in the liquid phase.

3.2

net specific energy
quantity of heat released by combustion of a unit mass of fuel with oxygen under a constant pressure of 101,3 kPa.
The water formed during combustion remains in the vapour phase. The net specific energy is the gross specific
energy less the latent heat of the water produced during combustion

NOTE 2 The obsolescent terms ‘calorific value’ or ‘heat of combustion’ will be found in the references containgd in this
Technical Report.

4 Data analysis

4.1 Verifjcation of Cragoe analysis

4.1.1 Cragjoe equations for gross specific energy
The Cragqe relationships for the heavier petroleum products were based on.an analysis of experimental |data on
630 ‘petroleum oils’ from 11 countries, analyses being carried out by five ‘gtéups of observers’. By implicatign, these
‘petroleum| oils’ included kerosines, distillate fuel oils, residual fuel oils@nd crude petroleum, and ranged i density
from apprgximately 780 kg/m°® to 1 000 kg/m°. Sub-groups of this data.set do not appear to have been analyzed.
Cragoe deyived a series of relationships which were all based onshe discovery that the gross specific energy of the

hydrocarbgn portion of a crude petroleum or petroleum product bore a constant relationship to the relative [density,
of the forny:

Q. =[12400 - 2100r? (1)

where
Q. idthe gross specific energy of the hydrocarbon part of the material, in calories per gram;
r  igthe relative density at 60/60-°F.

From this felationship, the gross.specific energy of the complete petroleum material could be expressed as:

G = @, - 001Q,(w +@y¥'s) + 2255 @)
where
G idthe/gross specific energy of the whole material, in calories per gram;

w io the narcant
tHEe—pEreeHt

a isthe percentage by mass of ash;

S is the percentage by mass of sulfur.
The factor 22,5, derived by Cragoe for the specific energy of sulfur, is a compromise figure based on an ‘average’
sulfur compound. It is likely to be low for the lighter compounds and high for the heavy compounds where sulfur is in
complex large molecules.

Translation of these equations into the Sl units of megajoules per kilogram (MJ/kg) for specific energy and
kilograms per cubic metre for density at 15 °C (p,,) gives:
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=51900 2 - [8,802 (p152 x 10‘6)]

G =Qg - 0,01Q, (w +a +5) + 0,094 25

where

51,9002 s 12400 x 4,1855x 107

8,802 is 2 100 x (0,999 7/0,999 012)° x 4,185 5 x 107,

(3)

(4)

0,9
0,9
0,0
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has an average value of 0,28 MJ/kg. Examination of the sub-groups within the sample matrix shows that
t for sub-groups based on either sulfur content, crude petroleum source area or processing route. In

constan
physica

DO 7 is the coefficient of conversion from density at 60 °F to density at 15 °C;
DO 012 is the coefficient of conversion for the change in density of water between 60 °F.and 15 °
D42 is (22,5) x (4,185 5) x (107).

The figures of 0,999 7 and 0,999 012 are derived using ITPS 68, the International t€mperature scale ext
French expert’s report was published. Using ITS 90, the current scale, these figures are changed in the
imal place respectively, and this has a consequent very small effect on the figure of 8,802. Since the figur
echanical equivalent of heat used by the French experts is also marginally suspect, the actual factors in t
the others derived from it, are not mathematically exact from the third decimal place. However, firstly th
a reflection of the report submitted by the French experts, and accepted by\\SO/TC 28/SC 4/WG 5 and W
ysis of the data. Secondly, any changes to factors in the equations af this sensitivity has no practical eff

elative importance of Cragoe factors

bical residual fuel oil with a density of 990 kg/m® at 15.°C, a sulfur content of 3,8 %(m/m), a water
n/m) and an ash content of 0,04 %(m/m), equation® (3) gives a value for Q, of 43,27 MJ/kg.
ent decreases this value by approximately 3 % and the water and ash contents reduce the
,14 %, giving a final gross specific energy of\41,93 MJ/kg. It can thus be concluded that in the
nt contamination by water or mineral matter, the determination of density and sulfur content
d gross specific energy accurate enough for most practical applications.

erification of Cragoe relationship

ses, experimental values.-of water and ash contents. Where available, the table includes both

ulated figures for hydrogen content, and for just over 50 % of the samples, a determined figure
The table then gives_a value for gross specific energy derived from the Cragoe equation

te between this valtie-and the determined value.

Llts show that’in~98 % of cases, the calculated result from the Cragoe equation for gross specifi
% of the determined value, with a distinctive bias towards a lower figure for the calculated figure

terms, the bias does not appear to relate to either density or viscosity.

Ant in 1981,
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A given in annex A include experimental values of gross specific energy, density and sulfur content, and in

letermined
for carbon
(4), and a

C energy is
. This bias
the bias is

It thus appears that a small correction to the factors in the Cragoe formulae will result in a relationship that is valid
for the residual fuel oils examined, and by extrapolation, for the residual fuel oil market in the early 1980’s, and
hopefully beyond.

Examination of the best fit relationship shows that the factors in equation (3) should both be changed, but that a
change of the factor 51,900 2 to 52,190 suffices to meet all statistical criteria for correlation, and this is the route
adopted.

4.2 Simplified equation

Having verified the Cragoe approach, and made a minor modification to the relationship, it is possible to produce a
simplified form of the equation for practical usage, as discussed in 4.1.2. In addition to discarding the water and ash
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content, a further simplification can be introduced by substituting ‘p,,* x 10°” by ‘(2p,. — 1 000) x 10°’ on the basis
that residual fuel oils will have densities close to 1 000 kg/m® at 15 °C. To one decimal place, Q, then becomes:

Qs =610 -17,6(p15 x1072) 5)

Adding the correction for sulfur (-Q,/100 + 0,094)s, with a density of 1 000 kg/m® substituted in equation (5), the
simplified equation becomes:

G=610- 17,6(p15 x 10‘3) ~034s 6)

For the sgmples described in annex A, this equation gives a very high correlation, but as mentionedpréviously,
these samples had low water and ash contents, and confidence will be subject to this provision. In general However,
for samples with higher water contents, a simple adjustment (subtraction) for the water content is-easy to perform,
and this simplified equation will still give a rapid estimation of the gross specific energy.

5 Net specific energy

5.1 Cragpe relationships

The constijuction of similar equations for the calculation of net specific energyrequires the subtraction of the latent
heat of va;l)orization of water.

Cragoe, in his calculations, used simplified empirical factors which.-fiave been shown to give good relatipnships,
bearing in| mind the precision of measurement of hydrogen content, which is discussed later. The first| step of

Cragoe wags to again look at the hydrocarbon portion of the matefial, and work from the same gross specifi¢ energy
figures disgussed in 4.1.1. On this basis, the net specific energy, N,, in calories per gram, becomes:

Np = {25 —0,01H (|9 x 585] - 220) 7

where
H is the percentage by mass of hydrogen in the hydrocarbon;
585 |is the latent heat of evaporation of water, in calories per gram at 20 °C;
220 |is a correction for the change in volume between initial and final phases;
9 is a coefficient ofdransformation of the percentage mass of hydrogen into percentage mass of water.
Cragoe theén connected‘the percentage mass of hydrogen to the relative density at 60/60 °F using the equat|on:
H =26 - 15« (8)

Thus, for the-hydrocarbon portion of the material, the net specific energy could be expressed as:

N, = Q, - 50,45(26 - 15r) 9)

Applying this equation to the actual material under examination by correcting for water, ash and sulfur contents, the
Cragoe relationship for net specific energy, N,, in calories per gram, became:

N, = Ny[1-001(w + a + s)] + 2255 - 585w (10)

Conversion of this equation into Sl units gives the relationship:

Ng = {46,704 - [8,802p152 x 10—6] +[3167(pns x 10—3)]} x[1-001(w + a + )| +0,094 25 - 0024w (11)
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5.2 Verification of the Cragoe relationship

The calculation of net specific energy is based on the same value of gross specific energy as has already been
verified in 4.1.3, plus the empirical relationship between hydrogen content and relative density at 60/60 °F

develop

ed by Cragoe, and given in equation (8).

If we assume that the water content and ash content are negligible, then:

H,

= H,/1-001s

(12)

and

15,

The res|
analysis
betweel
is less t
dividing
compar

to empitlical coefficients are necessary.

Thus w
gives 95
95 % of
for net s

5.3 Simplified equation

In the s
energy.

N

Q

A similal

N

_26-1501(p5 x10-3)
B 1+0,01s

is the hydrogen content of the hydrocarbon portion of the material, in pereéntage by mass;
is the hydrogen content of the actual material, in percentage by mass;
D1 is 15 times the conversion factor for relative density at 60/60 °F tQ density at 15 °C.

ults of 217 hydrogen contents are given in annex A, with beth.experimental values obtained by
, and calculated values obtained from equation (13). These show that in 77 % of cases, the
determined and calculated value is less than 5 % of the.measured value, in 92 % of cases, this
han 7,5 %, and in 98 % of cases, this difference is lessthan 10 %. The mean systematic error, g
the algebraic sum of the absolute variations by their number, is 0,06, a value which is negli
bd to the values being considered, and thus the.mean is considered to be well-centred, and no

b can conclude that since the new empirical relationships for the determination of gross speg

% of results within 1,4 % of the measured value, and the empirical relationship for hydrogen co
results within 8,5 % of the measurgd;value, mathematical analysis concludes that 95 % of calculd
pecific energy will be within 2 % of the measured value.

ame manner as for gross specific energy (4.2), a simplified relationship can be developed for 1
The simplified relationship based on the Cragoe approach yields:

=555 - 14,4(;)_[5 x 10‘3) - 032s

I simplified relationship, attributed to Marder, had different coefficients, as follows:

a

(13)

elemental
difference
difference
btained by
jible when
Corrections

ific energy
ntent gives
ted results

et specific

(14)

=529 -119(p ¢ x1073) - 029s

(15)

\ I

The difference in result from the usage of these two equations on typical high-sulfur residual fuel oils is negligible for

practica

| purposes.
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6 Conclusions

6.1 The current analysis of over 250 data sets on a wide variety of residual fuel oils available from 1979 to 1981
showed that the traditional Cragoe relationships are still valid for the calculation of gross specific energy and net
specific energy. Small adjustments to the coefficients in the original equation for gross specific energy are proposed
to provide a better fit for these current materials in this class. The equation for net specific energy remains
unchanged.

6.2 The equation for gross specific energy, G, in megajoules per kilogram, is proposed as:

G = Qs—00105{w—+a—+s)+0,0942s
where
0, = 52,190 - [8,802(p152 x 10‘6)]
In full, thisjequation becomes:
G= [E 2190 -8,802(py5? x107° )] x[1-0,01(w +a +5)| + 0094 2s

6.2.1 A gmplified form of this equation gives results sufficiently accurate for practical purposes, whefe water
content and ash content are within normal levels [0,3 %(m/m) and 0,05&6(m/m) maximum respectively], and this is:

G =60 - 17,6(p15 x 10‘3) - 034s

6.3 The equation for net specific energy, N, in megajoules per kilogram, is that proposed by Cragpe (with
conversior)s), and is:

N, ={46,704 - [8,802 (,152 x 10‘6) +(3167 (;15 x 10‘3) ]} x[1- 001w + a +s)] + 0,094 25 - 0,024w

6.3.1 A s|mplified form of this equation is also accurate enough for practical purposes under the same cgnditions
as 6.2.1, ahd is:

N, =p55 - 14,4(p15 x 10‘3) ~0:32s

6.4 Tables for Q, versus p;.is a useful adjunct to the equation for gross specific energy, and simplifies calgulations
consideraljly, and a similar’ adjunct could be prepared for the term between the corrugated parentheses in the
equation for net specific-energy. Tables to include sulfur content are possible [to cover density values of 950 kg/m®
to 1 009 kp/m®, and sulfur contents from 0,5 %(m/m) to 4,0 %(m/m), illustrates some 2 100 values], but $how no
advantage| overcthe simplified equations, and do not make any adjustment for water content and/or ash |content.
Similarly, ¢hafts,‘widely used, have the same limitations as tables in that they can only illustrate density amnd sulfur
contents, gnd.are likely to introduce interpolation errors which are not insignificant. Unless accurate calculamons are
required, the use of the simplified equations is preferred to charts and tables.
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Annex A
(informative)
Raw data for specific energy calculations
A.1 Qrigin of data
The datp given in Table A.1 has been transcribed from the original handwritten sheets included as_an amnex to the
French |experts report of December 1981. The data has been tidied up in terms of consistency of reporting
sensitivity, and the densities have been reported here in terms of kg/m’ instead of the kg/l originally used| The order
of the data has been changed to give a more logical progression, and particularly, to placethe specific energy data
together.
The spdcific energy data is reported as ‘measured (M)’ followed by ‘calculated (G)%\where the calculation is carried
out by the original Cragoe equation. The difference (M — C) is thus genérally positive, showing the normal
underedtimate (see 4.1.3). Where the difference is negative (M < C), the figure is shown in parentheses.
Table A.1 — Raw data for the calculation ofspecific energy
No. i s w a Carbon Hydrogen Gross specific erjergy
kg/m’ %(m/m) | %(m/m) | %(m/m) | %(m/m) %(m/m) MJ/kg
Meas. Calc. Meas. Calc. M-C
1 958 1,57 <0,05 0,035 85,81 11,24 11,39 43,45 43,11 0,34
2 993 3,78 0,3 0,045 84,87 10,31 10,63 41,33 41,80 0,13
3 929 0.36 0,3 0,025 86,37 12,05 12,00 44,35 44,04 0,31
4 941 0,89 <0,05 0,010 86,65 11,81 11,77 44,12 43,78 0,34
5 953 2,05 0,05 0,025 86,01 11,55 11,47 43,58 43,17 0,31
6 992 3,80 <0;05 0,035 84,99 10,46 10,70 42,16 41,92 0,24
7 984 3,22 <0,05 0,015 85,19 10,71 10,88 42,61 42,26 0,35
8 935 0,93 <0,05 0,020 86,07 12,03 11,86 44,48 43,86 0,62
9 931 1,26 <0,05 0,020 85,71 12,06 11,89 44,40 43,81 0,59
10 956 2,68 <0,05 0,020 84,85 11,50 11,34 43,50 42,91 0,59
11 948 3,31 <0,05 0,020 84,16 11,56 11,39 43,35 42,82 0,53
12 934 0,36 <0,05 0,020 86,61 12,06 11.93 44,88 44,07 0,81
13 996 466 0% 8546 16,46 16,76 4229 4188 0,41
14 965 3,45 <0,1 0,027 84,45 10,85 11,13 43,07 42,47 0,60
15 993 3,80 <0,1 0,020 84,40 9,80 10,70 42,13 41,89 0,24
16 979 3,90 <0,1 0,070 84,60 10,40 10,90 42,13 42,07 0,06
17 976 3,75 — 0,040 85,30 10,90 10,90 42,13 42,23 (0,10)
18 978 3,90 <0,1 0,030 84,80 10,30 10,90 42,54 42,10 0,44
19 971 3,50 0,2 0,020 84,70 11,10 11,20 42,59 42,32 0,27
20 989 3,90 0,1 — 85,30 10,65 10,74 42,17 41,93 0,24
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Table A.1 (continued)
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No. Pre s w a Carbon Hydrogen Gross specific energy
kg/m’ %(m/m) | Y%(m/m) | Y%(m/m) | %(m/m) %(m/m) MJ/kg

Meas. Calc. Meas. Calc. M-C
21 944 2,50 <0,1 <0,005 86,30 11,30 11,50 43,89 43,15 0,74
22 963 3,30 <0,1 <0,005 85,30 11,40 11.50 43,07 42,57 0,50
23 1009 3.50 <0.1 — 85.50 10,10 10.50 41,94 41,73 0,21
24 989 3,60 <0,1 0,010 84,50 10,10 10,30 42,31 42,03 0,28
25 988 3,70 <0,1 0,020 85,10 10,60 10,80 42,14 42,0% 0,13
26 1009 4,30 — 0,030 84,30 10,20 10,40 41,71 41,49 0,22
27 989 3,70 0,2 0,030 85,10 10,50 10,80 42,16 41,94 0,22
28 949 0,60 — — 87,30 11,80 11,70 45,15 43,77 1,38
29 931 0,38 <0,1 <0,01 86,90 12,40 12,00 45,01 44,10 0,91
30 938 0,44 <0,1 <0,01 86,60 10,60 11,90 44,25 43,96 0,29
31 961 2,94 0,05 — — — — 42,77 42,75 0,02
32 986 3,38 0,05 — — — — 42,15 42,18 (0,03)
33 980 3,15 0,00 — — — — 42,08 42,38 (0,30)
34 963 2,85 0,00 — — — — 43,44 42,77 0,67
35 1011 4,42 0,00 — — — — 42,31 41,43 0,88
36 944 0,46 0,05 — — — — 44,39 43,88 0,51
37 979 3,10 0,1 0,020 — 11,80 11,00 42,59 42,36 0,23
38 961 3,00 0,05 0,050 — 12,50 11,20 42,29 42,70 (0,41)
39 988 2,80 0,1 0,050 — 11,40 10,90 42,49 42,30 0,19
40 982 3,00 0,1 0,050 — 11,20 10,90 42,83 42,33 0,50
41 988 3,20 0,2 0,050 — 11,10 10,80 42,35 42,12 0,23
42 969 3,10 0,1 0,030 — 11,70 11,10 43,10 42,52 0,58
43 998 3,50 <0:1 0,025 85,20 10,80 10,60 42,55 41,91 0,64
44 972 2,30 <0,1 0,037 85,00 11,60 11,20 43,02 42,75 0,27
45 963 3,20 <0,1 0,013 84,00 11,80 11,20 43,45 42,60 0,85
46 986 4,00 <0,1 0,033 85,00 10,80 10,80 42,63 41,93 0,70
47 983 2,80 <0,1 0,019 85,40 11,60 10,90 42,94 42,40 0,54
48 971 3,30 <0,1 0,031 84,90 11,70 11,10 42,99 42,42 0,57
49 993 2,60 <0,1 0,035 84,90 11,70 10,80 43,46 42,29 1,17
50 Q85 ’)’Qﬂ (0,1 ﬂ’ﬁ10 Q/I’Qﬁ 11’Rﬁ 1n’on /1’2’70 A’)’QR 1’34
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Table A.1 (continued)

No. Pre s w a Carbon Hydrogen Gross specific energy
kg/m’ %(m/m) | %(m/m) | %(m/m) | %(m/m) %(m/m) MJ/kg

Meas. Calc. Meas. Calc. M-C
51 984 3,70 <0,1 0,020 85,20 10,90 10,80 42,59 42,07 0,52
52 991 2,80 <0,1 0,027 85,30 11,80 10,80 43,45 42,26 1,19
53 975 2.20 <0.1 0,023 84,90 11.40 11,10 43,53 42 74 0,79
54 973 3,30 <0,1 0,015 84,50 11,30 11,00 43,15 42,40 0,75
55 983 3,80 0,6 0,027 85,30 10,70 10,80 43,11 41,84 0,27
56 989 3,90 — — — 10,80 10,70 42,28 41,38 0,90
57 999 3,70 — 0,024 — 10,60 10,60 42,30 41,86 0,44
58 990 3,70 — 0,038 — 11,30 10,70 42,09 42,01 0,08
59 933 3,60 — 0,031 — 10,70 11,60 42,43 42,98 (0,55)
60 972 1,80 0,8 — — 11,50 11,10 42,68 42,63 0,05
61 — 0,80 — 0,011 — 12,20 — 44,52 — —
62 — 3,80 — 0,030 — 10,30 — 42,43 — —
63 992 3,40 — 0,072 84,80 10{70 10,70 42,11 42,06 0,05
64 — 4,10 — — — \ = — 42,16 — —
65 981 3,45 — 0,019 — 11,20 10,90 42,74 42,25 0,49
66 987 3,44 — 0,027 — 11,10 10,80 42.30 42,15 0,15
67 984 3,44 — 0,022 = 11,10 10,90 42,82 42,21 0,61
68 — 3,10 — — — 11,50 — 42,44 — —
69 998 3,63 — — — 11,40 10,60 42,11 41,32 0,79
70 — 4,11 — &) — — — 42,43 — —
71 992 3,47 — 0,024 — 11,00 10,70 42,47 41,99 0,48
72 987 3,54 — 0,021 — 11,10 10,80 42,43 42,12 0,31
73 999 3,70 — 0,029 — 11,40 10,60 42,30 41,86 0,44
74 989 3,80 — — — 11,20 10,70 42,99 42,01 0,98
75 982 4,10 — — — — — 42,34 42,02 0,32
76 994 3,61 — 0,046 — 11,90 10,70 42,24 41,97 0,27
77 987 3,64 — 0,053 — 11,20 10,80 42,28 42,07 0,21
78 984 3,62 — 0,056 — 11,20 10,80 42,34 42,13 0,21
79 — 1,58 — — — 12,20 — 43,35 — —
80 ’),1{'\ 1’)’10 AQ’RR P
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Table A.1 (continued)

©1SO

No. Pre s w a Carbon Hydrogen Gross specific energy
kg/m’ %(m/m) | Y%(m/m) | Y%(m/m) | %(m/m) %(m/m) MJ/kg

Meas. Calc. Meas. Calc. M-C
81 991 3,61 — 0,045 — 10,90 10,70 42,30 42,02 0,28
82 986 3,80 — 0,050 — 11,30 10,80 42,22 42,04 0,18
83 983 3.73 — 0,051 — 11.30 10.80 42,28 42,11 0,17
84 993 3,87 — 0,050 — 10,90 10,70 42,16 41,90 0,26
85 978 3,54 — 0,052 — 11,30 10,90 42,30 42,26 0,04
86 981 3,44 — 0,050 — 11,40 10,90 42,34 42,24 0,10
87 978 3.38 — — — — — 42,45 42,15 0,30
88 982 — — — 85,50 11,40 — 42,32 — —
89 — 3,90 — — — — — 42,55 — —
90 — 3,95 — — — 10,50 — 42,34 — —
91 — 3,57 — — — 10,40 — 42,49 — —
92 959 2,17 — — 85,90 11,40 11,40 43,28 43,01 0,27
93 — 4,24 — 0,025 — 10,40 — 42,09 — —
94 — 0,60 — 0,014 — 11,90 — 44,27 — —
95 991 — 0,05 — 85,00 11,00 — 42,43 — —
96 1010 3,98 0,25 0,040 85,20 11,60 10,40 42,30 41,47 0,83
97 — 2,86 <0,05 — — 12,20 — 43,58 — —
98 990 4,00 <0,1 — 85,40 10,40 10,70 42,29 41,88 0,41
99 965 3,45 <0,1 0,027 84,45 10,85 11,13 43,07 42,47 0,60
100 993 3,80 <0,1 0,020 84,40 9,80 10,20 42,13 41,89 0,24
101 979 3,90 <0,1 0,070 84,60 10,40 10,90 42,13 42,06 0,07
102 976 3,75 — 0,040 85,30 10,90 10,90 42,13 42,22 (0,09)
103 978 3,90 <0:1 0,030 84,30 10,30 10,90 42,54 42,10 0,44
104 971 3,50 0,2 0,020 84,70 11,10 11,00 42,59 42,31 0,28
105 949 3,90 0,1 — 85,30 10,45 11,30 42,17 42,58 (0,41)
106 944 2,50 <0,1 <0,005 86,30 11,30 11,50 43,83 43,14 0,69
107 963 3,30 <0,1 <0,005 85,30 11,40 11,80 43,07 42,56 0,51
108 1009 3,50 <0,1 — 85,50 10,10 10,50 41,94 41,72 0,22
109 989 3,60 <0,1 0,010 84,50 10,10 10,80 42,31 42,02 0,29
110 9813 3 70 (0,1 n,n')n QR’1{'\ 1n’/m 1n’szn /1’)’1/1 A’)’ﬁQ 0’06
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Table A.1 (continued)
No. Pre s w a Carbon Hydrogen Gross specific energy
kg/m’ %(m/m) | %(m/m) | %(m/m) | %(m/m) %(m/m) MJ/kg

Meas. Calc. Meas. Calc. M-C
111 991 3,65 0,05 — 84,91 10,74 10,73 42,17 42,00 0,17
112 986 3,43 0,05 — 84,02 11,08 10,83 42,24 42,16 0,08
113 984 3.52 0,05 — 84.47 11.20 10,85 42,34 42,16 0,18
114 982 3,56 0,05 — 84,27 11,28 10,88 42,28 42,18 0,10
115 982 3,52 0,05 — 84,20 11,14 10,88 42,34 42,19 0,15
116 985 3,80 0,05 — 84,07 11,43 10,80 41,80 42,05 (0,25)
117 982 3,80 0,05 — 84,38 11,17 10,85 42,16 42,10 0,06
118 986 3,51 0,05 — 84,56 10,82 10,82 42,05 42,13 (0,08)
119 972 3,53 0,05 — 84,65 10,33 11,08 42,23 42,36 (0,13)
120 996 3,64 0,05 — 84,61 10,77 10,67 41,64 41,32 0,32
121 960 3,35 0,05 — 84,46 11,61 14,21 42,90 42,61 0,29
122 981 3,41 0,05 — 84,66 11,40 10,90 42,77 42,25 0,52
123 977 3,47 0,05 — 84,65 11428 11,00 42,50 42,29 0,21
124 978 3,61 0,05 — 84,58 14,17 10,93 42,35 42,23 0,12
125 963 1,68 0,05 — 85,27 12,23 11,36 43,41 43,14 0,27
126 981 3,37 0,05 — 84,43 11,13 10,85 42,54 42,09 0,45
127 983 3,58 0,05 — 84711 11,53 10,85 42,44 42,15 0,29
128 982 3,59 0,05 — 84,27 11,45 10,87 42,56 42,17 0,39
129 979 3,62 0,05 — 84,36 11,33 10,91 42,43 42,21 0,22
130 980 3,65 0,05 — 84,25 11,43 10,89 42,48 42,18 0,30
131 983 4,08 0,05 — 83,87 11,51 10,80 42,48 41,99 0,49
132 983 3,67 0,05 — 84,35 11,24 10,84 42,31 42,13 0,18
133 983 3,82 0,05 — 84,25 11,27 10,83 42,43 42,08 0,35
134 981 3,65 0,05 — 84,28 11,34 10,87 42,54 42,15 0,39
135 978 3,57 0,05 — 84,23 11,60 10,93 42,59 42,24 0,35
136 976 3,42 0,05 — 84,65 11,71 11,02 42,64 42,33 0,31
137 979 3,46 0,05 — 84,76 11,47 10,92 43,43 42,26 0,17
138 974 3,35 0,05 — 84,73 11,64 11,00 42,95 42,38 0,57
139 978 3,16 0,05 — 84,76 11,85 10,97 43,16 42,38 0,78
140 Q54 1 ,R7 n,{'\R QR’QR 1 ')707 11 ’Rn /IQ’F.’) /1'2”2'2 0’29
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Table A.1 (continued)

©1SO

No. Pre s w a Carbon Hydrogen Gross specific energy
kg/m’ %(m/m) | Y%(m/m) | Y%(m/m) | %(m/m) %(m/m) MJ/kg

Meas. Calc. Meas. Calc. M-C
141 960 1,65 0,05 — 85,53 12,47 11,40 43,56 43,20 0,36
142 957 0,80 0,05 — 86,23 12,54 11,54 43,89 43,54 0,35
143 957 0.98 0.05 — 86.51 12,08 11,52 44,04 43,48 0,56
144 954 0,47 0,05 — 86,78 12,43 11,63 44,57 43,71 0,86
145 951 0,35 0,05 — 86,86 12,21 11,68 43,95 43,80 0,15
146 935 0,35 0,05 — 86,83 12,51 11,92 44,77 44,06 0,71
147 974 3,85 0,05 — 84,37 11,16 10,95 42,44 42,21 0,23
148 974 3,56 0,05 — 84,73 11,03 10,98 42,33 42,31 0,02
149 976 3,42 0,05 — 84,48 11,06 11,36 42,57 42,26 0,31
150 977 3,68 0,05 — 84,50 11,04 10,33 42,46 42,22 0,24
151 976 3,56 0,05 — 84,68 11,02 10,96 42,27 42,28 (0,01)
152 977 3,50 0,05 — 84,60 10,88 10,95 42,49 42,28 0,21
153 975 3,60 0,05 — 84,45 11,00 10,97 42,57 42,28 0,29
154 976 3,58 0,05 — 84,91 10,94 10,96 42.52 42,27 0,25
155 975 3,51 0,05 — 84,33 11,04 10,98 42,57 42,31 0,26
156 976 3,50 0,05 — 84,40 11,03 10,97 42,52 42,30 0,22
157 961 2,19 0,05 — 85,78 11,70 11,33 43,45 43,00 0,45
158 960 2,22 0,05 — 85,58 11,47 11,34 43,27 43,00 0,27
159 957 0,35 0,05 — 87,21 12,26 11,59 43,95 43,70 0,25
160 951 0,34 0,05 — 86,66 12,57 11,69 44,02 43,80 0,22
161 963 0,33 0,05 — 86,78 12,48 11,51 43,84 43,60 0,24
162 951 0,54 0,05 — 86,34 12,78 11,67 43,72 43,73 (0,01)
163 930 0,68 0,05 — 86,20 12,66 11,96 43,97 44,03 (0,06)
164 966 1,61 0,05 — 86,15 11,84 11,32 43,16 43,11 0,05
165 958 1,70 0,05 — 86,24 11,45 11,43 43,28 43,21 0,07
166 965 3/61 0,05 — 85,29 11,00 11.12 42,66 42,44 0,22
167 967 3,95 0,05 — 84,36 10,35 11,04 42,73 42,29 0,44
168 966 291 0,05 — 85,00 12,06 11,18 43,19 42,67 0,52
169 970 2,96 0,05 — 85,00 11,88 11,11 43,10 42,58 0,52
170 971 301 {'\’nl: QR,{'H 11,7’) 11,{'\0 /1’2’{'\'2 A’)’RR 0’48
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