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ABSTRACT

This report describes the work undertaken and results obtained from the Concawe
2015 Analytical Program, which involved the chemical characterisation of 189
petroleum substances from 20 substance categories. As a limited number of samples
were analysed per substance and in light of the Unknown or Variable Composition,
Complex Reaction Products and Biological Materials (UVCB) nature of petroleum
substances, the report provides supporting information only and should not be
regarded as definitive for any substance.

To avoid the possibility that any analytical data presented can be attributed to a

sample provided by a specific REACHegistrant, the identities of 29 substances for

which there are fewer than 3 active r egi strati ons havebybeen o0anoi
identifying only the category to which they belong . A further 6 petroleum

substances for which there is only a single active registration within a category are

omitted from this report . A full report on the 2015 Analytical Program includes data

on all 189 substances and is available to Concawe secretariat only for refer ence

purposes.

Given that, for most substances, this report relates to one sample per substance |,
Concawe is now combining these data with additional information to conduct a
statistical analysis of the similarity between substances within a category. This
information is relevant in the optimisation of human health and environmental
hazard testing.

KEYWORDS

petroleum substance, substance identity, analytical chemistry, UVCB, composition

INTERNET

This report is available as an Adobe pdf file on the Concawe website
(www.concawe.org).

NOTE

Considerable efforts have been made to assure the accuracy and reliability of the information
contained in this publication. However, neither =~ Concawe nor any company participating in
Concawe can accept liability for any loss, damage or injury whatsoe ver resulting from the use
of this information.

This report does not necessarily represent the views of any company participating in Concawe .
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SUMMARY

This report describes the work undertaken and results obtained from the Concawe 2015
Analytical Program (AP), which involved the chemical characterisation of 189 petroleum
substances (PS) from 20 substance categories. The 2015 AP extended a similar project carried
out in 2013 but which only involved the characterisation of PS from 5 substance categories for
which testing proposals were being submitted.

Samples of virtually all the substances investigated were first examined to check whether their
composition was consistent with the formal substance description of the registered substance,
most of which include an a pproximate carbon number and/or boiling point range. The samples
were then examined in greater detail using a range of analytical techniques depending on their
physical characteristics and chemical complexity.

The results obtained on the substances investi gated are presented in this report together with
comparisons of equivalent results obtained on the same samples analysed using different
analytical techniques and, with few exceptions, show that:
I Results obtained on the same samples analysed in 2013 and 2015 are in good
agreement.

1  The chemical compositions of the samples analysed are consistent with their formal
substance descriptions.

I  Equivalent results obtained on the same samples using different techniques show
good agreement.

1  Spectroscopic analysis of PS provides no useful additional information for substance
identification to that generated by the standard chromatographic techniques.

Note

This is an abridged version of the full report on the 2015 AP in which the analytical results

generated on 6 substances for which there is only a single registration within a category have

been excluded; and the identities of 29 substances for which there are fewer than 3 active
registrations have been O0anonymisedd6 as ssayoown i n the
avoid the possibility that any analytical data presented in this report can be attributed to a

sample provided by a specific registrant.

Category of ©o0a Substance identifiers used in Number of o0an
substance this report substances
Low Boiling Point Naphthas Naphtha 1 d Naphtha 14 14
Other Lubricant Base Oils OLBO 1860LBO 6 6
Kerosines Kero 1 dKero 4 4
Cracked Gas Oils CGO 16CGO 3 3
Heavy Fuel Oils HFO 186HFO 2 2
Tot al number of oOanonymisedd sul 29

VI
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1.1.

INTRODUCTI®

REACH Regulation (EC) No 1907/2006 (Annex VI, item 2) includes general
information and certain key principles for substance identification and states that

the information submitted to support a registration should be sufficient to enable

the substance to be identified, adding that if this is not technically possible or not
considered scientifically necessary then the reasons should be clearly stated. Annex
VI item 2 lists some eighteen sub-items to be considered for substance identification
and refers to specific analytical information requirements, namely: spectral data
(ultra -violet, infra -red, nuclear magnetic resonance or mass spectrum); and high -
pressure liquid chromatogram, or gas chromatogram.

The PS involved in the 2015 AP are defined as UVCB (Unkown or Variable
composition, Complex reaction products or Biological materials) substances and the
REACH Regulation provides specific information for these materials. As previously
described (1), PS vary tremendously in their chemical complexity: the ligh ter
substances (e.g. LBPN; ~C4C10) contain a few hundred individual components
whereas middle-distillates (e.g. SRGO; ~C10-C25) contain many thousands of
components and heavier substances (e.g. HFO; >C20) contain millions of individual
components. The rapid increase in complexity with carbon number not only arises
from the vast number of isomers present but also from the increased chemical
functionality within individual compounds which means that, even if we could
identify and quantify each individual com ponent present in an HFO, it would not be
feasible to employ a uniform set of chemical descriptors to provide a detailed
classification of all the components present in all PS.

Because PS span such a wide range of components with widely different volatilit ies
and polarities it is not possible to characterise all these substances using the same
suite of analytical techniques. Concawe therefore recommends using a structured
analytical approach tailored to the properties of each PS rather than employing a
standard suite of analytical procedures as stated in the REACH Regulation and
believes that some of the analytical data requirements specified in the Regulation
provide no useful information for PS identification. Moreover, Concawe has always
encouraged the use of standard industry methods for characterising PS because
these methods have been developed and validated by the petroleum industry and
are accepted by competent authorities and customers because they provide a strong
technical basis for confirming cons istent product quality and assessing potential
health, safety and environmental hazards associated with these materials. Concawe
therefore developed guidance (2, 3) based on standard industry methods to help
member companies decide which analytical informa tion they should include in
IUCLID files when registering PS under REACH.

2013 ANALYTICAL PRORAM

Following discussions with ECHA, Concawe carried out an AP in 2013 which involved
the chemical characterisation of PS from 5 substance categories (SRGO; OGO;
VHGO; RAE; Bitumen) for which testing proposals were being submitted. Table 1
shows the PS which were investigated in this project. Because testing proposals
were being submitted for some of the substances, registrants were requested to
supply large volumes (~20 L) of these materials so that any subsequent testing
programs could be carried out on the same PS sample used for chemical
characterisation. Large volumes of all samples shown in Table 1 (except for CON
10) were eventually received but, owing to del ays in obtaining two SRGO samples
(CON 3 and CON 4), Concawe sought replacement samples of these two substances
which were then designated CON 31 and CON 4l to differentiate them from the
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original samples. No chemical characterisation work was carried out on CON 10
because it was not possible to obtain a large volume sample of this material.

The samples shown inTable 1 were examined using both the methods recommended
by Concawe for the appropriate substance categories (2) and, because some
samples were expected to be used as test substances in subsequent studies, by
additional procedures (e.g. GCxGC; GC-MS; PAG2) to provide supplementary
information on components (e.g. PAHS) present in the samples. The analytical work
carried out on these samples is summarised below:

SRGO; OGO; VHGO
1 Simulated distillation gas chromatography (SIMDISGC) to provide
information on the boiling and carbon number ranges of the components
present.

1  Comprehensive two-dimensional gas chromatography (GCxGC) to provide
quantitative inf ormation on the types of chemical functionalities present
for each carbon number.

1  High performance liquid chromatography (HPLC) to provide the total
contents of mono -, di- and tri+ aromatic hydrocarbons present.

1  High resolution gas chromatography-mass sgectrometry (GC-MS) to provide
information on the quantities of EPA and Grimmer poly -aromatic
hydrocarbons (PAHSs) present.

1  Dimethyl sulfoxide (DMSO) extraction and GC-MS of the extract to provide
information on the total quantities of 1, 2, 3, 4, 5, 6, 7+ r  ing poly-cyclic
aromatic carbon (PAC) compounds present (PAG2 analysis).

RAE; Bitumen
I  SIMDISGC to provide information on the boiling and carbon number ranges
of the components present.

1  Thin layer chromatography with flame ionisation detection (TLC -FID) to
provide quantitative information on the basic chemical functionalities
(saturates, aromatics, resins, asphaltenes) present.

1  High resolution GC-MS to provide information on the quantities of Grimmer
and EPA polyaromatic hydrocarbons (PAHS) present.

The detailed results obtained on all 30 samples analysed in the 2013 AP have been
reported individually “-3%, and a summary of these results is shown below:

SIMDISSC results obtained on samples CON 1, CON 3, CON 4, CON 6, CON 7, CON 9,
CON 11, CON 12,CON20, CON 21, CON 22, CON 23, CON 24, CON 25, CON 26 and
CON 27 were in relatively good agreement with the corresponding substance
descriptions shown Table 1. The substance descriptions for CON 17, CON 18 and
CON 19 do not specify boiling or carbon number ranges, and the substance
descriptions for samples CON 23 and CON 24 are somewhat inconsistent (i.e. >C34
and >495°C vs. >C50 and >360°C).

For the other samples: ~25% of CON 2 was above the specified boiling range; CON
3l was lighter than the specified boiling range; although the boiling range of CON 4|
agreed with the substance description the sample appeared to consist
predominantly of n -paraffins; ~ 50% of CON 5 was above the specified boiling range;
CON 8 had a much narrower boiling range than that s pecified; CON 13 was somewhat
heavier than the specified boiling range; ~40% of CON 14 was above the specified
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boiling range; CON 15 was lighter than the specified boiling range; CON 16(i) and
CON 16(ii) had broader boiling ranges than that specified, and ~30% of the CON
16(iii) was above the specified boiling range for this substance.

GCxGC results on the SRGO, OGO and VHGO samples showed that: CON 13 and CON
20 contained heavier range components than the other samples and that the highest
concentrations of tri -aromatic hydrocarbons were found in CON 4 (3.38%) and CON
13 (2.90%); with the exception of CON 20 (2.47%), the hydrotreated samples (CON

7, CON 8, CON 9, CON 11, CON 14, CON 15) <cont
of tri -aromatic hydrocarbons; CON 8 contained a high concentration of naphthenic
components and a relatively low concentration of paraffinic components; CON 16(i),

CON 16(ii) and CON 17 also contained low concentrations of tri-aromatic
components but, according to the supplier, CON 16(i) an d CON 16(ii) contained
either a large quantity of kerosine or kerosine blended with hydrotreated gas oil,

both of which would have a low tri -aromatic hydrocarbon content.

HPLC results on the SRGO, OGO and VHGO samples showed that, despite these data
being obtained using a completely different measurement system (HPLC -RI) to
GCxGC, there was generally good agreement between the results generated using
these two techniques. There was some discrepancy for CON 13 which probably arose
because it contained some heavier components which were slightly outside the
normal measurement range for GCxGC, but HPLC showed that CON 13 contained the
highest concentration of tri+aromatic hydrocarbons (4.2%) with CON 20 (3.3%) and
CON 4 (2.8%) the next highest. CON 7, CON 8, C 9, CON 11, CON 14 and CON 15
all contained low concentrations of tri+aromatic hydrocarbons consistent with
hydrotreated materials as did CON 16(i), CON 16(ii) and CON 17.

Detailed PAH analysis results showed that CON 13 contained much lower
concentratio ns of the lighter PAHs (2@ ring) than all the other gas oil samples but
contained the highest concentrations of the heavier PAHs (4 -7 ring). CON 20 also
contained significant concentrations of the heavier PAHs albeit lower than CON 13.
These two samples contained the highest concentrations of the marker PAH,
benzo[a]pyrene (CON 13- 9.61 mg/kg; CON 20 - 3.12 mg/kg). CON 8 contained no
significant concentrations of PAHs which is consistent with the HPLC results on this
sample which showed it to have the low est total aromatic content and to contain
OO0 . 1-%nddri-aromatic hydrocarbons. Among the bitumen samples, CON 21 and
CON 25 contained much higher concentrations of the heavier PAHs than the other
three samples. Only very low concentrations of PAHs were found in both RAE
samples.

PAG2 class analysis results on the SRGO, OGO and VHGO samples showed that, for
the 3 ring and heavier aromatic compounds, the results obtained were relatively
consistent with those obtained by HPLC and GCxGC. However, the PAG2 class
analysis results for 1 and 2 ring aromatic compounds were much lower than those
measured using these procedures, presumably owing to the poor efficiency of the
DMSO extraction procedure for these compounds. The PAG2 procedure (34) was
designed to mimic the DMSO extraction procedure (IP 346) developed for measuring
PAC compounds in base oils (35) and is therefore not suitable for the quantitative
measurement of 1 and 2 ring aromatic compounds. As reported above for the
detailed PAH analysis, CON 13 aad CON 20 contained the highest concentrations of
heavier PACs (47 ring) with CON 13 containing measurable concentrations of 3 -6
ring PACs and CON 20 containing measurable concentrations of 35 ring PACs.

TLGFID results on RAE and bitumen samples showedall these samples to contain a

significant quantity (55.8% - 8 4 . 0 %) of aromatic hydrocar bon
fraction eluting between the saturate and aromatic fractions was observed in CON

24, CON 25 and CON 26 and, given that CON 24 and CON 25 are descrdd as
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hydrotreated substances, it seems pl ausi bl e I
corresponds to partially hydrogenated aromatic components (e.g. naphthenic
aromatic hydrocarbons).

1.2. 2015 ANALYTICAL PRORAM

Following on from the 2013 AP, Concawe decided to exte nd the chemical
characterisation of substances in the SRGO, OGO, VHGO, RAE and Bitumen
categories to the remaining 15 PS categories. For completeness, 19 sub-samples of
SRGO, OGO, VHGO and RAE samples from the 2013 AP were transferred to the 2015
AP to provide a comprehensive sample set covering all active registered PS in the
20 substance categories. Table 2 provides a detailed inventory of all PS in the 2015
AP (minus the excluded substances), and a summary by category of all substances
(including the exc luded substances) is shown in Table 3.

Table 2 lists 203 sample numbers but this includes 11 substances which became

Oinactived (e.g. no | onger manufactured or i mp¢
substances, which are highlighted in green in Table 2, were removed from the list
of registered substances by Concawe | eaving 192

For the following sample numbers registrants either supplied multiple samples or
provided results on multiple samples of the same substance:

1 032 (11 samples) 032-258487; 032-258509; 032261286; 032-265943,;
032-265944; 032-265945; 032-262859; 032-659845;
032-664222; 032668631, 032258510

082R (3 samples) 082R320019; 082R300050; 082R635001
085 (4 samples) 085A; 085B; 085C; 085D

096 (2 samples) 096A; 096B

098 (2 samples) 098A; 098B

187 (2 samples) 187(1); 187(2)

198 (4 samples) 198-R21; 198R32; 198-R42; 198 R62
Naphtha 13 (4 samples)

= =4 =4 a4 a4 -8 -

Repl acement sampl es (identified by the O0R6 su
substances because analysis of the original samples indicated that they were not

representative of the registered substance, or the supplier subsequently informed

Concawe that they had sent an invalid sample, or the registrant changed during the

2015 AP; these samples (080; 082; 104; 136 163; 183) are highlighted in mauve in

Table 2.

Extra samples of two substances (192; 193) were obtained from the registrant

because the original samples had been exhausted during the analytical
investigations; these sampl) arshighlightedinblief i ed by t h
in Table 2.

For some substances the registrants did not supply samples for the 2015 AP as
requested but analysed the samples in their own laboratories and provided Concawe
with the results. These samples (032-258487; 032-258509; 032-261286; 032-265943;
032-265944; 032-265945; 032262859; 032-659845; 032-664222; 032-668631; 032
258510; 159; 167; Naphtha 12; 198-R21; 198R32; 198R42; 198R62; Naphtha 13)
are highlighted in amber in Table 2.
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1.2.1.

The 19 sub-samples of SRGO, OGO, VHGO a@RAE samples from the 2013 AP which
were transferred to the 2015 AP are highlighted in yellow in  Table 2. Although these

samples were allocated unique 2015 AP sample numbers, Table 2 also shows their
2013 AP sample numbers as crosgeferenced in Table 1.

In addition to providing an inventory of all samples involved in the 2015 AP, Table 2

also indicates those substances which had no formal substance description or where

the formal description was confusing, ambiguous or inconsistent. As shown in the

0Commes 6 ¢ olTablen2, Goihcawe proposed new descriptions for the
dbactived substances (003; Naphtha 2; Kero 2;
059; OLBO 2; 094; 099; 109; OLBO 4; 117; Naphtha 11; 164) based on the substance

names and the SIMDISSGC resuts.

As summarised inTable 3 and taking account of multiple samples and replacement
samples, there are 221 valid oOactived sampl es
categories in the inventory. These samples represent 188 different CAS numbers

and 189 different EC numbers.

Strategy

The samples used in the 2015 AP were supplied by registrants in response to requests
from Concawe. Following instructions from the Concawe Project Coordinator, the
Sample Coordination Laboratory (SGS UK Ltd, Billingham, UK) supplied sample
containers and sampling instructions to the registrants who subsequently returned
samples to SGS for retention under appropriate storage conditions. Using
information provided by the Project Coordinator, SGS then prepared sub -samples of
these materials and dispatched them to the appropriate analytical laboratories. The
analytical data generated were reviewed and collated by the Project Coordinator
before being shared with the Concawe Substance Identification Group (SIG).

Originally the 2015 AP was divided into two phases:

1 In the first phase all substances were examined by SIMDISGC, and the
lighter fractions (LBPN; Kerosine) were also examined by physical
distillation. These techniques provided data on the carbon number and
boiling point rang es of the substances which could then be compared with
the corresponding substance descriptions to check whether the sample
supplied was representative of the registered substance. If the first phase
analysis showed that a sample was not representative of the registered
substance, then a replacement sample was requested from the supplier.

1  The second phase involved more detailed analysis of all samples which were
representative of the registered substances using a range of analytical
procedures depending on the physical characteristics and chemical
complexity of the substances.

It was recognised that all the substances supplied were spot samples and, given that
all PS are UVCBs and are manufactured to specifications based on performance
characteristics rath er than chemical composition, analysis of the same substance
manufactured in the same location at different times could show a considerable
variation in composition. Moreover, Table 2 shows that many formal descriptions of
PS contain qualitative (e.g. main ly, predominantly, approximately etc) rather than
quantitative (e.g. >80%) terms, which means the judgement on whether a sample
is representative of the registered substance can be somewhat subjective in nature.
In order to gain a more objective assessment , the procedure described in Section
2.2 and illustrated in Figure 1 was used to decide whether the sample supplied was
representative of the registered substance.
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1.2.2.

Analysis of Samples

As with the 2013 AP, samples from the 2015 AP were analysed using both the
standard industry methods which Concawe recommended to member companies for
characterising their PS @ 3 and by a range of other procedures to provide
supplementary information on the substances. Detailed information on the methods
employed is provided in Section 2 but the suite of analytical procedures employed
is summarised below:

First Phase

1  SIMDISGG carried out on all substances to provide information on the
boiling and carbon number ranges of the components present.

I  Physical distillation - carried out on LBPNs and Kerosines to provide
information on the boiling range of these substances.

Second Phase

1 GCxGC- carried out on most substances other than LBPNs to provide
quantitative information on the types of chemical functionalities present
for each carbon number.

1 DHAGC (Detailed hydrocarbon analysis gas chromatography) - carried out
on most LBPNs to provide qualitative and quantitative information on the
individual components present.

1 PIONAGC (Paraffin, Iso-paraffin, Olefin, Naphthene, Aromatic gas
chromatography) - carried out on most LBPNs to provide quantitative
information on these chemical functionalities present for each carbon
number.

1  PAH (Detailed poly -aromatic hydrocarbon analysis by high resolution gas
chromatography-mass spectrometry) - carried out on all substances other
than LBPNs (except for some heavy LBPNS) to provide information on the
quantities of EPA and Grimmer PAHs present.

1 PAG2 (Poly-cyclic aromatic carbon analysis by DMSO extraction and gas
chromatography-mass spectrometry) - carried out on all substances other
than LBPNs (except for some heavy LBPNSs) to provide information on the
total quantities of 1, 2, 3, 4, 5, 6, 7+ ring PACs present.

i Elemental analysis (C, H, N, O, S, As, Cd, Co, Cu, Fe, Mo, Ni, P, Pb, V, Zn,
Cl, Hg, F) - carried out on all substances to provide information on the major
elements and specific minor elements present.

1  FIMS(Field ionisation mass spectrometry) - carried out on OLBOs and HRBO
to provide quantitative information on the types of chemical fu  nctionalities
present for each carbon number.

1  Spectroscopic analysis - carried out on all substances to provide UV, IR, H-
NMR and*C-NMR spectra.

1  PCA (Poly-cyclic aromatics analysis by DMSO extraction and gravimetric
determination) - carried out on OLBOs and HRBO to provide quantitative
information on the total quantity of 3+ ring PCAs present.

1 HPLC- carried out on SRGOs, OGOs, VHGOs, CGOs, Kerosines, some heavy
LBPNs, some light OLBOs and MK1 Diesel Fuel to provide quantitative
information on the tot al quantities of mono -, di - and tri+ aromatics present.
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TLC-FID - carried out on Bitumens, Oxidised Asphalt, HFOs, Paraffin and
Hydrocarbon Waxes, Foots Oils, Petrolatums, Slack Waxes, UATOs, TDAE,
UDAEs, RAEs and VHG® provide quantitative information o n the basic
chemical functionalities (saturates, aromatics, resins, asphaltenes)
present.

LCC (Liquid column chromatography) - carried out on Bitumen, Oxidised
Asphalt, HFOs, Paraffin and Hydrocarbon Waxes, Foots Oils, OLBOs, HRBO,
Petrolatums, Slack Waxes, UATOs, TDAE, UDAEs, RAEs, OGOs and VHBO
provide quantitative information on the basic chemical functionalities
(saturates, aromatics, polars) present.

Viscosity measurement - carried out on all substances (OLBOs, UATOs,
HFOs, VHGOs) for which a vscosity statement is included in the formal
substance description.

As shown in Section 1.1, some of these techniques were used to characterise
samples in the 2013 AP, namely:

= =4 4 -4 -8 -9

SIMDISGC- carried out on SRGOs, OGOs, VHGOs, RAEs and Bitumens.
GCxGCdcarried out on SRGOs, OGOs and VHGOs.

HPLC- carried out on SRGOs, OGOs and VHGOs.

PAH - carried out on SRGOs, OGOs, VHGOs, RAEs and Bitumens.
PAG?2 - carried out on SRGOs, OGOs and VHGOs.

TLC-FID - carried out on RAEs and Bitumens.
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2.1

2.1.1.

2.1.2.

2.2.

ANALYSIS OF SAMPLES

Laboratories in Europe and USA were involved in carrying out the analytical
characterisation work on samples from the 2015 AP. Following agreement within
the Concawe SIG on which procedures should be employed for characterisation, a
Request for Proposal (RfP) was prepared for each procedure describing the work to
be undertaken and the samples to be analysed. These RfPs were then circulated to
several laboratories considered capable of undertaking the work together with
invitations to submit detailed tender s should they wish to be considered as potential
service providers. Tenders were reviewed by the Concawe Executive and the Project
Coordinator who then made a recommendation to the SIG on which laboratories
should be appointed to support the 2015 AP. Follo wing approval by SIG, Concawe
then prepared a formal contract with each laboratory involved in the program.

FIRST PHASE ANALYSISF SAMPLES
Physical Distillation

Physical distillation was carried out on the LBPN and Kerosine samples to provide
information on the boiling range of these substances for comparison with the boiling
range information provided in the formal substance descriptions shown in  Table 2.
Analysis was carried out according to ASTM D869 by Intertek (ITS Testing Services
UK Ltd, Sunbury-on-Thames, UK). Appendix 2 shows an example report for Sample
019 (LBPN), and Table 4 summarises the physical distillation results for all the
samples analysed.

SIMDISGC

SIMDISGC was carried out on samples of all substances in the 2015 AP to provide
information on the boiling and carbon number ranges of the components present
for comparison with the corresponding information provided in the formal substance
descriptions shown in Table 2. Some samples were analysed by Intertek (ITS Testing
Services UK Ltd, Sunbury-on-Thames, UK) and others by ENI (ENI Downstream
Laboratories, Milan, Italy). Different SIMDIS -GC methods were employed depending
on the boiling range of the samples.

Analysis of the lighter substances was carried out by Intertek according to ASTM
D7096®" and ASTM D288%9; Appendices 3 and 4 show example reports for Sample
023 (LBPN) and Sample 049 (Kerosine) respectively. ENI analysed the heavier
substances according to ASTM D2887® and EN 151992 ©9, and Appendices 5 and
6 show example reports for Sample 121 (CGO) and Sample 058 (HFO) respectively.
Table 5 summarises the SIMDISSC results for all the samples analysed. The
laboratories were requested to provide both the boiling point profiles and the
carbon number distributions fort he samples analysed, both data sets being relative
to the boiling points of n -alkanes which were used to calibrate the SIMDIS-GC
systems.

COMPARISON OF FIRSTPHASE ANALYSIS RESUS WITH FORMAL
SUBSTANCIBESCRIPTIONS

As indicated in Section 1.2.1, the prim e purpose of the first phase study was to
determine whether the chemical compositions of the samples supplied were
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consistent with the formal substance descriptions, most of which are based on
carbon number and/or boiling point ranges. To ensure objectivit vy in this assessment
it was necessary to define the parameters used to judge whether a sample was
representative of the registered substance, and Figure 1 shows the decision tree
that was developed for this purpose.

I't was decided that O80% (m/m) should be used
opredominantlydé and oOapproxi matelyod which ar e
descriptions. It was also deemed appropriate to adjust the carbon number ranges

given in the substance descriptions depending on the relative width of the carbon

number range. As shown in Figure 1, adjustments of +10% and +20% were employed

at different points in the decision tree to account for the fact that a substance with

a wide carbon number r ange would be expected to exhibit greater variation at the

limits of the range than a substance having a very narrow carbon number range.

Table 6 lists the £10% and £20% adjustments applied for the carbon number ranges

defined in the formal substance descr iptions.

For substances where both carbon number and boiling point ranges are defined in
the substance description, the former was used to judge compliance based on
SIMDISGC measurements being carried out on all substances whereas physical
distillation w as only performed on LBPN and Kerosine substances. For substances
where neither of these parameters are defined but some other descriptor is given
(e.g. viscosity), then compliance was based on the measured value being within
+10% of the defined value.

Asshown in Table 2, some substances have no formal description, or the substance
description is confusing or inconsistent. In such cases Concawe developed a
substance description based on the substance name and the carbon number and
boiling point ranges of s imilar materials in the same substance category.

Figure 1 shows that there are 9 possible outcomes when using the decision tree to
determine whether the chemical compositions of the samples supplied were
consistent with the formal substance descriptions : 4 outcomes denote acceptance
(2, 6, 8, 9); 2 outcomes denote rejection (3, 4); and 3 outcomes denote review (1,

5, 7) signifying that the analytical data required further examination before making

a final decision on acceptance or rejection.

Table 7 summarises the results obtained by applying the decision tree shown in
Figure 1 to the samples supplied for the 2015 AP.

2.3. SECOND PHASE ANALYSOF SAMPLES

Although Section 1.2.2 indicates the PS categories which were investigated using

the procedures employed in the second phase analysis, it was not always possible
to analyse every sample in a category by a specific method because the first phase

analysis had shown that some samples were outside the scope of some methods.

2.3.1. GCxGC

GCxGC was carried out on most sibstances other than LBPNSs to provide quantitative
information on the types of chemical functionalities present for each carbon

number. Analysis was carried out by Shell (Shell Technology Centre, Amsterdam,
Netherlands). Samples containing components <C8 had to be analysed using a
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2.3.2.

2.3.3.

2.3.4.

2.3.5.
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combination of GCxGC and DHAGC owing to the lower carbon number limit of the
GCxGC technique; this enabled a comprehensive analysis of these samples to be
carried out. Owing to the upper carbon number limit of GCxGC, only those
components lighter than ~C30 could be determined in the heavier PS samples
analysed and consequently these samples could not be comprehensively analysed.
Samples which had been found by SIMDISGC to contain <5% (m/m) of <C30
components were not submitted for GCxGC analysisTable 8 summarises the GCxGC
results for all the samples investigated.

DHA-GC

DHAGC was carried out on most LBPNs to provide qualitative and quantitative
information on the individual components present. Analysis was carried out
according to ASTM D6730“9 by ENI (ENI Downstream Laboratories, Milan, Italy).
Appendix 7 shows an example report for Sample 146, and Table 9 summarises the
DHAGC results for all the samples analysed. In addition to reporting individual
component data, the DHA-GC software grouped these data by summing the
concentrations of n -paraffins, iso -paraffins, olefins, naphthenes and aromatics
present to also provide the DHA-GC results in a PIONAGC style format.

PIONAGC

PIONAGC was carried out by ENI on all the LBPN samples which they had analysed
by DHAGC (Section 2.3.2) to provide quantitative information on the different
classes of hydrocarbons (naphthenes, paraffins, cyclic olefins, olefins, aromatics
and oxygenates) present for each carbon number. Analysis was carried out according
to EN 228549 and, as shown in Appendix 7 , the PIONA-GC results were included
at the end of each sample report. Table 10 summarises the PIONAGC results for all
the samples analysed.

PAH Analysis

PAH analysis was carried out on dl substances other than LBPNs (except for some
heavy LBPNSs) to provide information on the quantities of EPA and Grimmer PAHs
present. Some 32 individual PAHs were determined ranging from naphthalene (2 -
rings) to coronene (7 -rings). Analysis was carried out by BIU (Biochemical Institute
for Environmental Carcinogens, Hamburg, Germany) using proprietary methodology
based on high resolution GCG-MS with selective ion monitoring and deuterated

internal standards for quantification ©“?. Appendix 8 shows an examge report for

Sample 176 (VHGO), andTable 11 summarises the PAH results for all the samples
analysed.

PAG2 Analysis

PAGC2 analysis was carried out on all substances other than LBPNs (except for some
heavy LBPNSs) to provide information on the total quanti ties of 1, 2, 3, 4, 5, 6, 7+
ring PACs present. Analysis was carried out by Port Royal Research (Hilton Head,
South Carolina, USA) using proprietary methodology developed by Mobil which
involved DMSO extraction and GGMS analysis ®%. Naphthalene, phenant hrene,
benz[a]anthracene, benzo[a]pyrene, benzo[ghi]perylene and coronene were
employed as retention markers for the unresolved 1, 2, 3, 4, 5, 6, 7+ ring PAC
compounds present. Quantification was carried out by measuring the total peak
areas between the retention marker boundaries and applying response factors
obtained from the retention markers to the corresponding classes of PAC
compounds. Table 12 summarises the PAG2 results for all the samples analysed.
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2.3.6. Elemental Analysis

Elemental analysis was carried out on all substances to provide information on the
concentrations of carbon, hydrogen, nitrogen, oxygen, sulphur, arsenic, cadmium,
cobalt, copper, iron, molybdenum, nickel, phosphorus, lead, vanadium, zinc,
chlorine, mercury and fluorine present. Analy sis was carried out by Intertek (ITS
Testing Services UK Ltd, Sunburyon-Thames, UK) using several methods for the
different elements measured. The carbon, hydrogen and nitrogen content were
determined using a combustion analyser according to a modified ve rsion of ASTM
D5291“3; oxygen was measured by pyrolysis using an oxygen analyser; sulphur was
measured by wavelength dispersive X-ray fluorescence spectrometry (WD -XRF) for
higher sulphur concentrations ( @.001% m/m), and by UV fluorescence (UVF)
according to ASTM D5453*4 for lower sulphur concentrations ( O 0001% m/m);
chlorine was determined by monochromatic wavelength dispersive X -ray
fluorescence spectrometry (MWD-XRF) according to ASTM D7536"); mercury was
measured using cold vapor atomic absorption spectrometry (CVAAS) according to IP
594 “8); fluorine was measured by combustion and ion chromatography according to
ASTM D7539%7; the remaining elements were all determined using inductively
coupled plasma 0 optical emission spectrometry (ICP-OES). Appendix 9 shows an
example report for Sample 190 (Bitumen), and Table 13 summarises the elemental
analysis results for all the samples analysed.

2.3.7. FIMS

FIMS was carried out on all OLBOs and a HRBO to pnade quantitative information
on the different classes of saturated hydrocarbons (acyclic alkanes; mono -, bi-, tri -
, tetra -, penta -, hexa-cycloalkanes) and aromatic hydrocarbons (alkyl benzenes;
indanes; indenes; naphthalenes/dibenzothiophenes; acenaphthen es/bi-phenyls;
acenaphthylenes/fluorenes; phenanthrenes; benzothiophenes;
fluoranthenes/pyrenes; benzanthracenes/chrysenes) present for each carbon
number. Analysis was carried out by Intertek (ITS Testing Services UK Ltd, Sunbury-
on-Thames, UK) and involved an initial HPLC separation of the oil samples into
saturate and aromatic fractions according to IP 368 ©“® followed by FIMS analysis of
each fraction. The saturate fraction was also examined by GC according to IP 480
9 to determine the quantities of normal and branched acyclic alkanes present.
Appendix 10 shows an example report for Sample 115 (OLBO), and Table 15
summarises the FIMS results for all the samples investigated. It should be noted that
some samples (118, 119, 145, 153, 154) only consisted of saturated components and
consequently for these samples there was no aromatic fraction on which to carry
out FIMS analysis.

2.3.8. Spectroscopic Analysis

Spectroscopic analysis was carried out on all substances to provide UV, IR, 'H-NMR
and *C-NMR spectra m each sample supplied. Analysis was carried out by Kuwait
Petroleum (Kuwait Petroleum Research and Technology, Europoort, Netherlands)
and Appendix 11(a -d) shows example spectra for the following samples: 043
(Kerosine); 129 (HFO); 145 (HRBO); Sample X.n addition to the spectral images,
raw spectral data (e.g. wavenumber vs. intensity) were provided as Excel files to
facilitate multi -variate statistical examination of the data to see whether
correlations might exist between spectral information and PS ca tegories.

2.3.9. PCA Analysis

PCA analysis was carried out on OLBOs, TDAE, UDAEs, Foots Oils, Petrolatums, RAEs
and HRBO to provide quantitative information on the total quantity of 3+ ring PCAs

11
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present. Analysis was carried out according to IP 346 ©% by Intertek (ITS Testing
Services UK Ltd, Sunburyon-Thames, UK). Appendix 12 shows an example report
for Sample 075 (OLBO), andTable 17 summarises the PCA results for all the samples
analysed.

2.3.10. HPLC

HPLC was carried out on LBPN, Kerosine, SRGO, OGO, VHGO, CCKak1 Diesel Fuel,
OLBO and HFO samples, which had been selected to be within the scope of the

method, to provide quantitative information on the total quantities of mono -, di-

and tri+ aromatics present. Analysis was performed according to IP 548 ©9 py

Intertek (ITS Testing Services UK Ltd, Sunbury-on-Thames, UK). Appendix 13 shows
an example report for Sample 003 (CGO), and Table 18 summarises the HPLC results
for all the samples analysed.

2.3.11. TLC-FID

TLGFID was carried out on Bitumens, Oxidised Asphalt, HFOs, Paraffin and
Hydrocarbon Waxes, UATOs, TDAEs, UDAEs, Foots Oils, Petrolatums, Slack Waxes,
RAEs and a VHGO to provide quantitative information on the basic chemical
functionalities (saturates, aromatics, resins, asphaltenes) present. Analysis was
carried out according to IP 469 ©®Y by Nynas (Nynas AB, Nynashamn, Sweden).
Appendix 14 shows an example report for Sample 007 (HFO), and Table 20
summarises the TLGFID results for all the samples analysed.

2.3.12. LCC

LCC was carried out on Bitumens, Oxidised Asphalt, HFOs, Paraffin and Hydrocarbon
Waxes, UATOs, TDAEs, UDAEs, Foots Oils, Petrolatums, Slack Waxes, RAEs, OLBOs,
HRBO, OGOs and a VHGO to provide quantitative information on the basic chemical
functionalities (saturates, aromatics and polars) present . Analysis was carried out
according to ASTM D2007%? by Kuwait Petroleum (Kuwait Petroleum Research and
Technology, Europoort, Netherlands). Table 21 summarises the LCC results for all
the samples analysed.

2.3.13. Viscosity

Viscosity measurements were carried out on all those substances (mainly OLBOSs) for
which a viscosity statement is included in the formal substance description. Analysis
was carried out according to ASTM D445%%) and ASTM D216 by SGS (SGS UK Ltd,
Ellesmere Port, UK). Appendix 15 shows an example report for Sample 182 (VHGO),
and Table 23 summarises the viscosity results for all the samples analysed.

2.4. SAMPLES ANALYSED BEREGISTRANTS

As indicated in Section 1.2, some LBPN substances were not supplied by the
registrants owing to their concerns over safe transportation of the samples to the
Sample Coordination Laboratory. These substances were therefore analysed in their
own laboratories and the results sent to Concawe. Although the Project Coordinator
provided information to these regis trants on the suite of analyses which Concawe
would like carried out, more limited dossiers of results were supplied. The samples
analysed by the registrants are listed below together with a summary of the data
supplied:

12
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i Sample 032: The registrant provide d SIMDISGC and DHAGC data on 11
different samples of this substance originating from 4 different legal entities,
and spectroscopic data (UV, IR, *H-NMR) on a single sample from each entity.
Because the SIMDISSC data only provided information on the boil ing point
distribution (not the carbon number distribution) of the 11 samples and did not
show the initial boiling point or the boiling point profile for the lighter
components present, the entries shown in Table 5 were compiled from the
DHAGC data.

I Sample 159: The registrant provided SIMDISGC and DHAGC data on this
sample. Because the SIMDIS5C data only provided information on the boiling
point distribution (not the carbon number distribution) of this sample, the
entries shown in Table 5 were compiled from the DHA-GC data.

1  Sample 167: The registrant provided SIMDISGC and Physical Distillation data
on this sample, but the SIMDISGC data only provided information on the boiling
point distribution (not the carbon number distribution). Consequently only  the
carbon number range (estimated from the boiling point range) is shown in
Table 5.

1 Naphtha 12: The registrant only provided a DHA-GC raw data file on this
sample, and consequently only the carbon number range (not the carbon
number distribution) is sho wn in Table 5.

I  Sample 198: The registrant only provided DHA-GC and PIONAGC data on 4
different samples of this substance, and consequently the entries shown in
Table 5 were compiled from the DHA -GC results.

1 Naphtha 13: The registrant only provided DHA-GC and PIONAGC data on 4
different samples of this substance, and consequently the entries shown in
Table 5 were compiled from the DHA -GC results.

13
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3.1.1.

3.1.2.

3.1.3.

3.1.4.

14

RESULTS AND DISCUSHN

COMPARISON OF RESUSTFROM 2013 AND 2015ANALYTICAL PROGRAMS

As indicated in Section 1.2, 19 sub-samples of SRGO, OGO, VHGO and RAE samples

from the 2013 AP were transferred to the 2015 AP to provide a comprehensive
sample set covering all active registered PS in the 20 substance categories. In the
2013 AP the SRGO, OGO, VHGO samples haeén analysed by SIMDISSC, GCxGC,
HPLC, PAH analysis and PAQ analysis; and the RAE samples by SIMDI&C, TLGFID
and PAH analysis. These samples were analysed alongside other samples of
registered PS during the 2015 AP using both the techniques employed in the 2013
AP and other techniques as described in Section 2.3. It was therefore possible to
compare the results generated on the same samples before and after a two -year
storage period. SIMDISGC, GCxGC, HPLC and TL-€ID analyses were carried out by
diff erent laboratories in the 2013 and 2015 programs whereas PAH analysis and PAC
2 analysis were carried out by the same laboratory for both studies.

SIMDISGC

Comparison of the boiling point distributions obtained by SIMDIS -GC and previously
reported for the 2013 AP-6.8.10.12,14,16-21,23-26, 32, 33) and summarised in Table 5 for
the 2015 AP show good agreement between the results obtained on the same
samples despite the analyses having been carried out by different laboratories using
different SIMDIS GC software systems and on samples which had been stored for
approximately two years.

GCxGC

GCxGC analysis on the same samples was only carried out on Samples 173 (CON 7)
and 176 (CON 13), the results of which have been previously reported for the 2013
AP (12,17 and are shown in Table 8 for the 2015 AP. Relatively good agreement was
obtained between the two sets of results for Sample 173 (CON 7) but Sample 176
(CON 13) showed poorer agreement, possibly owing to the presence of heavier
(>C30) componentsin this sample which are not amenable to GCxGC.

HPLC

Comparison of the mono-, di- and tri+ aromatic contents obtained by HPLC and
previously reported for the 2013 AP (-6, 8 10,12, 14,16-21, 23, 24, 26) gnd summarised in
Table 18 forthe 2015 AP show good overall agreement between the results obtained
given that the analyses were carried out by different laboratories on samples which
had been stored for approximately two years.

TLC-FID

Good agreement was obtained between the TLC-FID results for the two RAE
substances, Samples 185 (CON 26) and 186 (CON 27), analysed in the 2013 and 2015
programs given that the analyses were carried out by different laboratories on
samples which had been stored for approximately two years. Both samples
contained am d@rraknow % whicid diBed BeRveen the
saturate and aromatic peaks and most probably arose from partially hydrogenated
aromatic components (e.g. naphthenic aromatic hydrocarbons). In the 2015 AP
results, which are summarised in Table 20, this peak was included with the

aromatic components and consequently the

has been included with the aromatic components when comparing the results from
both programs.

ounkno
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3.1.5.

3.1.6.

3.2.

3.2.1.

PAH Analysis

The 2013 AP involved measurement of 28 individual PAHs in SRGG*6:8.19 OGO 12
14 VHGO (1621, 23-26) gnd RAEG? 33 samples but, as shown in Table 11, this was
extended to cover 32 individual PAHs in the 2015 AP. Comparison of the results
obtained from both studies for the correspo nding PAHs in the same samples showed
very good agreement, especially considering that this involved the trace level
analysis of individual chemical components in relatively complex sample matrices.
The only discrepancies in results were found for Sample 1 69 (CON 2) which, given
the very good results agreement obtained for the other 18 samples, suggests that
an error was made by the Sample Coordination Laboratory or the Analytical
Laboratory in the handling and/or labelling of this sample.

PAG2 Analysis

Good agreement was obtained between the results obtained by PAC -2 analysis for
all the SRGO, OGO and VHGO samples examined in the 2013 Af#*6. 8 10,12, 14, 16-21, 23-
26) and the 2015 AP (Table 12). Some minor discrepancies for 1-ring and 2-ring PACs
were observed but this is not surprising because, as indicated in Section 1.1, these
lighter aromatic compounds are not quantitatively removed by the DMSO extraction
employed in the PAC-2 procedure.

RESULTS FROM 2015 AALYTICAL PROGRAM
SIMDISGC

As discussed h Section 2.2, carbon number ranges obtained by SIMDISGC (Table 5)
were used to judge whether the supplied samples were representative of the
registered PS based on the formal substance descriptions. As shown by the shaded
areas (yellow) and the summation values (red) in Table 5, for the great majority of
samples examined C80% (m/m) of the components present were within the defined
carbon number ranges.

For the 218 samples listed in Table 5:
179 samples have G80% (m/m) of components within the defined ¢ arbon
number range.

17 samples have (8B0% (m/m) of components within the defined carbon
number range (Naphtha 1; CGO 1; Naphtha 5; 042; Naphtha 7; 067; 068;
080; 094; 098B; 107; Kero 4; 141; 163; 177; 188; 198-R21) although 4 of
these samples (CGO 1; 098B;141; 188) are borderline in having O 7%
(m/m) of components within the defined range. Moreover, PIONA -GC
showed that a further 3 samples (Naphtha 1; 042; 094) actually contained
&80% (m/m) of components within the defined range when examined using
this tec hnique. SIMDISGC measures carbon number distribution using n-
alkanes as retention calibrants and consequently, as illustrated in
Figure 2, significant discrepancies can arise with samples containing large
concentrations of other hydrocarbon functionalitie s such as 042 and 094,
which consist almost entirely of aromatic hydrocarbons.

1 22 samples have no defined carbon number range (014; OLBO 1; CGO 2;
053; 078; 079; 091; Naphtha 9; Naphtha 10; 129; 131; 171; 181, 182; 183;
183R; 193; 193X; Naphtha 13).

Although some 93% of samples with a defined carbon number range had G80% (m/m)
of components within this range, it was considered important to also take account

15
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3.2.2.
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of the carbon number distribution within the defined range when assessing how well
the composition of each sample agreed with the formal substance description. For
example, it could be argued that a sample which only contains C9 -C10 components
is not representative of a substance with a defined range of C6 -C15 despite having
100% of the components within the defined carbon number range.

The decision tree depicted in Figure 1 takes account of the measured carbon
number distribution, or other measured properties (e.g. boiling point range;
viscosity) for those substances with no defined carbon number range . As shown,
there are 9 possible outcomes when assessing whether the measured composition is
consistent with the formal substance description. The results obtained by applying
the decision tree to each sample supplied for the 2015 AP are shown in Table 5,
and Table 7 provides a summary of these results (including the excluded samples).

For the samples listed in Table 5:

I 101 samples met one of the 4 0 A ¢ ¢ ecpteria [ ] defined by the
decision tree.

1 107 samples met one of the 3 0 Re v i @iter@a [ ] defined by the
decision tree, 89 being classified as 0 Re v i é because the carbon number
distribution was narrower than that defined in the formal substance des cription
(QL% (m/m) of components present at the upper and/or lower carbon number
range).

I 7 samples met one of the 2 0 Re | ecritdria| ] defined by the decision
tree, 6 of which were classifiedas 0 Re j ed These samples (Naphtha 5; 067;
080; 107; 163; 177) only contained 40-68% (m/m) of the components defined
in the formal substance descriptions. The remaining sample (OLBO 1) was only
defined by viscosity, and it was rejected because the measured viscosity was
much higher than that defined in the fo rmal substance description.

Although the first phase analysis of samples was originally planned as a screening
process to identify samples which were not representative of the registered
substance and would not therefore proceed to the more detailed sec ond phase
analysis, it was found that only a small number of samples were rejected because
SIG decided that, despite some samples being reviewed owing to their carbon
number distribution, all samples with  80% (m/m) of components within the defined
carbon number range should proceed to second phase analysis. Moreover, there
were significant delays in the supply of samples from some registrants and, to avoid
delays in commencing the second phase studies and promote efficiency in the
preparation and despatch of samples by the Sample Coordination Laboratory,
virtually all samples proceeded to second phase of program.

Physical Distillation

The physical distillation results obtained on the LBPN and Kerosine samples are
presented in Table 4 alongside the substance descriptions. From a subjective
analysis of the data approximately 40% of the measured boiling point ranges were
in relatively good agreement with the values given in the formal substance
descriptions. Clearly several LBPN descriptions refer to low initi al boiling points
(<10°C) which were beyond the scope of the physical distillation procedure 6
employed in this study.

As might be expected for those samples where the physical distillation results and
substance descriptions were in good agreement, comp arison with the results of the
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3.2.3.

3.2.4.

decision tree analysis described in Section 3.2.1 showed that the vast majority of
these samples met the 0 A ¢ c e @ driterion. A few samples metthe 0 Revi éw
criterion owing to the absence (i.e. QL% (m/m)) of the lower rang e components;
and Naphtha 5, which has a very narrow carbon number range definition, met the

0 Re | edctiterion despite the good agreement between physical distillation data

and the substance description.

Most of the samples where the physical distillati on results showed poor agreement
with the substance descriptions metthe 0 Re v i é enterion, although a few met
the 0 Re v i @ writerion owing to large discrepancies between measured and
defined final boiling points.

GCxGC

Although only substances containing components in the ~C8-C30 range can be
comprehensively examined by GCxGC, making it best suited to the analysis of
middle -distillate substances such as kerosines and the lighter gas oils, this technique
was applied to a wide range of PS in the 2015 AP including CGO, HFO, Kerosine,
OLBO, MK1 Diesel Fuel, Paraffin and Hydrocarbon Wax, UATO, TDAE, UDAE, Foots
Qil, Petrolatum, Slack Wax, HRBO, SRGO, OGO, VHGO, Oxidised Asphalt and some
heavy LBPN samples.

Table 24 provides a summary of the samples analysed in the 2015 AP and the
detailed GCxGC results for each sample are presented in Table 8. As described in
Section 1.1, GCxGC results on those samples which were transferred from the 2013
AP have been previously reported “29), and the results tables fro m these reports
are shown in Appendix 1 for reference purposes.

As shown inTable 24 , the proportion of each sample which was amenable to GCxGC
analysis ranged from 6.3% (m/m) for Oxidised Asphalt to 100% (m/m) for the lighter
PS, and the GCxGC recoveris obtained were in very good agreement with the
corresponding SIMDISGC recoveries for <C31 components (except for Sample 127
where the SIMDISGC analysis should possibly be repeated). Because the heavy
naphtha samples (Naphtha 7; 076; 141; 158) contained some <C8 components, which
are too volatile for quantitative trapping in the GCxGC modulator, these samples
were characterised using a combination of GCxGC and DHAGC.

The detailed GCxGC results presented in Table 8 are consistent with the anticipated
composition of each sample analysed. For example: Paraffin and Hydrocarbon Wax
(061; 062; 065) and Slack Wax (127; 136R; 152) samples contained a high proportion
of n-paraffins; no significant concentrations of aromatic components were found in
the HRBO sample(145); and the non -hydrotreated, catalytically cracked substances
(008; 034; 106; 130; 155) contained high concentrations of aromatic hydrocarbons.

DHA-GC

All but the heavy LBPN samples were examined by DHAGC and the results obtained
are shownin Table 9. The data are presented as a list of the individual hydrocarbons
found in the sample together with their concentratio ns. Although not shown in
Table 9, the individual reports on each sample contain DHA -GC data where, in
addition to reporting the concentr ation of each component present, the DHA -GC
results have been grouped by summing the concentrations of n -paraffins, iso -
paraffins, olefins, naphthenes and aromatics present to provide the DHA -GC results
in a PIONAGC format. These results showed good agreement with those obtained
on the same samples using the PIONAGC technique (see Section 2.3.3 and Section
3.2.5).

17
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3.2.6.
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PIONAGC

In addition to DHA-GC analysis, the LBPN samples were also examined by PIONAC
and the results obtained are presented in Table 10 (these results are also shown in
Table 5 alongside the SIMDISGC results on the corresponding samples). Whereas
the DHA-GC results were grouped into n-paraffins, iso -paraffins, olefins, naphthenes
and aromatics for presentation in a PIONA-GC format (see Section 2.3.2 and Section
3.2.4), the actual PIONA-GC results were grouped into haphthenes, paraffins, cyclic
olefins, olefins, aromatics and oxygenates.

PAH Analysis

The detailed results on all samples analysed are shown in Table 11. Data are
presented for each of the 32 individual PAHs determined together with the results
obtained from grouping the individual PAHs by ri ng number. The samples in
Table 11 have also been grouped by category to facilitate comparison between
different substances in the same category.

Given the vast difference in toxicity index between individual PAHs, a high total
concentration of the 32 individual PAHs measured does not necessarily infer that
these substances will exhibit the greatest toxicity. However, it is clear from the
data presented in Table 11 that virtually all substances in some categories, such as
Paraffin and Hydrocarbon Waxes, Slack Waxes, Petrolatums and OLBOs, have very
low total concentrations of the measured PAHs.

In contrast, the highest total concentra tions were found in samples in the CGO (106;
130) and HFO (008; 034; 155) categories which contained between ~2% (m/m) and
~7% (m/m) of the measured PAHSs. As described in Section 3.2.3, these are the same
samples which were found to contain the highest con centrations of aromatic
hydrocarbons when examined by GCxGC. The highest concentrations of the widely
used PAH marker compound, benzo[a]pyrene, were found in two of these HFO
samples: 008 (794 mg/kg) and 034 (1089 mg/kg).

PAG2 Analysis

The PAG2 Analyss results are presented in Table 12 . Examination of the total mass
extracted shows a good correlation with the highest total concentrations of
individual PAHSs reported in Table 11 (Section 3.2.6); CGO samples (106; 130) and
HFO samples (008; 034; 134; 155 yielded the highest quantities of DMSO
extractables. Interestingly one of the LBPN samples examined (Naphtha 2) also
provided a high total mass extracted (25%) but the profile for this sample shows
that the extractable material consisted only of  1-ring and 2-ring PACs. As indicated
in Section 1.1, these lighter aromatic compounds are not quantitatively removed by
the DMSO extraction employed in the PAC-2 procedure, so the actual quantity of
total aromatics present in this sample is likely to be significan tly higher than that
shown in Table 12; PIONAGC showed that this sample actually contained 99.7%
(m/m) total aromatics.

Examination of the PAC-2 profiles reported in Table 12 shows that the highest
concentrations of heavier PACs (4-7 ring components) are found in HFO samples.
Samples 008 and 034 contained the highest quantities of 4 -7 ring PACs from all the
samples examined using the PAG2 procedure and examination of the results
obtained from grouping the individual PAHs by ring number ( Table 11) shows that
the same two samples have the highest concentrations of these heavier PAHSs. In
summary, it therefore appears that, despite employing different measurement
principles, there is an excellent correlation between the data obtained by the PAH
Analysis and PAG2 Analysis procedures.
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3.2.8.

3.2.9.

3.2.10.

Elemental Analysis

Table 13 shows the elemental analysis results for all samples examined in the 2015
AP. As indicated in the table, a good mass balance for all samples was obtained
from the summation of the measured concentra tions of carbon, hydrogen, sulphur,
nitrogen and oxygen. Carbon to hydrogen ratios were calculated for all the samples
analysed and these are presented in Table 14, grouped by category. Because some
of the categories listed in Table 14 contain very few sam ples, some caution is
required when interpreting these data. However, as expected the highest carbon to
hydrogen ratios were found for those substances with relatively high aromatic
contents (Bitumen; CGO; HFO; RAE; UDAE) and the lowest for those substance with
higher paraffinic contents (Foots Oil; Paraffin and Hydrocarbon Wax; Petrolatum;
Slack Wax).

Relatively low concentrations ( D.7% m/m) of nitrogen and oxygen were found in
those samples where these elements were detected with the exception of two of
the six substances which have been excluded from this report which contained 1.0%
(m/m) and 8.0% (m/m) oxygen. Manufacture of the latter substance involves an
oxidation process which is consistent with the high measured oxygen content. The
highest concentrations of sulphur (>2% m/m) were found in samples of Bitumen
(189; 192); RAE (185; 186); UDAE (089; 096A; 096B); HFO (020; 021; 02 031; 078;
080); UATO (064); and TDAE (069).

Most samples contained no measurable concentrations of the minor elements
investigated (As, Cd, Co, Cu, Fe, Mo, Ni, P, Pb, V, Zn, CI, Hg, F) although some HFO
and Bitumen samples contained elevated levels of Fe, Ni and V, which occur
naturally in crude oil and are typically bound up in the heavier residual fractions.
The maximum measured concentrations of these elements were 48 mg/kg (Fe); 54
mg/kg (Ni); and 207 mg/kg (V). Interestingly, one LBPN sample (027) was found to
have a high fluorine content (89 mg/kg) which, giventhatthisisafull -range alkylate
sample, presumably resulted from traces of organofluorides produced during the
manufacturing process in which hydrofluoric acid is used as an alkylation ca talyst.

FIMS

The detailed results on all 61 fractions of OLBO and HRBO samples examined by
FIMS are presented in Table 15. As described in Section 2.3.7, OLBOs (118; 119;
153; 154) and the HRBO (145) only consisted of saturated components and
consequently these samples only yielded 5 fractions. However, the remaining 28
OLBO samples could be separated into aromatic and saturated components and
therefore yielded 56 fractions. Owing to the relative complexity of the data
presented in Table 15 and to facilita te comparison between samples, the 3D images
showing the type and carbon number range of the components present are shown
separately in Table 16.

Spectroscopic Analysis

Appendix 11(a -d) shows UV, IR,*H-NMR and"3C-NMR spectra acquired on 4 samples,
each from a different substance category and with diverse chemical compositions:

1  Sample 0433 Kerosine [Kerosine (petroleum)]

1 Sample 1296HFO [Residual oils (petroleum)]

1 Sample 1456HRBO [White mineral oil (petroleum)]
1 Sample X
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Despite their diverse com positions, the IR spectra of 043, 129 and 145 are very
similar with the major peaks in the 2800 & 3100 cni? region arising from various
perturbations of the C -H bonds present. However, the IR spectrum of one substance
(Sample X) which has been excluded from this report is significantly different
exhibiting absorbance bands corresponding to C=0 and GO perturbations consistent
with the high oxygen content found in this sample (see Section 3.2.8).

The UV spectra provide little useful information except that  the spectrum of 145
was acquired on a neat sample of this substance whereas the other 3 samples all

required high dilution with heptane (concentration range 13.8 8 234 mg/L) to
produce on-scale spectra. This demonstrates the absence of aromatics and/or

olefinic components in the HRBO sample because such components result in very
strong absorbances at wavelengths below ~300 nm.

Examination of the H-NMR spectra shows little difference in the region of main
resonances (0.584.0 ppm) except that in 145 there are no resonances in the 2.0 &
4.0 ppm region from protons on groups adjacent to an aromatic ring, which indicates
the absence of aromatics in this sample. This observation is vindicated by the
absence of aromatic proton resonances in the 6.7 88.0 ppm region.

The 3 C-NMR spectra basically endorse the findings from the *H-NMR spectra because
no resonances arising from aromatic carbons could be detected in the 120 6150 ppm
region for the HRBO sample (145).

In summary, spectroscopic analysis of petroleum UV CB substances can provide
evidence on the composition of those substances with very specific chemical
properties (e.g. absence of aromatic components; presence of large concentration

of carboxylic acids). However, the great majority of PS cannot be effecti vely
differentiated from each other by UV, IR, H-NMR or'*C-NMR spectroscopic analysis,
and the results from the 2015 AP endorse the previously expressed view from
Concawe @ that spectroscopic analysis provides no additional information to that
obtained by the other techniques recommended to member companies for
generating compositional information on their products @9,

PCA Analysis

Table 17 provides a summary of the PCA results for the OLBO, TDAE, UDAE, Foots
Oil, Petrolatum, RAE and HRBO samples &amined in the 2015 AP. As indicated,
some samples were not amenable to the IP 346 % method because they could not
be completely dissolved in cyclohexane which is used to solubilise the samples prior

to extraction of the PAC components with DMSO.

The great majority of OLBOs had low PCA contents (<1% m/m) which is to be
expected given that the product specification for finished oils requires the PCA
content to be <3% (m/m) when measured by IP 346. The highest PCA content for
OLBOs (5.1% m/m) was found inOLBO 1; five other samples (074; 075; 081; OLBO
6; 140) had PCA contents in the 1-2% (m/m) range. Not surprisingly, all the aromatic
extracts (TDAE, UDAE, RAE) had relatively high PCA contents with the UDAE samples
(089; 096A,; 096B) producing the highest values (range 10.5 §28.5% (m/m)).

Comparison of the PCA results in Table 17 with the PAC-2 total mass extracted
results reported in Table 12 shows a good correlation between these data sets
although the values reported using the PAC-2 procedure are generally ~50% of those
obtained with the IP 346 method. This is not surprising given the slight differences

in these two procedures and knowledge gained during the development and routine
use of the IP 346 method which has shown that strict control of laborator vy
procedures is required to obtain reproducible results.
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3.2.12.

3.2.13.

HPLC

The total quantities of mono -, di- and tri+ aromatics present in the LBPN, Kerosine,
SRGO, OGO, VHGO, CGO, Mk1 Diesel Fuel and OLBO samples analysed by HPLC (IP
548) are presented in Table 18. As shown, some of the samples which were
submitted for analysis were not amenable to the method, but subsequent analysis

of these samples by GCxGC indicated that their chemical composition was
somewhat different from the composition of the diesel fuels and blending
components for which IP 548 was originally developed.

Not surprisingly, mono -aromatic components accounted for the great majority of
aromatics present in the LBPN and Kerosine samples analysed. Only the heavier
LBPN samples were analysed by HPLGand the substance descriptions of those
samples (Naphtha 2; 054; 101; 146) which contained >50% (m/m) total aromatics
show that these samples are expected to have a high aromatic content. The highest
concentration of total aromatics found in the Kerosine s amples was 23.1% (m/m)
for Kero 4; and the lowest was 0.2% (m/m) for Kero 1 which is a hydrotreated,
dearomatized substance. In general, the gas oil (SRGO, OGO, VHGO, CGO) samples
had the highest concentrations of poly -aromatic hydrocarbons (di- and tri+
aromatics) and, in contrast with all the samples from the other substance categories
which contained (0.4% (m/m) tri+ aromatics, all but one of the gas oil samples had
much higher tri+ aromatic contents. As described in Section 2.3.7, two OLBO
samples (118; 119) only consisted of saturated components which is endorsed by
the HPLC results presented in Table 18 which show very low aromatic contents for
these two samples. As expected, the Mk1 Diesel Fuel (Sample 059) only contained
4.2% (m/m) total aromatics.

Table 19 presents the results obtained by HPLC (IP 548) together with the GCxGC
results from the corr esponding samples obtained during the 2013 and 2015
Analytical Programs. Because GCxGC gives a higher level of granularity for chemical
functionalities than the IP 548 procedure, it was necessary to aggregate some of
the GCxGC data (e.g. mono-aromatics + naphthenic mono-aromatics) to obtain
equivalent data (e.g. mono -aromatics) to those generated by HPLC. Good
agreement between the HPLC and GCxGC results was obtained for the great
majority of samples, especially considering the vast difference in the princi  ples of
the two procedures. The only major discrepancy was found for Sample 074 (OLBO),
which is unexplained therefore requires further investigation. The two OLBO
samples referred to above (118; 119) were found to contain low levels of aromatics
by GCxGChut, as indicated in Tables 18 and 19, the mono -aromatic results for the
HPLC analysis fall outside the precision range for this procedure and the refractive
index detection system employed in the IP 548 method is not particularly good for
low concentratio n measurements.

TLC-FID

Table 20 shows the quantities of saturates, aromatics, resins and asphaltenes found
in the Bitumen, Oxidised Asphalt, HFO, Paraffin and Hydrocarbon Wax, UATO, TDAE,
UDAE, Foots Oils, Petrolatum, Slack Wax, RAE and VHGO samples atysed by TLG
FID (IP 469). Although this technique is very good at quantifying the basic chemical
functionalities (saturates, aromatics, resins, asphaltenes) in very complex PS, strict
control of the experimental conditions and especially the matching and  uniform
conditioning of the TLC silica rods is essential to achieve good results. The analytical
laboratory therefore employed a system standard in every batch of samples
analysed and the data presented in Table 20 illustrate the relatively good
reproduci bility of the system standard results obtained. Moreover and in accordance
with IP 469, samples were analysed in triplicate and the results presented in
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3.2.15.
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Table 20 are the mean values obtained from the three analyses carried out on each
sample.

LCC

The concentrations of saturates, aromatics and polars measured in the Bitumen,
Oxidised Asphalt, HFO, Paraffin and Hydrocarbon Wax, UATO, TDAE, UDAE, Foots
Qll, Petrolatum, Slack Wax, RAE, OLBO, HRBO, OGO and VHGO samples analysed by
LCC (ASTM D2007) are presentedn Table 21. As shown, good recoveries (> 98%
m/m) were obtained for the great majority of samples; Sample 189 (Bitumen) and
Sample 193 (Oxidised Asphalt) gave recoveries of 90.3% (m/m) and 93.2% (m/m)
respectively but both these samples contained high con centrations of asphaltenes
which were removed by precipitation prior to the LCC procedure so this could
account for the lower recoveries obtained for these two samples.

As shown in Table 22, the LCC results are in relatively good agreement with the
TLGHID results for those samples which were analysed by both of these techniques.

Viscosity

Viscosity data obtained on the OLBO, UATO, HFO and VHGO samples analysed are
shown in Table 23 together with the viscosity values given in the formal substance
descriptions. In most cases the measured viscosity is consistent with the quoted
value although, as highlighted in Table 23, significant discrepancies were found for
Samples OLBO 1, 118, 119, 147, 148, 151.
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4.1.

4.2.

CONCLUSIONS

COMPARISON OF RESUSTFROM 2013 AND 2015ANALYTICAL PROGRAMS

Many of the SRGO, OGO, VHGO and RAE samples which had been examined in the
2013 AP and then transferred to the 2015 AP were re -analysed by SIMDIS5GC, HPLC,
and TLGFID using different analytical laboratories, and by PAH and PAC -2 analysis
using the same laboratories. It was therefore possible to compare the results
generated on the same samples before and after a two -year storage period.

The boiling point distributions obtained by SIMDIS -GC from both studies showed good
agreement despite the analyses having been carried out by different laboratories
using different SIMDIS GC software systems and on samples which had been stored
for approximately two years. The mono-, di- and tri+ aromatic contents obtained
by HPLC in the 2015 AP also shwed good overall agreement with the results
generated on the same samples in the 2013 AP. Good agreement was also obtained
between the TLC-FID results for the two RAE substances examined in both programs.

Although the suite of PAHs examined in the 2015 AP was slightly larger than in the
2013 AP, comparison of the results from both studies for the corresponding PAHs in
the same samples showed very good agreement, especially considering that this
involved the trace level analysis of individual chemical compon ents in complex
sample matrices. Good agreement was also obtained between the PAC-2 analysis
results from both programs.

In summary, it can therefore be concluded that the integrity of those samples
examined was maintained over a two -year storage period and that the analytical
procedures employed exhibited good reproducibility.

RESULTS FROM 2015 AALYTICAL PROGRAM

The great majority (93%) of samples with a defined carbon number range in the
for mal substance description wer empdénentsn d
within this range, and consequently only a small number of samples did not proceed
to the more detailed second phase analysis, which involved a variety of analytical
techniques as listed in Section 1.2.2.

Although only substances containing components in the ~C8-C30 range can be
comprehensively examined by GCxGC, making it best suited to the analysis of
middle -distillate substances such as kerosines and the lighter gas oils, this technique
was applied to many other types of substances in the 2015 A P including HFO, OLBO,
Paraffin and Hydrocarbon Wax, UATO, TDAE, UDAE, Foots Oil, Petrolatum, Slack
Wax, HRBO and Oxidised Asphalt. Clearly the proportion of each sample which was
amenable to GCxGC analysis varied depending on the boiling range of the mate rial
(e.g. 6.3% (m/m) for Oxidised Asphalt to 100% (m/m) for Kerosine), but the GCxGC
recoveries obtained were in very good agreement with the corresponding SIMDIS-GC
recoveries for <C31 components throughout the range of substances examined. The
GCxGC reslts were also consistent with the anticipated composition of each sample
analysed: Paraffin and Hydrocarbon Wax and Slack Wax samples contained a high
proportion of n -paraffins; no significant concentrations of aromatic components
were found in the HRBO sample; and the non -hydrotreated, catalytically cracked
substances contained high concentrations of aromatic hydrocarbons. Results
obtained on the great majority of samples which were amenable to both GCxGC
analysis and HPLC measurement of mone, di- and tri+ aromatics showed good
agreement, especially given the vast difference in measurement principles between
these two procedures.
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For the LBPN samples, DHAGC results were grouped by summing the individual
concentrations of n -paraffins, iso -paraffins, olefi ns, naphthenes and aromatics
present to provide data in an equivalent format to that generated by the PIONA -GC
technigque. Comparison of these results with those obtained by direct analysis of the
same samples using PIONAGC showed good agreement between the two sets of
data.

Not surprisingly, virtually all substances in the Paraffin and Hydrocarbon Waxes,
Slack Waxes, Petrolatums and OLBO categories had very low total concentrations of
the individual PAHs measured whereas the highest total concentrations w ere found
in CGO and HFO samples. Samples which yielded the highest quantities of DMSO
extractables by PAC-2 Analysis were also found to contain the highest total
concentrations of individual PAHs showing that, despite employing different
measurement principles, there is a good correlation between data obtained by the
PAH Analysis and PA Analysis procedures.

Elemental analysis confirmed that the highest carbon to hydrogen ratios are found

in those substances with relatively high aromatic contents (Bitum ens; CGO; HFO;
RAE; UDAE) and the lowest in those substances with higher paraffinic contents
(Foots Oils; Paraffin and Hydrocarbon Waxes; Petrolatums; Slack Waxes). Most
samples contained no measurable concentrations of the minor elements
investigated (As, Cd, Co, Cu, Fe, Mo, Ni, P, Pb, V, Zn, Cl, Hg, F) although some HFO
and Bitumen samples contained elevated levels of Fe, Ni and V, which occur
naturally in crude oil and are typically bound up in the heavier residual fractions.

LCC results were in relative ly good agreement with the TLC -FID results for those
samples which were analysed by both techniques.

Spectroscopic examination of all samples in the 2015 AP showed that useful
compositional information was only provided for two substances: (i) to show the
absence of aromatic components; (ii) to show the presence of a large concentration

of carboxylic acids. The great majority of PS cannot be effectively differentiated
from each other by UV, IR, H-NMR or *C-NMR spectroscopic analysis, which
endorses the 9G view that spectral data generally provide no useful additional
information for substance identification to that obtained using chromatographic
techniques.

In summary, it can be concluded that with few exceptions the chemical
compositions of the samples analysed were consistent with their formal substance
descriptions, and that the results generated for the same measurands using
different analytical techniques showed good agreement.
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GLOSSARY

CGO Cracked Gas Oils

HFO Heavy Fuel Oils

HRBO Highly Refined Base Oils

LBPN Low Boiling Point Naphthas

OGO Other Gas Oils

OLBO Other Lubricant Base QOils

RAE Residual Aromatic Extracts

SRGO Straight-Run Gas Oils

TDAE Treated Distillate Aromatic Extracts

UATO Unrefined / Acid Treated Oils

UDAE Untreated Distillate Aromatic Extracts

VHGO Vacuum Gas Oils, Hydrocracked Gas Oils and Distillate Fuels

AP Analytical Program

DHAGC Detailed Hydrocarbon Analysis 8 Gas Chromatography

ECHA European Chemicals Agency

FIMS Field lonisation Mass Spectrometry

GCxGC Comprehensive Two-Dimensional Gas Chromatography

GCGMS Gas Chromatographyd Mass Spectrometry

HPLC High Performance Liquid Chromatography

IR Infra-Red

IUCLID International Uniform Chemical Information Database

LCC Liquid Column Chromatography

NMR Nuclear Magnetic Resonance

PAC Poly-cyclic Aromatic Carbons

PAH Poly-Aromatic Hydrocarbons

PCA Poly-Cyclic Aromatics

PIONAGC Paraffin, Iso-paraffin, Olefin, Naphthene, Aromatic - Gas
Chromatography

PS Petroleum Substance(s)

REACH Registration, Evaluation and Authorisation of Chemicals

RfP Request for Proposal

SIG Substance Identification Group

SIMDISGC | Simulated Distillation 8 Gas Chromatography

TLGFID Thin Layer Chromatography d Flame lonisation Detection

uv Ultra-Violet

UVvCB Unknown or Variable composition, Complex reaction products or
Biological materials
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Polynuclear Aromatic Hydrocarbons: A Decaderofjress (1985)

Edited by M. Cooke and A.J. Dennis (Batelle Press)

Estimation of mutagenic and dermal carcinogenic activities of petroleum fractions
based orpolynuclear aromatic hydrocarbon content

T.A. Roy, S.W. Johnson, G.R. Blackburn, R.A. DeitcBchrdiner and C.M.
Mackerer

IP 346¢ Energy Institute

Determination of polycyclic aromatics in unused lubricating base oils and
asphaltene free petroleum fractiogDimethyl sulfoxide extraction refractive index
method

ASTM D86

Standard Test Method fdistillation of Petroleum Products and Liquid Fuels at
Atmospheric Pressure

ASTM D7096

Sandard Test Method for Determination of the Boiling Range Distribution of
Gasoline by WidBore Capillary Gas Chromatography

ASTM D2887

Standard Test Method for Baoigj Range Distribution of Petroleum Fractions by Gas
Chromatography

EN 15199

Petroleum productg Determination of boiling range distribution by gas
chromatography method Part 2: Heavy distillates and residual fuels

ASTM D6730

Sandard Test Method foDetermination of Individual Components in Spark Ignition
Engine Fuels by 1@Bletre Capillary (with Precolumn) Higtesolution Gas
Chromatography

EN 22854

Liquid petroleum products Determination of hydrocarbon types and oxygenates in
automotivemotor gasdineand in ethanol (E85) automotive fugl

Multidimensional gagshromatography method

Chemosphere 1997, 34(9), 222326

Atmospheric emission of polycyclic aromatic hydrocarbons in sampling areas of the
German environmental specimen bank. Method for trexjse measurement of
gaseous and particlessociated polycyclic aromatic hydrocarbons in the sub
nanogram range using deuteratécternal standards

ASTM D5291

Standard Test Methods for Instrumental Determination of Carbon, Hydrogen, and
Nitrogen in Petrteum Products and Lubricants

ASTM D5453

Standard Test Method for Determination of Total Sulfur in Light Hydrocarbons,
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Spark Ignition Engine Fuel, Diesel Engine Fuel, and Engine Oil by Ultraviolet
Fluorescence

45, ASTM D7536
Standard Test Method for ChlorineAromatics by Monochromatic Wavelength
Dispersive Xay Fluorescence Spectrometry
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Determination of mercury in burner fuels derived from waste minerat oils
Combustion, amalgamation, cold vapour atomic absorption spectrometryadeth

47. ASTM D7539
Standard Test Method for Total Fluorine, Chlorine and Sulfur in Aromatic
Hydrocarbons and Their Mixtures by Oxidative Pyrohydrolytic Combustion followed
by lon Chromatography Detection (Combustion lon Chromatogr@pby
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Determination of hydrocarbon types in lubricating oil basestarRseparative high
performance liquid chromatography method

49. IP 480¢ Energy Institute
Determination of boiling range distribution by gas chromatography metieakt
1: Middle distillates and lubricating base oils

50. IP 548¢ Energy Institute
Determination of aromatic hydrocarbon types in middle distillatesgh
performance liquid chromatography method with refractive index detection

51. IP 469 Energy Institute
Determination of saturated, amatic and polar compounds in petroleum products
by thin layer chromatography and flame ionization detection

52. ASTM D2007
Standard Test Method for Characteristic Groups in Rubber Extender and Processing
Oils and Other PetrolewDerived Oils by the Clayel Asorption
Chromatographic Method

53. ASTM D445
Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids
(and Calculation of Dynamic Viscosity)

54, ASTM D2161
Standard Practice for Conversion of Kinematic Viscosity to Saybolt Universal
Viscodly or to Saybolt Furol Viscosity

30



Concawe

Figure 1 dDecision Tree employed in First Phase of 2015 Analytical Program
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Figure 2 dRelationship between volatility and carbon number for different hydrocarbon functionalities
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Table 1 d Substances Investigated in the 2013 Analytical Program

CONCAWE 2013 Analytical Program - Gas oils

Cross-Reference
Sample No. to 2015 Analytical | Category Substance CAS No. | EINECS No| CAS Description
Program

A complex combination of hydrocarbons produced by the distillation of crude oil. It c|
CON 1 168 SRGO Gas oils (petroleum), straight-run 64741-43-1 265-043-1 |hydrocarbons having carbon numbers predominantly in the range of C11 through C32
the range of approximately 205°C to 400°C (401°F to 752°F).

A complex combination of hydrocarbons produced by the distillation of crude oil. It c|
CON 2 169 SRGO Distillates (petroleum), straight-run middle64741-44-2 265-044-7 |hydrocarbons having carbon numbers predominantly in the range of C11 through C2
the range of 205°C to 345°C (401°F to 653°F).

CON 3 A complex combination of hydrocarbons produced by the distillation of crude oil. It c|
(Substitute 170 SRGO | Distillates (petroleum), full-range straight-rur) néigigllel-87-9 272-341-5 |hydrocarbons having carbon numbers predominantly in the range of C9 through C25
Sample) the range of approximately 150°C to 400°C (320°F to 752°F).
CON 3l A complex combination of hydrocarbons produced by the distillation of crude oil. It c|
(Lead Registrant SRGO | Distillates (petroleum), full-range straight-run néi@@ile-87-9 272-341-5 |hydrocarbons having carbon numbers predominantly in the range of C9 through C2§
Sample) the range of approximately 150°C to 400°C (320°F to 752°F).
cens A | binati fh b duced by the at heric distillati f
(Substitute 171 SRGO Distillates (petroleum), heavy straight-ruh 68915-96-q  272-817-2 |+ OPex combination of hdfocarbons produced by the atmospheric distillation o
in the range of approximately 288°C to 471°C (550°F to 880°F).
Sample)
CON 4l o R
. SRGO Distillates (petroleum), heavy straight-rup 68915-96-4  272-817-2 A complex combination of hydrocarbons produced by the atmospheric distillation of
(Lead Registrant P ' W g in the range of approximately 288°C to 471°C (550°F to 880°F).
Sample)
CON 5 172 SRGO Gas oils (petroleum), straight-run, high-bdjlisg915-97-4 272-818-8 A complex combination of hydrocarbons produced by the atmospheric distillation of
' ’ 1 in the range of approximately 282°C to 349°C (540°F to 660°F).
A complex combination of hydrocarbons obtained by subjecting a petroleum distillat
CON 6 0GOo Distillates (petroleum), sweetened middle64741-86-4 265-088-7 process to convert mercaptans or to remove acidic impurities. It consists of hydroca|

carbon numbers predominantly in the range of C9 through C20 and boiling in the ran
approximately 150°C to 345°C (302°F to 653°F).
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CON 7

173

OGO

Distillates (petroleum), hydrotreated mid

le54742-46-7

265-148-2

A complex combination of hydrocarbons obtained by treating a petroleum fraction wi
presence of a catalyst. It consists of hydrocarbons having carbon numbers predomi
of C11 through C25 and boiling in the range of approximately 205°C to 400°C (401°R

CON 8

OGO

Gas oils (petroleum), hydrodesulfurized

64742-79-4

265-182-8

A complex combination of hydrocarbons obtained from a petroleum stock by treating
convert organic sulfur to hydrogen sulfide which is removed. It consists predominan
hydrocarbons having carbon numbers predominantly in the range of C13 through CZ
the range of approximately 230°C to 400°C (446°F to 752°F).

CON 9

174

OGO

Distillates (petroleum), hydrodesulfurized n|

idi&42-80-9

265-183-3

A complex combination of hydrocarbons obtained from a petroleum stock by treating
convert organic sulfur to hydrogen sulfide which is removed. It consists of hydrocarb
carbon numbers predominantly in the range of C11 through C25 and boiling in the rg
approximately 205°C to 400°C (401°F to 752°F).

CON 10

OGO

Alkanes, C12-26-branched and linear

90622-53-0

292-454-3

No EC number description available in ESIS.

CON 11

OGO

Gas oils, paraffinic

93924-33-§

300-227-8

Adistillate obtained from the redistillation of a complex combination of hydrocarbong
distillation of the effluents from a severe catalytic hydrotreatment of paraffins. It boils
approximately 190°C to 330°C (374°F to 594°F).

CON 12

175

VHGO

Condensates (petroleum), vacuum tows

r64741-49-1

265-049-4

A complex combination of hydrocarbons produced as the lowest boiling stream in th
distillation of the residuum from atmospheric distillation of crude oil. It consists of hy
having carbon numbers predominantly in the range of C11 through C25 and boiling i
approximately 205°C to 400°C (401°F to 752°F).

CON 13

176

VHGO

Gas oils (petroleum), light vacuum

64741-58-8

265-059-9

A complex combination of hydrocarbons produced by the vacuum distillation of the ri
atmospheric distillation of crude oil. It consists of hydrocarbons having carbon numk
predominantly in the range of C13 through C30 and boiling in the range of approxim
450°C (446°F to 842°F).

CON 14

177

VHGO

Distillates (petroleum), light hydrocracks

d64741-77-1

265-078-2

Acomplex combination of hydrocarbons from distillation of the products from a hydr
process. It consists predominantly of saturated hydrocarbons having carbon numbe
in the range of C10 through C18, and boiling in the range of approximately 160°C to
608°F).

CON 15

178

VHGO

Gas oils (petroleum), hydrodesulfurized light

VeRAAR-87-G

265-190-1

Acomplex combination of hydrocarbons obtained from a catalytic hydrodesulfurizati
consists of hydrocarbons having carbon numbers predominantly in the range of C13
boiling in the range of approximately 230°C to 450°C (446°F to 842°F).

CON 16()

179

VHGO

Fuels, diesel

68334-30-§

269-822-7

A complex combination of hydrocarbons produced by the distillation of crude oil. It ¢
hydrocarbons having carbon numbers predominantly in the range of C9 through C2(
the range of approximately 163°C to 357°C (325°F to 675°F).
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A complex combination of hydrocarbons produced by the distillation of crude oil. It ¢
CON 16(ii) 180 VHGO Fuels, diesel 68334-30-§ 269-822-7 |hydrocarbons having carbon numbers predominantly in the range of C9 through C2(
the range of approximately 163°C to 357°C (325°F to 675°F).

A complex combination of hydrocarbons produced by the distillation of crude oil. It
CON 16(iii) VHGO Fuels, diesel 68334-30-§ 269-822-7 |hydrocarbons having carbon numbers predominantly in the range of C9 through C2(
the range of approximately 163°C to 357°C (325°F to 675°F).

Adistillate oil having a minimum viscosity of 32.6 SUS at 37.7°C (100°F) to a maxim

VHGO Fuel oil, no. 2 68476-30-4 270-671-4
CON 17 181 37.7°C (100°F).

Adistillate oil having a minimum viscosity of 45 SUS at 37.7°C (100°F) to a maximun

VHGO Fuel oil, no. 4 68476:31-4 2706735
CON 18 182 uetor, no 37.7°C (100°F).

Adistillate oil having a minimum viscosity of 32.6 SUS at 37.7°C (100°F) to a maxim

VHGO Fuels, diesel, no. 2 68476-34-6 270-676-1
CON 19 183 uess 37.7°C (100°F).

A complex combination of hydrocarbons that is obtained by treatment of light vacuun
oils with hydrogen in the presence of a catalyst. It consists of hydrocarbons having ¢
predominantly in the range of C13 through C30 and boiling in the range of approxim
450°C (446°F to 842°F).

CON 20 184 VHGO Gas oils (petroleum), hydrotreated light vagu9g045-24-4 295-407-5

Notes

1. Sample CON 2 was initially classed as "Distillates (petroleum), straight -run middle" (CAS No. 64741-44-2) but following analysis was re -classified by Concawe as "Distillates
(petroleum), full -range straight -run middle" (CAS No. 68814-87-9).

2. Sample CON 5 was initially classed as"Gas oils (petroleum), straight -run, high -boiling" (CAS No. 6891597-9) but following analysis was re -classified by Concawe as "Gas oils
(petroleum), straight -run" (CAS No. 6474143-1).

3. Only a small volume (~500 mL) of Sample CON 10 was supplied, which was insufficient for any subsequent testing program, so th is sample was not characterised.
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4. Three samples of CON16 were supplied, all classifiedas 0 Fuel s, di es el 805).Che ®lloning.infonatidrdwas supplied with the samples:
CON 16(i) - Gasoil Heating DIN contains 32% straightrun kerosine and 68% of a desulfurised mixture (roughly 50% straight-run kerosine, 25% light straight -run gasoil and 25% light
vacuum gasoil).

CON 16(ii) - Gasoil Heating 50 ppm contains 80% straightrun kerosine and 20% straight-run light gasoil. This sample is also representative for diesel fuel (except for the sulphur
level and it does not contain additives).

CON 16(iii) - Diesel Oil. This is representative for marine gasoil (DMA) and contains 70% straight-run material and 30% LCO. This sample is representative for just a smaller portion
of the products that are covered by CAS No. 6833430-5. It should only be used in proportion.
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CONCAWE 2013 Analytical Program - Bitumens
Cross-Reference
Sample No. to 2015 Analytical | Category Substance CAS No. | EINECS No| CAS Description
Program
Avery complex combination of high molecular weight organic compounds contg
high proportion of hydrocarbons having carbon numbers predominantly greater t
CON 21 Bitumen Asphalt 8052-42-4| 232-490-9 |high carbon-to-hydrogen ratios. It also contains small amounts of various metals
iron, or vanadium. It is obtained as the non-volatile residue from distillation of cru
separation as the raffinate from a residual oil in a deasphalting or decarbonizatio
Acomplex residuum from the vacuum distillation of the residuum from atmosph¢g
CON 22 Bitumen Residues (petroleum), vacuum 64741-56-4 265-057-8 |crude oil. It consists of hydrocarbons having carbon numbers predominantly gred
boiling above approximateRCA@R3°F).
A complex combination of hydrocarbons obtained from the vacuum distillation of|
CON 23 Bitumen Residues (petroleum), thermal cracked vagud?962-05-0 295-518-9 (from a thermal cracking process. It consists predominantly of hydrocarbons havir|
numbers predominantly greater than C34 and boiling above appriXi(@agsy¥195
A complex combination of hydrocarbons obtained as a residue from the distillatiq
CON 24 Bitumen | Residues (petroleum), distn. residue hydroge©80684-39-f 309-712-9 |under vacuum. It consists predominantly of hydrocarbons having carbon number
in the range above C50 and boiling in the range above apprdinie@eiF360
RSV ES (e, vEe U G (S A complex combination of hydrocarbons obtained as a residue from the distillatiq
CON 25 Bitumen P hydro en‘ation ’ 100684-40-0 309-713-4 |under vacuum. It consists predominantly of hydrocarbons having carbon number|
9 in the range above C50 and boiling in the range above apprdXni@d}FH00
CONCAWE 2013 Analytical Program - Residual Aromatic Extracts
Cross-Reference
Sample No. to 2015 Analytical | Category Substance CAS No. [ EINECS No| CAS Description
Program
Acomplex combination of hydrocarbons obtained as the extract from a solvent e
CON 26 185 RAE Extracts (petroleum), residual oil solverjt 64742-10-§ 265-110-5 |process. It consists predominantly of aromatic hydrocarbons having carbon num
predominantly higher than C25.
Acomplex combination of hydrocarbons obtained by solvent extraction of a vacu
Extracts (petroleum), deasphalted vacuum i . i i i i
CON 27 186 RAE (p ) P 91995-70.d 295-332-8 residue _ It consists predominantly of.aromatlc hydrqcarbons having carbon numk
solvent predominantly greater than C30. T his stream contains more than 5 wt. % of 4- to
condensed ring aromatic hydrocarbons.
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Table 2 & Detailed Inventory of Substances Investigated in the 2015 Analytical

Program
(minus the excluded substances)

Table 3 8 Summary of Substances Investigated in the 2015 Analytical Program

(including the excluded substances)

Substance Category Samples CAS numbers | EC numbers
Bitumen 4 4 4
Cracked Gas Qils 8 8 8
Foots Oils 3 3 3
Heavy Fuel Qils 27 27 27
Highly Refined Base Oils 1 1 1
Kerosines 10 9 9
Low Boiling Point Naphthas 87 69 69
MK1 Diesel Fuel 1 see note 1
Other Gas Oils 4 3 3
Other Lubricant Base Oils 31 28 28
Oxidised Asphalt 2 1 1
Paraffin and Hydrocarbon Waxes 7 7 7
Petrolatums 4 4 4
Residual Aromatic Extracts 2 2 2
Slack Waxes 4 3 3
Straight-Run Gas Oils 6 4 4
Treated Distillate Aromatic Extracts 1 1 1
Unrefined / Acid Treated Oils 5 2 2
Untreated Distillate Aromatic Extracts 4 3 3
Vacuum Gas Oils, Hydrocraked Gas QOils and Distillate Fuels 10 9 9
Total 221 188 189

Note

Sample 049 (Kerosine) and Sample 059 (MK1 Diesel Fuel) have the same CAS number but different EC

numbers.

Table 4 & Summary of Physical Distillation Results

Table 5 8 Summary of SIMDISGC Results
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Table 6 - Carbon Number Ranges in Petro leum Substance Descriptions
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Total Percentage
Specified number of distribution per 10% of total number +10% of specified 20% of total number +20% of specified
range carbon carbon number of carbon numbers range of carbon numbers range
numbers @ &
C4-C5 2 50% 0.2 C4C5 0.4 C4C5
C5C6 2 50% 0.2 C5C6 0.4 C5C6
C6C7 2 50% 0.2 Ce6C7 0.4 C6-C7
C7-C8 2 50% 0.2 C7-C8 0.4 C7-C8
C4C6 3 33% 0.3 C4C6 0.6 C3/5-C5/7
C5C7 3 33% 0.3 C5C7 0.6 C4/6-C6/8
C6-C8 3 33% 0.3 Cce6C8 0.6 C5/7-C7/9
C8C10 3 33% 0.3 Cc8C10 0.6 C7/9-C9/11
C3C6 4 25% 0.4 C3C6 0.8 C2/4-C5/7
C5C8 4 25% 0.4 C5C8 0.8 C4/6-C7/9
C6-C9 4 25% 0.4 C6-C9 0.8 C5/7-C8/10
C7-C10 4 25% 0.4 C7-C10 0.8 C6/8-C9/11
C9-C12 4 25% 0.4 C9C12 0.8 C8/10-C11/13
C4C8 5 20% 0.5 C3/C5-C7/C9 1.0 C3/5-C7/9
C5C9 5 20% 0.5 C4/6-C8/10 1.0 C4/6-C8/10
C6-C10 5 20% 0.5 C5/7-C9/11 1.0 C5/7-C9/11
C2C7 6 17% 0.6 C1/3-C6/8 1.2 C1/3-C6/8
C4C9 6 17% 0.6 C3/5-C8/10 1.2 C3/5-C8/10
C5C10 6 17% 0.6 C4/6-C9/11 1.2 C4/6-C9/11
C6-C11 6 17% 0.6 C5/7-C10/12 1.2 C5/7-C10/12
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Total Percentage

Specified number of distribution per 10% of total number +10% of specified 20% of total number +20% of specified

range carbon carbon number of carbon numbers range of carbon numbers range
numbers @ %

C7-C12 6 17% 0.6 C6/8-C11/13 1.2 C6/8-C11/13
C11-16 6 17% 0.6 C10/12-C15/17 1.2 C10/12-C15/17
C4C10 7 14% 0.7 C3/5-C9/11 14 C3/5-C9/11
C5C11 7 14% 0.7 C4/6-C10/12 14 C4/6-C10/12
C6C12 7 14% 0.7 C5/7-C11/13 14 C5/7-C11/13
C4C11 8 13% 0.8 C3/5-C10/12 1.6 C2/6-C9/13
C5C12 8 13% 0.8 C4/6-C11/13 1.6 C3/7-C10/14
C6-C13 8 13% 0.8 C5/7-C12/14 1.6 C4/8-C11/15
C9C16 8 13% 0.8 C8/10-C15/17 1.6 C7/11-C14/18
C3C11 9 11% 0.9 C2/4-C10/12 1.8 C1/5-C9/13
C4C12 9 11% 0.9 C3/5-C11/13 1.8 C2/6-C10/14
ci0cCi8 9 11% 0.9 C9/11-C17/19 1.8 C8/12-C16/20
C21-C29 9 11% 0.9 C20/22-C28/30 1.8 C19/23-C27/31
C11-C20 10 10% 1.0 C10/12-C19/21 2.0 C9/13-C18/22
Ci2C21 10 10% 1.0 C11/13-C20/22 2.0 C10/14-C19/23
C4C15 12 8% 1.2 C3/5-C14/16 2.4 C2/6-C13/17
C9-C20 12 8% 1.2 C8/10-C1921 2.4 C7/11-C18/22
c10C22 13 8% 1.3 C9/11-C21/23 2.6 C7/13-C19/25
C13C25 13 8% 1.3 C12/14-C24/26 2.6 C10/16-C22/28
C17-C30 14 7% 1.4 C16/18-C2931 2.8 C14/20-C27/33
C11C25 15 7% 15 C9/13-C23/27 3.0 C8/14-C22/28
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Total Percentage

Specified number of distribution per 10% of total number +10% of specified 20% of total number +20% of specified

range carbon carbon number of carbon numbers range of carbon numbers range

numbers @ %

co9C24 16 6% 1.6 C7/11-C22/26 3.2 C6/12-C21/27
C10C25 16 6% 1.6 C8/12-C23/27 3.2 C7/13-C22/28
C15C30 16 6% 1.6 C13/17-C28/32 3.2 C12/18-C27/33

C9-C25 17 6% 1.7 C7/11-C2327 3.4 C6/12-C22/28
C13C30 18 6% 1.8 C11/15-C28/32 3.6 C9/17-C26/34

C2C20 19 5% 1.9 C0/4-C18/22 3.8 C0/6-C16/24
C11-C30 20 5% 2.0 C9/13-C28/32 4.0 C7/15-C26/34
C15C35 21 5% 2.1 C13/17-C33/37 4.2 C11/19-C31/39
C15C36 22 5% 2.2 C13/17-C3438 4.4 C11/19-C32/40
C18C40 23 4% 2.3 C16/20-C38/42 4.6 C13/23-C35/45
C11-C35 25 4% 25 C8/14-C32/38 5.0 C6/16-C30/40
C15C39 25 4% 25 C12/18-C36/42 5.0 C10/20-C34/44
C25C50 26 4% 2.6 C22/28-C47/53 5.2 C20/30-C45/55
C24-C50 27 4% 2.7 C21/27-C47/53 5.4 C19/29-C45/55

C7-C35 29 3% 2.9 C4/10-C32/38 5.8 C1/13-C29/41
C14C42 29 3% 2.9 C11/17-C39/45 5.8 C8/20-C36/48
C15C45 31 3% 3.1 C12/18-C42/48 6.2 C9/21-C39/51
C20-C50 31 3% 3.1 C17/23-C47/53 6.2 C14/26-C44/56
C15C50 36 3% 3.6 C11/19-C46/54 7.2 C8/22-C43/57
C13C50 38 3% 3.8 C9/17-C46/54 7.6 Cb/21-C42/58
C11C50 40 3% 4.0 C7/15-C46/54 8.0 C3/19-C42/58

41



( Concawe report no. 5/19

Total Percentage
Specified number of distribution per 10% of total number +10% of specified 20% of total number +20% of specified
range carbon carbon number of carbon numbers range of carbon numbers range
numbers @ @

C20C60 41 2% ‘ 4.1 C16/24-C56/64 8.2 C12/28-C52/68
C15C60 46 2% ‘ 4.6 C10/20-C55/65 9.2 C6/24-C51/69
>C3 08 1% \ >C3/13 19.6 >C3/23
>C11 90 1% . >C11/20 18.0 >C11/29
>C13 88 1% . >C13/22 17.6 >C13/31
>C20 81 1% . >C20/28 16.2 >C20/36
>C24 7 1% . >C24/32 15.4 >C24/39
>C25 76 1% . >C25/33 15.2 >C25/40
>C30 71 1% \ >C30/37 14.2 >C30/44
>C34 67 1% ‘ >C34/41 13.4 >C34/47
>C35 66 2% ‘ . >C35/42 13.2 >C35/48

|
cs 1 100% | 0.1 cs 0.2 cs5
C6 1 100% ‘ 0.1 C6 0.2 C6
C7 1 100% ‘ 0.1 C7 0.2 C7
C8 1 100% ‘ 0.1 C8 0.2 C8
Notes

1. If only the lower carbon number is quoted in th e substance description, C100 is assumed to be the upper carbon number.

2. Percentage distributions per carbon number have been rounded to nearest integer.
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Table 7 8 Summary of Decision Tree Results
(including the excluded substances)

- S Number of samples
Decision tree cri terion . o
meeting criterion
Accept 5
Accept 42
Accept 26
Accept 32
Review 7
Review 89
Review 13
Reject 6
Reject 1

Table 8 0 Summary of GCxGC Results

Table 9 0 Summary of DHA-GC Results

Table 10 0 Summary of PIONA-GC Results

Table 11 8 Summary of PAH Results

Table 12 8 Summary of PAC-2 Results

Table 13 8 Summary of Elemental Analysis Results

Table 14 o6 Carbon : Hydrogen Ratios

report no. 5/19
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Table 15 d Summary of FIMS Results
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Sample
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Sample
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Sample
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Sample
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Sample
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Sample
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Sample
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Sample

073 CM5283644 Arom

Z5507Data

Sample

085B CM5283669 Sats
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APPENDIX 1- GCXGC RSULTS FOR SAMPLESNALYSEDIN THE 2013

ANALYTICAL PROGRAM

Middle-distillate exhaustive analysis report

TASE
Shell Global Solutions

Shell Technology Centre Thornton

PO Box 1
Chester
CH1 35H

Analyst
Phone

- Carole_Adams

- +44 (0)151 373 5562
Fax: +44 (0)151 373 5220

E-Mail

CON 1 (SRGO)

: Carole.Adams@Shell.com

Job Mo
Sample
Date

File
Analyzer ID

- 30523

- Concawe Sample 1

: 21-Feb-13
- 2d01_2002r1
- GCxGCO01

Results  All results are in % wt by means off the use of theoretical FID respons factors. These
factors have been calculated through the ECN method as published by Sternberg et al.
The factor used for <C5 is that of C4 and for =C30 is that of C30

Results reported as 0.00 should be read as <0.01

C Mo. nP isoP
<5 0.00 0.00
5 0.00 0.00
6 0.00 0.00
7 0.00 0.00
8 0.00 0.00
9 0.01 0.01
10 0.04 0.03
11 0.09 0.06
12 015 011
13 0.23 0.20
14 0.29 0.29
15 0.44 0.39
16 0.62 0.59
17 1.06 0.74
18 1.83 1.44
19 222 273
20 220 3.76
1 1.89 239
22 1.60 203
23 1.06 1.90
24 0.60 1.15
25 0.19 0.82
26 0.06 0.39
27 0.01 0.05
28 0.00 0.04
29 0.00 0.02
30 0.00 0.01
=30 0.00 0.00
Total 14 61 19.16
nP MNormal (linear) Paraffins
isoP Iso (branched) Paraffins
M Naphthenics
DiM Di-MNaphthenics
MoAr Mono-Aromatics

0.00
0.00
0.01
0.02
0.03
0.08
0.14
0.25
0.38
0.48
0.67
1.00
1.72
2.66
3.38
318
2.76
219
1.76
0.73
0.33
0.10
0.02
0.00
0.00
0.00
0.00

21.89

NmoAr Naphthenic-mono-Aromatics

DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics

Trifr Tri-Aromatics

DiN

0.00
0.00
0.00
0.01
0.04
0.09
015
0.25
0.32
0.30
0.37
0.65
0.70
1.09
1.04
0.92
0.56
0.34
017
0.06
0.01
0.00
0.00
0.00
0.00
0.00

7.07

MoAr

0.00
0.00
0.01
0.03
0.07
0.09
0.13
017
0.21
0.39
0.58
0.92
1.51
207
222
1.97
1.69
1.00
0.46
0.7
0.02
0.00
0.00
0.00
0.00
0.00

13.72

NmoAr

0.00
0.02
0.06
015
0.19
0.32
0.36
0.49
0.92
1.16
1.68
1.31
119
0.87
0.40
0.16
0.05
0.00
0.00
0.00
0.00
0.00
0.00

DiAr

0.01
0.06
0.14
0.25
0.45
0.42
0.71
1.08
1.26
1.06
1.03
1.14
1.10
0.57
0.21
0.00
0.00
0.00
0.00
0.00
0.00
0.00

9.49

MdiAr

0.00
0.07
0.14
0.33
0.48
0.49
0.47
0.37
0.16
019
0.07
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00

279

TriAr

0.00
0.03
0.29
0.50
0.58
0.37
0.15
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.00
0.01
0.03
0.10
028
0.60
1.08
1.68
2.44
3.15
4.97
507
11.64
16.07
1525
12 46
1022
710
350
1.62
0.58
0.08
0.05
0.02
0.01
0.00

100.00
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CON 2 (SRGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Tharnton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer ID
CH1 3SH

- 30731

- Concawe Sample 2

: 11-Apr-13
: 2d01_0904r3
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.01 0.00 0.01 0.00 0.00
7 0.01 0.01 0.03 0.00 0.02
8 0.02 0.03 0.10 0.00 0.05
9 0.06 0.06 0.14 0.03 015 0.01
10 014 0.16 0.27 0.16 0.21 0.07 0.02
11 0.26 0.23 0.40 0.29 0.24 0.21 0.19
12 0.39 0.28 0.64 0.35 0.29 0.38 0.67
13 0.63 0.46 0.91 0.65 0.40 0.64 1.23
14 1.09 0.74 1.37 0.99 0.44 0.95 137
15 1.80 1.25 1.88 0.94 0.63 1.06 0.60
16 210 1.82 217 0.76 0.g2 1.05 0.78
17 217 1.58 2.63 0.71 0.g8 1.07 0.80
18 210 1.96 219 0.56 0.88 0.71 0.60
19 1.91 245 2.02 0.61 0.85 0.78 0.58
20 177 233 1.93 0.64 0.74 0.56 0.45
21 1.50 1.37 1.55 0.48 0.62 0.48 0.37
22 1.34 1.23 1.37 0.22 0.45 0.33 0.32
23 113 111 1.08 0.26 0.31 0.24 0.23
24 0.89 0.86 0.76 017 0.25 0.14 0.15
24 0.64 0.82 0.54 0.16 0.16 011 0.04
26 0.32 0.63 0.25 0.07 0.05 0.05 0.00
27 0.09 0.2y 0.09 0.00 0.00 0.00 0.00
28 0.02 0.11 0.03 0.00 0.00 0.00 0.00
29 0.00 0.05 0.00 0.00 0.00 0.00 0.00
30 0.00 0.03 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 2041 19.83 22 36 8.06 843 8.84 8.39
nP Mormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.00
0.06
0.29
0.41
0.39
0.24
0.27
0.08
0.14
0.10
0.03
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2.03

TriAr

0.09
0.33
0.47
0.44
0.16
0.15
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.02
0.07
020
0.44
1.05
1.81
3.00
499
7.33
8.90
10.36
10.51
9.43
944
8.58
6.47
530
438
32
247
137
0.44
0.15
0.05
0.03
0.00
0.00
0.00
0.00

100.00
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CON 3 (SRGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer 1D
CH1 3SH

- 30731

- Concawe Sample 3

- 10-Apr-13
: 2d01_0804r1
: GCxGCO

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.01 0.00 0.02 0.00 0.01
8 0.03 0.02 0.08 0.01 0.05
9 0.09 0.07 0.14 0.03 017 0.00
10 0.19 0.18 0.28 0.14 0.30 0.05 0.03
1 0.37 0.29 0.45 0.29 0.37 018 0.23
12 0.60 0.45 0.80 0.45 0.49 0.47 0.73
13 0.93 0.80 1.21 0.88 0.71 0.78 129
14 1.49 1.25 1.87 1.45 0.80 1.31 1.561
15 222 1.83 2.62 1.14 1.19 1.4 0.80
16 2.3 289 2.92 1.03 1.23 1.48 0.84
17 219 237 3.38 0.96 1.34 1.46 0.81
18 1.80 279 2.54 0.69 1.23 1.01 0.65
19 1.35 279 215 0.60 1.04 0.88 0.48
20 0.96 252 1.53 0.49 0.88 0.50 0.35
21 0.65 1.07 0.92 0.34 0.49 0.23 0.20
22 0.45 0.81 0.73 013 0.37 0.14 017
23 0.34 0.60 0.42 0.09 0.20 0.08 0.06
24 018 0.37 0.20 0.02 0.09 0.02 0.01
25 0.06 0.22 0.07 0.01 0.02 0.00 0.00
26 0.01 0.10 0.02 0.00 0.00 0.00 0.00
27 0.00 0.03 0.00 0.00 0.00 0.00 0.00
28 0.00 0.01 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 16.23 2147 2233 8.76 10.97 10.00 8.16
nP MNormal (linear) Paraffins
isoP Iso (branched) Paraffins
M Naphthenics
DiM Di-MNaphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.06
0.28
0.37
0.34
0.19
0.14
0.06
0.03
0.1
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.48

TriAr

0.00
0.14
0.22
0.18
0.04
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.01
0.04
0.18
0.50
115
218
4.00
6.67
995
11.71
13.25
12.89
10.89
937
7.26
392
2.80
178
0.88
0.39
014
0.03
0.01
0.00
0.00
0.00
0.00
0.00
0.00

100.00



Concawe

CON 31 (SRGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Tharnton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer ID
CH1 3SH

- 30731

- Concawe Sample 3|

: 11-Apr-13
: 2d01_0904r4
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.02 0.00 0.00
7 0.05 0.04 0.16 0.00 0.04
8 018 0.14 0.49 0.03 0.26
9 0.54 0.41 0.71 0.23 0.65 0.01
10 1.36 1.03 1.44 0.83 0.94 015 0.22
11 3.02 1.78 254 1.70 1.08 0.47 0.84
12 3.94 262 351 207 0.86 0.79 1.1
13 414 329 381 263 0.92 1.00 077
14 3.96 354 3.60 214 0.60 113 0.44
15 3.61 2.94 3.01 1.36 0.55 0.90 0.20
16 2.50 314 2.32 0.70 0.53 0.51 0.06
17 1.33 1.45 1.54 0.49 0.25 0.28 0.02
18 0.34 1.10 0.55 0.15 0.05 0.03 0.00
19 0.06 147 0.12 0.04 0.00 0.00 0.00
20 0.02 0.25 0.02 0.00 0.00 0.00 0.00
21 0.01 0.02 0.00 0.00 0.00 0.00 0.00
22 0.01 0.01 0.00 0.00 0.00 0.00 0.00
23 0.01 0.01 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
26 0.00 0.00 0.00 0.00 0.00 0.00 0.00
27 0.00 0.00 0.00 0.00 0.00 0.00 0.00
28 0.00 0.00 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 2507 2293 2385 12.38 6.73 R27 365
nP Mormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.00
0.02
0.06
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TriAr

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.03
0.29
1.10
253
598
1142
14.90
16.58
1548
12.60
9.77
5.35
2.22
1.40
029
0.04
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

100.00



Concawe

CON 4 (SRGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer 1D
CH1 3SH

- 3071

- Concawe Sample 4

- 10-Apr-13
: 2d01_0804r2
: GCxGCO

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.01 0.00 0.02 0.01 0.01 0.01 0.03
13 0.03 0.01 0.05 0.05 0.02 0.03 0.12
14 0.06 0.04 012 011 0.05 0.10 0.22
15 0.14 0.08 0.22 0.14 0.10 013 0.21
16 0.26 0.19 0.38 0.16 0.22 0.26 0.32
17 0.45 0.29 0.76 0.25 0.46 0.45 0.54
18 0.73 0.62 1.09 0.29 0.72 0.58 0.89
19 1.1 1.06 1.48 0.50 1.02 1.05 0.97
20 1.50 1.69 246 0.83 1.40 1.29 1.08
21 1.70 1.88 2.36 1.01 1.84 1.44 1.34
22 1.82 2.04 2.88 0.59 1.99 1.07 1.69
23 1.68 228 276 0.53 1.91 1.08 1.61
24 1.55 2.04 210 0.37 1.71 0.62 1.42
25 1.24 1.92 1.38 0.61 124 0.62 0.68
26 0.96 1.81 1.06 0.40 0.65 0.65 0.31
27 0.41 1.02 0.65 0.28 0.13 0.27 0.08
28 017 0.72 0.22 0.09 0.01 0.10 0.01
29 0.07 0.34 0.11 0.01 0.00 0.02 0.00
30 0.03 021 0.03 0.00 0.00 0.00 0.00
3 0.01 0.04 0.01 0.00 0.00 0.00 0.00
32 0.00 0.02 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
34 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 13.95 18.32 2014 6.24 13.49 9.32 11.52

nP MNormal (linear) Paraffins

isoP Iso (branched) Paraffins

M Naphthenics

DiM Di-MNaphthenics

MoAr Mono-Aromatics

NmoAr Naphthenic-mono-Aromatics

DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.00
0.04
018
0.22
0.45
0.53
0.34
0.1
0.43
07
0.30
015
011
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

315

TriAr

0.02
0.20
0.53
0.89
0.60
0.50
0.34
0.16
0.08
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.09
0.31
0.76
145
2.52
4.54
6.06
503
10.80
12.16
12.33
12 22
995
7.81
5.86
2.85
1.32
0.55
0.26
0.05
0.03
0.01
0.00

100.00



Concawe

CON 41 (SRGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole.Adams Job No: 30731

Shell Global Solutions Phone: +44 (0)151 373 5562 Sample: Concawe Sample 4l
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date: 13-May-13

PO Box 1 E-Mail: Carole.Adams@Shell.com File: 2d01_0805r1
Chester Analyzer ID: GCxGCO01

CH1 3SH

Results All results are in % wt by means off the use of theoretical FID respons factors. These
factors have been calculated through the ECN method as published by Sternberg et al.
The factor used for <C5 is that of C4 and for >C30 is that of C30
Results reported as 0.00 should be read as <0.01

C No. nP isoP N DiN MoAr NmoAr DiAr NdiAr TriAr Total
<5 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00 0.00
7 0.01 0.00 0.01 0.00 0.00 0.02
8 0.01 0.01 0.01 0.00 0.00 0.03
9 0.02 0.01 0.01 0.00 0.00 0.00 0.05
10 0.04 0.02 0.01 0.00 0.00 0.00 0.00 0.08
11 0.09 0.03 0.02 0.01 0.00 0.00 0.00 0.16
12 0.17 0.04 0.05 0.01 0.00 0.00 0.01 0.28
13 0.28 0.07 0.08 0.05 0.01 0.01 0.02 0.00 0.50
14 0.43 0.11 0.13 0.10 0.02 0.02 0.01 0.00 0.00 0.82
15 0.71 0.13 0.20 0.08 0.02 0.02 0.01 0.02 0.06 1.24
16 1.05 0.27 0.27 0.05 0.05 0.04 0.01 0.03 0.18 1.93
17 1.56 0.33 0.53 0.10 0.06 0.07 0.02 0.06 0.17 291
18 2.42 0.55 0.79 0.13 0.14 0.13 0.06 0.08 0.04 4.35
19 4.74 1.06 1.61 0.29 0.18 0.35 0.13 0.04 0.01 8.41
20 9.64 2.06 2.89 0.57 0.46 0.60 0.18 0.04 0.00 16.45
21 12.27 3.36 3.22 0.51 0.60 0.61 0.19 0.02 0.00 20.77
22 8.74 3.28 2.73 0.33 0.48 0.29 0.12 0.00 0.00 15.96
23 5.91 2.84 1.75 0.13 0.33 0.18 0.06 0.00 0.00 11.20
24 3.50 1.86 0.98 0.06 0.14 0.07 0.01 0.00 0.00 6.62
25 2.05 111 0.55 0.05 0.06 0.05 0.00 0.00 0.00 3.87
26 1.07 0.82 0.30 0.03 0.04 0.03 0.00 0.00 0.00 2.29
27 0.57 0.32 0.16 0.03 0.00 0.02 0.00 0.00 0.00 1.10
28 0.25 0.20 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.51
29 0.13 0.08 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.23
30 0.05 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.11
31 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05
32 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02
33 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
>33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Total 55.74 18.62 16.41 2.55 2.59 2.49 0.82 0.29 0.46 99.96
nP Normal (linear) Paraffins
isoP Iso (branched) Paraffins
N Naphthenics
DiN Di-Naphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics
NdiAr Naphthenic-di-Aromatics

TriAr Tri-Aromatics



Concawe

CON 5 (SRGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer 1D
CH1 3SH

- 30523

- Concawe Sample 5

1 22-Feb-13
: 2d01_2002r2
: GCxGCO01

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr
<5 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
i 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.01 0.00 0.00
9 0.00 0.00 0.01 0.00 0.00 0.00
10 0.00 0.01 0.02 0.01 0.01 0.00 0.00
1 0.01 0.01 0.03 0.03 0.01 0.01 0.02
12 0.02 0.02 0.07 0.04 0.03 0.03 0.08
13 0.05 0.04 013 013 0.04 0.08 0.18
14 0.10 0.09 0.24 0.21 0.07 0.19 0.26
15 0.20 0.14 0.42 0.24 0.20 0.26 0.30
16 0.33 0.33 0.60 0.27 0.29 0.32 0.44
17 0.57 0.46 1.06 0.52 0.50 0.50 0.55
18 0.89 0.82 1.67 0.53 0.70 0.1 0.81
19 1.41 1.55 2.38 1.15 1.27 1.32 0.83
20 213 218 3.86 1.45 1.74 1.50 0.94
py 270 274 4.88 1.86 1.68 1.83 117
22 2.54 337 511 0.96 1.50 1.54 1.04
23 1.62 3.08 3.38 0.76 1.05 0.68 0.52
24 0.81 2.08 1.72 0.48 0.37 0.18 0.20
25 0.33 141 0.76 0.10 0.20 0.10 0.00
26 0.10 0.79 0.25 0.03 0.02 0.00 0.00
27 0.03 0.19 0.04 0.00 0.00 0.00 0.00
28 0.01 0.07 0.01 0.00 0.00 0.00 0.00
29 0.00 0.03 0.00 0.00 0.00 0.00 0.00
30 0.00 0.01 0.00 0.00 0.00 0.00 0.00
=30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 13.87 19.42 26.63 8.76 9.69 9.23 7.35
nP Normal (linear) Paraffins
isoP Iso (branched) Paraffins
M MNaphthenics
DiM Di-Naphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.00
0.02
0.07
07
0.24
0.41
0.57
0.48
0.27
0.33
013
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00

21

TriAr

0.00
0.02
0.20
0.56
0.81
0.50
0y
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2.35

Total
0.00
0.00
0.00
0.01
0.01
0.02
0.04
0.10
028
0.66
1.18
1.85
2.95
4.95
7.35
10.99
14.42
17.21
16.39
11.23
588
290
1.20
0.26
0.08
0.03
0.01
0.00

100.00



Concawe

CON 6(0GO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Tharnton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer ID
CH1 3SH

- 30731

- Concawe Sample 6

: 11-Apr-13
: 2d01_0904r5
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.01 0.00 0.53
9 0.00 0.01 0.05 0.03 6.93 0.23
10 0.21 0.09 0.60 0.37 3.39 0.91 0.05
11 0.36 0.50 0.87 0.69 0.85 1.46 0.18
12 0.34 0.49 1.00 0.66 0.70 1.63 0.31
13 0.34 0.60 111 0.94 0.85 1.83 0.50
14 0.37 0.55 1.18 1.07 0.68 1.87 0.86
15 043 0.54 1.28 1.10 0.63 1.94 0.87
16 0.45 0.63 1.22 0.75 0.83 1.62 0.74
17 0.55 0.62 1.46 0.79 0.92 1.94 0.96
18 0.65 0.79 1.44 0.73 0.84 1.36 0.87
19 0.72 0.98 1.44 0.53 1.04 1.51 077
20 0.77 0.99 1.64 0.74 1.01 1.29 0.60
21 0.76 0.90 143 0.70 0.76 1.10 0.40
22 0.70 0.88 1.26 0.55 0.78 0.74 0.31
23 0.53 0.80 0.93 0.31 0.44 0.42 0.12
24 043 0.63 0.58 0.22 0.26 0.13 0.05
24 0.21 0.48 0.32 013 012 0.04 0.01
26 0.08 0.29 0.10 0.02 0.02 0.02 0.00
27 0.02 0.07 0.03 0.00 0.00 0.00 0.00
28 0.01 0.05 0.01 0.00 0.00 0.00 0.00
29 0.00 0.02 0.00 0.00 0.00 0.00 0.00
30 0.00 0.01 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 7.98 10.89 17.96 10.33 21.59 2010 7.58
nP Mormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.01
0.09
0.37
0.67
0.587
0.39
0.33
012
019
011
0.03
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

289

TriAr

0.02
0.10
0.13
0.20
0.15
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.00
0.00
054
725
561
491
514
6.26
6.96
7.56
6.94
7.62
7.16
77
725
617
524
362
234
1.31
052
0.1
0.06
0.02
0.01
0.00
0.00
0.00
0.00

100.00



Concawe

CON 7 (OGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer 1D
CH1 3SH

- 30523

- Concawe Sample 7

1 22-Feb-13
- 2d01_2101r3
: GCxGCO01

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr
<5 0.00 0.00
5 0.01 0.00 0.01
6 0.01 0.00 0.01 0.00 0.00
i 0.01 0.01 0.05 0.00 0.01
8 0.05 0.04 0.23 0.01 0.09
9 0.28 015 0.44 0.08 0.23 0.01
10 0.38 0.26 0.57 0.33 0.32 0.26 0.00
1 0.57 0.32 0.82 0.86 0.49 1.30 0.04
12 1.21 0.58 1.80 1.65 0.85 219 0.15
13 1.77 143 275 3.00 0.99 228 0.27
14 1.81 1.81 315 315 1.08 2.02 0.46
15 1.79 1.64 322 1.89 1.28 1.84 0.41
16 1.52 1.90 2.85 1.24 1.19 1.28 0.31
17 1.32 1.24 2.90 1.34 0.90 1.06 0.39
18 1.06 1.32 237 0.82 0.63 0.77 0.26
19 0.84 1.61 1.95 1.21 0.34 0.93 0.13
20 0.65 119 1.54 0.87 0.22 0.46 0.08
py 0.46 0.54 0.98 0.49 0.07 0.28 0.05
22 0.33 0.39 0.71 0.1 0.05 0.1 0.02
23 017 0.24 0.31 0.06 0.02 0.05 0.00
24 0.08 013 013 0.03 0.00 0.01 0.00
25 0.03 0.1 0.04 0.01 0.00 0.00 0.00
26 0.01 0.03 0.02 0.00 0.00 0.00 0.00
27 0.01 0.00 0.01 0.00 0.00 0.00 0.00
28 0.00 0.00 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 14.35 14.95 26.85 1713 8.78 14.84 2.59
nP Normal (linear) Paraffins
isoP Iso (branched) Paraffins
M MNaphthenics
DiM Di-Naphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.01
0.02
0.08
0.11
0.12
0.06
0.06
0.02
0.1
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.48

TriAr

0.00
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.02

Total
0.00
0.02
0.03
0.09
042
1.19
212
439
543
12.49
13.49
12.15
10.40
9.27
7.30
7.07
503
288
172
0.83
0.38
0.20
0.06
0.02
0.00
0.00
0.00
0.00

100.00



Concawe

CON 8 (OGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Tharnton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer ID
CH1 3SH

: 30634

- Concawe Sample 8

- 15-Apr-13
: 2d01_02003r1
1 GCxGC01

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 0.00 0.00 0.07 013 0.04 0.03 0.00
12 0.00 0.00 0.51 1.46 0.66 0.69 0.01
13 0.04 0.09 2.99 7.79 2.41 292 0.12
14 013 0.90 §.22 14.19 3.05 4.81 0.14
15 0.06 285 12.19 745 1.46 333 0.03
16 0.00 3.05 817 242 0.70 0.58 0.00
17 0.00 0.60 327 0.24 0.06 0.21 0.00
18 0.00 0.08 0.60 0.01 0.00 0.00 0.00
19 0.00 0.06 0.10 0.00 0.00 0.00 0.00
20 0.00 0.02 0.02 0.00 0.00 0.00 0.00
21 0.00 0.01 0.00 0.00 0.00 0.00 0.00
22 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 0.00 0.00 0.00 0.00 0.00 0.00 0.00
26 0.00 0.00 0.00 0.00 0.00 0.00 0.00
27 0.00 0.00 0.00 0.00 0.00 0.00 0.00
28 0.00 0.00 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.23 T.67 3713 33.69 8.39 12.59 0.31
nP Mormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TriAr

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.00
0.00
0.00
0.00
0.00
028
333
16.37
3244
2737
14.93
4.39
0.69
0.16
0.04
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

100.00



Concawe

CON 9 (OGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer 1D
CH1 3SH

- 305891

- Concawe Sample 9

- 20-Mar-13
- 2d01_1103r1
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.01 0.00 0.02 0.00 0.00
7 0.01 0.01 0.08 0.00 0.02
8 0.04 0.04 0.18 0.01 0.10
9 0.11 0.10 0.30 0.06 0.32 0.01
10 0.30 0.29 0.54 0.29 0.51 0.16 0.01
1 0.56 0.49 0.80 0.78 0.59 0.74 0.10
12 0.84 0.66 1.24 1.03 0.71 1.27 0.32
13 147 1.16 1.58 1.43 0.83 1.47 0.51
14 1.46 1.51 2.02 1.50 0.84 1.48 0.64
15 1.67 1.70 212 1.06 0.98 1.23 0.50
16 1.65 1.93 212 0.82 0.91 0.98 0.39
17 1.64 1.57 248 0.85 0.85 0.88 0.39
18 1.55 1.92 214 0.52 0.74 0.67 0.36
19 1.43 237 215 0.71 0.76 0.73 017
20 1.36 2.05 1.89 0.53 0.59 041 0.14
21 1.18 1.33 1.60 041 0.46 0.31 0.11
22 0.99 1.06 1.51 017 0.37 0.22 0.09
23 0.76 0.96 1.06 012 017 0.10 0.02
24 0.50 0.61 0.61 0.10 0.09 0.07 0.02
25 0.31 0.52 0.28 0.04 0.06 0.04 0.00
26 015 0.38 0.23 0.04 0.02 0.02 0.00
27 0.07 0.12 0.04 0.00 0.00 0.00 0.00
28 0.03 0.08 0.03 0.00 0.00 0.00 0.00
29 0.01 0.04 0.01 0.00 0.00 0.00 0.00
30 0.01 0.03 0.00 0.00 0.00 0.00 0.00
3 0.00 0.01 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 17.80 2093 25.04 10.45 9.92 10.80 376
nP MNormal (linear) Paraffins
isoP Iso (branched) Paraffins
M Naphthenics
DiM Di-MNaphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.04
013
0.25
0.32
0.13
0.13
0.04
0.03
0.1
0.1
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TriAr

0.00
0.04
0.06
0.07
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.20

Total
0.00
0.01
0.03
0.13
0.36
0.89
210
405
6.09
819
958
954
9.18
§.85
5.06
§.36
6.99
5
441
319
1.99
125
0.85
0.22
0.14
0.06
0.03
0.01
0.00
0.00
0.00

100.00



Concawe

CON 11 (OGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams(@Shell.com File
Chester Analyzer ID
CH1 3SH

- 30731

- Concawe Sample 11

- 19-Apr-13
: 2d01_1704r
1 GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
i 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00
10 0.04 0.00 0.00 0.00 0.00 0.00 0.00
1" 0.12 0.00 0.00 0.00 0.00 0.00 0.00
12 0.12 0.00 0.00 0.00 0.00 0.02 0.34
13 0.16 0.00 0.05 0.07 0.04 0.48 2.3
14 1.76 0.15 1.52 1.74 0.53 1.97 1.03
15 10.87 422 5.76 228 1.41 1.90 0.35
16 4.15 8.39 543 .37 1.16 1.03 0.09
17 1.66 5.61 3.98 0.63 0.50 0.44 0.04
18 0.73 5.37 222 0.26 0.25 0.14 0.01
19 0.44 4.25 1.65 0.09 0.14 0.06 0.02
20 0.29 345 1.08 0.04 0.05 0.03 0.00
1 0.19 1.82 0.56 0.01 0.02 0.01 0.00
22 0.09 1.09 0.18 0.01 0.01 0.00 0.00
23 0.04 0.64 0.06 0.00 0.00 0.00 0.00
24 0.02 0.23 0.02 0.00 0.00 0.00 0.00
25 0.01 0.14 0.01 0.00 0.00 0.00 0.00
26 0.01 0.07 0.00 0.00 0.00 0.00 0.00
27 0.00 0.03 0.00 0.00 0.00 0.00 0.00
28 0.00 0.04 0.00 0.00 0.00 0.00 0.00
29 0.00 0.01 0.00 0.00 0.00 0.00 0.00
30 0.00 0.01 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 20.70 35.51 2251 6.49 411 6.08 4.19
nP MNormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Maphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.10
0.18
0.07
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TriAr

0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.00
0.00
0.00
0.00
0.04
012
0.49
322
5.88
26.87
21.65
12.87
8.97
6.65
493
2.61
137
074
0.26
0.16
0.08
0.03
0.04
0.01
0.01
0.00
0.00
0.00
0.00

100.00



Concawe

CON 12 (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams(@Shell.com File
Chester Analyzer ID
CH1 35H

- 30523

- Concawe Sample 12

- 04-Mar-13
- 2d01_2101rd
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Nao. nP isoP N DiN MoAr NmoAr DiAr
<5 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.01 0.00 0.01 0.00 0.00
11 0.01 0.00 0.03 0.04 0.03 0.04 0.13
12 0.06 0.02 0.15 0.15 0.1 0.21 0.73
13 0.23 0.10 0.44 0.58 0.26 0.59 1.35
14 0.59 0.29 1.02 1.60 0.50 1.19 144
15 1.16 0.58 1.74 141 1.21 1.55 1.08
16 1.62 1.24 228 1.04 1.08 141 0.96
17 214 1.33 3.06 147 1.41 1.61 1.20
18 2.07 2.08 2.92 1.27 1.23 1.50 0.93
19 1.97 281 278 1.18 1.16 1.67 0.64
20 1.67 259 233 113 0.98 1.06 0.51
21 1.23 1.35 1.72 0.63 0.70 0.77 0.45
22 0.89 0.99 1.28 0.33 0.50 0.44 0.33
23 0.59 0.65 0.79 0.25 0.23 0.26 0.12
2 0.38 0.55 043 0.08 0.16 0.1 0.06
25 0.25 0.39 0.23 0.09 0.07 0.06 0.01
26 0.15 0.28 0.11 0.04 0.04 0.07 0.01
27 0.08 0.10 0.09 0.01 0.02 0.07 0.00
28 0.05 0.07 0.03 0.01 0.00 0.03 0.00
29 0.02 0.04 0.01 0.00 0.00 0.01 0.00
30 0.01 0.02 0.00 0.00 0.00 0.00 0.00
31 0.01 0.01 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.19 15.49 21.46 11.30 9.69 12.66 9.94

nP Normal (linear) Paraffins

isoP Iso (branched) Paraffins

M Naphthenics

DiM Di-Naphthenics

MaAr Mono-Aromatics

NmoAr Naphthenic-mono-Aromatics

DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.04
018
0.37
0.67
0.39
0.55
0.43
0.19
0.08
0.08
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TriAr

0.00
0.09
0.32
0.38
0.32
0.09
0.04
0.03
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.27

Total
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.30
143
358
6.81
919
1063
12.98
12 86
1273
1049
6.96
4.83
2.90
178
11
0.70
0.36
0.19
0.08
0.04
0.01
0.01
0.00

100.00



Concawe

CON 13 (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Tharnton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer ID
CH1 3SH

30523

- Concawe Sample 13

- 06-Mar-13
 2d01_2101r7
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.01 0.01 0.00 0.01 0.02
13 0.00 0.00 0.03 0.04 0.01 0.03 0.09
14 0.02 0.01 0.09 0.16 0.05 013 0.12
15 0.04 0.03 0.22 0.18 0.18 0.27 0.31
16 0.08 0.07 0.41 0.29 0.29 0.36 0.36
17 0.16 0.13 0.92 0.59 0.49 0.58 0.62
18 0.28 0.27 1.35 0.71 0.72 0.94 0.69
19 0.38 0.54 1.90 1.60 0.91 1.71 0.74
20 0.44 0.72 217 1.52 0.88 1.33 0.79
21 048 0.61 242 1.84 0.67 1.39 0.91
22 0.52 0.60 251 1.20 1.00 1.28 0.64
23 0.53 0.72 228 1.24 0.63 1.12 0.73
24 0.49 0.64 2.03 1.02 0.81 1.07 0.71
24 0.46 0.76 1.82 1.30 0.59 1.02 0.44
26 0.39 0.63 144 0.70 0.55 1.77 0.37
27 0.32 0.43 1.21 0.66 0.33 1.97 0.52
28 0.28 0.40 1.03 011 0.24 1.55 0.54
29 0.21 0.34 0.84 0.15 0.30 1.08 0.39
30 0.14 0.26 0.56 011 0.26 0.70 0.28
3 012 0.22 0.52 0.06 0.34 0.42 0.16
32 0.08 017 0.30 0.10 0.22 0.24 0.09
33 0.06 017 012 0.05 0.22 013 0.04
=33 0.09 0.40 017 018 0.21 0.09 0.00
Total 556 8.12 24 37 13.82 9.89 1917 957
nP Mormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.00
0.05
0.08
0.34
0.70
0.67
0.50
0.73
0.46
0.50
0.40
0.32
0.26
0.20
0.38
0.23
0.36
0.24
0.10
0.06
0.02
0.00

TriAr

0.00
0.02
0y
0.39
0.28
0.45
0.48
0.28
0.19
0.10
0.06
0.05
0.07
0.05
0.08
0.22
0.00
0.00
0.00
0.00
0.00

2.90

Total
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.05
022
0.62
133
2.37
4.58
592
873
9.06
9.06
544
775
715
6.70
6.13
5.87
4.46
3.89
2.55
193
126
0.80
113

100.00



Concawe

Middle-distillate exhaustive analysis report

TASE
Shell Global Solutions

Shell Technology Centre Thornton

PO Box 1
Chester
CH1 35H

Analyst
Phone

CON 14 (VHGO)

- Carole_Adams

- +44 (0)151 373 5562
Fax: +44 (0)151 373 5220

E-Mail

: Carole.Adams@Shell.com

Job Mo
Sample
Date

File
Analyzer ID

- 30634

- Concawe Sample 14

- 27-March_13
: 2d01_2003r2
: GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These
factors have been calculated through the ECN method as published by Sternberg et al.
The factor used for <C5 is that of C4 and for =C30 is that of C30

Results reported as 0.00 should be read as <0.01

C Mo. nP isoP
<h 0.00 0.00
5 0.00 0.00
6 0.00 0.00
i 0.00 0.00
8 0.00 0.00
9 0.00 0.01
10 0.01 0.04
11 0.03 0.09
12 0.09 0.19
13 0.20 0.43
14 0.41 0.82
15 0.69 1.32
16 0.79 1.72
17 0.96 1.63
18 0.98 21
19 1.04 244
20 1.08 220
21 1.02 1.59
22 0.93 1.684
23 0.83 1.49
2 0.75 1.34
25 0.56 1.08
26 043 0.94
27 0.29 0.66
28 0.18 0.44
29 0.10 0.30
30 0.06 014
3 0.03 0.07
32 0.02 0.06
33 0.01 0.03
34 0.00 0.01
35 0.00 0.01
Total 11.49 23.01
nP Normal (linear) Paraffins
isoP Iso (branched) Paraffins
M MNaphthenics
DiM Di-Naphthenics
MoAr Mono-Aromatics

0.00
0.00
0.01
0.05
0.10
0.20
0.36
0.61
1.08
197
2.60
2.73
297
2.98
257
2.93
2.36
2.25
1.80
1.22
1.09
0.75
0.40
0.27
0.19
0.09
0.04
0.02
0.00
0.00
0.00

3145

NmoAr Naphthenic-mono-Aromatics

DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics

Trifr Tri-Aromatics

DiN

0.00
0.00
0.00
0.03
0.16
0.42
0.587
0.86
1.44
1.16
0.98
0.87
0.45
0.47
0.32
0.25
0.26
0.12
0.09
0.06
0.02
0.02
0.02
0.02
0.01
0.00
0.00
0.00
0.00
0.00

MoAr

0.00
0.00
0.01
0.04
0.07
0.18
0.42
0.73
0.67
0.96
1.05
0.92
0.77
0.79
0.63
0.50
0.45
0.24
0.22
0.0v7
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

NmoAr

0.02
0.27
0.93
1.20
1.47
1.61
1.54
1.22
0.99
0.57
0.58
0.40
0.28
0.10
0.10
0.04
0.03
0.08
0.07
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00

11.52

DiAr

0.01
0.08
0.21
0.48
0.78
0.51
0.31
0.32
0.22
0.14
0.08
0.04
0.04
0.02
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.26

MdiAr

0.01
0.22
0.49
0.51
0.27
010
0.07
0.04
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.73

TriAr

0.00
0.02
0.06
0.07
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.00
0.02
0.07
0.20
0.76
209
3.29
5.46
7.99
933
910
583
8517
5.08
7.66
6.06
5.89
4.60
367
2.90
223
145
0.93
0.62
0.30
0.14
0.10
0.04
0.01
0.01

100.00



Concawe

CON 15 (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams(@Shell.com File
Chester Analyzer ID
CH1 35H

30523

- Concawe Sample 15

- 05-Mar-13
- 2d01_2101r5
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Nao. nP isoP N DiN MaAr NmoAr DiAr
<5 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.02 0.00 0.00
8 0.00 0.01 0.1 0.01 0.10
9 0.20 0.19 0.66 0.07 0.64 0.02
10 0.21 0.48 0.64 0.28 0.45 0.23 0.01
11 0.23 0.35 0.62 0.43 0.40 0.59 0.05
12 0.23 0.33 0.7 0.45 0.41 0.84 0.13
13 0.25 0.43 0.74 0.63 0.52 1.05 0.29
14 0.29 0.39 0.90 0.80 0.52 1.22 0.39
15 0.33 0.41 0.89 0.69 0.75 1.20 0.69
16 0.36 0.55 0.94 0.62 0.75 1.16 0.62
17 047 0.53 1.25 0.88 0.85 1.32 0.66
18 0.57 0.68 1.10 0.65 0.74 1.22 0.71
19 0.59 0.92 1.46 0.77 1.03 1.58 0.54
20 0.69 111 1.54 117 1.1 1.55 0.48
21 0.79 0.93 1.45 0.83 0.87 1.65 0.59
22 0.87 1.00 1.70 0.84 1.51 1.39 0.52
23 0.80 1.04 1.51 0.75 1.02 1.1 0.35
24 0.76 1.07 1.35 041 1.07 0.85 0.27
25 0.64 1.14 1.08 0.59 147 0.45 0.23
26 0.51 111 0.81 0.46 0.59 0.53 0.12
27 0.34 0.69 0.49 0.23 0.35 0.44 0.10
28 0.20 0.53 0.31 0.07 0.07 0.19 0.03
29 0.08 0.37 0.11 0.07 0.06 0.05 0.00
30 0.02 0.15 0.01 0.00 0.00 0.00 0.00
31 0.01 0.03 0.01 0.00 0.00 0.00 0.00
32 0.01 0.02 0.00 0.00 0.00 0.00 0.00
33 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Total 9.44 14.48 2041 11.68 15.00 18.63 6.77

nP Mormal (linear) Paraffins

isoP Iso (branched) Paraffins

N Maphthenics

DiM Di-Naphthenics

MoAr Mono-Aromatics

NmoAr MNaphthenic-mono-Aromatics

DiAr Di-Aromatics

NdiAr MNaphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.01
0.09
07
0.34
0.53
0.36
0.36
0.34
0.21
0.19
0.15
012
0.06
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00

297

TriAr

0.00
0.00
0.03
0.07
0.09
0.15
0.13
0.10
0.04
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.00
0.02
0.24
1.78
2.28
2.68
3.09
394
460
513
537
6.55
6.11
7.39
81
T.42
5.06
6.77
590
536
416
264
139
074
0.18
0.05
0.03
0.01

100.00



Concawe

CON 16(i) (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer 1D
CH1 3SH

- 305891

- Concawe Sample 16(i)

- 22-Mar-13
- 2d01-1103r6
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.02 0.00 0.00
7 0.02 0.01 0.09 0.00 0.03
8 015 0.09 0.54 0.05 0.59
9 1.28 0.66 1.48 0.31 1.52 0.03
10 1.48 1.59 1.76 077 1.09 0.26 0.07
1 157 1.32 1.58 0.34 0.84 0.66 0.23
12 1.53 1.10 1.73 0.34 0.72 1.01 0.32
13 1.59 1.37 1.80 111 0.72 1.14 0.35
14 1.60 1.45 1.86 1.12 0.55 1.08 0.38
15 1.56 1.26 1.76 0.78 0.60 0.95 0.29
16 1.37 1.54 1.58 0.438 0.56 0.69 0.26
17 1.37 0.96 1.73 0.51 0.60 0.74 0.33
18 1.21 1.21 1.48 0.39 0.56 0.50 0.26
19 1.16 1.60 1.40 0.50 0.60 0.60 0.21
20 1.05 1.41 1.39 0.48 0.48 0.42 0.15
21 0.93 0.91 1.09 0.37 0.43 0.40 0.09
22 0.80 0.68 1.08 0.21 0.37 0.30 0.12
23 0.66 0.70 0.80 0.20 0.26 0.23 0.05
24 0.55 0.55 0.61 0.10 0.26 015 0.05
25 0.41 0.52 0.36 013 0.14 013 0.02
26 0.30 0.42 0.30 0.09 0.09 0.14 0.01
27 0.20 0.26 017 0.07 0.02 0.10 0.00
28 0.12 0.18 0.10 0.03 0.00 0.00 0.00
29 0.08 0.12 0.06 0.00 0.00 0.00 0.00
30 0.04 0.06 0.03 0.00 0.00 0.00 0.00
3 0.02 0.04 0.00 0.00 0.00 0.00 0.00
32 0.01 0.03 0.00 0.00 0.00 0.00 0.00
33 0.01 0.01 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 21.09 20.06 24.80 9.39 11.02 9.54 321
nP MNormal (linear) Paraffins
isoP Iso (branched) Paraffins
M Naphthenics
DiM Di-MNaphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.02
0.08
018
0.16
0.08
0.11
0.04
0.02
0.1
0.1
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.72

TriAr

0.00
0.02
0.04
0.05
0.02
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.02
0.16
141
529
7.01
7.04
725
510
812
741
6.68
6.37
574
6.14
542
425
358
2.90
227
172
1.36
0.82
0.43
0.26
0.13
0.07
0.04
0.02
0.00

100.00



Concawe

CON 16(ii) (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Tharnton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer ID
CH1 3SH

- 30591

- Concawe Sample 16 (ii)

- 21-Mar-13
: 2d01_1103r5
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.02 0.00 0.00
7 0.01 0.01 0.08 0.00 0.02
8 0.04 0.04 0.19 0.01 0.09
9 0.16 0.11 0.31 0.06 0.24 0.01
10 0.32 0.30 0.49 0.24 0.32 0.14 0.00
11 0.61 0.43 0.68 0.46 0.41 0.52 0.05
12 0.81 0.40 2.7 0.65 0.47 0.93 0.21
13 1.23 0.89 1.54 0.98 0.59 1.20 0.36
14 1.68 1.25 1.84 1.23 0.65 1.25 0.46
15 2.30 434 288 0.82 0.86 147 0.34
16 1.94 1.86 5.32 0.64 0.76 0.87 0.31
17 2.06 1.54 215 0.72 0.78 0.89 0.44
18 1.87 210 2.05 0.44 0.75 0.69 0.25
19 1.59 279 2.66 0.56 0.72 0.66 0.16
20 1.33 2.08 207 0.50 0.56 0.42 0.14
21 1.02 1.53 1.06 0.34 0.40 0.39 0.10
22 0.74 1.04 0.88 0.14 0.29 0.25 0.06
23 0.53 0.75 0.61 012 017 013 0.03
24 0.37 0.46 0.35 0.07 0.09 0.06 0.01
24 0.24 0.42 0.19 0.07 0.05 0.03 0.00
26 014 0.34 0.09 0.03 0.02 0.02 0.00
27 0.06 0.09 0.04 0.00 0.00 0.00 0.00
28 0.02 0.06 0.02 0.00 0.00 0.00 0.00
29 0.01 0.08 0.00 0.00 0.00 0.00 0.00
30 0.00 0.03 0.00 0.00 0.00 0.00 0.00
3 0.00 0.01 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 19.12 22 96 2825 8.09 8.26 9.64 2.92
nP Mormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.02
0.09
017
0.19
0.07
0.07
0.03
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TriAr

0.00
0.02
0.03
0.03
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.03
0.13
0.38
0.90
183
317
6.18
6.81
845
12.90
11.92
5.68
8.23
917
712
485
M
233
143
1.01
064
0.20
0.1
0.10
0.03
0.01
0.00
0.00
0.00

100.00



Concawe

CON 16(iii) (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No: 30591

Shell Global Solutions Phone: +44 (0)151 373 5562 Sample: Concawe Sample 16 (iii
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date: 22-Mar-13

PO Box 1 E-Mail: Carole Adams@Shell.com File: 2d01_1103r7

Chester Analyzer |D: GCxGCO1

CH1 3SH

Results  All results are in % wt by means off the use of theoretical FID respons factors. These
factors have been calculated through the ECN method as published by Sternberg et al.
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr MNdiAr TriAr Total
<h 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00
6 0.00 0.00 0.01 0.00 0.00 0.02
7 0.01 0.01 0.07 0.00 0.02 0.10
8 0.01 0.02 013 0.00 0.09 0.26
9 0.04 0.05 0.16 0.03 0.39 0.04 0.70
10 0.08 012 0.24 011 0.58 0.37 0.01 1.52
1 014 019 0.30 0.24 0.52 1.47 0.19 3.06
12 0.22 0.24 0.41 0.29 0.43 210 0.55 4.25
13 0.36 0.40 0.56 0.44 0.48 2.04 0.90 017 535
14 0.52 0.55 0.74 0.60 0.38 1.44 1.07 0.53 0.03 58T
15 0.64 0.61 0.87 0.44 0.45 1.14 0.69 0.87 0.19 5.90
16 0.71 0.75 0.97 0.38 0.51 0.79 0.71 0.81 0.30 5.92
17 0.89 0.63 1.33 0.43 0.60 0.86 0.79 0.39 0.41 6.33
18 1.00 0.91 1.37 0.44 0.68 0.66 0.64 0.49 0.20 6.40
19 1.21 1.34 1.54 0.53 0.85 0.85 0.45 0.18 0.09 7.04
20 1.35 1.48 1.81 0.75 0.86 0.71 0.39 0.22 0.07 7.65
21 145 1.04 1.66 0.66 0.80 0.78 0.33 0.08 0.00 6.81
22 1.47 113 1.85 0.53 0.85 0.65 0.35 0.09 0.00 6.91
23 1.38 1.27 1.80 0.44 0.65 0.54 0.20 0.04 0.00 6.31
24 1.21 111 1.39 0.21 0.61 0.40 0.22 0.04 0.00 518
25 1.01 1.00 0.95 0.39 0.49 0.29 0.13 0.01 0.00 427
26 0.76 0.98 0.88 0.30 0.29 0.45 0.13 0.00 0.00 T
27 0.52 0.66 0.50 0.22 0.11 0.39 0.08 0.00 0.00 248
28 0.36 0.55 0.34 0.14 0.05 0.21 0.04 0.00 0.00 1.69
29 0.23 0.34 0.25 0.07 0.01 0.12 0.02 0.00 0.00 1.05
30 013 021 0.15 0.04 0.00 0.00 0.00 0.00 0.00 0.53
3 0.08 013 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.28
32 0.05 0.09 0.04 0.00 0.00 0.00 0.00 0.00 0.00 017
33 0.02 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.10
=33 0.02 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07
Total 15.87 15.91 2043 7.70 10.70 16.29 787 392 1.29 99.99
nP MNormal (linear) Paraffins
isoP Iso (branched) Paraffins
M Naphthenics
DiM Di-MNaphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics



Concawe

CON 17 (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Tharnton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer ID
CH1 3SH

- 30591

- Concawe 17
- 21-Mar-13

: 2d01_1103r3
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.01 0.00 0.01 0.00 0.00
7 0.02 0.02 0.07 0.00 0.01
8 0.07 0.11 0.63 0.03 0.16
9 0.33 0.93 1.91 0.22 0.31 0.02
10 0.345 1.14 1.83 0.71 0.35 0.16 0.01
11 0.46 1.16 1.74 1.19 0.49 0.45 0.05
12 0.80 1.38 1.99 1.28 0.59 0.61 0.10
13 0.83 1.64 2.09 1.30 0.65 0.74 017
14 0.82 1.78 207 1.21 0.65 0.79 0.25
15 0.88 1.74 219 0.94 0.86 0.63 0.19
16 0.80 1.97 210 0.79 0.78 0.70 0.14
17 0.77 1.72 2.30 0.83 077 0.62 0.7
18 0.71 2.02 2.26 0.43 0.72 0.46 0.12
19 0.64 214 1.93 0.72 0.71 0.44 0.12
20 0.60 218 227 0.58 0.64 0.28 0.09
21 0.61 1.71 2.0 0.43 0.44 0.25 0.09
22 0.60 1.56 1.94 0.18 0.39 0.09 0.10
23 0.55 1.72 1.48 0.09 0.24 0.06 0.05
24 0.42 1.51 0.82 0.02 0.08 0.04 0.01
24 0.19 1.08 0.33 0.03 0.03 0.02 0.00
26 0.09 0.69 0.20 0.01 0.01 0.01 0.00
27 0.05 0.32 0.08 0.00 0.00 0.00 0.00
28 0.02 0.16 0.04 0.00 0.00 0.00 0.00
29 0.01 0.10 0.03 0.00 0.00 0.00 0.00
30 0.00 0.06 0.00 0.00 0.00 0.00 0.00
3 0.00 0.02 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 10.62 28.89 32 11.01 8.91 6.35 1.63
nP Mormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.01
0.04
0.06
0.05
0.04
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TriAr

0.00
0.00
0.02
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.02
0.12
1.00
372
454
555
6.75
743
7.60
749
7.36
7.24
6.75
6.71
6.65
554
487
419
29
167
1.01
0.45
0.22
0.14
0.06
0.02
0.00
0.00
0.00

100.00



Concawe

CON 18 (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer 1D
CH1 3SH

- 305891

- Concawe Sample 18

- 21-Mar-13
- 2d01_1103rd
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.01
6 0.01 0.00 0.02 0.00 0.00
7 0.02 0.02 0.06 0.00 0.01
8 0.03 0.04 0.10 0.01 0.02
9 0.05 0.06 012 0.03 0.06 0.00
10 0.10 012 017 0.08 0.09 0.01 0.00
1 013 013 0.22 013 0.10 0.05 0.04
12 017 0.14 0.30 0.16 0.12 011 0.11
13 0.23 0.22 0.37 0.23 0.16 0.19 0.18
14 0.31 0.28 0.46 0.28 017 0.24 0.26
15 0.38 0.33 0.55 0.21 0.29 0.29 0.18
16 0.45 0.51 0.61 0.21 0.33 0.26 0.25
17 0.54 0.45 0.87 0.27 0.46 0.39 0.37
18 0.65 0.73 0.96 0.21 0.57 0.38 0.43
19 0.82 1.01 1.15 0.43 0.91 0.59 0.70
20 1.16 1.44 1.92 0.70 1.36 0.82 0.85
21 1.95 1.41 267 0.88 228 1.30 158
22 2.85 230 353 1.05 2.81 1.41 2.16
23 239 277 3.29 0.71 224 1.10 1.75
24 1.68 265 214 0.33 1.60 0.69 1.13
25 0.91 1.91 1.12 0.33 0.85 0.32 0.35
26 0.36 1.56 0.55 011 0.22 0.12 0.03
27 0.08 0.46 0.12 0.00 0.00 0.00 0.00
28 0.02 0.23 0.02 0.00 0.00 0.00 0.00
29 0.00 0.04 0.00 0.00 0.00 0.00 0.00
30 0.00 0.01 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.29 18.83 2133 6.46 14.64 8.28 10.37
nP MNormal (linear) Paraffins
isoP Iso (branched) Paraffins
M Naphthenics
DiM Di-MNaphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.01
0.03
0.09
0.18
07
0.35
0.30
0.41
0.28
0.33
07
010
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

243

TriAr

0.01
0.08
0.26
0.67
0.65
0.43
0.15
0.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

237

Total
0.00
0.01
0.04
0.11
0.20
0.31
0.58
0.80
11
157
203
240
3.06
4.18
4.93
6.34
§.81
12.48
16.44
14 .41
10.39
587
296
0.66
0.26
0.05
0.01
0.00
0.00
0.00
0.00

100.00



Concawe

CON 19 (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Tharnton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer ID
CH1 3SH

- 30591

- Concawe Sample 19

- 21-Mar-13
- 2d01_1103r2
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C Mo. nP isoP M Dil MaoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.02 0.00 0.01
8 0.01 0.01 0.05 0.00 0.04
9 0.06 0.03 013 0.03 0.18 0.02
10 0.22 0.11 0.35 0.21 0.36 0.42 0.06
11 0.74 0.25 0.81 0.55 0.63 1.66 0.74
12 1.60 0.62 1.55 111 0.92 251 1.78
13 216 1.19 217 1.56 1.00 267 1.86
14 2.30 1.51 249 1.76 0.86 229 1.77
15 2.1 1.38 242 1.16 111 1.86 1.02
16 1.92 1.64 218 0.85 0.g8 1.24 0.85
17 1.62 1.16 2.05 0.84 0.71 1.05 0.g2
18 1.30 1.18 1.56 0.45 0.62 0.66 0.52
19 1.00 1.15 1.55 0.56 0.52 0.59 0.24
20 0.76 0.87 1.37 0.29 0.31 0.35 0.14
21 0.53 0.56 0.81 0.18 0.20 0.23 0.03
22 0.31 0.39 0.53 0.08 0.10 0.09 0.02
23 0.16 0.31 0.30 0.05 0.04 0.03 0.00
24 0.08 0.14 0.11 0.02 0.01 0.01 0.00
24 0.04 0.09 0.05 0.01 0.00 0.00 0.00
26 0.02 0.04 0.03 0.00 0.00 0.00 0.00
27 0.01 0.02 0.01 0.00 0.00 0.00 0.00
28 0.01 0.01 0.00 0.00 0.00 0.00 0.00
29 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 17.05 12.66 20.56 9.72 8.51 15.68 9.84
nP Mormal (linear) Paraffins
isoP Iso (branched) Paraffins
N Maphthenics
DiM Di-Maphthenics
MoAr Mono-Aromatics
NmoAr Maphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.32
0.77
0.95
1.19
0.59
0.26
015
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

4.30

TriAr

0.20
0.56
0.49
0.34
0.08
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
0.00
0.00
0.01
0.03
012
0.46
172
537
10.09
12.94
13.96
12 67
11.23
917
6.62
576
413
254
151
0.89
037
020
0.09
0.04
0.02
0.01
0.00
0.00
0.00
0.00
0.00

100.00



Concawe

CON 20 (VHGO)

Middle-distillate exhaustive analysis report

TASE Analyst: Carole Adams Job No
Shell Global Solutions Phone: +44 (0)151 373 5562 Sample
Shell Technology Centre Thornton Fax: +44 (0)151 373 5220 Date
PO Box 1 E-Mail: Carole Adams@Shell.com File
Chester Analyzer 1D
CH1 3SH

- 30523

- Concawe Sample 20

- 06-Mar-13
- 2d01_2101r6
- GCxGCO1

Results  All results are in % wt by means off the use of theoretical FID respons factors. These

factors have been calculated through the ECN method as published by Sternberg
The factor used for <C5 is that of C4 and for =C30 is that of C30
Results reported as 0.00 should be read as <0.01

C MNo. nP isoP M Dil MoAr NmoAr DiAr
<h 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.01 0.00 0.01 0.00
10 0.01 0.01 0.04 0.02 0.03 0.00 0.00
1 0.02 0.01 0.06 0.05 0.02 0.02 0.02
12 0.04 0.02 012 0.09 0.05 0.06 0.09
13 0.07 0.05 0.19 0.21 0.08 0.14 0.23
14 013 0.10 0.33 0.33 0.15 0.26 0.21
15 0.22 0.16 0.50 0.30 0.31 0.35 0.36
16 0.35 0.30 0.66 0.3 0.45 0.33 0.36
17 0.49 0.36 1.1 0.53 0.58 0.49 0.43
18 0.66 0.64 1.32 0.38 0.68 0.64 0.49
19 0.86 1.05 1.62 0.86 1.00 0.81 0.48
20 1.04 1.39 1.96 0.93 1.04 0.84 0.52
21 1.19 1.18 2.04 0.87 1.1 0.85 0.83
22 1.26 1.22 2.36 0.73 1.34 0.83 0.92
23 147 1.32 222 0.62 0.91 0.79 0.66
24 1.07 1.36 1.97 0.42 1.07 0.83 0.65
25 1.00 1.47 1.59 0.67 0.85 0.70 0.49
26 0.86 1.43 147 0.42 0.83 0.74 0.35
27 0.73 0.97 1.05 0.27 0.41 0.73 0.43
28 0.55 0.80 0.80 0.11 0.38 0.91 0.2y
29 0.41 0.76 0.62 0.21 0.33 0.62 0.18
30 0.29 0.48 0.43 0.15 0.21 0.45 0.15
3 0.20 0.29 0.28 0.12 0.22 0.20 0.07
32 015 0.30 0.16 0.16 0.19 0.12 0.04
33 0.09 0.25 0.05 0.07 0.12 0.06 0.01
=33 012 0.45 0.04 018 0.06 0.00 0.00
Total 12.93 16.40 2273 8.98 12.41 11.79 824
nP MNormal (linear) Paraffins
isoP Iso (branched) Paraffins
M Naphthenics
DiM Di-MNaphthenics
MoAr Mono-Aromatics
NmoAr Naphthenic-mono-Aromatics
DiAr Di-Aromatics

NdiAr Naphthenic-di-Aromatics
TriAr Tri-Aromatics

et al.

NdiAr

0.00
0.06
0.08
0.28
0.49
0.39
0.40
0.40
0.3
0.28
0.30
019
0.14
013
0.18
0.10
0.12
0.08
0.05
0.02
0.1
0.00

TriAr

0.00
0.02
0.18
0.38
0.35
0.32
0.46
0.28
0.16
0.06
0.05
0.03
0.03
0.02
0.03
0.09
0.00
0.00
0.00
0.00
0.00

247

Total
0.00
0.00
0.00
0.00
0.01
0.03
0.1
0.20
047
0.98
157
230
3.22
4.86
5564
7.39
859
5.66
509
8.05
7.61
6.94
596
4.80
3.94
334
2.23
143
114
0.67
0.86

100.00
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APPENDIX 28 EXAMPLEOF PHYSICAL DISTILATION REPORT (SAMPLEL9 -
LBPN)

S d Sunbury Technology Centre

ITS Testing Services (UK) Ltd
Sunbury Technology Centre
Unit "A’ Shears Way
Brooklands Close
Sunbury-on-Thames

Middlesex TW16 7EE

Tel - 01932 73 2100

Fax : 0193273 2113

To: Stuart Forbes Report No. RT/CMS/11228_019_D86
The European Petroleum Refiners Association AISBL  Date: 01/12/2104
Boulevard de Souverain 165
B-1160 Brussels Phoenix No. UK760-0017928
Belgium Order No. 201410221
Quote No. QT/SUN/14120
Date Sample(s) Received 14/11/2014

ASTM D86 (EN ISO 3405) Distillation of Sample 019 (ITS-268109)

Method: ASTM/D86 / EN ISO 3405: “Petroleum products — Determination of distillation characteristics at
atmospheric pressure”

Ambient temperature at time of measurement was 18.8

Barometric pressure at time of measurement was 759.59 mmHg

Registered in England
No. 1408264
Registered Office

3" Floor

25 Savile Row
London W15 2ES

Page 1 of 2

All services or work performed by ITS Testing Services (UK) Ltd are pursuant to
the terms and conditions set at http2/www.intertek-cb.comfterms/826-06

70




( Concawe report no. 5/19

Report No. RT/CMS/11228_019_D86

Results:
ANALYSIS by D86 RESULTS UNITS
D86 Initial Boiling Point 837 T
D86 05 % Recovered 933 T
D86 10 % Recovered 954 T
D86 20 % Recovered 982 T
D86 30 % Recovered 101.0 T
D86 40 % Recovered 104.3 T
D86 50 % Recovered 107.8 =
D86 60 % Recovered 1119 T
D86 70 % Recovered 116 4 T
D86 80 % Recovered 1219 T
D86 90 % Recovered 1292 T
D86 95 % Recovered 134.0 =
D86 Final Boiling Point 147 2 T
D86 Corrected Recovery 991 % vol
D86 Combined Observed Recovery + Residue 99.8 % vol

Analysis has been carried out on a sub-sample of the sample as received, independent of sampling procedure, using
the latest versions of all test methods.

Samples will be disposed of after 1 month unless alternative arrangements have been made in agreement with the
customer.

Reported By: Checked By: %ﬁ E ;

Rose King Sandra McCullough
Senior Analyst Senior technical Specialist

Contact No.: +44(0)1932 732 123
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APPENDIX 30 EXAMPLEOF SIMDISGC REPORTSAMPLE 023- LBPN)

ez Sunbury Technology Centre

ITS Testing Services (UK) Ltd
Sunbury Technology Centre
Unit ‘A" Shears Way
Brooklands Close

Sunbury-on-Thames
Middlesex TW16 7TEE
Tel: 0193273 2100
Fax : 0193273 2113

To:

Stuart Forbes

The European Petroleum Refiners Association AISBL

Boulevard de Souverain 165
B-1160 Brussels
Belgium

Report No.
Date:

Phoenix No.

Order No.

Quote No

Date Sample(s) Received

RT/CMS/11228_023_GC
08/12/2104

UK760-0017928
201410221
QT/SUN/14120
14/11/2014

ASTM D7096 Analysis Report

Sample Number

023

Lab Sample No.

CMS-268111

Test Method - ASTM D7096" — “Determination of boiling range distribution of gasoline by wide-bore

capillary gas chromatography”

Analysis carried out using an Agilent gas chromatograph model 68390 and analysis conditions as set out
below.

Gas Chromatograph Agilent 6890
Column length, m 30

Column internal diameter, mm | 0 53
Column material HP-1
Stationary phase Methyl silicone
Film thickness, pm 5

Initial oven temperature, T 40

Final column temperature, T 245
Program rate, T/min 25

Injector temperature, T 250
Detector temperature, T 250

Carrier gas Helium

Carrier gas flow rate, ml/min

Sml/min to 20mlmin @ 60ml/min

Sample size, pl

0.3

Sample concentration, %(m/m) | neat
Split ratio 1:50
Detector FID
Software Analytical Controls Simdis Version 7.2.0.0

Calibration Mix

AC Calibration blend C5 —C16

Page 1 of 4

All services or work performed by ITS Testing Services (UK) Ltd are pursuant to

the terms and conditions set at

http-/iwww intertek com/\WorkArea/DownloadAsset aspx?id=14263 This Test

report shall not be reproduced except in full, without written approval of the

laboratory.

Registered in England
No. 1408264
Registered Office
Academy Place

1-9 Brook Street
Brentwood

Essex CM14 5NQ
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RT/CMS/11228_023_GC

Recovered BP Recovered

vol%o °C vol%
BP 255 300
50 200 350
10.0 205 400
150 355 450
200 340 500
250 3453 350

BP Distribution table - Percent

BP Recovered

ol vol%
360 60.0
570 65.0
575 70.0
500 15.

630 80.0
655 §5.0

BP Recovered BP

°C

695
700
71.0
8§15
805
010

vol% °C
e0.0 Q3
95.0 98
FBP 111

A carbon number distribution” was calculated from the data given in above using the CONCAWE guidelines
recommending “the use of the boiling points of each carbon number of the normal paraffins to calculate the
amount of product recovered at each temperature “. These values are given below.

Boiling Point/ T Carbon number Mass %
-42.0 C3 <0.1
-0.5 Cc4 0.2
361 C5 30.0
68.7 C6 292
98.4 c7 36.4
1257 c8 4.2
151.0 c9 <0.1
174.1 C10 <0.1
Page 2 of 4

All services or work performed by ITS Testing Services (UK) Ltd are pursuant to
the terms and conditions set at
http/hwww.intertek.com/WorkArea/DownloadAsset aspx?id=14263. This Test

report shall not be reproduced except in full, without written approval of the

laboratory.

Registered in England
No. 1408264
Registered Office
Academy Place

1-9 Brook Street
Brentwood

Essex CM14 ENQ
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RT/ICMS/11228_023_GC

|eusIy

3500

Carbon Number
345 6 7 H 0 10 1112 13 141516

3000_|

2500

2000_|

1500_|

1000_|

Start time 0,7333

FEBP 112

ind ime 59333

rr
34 5 7 8 9 10 11

Retention Time (min)

(G 25
to—f

—
o —

Page 3 of 4

All services or work performed by ITS Testing Services (UK) Ltd are pursuant to
the terms and conditions set at

hittpfwww intertek com/MWorkAreaDownloadAsset aspx?id=14263 . This Test
report shall not be reproduced except in full, without written approval of the

laboratory.

Registered in England
No. 1408264
Registered Office
Academy Place

1-9 Brook Street
Brentwood

Essex CM14 5NQ
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RT/ICMS/11228_023_GC

100

o0

80_|

Do dél

Boiling point distribution plot
110

40 30 60 70 80 00 100

* Test not UKAS accredited

Analysis has been carried out on a sub-sample of the sample as received, independent of sampling procedure, using

the latest versions of all test methods.

Samples will be disposed of after 1 month unless alternative arrangements have been made in agreement with the

customer.

Reported By: % ;

Sandra McCullough
Senior Technical Specialist

Contact No.: +44(0)1932 732 123

éZf\“_*_
Checked By:

Kirsty Clark
Technical Specialist

Page 4 of 4 ) )
Registered in England

All services or work performed by ITS Testing Services (UK) Ltd are pursuant to
the terms and conditions set at

http/iwww.intertek com/WorkArea/DownloadAsset aspx?id=14263. This Test
report shall not be reproduced except in full, without written approval of the
laboratory.

No. 1408264
Registered Office
Academy Place
1-9 Brook Street
Brentwood

Essex CM14 5NQ
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APPENDIX 40 EXAMPLEOF SIMDISGC REPORTSAMPLE 049- KEROSIE)

NGEREY Sunbury Technology Centre

ITS Testing Services (UK) Ltd
Sunbury Technology Centre
Unit "A" Shears Way
Brooklands Close
Sunbury-on-Thames

Middlesex TW18 7EE

Tel : 01932 73 2100

Fax : 0193273 2113

To: Stuart Forbes

The Eurcpean Petroleum Refiners Association AISBL

Report No.
Date:

Boulevard de Souverain 165

B-1160 Brussels
Belgium

Phoenix Mo.
Order Mo.
Quote No.

Date Sample(s) Received

AT/CMS/M11228_ 049 GC
0912/2104

UK7E0-0017928
201410221
QT/SUNM4120
14/11/2014

ASTM D2887 Analysis Report

Sample Number

0439

Lab Sample No.

CMS-258130

Test Method — ASTM D2887" — “Standard Test Method for Boiling Hange Distribution of Petroleum
Fractions by Gas Chromatography.”

Analysis carmried out using an Agilent gas chromatograph model 6890 and analysis conditions as set out

below.

Gas Chromatograph Agilent 6830

Column length, m 10

Column internal diameter. mm_ | 0.53

Column matenal HP-1

Stationary phase Methyl silicone

Film thickness, ym 265

Initial oven temperature, °C a6

Final column temperature, °C | 350

Program rate, *C/min 10

Injector temperature, C 350

Detector temperature, " 350

Carrier gas Helium

Carrier gas flow rate, ml/min 20.0

Sample size, pl 1

Sample concentration, %{m/m) | ~10

Detector FID

Software Analytical Controls Simdis Version 7.2.0.0
Reference standard ASTM Reference Gas Oil No. 1 Lot 2
Calibration Mix ASTME D28a7 Calibration Mix

All senvices or work performed by ITS Testing Services (UK) Ltd are pursuant to

Page 1 of 4

the terme and conditions ==t &t

hittpdwasra intertek comMW orkArea’ DownlosdAsset asm Yide 14263, This Test

repart £hall not be reproduced except in full, without witten approval of the

lzboratory.

Registered in England
MNo. 1408264
Registerad Office
Academy Placs

1-8 Brook Strest
Brentwood

Esssx CM14 5NO
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RT/CMS/11228 049 GC

mass%a
EF
a0
1n.0
15.0
0.0
130

Recoversd BP Recovered EP  BRecovered

L mass %o
Lol 3000
1413 350
1330 400
1a0.0 450
L6535 0.0
1693 350

EFP Diistribution table - Percent

“C massiy “C

174.0 600 120.0
177.0 85.0 2055
1815 G 2085
186.5 Ta0 2155
1915 B0 2185
1964.0 B30 2355

EF FEFecovered BP

maxs b "o
ao.o 2325
50 2405
FBF 26510

A carbon number distribution® was calculated from the data given in above using the CONCAWE guidelines
recommending “the use of the boiling points of each carbon number of the normal paraffins to calculate the
amount of product recovered at each temperature “. These values are given below.

Boiling Paint/ C Carbon number Mass %
36 C5 =0.1
69 Cs <0.1
98 Gr 04

126 Ca 1.9
151 (] 6.4
174 C10 223
196 G 251
216 Ciz2 20.9
235 C13 146
204 C14 6.9
71 Cis 1.2
287 C16 0.1
302 Ci7 =0.1
6 Cig <0.1
330 C19 <0.1
344 C20 <0.1
356 C21 <0.1
389 caz <0.1
380 ca23 <0.1
39 C24 <0.1
402 Ca2s <0.1
Page 2 of 4

All services or work performed by ITS Testing Services (UK) Lid are pursuant to
the terms and conditions set at
hitpwwrar intertek comWorkArsa' DownloadA seet. aspx Tid- 14283, This Test

repart shall not be reproduced except in full, without written approval of the

labaratony.

Registered in England
Nao. 1408264
RAegistered Office
Academy Place

1-0 Brook Strest
Brentwood

Ezsex Ch14 SNQ
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RT/CMS/11228_049_GC

[eusty

1400
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All services or work performed by ITS Testing Services (UK) Lid are pursuant to
the tarms and conditions sat at

httpAwww.intertek comMWorkArea' DownloadAssel aspx 7id=14263. This Test
report shall not be reproduced excapt in full, without written approval of the
labaratory.

Registerad in England
No. 1408264
Ragistarad Office
Acadamy Place

1-9 Brook Streat
Brantwood

Essex CM14 5NG
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RT/CMS/11228_049_GC

Eoiling point distribution plot
260

240
220
200_|

180

Do dd

160
140_|
120_|

1an

i} 10 20 30 40 a0 il 70 a0 a0 100
mass%o

* Test not UKAS accredited

Analysis has been carried out on a sub-sample of the sample as received, independent of sampling procedure, using
the latest versions of all test methods.

Samples will be disposed of after 1 month unless alternative arrangements have been made in agreement with the
customer.

Reporied By: % ‘ ; Checked By: g LA
Sandra McCullough Carol Elkins
Senior Technical Specialist Deputy Laboratory Manager

Contact No.: +44(0)1932 732 123

Page 4 of 4 . .
Registered in England
All services or work parformed by ITS Tasting Services (UK) Ltd are pursuant to Mo. 1408264
the terms and condifions sat at Registered Office
hitp7fwww.intertek comMWorkArea'DownloadAssot asm ?id=14263 This Test Acadomy Place
report shall not be reproduced except in full, without written approval of the 1-9 Brook Streal
labaratory. Brantwood

Essex CM14 5NC
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APPENDIX 50 EXAMPLEOF SIMDISGC REPORTSAMPLE 121- CGO)

80

5/19

wnd S.p A Dowstream RED
Dowstream Laboratories
in San Donato Mitanese
Ceontro di Sperimentazions

Vo I Mk, 16
097 San Dovato Miaese HI

en

EXTERNAL TEST REPORT N° 0955LB

CUSTOMER
Name : AISBL - CONCAWE Division

Address: Boulevard de Souverain, 165
B-1160 Brussels - Belgium

PRODUCT: SAMPLE_121
SAMPLED BY: Sample Coordination Laboratory

Identification : LIMS 200340944
Submission ID_100285974

Sample arrival date: February 13", 2015

Test starting date: Febnary 17", 2015

Test completion date: February 18", 2015

Atlachment 5d PGCS0001 Rev. 13

Page 10f 3
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eni S.p.A Dowstream R&D
Dowstream Laboratories
in San Donato Milanese
Centro di Sperimentazione

L]
Wi I, Marion, 26
0097 San Dovetn Miwsese M

EXTERNAL TEST REPORT N° 0955LB

TEST METHOD Unitof | RESULT Note
measure
Boding Range Distribution  of Pemaleun‘
FFractions by Gas Chromatography
LB.P. (0,6% mym, mass recoverad) 120.0
5 (%mim) 151.5
10 (%mim} 166.0
15 (%6mém} 1758
20 (%mim) 1880
25 (%6mim) 198.0
30 (%emim) 2105
35 (%mim) 2210
40 (%mim) ASTM D2887 - 14 “C 2340 Note 1
45 (%mim) 2445
50 (%m/m) 266.0
§6 (%rm/m) 2865
60 (Servm) 2715
65 (S%mim) 288.5
70 (%mim) 302.0
75 (%mim) 31358
80 (%mim) 328.5
85 (%mim) 3420
20 {%mim) 358.6
95 (%mim) 381.6
F.B.P. (99,5%mim) 426.0
Carbon MNumbsr Range by Simulated Note 2
Dictilation
Boiling Point Distribution Plot Note 3

Note 1: The complete collection of Boiling Point (*C) at 1% Iintervals between 1 and 99 %mim is
reported on page 1 of Atlachment n®1. The list of experimental data as required by Concawe is
reported in Worksheet Boiling Point_Carbon Number Ranges.xis.

Note 2: The Carbon Numbar Range by SimDist ASTM D2887 is in Attachment n"2, The Carbon
Number Distribution as recovered ¥%mass is reporled in Worksheet Boiling Point_Carbon Number
Ranges.xls ag required by Concawe.

Note 3. The Boling Pomt Distribution Plot is in Attachment n®1

Altachmen! 5d PGCS0001 Rev. 13 Page 2 of 3
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anl S,p. A Dowstream R&D
Dowstream Laboratorles
in San Donato Milanese
Centro di Sperimentazione

Via I Mariasa, 26
20057 S Dowws Mliesse M

EXTERNAL TEST REPORT N° 0956LB

The present test report must not be partially reproduced or diffused withcut witten approval of Centro
di Sperimentazione.

All data in this report refer only to the sample which has bean submitted for testing.

Issue date: March 4%, 2015

SUPERVISOR MANAGING DIFECTOR
Patn
a zia Ruggl»en \ )Paolq Polle.get\ /
(‘*\"’Hk ‘HQ\ \& (.> o AAJ
Attachment &d PGCS0001 Rev, 13 Page 3ol 3
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Al Kirmedis v, LR RO

A ACKYLERT W7
Insirmiment 1 ASTM I 2REY ik i
Sample name D 200540044 Instrwmesm |
Methixl name : CAHPCHEM UM ETHODSDIRETALM Vial P
Sample tvps SASTH D 2887 Sample Imjzction i
Secuenos mnms s ITFEBRIER Bowy. line 21
Chperator s avanbi Samaple i) < (L0
Acxquired on CANTA2005 10:40:19 PM Solvent (g) ERIRE ]
Proscessed an CXTR2015 1153548 AM ISTD i : 0G0
Data File CTPFEB VIR 1301.AFTD ALCH Start Elution ¢ {hatl
Blonk wsed CITFEB IEVIOLF L1010 ACH End Elution e B
B Calibsant S 1PFER IMIO2FIZ0 L .DAFT ALCH
Ll Reterence D 1PFER TSMIOIFUENDAFINTALCH On spec.
sample n 121
Boiling point distribution:
Mlassta BB el H ) (10 R R i Melasa BB Mlass®n MO
[BF 200 A (X 41 13740 al o IRSS 4 3385
L e L ] dF K5 A4 1R7.S &85 3410
[39.5 L L 44 2415 G 2BES & 3430
I E Mo OIS 45 2445 iy 2905 B9 TS
4 4940 AT b A 46 2470 6T 2045 BR 3520
5 I5L5 2 A0S 47 24u5 i 29065 B9 35a0
G 1535 27 200 48 2510 69 290.3 a0 3FR5
7 1503 25 2055 49 250 T LD a1 Aedd
B 1620 20 Z0RO 50 Zism Tl 3pEs 9r 365
9 Ied.0 o ZMLE S0 2AG.5 T2 S a1 AT
10 lish il ZIAaD 51 2595 73 M0 o 3RS
1F lakdb L A1 hp T4 ANLS U5 FHLA
[ K X I 3 2645 7% 3135 M 3RE0
13 1725 Mo 21KS 3 2665 Th 3160 GF 3945
I 1745 is 22014 500 2460.0 TF 5l&0 08 4030
15 17585 6 22440 7 2710 TR &20.0 e dD
4 1780 i 2265 5B 2723 T 3235 FBF 4260
17 IEL.D aK 2290 540 2745 Rl 33
18 1830 39 2315 G0 2773 Bl 330.0
19 185 40 23D al 2R B2 3324
20 18RO 41 2353 6 182 B} 3345
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S il e D O 8011

Tstrament | ASTM D 28937 el 4
Sarnple name s 2003 Instrament i
hethd famie s CAHPCHEML U METHODS D2 2R TAM Yial (11
Snmple tvpe : ARTM L2 2827 Sample lijection ol
Sequence name : 1TFEBBISS Seq, line N
Operaior s avanti Sample (gh < 10
Arquired om P TITI0LE 104009 P Solvent (j2) ;0000
Processed on CALBZ0E 113548 AM ST g) < 0,0
Data File CIFFEBISAEIFI0] RFIDACH

Eoiling point DMstribution plot:

45I.I- e - - - - ————

\

=
|
]

Do dumrod Sarpog
™

150 | [ | —

Pelass s
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AL 8 i v DA DG

Insstrmment 1 ASTH Iy 2847 eni 3
Sample name A4 (g Insirmmnen :I
Methad nome t CAHPCHEM U METHODED2ZEETALM Vial 11
Sample type s ASTH 13 2887 Sample Ipection 0
Sequence name  ; ITFEBRISS Seq. line 113
Cipermior ; avanli Smmple (g} - 0,000
Agquired on A0S 10019 P Solvent (g) = 00000
Processed on PRTRZDNE 113548 AM ISTIN ) : OO0
Dala File CITFERTIOLIFTMN L DVELTN AL CH
Chromalogram: Boiling point (*C)

aspon HIO00 150 20 250 300 LTI 400 430 st 350 (A bi

| I

oy |

S5IH

s m n 38 i

Retention time {min)
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APPENDIX 60 EXAMPLEOF SIMDISGC REPORTSAMPLE 058- HFO)

eni S.p.A Dowstream R&D
Dowstream Laboratories
in San Donato Milanese
Centro di Sperimentazione

Wia F. Maritang, 26
20097 San Daonato Milanese M

EXTERNAL TEST REPORT N°0929LB

CUSTOMER
Mame: AISBL — CONCAWE Division
Address: Boulevard de Souverain, 165
B-1160 Brussels - Belgium
PRODUCT: Sample_058
SAMPLED BY: Sample Coordination Laboratory

|dentification : LIMS 200338530
Submission ID 100285974

Sample arrival date: December 2" 2014
Test starting date: December 10", 2014

Test completion date: December 11", 2014

Attachment 5d PGCS0001 Rev. 13 Page 1 0of 3
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eni S.p.A Dowstream R&D
Dowstream Laboratories
in San Donato Milanese
Centro di Sperimentazione

Via F. Maritano, 26
20097 $an Donato Milanese M|

EXTERNAL TEST REPORT N°0929LB

TEST METHOD Unit of RESULT Note
measure
Determination of Boiling Range Distribution
by Gas Chromatography Method — Part 2:
Heavy Distillates and Residual Fuels
I.B.P. {0,5% m/m, mass recovered) 198
5 (%m/m) 246
10 (Y%emim) 277
15 (%m/m) 303
20 (%m/m) 326
25 (%om/m) 346
30 (%mim) 36
35 (%m/m) EN 15199-2:2006 °C 380 Note 1
40 (%m/m) 394
45 (%m/m) 407
50 (%mim) 419
55 (%m/m) 429
60 (%m/m) 440
65 (%m/m) 450
70 (%m/m) 431
76 (%m/m) 473
80 (%m/m) 435
85 (%m/m) 500
90 (%m/im) 518
95 (%m/m) 544
F.B.P. (99,5%m/m) 606
Carbon Number Range by Simulated Note 2
Distillation
Boiling Point Distribution Plot Note 3

Note 1: The complete collection of Boiling Point (°C) at 1% intervals between 1 and 99 %m/m is
reported on page 1 of Attachment n°1. The list of experimental data as required by Concawe is
reported in Worksheet Boiling Point_Carbon Number Ranges.xIs.

Note 2: The Carbon Number Range by SimDist EN 15199-2 is in Attachment n°2. The Carbon
Number Distribution as recovered %mass is reported in Worksheet Boiling Point_Carbon Number

Ranges.xls as required by Concawe.

Note 3: The Boiling Point Distribution Plot is in Attachment n°1

Attachment 5d PGCS0001 Rev. 13

Page 2 of 3
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(Eoncawe

eni S.p.A Dowstream R&D
Dowstream Laboratories
in San Donato Milanese
Centro di Sperimentazione

Via F. Maritano, 26
20097 San Donato Milanese MI

EXTERNAL TEST REPORT N°0929LB

The present test report must not be partially reproduced or diffused without written approval of Centro
di Sperimentazione.

All data in this report refer only to the sample which has been submitted for testing.

Issue date: December 22", 2014

SUPERVISOR MANAGING DIRECTOR

Alessandro Bonini _ﬁPaoIo Pollesel
o . \\:j—tx,v ;:?,{/4//

P R Yo N v
’

Attachment 6d PGCS0001 Rev. 13 Page 3 of 3
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Concawe

Version 7100

ATTACHHENT A4

SIMDIS ASTM High temperature

Sample name

Acquired on

Processed on

Sample type

Method name

Operator

Sequence name

Data File

: 200338530

S 12/10/2014 2:51:08 AM
S 1210/2014 10:15:56 AM
: EN15199

1 15199.2

: avanti

1
Vial 2107
Injection |
Sample (g)  :0.2290
Solvent (g)  :11.2140
ISTD {g) : 0.0000

{ CACHEMAZVASEQUENCEWSDIC14.8 LIMS ID: SAMPLE N. 058

: 09DICT4\0TF1801.DV

General Variables

Used Blank

Used BP calibrant
Used Reference

Used Start elution (min)
Used End elution (min)

Total arca

Used Recovery
Found Recovery
Response factor

09dicl4\LO1F1701.D\
09dic4\102F0201.D\
09dic 14\ 103F0401.D
0.150

36.240

378781

100.0

100.0

5.2076e-008

BP Distribution table - Percent

Recovered
mass%o

IBP

25.0

Bp
*C
198.0
2125
2230
2325
239.5
246.0
2330
259.0
265.5
2710
276.5
283.0
287.5
293.0
259.0
303.0
308.0
313.0
317.0
321.5
326.0
3300
3340
338.5
3425
3455

Recovered BP  Recovered

mass % °C mass%
26.0 349.5 52.0
27.0 3535 53.0
28.0 357.0 54.0
29.0 3605 55.0
30,0 364.0 56.0
310 367.5 57.0
32.0 370.5 58.0
33.0 3735 59.0
34.0 376.5 60.0
35.0 3795 G610
36.0 382.0 62,0
37.0 385.0 63.0
38.0 38R.0 64.0
39.0 391.0 65.0
40,0 393.5 66.0
41.0 306.5 67.0
42.0 399.0 68.0
43.0 402.0 69.0
44.0) 404.5 7000
450  407.0 T1.0
46,0  409.5 72.0
47.0 4120 73.0
480 4140 74.0
49.0 416.0 75.0
50.0 418.5 76.0
51.0 421.0 77.0

°C
423.0
424.5
427.0
429.0
4310
433.0
435.0
437.5
439.5
441.5
443.5
446.0
448.0
450.0
452.0
454.5
456.5
459.0
461.0
463.5
466.0
468.0

BP Recovered BP
mass% °C
78.0 430.0
79.0 482.5
80.0 485.0
81.0 488.0
82.0 490.5
83.0 494.0
84.0 496.5
85.0 499.5
86.0 502.5
87.0 506.0
88.0 509.5
89.0 513.5
900 5175
91.0 522.0
92.0 526.5
93.0 532.0
94.0 5375
95.0 544.0
96.0 551.0
97.0 560.0
98.0 571.0
99.0 588.0
FBP 605.5

470.0
472.5
475.0
477.5
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Veriton 7,3,09

SIMDIS ASTM High temperature

Sample name : 200338530

Acquired on 1 12/10/2014 2:51:08 AM Vial
Processed on 1 12/10/2014 10:15:56 AM Injection
Data File :09DICI4\07F1801.D\

Boiling Point (°C)
120243 282 321 360 399 438 477 516 555 594 633 672
1500

1107

711

1400_|
1300_|
1200_|
1100_|
1000_|
900_|
800_|
700_|
600_|
500_|

400

300
200

b
¢

100 \\\\

FBP 606

2400

End time 3

0 ¥
| I l I | I
g 20 25 30
Retention Time (min)

o —
w
S
[y

35

40

45

91




Concawe

Version 7,380

SIMDIS ASTM High temperature

Sample name : 200338530

Acquired on D 1271072014 2:51:08 AM Vial C 107
Processed on : 12/10/2014 10:15:56 AM Injection i1
Data File : 09DICI4OTFIZ01.DY

6E}uiilng point distribution plot

550 |
500__
450_|
400__

350_|

Do 49

300_|

230

200

150

0 o 20 30 40 a0 60 70 20 on 100
mass%




report no. 5/19

(a)ncawe

NT2

MENT

ANTAC K

TIueAR WY 6G5:95:6 ¥T0Z/TI/ZT SIAWIS

o i [0 m_—. oL m
}
_
L e e g s e -0
N Sy Bl o e P TG [y =) =Y N YA A M s
I -~ IP/\H( b)
My ; WA - 001
~ 1 f A
N “J B
~ A | L
\/ i i v | it il
W\ Wy
1 .,_.;., | | \ A ._, _ _,
Y\ Ny { [
AR | { {810 , [P
982 ' | A !
_ i vl . 020
| y N s ¥ § |
‘ovo TR L ,
R | | oot
820
- 00%
(4%
. - 00%
8S0'N ITdINVS 0£S8EE00T
yd
Q' 1020420L\PLOI060) 'V LOIZ
- B (Q':08L3201\wL01060) 'V LOId |

(s} wezbolEwoIyy ULIAND

(s)wesbOIRPWOIYD JURIIND :8€ MOPUIM IO IUTIZ

93



( Concawe report no. 5/19

APPENDIX 70 EXAMPLEOF DHAGC AND PIONAGC REPORT (8MPLE 146-

94

LBPN)

eni S.p.A Dowstream R&D
Dowstream Laboratories
in San Donato Milanese
Centro di Sperimentazione

Vis F, Mariana, 26
20097 San Domato Milar ese M1

EXTERNAL TEST REPORT N°® 1122LE

CUSTOMER
Name : AISBL - CONCAWE Division

Address: Boulevard de Souverain, 165
B-1160 Brussels - Belgium

PRODUCT: SAMPLE_146
SAMPLED BY: Sample Coordination Laboratory

Identification : LIMS 200344213
Submission 1D 100290324

Sample arrival date: May 5", 2015
Test starting date: May 11", 2015

Test completion date: June 4™, 2015

Attachment 5d PGCS0001 Rev. 13 Page 1 of 3
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in San Donato Milanese
Centro di Sperimentazione

Via F. Markaro, 16
20097 San Davuro Miaee HI

EXTERNAL TEST REPORT N® 1122LB

TEST METHOD Unitof | RESULT Note

[Determination of Indsdual Componants in
ISpark Ignition Engine Fuels by 100wmetred  ASTM DS730-01

KCapilary (with Precclumnn) High Recolution (R2011)

iGas Chromatography
fndividual Companents % mim - Note 1
Group Type:

n-paraffing % mém 2063

woparaffns % mim 17.862

Olefins % mim 3.227 Note 2
Naphthenes % mém 11.832

Aromatics % mim 62.119

Total Unknowns % mém 2.714

Liquid Patroleum Products — Deterrrination
of Hydrocarbon Types and Oxygeniles in
butomative-motoe gasoine and in ethan

{E85) automotive fuels — Multidimensional

pas chromatography method. EN 150 22854 : 2014

Saturates (normal+iso paraffins) % mém 197

Qlefins % m/m 849 Note 3
Arornalics % mém 529

Benzene % mim .

Note 1: The concentration of each compeonent as mass % and vol %, to the nearest 0.001% (m/m) is
reported on Attachment N*1.

The chromatogram of the sample with the entire collection of the peaks eluted is on Attachment N°2.
As required by Concawe, the list of all experimental data s reperted on the Excel spreadsheet
‘Individual Hydrocarbons” while on the Excel spreadsheet ‘Marker Compounds' are reported the three
individual components n-exane, Banzene and Toluene.

Note 2. The individual component data have been grouped by summing the concentration of
compounds in each particular group type such as paraffin, isoparaffin, olefin, aromatic, naphthenes,
oxygenates and unknowns in % by mass and % by volume. All data are on Attachment N°3.

Attachment 5d PGCS0001 Rev, 13 Page 2 of 3
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eni S.pfs Dowstream RED
Dowstrearm Laboratariss
in San Donate Milanese
- Centro di Sperimentazions
e ﬁ n Wia F, Maritans, 34
A7 Joan Do Miass HI
I -

EXTERMAL TEST REPORT NW* 1122ZL8

Note 3; The Reformulyzer resulls of hydrocarbon classes such as parafling [normal + iso), olefing,
aromatics, naphthenes and eyelo elefins, grouped per carbon number and expressed by % mim and

by % wiv, are on Attachmant n"4.
The ehromatogram of the sample with the entire collection of the peaks eluted is on Attachmeant N°5.

Ag required by Concawe, the list of Hydrocarbon Classes per Carbon Mumber is reporied on the
Excel spreadsheet.

The present test repart must not be partially reproduced or diffused without written approval of Cantro
di Sparimantazions.

All data in this report refar only to the sample which has bean submitted for testing.

Issue date: July 219, 2015

SUPERWSOR MANAGING DIRECTOR
. Patrizia Rugglen _Fagla Popliagal . g
ok Qe 2ela s
Altachment 5d PGCS0001 Rev. 13 Page 3of 3

96



Concawe

report no. 5/19

Dt Phos wersion 00,6065

_Efiﬂl'_u!ﬁn;._.,_u_._.* H‘; -T

AL Analytical Controls BETH D 6730 Lombl

Data Rl : COWCHEMAZLLVDATAY ] ZHAGT 1 SDHAFIFRIA01.0

Lsed Cabbration :  CoWCHEHAZNIYDATAY I 2HaGG 1 SDHA, 0102001, Lk

Sample neme 200344213 SAMPLE 146 Sog, Libm # @ 34

[iste injecton @ SFRIF20LE 2:14:33 FM Vsl # H v

Dite repart T G015 4 30T P 0] [ |

Samphs Typs : Refonmabe Irij wwd ol C K |

Sequence neme 3 W CHEMAZYVEEQLENCE: LIMEGE] S0 S Peaks & PR (250

Ol peara bor : Admin

Hethod |

Time Index Carnspormsnt Mams N Vol %= Peak Area
HA57 E48. 7 i-Feptene-3 0.0056 0.0064 1.007
e ML E #-heptane a0 a.ooa? 1.266
35 Qa8 Jog.= r-haptena-2 aaLLn 00137 1.968
3T 455 Tla.s 02y Q0115 oan1az 2.063
IT ) MLz iC. 2-dimaettyicycdopentane 00344 0.0387 6154
38127 F20.0 3 F-dirmethy Fezeane Q00 0.0033 1371
T8 728z = ool noa? 3188
0005 7397 ethployciopenbane oLz 0.0121 2011
40371 a0 1% -tramethylpentne 00413 0.0476 7.270
431 494 TGl Az Q.03 0.0340 5.409
43.513 FELR-] 0y 0.0071 0.0080 1.280
A2 H53 L3 . 06054 0.0085 01,4951
43045 43,1 [ 0181 0.0215 3173
43336 41,5 1, 24, 3- Lrirras (Bl oyl s tare: .08 0.0176 2,852
45.519 L L 039 0.0058 0.00G5 1,042
43,700 460 . {.0079 0.00549 1,350
43953 a1 1.3 A-rrienathpipantane 0,0830 00951 14,591
44 TEG Td48.5 1L 0.0250 00332 5.100
44,506 i lolugne 0.4e51 0.4422 [ AR
45 772 ST =il 00217 0.0245 31.851
45.510 T =12 RLIE 00074 1.180
45 5580 7544 =13 Q.0189 0.0213 3,393
45,250 TobE {10830 0.0985 14.580
45,551 TSA.1 1 3 dimethyiheans 0, 0064 01.0074 1.123
45 906 T59.5 1-methyl-3-ethylpantans 0.0333 01,0385 5.848
47,240 TEdS 1.1, 2-trimethyicyckprntane 0.0851 00908 15,233
47.831 Pl OsiE 11,1553 01745 a7.81e
48212 4T = J-ithy Ihvigaenie-1 00558 1 BECL 9.995
A8 450 TES.& {-mettwiheptane 0.0e03 [ ki 1810
48,507 TEE.1 I-metheyl-3-ethyipentane 0.0428 O.oL48 2,254
49,250 TEA.8 12, 2, d=trimathigl Cyclapentans 01,1006 hi0E8 18.013
#0816 TTLO F-mettylheptang 0.1550 [N+ 7. 347
54,101 rrrs| I, 2t 3-trimetindopdopentana 0. 145 01554 26,674
50.291 LR - 0.075% 1032 13.551
50503 T4 T-etheylhanani 0.0734 (. 0d4E 12908
S0.R30 TR 18,4 -t et hylcpekobu s ane 0.0E0L [Hierd by X
51.316 a6 1,3 -comdiene 00, g 30 GOl 1158
E1.751 T2 s 10, v Al s - LTS
52.123 Tr3.6 L 1-dimethrloydolheans 00T egry L
52,035 TE12 1,2, 5-trimethyFeeane 0.0E1F OLOZ4T T
53.232 TEL.6 Sesat iryimethyl cydiopenians L211& LIPS T T
53.471 fi - -] E 0.2 0TS 4107
53,078 TEE0 I 5-dmethy heptens-1 01437 O 1 575
54,287 TEra I-ethvimethylcyclopentane 00817 OuiOrEE 1541
54,637 TERLG 1,1 -methylethyicycdapentans (03 [Rle it 7221
55,229 ToOLE 2,2 A-trimethyihexane 00520 iX el a] P167
55707 Ti.A It 2-dimethy lcyckobexane 0307 LIRS LT I n
Page 1 28 6
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DEA, Phus sersion 6. 04, 00

AL Analytical Contrals RETH [ 67 30 Lami

Cinkn File s COOHEMIZDDATAL L ZMAGE ] SOHA IO TEZE01.0

Used Calbration - ©WOHEMI 10 0AT A I 2MAGE ] SO OB 211, 0

Sampke name - 200344213 SAMPLE 144 Sog. Lne & @ 34

Dgte Injection = Sf20/2015 214032 PH Wisl # i 207

[ate report s G201 4:30:17 PH Inj H

Sample Type  :  Reformabe Ing wal pl |

SefuEnce name @ CHOCHEM I SEQUENCE L IMAGGIEHAS Pagks # i 220 ]

Uperator +  Admim

Mzt : DETAG

Tinse Trdea Campanent Mass & Vol % Peak Area
LR I e —-icheree-d 0.1054 0,121 18.870
5T.207 M3 L&, 2c,3-trimethwicyclopentane 02312 0.2445 21,409
LEATE 794.2 Lt 3-drethployclohexans Gar2s 0.0768 12,5497
oKl B00.2 T-notane 0.575H 06756 101.34%
o AT a05.0 —-OEnes-2 01470 0.1604 26,323
SRt HOG, & (F] GL3RA3 0.4382 68072
&0.508 8085 2,4 4 -krimmet irlhasane 0.1768 01972 3LAEL
Blrer gii.o 352 L0654 0049 11.704
G1.814 Aiz.7F = LR F R 0.0229 3448
[ gl4.3 S-gcker-1 (053] 0647 0.0741 11.58&
G2.4500 g15.2 "l 0078y 0.0644 14.355
63,186 3 2.2,3,4- tetramathyl perkane 00551 D.0615 &, Tié
&3.716 [ALH ] - 0238 0.0279 4,155
4,237 205 25 A -grinmet hyie ane a,1152 0.1285 20.298
LIS #3117 3 0.098y 0.1043 17672
64930 8216 3 01,1482 01565 26,557
65,5 4.5 &5, 3arimathyleaeene-1 00139 0.01e8 2.450
B5.807 2355 Bic, 2-dimethylcyclahisana 0,148 0,1537 26521
GhAZG &17.2 .3, 5-rimethyirexcsre LR na1zwe 15712
£5.834 0.4 2, 2ty hieptane 0,1058 0.1274 15.34%
L7.586 2T = 0,080 0.0444 (=X
L0597 £11.5 M4 0.334% 0,353% ShaET
59.131 w352 .2, 3-trimethyifexonz 0.0337 0.0aTy ST
68,633 f-alit} 2 4-imathplhgptans 01,1233 01405 2. 4E
M5 ar.7 o -chirmatirpd hipita i 0047 0.086L 13,168
70.860 ] =tiplcydaherans 0.3030 1) 4250
71.384 LR =g ic S-arimethylcydoheane 0,03l 00300 5013
71,774 BALT 2. S-chrmethylhaptane 1, Ge54 D.0MEZ 15050
T2.40% 4.7 3, 5-dimethyl hepltana 0.3247 (R &F.783
73238 L] 1,1, 3-trimethykoycloheszane 01243 1301 X230
73.807 A3 = 0,303 OLI34E 35,501
9, 06% B50.7 Lord LTS 0L aER 0605
75.02% B51.6 RE LOF 35 X E] 13.180
75.957 B54.1 Ml O QLIRS 16,136
E.4315 B55.3 L3 [ T o L [T ik ] 19.290
77014 HS7.6 sthybenzens LEBM 1.2259 242,105
pr il k] 0567 1¢, 2t di-trimeticydohesane 2008 [k} b 37567
T.9es B59.2 14 8 BT L1865 24.110
THASS BE0.E 2-methykectene-1 LER =] 1165 17395
T5.08= B62.2 2-miethy ke ne-2 oLi634 01974 29,269
79537 BEF, 3 hiz i34 Q.1082 18,330
A.439 BGS. & 2 J-dimuthy Feptanc [ B0 H 0.1920 29,753
BLO%Z 874 1,3-dimethy Eenzene 4.5126 4, 3041 054,282
88431 BAA,1 A d-dimethy Esnzene 20022 19168 379,002
82318 | L e Fis L1581 01671 28. 330
BLYFT 8719 I5 L2605 02942 45. 904
23,580 B73.3 o1~ pthy Iephare 0.3470 0.1 fi.138
Page 2al &
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CrHA Plui wersicn 062.01.00

AL Analytical Centrols

FETH 1 7300 Carnbl

Cata Ak 1 CACHEMAZ Y DATALL IMAGE T SDH AN TR0 .0
Lsand Calibratisn @ CIYCHEMDIZALYDATALL IMAGG T SDHANI TLEZE0L D
Sample name 200344213 SAMPLE 145 Saq. Line ¥ 1 34
Dmabe imjection SAZLIB00S 201402 P Yial 207
Dbz report B8 2015 41300 0T PH Inj 1
Soamphe Type Aeformate Inj warl il 10l
S rama ¢ CACHENIZL Y SEQUENCE] 2HAGG1 SOHA.S Prsks & ¢ 220 [250)
Operator : Admin
Mithad DE730
Tima Index Commpsarsen b Hass U Wol % Paak Area
B4.393 Lt ] S FES 0,15 15658 18105
B35 =l St iy oot e 04143 4742 7103
A5, 1E0 &7 2 -miet iy ke ctane n.82=a (A=l 145500
B5.510 &rr.a Le, 21, 3-irimethylcycloheane 01782 19338 3p9In
B5.318 ETRH S-ethylbmplana 0. 0130 1154
ue, 205 Ere.? = 0.1573 01815 1770
B8G.872 &31.0 3=ty loctares 0.2847 LEE5F B 105
B7.315 .l Lt Ac-trmetbrylopchoresnn 0,603 B.F154 12000
A7.ELE =227 1,1, 2-trimethy keyckabasane 0.3582 0, 3580 £4.135
.12 =34 5 0153 1718 BT
28,704 5.2 L, 2-dimnethyibenzens 31647 19536 5959.110
A9.370 LY - 00557 01126 1T.572
09,658 =74 =18 L.1isl 1227 0, F
50,254 &350 Janene-1 0,37l [l L 45,974
90.525 e k] 0.27r 3131 45 BET
G0 587 0.3 b Fal e X1 K 110714
91573 &Hie = 1R [ S 63075
93105 fo=r ] “utylcydopentans 01334 01303 FE
332.437 5355 L Fi] 4501 0517 E7.753
53,80 .5 IR 03916 [ 1] 122
54,418 7.8 —-nanene-1 03574 03248 51445
94,850 ., 7 110 10,3553 04011 &2.530
85.47% Q000 -norare [ 05104 T0.361
54,55 @013 L, I-metiyiethyicyciohexars 349l el L] H2,511
596,383 pr et HES LI74E 0.3308 Ll
36.735 00,8 ~prapplksniang DLES5E 02443 #8015
SR 9131 26 L1553 0,160 27800
51,195 P46 c-nanene-1 [ B ] B ] 71,701
53,405 9210 1z [riers ] 02594 &0.563
100, 154 g5 2 A4-dimethy Ectane LSS 046744 104,931
L0 TS 9z8.1 23 QLarz a,1014 17404
1L a%1.0 2 Sedimethyloctane R 0.5154 BO.321
100520 9325 2, S-dimathylectane [T 0.5277 H2.532
10241 A36.5 butyloychopenkares 0711 02848 <H,538
102 &S 3.7 430 CL4373 0.4506 Ta.a00
103 577 G425 3 Z-dimathyloctane [=E T 0.7558 119.636
10 ‘aa5. 1 kD 03984 04105 .343
104 536 D473 Trprogyibermene 10692 1.0234 201,110
1. 721 20,5 F&-dimethylocne G236 0.227% 35,945
104_UEE a5d, 6 S-muthe - S-athydhaptane o.z2ga2 1. 3356 52831
105577 9515 REF 02535 0. 2003 45,391
105302 054.1 = 01312 0.1453 23.144
106 158 8555 B, St Pl | ez 4,407 4,E795 923.134
108 555 957.2 0 At e thayl b 1.8581 1,74 340,495
108990 a59.4 N33 0.1148 0. 118 20,551
107687 9628 8,3, 54rimethyibenzene 2,038 2.E006 513.847
107902 863.9 & F-dimatbryloctana o.2951 0,335 52.043
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COVCHEMA2 L LVDATAL I MGG S DHE 207 BIA01.0

Ussd Cabbration ;  CoWCHEMAZWADATAN L2 MGG SOHA 01 B2801.0

Sample name @ 200344213 SAMILE 148 Seq, Line & : 34

Diste imjecticn SrE1SF0LS 21 04: 02 P vial & T

Dte regeort ;o RMFI0IS 4r30LT PM Bar) LI |

Sample Tygse @ Relormate En| wol pl -

Sequence name ;L CHEMEZALNSEQUERCEY 1 IMAGG 1 SDHE 5 Padis & T 230 (2E0)

Oparator + Admin

Mt D730

Timme Tndiex Componerit Hass Y Wed B Peak Ares

108,754 e300 S.mmitFrylnonane 1 44E5 05024 THER
109,097 5.5 n? 0Aa80 05425 85,580
109.432 9714 1,2 -methyletyibencens 2.2413 LT 431574
108941 arLs 2 -l Frginonan: 0. 38590 (el by | 51008
110,10 a74.5 H-mtirplocane 0,057 o.1oEa 17 e
110.464 WPl M3 0.27e5 02653 45 587
110,737 qFF.A4 Semeetiryinonane 0.7 DBG2E 135453
110,934 aFea 5 I at-23 0.2250 %112
111.314 a20.1 J-ebhrgl- 2 -t by IFdplor-2 0 25ES 0.3039 45,738
111.844 SH1.6 E-butylbenmene 01472 Q,1401 TN
112260 a4 6 1,2, d-trimethy | benzens B.43%1 F.Aa359 1, 5860E+03
112,454 GER5.5 | o] [ E 0.1588 25,163
1127 aBs.5 I-outyicydoheans 03074 £.3183 55085
112857 9875 [z1 LEITR 0,595 94 957
113,158 ags.% IZ% L A51E 0.1803 28,571
113. 347 9896 MNIT [ | 0.1299 22.580
113.622 0.9 deoere-1 1758 0,1956 31.165
113.757 9915 = 01545 0. 18&L 28,051
L14. 357 5a1.8 2 d-dimethylactene-2 BAEEE 0.7054 112,253
L14.219 06,3 o24 02a51 0,3387 52.102
11d. 57 996.% i-bayibenzens 02834 0,273 53.015
115452 0a3.5 25 GLaira D0.24z7 38,473
IS528 9908.5 mar-butyl banea e o0y 02118 41,295
IISE27 LODG0.0 e EZ63 0,707 110.574
116131 L1003, ¥ [LE]] .5669 05841 101,509
116797 one. T 1,2, 5-Eriemtiryibenzens *.3485 21543 441,726
117.140 iiiiz M3g aAa239 [h43ES8 75.915
117422 113,35 1 -t ---propybanaang 0.1430 01375 26. 747
1i7.625 1014.8 127 0.2001 [V R ] 15,355
1179492 L7 4 120 a0a04 [RLe =l 14,281
118.143 g5 123 D050 DUDS5E L0351
118.359 01 . 0.1443 L1583 24,252
116.555 1021.5 2-F-didrainde 1.08400 L5734 51, Y
118350 0344 130 0.2383 0. 2632 4L Ta3
119.392 1626 1, 2-methy-i-propy lenoene 0.3471 [hh k] HEEIT
110.558 hler 8.} S-atfrglnonanes N.125% 10,1428 TLTTE
120.148 10330 L] 00, 4i5a2 04824 14|
120.77% 1037.5 21 04255 a.474an 75211
12113 1400 1, 3=durthrgl benzens 0., 00 0,1909 IT.A25
121,323 10414 1, 3-muethy e propylbenzens L BEEE 0.5986 1146974
121.65% A0 1 1, A-dietirplbenzene L.5=ET 1.5224 297,971
122.231 1047.8 n-ttylbenzens 05353 ,6656: 120,079
122,383 1043.0 1, 3-dliervi hiyd-S-ethwylbenzene: 0.4100 0.3841 M5
132,74 1051.2 1,2-gdiethyplbanmna 15860 1.4857 236,710
123.595% 1053.2 I3 D230 0.321% 51.072
123.199 1054, 5 t-dipcahydronaphthalene O.2074 0.2137 37135
123,556 1571 M4l Q3265 0.3364 SH.A0
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