Q UKIFDA

Representing the best in liquid fuels

HVO Handbook

Guidance on industry conversion to
Hydrotreated Vegetable Oil

Issue 1.2 - June 2021



HVO Handbook

Publishing and copyright information
This document was published on 09 June 2021.
© Copyright

The copyright of this publication rests with OFTEC. All rights reserved. This document and
its information are supplied without liability for errors or omission and no part may be
reproduced, used, or disclosed except as authorised by contract or other written permission.

Publication history

First published in March 2021
Issue 1.1, March 2021
Issue 1.2, June 2021

Amendments issued since publication

Issue No. | Date Amendment details
1 08/03/2021 | First issue
1.1 11/03/2021 | Acknowledgement given to Alan C Black (Oil Heating Consultancy

Services Ltd.) as technical author.

Text concerning the incorrect conversion of existing burners, and
illustrative Figure, added to 3.4.1.

BS 5410-1 and SAP 10.1 added to bibliography.

Correction of various minor typographical errors.

1.2 09/062021 | New 2.3.8.1 - First time inclusion of information on flue goods and acid
corrosion classification to BS EN1443.

1.2 09/062021 | New 2.3.8.2 — First time inclusion of information relative to the acidity of
condensate arising from combustion, including new Annex F.

1.2 09/062021 | New 2.4 — First time inclusion of information relative to stoichiometric
combustion, including new Annex G

Issue 1.2, 09 June 2021



HVO Handbook

Acknowledgements

OFTEC wishes to thank all members of trade and industry who have contributed in the
compilation, review, and revision of this publication.

Particular thanks also go to the following individuals for their personal contributions:

Dan Wingad
Dean Mitchell
John Henderson
John Weedon
Joshil Hirani
Louise Friel

Mark McElroy
Mark Simmons
Martin Cooke
Matthew Holland
Richard Hutchinson
Shane Wilcox
Simon Lawford
Sheila Marshman

Terry Hibbard

Regin Products Ltd

SPX Flow — Tigerholm

Building Research Establishment
Mitchel & Webber Ltd

Building Research Establishment
Sutherland Tables & Home Heating Carbon Emissions
Danfoss Ltd

SMS Analytical Ltd

EOGB Energy Products Ltd
Regin Products Ltd

Crown Oil Ltd

Kiwa Gastec Ltd

Crown Oil Ltd

SMS Analytical Ltd

Harworth Heating Ltd

Technical author

Alan C Black — Oil Heating Consultancy Services Ltd.

The following figures and tables in this publication are reproduced with the kind permission of
the named contributors:

Figure 1 — Sutherland Tables & Home Heating Carbon Emissions
Figures 2, 3, 7, 8, 10, 11 — Oil Heating Consultancy Services Ltd.
Figures 4, 5, 13 & 14 — Regin Products Ltd.

Figures 6, 9 & 12 — Crown Oil Ltd.

Figure 16 and Tables 5 & 6 — Danfoss Ltd.

Table 4 — SPX Flow — Tigerholm

Tim Lock
Technical Director — OFTEC

Issue 1.2, 09 June 2021 | Page |



HVO Handbook

Contents
0] 1Yo o PP PPPPPPPPP v
1 Introduction — decarbonisation with liquid fuelS...............ccccooiiiiiiiiiiie 1
1.1 Carbon SAVINGS (CO2) «.eeeiiiuitiiiiiiieee ettt e e e e e e st e e e e e e e e nnnneeees 1
2 Hydrotreated Vegetable Oil for home heat applications...........ccccccceeeiiieeiiiiiiiiiiee e, 4
2 T 011 o o 11 o 1 o o PP 4
2.2 FUCE QUAITY . 5
2.3 FUBI PIrOPEITIES .. 5
2.4 Stoichiometric COMBUSTHION ......ccoiiiiiiiieee e 14
3 Technical reqUIrEMENTS ........cooiiiiiiiiiiii 16
3.1 Fuel storage and SUPPIY .....eeeeemmmiiiiiiiiiiiiiiiii e 16
3.2  Fuel storage & supply system guidance POINtS............uuuuuerrrmmmmmmmmmenmerenennninnnnnnes 16
3.3 Sub-gravity (suction supply lin€) SYStEMS ........cc.uuviiiiiiiiiiiii e 18
3.4 PreSSUIE JEE DUIMEIS ....uuiiiiiiiiiiiieeie i eenenennne 19
3.5  BOiler effiCIENCIES .....uuuuiiiiiiiiiiiiiiiiiiiiii bbb nnnane 23
I Y- T To | 411 T TN 01U 1T £ 25
O Yo V] ] (= = U o = SRR 26
5 Key gUIdANCE POINES ...uuiiieiieeeicee et e et e e e e e e e e 26
Annex A — HVO Sustainability Statement..........ccoooiiiiiiiiiii e 28
Annex B — Comparative Analysis of HVO and KeroSene...........ccccccvvvvvviiiiiiiiiiiiiiiiiiiiiiieee, 31
ANNeX C — Product Data SNEELS .......cccoieiiiiiiiiiiie et e e e e e e e e e aeanees 52
OF Rl (=] (0 1] =T o [P P PP TR PUPPPTPRTRPPPIN 52
C.2 = HVO . 53
Annex D — Example Material Safety Data Sheets ..........ccccccovvviiiiiiiiiiiiii 54
D.1 — KEIOSEINE ..ottt e et e e ettt e et et e et e e et ab e e e et aeeara s 54
D 2 Y 55
Annex E — SPX Flow HVO de-aerator iNStrUCIONS ...........ccvviiiiiiieeeeieeeiicee e 56
Annex F — SMS Analytical report on combustion condensate .............ccccoeeveiiiiieeeeeeeeeeee, 58
Annex G — SMS Analytical report on stoichiometric combustion ..............ccccciiiiiiieieineeenes 62
2] ][ ToT | =T o] 0| URUPRP 66

List of figures

Figure 1: 3-bed house Scotland indicative annual carbon emissions (tonnes COx).............. 3
Figure 2: WhHat iS KEIOSENE? .......oviiiiiiiiiiiiieieieeeeee ettt 4
FIgure 3: WAt iS HVIO? ...cooeiiiiiiiiiiieieeeeeeeeeeee ettt 4
Figure 4: Example tank storage safety label for KErosene .............coooeeeeiiieiiiiiiiiiiicieeeecei, 6
Figure 5: Example tank storage safety label for HVO ..o 6
Figure 6: Comparative densities of fuels V’s temperature ...........ccccvvvvvvvvviiiiiiiiiiiiiiiiiiieeee 7

Page Il | Issue 1.2, 09 June 2021



HVO Handbook

Figure 7: Field application indicative densities — KEIrOSENE ...........covvviiiiiieeiiiiiiiiiiie e, 8
Figure 8: Field application indicative densities — HVO ........cccoooeviiiiiiiiiii i, 8
Figure 9: Comparative viscosities of fuels V’s temperature .............ccccceeeviieiiiiiiiiee e, 9
Figure 10: Field application indicative viscosities — KEroSENe .............coevvvvveeiviiiiiiiiiiiiennnnn. 10
Figure 11: Field application indicative viscosities — HVO ...........coovvviiiiiiiiiiiiiiiiiiiiiiiiieiiieee 10
Figure 12: Comparative net heat energy of fuels V’'s temperature (change in density)........ 12
Figure 13: Example appliance conversion label ... 16
Figure 14: Example tank conversion [abel..............c..oooiiiii e 17
Figure 15: Carbon deposit build-up on the blast tube of an incorrectly converted burner..... 19
Figure 16: HVO atomising NOZzle Marking ........ccccceiiiiiiiiiiiiiieeeeceeiiiie s e et eeeeeanees 20
Figure 17: HVO conversion kits provided for OFTEC pilot demonstrator sites..................... 23
Figure 18: Original Harworth Heating sketch diagram of vaporising pot burner ................... 25
Figure 19: Vaporising pot burner conversion kit as supplied to Mitchell & Webber .............. 26

List of tables

Table 1: Comparative flash points and initial & final boiling points of fuels .......................... 11
Table 2: Comparative Calorific Values (CV) of fuels...........iiiiiiiiiiic e, 11
Table 3: Comparative Net Calorific Values of fuels at a given temperature (40°C)............... 11
Table 4: Suction supply line sizing for HVO ...........coiiiiiiiiicce e 18
Table 5: HVO atomising nozzle gross energy throughputs for condensing boilers. ............. 21

Table 6: HVO atomising nozzle net energy throughputs for standard efficiency boilers....... 21

Issue 1.2, 09 June 2021 | Page IlI



HVO Handbook

Foreword

Around 1.5 million homes in the UK currently rely on liquid fuel heating. However, to tackle the
problem of climate change — the biggest challenge the world has ever faced — the fuels we
use to heat our homes must change. It is vital that this is done in a way that is fair to consumers
and minimises cost and disruption, which are major barriers to progress.

This handbook is a first edition “living document” and provides detailed points of consideration
and instruction that are required to convert homes from using the fossil fuels in use today to a
new low carbon renewable liquid fuel alternative called Hydrotreated Vegetable Oil
(sometimes referred to as Hydrogenated Vegetable Oil or HVO). The content of this document
will be updated in line with new learning that will come as more homes transition on to the new
fuel.

Industry is committed to introducing this new fuel which, with government support, could make
a major contribution to meeting the government’s net carbon zero target.

Paul Rose
Chief Executive — OFTEC
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1 Introduction — decarbonisation with liquid fuels

In 2019, the UK government amended the Climate Change Act 2008 to create a legally binding
target of achieving net zero emissions by 2050. This change to the legislation broadly follows
recommendations from the government’s independent statutory advisor, the Committee on
Climate Change (CCC).

To achieve net zero, all areas of the economy will need to be transformed. This includes
heating which is widely acknowledged to be a difficult challenge. Until now, most progress with
decarbonisation has been made through major infrastructure — for example, off-shore wind
turbines — but going forward the way we live our lives will increasingly need to change.

To achieve the decarbonisation of heat, we must end the use of fossil fuels such as olil, coal,
and gas. How this is achieved is the subject of much debate. However, the government has
made it clear that many homes will need to switch to electric heating using heat pumps,
although today these are at least three times more expensive to install than conventional
boilers.

Off-gas grid homes have been identified as an early priority for decarbonisation during the
2020s, but over half (65%) are difficult to convert because of their very poor energy efficiency
which will result in significant additional fabric improvement costs. The CCC has suggested
heat pump/biofuel hybrid systems as an alternative for hard-to-treat homes, but these will be
very expensive to install and run.

OFTEC and other industry partners believe that many households will prefer to simply replace
their existing liquid fuel with a low carbon alternative. Following extensive tests, we believe
Hydrotreated Vegetable Oil (HVO) offers the best current solution. HVO can be used in
existing appliances following straightforward, inexpensive modification and, at 100%
concentration, will reduce an oil heating system’s emission by around 88%.

This makes HVO not only a cheaper and easier solution to implement, but one that provides
the greatest carbon reductions until at least the mid-2030s. Beyond that date, governments
forecast that the carbon intensity of electricity will reduce sufficiently to enable heat pump
systems to match and possibly surpass it for those properties where heat pumps can provide
a cost effective solution.

1.1 Carbon savings (COz2e)

The use of bio-liquids derived from verified waste sources creates overall carbon reductions
in the lifecycle analysis of emissions when compared to the use of traditional mineral (fossil)
fuels such as Kerosene or Gas Oil.

It is important to note that the use of virgin plant stock as a bio-liquid source is not appropriate
for achieving carbon reduction as it provides:

e Less carbon savings compared to liquid fuels derived from waste sources such as
Used Cooking Oil (UCO). This is due to the waste product being counted as net carbon
zero as its carbon impact on the environment has already been counted during its
previous life cycle. This is in contrast to virgin plant feedstocks where the final
application emissions additionally have to take account of and include the production,
land-use change, cultivation, and initial transportation emissions as part of the lifecycle
emissions analysis. By way of example a bio-liquid produced from waste sources
should be expected to have an overall CO2. emission rate of less than 50 g CO2./kWh

Issue 1.2, 09 June 2021 | Page 1



HVO Handbook

combusted whereas the use of a virgin plant based feedstock to produce the same
bio-liquid fuel would have emissions nearer 200 g CO2./kWh.?

e Uncertainty and concern over land use change away from natural forestation and food
production resulting in environmental and socio-economic negative impacts.

Since 2007 OFTEC has been working with industry members and interested external parties
on the development of alternative waste derived liquid fuels to initially reduce and ultimately
remove from our market our reliance upon fossil fuels. Successful trials and testing proved
that alternative liquid fuels could be utilised within our sector to reduce carbon emissions. The
1st stage of carbon reductions and reliance on fossil fuels was proven with a lower carbon fuel
blend of 30% FAME (EN 14214) derived from waste sources and 70% Kerosene achieving
circa 28% reduction in emissions.

Climate change targets set to achieve net carbon zero emissions by 2050 in the UK have
rendered the use and consideration of bio-liquid/fossil fuel blends somewhat obsolete in terms
of an industry approach for which political support is required.

Further evaluation works have been undertaken with regards to the use of 100% waste derived
FAME in domestic applications which proved unsuccessful due to the properties of the liquid
fuel in terms of small-scale combustibility, material compatibility and issues surrounding sub
15 °C storage. Larger scale applications and use of 100% waste derived FAME with bespoke
installations and equipment have however been successfully installed and utilised since circa
2000.

A number of alternative liquid fuels have been considered and evaluated since 2010 for
domestic fixed combustion purposes, none of which provided a satisfactory solution for home
heat applications as in general terms the alternatives were either unstable and/or
incompatible, at a theoretical concept stage only or were derived from fossil fuel source
material which could have resulted in even higher emissions than those produced by
combusting Kerosene.

Within the mix of alternative fuels evaluated by industry was BS EN 15940 Hydrotreated
Vegetable Oil (HVO) developed as an alternative for the automotive diesel market. At the time
of initial evaluation of the available HVO liquid fuels in the market the feedstock used to
produce this fuel included virgin plant oils such as palm. Although HVO initially appeared to
be an ideal alternative to Kerosene in terms of combustion application the inclusion of virgin
feedstocks historically debarred it from further evaluation due to the socio economic and
environmental impacts associated with virgin feedstock and the associated CO2 emissions of
up to circa 200 g CO2./kWh certainly would not have enabled industry to achieve a net carbon
zero fuel source solution.

The pivotal point for our sector was movement away from HVO being produced from virgin
feedstocks and the large-scale production and availability of HVYO from waste sources such
as used cooking oils. See Annex A — Neste Biofuels Sustainability Statement for HVO.

COy. Carbon equivalent emission evaluations carried out during 2020 by the Building
Research Establishment (BRE)? These showed that HVO (when derived from waste sources
such as UCO) COze emissions for home heat applications could be as low as 25 g CO2./kWh
and overall a generic value for waste derived HVO was established at 36 g CO2./kWh.

1 Source: RED I
2 Source: BRE Client Report P117563-1000 Issue 1.1, May 2020
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The generic waste derived HVO CO4 value has been compared to those within Table 12 of
SAP 10.13, (November 2019) and was found to have COz./kWh emissions:

o 88% less than Kerosene
o 32% less than biomass (wood pellets)
o 74% less than 2020 future projected electricity

Sutherland Tables were engaged to undertake comparative annual carbon emission indicative
modelling works (May 2020) based on their comparative running cost tables but utilising SAP
10.1 Table 12 values available at the time.

Figure 1: 3-bed house Scotland indicative annual carbon emissions (tonnes COze)

Net Carbon Zero Carbon Emissions

Key: Biodiesel = FAME (waste derived BS EN 14214)
Specific H100 = Crown Oil HVO as evaluated by BRE (waste derived BS EN 15940)
Generic H100 = Generic HVO as evaluated by BRE (waste derived BS EN 15940)

The Sutherland Table’s indicative chart, Figure 1 above, clearly demonstrated the real
potential for annual carbon emissions savings in comparison to other “Net Carbon Zero”
government supported “solutions” achievable to our industry via the adoption of HVO as an
alternative domestic home heat liquid fuel and justified further specific and detailed evaluation
works to continue.

Elmhurst Energy were also engaged to undertake SAP modelling (The Government’s
Standard Assessment Procedure for Energy Rating of Dwellings) which reflected similar
outcomes but also identified where the then SAP system was somewhat inflexible with regards
to the application of new fuels and technologies. Work with BEIS and BRE has addressed
these concerns, and when published, SAP 10.2 should enable new fuels and technologies to
be applied to the SAP evaluation and ratings of domestic dwelling houses.

3 https://www.bregroup.com/wp-content/uploads/2019/11/SAP-10.1-08-11-2019 1.pdf
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2 Hydrotreated Vegetable Oil for home heat applications

21 Introduction

Before industry adopts HVO as an alternative replacement fuel for Kerosene we need to
understand what Kerosene predominantly is and then compare HVO to it.

Kerosene as used for domestic heat applications is basically a mix of paraffins, naphthenics
and aromatics, see Figure 2 below.

Figure 2: What is Kerosene?

What is Kerosene?

= Paraffins = Napthenics = Aromatics

In terms of industry material compatibility issues, it is predominantly the aromatics within the
Kerosene which causes our traditional sector problems of leaking seals, failed flexible hoses,
etc., as aromatics are good solvents.

So, what is the make-up of HVO?
Figure 3: What is HVO?

What is HVO?

= Paraffins

As can be seen from Figure 3 above, HVO is 100% paraffins — the best bit of Kerosene!
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HVO has been shown to be compatible with nitriles, fluoroelastomers, PTFE, vinyl ester resins,
and epoxy resins, etc., due to the lack of aromatic compounds.

To aid industry members in identifying any potential material compatibility issues which may
arise as a result of the change of fuels from Kerosene to HVO, OFTEC engaged the services
of SMS Analytical Ltd, an independent laboratory, to evaluate and report on the differences
between Kerosene and HVO. This report is reproduced in full in Annex B.

2.2 Fuel quality

HVO used for domestic heating purposes should comply with BS EN 15940, be derived from
verifiable and sustainable waste sources, and be produced under strict quality assurance
systems to achieve consistent quality and properties of the fuel.

For the production of new bio-liquid compatible equipment such as boilers, burners and liquid
fuel storage tanks - as well as for the conversion of existing installations and equipment - it is
important and necessary that the properties of the fuel to be combusted are not only known
but are consistent in supply. To achieve this, only HVO from known, verifiable and proven
sources should be utilised and the use of aftermarket/post production additives (other than
production additives as necessary to comply with BS EN 15940) such as those containing
detergents and dispersants and/or combustion aids should not be used.

2.3 Fuel properties
2.3.1 Materials

The properties of HVYO such as density, viscosity and reaction to temperature changes are
different from mineral fuels such as Kerosene and can again react differently to different
materials. This means that to change from 100% Kerosene mineral fuel to HVO will require
formal conversion and re-commissioning of installations and equipment. Older materials such
as natural rubber — as found in fuel pump and filter seals that are commonly encountered in
mineral fuel installations — should be replaced as they can deteriorate rapidly when used with
HVO due to the lack of exposure to aromatics which would have caused the materials to swell
and have remained in a swollen state. In simple terms older existing rubber materials could
“dry out”, crack and leak when the aromatics are removed.

OFTEC Member manufacturers have started to produce boilers, burners, tanks, and ancillary
equipment dedicated to HVO to enable conversion in the field.

Examples of Product Data Sheets for both Kerosene and HVO are reproduced in Annex C.
2.3.2 Safety

The safety issues concerning the transportation, storage, and combustion of Kerosene are
dramatically reduced when compared with the properties of HVO.

We can clearly see from the two example tank labels in Figure 4 and Figure 5, reproduced
overleaf, the dramatic reduction in warning symbols. The details of which are briefly that HVO
is not classed as a flammable liquid nor as a pollutant.

Examples of Material Safety Data Sheets for both Kerosene and HVO are reproduced in
Annex D.
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Figure 4: Example tank storage safety label for Kerosene

4
Regin

A AR

No smoking
or naked lights

WARNING - this tank contains
C2 Kerosene - to BS 2869

wWww.regin. ko EQPLO8

Figure 5: Example tank storage safety label for HVO

IMPORTANT

This tank contains
Hydrotreated

Vegetable Oil to
BS EN 15940

* Do not deliver any other liquid fuel
into this tank.

* Do not apply aftermarket fuel additives
to this tank.
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2.3.3 Density

Specific differences between HVO and Kerosene in terms of density, having been identified
early on in the evaluation process, led to the need for further detailed evaluation works to be
undertaken to enable a full understanding of fuel differences under different climatic
conditions. This work was kindly undertaken by the laboratory staff at Crown Oil Ltd.

Figure 6: Comparative densities of fuels V’s temperature

Fuel Density sv Temperature Nov'20

- -——

It can be seen from Figure 6 above, HVO although often described as a “diesel” replacement
fuel in reality has a density noticeably less than Kerosene and vastly lower than Gas Oil. As
density equates to weight this is an important consideration when undertaking suction line
sizing and atomising nozzle throughput calculations.

Applying the Crown analysis density results for Kerosene and HVO to field expected mean
temperatures within domestic above ground integrally bunded liquid fuel storage tanks shows
that where Kerosene would have a mean temperature density of circa 0.804 g/ml, HYO would
have a significantly lower mean temperature density of circa 0.786 g/ml, affecting the correct
sizing of suction lines on sub gravity supply systems.

At the burner however, applying the Crown analysis density results for Kerosene and HVO to
field expected mean operational fuel pump temperatures shows that where Kerosene would
have a mean fuel pump temperature density of circa 0.781 g/ml HVO would have a
significantly lower mean temperature density of circa 0.762 g/ml, directly affecting the
throughputs of Kerosene and Gas Oil calibrated atomising nozzles. An important
consideration for appliance, atomising nozzle and fuel pump manufacturers. See Figure 7 and
Figure 8 overleaf.
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Figure 7: Field application indicative densities — Kerosene

C2 Kerosene Densities Mean fuel temp
. from pump
within a fixed combustion system ' circa 42 C
A ] N
Density circa
@ 10C mean temperature. 0.781 g/ml
Fuel pump
temp circa
1 NOTE 49C-59C
Qil tank @ 0 C Density would be circa 0.811 g/ml
@ 20 C Density would be circa 0.796 g/ml
10 Cmean @ 30 C Density would be circa 0.789 g/ml
Benahy eirce @ 50 C Density would be circa 0.774 g/ml
0.804 g/ml
@ 60 C Density would be circa 0.766 g/ml
Y
Notes
. Mean temperatures taken from OFTEC 2008-2010 B30K trials internal tank temperature monitoring of an above ground domestic integrally
bunded oil storage tank.
. Fuel densities provided by Crown Oils from laboratery analysis December 2020
. Fuel pump outlet temperatures taken from KIWA Report 80638 October 2020.
Figure 8: Field application indicative densities — HVO
HVO Densities Mean fuel temp
. from pump
within a fixed combustion system - circad2 C
A jo! N
Density circa
@ 10C mean temperature. 0.762 g/ml
Fuel pump
temp circa
11 NOTE 49C-59C
Qil tank @ 0 C Density would be circa 0.794 g/ml
@ 20 C Density would be circa 0.778 g/ml
S @ 30 C Density would be circa 0.770 g/ml
Rensityeircs @ 50 C Density would be circa 0.754 g/ml
0.786 g/ml
@ 60 C Density would be circa 0.746 g/ml
Y
Notes
. Mean temperatures taken from OFTEC 2008-2010 B30K trials internal tank temperature monitoring of an above ground domestic integrally

bunded oil storage tank.
. Fuel densities provided by Crewn 0Oils from laboratory analysis December 2020

. Fuel pump outlet temperatures taken from KIWA Report 80638 October 2020.
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2.3.4 \Viscosity

Specific differences between HVO and Kerosene in terms of viscosity, having been identified
early on in the evaluation process, led to the need for further detailed evaluation works to be
undertaken to enable a full understanding of fuel differences under different climatic
conditions. This work was kindly undertaken by the laboratory staff at Crown Oil Ltd.

Figure 9: Comparative viscosities of fuels V’s temperature

Fuel Viscosity vs Temperature Nov'20

== Hydrogenated Vegetable Oil (HVO) e KErosene s Gas Oil

=
3
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It can be seen from Figure 9 above, HVO although often described as a “diesel” replacement
fuel in reality has a viscosity vastly higher than Kerosene and even higher than Gas Oil. As
viscosity equates to ability to flow, i.e. how sticky the fuel is, we can see here a major difference
in the flow characteristics of HVO compared to Kerosene and even Gas Oil. As with
differences in density, viscosity is again a major consideration when undertaking suction line
sizing and atomising nozzle throughput calculations.

Applying the Crown analysis viscosity results for Kerosene and HVO to field expected mean
temperatures within domestic above ground integrally bunded liquid fuel storage tanks shows
that where kerosene would have a mean temperature viscosity of circa 1.6 cSt, HYO would
have a vastly higher mean temperature viscosity of circa 6.0 cSt, affecting the correct sizing
of suction lines on sub gravity supply systems

At the burner however, applying the Crown analysis viscosity results for Kerosene and HVO
to field expected mean operational fuel pump temperatures shows that where Kerosene would
have a mean fuel pump temperature viscosity of circa 1.0 cSt, HYO would have a significantly
higher mean temperature viscosity of circa 2.8 cSt, directly affecting the throughputs of
Kerosene and Gas Oil calibrated atomising nozzles. An important consideration for appliance,
atomising nozzle, and fuel pump manufacturers. See Figure 10 and Figure 11 overleaf.
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Figure 10: Field application indicative viscosities — Kerosene

Class C2 Kerosene Viscosities Mean fuel temp
. from pump
within a fixed combustion system - Girca 42 C
A —_ e
Viscosity circa
@ 10C mean temperature. 1.0 Cst
Fuel pump
temp circa
I NOTE 49C-59C
Qil tank @ 0 C Viscosity would be circa 1.9 Cst
@ 20 C Viscosity would be circa 1.4 Cst
10 C mean @ 30 C Viscosity would be circa 1.2 Cst
Jiseositycincs @ 50 C Viscosity would be circa 0.9 Cst
1.6 CST
@ 60 C Viscosity would be circa 0.8 Cst
Y
Notes
. Mean temperatures taken from OFTEC 2008-2010 B30K trials internal tank temperature monitoring of an above ground domestic integrally
bunded oil storage tank.
. Fuel viscosities provided by Crown Qils from laboratory analysis November 2020
. Fuel pump outlet temperatures taken from KIWA Report 80638 October 2020.
Figure 11: Field application indicative viscosities — HVO
HVO Viscosities Mean fuel temp
. from pump
within a fixed combustion system n circa 82 C
A ) NS
Viscosity circa
@ 10C mean temperature. 2.8 Cst
Fuel pump
temp circa
|1 NOTE 49C-59C
Qil tank @ 0 C Viscosity would be circa 8.3 Cst
@ 20 C Viscosity would be circa 4.6 Cst
SIS . @ 30 C Viscosity would be circa 3.6 Cst
Xscameyarce @ 50 C Viscosity would be circa 2.4 Cst
6.0 CST
@ 60 C Viscosity would be circa 2.0 Cst
v
Notes
. Mean temperatures taken from OFTEC 2008-2010 B30K trials internal tank temperature monitoring of an above ground domestic integrally

bunded oil storage tank.
. Fuel viscosities provided by Crown Oils from laberatory analysis November 2020

. Fuel pump outlet temperatures taken from KIWA Report 80638 October 2020.
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2.3.5 Flash Point

Comparative Flash points, initial boiling points and final boiling points for Kerosene, Gas Oll
and HVO were provided by Crown Qils as shown in Table 1 below:

Table 1: Comparative flash points and initial & final boiling points of fuels

Flash Point Initial Boiling | Final Boiling
(°C) Point (°C) Point (°C)
Kerosene 38 165 270
Gas Oil 63 180 360
HVO 78 202 310

As with other fuel properties we can clearly see here distinct differences between the three
fuels especially for storage purposes that the flash point of HVO is well in excess of the sub
60 °C definition point for classification as a flammable liquid.

2.3.6 Calorific Value

Evaluation of the comparative Calorific Values (Specific Energy) of HVO, Kerosene and Gas
Oil were undertaken initially from their respective product data sheets available at the time
and were found to be as shown in Table 2 below:

Table 2: Comparative Calorific Values (CV) of fuels

Net CV (MJ/kQ) Gross CV(MJ/kQ)
HVO 43.5 46.3
Kerosene 43.0 45.9
Gas Oill 42.8 45.4

Note: Data provided by Crown Oils.

From the calorific values shown in Table 2 above, when measured by weight we can see that
HVO has the highest amount of available heat energy per kg. However, when we take into
account the density of the fuel at given temperatures and look at the amount of available heat
energy per litre then, the situation reverses. This is illustrated in terms of Net CV in Table 3
below and Figure 12 overleaf.

Table 3: Comparative Net Calorific Values of fuels at a given temperature (40°C)

kW/litre
(Watts/cc)
MJ/kg kW/kg @ 40°C
Gas Oil 42.8 11.89 9.74
Kerosene 43.0 11.94 9.33
HVO 43.5 12.08 9.21
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Figure 12: Comparative net heat energy of fuels V’s temperature (change in density)
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2.3.7 Carbon chain length

When comparing the number of carbon atoms present within Kerosene and HVO (the length
of the carbon chain affects atomisation) we can see a noticeable difference between the two
liquid fuels.

Typical carbon chain lengths:

Class C2 Kerosene to BS 2869 circa C6 — C16
HVO to BS EN 15940 circa C15-C18

SMS Analytical were engaged by OFTEC to carry out a comparative chemical analysis of a
sample of Kerosene and HVO. See Annex B.

SMS carbon chain length findings:

Class C2 Kerosene to BS 2869 circa C7 — C15
HVO to BS EN 15940 circa C13 - C19

2.3.8 Sulphur content

Environmental and material compatibility concerns with regards to the interaction of liquid fuels
in direct contact with components is not the only matter to take into consideration. We also
have to take account of the interaction of products of combustion with materials within the
combustion process and the discharge of those products of combustion to the atmosphere.
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Likewise, with high efficiency condensing liquid fuel boilers we also need to consider the effect
on materials and the natural and built environment from the condensate itself.

Typical sulphur levels:

Class C2 Kerosene to BS 2869 200mg/kg
HVO to EN 15940 < 5mg/kg

This clearly demonstrates that HVO contains at worst only 2% of the sulphur content of
Kerosene whilst in its liquid state.

2.3.8.1Flue goods - BS EN 1443

BS EN 1443 was amended in 2019 which resulted in a reclassification of acid corrosion
resistance levels, which removed Kerosene as a heating fuel from corrosion resistance class
1 and placed it as per gas oil in corrosion resistance class 2. The changeover point from class
2 corrosion resistance level to class 1 occurs (or would occur if properly recognised within BS
EN 1443) at 50 mg/kg sulphur content. In light of the typical sulphur levels of HVO in
comparison to Kerosene as shown above, it is quite clear that industry has a robust case to
seek amendment to BS EN 1443 so as to recognise that the corrosion resistance class for
HVO is recognised as being class 1.

2.3.8.2 Condensate

SMS Analytical carried out analysis of samples of condensate from Kerosene, HVYO and
natural gas combustion processes as follows:

The pH levels measured from the three samples by SMS were found to be as follows:

e Kerosene pH level 2.9
e Nat Gas pH level 3.9
¢ HVO pH level 6.1

Condensate pH

2 3 4 5 6 7 8 9 10 11 12 13 14

)|L J

Kerosene
Nat Gas

We can clearly see here the similarity between the pH levels of Kerosene and Nat Gas
combustion condensate being only one pH level apart but with Kerosene combustion
condensate being more acidic than condensate from Nat Gas combustion.

Comment: The pH level of condensate from HVO combustion was found to be
virtually neutral with a pH level akin to milk.
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The total acidy (mg/l NaOH) of each condensate sample as analysed by SMS were found to
be as follows:

o Kerosene 176  mg/l NaOH
e Nat Gas 132  mg/l NaOH
¢ HVO <10 mg/l NaOH

This means that in terms of total acidity HVO combustion condensate is:
e > 94% less acidic than condensate from kerosene combustion

e > 92% less acidic than condensate from natural gas combustion

Conclusions:

1. Combustion condensate acidity will be massively reduced when utilising HVO instead
of kerosene.

2. HVO combustion condensate should have no greater overall impact in terms of
acidity than milk.

N.B. Material compatibility with regards to the chemical (trace paraffinic) composition of
HVO condensate and its reaction with materials is required to be ascertained by
manufacturers before bringing products to market.

The SMS Analytical report on combustion condensate is in Annex F.

2.4 Stoichiometric Combustion

When ascertaining combustion efficiency for fixed combustion applications it is necessary to
have knowledge of the calculated stoichiometric CO2 value expected at 100% combustion
efficiency (zero excess air) for any given liquid fuel being combusted.

As Stoichiometric values are the starting point for determining combustion and overall
appliance efficiencies and with the industry adoption of lower carbon sustainable liquid fuel
alternatives SMS Analytical were tasked with calculating the StoichiometricCO2 values for
Class C2 Kerosene, Class D Gas Oil and HVO from current fuel analysis data.

The Stoichiometric CO2 values calculated by SMS were found to be as follows:

e Kerosene 14.18% CO2
e Gas Oil* 14.22% CO2
e HVO 13.68% CO2

*N.B. Gas Oil in the SMS Analytical report in Annex G is referred to as “Diesel”.

Page 14 | Issue 1.2, 09 June 2021



HVO Handbook

Oil Combustion analysers in common use in our sector typically measure Oxygen and
calculate CO2 and have been found to be using Stoichiometric CO2 calculation values of circa
15% -15.5% for kerosene, light oil and gas oil.

Oil combustion analysers are now more readily available which directly measure the level of
CO2 in the flue gasses sampled via an infrared sensor.

It is strongly recommended that when converting from kerosene to HVO or when
commissioning a dedicated HVO boiler that, due to the differences in Stoichiometric
combustion identified analysers which measure CO2 as opposed to calculate CO2 from
measured Oxygen are used until such times that combustion analysers become available
which have dedicated separate kerosene, HVO and Gas Oil settings which then gives both
C02 and combustion efficiency outputs specifically for each fuel.

15
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= H\/O
diesel
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Fig 1 Dilution effect on carbon dioxide concentration with excess air

SMS analytical chart showing dilution effect on CO2 with excess air.
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3 Technical requirements

All domestic liquid fuel fired installations for heating, hot water and cooking purposes should
satisfy the guidance contained within BS 5410-1 and in addition any specific recommendations
given in this document relating to the application and use of HVO as a domestic liquid fuel.

3.1 Fuel storage and supply

Bio-liquids should never be introduced to liquid fuel storage systems that are contaminated as
this promotes bacterial growth. Storage tank husbandry is therefore essential in maintaining
equipment reliability. Contaminated tanks and systems should be cleaned via fuel conditioning
or polishing as a minimum before the introduction of bio-liquids as the consequences will
inevitably be blocked filters and inoperative systems. Further information on tank cleaning
methods can be found in OFTEC Technical Book 3.

It is strongly recommended that bio-liquids are never introduced to existing storage
installations which do not have secondary containment and/or are over 20 years of age.

It is recommended that wherever possible and practicable new integrally bunded fuel storage
tanks suitable for bio-liquids are installed. Further information on recommended liquid fuel
storage tank capacities for mineral fuels can be found in BS 5410-1.

Supply line ancillary components which contain rubber gaskets or seals should be replaced
or renewed prior to the adoption of bio-liquids. Due to the chemical differences identified
between HVO and Kerosene HVO can cause older existing rubber seals and gaskets to retract
back to their original dimensions (the aromatics in Kerosene having caused them to swell)
thus resulting in fuel leakage and loss.

3.2 Fuel storage & supply system guidance points

¢ Manufacturers of liquid fuel storage tanks need to guarantee their suitability for use
with Bio-liquids/HVO prior to purchase and installation.

e All equipment, especially storage tanks, supply line ancillary components and
combustion appliances will be required to be clearly and permanently identifiable by
non-intrusive means, this being labelled at point of manufacture (or for existing
equipment at point of conversion) as (then) only being suitable for HVO. Example
labels are shown in

e Figure 13 and Figure 14 below.

Figure 13: Example appliance conversion label
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This appliance runs on
Hydrotreated Vegetable Oil
to BS EN 15940

WARNING @
This tank contains

Hydrotreated Vegetable Qil
to BS EN 15940

WWW.regin.co.
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When converting existing systems, in the first instance all existing liquid fuel storage
tanks without secondary containment shall be replaced with new (bio-liquid approved)
integrally bunded storage tanks. Existing single skinned storage tanks which are in
good condition and are not in excess of 20 years of age should only be considered for
reuse when installed within secondary containment systems to CIRIA Report 163,
subject to inspection for integrity and having undergone internal cleansing. Existing
integrally bunded storage tanks should only be considered for short term use - prior to
replacement - subject to inspection for integrity and having undergone internal
cleansing and additionally even where they appear to be in reasonably good condition
they should be considered to be at end of their useful life at 20 years of age.

Supply system conversion would commonly require at least the replacement of non-bio
compatible:

3.3

Flexible oil lines.

Filters and/or filter seals.

De-aerators.

Remote acting fire valves.

Lever fuel valves/valves incorporating natural rubber seals.

Sub-gravity (suction supply line) systems

Attention should also be paid to suction line systems as a correctly sized Kerosene suction
line may require an increase in size for example from 6mm to 8mm or even to 10mm due to
HVO being more viscous than Kerosene and Gas Oil. HVO suction supply line sizes calculated
by SPX Flow — Tigerholm, for OFTEC pilot demonstrator sites, are shown in Table 4 below.
The installation instructions for the SPX Flow HVO de-aerator are reproduced in Annex E.

Table 4: Suction supply line sizing for HVO

Suction Copper tube O/D mm
Head 6 8 6 8 6 8
meters Max pipe lengths in meters
0,0 100 100 67 100 48 100
-0,5 93 100 59 100 43 100
-1,0 80 100 51 100 37 100
-1,5 70 100 44 100 32 100
-2,0 58 100 37 100 27 100
-2,5 47 100 30 100 22 100
-3,0 35 100 22 100 16 82
-3,5 24 100 15 77 1 56
-4,0 12 60 8 40 6 29
Ch;::il;y 1,26 kg/hr 1,99 kg/hr 2,74 kg/hr

Density = 785 kg/m3 Viscocity = 6 mm2/s (cSt).
This table is valid for HVO.

Note 1: Density and viscosity at a mean seasonal fuel temperature of 10°C.
Note 2: The nozzle capacities stated above refer to Danfoss HVO calibrated atomising nozzle

throughputs (at their calibration pressure), as provided for the OFTEC pilot
demonstrator sites.
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3.4 Pressure jet burners
3.4.1 General

Pressure jet appliances and installations can in some cases be converted to run on HVO with
relative ease but only where the existing burner has been tested and approved by the
manufacturer for use with HVO.

Conversion of an HVO approved pressure jet fired boiler from 100% Kerosene to HVO would
commonly require at least the replacement of non-bio compatible:

e Atomising nozzles.
o Fuel pumps.
¢ Hydraulic rams and actuators.

And in addition, blast tube end cones and or Blueflame combustion tubes may well require
replacement with different lengths and designs to achieve clean combustion.

The incorrect conversion of an existing burner can lead to the rapid build-up of carbon deposits
on the burner blast tube, as shown in Figure 15 below. The yellow flame burner, converted
only some 24 hours previously, remained set for Kerosene and fitted with a Kerosene
atomising nozzle, and had simply had HVO supplied to it and the air shutter adjusted to give
the correct CO; reading.

Figure 15: Carbon deposit build-up on the blast tube of an incorrectly converted burner

A

Field trial experience has shown that although the burner component changes mentioned
above are theoretically sufficient to enable conversion, carbon deposits on fixed head blast
tube air veins can form where there is low fan static pressure, as may be found with older
yellow flame burners typically found on standard efficiency boilers. Where older yellow flame
burners are found on standard efficiency boilers, it is recommended that HVO conversion is
achieved by the replacement of the existing Kerosene burner with a new HVO tested and
approved burner. However, to conserve energy, fuel and power, to minimise running costs
and achieve reduction in the production and release of harmful greenhouse gasses into the
atmosphere it is strongly recommended that existing standard efficiency boilers with yellow
flame burners are replaced with modern high efficiency condensing boilers with blue flame low
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NOx burners. The firing of the appliances themselves should also be managed by weather
compensated controls ideally which match the firing rate of the burner to the actual heat load
demand at any given time.

Manufacturers of appliances and burners will make available dedicated HVO appliance and
burner installation, service and commissioning instruction manuals so that the equipment can
be commissioned specifically for HVO including the use of atomising nozzles specifically
calibrated and marked for HVO applications.

3.4.2 Pressure jet burner atomising nozzles

Kerosene enhanced specification atomising nozzles and standard Gas Oil atomising nozzles
are not recommended for use with HVO due to the differences in both density and viscosity of
HVO in comparison to both Kerosene and Gas Oil fuels. Kerosene and Gas Oil atomising
nozzles should be replaced with atomising nozzles specifically calibrated and stamped for
HVO at 10 bar to OFTEC Bio-Liquid Product Standard BLPS E130 in order to maintain correct
atomisation of the fuel to achieve complete combustion. Laboratory testing has identified that
to enable appliance efficiencies to be achieved and maintained it is vitally important that the
correct burner throughput (firing rate) is achieved to match the appliance’s required heat
energy input. To enable this to be achieved easily in the field HVYO atomising nozzles also
have their heat energy throughput (gross) stamped on the atomising nozzle and
manufacturers supply atomising nozzle throughput charts as shown in Figure 16,and
Table 5, and Table 6.

Figure 16: HVO atomising nozzle marking

T kehr | KWih

Danfoss | | | | HVO £ @1 goos
L 126 16.4
T kehr | KWih

Danfoss | | | | HVO g b | goes
L 199 | 259
kehr | KWih

Danfoss | | | | HVO & B | goes
L 274 | 356
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Table 5: HVO atomising nozzle gross energy throughputs for condensing boilers.

Gross CV HVO Nozzle Outputs - kW/hr
Pump Nozzle Capacity @ 10 bar

Pressure (bar)|] 1.26 kg/hr 1.99 kg/h-r 2.74 kg/hr
5 13.0 18.9 255
6 13.8 20.4 27.8
7 14.6 21.9 299
8 15.2 23.3 32.0
9 15.9 246 33.8
10 16.4 259 35.6
11 16.9 271 37.3
12 17.6 28.1 38.8
13 18.0 29.1 40.3
14 18.5 30.3 41.8
15 19.0 31.1 43.2
16 194 321 44 .4
17 19.8 33.0 45.8
18 20.3 33.8 47.0

Table 6: HVO atomising nozzle net energy throughputs for standard efficiency boilers.

Net CV HVO Nozzle Outputs - kW/hr
Pump Nozzle Capacity @ 10 bar

Pressure (bar)|] 1.26 kg/hr 1.99 kg/hr 2.74 kg/hr
5 12.2 17.7 24.0
6 13.0 19.2 26.2
7 13.7 20.5 28.1
8 14.3 21.9 30.1
9 14.9 23.1 31.8
10 154 24.3 33.5
11 15.9 254 35.1
12 16.5 26.4 26.4
13 16.9 27.4 379
14 17.4 28.5 39.2
15 17.8 29.2 40.6
16 18.2 30.2 41.7
17 18.6 31.0 43.0
18 19.1 31.8 44 1
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To identify the correct atomising nozzle and pump pressure required is a simple process of
matching the nozzle output to the required boiler energy input. Where the energy input is not
known but the boiler output is then simply divide the boiler output by the boiler efficiency to
obtain the required input as follows:

Example

Standard efficiency boiler output = 21kw

Boiler net efficiency = 82%

Boiler input (burner output) = 21
82%

Boiler input (burner output) = 25.6 kW

From the net chart shown in Table 6 we can see that a 1.99 kg/hr HVO atomising nozzle at
11 bar throughput pressure would give the nearest match.

IMPORTANT: ATOMISING NOZZLE THROUGHPUT AND PUMP PRESSURE
CALCULATION METHODOLOGY AS CONTAINED IN OFTEC TECHNICAL BOOKS 2 & 7
FOR KEROSENE AND GAS OIL IS NOT SUITABLE FOR HVO THROUGHPOUT
CALCULATIONS.

Oil Heating Consultancy Services Ltd (OHCS) initially carried out atomising nozzle throughput
test measurements with HVO where the discrepancies between calibrated Kerosene,
calibrated Gas Oil and calibrated nozzle throughput calculations were identified.

Following on from these initial findings OFTEC engaged Kiwa Ltd to conduct further atomising
nozzle throughput tests in their accredited test house. The Kiwa findings confirmed the initial
findings identified by OHCS.

Measured V’s calculated & calibrated nozzle throughput findings*:

Atomising nozzles calibrated for Class C2 Kerosene and Class D Gas Oil when utilised with
HVO were found to be up to 10% out at calibrated pressures, and up to 20% out at other
pressures over the range 5-18 bar.

Pressure jet burner conversion notes

¢ Boiler/burner manufacturer’s guidance as to spray pattern and angle for HVO should
be followed in addition to the use of HVO calibrated atomising nozzles.

e Burners will need to be guaranteed for use with HVO. This includes specific use of new
materials for component seals in fuel pumps, hydraulic rams and actuators where
applicable and appropriate.

o All equipment, especially storage tanks, oil line and ancillary equipment, and
appliances, will be required to be clearly and permanently identifiable by non-intrusive
means, this being labelled at point of manufacture (or for existing equipment at point
of conversion) as (then) only being suitable for HVYO to BS EN 15940.

4 Source: Kiwa Ltd. Client Report 80638, October 2020
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Figure 17 illustrates HVO conversion kits provided for OFTEC pilot demonstrator sites
comprising HVO calibrated atomising nozzles and throughput charts (Danfoss Ltd.), HVO
flexible oil lines (EOGB Energy Products Ltd.), HYO de-aerator with HVO suction line tables
(SPX Flow — Tigerholm), and tank & appliance HVO conversion stickers (Regin Products Ltd.).

Figure 17: HVO conversion kits provided for OFTEC pilot demonstrator sites

3.5 Boiler efficiencies

Kiwa Ltd were engaged by OFTEC to compare the combustion and thermal efficiency
characteristics of Kerosene and HVO when fired in the same oil boiler when set to give the
same thermal output, CO; concentration and flue gas temperature. To achieve this the boiler
was tested being fired on Kerosene with a dedicated Kerosene pressure jet burner. Once
testing was complete the Kerosene pressure jet burner was removed and replaced with an
equivalent tested and approved burner and the boiler testing was repeated.

The findings of these tests were that within test regime and apparatus tolerances, the boiler
efficiency was unchanged and the measured NOy (ppm) was very similar.

“Overall, there is very little difference in observed performance between the two fuels.”

5 Source: Kiwa Ltd. Client Report 80637, November 2020
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The caveat with regards to boiler efficiencies here is that the boiler efficiency and
emissions only remain consistent when an HVO burner throughput (kW of heat energy
fired into the boiler) is correctly matched to the previous Kerosene burner throughput
in terms of kW of heat energy fired into the appliance.

For further information on Stoichiometric combustion and the use of combustion
analysers please refer to section 2.4.
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3.6  Vaporising burners

Vaporising sleeve burners should not have bio-liquid fuels introduced to them. This is down to
the increased carbon chain length, differences in viscosity, boiling point, density and calorific
value between bio-liquids and Kerosene. It has been proven that bio-liquids in Kerosene can
immediately adversely affect combustion and manifest in the rapid onset of premature
carboning in vaporising sleeve burner bases - even within hours.

Itis recommended that vaporising sleeve burners are converted with appliance manufacturer’'s
(or appliance manufacturer’s approved) bio-liquid conversion burners.

Initial tests of firing HVO via a vaporising pot burner developed by Terry Hibbard of Howarth
Heating Ltd., some 30 years ago, have proved very encouraging.

This gave rise to the opportunity for industry to be able to convert existing range cookers such
as AGA'’s to HVO from other fuels including Kerosene by the replacement of the Kerosene
vaporising sleeve burner with an HVO vaporising pot burner.

Howarth Heating have donated one of their original vaporising pot burners for an OFTEC pilot
demonstrator site, and have also provided a replacement Oil Control Valve suitable for HVO
along with initial cold flow rate settings. Mitchell & Webber Ltd. have installed and
commissioned the HVO conversion, and to date, the converted cooker is performing extremely
well.

The original Howarth Heating sketched diagram of the vaporising pot burner, and an image of
the conversion kit as supplied to Mitchell & Webber Ltd. for the OFTEC pilot demonstrator site,
are shown in Figure 19 below, and Figure 19 overleaf.

Figure 18: Original Harworth Heating sketch diagram of vaporising pot burner
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Figure 19: Vaporising pot burner conversion kit as supplied to Mitchell & Webber

4 Maintenance

Combustion testing trials suggest that combustion equipment operating on HVO requires no
more maintenance than 100% mineral fuel installations. However, for continued performance
and reliability of downstream equipment, a regular maintenance schedule should always be
put in place in accordance with BS 5410-1 and equipment manufacturers recommendations.
Please also see section 2.4 regarding the use of combustion analysers.

5 Key guidance points

o All fuel carrying components and seals need to be checked for material compatibility
with HVO.

o All equipment, especially storage tanks and combustion appliances will be required to
be clearly and permanently identifiable by non-intrusive means, this being labelled at
point of manufacture (or for existing equipment at point of conversion) as (then) only
being suitable for HVO to BS EN 15940.

o Fuel storage tank husbandry is essential.

e Vaporising sleeve burners should not be attempted to run on HVO.

e Measured CO2 combustion analysers are recommended at this time.
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Awareness

Many of the technical and commercial principles that prevent freely changing mineral fuel
types, such as Paraffin, Kerosene, Gas Oil and Diesel in heating installations over the last 40
years are equally applicable when considering combusting bio-liquids.

The real life scenario of a consumer mistakenly filling a diesel car with petrol at a garage
forecourt is addressed in the heating sector by the fuel distributor checking that the installation
is labelled as being suitable for the grade of fuel which has been requested to be delivered,
before any delivery commences, also that no aftermarket additives are applied to the stored
fuel consequentially altering the characteristics of the bio-liquid away from the identified and
known parameters.

It is vitally important that storage tanks and combustion appliances are clearly labelled as only
being suitable for HVO in order to prevent delivery of incorrect fuel, which may give rise to
some or all of the following problems:

o Over firing of the burner with resultant damage to blast tube, baffle(s) and heat
exchanger.

¢ Intermittent lock-outs due to the burners inability to establish and/or maintain a flame.

e Fuel pump failure due to lack of lubricity or filter blocking where aftermarket additives
have been applied.

e Equipment & system material failures.

e Appliance inefficiency.

e Customer call backs.
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Annex A — HVO Sustainability Statement

m 1006 - Biofuels Sustainability Statement
1

Company name Meste Renswable Fusls Oy
Trader certificate number ELLISCO-Cer=0E100-12202018
Conlact person sustainabilily, compliancedinesle, com

Customer 40100493 - Crown Gil Limited

Load site and country Hoole Botlek Rofterdam = NETHERLAMDS
Transport name Alcada
Discharge location and country Eastham = UNITED KINGDOM

Terms of dalivery ClIF
Loading and discharge date 2262019 22,6,2019
Dualivery and ticket number 10273931 00000001 SKOB1300003700

|tem shart name and nama HWO Renewable Dissel

Deelivery kg / nl 2 044 273 kg 2621120 n|
Blo quaniity kg / nl 2044 273 kg 2821198 nl
Product description Product is 100% derived from biomass

Date of issuance 18,7.2019

Itern nanme Bie compenent Elo T.'j'?:i Bio quantity nl,  Bio enengy MJ

Wwo  RewwabloDesel ]

Rotterdam refinery, Producer certificate: EU-ISCC=Cert=DE100-12992018
Delivery criteria

Critaria Mame Critaria Valua Bio quantity n|  Bio quantity kg

Total quantity 1787 181 1383 823
Quantity 1023 BH T8 298
Binfued faedstock UCO [vegetathe origin) (wasie/res
Cartficate ISCC ISCC-EU
Country of Qrigin of Fesdstock LIGA

GHG from production (actualy 29
GHG from transportatan {act) 2,84
Tatal GHG CO2e gl 5,75 93, 14%

Quantity T63 580 595 524
Biofuel feedstock UCO (vegetatle argin) (wasse/res
Certiicals |SCC ISCCEU

Caurtry of Origin of Fesdstack usa,

GHG from production (actual) 2
GHG fram Lranspartation {act) 3,34
Tatal GHG COZe g 6,25 92,55%

|Country of arign of Product |NETHERLANDS

SINGAPORE, Producer certificate: EUSCC-Cert-DE100-13002018

Delivery criteria

Criteria Mame GHG Criteria Value Bio quantity nl  Blo quaniity kg
Total quantity 834 018 650 450
Quantity 412 477 3 M
Biofuel feedstock UG {vegetatls ongin) (wasseres
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rE=TE 1006 - Biofuels Sustainability Statement
213

SINGAPORE, Producer certificate: EU4SCC=Cert=DE100-13002018
Delivery criteria

T T s BT

Total quantity 834 018 G50 450
Cartificata ISCC ISCC-EU

Caurtry of Origin of Feedstack Keraa

GHG from production (ectual 314

GHEG from transportatan {act 234

Tata] GHG CO2e g 5,52 B3.41%

Quantity 234 654 183 038
Biofue] feadatock UCO (vegetatle angin) (wasteles

Carbificale |SCC |sCC-EU

Caunlry of Origin of Feedslack South Korea

GHG from production (sctual 3,18

GHG fraem branspartabian {act) 234

Tatal GHG CO2e gl 552 53,41%
Quantity 186 B47 145 722
Biofuel feedstock UCO (vegetable orgin) (wasie/res

Cartificata I3CC ISCC-EU

Caurtry of Onigin of Freastock Taiwan

GHG from production (actualy 318

GHG from transportatian (act) 234

Taotal GHG COZe gl 552 B3,41%

Country of orign of Product SINGAPORE

Thi progect that was delivered ta the customer comgplias with the regeramants in EU Rerewatle Enargy Diractive 200928EC "RED", EU
Directve 2015/1513 and Fuel Qualily Directive 200830EC, GHG emission gCO2egM) walues and savings have bean caloulated accarding
ta the metnadolegy in Dractive 200028/EC, Tne reference GHG valee ghven in REDVDirectve 200HZHEC for fossil ransport fuel 1s equal
B3B8 gCOZeqM.), Tolal gCOZeqM. valee includes possible feadstock cultivation (Eec), annualzed (over 20 years) GHG smissians from
carben stock change due te [and wse change (El, biofue| production (Ep), trenspartation and astribution (E1d), fuel uss (Eu), and passible
GHG emissicns savings fram soil carbon accumulatian vis improved agriculiural managemant (Esca), carbon capture and geological starage
{Eces), cartan captune and replacemant [Eccr) a8 well as sxcess aleclicty rom coganeration (Ees), Valus for distribuban 1,18 goO02agmald)
ircludes assumplion that it contains alecticity use at 2 tarminals and gas station and 300 krm of treck dstribution,

Meste's syslem and methods have been assured by centifyng company SG5 Gamnany GmbH as pan of ISCC, RSP0 and HVO Verification
Scheme cartfication schemes, Naste Carporafion and s subsidiaras are cartfied under Finnish Sustainability Verificaton Systam (cerdificate
fie, 213835201 TLCCES-F[N=FINAS) and found to be camplian with EU RED Direclive 200928/EC anrd Finnish legislalion 3932013, This
applias also to matarial sald as nen=recagnized EC voluniary schame cart€ied,

HWE is produced by hydredreatment of vegetable ol andfer animal fats,

Sugply chain mode| used s mass balance.

In the case of Biomass fam agoculiural, sguaculiure, fishenes and farestry including residues fram agreultunal, aguaculiure, fSishenas and
farastry residues, the matenal complies with tha sustainability criteria acconding to A 17 (2], (4) and (8) RED, For wasta and rasiduas (other
than agriculiural, aquaculture, fisheries and foresiry residues) the sustainability ceda according o Art, 17 (3), (4) and (5) RED were nat taken
into account.

The raw maleria] meels he defaitan of wasle or resdue according Lo the RED, ig, @ was nol intentionally produced and nol intentionally
madified, or contaminated, or dsscarded. to meet the definition of waste or residus

HW Installstion where final biofuel or bloliged was produced was in operation on or pror o Octooar 5th 2005, Porvoo on 16,06,2007,
Singapore on 15,10,.2010 and Rotterdam on 04, 11,2011,
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1006 - Biofuels Sustainability Statement

NESTE
Sales Office Produstion Unit Production Uni Custarnar
Company: | Neste Renewable Fuels Meste Renewable Fuels Nesta Singapore PTE Ltd Crown Ol Limited
Qy Oy
Address PL a5 Antarcticaweg 185 Tuwas South Lanae 1 The Cil Bridga, Prathywood
3198 KA Maasvakien, 637301 Singapore Heap Brdge
Ratterdam
BLY 7 HY Bury
00085 MESTE Lancaghire
Country: FINLAND METHERLANDS SINGAPORE UNITED KINGDOM
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ANALYTICAL REPORT

Client: CFTEC Report Ref: OFTEC2-TL V1.1
Job Manager: Mr Tim Lock Report Date:; 2072 0=09-2%
Case Ref: HVO_ALANBLACK Checked By: M3
Case Title:
Analyais of HVO and burning kenseans
SMS Job Refl: OFTEC2=TL Sample{s) Received Date:
2020-08-10
Address: Notes:
OFTEC,
Foxwooed Houss,
Dobbs Lane,
Kesgrave
IP5 200
UK

S0E analytical Lid is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GB 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admini@smsansfytical.com
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Introduction

1 2 samples of fuel were received by SMS Analytical Ltd for anablysis to

investigate their composition.

2 The samples are shown in Appendix 1.

3 Sample details are as follows:

Name Description
001 HYWO diesel fuel in 1-litre metal can
0oz Burning Kerosene in 1-litre metal can

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com
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Analysis

1 Appearance

Name | Description

001 Water-white liquid, clear and bright, very faint hydrocarbon odour

002 Pale straw colour, clear and bright. Noticeable kerosene odour

2 The compositions of the two samples were analysed by GC-MS using a
Perkin Elmer Autosys XL GC coupled to a Turbomass mass detectar, The
samples were run diluted in dichloromethane. For completeness a
secondary analysis was performed on the neat fuels to determine the most
volatile components, The peaks were identified by mass spectral matching
using the NIST mass spectra library, and in some cases using reference

matenal.
3 The samples were analysed using FTIR with a diamond ATH.

4 TAN (total acid number) was also measured by IP139.

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com
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Results

1 GC=MS Analysis

1.1

1.2

1.2.1

1.2.2

Chromatograms are shown in Appendix 2,

sample 001: HVO

The GC-MS analysis shows the overall hydrocarbon profile of the
sample (see Appendix 2 Figs 1, 2 3 and 4). The majority of the sample
comprises pbranched chain alkanes between C13 and C18, although
low levels of mainly branched chain alkanes are present to C6 (see Fig
3). The hydrocarbon with the highest retention time is n-octadecane
(marked on Fig 2). Unlike a typical kerosene or diesel the peaks for the
n-alkanes do not predominate. The n-alkanes are marked on the
chromatograms in Figs 2 and 3, and the branched chain alkanes are

the peaks in between the n-alkanes.

Mo cyclic alkanes or alkenes, or aromatic hydrocarbons were detected
or identified, both by examining the mass spectra of the peaks and by
locking using selective mass ions for peaks which could correspond to
aromatic hydrocarbons, cyclic alkanes such as alkylcyclohexanes or
decalins (see para 1,3.1 overdeaf) or alkenes, The aromatic compounds
searched for included mono-aromatics, naphthalenes, biphenyl,
fluorenes, thiophenes and dibenzothiophenes, and sulfides, disulfides,

and mercaplan species were also searched for,

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,

Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com

Page 34 | Issue 1.2, 09 June 2021



SMS Analytical Ltd wwwsmesanalviical com Page 5/21

1.3

1,3.1 The overall hydrocarbon profile is shown in Appendix | Figs 1, 5 and 6,

1.3.2

1.3.3

Sample 002: Burning kerosene

The hydrocarbon profile extends from approximately C7 to C15
alkanes, with the most prominent peaks in the chromatogram belonging
to the n-alkanes (n-cctane through to n-pentadecane), as shown in Fig
5, To a lesser extent, branched chain alkanes are present as are
cycloalkanes including decalins (decalin is  fully hydrogenated
naphthalene) and aromatic hydrocarbons, (see Figs 7 and 8 which
highlight these compounds),

The aromatic compounds detected included mono-aromatic
hydrocarbons such as C2-Ch benzenes, tetralins (tetralin is 1,2,3 4-

tetrahydronaphthalene), indanes and dimethylstyrene.

Mo sulphur compounds were identified in this sample, even in selective
ion mode. Because their mass spectra are very similar to other types of
compound, detection of sulphur compounds may be better
accomplished using sample preparation such as SPE (solid phase
extraction) to remove the predominant alkanes before undertaking GC-
MS or using a GC with a sulphur-specific detector, especially for
looking at extremely low levels of these compounds,

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,

Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com
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2 FTIR

2.1 The FTIR spectra are given in Appendix 2, Figs 1 and 2,

2.2 Sample 001 (HVQ) gave a very simple IR spectrum, showing just the
expected peaks for alkanes, as given in Table 1 Appendix 2,

2.3 The kerosene (Sample 002) spectrum shows a small peak attributable
to aromatic carbon stretching at 1600cm™, and sharp peaks for
benzene derivatives and C=C stretches and bends below 900cm™,
otherwise the peaks are attributable to alkyl C-H and C-C bends and
stretches (see Table 2 Appendix 2). This basically means that as
expected the kerosene is predominantly paraffinic in nature with low
concentrations of aromatic compounds (see GC-MS analysis in Section

1 ahove).

TAN
3.1 Both samples had TANs of < 0.1 mg KOH/g.

Name TAN
mg KOHlg

001 <01

0oz <01

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com
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Conclusions

1 Sample 001 HVC was found to be a highly paraffinic fuel with the majority
of the compounds appearing between tridecane (n=C13) and octadecans
(n-C18) in the GC-MS analysis. The compounds comprised branched and
straight chain alkanes, There was no evidence for the presence of
aromatic compounds, cycloalkanes or alkenes, or as far as can be
ascertained fram direct injection GC-MS, sulphur compaunds present in
the HVO,

2 Sample 002 Burning kerosene showed a typical hydrocarbon distribution
for a kerosene, ranging fram about heptane (n=-C7) through to tetradecane
(r=C14). The n-alkanes were dominant in the chromatogram, unlike that for
the HVO, with low concentrations of branched chain alkanes, cycloalkanes

and monoaromatics (benzene compounds, indanes and tetralins)

S 7L O I TP PR L S

Dr Sheila Marshman FRCS, C Chem

Whilst every care has been taken in the preparation of this report, SMS Analytical Limited can-
not be held responsible or iable in respect of the use to which the information contained in this
repaort, is put. This report may only be reproduced in its enfirely wunless permission to do other-
wise has been obfained fram SMS Anafytical Limited, Where samples have been analysed, the
results pbtained relate only o the samples fested and SMS Analytical Limited does nol guaran-
fee the bulk material 1o be of equal Qualiy.

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com
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APPENDIX 1

Photographic evidence

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com
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Sample Containers As Received

SMS Analytical Ltd is & imited company registered in Endand and Wales, Registration No, 8949596,
Registered Offices: 13 High Street, Branston, LN4 INB, England,
VAT Reg GB 185133803
Tel 0333 35 7| Mob: 07976 227759 | Em, min@sms. l.com
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APPENDIX 2

GC-MS data

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com
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Fig 1 TIC Chromatograms of Sample 001 HVO (red) and Sample 002
Kerosene (green)
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Fig 3 Expanded TIC chromatogram of Sample 001 HVO showing the
more volatile profile
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Fig 4 Sample 001 HVO: TIC chromatogram (red), selective ion
chromatogram for alkanes (green), selective ion chromatogram for
cycloalkanes and alkenes (purple)*

* Note no change in profile showing that these ions come from alkane mass spectra
only. No alkenes or cycloalkanes were detected on examining the mass spectra of each
peak.

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
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Fig 6 Expanded TIC chromatogram of Sample 002 kerosene showing
the more volatile profile

Note: C8 is n-octane, C9 is n-nonane and Cy shows cycloalkanes

SMS Analytical Ltd is & imited company registered in Endand and Wales, Registration No, 8949596,
Registered Offices: 13 High Street, Branston, LN4 INB, England,
VAT Reg GB 185133803
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Fig 7 TIC chromatogram of Sample 002 kerosene (red), selective ion
chromatogram showing alkanes (green), selective ion chromatogram
highlighting cycloalkanes* (purple), selective ion chromatogram
showing alkylbenzenes* (black)

* Note : the alkanes show in the cycloalkane chromatogram as they also
contain the selected ions although at low concentration, This is also the case
with C10 showing in the alkylbenzene chromatogram.

Note: the ion counts for the cycloalkane and alkylbenzene chromatograms are
significantly lower than for the alkane chromatogram and the total ion count
chromatogram, so the peak heights are not directly comparable.

SMS Analytical Ltd is & imited company registered in Endand and Wales, Registration No, 8949596,
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Fig 8 TIC chromatogram for Sample 002 kerosene (red) , selective ion
chromatogram for decalins (green) and selective ion chromatogram for
tetralins * (purple)

*Note: tetralin is marked as T, alkyl tetralins appear only to the right of

tetralin.

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
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Peak Present in Present in
REI?;:““ NIST Library match for peak ﬂ:él“I[-III":]'E) Ol];?(l:ﬂ:ene

{min)

3.30 Octane (n=C8) Y Y
3.75 Dimethyloctane isomer Y Y
3.86 Trimethylpentane isomer Y Y
3.96 Dimethyleyclohexane isomer N Y
3.98 Triemethylcyclopentane isomer N Y
4.52 Methyloctane isomer Y Y
4.67 Xvlene {C2 benzene) isomer N Y
5.05 Nonane (n=-C9) Y Y
6.25 Trimethylheptane isomer Y Y
6.32 C3 heptane isomer Y ¥
6.34 C4 cyclohexane N Y
6.38 C3 benzene isomer N Y
6.45 Methylnonane isomer N Y
6.53 C3 benzene isomer N Y
6.73 C3 benzene isomer N Y
7.03 Decane (n=C10) Y Y
7.79 Butyl {C4) cyclohexane N Y
8.28 C4 benzene isomer N Y
8.40 Decalin N Y
8.69 C4 benzene isomer N Y
9.1 Undecane (n=C11) Y Y
9.14 C5 benzene isomer N Y
9.49 Methyldecalin isomer N Y
9.81 Methyldecalin isomer N Y
10.17 dimethylstyrene N Y
10.43 Tetralin N Y
10.91 Dodecane (n=C12) Y Y
11.05 Dimethylindane isomer N Y
11.27 C5 benzene isomer N Y
11.43 Ch benzene isomer N Y
12.38 Methyltetralin isomer N Y
1270 Tridecane (n=C13) Y Y
12.81 Methyltetralin isomer N Y
14.38 Tetradecane (n=C14) Y Y
15.23 Methyltetradecane isomer Y N
15.31 Methyltetradecane isomer Y M
15.52 Methyltetradecane isomer Y N
15.98 peniadecane (n=C15) Y Y
17.05 Methylpentadecane isomer Y N

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,

VAT Reg GB 185133803

Te] 0333 3580037 | Mob: 07376 227758 | Emal admin@smsanaltical.com
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17.49 Hexadecane (n=C16) Y N
18.22 Dimethyl hexadecane isomer
Y N
18.50 Methyl hexadecane isomer Y N
18.91 Heptadecane (n-C17) Y N
18.97 Pristane Y N
2,4,6,10 tetramethylpentane
19.20 Methyl heptadecane isomer Y N
19.29 Methyl heptadecane isomer Y N
19.38 Methyl heptadecane isomer Y N
19.50 Dimethylheptadecane isomer Y N
19.54 Dimethylheptadecane isomer Y M
19.69 Methyl heptadecane isomer Y N
18.77 Methyl heptadecane isomer Y N
19.88 Methyl heptadecane isomer Y N
20.27 Octadecane (C18) Y N

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Te] 0333 3580037 | Mob: 07976 237750 | Emal] admin@smsansfytical. com
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APPENDIX 3
FTIR

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
Tel 0333 3580037 | Mob: 07976 237758 | Emal admin@smsansjytical.com

Issue 1.2, 09 June 2021 | Page 49



HVO Handbook

SMS Analytical Ltd www.smsanalvtical.com Page 20/21

Fig 1 Sample 001 HVO spectrum
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Figure 2 Sample 002 Kerosene Spectrum
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Wavenumber ecm™ Peak Assignment
2956 s, sh Alkane C-H
2922 s, sh Alkane C-H
2853 s, sh Alkane C-H
1457 s, sh Alkane C-H
1378 s, sh Alkane C-H

1303 w

1168 w

964 vw

EGER Substituted alkane C-H bend
720 m, sh Long chain C-C rock

Table 1 Sample 001 HVO IR peak assignments

Wavenumber cm™ Peak Assignment
2954 s, sh Alkane C-H
2927 s, sh Alkane C-H
2856 s, sh Alkane C-H
1607 vw Aromatic C=C
1457 s, sh Alkane C-H
1378 s, sh Alkane C-H
1168 vw
805 m, sh Substituted alkane C-H
766 m, sh Aromatic C=C
741 m, sh Alkane C-H
T2 w Long chain C=C rock
698 m, sh Benzene denvative C-H
670w, sh

Table 2 Sample 002 Kerosene IR peak assignments

Key: s=strang, m=medium, w=weak, vw=very weak, sh=sharp

S5 analytical Ltd is 2 imited company registered in England and Wales, Registration Mo, 8949596,
Registered Offices: 13 High Sreet, Branston, LN 1NE, England,
VAT Reg GE 185133803
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Annex C —

Product Data Sheets

C.1 - Kerosene

Crown 0Oil

Fuels and Lubricants

Kerosene — Regular— Class C2

Description

Kerosene is a Bght disfilate fusl meetfing BS 2847 Class C2. It is wsed for domestic neating ang
industrial processes reguining low sulphur fuel These applicafions nomally involve the use of a flue
to discharge combusticn products from the cuming appliance.

specificafion

Parameter Unit Minimum Maximum | Typical
Appearance - Clear & bright, FPass
Fale yellow,
Free from visible
sediment.
Density at 15°C kg/m? 0.750 D.240 0.800
Kinematic viscosity at 40°C mms 1.0 20
Distillation recovery
at 200°C % (viv) 15 -
at210°c % fuiv) - 80
at 240°C % fuiv) 50 -
Final boiling point °C - 300
Flash point (PMCEC) °C 33 -
W ater content mg'kg - 200 =100
Sulphur % (m/m} - 0.10 D.020
Copper comosion Class - 1 1
(2 hrs at 100°C)
Smoke point mm s -
Char valug(1) mg'kg - 20
Gross calorific valus(2) M.ikg 45.9 -
Met calorfic value{2) M.J'kg 43.0 -
Specific volume Littonne 1220 -
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Crown Oil
Fuels and Lubricants

Hydrotreated Vegetable Qil (HVO)
EN 15940 & ASTM D975 Diesel fuel

Product Data Sheet

HVO Handbook

Parameter | TestMethod | Units Specification Typical Value
Appearance ASTM D4178-2 = Clear & bright Chear & bright
Censity EM IS0 12185 g/ 07— 0720 0.720
Viscosity EM 150 3104 mntfs 20-40 23
Sulphur Cortent EN 150 20864 kg 5 max. <5
Flash point EM 150 2712 c 61 min. =70
Cloud point EM 23015 C -
Sunmmer 15 maz <-15
Winter -3 max. «-34
CFPP EM118 c
Sunmmer -15 max. <-15
Winter - 34 mia. -3
Water Conbent EM IS0 12937 mkg 200 max. 40
Ash Conbent EM 150 8245 %6 mim 0.001 miae. <0.001
Initial Boiling Point EM IS0 3405 C 180 min. =180
Recowered at 250C EM 150 3405 Tewlw <5 =20
Recowered at 350C EM 150 305 Fowle BS min_ E)
B5% recovered at | EMISOME | C 360 max. =05
Cstane Mumbsr EM 15185 - 70 min. [=1]
Cetare Index EM 150 4264 - 70 min. B0
CFPP EM 118 c -5 -4 '
Carbon Residue EM IS0 10370 Seamim 0.1 miax. <001
fon 10% distillation residue)
Chadation Stabdity EN 15012205 g 28 mae <
Coopper Strip Comosion 3hrS0C EM 150 2160 - 1 imnax. 1a
Met Heat of Combustion ASTM D4ang Mlkg 42 min. 44
Particulate Matter EM 12832 makg 10 e <1
LubeicityHFRR EM 150 121561 pm 400 max. 350
Renewabiz Diesel | - | v 100 100
Fatty A Methy Ester - Toww 1] i
Total Aromatics | EN 12818 | %mim 1 mam. =1
Polycyclic Aromatics (PAH) 55 185114 A 0.02 max. <0002
l |

Crown Qil ltd | Bury New Road | Heap Bridge | Bury | BLS 7HY
tel: 0161 7646622 |fax: 0161 7627685 | email: enguines@crownoil.co.uk | www.crownoil.co.uk
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Annex D — Example Material Safety Data Sheets

D.1 — Kerosene

+ 22 Crown Oil

Fuels and Lubricants

SAFETY DATA SHEET
KEROSENE BS2869 C2
Page: 1
Compilation date: 19/05/2014
Revision date: 30/03/2015

Revision No: 2

Section 1: Identification of the

substance/mixture and of the company/undertaking

1.1. Product identifier

Product name:

REACH registered number(s):
CAS number:

EINECS number:

Synonyms:

KEROSENE BS2869 C2
01-2119485517-27
8008-20-6

232-366-4

KEROSINE

[ 1.2. Relevant identified uses of the substance or mixture and uses advised |

| 1.3. Details of the supplier of the safety data sheet |

Company name:

Email:

CROWN OIL LTD
THE OIL CENTRE
BURY NEW ROAD
HEAP BRIDGE
BURY

BLY 7THY

technical@crownoil.co.uk

1.4. Emergency telephone number

Emergency tel:

0161 7646622

Section 2: Hazards identification

2.1. Classification of the substance or mixture

Classification under CLP:

Most important adverse effects:

STOT SE 3: H336; Aquatic Chronic 2: H411; Asp. Tox. 1: H304; Flam. Lig. 3: H226; Skin
Irrit. 2: H315

Flammable liguid and vapour. Causes skin irritation. May be fatal if swallowed and
enters airvays. May cause drowsiness or dizziness. Toxic to aquatic life with long lasting

effects.

2.2. Label elements

Label elements:

Hazard statements:

Hazard pictograms:

Signal words:

Precautionary statements:
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H226: Flammable liquid and vapour.

H315: Causes skin irritation.

H304: May be fatal if swallowed and enters airways.
H336: May cause drowsiness or dizziness.

H411: Toxic to aquatic life with long lasting effects.
GHS02: Flame

GHS07: Exclamation mark

GHS08: Health hazard

GHS09: Environmental

SHSO

Danger

P102: Keep out of reach of children.

P210: Keep away from heat, hot surfaces, sparks, open flames and other ignition
sources. No smoking.

P280: Wear protective gloves/protective clothing/eye protection/face protection.
P301+P310: IF SWALLOWED: Immediately call a POISON CENTER or doctor.
P331: Do NOT induce vomiting.

P501: Dispose of contents/container to an approved waste carrier.
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D.2 -HVO

[ ]
Crown Oil
Fuels and Lubricaniz SAFETY DATA SHEET

HYDROGEMATED VEGETABLE OIL (HVO)

Page: 1
Compilation date: 12/11/2018

Revision Mo: 1

| Section 1: ldentification of the substance/mixture and of the company/undertaking |

[ 1.1. Product identifier |

Product name: HYDROGEMATED VEGETABLE OIL (HVO)
REACH registered number{s): 211345007 7-42-30000
CAS number: 928771-01-1

1.2. Relevant identified uses of the substance or mixture and uses advised against

Use of substance ! mixture: EZ02 Formulation and (re) packing of substances and mixtures ES04 Distribution of
substance. ES0D Use as an intermediate. ES06, 14,23 Use as a fuel.
1.3. Details of the supplier of the safety data sheet

Company name: CROWN OILLTD
THE OIL CENTRE
BURY MNEW ROAD

HEAP BRIDGE
BURY
BLE THY
Email: technical@emwnoil oo uk
| 1.4 Emergency telephone number |

Emergency tel: 0181 Te48622

| section 2: Hazards identification |

| 2.1. Classification of the substance or mixture |

Classification under CLP: Asp. Towx 1: H304
Most important adverse effects: May be fatal if swallowed and enters ainsays.
2.2 Label elements

Label elements:
Hazard statements: H3M: May be fatal if swallowed and enters ainways.
Hazard pictograms: GH308: Health hazard

Signal words: Danger
Precautionary statements: P301+P310: IF SWALLOWED: Immediately call a POISON CENTER or doctor.
P331: Do MOT induwce womiting.
P405: Store locked up.
P501: Dispose of contents/container to hazardous or special waste collection point, in

accordance with local, regional, national andior intemational regulation. [cont._]
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Annex E — SPX Flow HVO de-aerator instructions

SPXFLOW 3

>Tigerholm

Tigerloop® Bio for HVO l
Automatic de-aerator for HVO diesel

Designed to meet requirements according to OFTEC M

Product Standard OPS 23, this Tigerloop® Bio model is Al

compatible with HVO diesel (EN15940). -

This Tigerloop® Bio model is also designed to meet |g!
new demands on energy savings, environmental

and operational safety. Environmental regulations
and changes in fuel qualities continue to place high
demands not only on material selection, but also on

clean and air-free fuel for optimal combustion with 2
minimal harmful emissions. Tigerloop® Bio makes i
it possible to use a one-pipe system in all types [ § 1
of heating installations, thus ensuring the most ) el
environmentally safe method for transporting fuel d
from the tank to the burner. Models
] Tigeroop Bio Combi:  TCB110I
Tigerloop® Bio combines the advantages for the fusl pump of a two-pipe Tigerloop Bio: - TENT10I '.JTgm hl:;.,;;-amad ﬁerl
gyeiem with advantages for the fank of a one-pipe sysiem. When using - -
a Mpesm and Twﬂb ﬂﬂ|j‘ﬂ'ﬂ amount of fusl uzed w OFCERT Lic. no. 5137 2004 T1 OFCERT Lic. no. 5138 2004T1
the burner is drawm from the tank. As flow of fuel decreases, so does the
amount of dirt particles fransporied from the tank. Thie results in cleaner .
combusion. Technical data
. . ) _— Max. nozzle capacity G0 kgh  (1101h)
The pressunized refum line fo the tank is removed, thus eliminaing -
the rigk for leakage. A lange amount of air bubbles are releassd when Max_ retum fuel pumped info fhe Tigerioop 100 kgh (120 W)
fue! ic drawm from the fank to the fuel bumer. These air bubbles cause Mapc. fusl flow 190 kg (230 )
breakdowns, increased soof and excessive wear on fhe fusl pump. Max. cperating temperature e C
Blg_r E'T;ﬁind chnlnti'uallj de-aerating the fuel, Tigerdoog® Bio Mazx. ambient temperature 0 C
Bl PrSIENE. Max. operating pressure in feed line 0.6 to +0.5 bar
Installation Pump conneclions 14" female thread
Tank conmection 14" female thread

The Tigerloop® Bio should be installed, using the suppbed bracket, in an
upright position cloge to the burner. However, it should not be exposed
to temperatures in excess of T0°C. It showld not, therefore, be installed : H

on an ::imulated lboiler or furnace mabwemn;’mvemfaﬁehm or Suitable for Indoor Installation

fiue: pipe. It must be mounted firmily in a siraight upright posiion. Fuel The Tigerloop® Bio is also constructed extemally of metal materials
resistant lines must be used for connection between the fuel pumpand oy it cyitale in the: UK for installation both indoors and outdoars.
the Tigerloop® Bio. Use the arrows under the inlet and retumn ports of the

Tigerioop® Bio 33 & reference to avoid incorrect piping. The suction line When fuel iz drawn from the tank, airigas is automatically released from
should be pressure ested to ensure that it is completely fight HOWEVer, g 5y 1 ¢ this mirigas that causes probilems for the fusl pump and
the Tigerloop* Bio must not be connected during pressure testing. ultimatedy for your heating system. The only way to ensure that the airf

Cleaning gas does not travel to the bumer is by de-aerafing to atmosphere.

When cleaning the Tigedoop® exierior, only mild soap and watzr are fo be used.

Mo aloohcl based cleaning agents are to be used, The Tigerloop® Bio automatically and continuously de-aerates the fuel

by venting to aimosghers. This proven method of de-asration ensures

= - fhe best possible operafing condifions for the fuel pump. By providing

When installing Tmewmﬂ?a“‘aﬁm‘“” codes airlgas free fuel continuously to the bumer, the Tigerloog® Bio will
ensure the highest possible efficiency for your heating system.
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Note:

Calculating the dimension of suction pipe

The appropriate dimension of the suction line depends on pipe resistance
and sucfion head. The decizive elements for determining the pipe
resistance are the length and size of the pipe and the capacity of the
fuel burner nozzle. In a one-pipe system, the fiow of the swction line is
identical fo the nozzle capacity.

The pipe system consists of a copper pipe, four elbows,a non-retum
valve, a shut-off valve and one TigeroopECombi 3. The table below
indicates the total suction length in meters at different heighfz and nozzle
capacities. It is recormmended fo use the smaller of the two O/D pipe
diameters ndicated below whenever possible, ag long as the max pipe
length iz mot exceeded. Pipe lengths over 100 m are not recommended.

Suction Copper tube 0O/D mm
Head 6 8 6 8 6 8
meters Max pipe lengths in meters
0,0 100 100 a7 100 48 100
03 a3 100 ] 100 43 100
A0 80 100 5 100 kT 100
A3 70 100 4 100 32 100
-2, 58 100 En 100 7 100
25 47 100 an 100 22 100
-30 35 100 22 100 16 a2
a5 24 100 15 77 1 56
40 12 &0 B 4 [ 2
G’:‘::;ﬁy 1,26 ke 1,53 ke 274 kyhe

Density = 785 kg/m3 Viscocity = 6 mmis (c5t).
This table is valid for HYO.

Suction height should not
exceed 4 m as this may
lead fo pumg problems.

2.5m (0.25 bar

-

When sizing the suction line from the tank to the burner,
it is important that the total resistance does not exceed
the capacity of the fuel pump.

Mote that choosing too large diameter of a suction line chould be avoided
e airigas pockets may form resulting in a kose of siphon effect. The result
ie that the fuel runs only m a thin sfream along one side in the descending
portions of the pipe. In such cases, it is not the height from the tank o the
burnier which should be considered in calculated sucfion head, but rather
all ascending porfions of the pipe, including the sucfion line in the fank
(e=efig. 3]

In order o avoid posskles problems, each bummer or applance should
have itz own separate suction line. Alzo, we recommend one Tigerloog®
Bio for each burner. Remember to use nozzle capacity (fuel consumption)
to caleulate the dimension of the suction line.

HVO Handbook

Connecting the top for venting away de-aerated airigas
The Tigerioop® Bio iz supplied as standard with a nipple at the top which
has 1/4” inner threading. This nipple has been installed from the factory
with Lociite and chould not be loozened or removed. A fire resiztant pipe
{copper for example) mast be fitted and sealed tight fo this nipple.

For indoor installations (see Fig 1.)

The venting pipe should ruan from the top of the Tigeroop® Bio extemal
i the building and the end of the pipe should point dowrward fo avosd
water or dirt from entesing the pips.

Fig. 1
enfinz connection

AT

Pump connections ‘% o 1] N
oy

Tank connection }

i

For outdoor installations (see Fig. 2)

The end of the venting pipe should point downward fo avoid water or dirt

from entering the pipe.
‘Venting connection

=g Fig. 2

i
g,
=

G __;..' .

']
id

Pump connections

Tank commection

Trouble shooting

Bumer shuts off

Possible causss:

1. Suction leakage. Check all connections and nes.

2. The feed line can be emply. Start the burner by pushing the reset
bution and et it run. If the bumer tripe out, wait and rezet. Repeat a
couple of imes. The bumer should nof run without oil for more than
5 minutes.

3. The tank iz almost empty.

4. Incorrecly dimensicned suciion line.

MNoise from the burmer pump

Possible causes:

1. Suction leakage. Check all connections and Bnes.
2. Too high suction head.

Fuel is not sucked up from the tank

Possible causes:

1. Large suclion leakage. Check all connections and lines.

2. Too high suction head.

3. The bypass plug iz not installed in the oil pumg. Fit the phag.

Since today’s fuel qualiies place a very high demand on
materialz, the Tigerloop is to be replaced after 10 years.
Caution

Liguiid bio fuels must not contain aleohol. The instalation must be perfamed by
a qualified technician familiar with local codes and ordinances and fcensed by
proper autharity where apelicable.

SP¥ FLOW, e, ressrvea the righl 1o incorporats our latesd design and madenial changes withoul notics or obligation. Diesign feabures, materials of conmnuction and dimensional dats, an
deacribed in this bulkiin, sre provided for your information only and should not b= ralied upon unkesa confimed in writing. For rers information visit wew spedflow.comfigerhalm

Warsion RO 12/2020

COPYRIGHT & 2020 SPX FLOW INC.

Suction linetables are here matched to Danfoss HVO demonstrator site atomising nozzle

sizes at nozzle calibration pressure throughputs
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Annex F — SMS Analytical report on combustion condensate

SMS Analytical Ltd www.smsanalytical.com Page 1/4

SIV|S

ANALYTICAL REPORT

Client: OFTEC Report Ref: OFTEC4B-TL V1.0
Job Manager: Mr Tim Lock Report Date: 2021-04-28
Case Ref: ALAN_BLACK_2021-03-23/0  |Checked By: MS

Case Title: Comparison of condensates from HVO
and kerosene-fuelled boilers with the
condensate from a gas boiler

SMS Job Ref: OFTEC4-TL Sample(s) Received Date:
2021-04-13

Address: Notes:
OFTEC,
Foxwood House,
Dobbs Lane,
Kesgrave

IP5 2QQ
UK

SMS Analytical Ltd is a limited company registered in England and Wales. Registration No. 8949596,
Registered Offices: 13 High Street, Branston, LN4 1NB, England.
VAT Reg GB 185133803
Tel: 0333 3580037 | Mob: 07976 227759 | Email admin@smsanalytical.com
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Introduction

I 3 samples of boiler condensate water were sent to SMS Analytical Ltd for

analysis to investigate their composition®.

2 Sample details are as follows:

Name Description

001 HVO condensate

002 Kerosene Condensate

003 Gas Condensate
Analysis

1 Appearance

Name Description

001 HVO condensate

v pale straw liquid, fibrous brown strands (~1-2m) adhering to
sides of polythene container

002 Kerosene Condensate
pale straw liquid, some fine black particulate on bottom of the
container
003 Gas condensate

Clear colourless liquid, some fine hlack particulate on bottom
of the container

| The samples were analysed for pH, total acidity, chloride, sulphate,

sulphite, nitrate, nitrite and iron content.

*Analysis initiated by Alan Black, OHCS Ltd

SMS Analytical Ltd is a limited company registered in England and Wales. Registration No. 8949596.
Registered Offices: 13 High Street, Branston, LN4 1NB, England.
VAT Reg GB 185133803
Tel: 0333 3580037 | Mob: 07976 227759 | Email admin@smsanalytical.com
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Results

1 Results are given below.

Test 001 002 003
pH 6.1 2.9 3.9
Nitrite mg/I| 5 <5 5
Nitrate mg/| 25 10 100
Sulphite mg/l <10 <10 <10
Sulphate mg/l <20 438 271
Iron mg/| 0.05 12 0.05
Chloride mg/l 50 56 19
Total acidity mg/l NaOH <10 176 132
Summary

The condensate from the HVYO combustion was considerably less acidic than
the condensate from the kerosene combustion. In addition to the total acidity
measurements, this is reflected in the difference in pH (note that this is a
logarithmic scale; an increase of 1pH unit means the higher result has 1/10th
the acidity of the lower result), and also the lower sulphate and iron
concentrations (i.e. potentially less corrosive to metallic components).

The condensate from the gas boiler gave results generally intermediate
between the HVO and kerosene results, with the exception of the nitrate
content, which was highest in the gas condensate.

Sulphate will arise from the sulphur content of the fuel whilst nitrites/nitrates
may be more associated with combustion conditions.The chloride is most
likely associated with environmental conditions (e.g. salt aerosols in the
atmosphere).

Please note that possible environmental issues such as organic carbon
loading of the condensate have not been addressed in this report.

SMS Analytical Ltd is a limited company registered in England and Wales. Registration No. 8949596,
Registered Offices: 13 High Street, Branston, LN4 1NB, England.
VAT Reg GB 185133803
Tel: 0333 3580037 | Moh: 07976 227759 | Email admin@smsanalytical.com

Page 60 | Issue 1.2, 09 June 2021



HVO Handbook

SMS Analytical Ltd www.smsanalytical.com Page 4/4

S heseh N |

Dr Sheila Marshman FRCS, C Chem

Whilst every care has been taken in the preparation of this report, SMS Analytical Limited cannot be held
responsible or liable in respect of the use to which the information contained in this report, is put. This
report may only be reproduced in its entirety unless permission to do otherwise has been obtained from
SMS Analytical Limited. Where samples have been analysed, the results obtained relate only to the
samples tested and SMS Analytical Limited does not guarantee the bulk material to be of equal quality.

SMS Analytical Ltd is a limited company registered in England and Wales. Registration No. 8949596.
Registered Offices: 13 High Street, Branston, LN4 1NB, England.
VAT Reg GB 185133803
Tel: 0333 3580037 | Mob: 07976 227759 | Email admin@smsanalytical.com
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Annex G — SMS Analytical report on stoichiometric combustion

SMS Analytical Ltd www.smsanalytical.com Page 1/4
—M—
e |
REPORT
Client: OFTEC Report Ref: OFTEC3-TL V1.0
Job Manager: Mr Tim Lock Report Date: 2021-02-15
Case Ref: Alan Black OHCS Ltd Checked By: MAS

Case Title: Calculations for stoichiometric
combustion of kerosene, HVO and diesel

SMS Job Ref: OFTEC3-TL Received Date:
2021-02-01

Address: Notes:
OFTEC,
Foxwood House,
Dobbs Lane,
Kesgrave

IP5 200
UK

SMS Analytical Ltd is a limited company registered in England and Wales. Registration No. 8949596.
Registered Offices: 13 High Street, Branston, LN4 1NB, England.
VAT Reg GB 185133803
Tel: 0333 3580037 | Mob: 07976 227759 | Email admin@smsanalytical.com
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HVO Handbook

Stoichiometric Calculations for oxidation/combustion of HVO, kerosene

and diesel heating oils™.

Calculations have been based on the fuels being composed of carbon and
hydrogen, with negligible concentrations of nitrogen, sulphur and/or oxygen.

Average molecular weight/formulae have been estimated based on GC-MS
and GC data on hydrocarbon composition and distribution, typical distillation

data, and hydrogen content of the various fuel types.

Both kerosene and diesel contain aromatic hydrocarbons (approximately
20%wi/w) and cycloalkanes which increase the carbon/hydrogen ratio. The
HVO, from our previous analysis contained mainly alkanes.

Kerosene HVO diesel
%H 12-14 15.2 12.5-14
Midpoint GC-MS/GC C10-C11 C16 C18
50% distillation 170-220 270-280 290-320
% aromatics 20 - 20-30
Average molecular
formula C11H21 C16H34 C18H34

Stoichiometric equations become:
Kerosene:
4 CyiHy + 650, —» 44 CO, +42 H,O
[ mass balance check
6049 kero + 2080g O, —» 1936g CO, + 7569 H.O ]
4 CyHz + 65/0.20946 O, —*» 44 CO, +42 H,0

=310.32 moles air

Assuming no change in volume, CO. concentration is 14.18%mol/mol

This work has been initiated by Alan Black, OHCS Ltd.

SMS Analytical Ltd is a limited company registered in England and Wales. Registration No. 8949596.
Registered Offices: 13 High Street, Branston, LN4 1NB, England.
VAT Reg GB 185133803
Tel: 0333 3580037 | Mobh: 07976 227759 | Email admin@smsanalytical.com
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HVO
2CH34+490, —» 32C0O;+ 34 H,O

[ mass balance check:
4529 HVO + 1568g O, —* 1408g CO, + 612g H.0 ]

2 CieHay +49/0.20946 mols air —> 32 CO, + 34 H,O
=233.935mols air

Assuming no change in volume, CO, concentration is 13.68%mol/mol
Diesel
2CuiHz +530, —» 36 CO; + 34 H,O

[mass balance check:
500g diesel + 16969 O, —» 1584g CO: + 6129 H.0 ]

2 CigHay + 53/0.20946 mol air —» 36 CO, + 34 H,O
=253.032 mol air

Assuming no change in volume, CO, concentration is 14.22%mol/mol

5. Dilution of CO2 with excess air

Y%air kero HVO Diesel
100 14.18 13.68 14.22
105 13.50 13.03 13.54
110 12.89 12.44 12.93
115 12.33 11.90 12.37

120 11.82 11.40 11.85
125 11.34 10.94 11.38
130 10.91 10.52 10.94
135 10.50 10.13 10.53

SMS Analytical Ltd is a limited company registered in England and Wales. Registration No. 8949596.
Registered Offices: 13 High Street, Branston, LN4 1NB, England.
VAT Reg GB 185133803
Tel: 0333 3580037 | Mob: 07976 227759 | Email admin@smsanalytical.com
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Fig 1 Dilution effect on carbon dioxide concentration with excess air

S N eSTU eS|

Dr Sheila Marshman FRCS, C Chem

Whilst every care has been taken in the preparation of this report, SMS Analytical Limited can-
not be held responsible or liable in respect of the use to which the information contained in this
report, is put. This report may only be reproduced in its entirety unless permission to do other-
wise has been obtained from SMS Analytical Limited. Where samples have been analysed, the
results obtained relate only to the samples tested and SMS Analytical Limited does not guaran-
tee the bulk material to be of equal quality.

SMS Analytical Ltd is a limited company registered in England and Wales. Registration No. 8949596.
Registered Offices: 13 High Street, Branston, LN4 1NB, England.
VAT Reg GB 185133803

Tel: 0333 3580037 | Mob: 07976 227759 | Email admin@smsanalytical.com
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