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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

Page IV | Foreword | Issue 1.2, 09 June 2021

HVO Handbook

Introduction – decarbonisation with liquid fuels

1

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 oil, 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.

Carbon savings (CO2e)
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:
•

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 CO2e emission rate of less than 50 g CO2e/kWh
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combusted whereas the use of a virgin plant based feedstock to produce the same
bio-liquid fuel would have emissions nearer 200 g CO2e/kWh.1
•

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 ºC 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 CO2e emissions of
up to circa 200 g CO2e/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 HVO from waste sources such
as used cooking oils. See Annex A – Neste Biofuels Sustainability Statement for HVO.
CO2e Carbon equivalent emission evaluations carried out during 2020 by the Building
Research Establishment (BRE)2 These showed that HVO (when derived from waste sources
such as UCO) CO2e emissions for home heat applications could be as low as 25 g CO2e/kWh
and overall a generic value for waste derived HVO was established at 36 g CO2e/kWh.

1
2

Source: RED II
Source: BRE Client Report P117563-1000 Issue 1.1, May 2020
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The generic waste derived HVO CO2e value has been compared to those within Table 12 of
SAP 10.13, (November 2019) and was found to have CO2e/kWh emissions:
•
•
•

88% less than Kerosene
32% less than biomass (wood pellets)
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 CO 2e)

Key:

Biodiesel
Specific H100
Generic H100

= FAME (waste derived BS EN 14214)
= Crown Oil HVO as evaluated by BRE (waste derived BS EN 15940)
= 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
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.

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.

Fuel properties
2.3.1 Materials
The properties of HVO 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

Figure 5: Example tank storage safety label for HVO
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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

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, HVO 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

Figure 8: Field application indicative densities – HVO
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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

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, HVO 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, HVO 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

Figure 11: Field application indicative viscosities – HVO
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2.3.5 Flash Point
Comparative Flash points, initial boiling points and final boiling points for Kerosene, Gas Oil
and HVO were provided by Crown Oils as shown in Table 1 below:
Table 1: Comparative flash points and initial & final boiling points of fuels

Flash Point
(ºC)

Initial Boiling
Point (ºC)

Final Boiling
Point (ºC)

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 ºC 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/kg)

Gross CV(MJ/kg)

HVO

43.5

46.3

Kerosene

43.0

45.9

Gas Oil

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 (40ºC)

MJ/kg

kW/kg

kW/litre
(Watts/cc)
@ 40ºC

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)

watts per cc/min heat energy Vs temperature
10.20
10.00
10.00

9.90
9.82
9.74

WATTS PER CC/MIN

9.80
9.60
9.60

9.51

9.50

9.42

9.40
9.40

9.30

9.33
9.21

9.20

9.00
8.80
kW/litre (w/cc) at 10C

kW/litre (w/cc) at 20C

kW/litre (w/cc) at 30C

kW/litre (w/cc) at 40C

TEMPERATURE DEG C
HVO

Kerosene

Gas Oil

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
HVO to BS EN 15940

circa C6 – C16
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
HVO to BS EN 15940

circa C7 – C15
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
HVO to EN 15940

200mg/kg
< 5mg/kg

This clearly demonstrates that HVO contains at worst only 2% of the sulphur content of
Kerosene whilst in its liquid state.
2.3.8.1 Flue 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, HVO and
natural gas combustion processes as follows:
The pH levels measured from the three samples by SMS were found to be as follows:
•

Kerosene

pH level

2.9

•

Nat Gas

pH level

3.9

•

HVO

pH level

6.1

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:
•

Kerosene

176

mg/l NaOH

•

Nat Gas

132

mg/l NaOH

•

HVO

<10

mg/l NaOH

This means that in terms of total acidity HVO combustion condensate is:
•

> 94% less acidic than condensate from kerosene combustion

•

> 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.

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:
•

Kerosene

14.18% CO2

•

Gas Oil*

14.22% CO2

•

HVO

13.68% CO2

* N.B. Gas Oil in the SMS Analytical report in Annex G is referred to as “Diesel”.
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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
CO2 and combustion efficiency outputs specifically for each fuel.

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

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.

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.

•

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
Figure 13 and Figure 14 below.

•

Figure 13: Example appliance conversion label
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Figure 14: Example tank conversion label
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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:
•
•
•
•
•

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

Note 1: Density and viscosity at a mean seasonal fuel temperature of 10oC.
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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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:
•
•
•

Atomising nozzles.
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 CO2 reading.
Figure 15: Carbon deposit build-up on the blast tube of an incorrectly converted burner

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 HVO 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
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Table 5: HVO atomising nozzle gross energy throughputs for condensing boilers.

Table 6: HVO atomising nozzle net energy throughputs for standard efficiency boilers.
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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 findings4:
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
•
•

•

4

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.
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.
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 HVO to BS EN 15940.

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.), HVO 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

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, CO2 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 NOx (ppm) was very similar.
“Overall, there is very little difference in observed performance between the two fuels.”5

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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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.
It is 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
•
•

•
•
•

All fuel carrying components and seals need to be checked for material compatibility
with HVO.
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.
Fuel storage tank husbandry is essential.
Vaporising sleeve burners should not be attempted to run on HVO.
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:
•
•
•
•
•
•

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.
Fuel pump failure due to lack of lubricity or filter blocking where aftermarket additives
have been applied.
Equipment & system material failures.
Appliance inefficiency.
Customer call backs.
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Annex A – HVO Sustainability Statement
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Annex B – Comparative Analysis of HVO and Kerosene
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Annex C – Product Data Sheets
C.1 – Kerosene
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C.2 – HVO
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Annex D – Example Material Safety Data Sheets
D.1 – Kerosene
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D.2 – HVO
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Annex E – SPX Flow HVO de-aerator instructions
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Note:

Suction line tables 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
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Annex G – SMS Analytical report on stoichiometric combustion
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