
The patented LPP Combustion 
System is a unique fuel utilisation 
technology that uses a self-contained 

fuel preparation skid to convert conventional 
liquid fuels (eg kerosene or fuel oil #2) as 
well as alternative fuels (eg biodiesel, coal 
liquids, ethanol) into a substitute natural 
gas, called LPP Gas™. This LPP Gas™ can 
then be burned with low emissions in gas 
turbines or other combustion devices, 
producing environmentally-friendly power 
and providing substantial fuel flexibility to 
power generators. A gas turbine utilising 
LPP combustion technology to burn biofuels 
creates a “dispatchable” (on-demand) 
renewable power generator with low criteria 
pollutant emissions and no “net” greenhouse 
gas emissions.

CLEAN AND LEAN

Industrial Fuels and Power l

Maryland-based lPP coMbustion 

llc has develoPed an innovative 

Patented technology for lean, 

PreMixed, PrevaPorised (lPP) 

coMbustion of fuels. hence, 

These fuels burn cleanly in 

gas-fired power Turbines and 

oTher combusTion devices.

clean 
and lean



Conventional liquid fuel 
combustion
Traditionally, spray diffusion burners (Figure 
1A) have been employed in gas turbines that 
operate on liquid fuels, including petroleum-
based fuels such as naphtha, kerosene and 
diesel and for renewable fuels such as ethanol 
and biodiesel. However, this diffusion mode 
of operation produces high emission levels 
of NOx, CO and particulate matter. The 
current technology for burning liquid fuels 
in gas turbines is to use water and/or steam 
injection with conventional spray diffusion 
burners. Emissions levels for a typical “state-
of-the-art” gas turbine, such as a GE 7FA 
burning fuel oil #2 in diffusion mode with 
water/steam injection, are 42ppm NOx and 
20ppm CO. Water/steam injection has a 
dilution and cooling effect, lowering the 
combustion temperature and thus lowering 
NOx emissions. However, water/steam 
injection is likely to increase CO emissions as 
a result of local quenching effects. Thus, the 
“wet” diffusion type of combustion system 
for liquid fuels must trade off NOx for CO 
emissions and still results in high levels of 
particulate matter.

In recent years, increasingly stringent 
emissions standards have made lean, 
premixed combustion more desirable in 
power generation and industrial applications 
than ever before, since this combustion mode 

provides low NOx and CO emissions without 
water addition. Lean, premixed combustion 
of natural gas avoids the problems associated 
with diffusion combustion and water addition 
(Figure 1B). As a result, lean, premixed 
combustion has become the foundation for 
modern dry low emissions (DLE) gas turbine 
combustion systems. When operated on 
natural gas, these systems provide NOx and 
CO emissions of ≤25ppm without the need 
for water addition. 

However, DLE systems cannot currently 
operate in premixed mode on liquid fuels 
because of autoignition and flashback within 
the premixing section. Autoignition of the 
fuel/air mixture can occur before the main 
combustion zone, when the ignition delay 
time of the fuel/air mixture is shorter than 
the mean residence time of the fuel in the 
premixer. It is more likely to occur with the 
higher-order hydrocarbon fuels (eg fuel oils 
and biodiesel), which have shorter ignition 
delay times compared to natural gas. These 
short ignition delay times have proven 
difficult to overcome when burning in lean, 
premixed mode.

The LPP combustion process
A patented fuel vaporisation and conditioning 
process was developed and tested to 
achieve low emissions (NOx, CO and PM) 
comparable to those of natural gas while 

‘‘A patented fuel vaporisation and conditioning process 

was developed and tested to achieve low emissions [...] 

comparable to those of natural gas while operating on liquid 

fuels, without the need for water or steam addition.‘‘
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Figure 1: A. Conventional liquid fuel spray diffusion flame (left) – B. Typical lean, premixed natural gas flame 
(middle) and C. Biodiesel LPP Gas™ flame (right).

operating on liquid fuels, without the 
need for water or steam addition. In this 
approach, liquid fuel is vaporised in an inert 
environment to create a fuel vapour/inert 
gas mixture, called LPP Gas™, which has 
combustion properties similar to those of 
natural gas. Premature ignition (autoignition) 
of the LPP Gas™ is controlled by the level 
of inert gas added during the vaporisation 
process. An extra advantage of the fuel 
vaporisation and conditioning process is the 
ability to achieve fuel-interchangeability of a 
natural gas-fired combustor with liquid fuels. 
The fuel switching change-over from natural 
gas to LPP Gas™ is done on the fly and does 
not require the turbine to be shut down 
or run at reduced load. Tests conducted in 
both atmospheric and high pressure test rigs 
utilising commercial DLE burners (designed 
for natural gas) found operation to be similar 
to that achieved with natural gas (Figure 1C).

Figure 2 shows a simplified process 
diagram for the LPP System. Liquid fuels 
were supplied to the LPP fuel conditioning 
skid using a fuel pump. An inert gas 
(nitrogen) and heat were provided to the 
LPP skid to vaporise and condition the 
liquid fuel. Although nitrogen was used for 
this application, other inert diluents such as 
exhaust gas or CO2 could also be used. For 
testing purposes, the heat was applied to the 
skid using electrical heaters. For commercial 
systems, combinations of electrical, thermal 
and waste heat could also be used to provide 
energy for fuel heating and vaporisation. To 
maximise system efficiency for commercial 
application, waste heat utilisation is preferred 
to supply heat to the LPP skid. Once the 
liquid fuel is vaporised and conditioned in 
the LPP System, the resulting LPP Gas™ can 



be used as a substitute for natural gas and in 
potentially any combustion device originally 
designed for such a gas. The resulting 
emissions from burning LPP Gas™ are similar 
to those for natural gas including NOx, CO 
and particulate matter. Since both biodiesel 
and ethanol contain little or no sulphur, 
natural gas SOx  emission levels are also 
achieved. The same clean blue flame typical 
of natural gas is achieved when burning LPP 
Gas™ derived from liquid fuels.

The LPP Combustion System changes 
the nature of the fuel by adding an inert 
gas during the vaporisation process thus 
preventing autoignition during the relevant 
timescales for fuel transport, mixing 
and burning with air. The vaporisation 
of liquid fuel takes place away from the 
combustion device in a separate skid-based 
fuel conditioning device under temperature 
conditions much less severe than in the 
combustor. This reduces the need for burner 
maintenance compared to traditional spray 
diffusion methods. 

Emissions testing summary
The emissions and operational characteristics 
of the lean, premixed, prevaporised (LPP) 
combustion technology represent a new and 
clean way of burning a wide range of liquid 
fuels including conventional, alternative and 
renewable fuels. The LPP technology focuses 
on changing the characteristics of the fuel 
rather than trying to change the combustion 
hardware. Since the LPP Combustion system 
utilises existing burners designed for natural 
gas, no changes to the DLE gas turbine 
combustor hardware were required. The LPP 
Combustion system provides the capability 
to cleanly burn liquid fuels and achieve 

natural gas level emissions without the need 
for water addition to the combustor or post 
combustion pollution control equipment.

The testing of the LPP Combustion 
System was performed in both an 
atmospheric pressure/full temperature 
combustor test rig at LPP’s Facility in 
Columbia, Maryland, and at a full-pressure/
full-temperature combustor test rig at Solar 
Turbines’ facility in San Diego, California. A  
Solar Turbines Centaur 50 natural gas nozzle 
was used for both natural gas and liquid fuels 
(as LPP Gas™) without any modification. The 
Centaur 50 gas nozzle utilises Solar Turbine’s 
lean premixed SoLoNOx DLE combustion 
technology. 

The LPP technology demonstrated 
that natural gas level 
emissions can be 
obtained for biofuels, 
including both biodiesel 
and ethanol. Figure 4 
shows a summary of the 
NOx performance for 
a range of liquid fuels 
using LPP Combustion 
technology compared to 
natural gas (baseline). 
The liquid fuels tested 
include: fuel oil #2 

(diesel), fuel oil #1 (kerosene), biodiesel, 
ethanol, naphtha, JP-8 and S-8 (a synthetic 
JP-8 made using the gas-to-liquids process).

 Unlike the conventional burning of 
liquid fuels in gas turbines using spray 
diffusion burners and water injection, the 
LPP Combustion System produces natural 
gas level criteria pollutant levels for NOx, CO 
and PM along with no net carbon emissions 
if biofuels are used. The ability to produce 
natural gas level criteria pollutant levels 
with liquid fuels using the LPP Combustion 
System allows gas turbine operators increased 
fuel flexibility by allowing the cheapest 
available fuel to be used without incurring 
any penalties in terms of emissions.

CLEAN AND LEAN

Industrial Fuels and Power l

Figure 2: LPP Combustion process diagram.

Figure 3: Conceptual layout and major components for a LPP Combustion System 
for a 85MWe gas turbine.



improvement in heat rate can be expected 
compared to traditional combustors. These 
calculations were made using the GateCycle™ 
power plant modeling software, and the 
losses associated with a fully integrated LPP 
system were included in the calculation of 
the net plant heat rate. This level of heat 
rate improvement is quite substantial, and 
represents an annual fuel savings of over 
US$2.5m when burning biodiesel for base 
load operation of a GE Frame 7EA combined 
cycle plant (126MW). Biodiesel (B99) was 
assumed to be US$2.00/gal for the above 
economic analysis.

 
Conclusions
The LPP Combustion technology represents 
the cleanest use of liquid fuels and achieves 
natural gas levels of criteria pollutants (NOx, 
CO & PM) and no “net” greenhouse gas 
emissions if biofuels are used. The LPP 
Combustion system provides the capability 
for tremendous fuel flexibility and low 
emissions not previously attainable in modern 
DLE gas turbines with liquid 
fuels. The LPP Combustion 
technology provides fuel 
flexibility between natural gas 
and liquid fuels, enables the 
cleanest use of liquid fuels, and 
provides substantial operating 
cost savings for liquid fuelled 
combined cycle power plants.

Using biofuels in a gas 
turbine with the LPP System 
creates a clean burning 
dispatchable renewable 
energy generator that can 
be a primary source for 
power generation or be a 

back-up source for inconsistent renewable 
energy sources such as wind and solar. The 
technology allows for the clean use of biofuels 
in combustion devices without the use of 
costly post-combustion pollution control or 
carbon capture and storage equipment and 
can easily be incorporated into both new 
and existing gas turbine power plants. No 
changes are required to the DLE gas turbine 
combustor hardware that currently allows for 
clean, efficient combustion of natural gas. The 
clean combustion of biofuels achieved using 
LPP Combustion technology represents a 
solution to help combat global warming for 
the power industry that is available today to 
help meet renewable energy mandates and 
carbon regulations.  n

‘‘The LPP Combustion system provides the 

capability for tremendous fuel flexibility and low 

emission not previously attainable in modern DLE 

gas turbines with liquid fuels.” – LPP
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Improved heat rate
While beneficially reducing NOx emissions, 
water injection used for NOx control in 
traditional spray flame (diffusion) combustors 
incurs a substantial negative impact on the 
efficiency and maintenance of a liquid-
fuelled gas turbine. Water addition reduces 
the NOx emissions by reducing the flame 
temperature, but this in turn also reduces 
the thermodynamic efficiency of the gas 
turbine. In addition, the energy required to 
vaporise the injected water further reduces 
the gas turbine efficiency. Finally, the reduced 
firing temperature also reduces the exhaust 
temperature of the gas turbine for liquid-
fuelled operation, which in turn reduces the 
amount of steam production for a combined 
cycle plant. All of these effects combine to 
increase the net plant heat rate (and cost of 
operation) for a traditional liquid fuelled gas 
turbine combined cycle power plant.

In contrast, a combined cycle plant which 
is fuelled by LPP Gas™ is not subject to the 
above losses. A gas turbine fuelled by LPP 
Gas™ may be operated at the higher natural 
gas firing temperature, thereby avoiding the 
reductions in efficiency noted above. Since 
there is no water injection with the LPP 
System, that vaporisation loss is also avoided. 
Combined cycle performance calculations 
have shown that for a typical single pressure 
level heat recovery steam generator (HRSG) 
and GE Frame 7EA class gas turbine, one 
can expect to achieve at least a two percent 
improvement in the overall combined cycle 
plant heat rate when burning diesel or 
biodiesel as LPP Gas™ as compared against 
burning the same liquid fuel in traditional 
spray-flame diffusion combustors with water 
injection. If ethanol is burned, a 3.5 per cent 

For more information, visit:
    www.lppcombustion.com
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Figure 4: Comparison of NOx emissions for natural gas,  fuel oil #2 (diesel), 
fuel oil #1 (kerosene), biodiesel, ethanol, naphtha, JP-8 and S-8.


