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ABSTRACT

For economic and environmental reasons, it is itgmbithat
gas turbines used in Oil & Gas applications cam lauwide
variety of fuels with the minimum impact on the gomment.
This workshop will examine the types of gaseous lapild
fuels that can be used in Industrial Gas Turbiagd,discuss
the two basic types of combustion system employed —
‘conventional’ and ‘Dry Low Emissions’ — and theXibility of
these systems to accept different types of fualilltalso look
at common contaminants found in fuels and the imhrese
contaminants can have on the operability and maamtee of
an industrial gas turbine.

Topics to be covered:

= The types of combustion emissions regulated

= Description of a conventional combustion system

= Introduction to Dry Low Emissions combustion syssem
Typical fuel quality requirements

‘Pipeline’ quality Natural Gas fuels

Using Premium liquid fuels (diesel, kerosene)
Wellhead Gases as a Gas Turbine Fuel

Biogas fuels - Refinery and process offgases

Syngas potential

Natural Gas Liquids and LPG fuels

Crude Oil as a GT fuel

Sulphur tolerance

Metallic contaminants and their impact

Organic contaminants (tars and asphaltenes) aird the
impact

= Water in fuel

=  Storing fuels correctly
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Gas Turbine Fuel and Emission Introduction
Understanding the need to ensure fuel quality istamed at a
high standard is a key to delivering good operaitioa gas
turbine over long periods of time. However, it & just fuel
that is critical, it is also ensuring all fluidstering the GT are
equally kept at a high standard, thus minimisingloninating
all sources of contaminants.

Delivery of fuel and air to the combustor is oniagfy but to
ensure the condition of both is optimum is critiahchieving
clean and stable combustion. Modern gas turbipesate at
high temperatures, and use component designs aediataat
the forefront of technology, but these are moreapible to
damage if contaminated fuel and air enter the @dutgh poor
operating procedures. This seminar will considerrtbed to
ensure good quality fluids enter the GT, and why it
necessary, for example, to provide air and fued bk
contaminants to ensure the best availability alidbiity of
the product.

Combustion technology has moved forwards in achiglow
emissions without resorting to wet abatement methdbth
conventional and low emissions technologies areand
reviewed along with basic operating parameterscéestsal with
the fuels in question.

The choice of fuels used in GT applications is weige with
the choice based on availability and cost. In soas®s fuels
may have little or no treatment, in others they rhaye “added
value” which results in the high quality pipelinataral gas that
provides the main fuel of choice for gas turbineM@Eand
operators alike. Gas Turbines can and do operatevaide
range of fuels, some of which are shown in tabbelbw, but
the impact that such fuels may have on turbinehi#e to be
recognised.
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Table 1: Range of gaseous fuels

It is not a simple case of saying these fuels eceftable or
not, but understanding the details of these fiseish as the
composition [hydrocarbon species in the case afsagus fuel,
inert species, contaminants, water vapour, ...]. ista
analysis of the fuels is necessary to determinepleegmeters
of the fluid, such as delivery, storage and coaditig as well
as key features of the fuel itself, including loveating value,
Wobbe Index, dew point and density. Understandihgf
these provides the OEM and user with indicatorsttiafuel
entering the GT is suitable and can result in gooeration
across a wide range of loads and ambient conditlbissalso
important to determine and understand the prodafcts
combustion and impact on the environment. Exhansssions
are highly regulated in many parts of the world amdn those
areas that up until recently had no requiremenie ktarted to
introduce standards or guidelines which need todted during
the application assessment stage.

Types of combustion emissions regulated; Legislatip OEM
and Customer Requirements

The US Clean Air Act set new standards for emission
compliance, which included stationary power plamitere gas
turbines were included. Therefore, over the |lasy&ars,
increasing pressure was placed on the gas turtiidsQo
develop less polluting products. The European biieJ) and
other countries soon followed with more demandegjdlative
requirements, thus low emissions became the nodmanthe
exception. There are a wide variety of pollutantsdnsider,
from Oxides of Nitrogen, NOx, Carbon Monoxide, Clain-
burnt hydrocarbons, UHC, {1}

In addition, the major gas turbine OEMs, along vatlarge
number of Oil & Gas companies, have their own petiavith
regard to the environment and will offer or speddy
emission equipment even in locations where no forma
legislation exists, or is set at a higher level.

The result of all of these drivers is to make thg Dow
Emissions or Dry Low NOx (DLE/DLN) combustion syste
the primary combustion system of choice.

Available Combustion Systems

Two main types of combustion system are availabtewaidely
used in gas turbines: one based on the ‘conventidiffaision
flame; the second uses lean pre-mix technologteng low
exhaust emissions signature. These are offerbdtlnannular
and can-annular arrangements.

Conventional Combustion

Before the introduction and widespread use of lavissions
combustion designs the only type of combustionesysivas
based on diffusion flame, referred also as conueati
combustion (figure 1). These operate at high pynzane
temperature, circa 2500K, which results in higtrrtied NOx
formation. Reduction of the flame temperature lteso lower
NOx formation. With diffusion flame combustion stéan be
achieved by injection of diluents such as watesteam into the
primary zone. This has been successfully employed many
years across product ranges by many of the gaisiéurb
manufacturers. Generally such combustion systeavwe heen
more tolerant with fuel types. Use of either watesteam
injection into the heart of the combustor quendheslame,
thus reducing the production of NOx emissions.fdbént
OEMs use differing methods in water or steam ingectbut all
recognise the impact each has on reliability afeddycle costs.

Figure 1: Conventional or Diffusion flame combustivardware

Figure 2 shows a comparison from injecting watesteam in
the primary zone with the newer dry low NOx soluti¢2}.
Other factors to note with wet injection are thedéor large
quantity of de-mineralised water and the impacseuvice
regime, with more frequent planned interventionfievé a
service retrofit of existing gas turbines was medmclude
DLE combustion, the environmental benefit was digant,
offering almost a 5 times reduction in NOx emissieompared
to previous abatement system employed (figure 3).
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Figure 2: Effects of wet injection on diffusioarfie combustor,
compared to DLE
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Figure 3: Effect of conversion of multi-engine $itam
conventional to DLE combustion configuration

Introduction to Dry Low Emissions combustion systers

The modern approach to achieve lower primary zone
temperatures without resorting to wet diluents ihvean pre-
mix combustion. Dry Low Emissions (DLE) or Dry LaMOXx
(DLN) combustion systems address the productioN©k at
source with a design that does not rely on injeaigents,
hence the term “dry”. Of the 4 promising techno&mi
identified:

1. Lean-premixed pre-vaporised combustion

2: Staged Combustion

3: Catalytic Combustion

4: Rich-burn lean quench combustion.
the lean premixed system is the one that has beesiaped by
several gas turbine OEMs as the combustion sysferhaice
with millions of operating hours recorded. All tieemethods
reduce the production of NOx by reduction of thact®n
temperature.
Lower NOx formation has been achieved by combustire
fuel in an excess of air, hence “lean” pre-mix caoistion.
NOx production increases exponentially with tempes
therefore it is critical to ensure air and fuelvigll mixed.
During the early design and development work, theas as
much attention devoted to achieving a homogeneantura,
and burning this mixture without detrimental impach
combustion and turbine hardware.
A lean pre-mix combustor design comprises 4 maatufes:

* Fuel/ air injection device

»  Stability device

*  Pre-mixing zone

* Flame stabilization zone
These features are covered and discussed in mi@iéldeer.

Meeting emissions requirements is only one aspefct o
combustion design. It has also to meet operaticniétria,
including: component life; flexible fuel operationgliable
starting; reliable switching between fuels; relalfransient
response; and all this without excessive cost.

Methods of reducing NOx Emissions
There are three main ways for NOx formation

= thermal NOx

= prompt NOx

= fuel bound NOx (FBN)
Of these, FBN can only be influenced by removahitfogen
bearing compounds in the fuel, something outsigesttope of
this paper. Of the other two, thermal NOx is by tta¢ more
dominant. Thermal NOx is produced by the reactetween
Nitrogen and oxygen in the air as described by @ath, {3}.
This reaction takes place above 1700K and the inateases
exponentially as temperature increases (figure 4).
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Figure 4: NOx formation rate, from Zeldovich
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The easiest way of controlling unwanted emission to
atmosphere is to prevent its production in the fitace
through changes to the combustion design, leaditiget use of
dry low emissions technology (DLE) or Dry Low NORLKN).
Initially NO, control resulted from the injection of steam or
water into the primary zone of the conventionalugifon
combustor, suppressing peak combustion temperaanes
hence formation of NOx.

DLE design

Figure 5and 6 show lean pre-mix DLE combustionesyst
design as released into production in the early0’598nd from
2000, {4, 5}. These are can-annular solutions,aaltth some
manufacturers apply lean premix within an annutanisustion
configuration.
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Figure 5: DLE combustion system design circa 1995
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Figure 6: DLE combustion system design 2000

A single combustion chamber is mounted around thside of
the compressor exit section of the gas turbind) mitiltiple
burners mounted through engine casings into halése
annular combustor, as shown in figure 7 below.

Figure 7: Annular Combustor witH‘3generation DLE burner
Diffusion flame comparisons with DLE combustion syems

In order to produce low NQOand low CO the homogeneous
flame temperature within the combustor must be rotietd
between strict limits. Conventional diffusion flarmembustors
(figure 8) have very high temperature primary zodeg to
high turbulence region promoting mixing and resutt
temperatures in excess of 2500K.

These high temperature regions lead to high, lW@duction
rates, resulting in diffusion flame combustors pradg NG
emissions typically greater than 300ppmv at 15% l@Zrder
to reduce NQ levels either the temperature within the

combustor has to be lowered or the Nfaust be removed after
the turbine.

Improvements in mixing the fuel and air to achieae
homogeneous mixture whilst at the same time ‘leqoiat’ the
mixture within the DLE combustor, achieves the debieffect
of a more uniform and lower peak combustor tempeeathus
resulting in low thermal NOx production, figure 9.

Figure 8: CFD calculation of temperature distrilmn within a
diffusion flame combustor
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Figure 9: Computation of temperature (in Kelvindtdbution
in a DLE lean premixed combustor

Dry Low Emissions Combustion

The design approach by one OEM is highlighted guFé 10
highlights the use of scaled combustion geometrgsacthe
product portfolio and shows the application of a-eanular
combustion hardware.

Figure 10: Scaled hardware design across the produc
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portfolio

A common design approach was adopted where scatidg
adjustments for air flow have been applied dependimthe
rating and combustor numbers used in the GT model.

The combustor consists of three main sectionsr@igb & 6):

i) Fuel injection device - the pilot burner - houdess pilot
fuel galleries and injectors for both gaseous &ndd fuel

ii) Main fuel injection device - the main burner - hesishe
main air swirler and main gas and liquid fuel sgsie

iii) The combustor - flame mixing and stability device -
includes a narrow inlet feature, called the prequber.
The combustor is a double skin construction andecbeia
impingement cooling with this air exhausted inte th
combustor through dilution holes downstream ofrttaén
reaction zone.

A transition duct, located downstream of the contdiys
conditions the flow from the circular combustorteria sector
of the turbine entry annulus.

Figure 11 shows a schematic of the combustion q@intae
main combustion air enters through a single raxliatler at the
head of the combustor. Flow turns through 90degreeshe
pre-chamber followed by a sudden expansion into the
combustion chamber. The swirl number is sufficighigh to
induce a vortex breakdown reverse flow zone albegaixis.
This is termed the internal reverse flow zonehis tesign
concept the reverse flow zone remains attacheuetback
surface of the combustor thereby establishingma fir
aerodynamic base for flame stabilisation. In th&envaf the
sudden expansion, an external reverse flow zonersedth
flame stabilisation in the shear layers aroundrbernal and
external reverse flow zones, {6}.

Main fuel
Ty Reaction supported by

_ internal and external

~ recirculation zones

Pilot fuel

Combustion air

Figure 11: Schematic of the Dry Low Emission cortdaus
concept

Fuel, both gas and liquid is introduced, in twasta

= Main, which results in a high degree of ‘premixeskieand
hence low NOx emissions

= Pilot, which is steadily increased as the load daia
decreases in order to ensure flame stability

The pilot is arranged such that as the pilot fpét ;xcreases,
the fuel is biased towards the axis of the combusto

Describing each element of the DLE in more detadl a
referring to figures 5 and 6 shown earlier:

Pilot burner

The pilot burner provides fuel for ignition andrséent
operation, with a small percentage used at fulll lfma stability
purposes. This allows for rapid response during tegection
conditions, for example a power generation appboaivhere a
circuit breaker trips and the turbine load charfgas
exporting electrical power to the grid to simplyypiding
sufficient power to meet customer local demand.

An ignition source is mounted in each pilot burradong with a
thermocouple to monitor the temperature of the tddbe
burner. For dual fuel units, a separate liquid faete is
located through this burner and provides fuel ¢§mition and
transient operation. [This liquid lance is fullycassible from
outside and facilitates maintenance requirements.]

Main burner

Flow increases as speed and then load is incre@bid.
provides the pre-mixing via the radial swirler andmerous gas
injection ports. The swirlers are of a fixed desigth no local
moving parts. Reliance on control of fuel is nseey to
achieve both load and ambient temperature control

Liguid core

Lying inside of the main swirler/burner, with pilbtirner
located inside of this, is the liquid core for wheedual fuel
arrangement is required. For gas fuel only coméijan, this
core is replaced with a blank ring. As with gad fliquid is
injected through one of six injector nozzles equsifiaced
around the core, and lying inboard of the gas tigagoint in
alternate swirler vanes. The good pre-mixing effilel with
the high velocity air results in good liquid fuehissions
characteristics.

Combustion liner

The main swirler/burner is mounted at the headhef t
combustor. This comprises a double skin liner diner skin
controlling the cooling air feeding the annulusvizen inner
and outer liner. The head of the combustor locidtepre-
chamber and is where the fuel is mixed prior tatign
Transition duct

This duct controls and directs the hot combustiaseg towards
the first stage nozzle and typically includes effascooling.
Materials:

All components of the combustion hardware are mastufed
from conventional materials typically used in thet of the
gas turbine. Burners are routinely made from stambteel,
with the application of a thermal barrier coatingey areas.
Combustion chambers are manufactured from Nimdeiels
with thermal barrier type coatings applied to thieerr liner
surface.

Having considered the combustion system it is nmyadrtant
to consider in more detail fuel and fuel quality.

Gas turbine Fuels and Fuel Quality
Modern highly efficient gas turbines rely on highatjty alloys
to allow increased firing temperatures to be addewnhilst
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still maintaining acceptable product life. To emsthis is
achieved, far more attention on the use of thelflgintering the
gas turbine is necessary, including air, lubrigatil and fuels.
The subject of fuel quality is a major topic in@an right and
therefore some of the fundamental requirementscastsad with
fuel quality are discussed, along with potentialiss associated
with poor fuel quality.
All Gas Turbine OEMSs, provide comprehensive speatfons
to cover the quality of fuel permitted for uselire tgas turbine.
These are used to ensure fuel quality is definddeatnset of a
project and throughout the lifetime of the turbared are
prepared for good reason. To ensure acceptablie¢urb
operation is achieved with little or no impact oajar turbine
component life, it is necessary to understand doeiposition
and the supply conditions in more detail. Ideaéfion of
contamination has become particularly necessatlyisgan
have a detrimental impact on the exotic materiaédun
turbine blading.
The choice of gaseous fuels as a primary fuel $erin gas
turbines is dictated by widespread availability &ma price.
Compositions of gaseous fuels can vary quite widietyn
those taken directly from wells which can contaighhramounts
of heavier hydrocarbons, to those containing namimastible
species (such as nitrogen, carbon dioxide, argon In.3ome
cases quantities of hydrogen sulphide may be ptesdich,
left untreated, can produce sulphur oxides in #fe@est, and,
more significantly, can combine with halides tonfor
compounds which readily attack the exotic alloysdis
turbine blading, resulting in premature componaiitife.
Gaseous fuels can contain a wide variety of contants such
as:

= Solids

=  Water

= Higher hydrocarbons

= Hydrogen sulphide

= Carbon dioxide

= Carbon monoxide

= Hydrogen
It is important to provide the OEM with a comprekiee fuel
composition in order to determine the suitabilifysoch fuels.
Issues can be identified at this early stage tonefireventative
measures, such as fuel treatment, to be taken.
Higher hydrocarbons influence the hydrocarbon deimtp
hence high supply temperature is required. ltd#meperature is
not maintained then liquid dropout (condensatel) nisgult and
can cause problems in the fuel system, or, moieissy,
impinge on combustor surfaces leading to localtzgahing
and component failure, such as indicated in figidé. HS
(occurred very rapidly and resulted in engine sbwid).

Figure 12: DLE Pre-chamber damage as the resultezfvy
hydrocarbon carry over and oxidation

Hydrogen sulphide combustion results in sulphudesiin the
exhaust (hence potential for acid rain). Of greatercern is the
presence of alkali metal halides, such as sodidoride or
potassium chloride, and water vapour. These rastiite
formation of alkali sulphates, giving rise to agggiee
corrosion attack of the nickel alloys used in moderbine
blades (figure 12 RHS). This example is after save
thousands of operating hours.

Gaseous Fuel Assessment Criteria

A comprehensive assessment of gaseous fuels issageavith
a number of factors used to assess the suitat$litne of these
discussed below can be inter-related, such asrésepce of
water and solid contaminants.

Wobbe Index; Temperature Corrected Wobbe Index
Pipeline quality gas fuels contain mostly methavit) small
quantities of ethane, and typically fall into tlenge 37 —
49MJ/m3 Wobbe Index.

Wobbe Index (WI) is one of the parameters usedsess fuel
and allows a direct comparison of different fueldbe made
based on heat content. Wobbe Index (number) idléte
(lower) calorific value of the fuel divided by tisguare root of
the fuels specific gravity.

Wobbelndex
WI°% =CWv°/+/SG°

Where CW = net calorific value (MJ/f) at standard conditions (288K,
1.013bara)
S@ = specific gravity at standard conditions

= pfue/
pair

Wherepfuel alndpair are at standard conditions (288K, 1.013bara)

Fuels can and are often provided at different supphditions.
Therefore the use of Temperature Corrected Wobibexin
(TCWI) becomes an important aspect when reviewiradst
Gas fuels containing water and or higher hydrocardyecies
will result in higher dew point requirements, hetioe need to
provide a set amount of superheat margin, ensthiegas
remains in vapour phase at all times.

WIT =Wile | 28}
Tfuel
Where:

Twe is temperature of fuel at turbine skid edge(K)
WI"= Temperature Corrected Wobbe Index
WI°= Wobbe Index at standard conditions, 288K

Fuels with visually different compositions may hdke same
Wobbe Index and therefore same heat content. Henyether
factors such as dew point need to be evaluated.

Dew Point and supply temperature

Gaseous fuels comprise a variety of hydrocarbonispeeach
of which has a unique “dew” point temperature, the.
temperature at which the gas condenses producjogl$, and

Copyright © 2013 by Turbomachinery Laboratory, Te®e&M University



those fuels which also contain water will have ddition a
water dew point (figure 13), {7}. Thus it is poskitio
determine the dew point for a known gas at a gpressure. It
is normal to apply a margin of superheat over tileuwated
dewpoint, to prevent condensate or liquid drop atrich is
usually a minimum of 20°C, but may be higher depempdn
OEM , with 25-30°C as recommended for example biM&S
B133.7. Fuels which contain higher hydrocarborcese
require a higher margin of superheat to be applied.

Water Dew point

Water & Hydrocarbon
liquids in gas

Pressure

Hydrocarbon Dew point

Temperature °C

Figurel3: Water and Hydrocarbon Dewpoint

Water

Pipeline quality gas fuels are usually clean arnyl loit there
are many occasions when fuels contain water. Pcesan
water can be problematic:

= Free water in the presence of hydrogen sulphide or
carbon dioxide can form acids which can be highly
corrosive to the fuel system and associated pipewor

= Water may contain undesirable water-soluble
contaminants
Removal of water using best industrial practicesusthbe
considered.

Higher Hydrocarbon Species
The presence of higher hydrocarbon species implaetdew
point, and hence the supply temperature. Higherdoatbon
liquids, or condensate, when passed into the cotobus
combust in an uncontrolled manner:
= condensate is un-metered; result in uncontrolled
combustion
= detrimental effect on operation, safety
= can result in both combustion hardware damage or
failure as well as downstream hot gas path turbine
components
= Burner gas gallery and passage blockage due to
carbonization
Temperature adjustment of fuels has a potentiat@ddenefit:
= Allows some richer fuels to be supplied at a
temperature beyond what is required for dew point
control

= Trace heating and lagging of the gas supply pipkwor

and fuel system would be required

Contaminants in gaseous fuels

Water is one contaminant already discussed, bt e other
contaminants that are often met and need to bed=res

Carbon Dioxide

Can react in the presence of moisture producingakvacid,
but mostly acts a diluent reducing the heat coragatliable in
the fuel.

Hydrogen sulphide

Hydrogen sulphide is highly toxic and can pose ueiq
challenges to operators as well as in the operafigas
turbines. Besides specific health and safety requénts HS
(also sulphur in liquid fuels) can combust prodgcBOXx
emissions to atmosphere, which react in the presehc
moisture resulting in weak acid production (aciehyawWhere
SOx legislation exists, treatment of the fuel atrse to remove
or lower HS (or sulphur in liquid fuels) content will be
required.

In addition in some applications where sodium dapsium
may be present, such as off-shore, then furthesassent will
be required. Reaction of these species with sulpdauit in the
production of sodium and potassium sulphates warethighly
corrosive to modern materials used in the hot geis p
components, such as turbine nozzle and rotor blades

Hydrogen and Carbon Monoxide

These readily combust and require special undetstgribefore
acceptance as a GT fuel. Both exacerbate combilestos
speed, and can result in flashback, where the flegtoity
exceeds the local combustor velocities. This m#kese types
of fuels less suited for lean pre-mix type comlarsgystems.
However, conventional diffusion flame combustiostsyns are
more tolerant to such fuels, subject to full assesg and
application of appropriate safety measures as redwiith
such fuels.

‘Pipeline’ quality Natural Gas fuels

Gases extracted from underground sources — welliiead
associated gas — undergo processing resultindpighaquality
product that can be used by industrial and domestcs alike.
It comprises mostly methane, GHbut can contain small
amounts of ethane ,8s, and propane, £ls. Inert species
such as Carbon dioxide, G@nd Nitrogen, N may be present
in small quantities. The processing also ensupedipe gas
fuels are dry and free from any moisture.

Gas fuels can originate from oil wells, and terrfessociated”
gas; gas wells and condensate wells are sourcestyabe
entirely free of crude oil. In all of these cagb®, gas requires
processing to remove higher hydrocarbon speciegaseous
contamination such as hydrogen sulphidgs Hand water to
ensure gas is clean and dry before it is allowezhter natural
gas pipelines. Strict control on gas specificattomade to
ensure the gas fuel entering the pipeline from eaetsource
does not vary significantly.

“Waste” hydrocarbon products from gas processieg ar
themselves valuable. These are often termed najasdiquids
and include ethane, propane and butane for example.
Separating these and selling in the open markébasxample
LPG, is a good way of ensuring all gases recovérmed the
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wells is utilized.

Other Types of Fuels encountered for use in Indusial Gas
Turbines

Pipeline quality gas fuel has been shown to betimaary
source of fuels for gas turbine applications madg to its
widespread availability and low cost. However, ¢hare many
other fuels which are used or considered, espgaidiere
pipeline gas is either not available or of insuéfit quantity.

Premium liquid fuels

Diesel fuel and Kerosene processed to internatipnal
recognized quality standards are used either andta or in
conjunction with gas fuels (dual fuel operation).

Distillate fuels (No2 Diesel and Kerosene, for epsh are
processed from crude oil and can be made to a naiatge of
specifications. Other liquid fuels such as natged liquids or
higher hydrocarbon liquids, such LPG (a mixturgrdpane
and butane), are also produced and have been sisedas
turbine fuel, although special consideration ischi@esuch
cases. Figure 14 highlights the range of liquidfwempared
to natural gas.

The suitability of commercially available diesekfs must be
assessed and compared to the OEMs own specific&eeral
international specifications exist, all with smdififerences that
can make a huge difference in gas turbine opetgbiliypical
Specifications include EN590 and ASTM D975 alongwow
and Ultra Low sulphur diesels, {8}.
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Figure 14: Liquid fuels typical encountered for gasbine use,
compared to natural gas

Alternative liquid fuels to fossil diesel are bedammore
widespread, such as paraffinic biodiesel and ligjuierived
from natural gas, the latter via conversion techegsuch as
Fischer Tropsch and commonly referred to as “Gasdoids”
or GTL fuels. Although production quantities aneadl today
these will grow in years to come and either be dehwith
fossil diesel or be used as a stand alone fuekifigaions for
such fuels are in development, such as CWA 1594920
covering Paraffinic bio diesel fuel, {9}.

Wellhead Gases as a Gas Turbine Fuel

Alternative gaseous fuel solutions for gas turbiaesused,
where little or no added value to raw fuel sourcas make
strong economic sense. Assessment and use of agltre
associated gas fuels can allow marginal wells andtions to
be developed.

Each fuel is assessed on its merits with some re@ndations
made regarding minimal cleanliness, water contéaw; point
control, all of which have been covered in detail.

Biogas fuels

These are weak methane-based gas fuels (can bedefe as
medium or low btu fuels) contain high levels oflwam dioxide,
CGO, and or Nitrogen, N They can be naturally occurring or
derived for example from the decomposition of wastterial
(Land Fill Gas - LFG) or the more rapid use of anhi&
digestion (AD) process or Waste Water Treatment&ss
(WWTP), and can be considered as a useful fuejdsr
turbines, {10}. These are sometimes recognizecaswable
fuels and can gain some green environmental anubetic
benefits. There are many examples of gas turbiffesray
such capabilities. Extended fuels capability base®LE
combustion configuration, operating with high lessef either
CG, or N, content, or both, in the biogas have been devdlope
in recent years. With such fuels it is a requiretadrihe fuel
system to provide sufficient quantity of fuel tesin stable
combustion and be responsive to variations in $ueh
sources.

It should be noted and recognized that there epgmeciable
increase in flow through the turbine (from combaoistair and
increased fuel flow) when compared to standardlipipe
quality gas fuels. Power output is a function atss flow
through the turbine; the mass flow being the sumirofiow
through the compressor and from the fuel sourcenteaium
CV fuels, the fuel mass flow is increased to achitne
required energy content compared to natural gastiregin an
increase in power output.

Refinery; Process Off-gas; Hydrogen Syngas

In the same way off gases from processes, sucheimary
off-gas can also be used. These, however, tebd ttydrogen
and Carbon Monoxide rich and special considerdiemto be
made for these types of fuels.

Syngas also fall into this category, but are moddsived from
the gasification or pyrolysis of various wood oriagltural
waste products. These fuels are lower in heatitgevian
biogas for example, but comprise Hydrogen and Garbo
monoxide as well as large quantities of inert spedCQ and
N,. These fuels need special consideration due tonthact
each has on combustor flame speeds and the proptorsi
“flashback” and the resultant damage to combudiendware.
High Hydrogen content fuels have achieved someess;but
require the use of conventional combustion as fuels tend
to “flash back” in lean pre-mix combustors, witlsequential
hardware damage. Wet injection can be applieddoae
atmospheric pollution. A derivative of this capébils gases
produced from coke batteries in the steel makinggss. Coke
Oven Gas, COG, is high hydrogen, but also contaiethane
and to a lesser extent CO. Conventional, diffusiombustion
system is applied but additional gas clean up requents is
essential to prevent a shortening of the hardwfarellie to the
effects of contamination found in such gas fuels.

Natural Gas Liquids and LPG fuels

Less used, but still viable gas turbine fuels idelthose
containing higher hydrocarbon species. These regpiecific
assessment and consideration within both the fis¢ém and
combustor injector.
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LPG can be used either in vaporized or liquid fovihen
vapourised and maintained in gaseous form, thelgasid be
supplied at elevated temperatures due to the uge dfigher
hydrocarbons usually associated with LPG, butare an
propane. Special injectors will be required to eashe
metered fuel is correctly controlled.
When supplied in liquid form special consideratinast be
made to the fuel system. LPG has a very low visgasd
special pumps are required to overcome the probfdow
lubricity associated with LPG. Control of the flus critical to
ensure other problems are avoided such as:

= Waxing (fuel temperature too low)

= Exceeding flash point (temperature too high)

= Corrosion (particularly where copper is present)

= Vapour lock due to premature vaporization of liquid
Storage of such fuels needs particular attenti@virty a lower
viscosity in liquid form and being heavier thanahen in
gaseous form means special precautions have tddptes.

Crude Oil as a GT fuel
Viscosity is one of the key parameters used whatuating
liquid fuels for use in industrial gas turbines aygherally
should be <10cst (most regular diesel fuels <7.&&<0degC).
There are cases where neither diesel nor gaseelssdiie
available and the only “fuel” is crude oil. Thisates
challenges that have to be handled through fuetrpegment
and fuel injection system functionality {11}. Filgt heating the
fuel reduces the viscosity, but noting the limias:
= Firstis 100°C, at which water boils off (all ligli
fuels contain a small amount of water) causing
cavitations in fuel pumps
= Increasing fuel oil supply pressure allows the ingat
to be extended beyond 100°C, but is limited by the
temperature limits within the fuel delivery system
= Further heating can result in fuel cracking andiregk
in the fuel system and burners depending on the
constituents within the crude oil
Crude oils need to be treated in order to meetstiidh gas
turbine limits on metallic and other contaminamishe fuel.
Crude oil often contains high amounts of alkali ae{Na, K)
and heavy metals (V, Ni, etc) which if introducetbithe
combustion system can result in accelerated defuysitation
and high temperature corrosion in gas turbine hetmath
components. Major corrosive constituents includeatum
pentoxide (V205), sodium sulphate (Na2S04) andesgive
low melting forms in the Na2S0O4 — V205 and Na20-820
systems. Determination of the ash sticking tempeeas
usually a good feature to use, and should be >3ffDdife
sticking to the blade is to be avoided.
Water and sediment can be removed, or reducedlttayion
and centrifuge separation. This is the same fgiignid fuel,
and prevents the formation of corrosive elementskacterial
growth, a pre-cursor to fuel degradation. Remov¥ahe water
also reduces the levels of water-soluble contantsnsunch as
the alkali metals sodium and potassium. Vanadiudhather
heavy metals are oil-soluble though, and can oelyréated
through chemical dosing so that combustion creaitgs
melting temperature compounds.

Crude oils can also contain more volatile composi&rith a
low flash point therefore the need to include egjdo proof
equipment is often required.

Impact of Sulphur and Metallic Contaminants

Sulphur has various effects on turbine operatiboah be seen
as hydrogen sulphide,,g, in gaseous fuel or as elemental
Sulphur in liquid fuel. How it is affects the tume depends
largely on the presence of other metallic compoarib
moisture. This has been discussed earlier.

Organic contaminants (tars and asphaltenes) and tlire
impact

Tars tend to be present in small quantities in ggegas fuels,
such as those from the conversion of coal to casejlting in
production of Coke Oven Gas, COG.

Asphaltenes are small solid particles found in sdiagllate
fuels. These can combine to form a more homogenmss
affecting the filtration system or collect at thattom of storage
tanks forming a sludge like substance.

Water in fuel
Clean dry fuel is essential in achieving best djp@maof an
industrial gas turbine and the presence of contanténcan
result in poor turbine operation and increased teaBnce.
Water in gaseous fuel can be tolerated but thencatgained
in distillate fuels is most concerning. It can leers as
dissolved, emulsified or free water.
= Dissolved water: chemically dissolved or absorbed
into the fuel (e.g. sugar dissolved in hot drinks);
= Emulsified water: tiny droplets of water are
suspended in the fuel, making it milky in appeaeanc
= Free water: falls out of suspension and gatherékeat
bottom of a storage tank.
It is these latter 2 types, emulsified and freeawathich are of
most concern, resulting in fuel system and engareabe, but
also the promotion of bacterial growth.

Wet gas fuels need to be assessed to determine both
hydrocarbon and water dew point. Minimum supply
temperatures will then be based on the higherefidw point,
subject to the temperature limit of the combustad fuel
system mechanical hardware.

Fuel Storage

Mostly related to liquid fuels, the storage andmemance of
such fuels can be the difference between acceptadfime
operation and one where extensive site maintenaagee
required.

Storage of fuel comes under the general headifigedf
handling and best practices. It is necessary tarerfael is
sourced from good suppliers to approved specifioati
Routine monitoring and recording from sampling andlysis
of fuels is critical to achieving good turbine ogigon.
Applying best industry practice in receipt, unloaglistorage
and transfer of liquid fuels is essential to achig\and
maintaining fuel to the highest standard and qualpplying
centrifuges, filters and coalescers to storagestavilk help
maintain the fluid in the correct condition. Ensigritank design
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meets best industrial standards, including, bufinoted to,
floating suction take-off to supply gas turbineftbm drain for
sediment and water; allowing sufficient settlingei after
introducing new supply to tank. ‘Turning’ over thguid fuel,
i.e. using it all on a regular basis, minimizesedietation and
will also help in the long term quality control thife fuel.

This is by no means a comprehensive coverage afsbef
liquid fuels but attempts to provide the essertiglects that
need to be considered.

CONCLUSIONS

The understanding of fuels used in modern highgperénce,
high efficiency gas turbines is a critical ste@ohieving the
goals of high availability and reliability, but thte same
ensuring the environmental needs are fully mete iftpact of
the wide range of fuels used in gas turbine coninustystems,
especially those of the low emissions variety, teen
considered.

In conclusion, the supply of the right quality feielan result in
the above requirements being met, while the useei$
outside the advised specifications can resulténeased
maintenance requirements.

NOMENCLATURE

DLE Dry Low Emissions

DLN Dry Low NOx

AFR Air Fuel Ratio

CcO Carbon Monoxide

CO2 Carbon Dioxide

N2 Nitrogen

NOXx Oxides of Nitrogen

02 Oxygen

SOx Oxides of Sulphur

UHC Unburnt Hydrocarbons
H2S Hydrogen Sulphide

ppmv parts per million by volume
COG Coke Oven Gas

LPG Liquid Petroleum Gas

Wi Wobbe Index

TCWI Temperature corrected Wobbe Index

LCV(LHV) Lower Calorific (Heating) Value
HCV(HHV) Higher Calorific (Heating) Value
Btu British thermal unit

Ppmvd parts per million, volume dry
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