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Combustion Turbine Power Plants, 
Cogeneration Power Plants, and Power Plants 
with Natural-Gas-Fired Burners
The idea of a NOx zero-emission power plant is much more 
realistic today then it was even a decade ago. Using in-
novative new technologies and applying enhanced mea-
surement methods to the power industry, Emerson Process 
Management is helping power generation companies to 
reduce emissions and operate their combustion turbines 
and natural-gas-fired burners more efficiently. 

Emerson offers low-cost, reliable analytical packages for 
gas turbines and other natural gas combustion processes. 
Our gas chromatographs provide a reliable, online mea-
surement of natural gas heating value (BTU or CV) for 
more efficient control of turbine and burner combustion. 

The quality and composition of fuel burned in a gas turbine 
or a natural-gas-fired burner have a tremendous impact on 
the life span and maintenance requirements of the plant 
asset. With a gas chromatograph from Emerson, natural-
gas-fired turbines and burners can utilize three key gas 
measurements:

• Gas Composition Converted to BTU or CV
• Wobbe Index 
• Hydrocarbon Dew Point 

Measuring Composition
Accurate determination of fuel gas composition allows for 
optimal adjustments of the air-to-fuel ratio, enabling the 
combustion turbine or burner to operate at its most cost-ef-
fective, efficient point while reducing NOx emissions. In the 

power industry, where emissions are closely regulated, op-
erating cleaner and more efficiently also means a tremen-
dous savings by avoiding potential costly fines. 

Stoichiometric combustion is the ideal combustion condition 
where fuel is burned completely. Complete combustion is a 
process burning all the carbon (C) to (CO2), all the hydro-
gen (H) to (H2O) and all the sulfur (S) to (SO2). Almost all 
modern turbines require stoichiometric combustion. Any 
unburned components remaining in the exhaust gas, such 
as C, H2, and CO, means the combustion process is incom-
plete and not stoichiometric.

A process gas chromatograph measures fuel gas compo-
sition, allowing optimal adjustment of the air-to-fuel ratio. 
When the chemical mixing proportion is correct (stoichio-
metric), all fuel and air will be consumed during the com-
bustion process, burning cleanly and enabling the turbine 
or burner to operate at its most efficient, cost-effective 
point.

In addition, an efficiently operating turbine and burner will 
help to reduce NOx emissions. NOx is a by-product of 

Figure 1 - Flow Diagram of a  
Typical Combustion Turbine
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combustion – the hotter the flame temperature used in the 
combustion process, the more NOx the process produces. 
Reducing NOx emissions in a power plant can be expen-
sive, and is often achieved through the purchase of expen-
sive equipment like low NOx burners, flue gas recirculation 
systems, and selective catalytic reduction systems. Howev-
er, the perfect air-to-fuel combination significantly reduces 
NOx emissions, helping to bring power plants into compli-
ance with regulations.

The stoichiometric combustion process can be expressed 
as:

[C + H (fuel)] + [O2 + N2 (Air)]  (Combustion Process)  
[CO2 + H2O + N2 (Heat)]

where
C = Carbon
H = Hydrogen
O = Oxygen
N = Nitrogen

Measuring Wobbe Index
Turbine and burner damage can be the result from varying 
flame dynamics caused by variations in the Wobbe index. 
In the natural gas industry, Wobbe Index is widely used as 
a gas interchangeability factor and is calculated from the 
higher heating value (HHV) and the specific gravity (SG). 
The Wobbe Index is used as it combines the energy con-
tent of the gas with the density of the gas to provide an indi-
cator on energy flow through the restrictor of a burner jet.

 

In the power industry, a modified Wobbe Index is calculated 
using the lower heating value (LLV) instead of the HHV 
(The difference between LLV and HHV is how water is 
treated in the heating value calculation). 

Most modern turbines and burners can withstand varia-
tions of +/- 5% and track the Wobbe Index of the fuel gas to 
ensure the gas quality is within the specified limits.

An Emerson gas chromatograph calculates the Wobbe 
Index and provides the safe, reliable data that is required to 
ensure no damage to expensive rotating equipment results 
from operating on low- or mid-range Wobbe gas.

Measuring Hydrocarbon Dew Point 
When heavier hydrocarbons or hydrocarbon liquids are 
present, movement of flame upstream in the combustion 
zone could occur, resulting in catastrophic damage to the 
turbine. Hydrocarbon liquids can form when the natural 
gas falls below the hydrocarbon dew point and the heavier 
hydrocarbon components begin to “drop-out” of the gas 
state and into the liquid state. Measuring the hydrocarbon 
dew point can be critical to the safe and reliable operation 
of power plants with combustion turbines as monitoring the 
hydrocarbon dew point can avoid very expensive turbine 
damage due to flashback.

It is common practice to lump all hydrocarbons from hex-
ane and heavier into one number (known as a C6+ analy-
sis) and assume a fixed ratio of the heavy components in 
the reported C6+ value. This is perfectly acceptable for the 
calculation of the lower heating value as the hexane and 
heavier hydrocarbons constitute a minute fraction of the 
gas and typically contribute less than 1% of the energy con-
tent of the gas. However, as it is the heavier components 
which will drop out into a liquid phase, assuming a fixed 
ratio of the heavier components will lead to an incorrect 
determination of the dew point. 

Emerson pioneered the use of the extended analysis C9+ 
gas chromatograph specifically for the accurate determi-
nation of hydrocarbon dew point (HCDP). The C9+ gas 
chromatograph uses a second parallel analytical path and 
detector to measure the hexanes, heptanes and octanes, 
and combines the nonanes and heavier components into a 
C9+ measurement. Using the extended analysis informa-
tion and a choice of industry recognized equations of state 
(Peng-Robinson or Redlich-Kwong-Suave), the C9+ with 
HCDP gas chromatograph calculates the hydrocarbon dew 
point of the fuel gas at four user defined pressures and the 
cricondentherm (the maximum dew point at any pressure).
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By calculating the hydrocarbon dew point in the gas chro-
matograph, the Emerson gas chromatograph provides a 
unique solution to mitigate the risk of damage to turbines 
due to changing fuel gas supplies.

For applications where the hydrocarbon dew point of the 
gas may be an issue, Emerson recommends the dual-de-
tector Model 500 or Model 700 Process Gas Chromato-
graphs with C9+ HCDP application. 

When there is a potential for high levels of H2S (above 3 
ppm) to cause operational issues or damage to equipment, 
Emerson recommends the dual-detector Model 500 or 
Model 700 Process Gas Chromatographs with C6+ trace 
sulfur application.

The Emerson Value Proposition
Emerson has a long history of providing process gas 
chromatographs for the process and natural gas industries.  
Emerson’s process gas chromatographs set the standard 
for online process measurement by supplying analyzers 
that are both robust and capable of handling tough analyti-
cal requirements. Our process gas chromatographs provide 
precise measurements and analyses, which directly trans-
late to value for our customers. Emerson gas chromato-
graphs can impact your bottom line in a number of ways:

• Installing an Emerson process gas chromatograph 
provides reliable measurements to help optimize the 
air-to-fuel ratio within the combustion process, which al-
lows the turbine or burner to operate at its most efficient 
point. This, in turn, reduces NOx emissions, helping 
power generators comply with environmental regula-
tions.

• By providing precise, reliable data, Emerson’s process 
gas chromatographs can eliminate potential turbine or 
burner damage due to high flame dynamics and varia-
tions in the Wobbe Index.

• Emerson’s process gas chromatographs give early 
warning of potential catastrophic turbine damage due to 
flashback by providing a reliable hydrocarbon dew point 
calculation, which indicates when risk increases.

• Emerson’s process gas chromatographs offer supe-
rior analytical capability and flexibility, which translates 

into better performance than comparable competitive 
products. Emerson’s gas chromatographs include rapid 
one-minute or two-minute gas composition and Wobbe 
Index analysis, with pinpoint accuracy that far out-per-
forms calorimeters or Wobbe meters.

• With Emerson’s process gas chromatograph, extended 
analysis to C9+ and hydrocarbon dew point calculations 
can be completed in five minutes, without an additional 
analyzer.

• Inherent analytical flexibility of the Emerson process gas 
chromatograph means that the presence of non-natural-
gas fluids within the sample stream will not impact the 
validity of the measurement.

• Emerson’s gas chromatographs are ideal for fiscal 
metering. By analyzing the Btu/CV composition of the 
natural gas, power generating facilities ensure that they 
are burning on-spec natural gas, and are, ultimately, get-
ting what they paid for.

• The precise gas analysis of an Emerson gas chromato-
graph helps control furnace operation by providing the 
data needed to fine-tune the burner control system so 
that it is optimized for gas quality. This is becoming in-
creasingly important, as LNG and gas from new sources 
are introduced into the natural-gas-pipeline systems dur-
ing a step-change, causing fluctuating qualities of gas.

Gas Chromatograph Products to Fit Your 
Specific Needs
For composition and Wobbe measurement, Emerson’s 
Model 500 and Model 700 Process Gas Chromatographs 
are the solutions of choice. They offer two-minute and 
four-minute cycle times for C1 through C6+ composition 
and physical property calculations. Energy efficient and 
designed for field mounting without the need for expensive 
analyzer shelters or expensive instrument/bottled air, the 
Model 500 and Model 700 Process Gas Chromatographs 
are fully compatible with modern Ethernet and Modbus 
networks and DCS communication.

For hydrocarbon dew point calculations, Emerson recom-
mends the dual-detector Model 500 or Model 700 Process 
Gas Chromatographs with HCDP calculations. Dual-detec-
tor gas chromatographs offer two C9+ analyzers that can 
measure high-level H2S.
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Both the Model 500 and Model 700 use MON2000 Gas 
Chromatograph Software. MON2000 offers complete con-
trol of your process gas chromatographs — either locally or 
remotely. From within MON2000, a user can:

–  Review and modify analytical settings
–  Upload and display multiple chromatograms on the 

screen for comparison
–  Upload and trend any of the measured results
–  Export data for use in other third-party applications
–  Overlay multiple chromatograms for troubleshooting and 

calibration
–  Check original calibration against last calibration

For process gas chromatographs, Modbus continues to be 
the preferred choice to connect a process gas chromato-
graph network to the plant control system. Modbus design 
avoids the use of central interface cards or computers 
that can act as a single-point of failure in the Modbus link. 
Instead, the plant DCS system can communicate directly 
to each process gas chromatograph to gather the data 
needed. Furthermore, the register and coil addresses can 
be easy customized to meet the specific data structure of 
the DCS. There is also a program built into the MON2000 
workstation to test the Modbus link to the DCS if trouble-
shooting is needed.
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