RAMAN GAS ANALYZER
FOR HYDROGEN BLEND, NATURAL'GAS
AND SYNGAS APPLICATIONS
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NETL has developed a real-time gas composition monitoring instrument using Raman spectroscopy. It utilizes specially made,
high performance optical waveguides to enhance Raman signals and to permit quick acquisition of gas-Raman spectra. This
new instrument will improve the performance of power generation and industrial systems through better process control. The
Raman Gas Analyzer system provides state-of-the-art enhancements, such as increased sensitivity and sample rate, which
will help to meet the process control needs of advanced power systems. It can measure all gases in any mixture (excluding
the noble gasses), and it can produce a measurement within 0.1% concentration for every component in a mixture in less
than a second. This is extremely fast compared to other multi-gas analysis techniques. It can therefore be used to control
processes which involve gaseous inputs or outputs. Furthermore, this is one of the only systems capable of measuring
hydrogen content in a gas stream simultaneously with other gases. It has been developed for real-time turbine system control
based on fuel composition, but could easily be applied to hydrogen production processes and industrial systems utilizing
hydrogen blend fuels.
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Industries that utilize natural gas, hydrogen blends, gasifier syngas, biogas, landfill gas, or any other type of fuel gas can benefit
from knowing the composition of the fuel in real time. Natural gas, the most common of these fuels, can have significant
variations in hydrocarbon composition due to the many sources feeding into the nation’s pipeline network. Other fuel gases
can also vary significantly in quality and composition. These gases differ in their Btu content, flame speed, Wobbe number,
and dilution. The goal of this project is to: (1) continue incremental improvements to the Raman Gas Analyzer (RGA); (2) test
and demonstrate its capability through field testing; and (3) support RGA technology transfer to industry.

Our team seeks an industrial instrument manufacturer to license and manufacture this system for sale. A complete field-
tested design is available for Class 1 Div. 2 operation in flammable service locations, and field-test data is available from
turbine, gasifier, and other industrial test campaigns. U.S. patents are pending covering both the operation of the waveguide-
enhancement system and the method of manufacturing the waveguides at the core of the system. They are available for

licensing separately or as a complete package for a manufacturer.

BACKGROUND

Facilities based on natural-gas-fired turbines represent
an increasing share of both new and retrofitted energy
generation capacity. These power generation facilities are
an important target for studies seeking to positively affect
both the efficiency and environmental impact of U.S. energy
production. Available sources of fuel gases are diverse
and include natural gas (both conventional and shale gas),
liquified natural gas (LNG), syngas from coal/biomass
gasification, coal bed methane, landfill gas, hydrogen,
and biodigester gas. This diversity has contributed to the
attractiveness of fuel gases but has also created significant
challenges for achieving efficient control of the combustion
process. Modern lean-burning, low-emission gas turbines
and reciprocating engines require fine-tuned control of the
combustion process to achieve optimal operation. Upsets to
the operating point, which may be caused by fluctuations in
the fuel gas, can result in reduced efficiency, high pollutant
emissions, or even turbine damage. Real-time fuel-gas-
composition sensing enables the turbine control system to
adjust and maintain optimal combustion conditions.

The core novel technology in the NETL Raman Gas Analyzer
was initially developed in collaboration with the University of
Pittsburgh. Current efforts focus on system improvement,
fleld testing, and technology transfer activities.

ACCOMPLISHMENTS

The NETL Raman Gas Analyzer provides a continuous readout
of the relative mole fraction of all major fuel gases, including
hydrogen, oxygen, nitrogen, carbon monoxide, carbon dioxide,
methane, ethane, propane, water vapor, and additional gases
as needed. These species have unique Raman spectral
fingerprints with linear response, which are used as the basis
of a rapid-response sensor that can measure all species
simultaneously in one instrument. The sensor utilizes state-
of-the-art optical waveguides, solid-state lasers, and compact
spectrometers to increase the speed and sensitivity beyond
commercially available Raman spectroscopic systems. The
NETL Raman Gas Analyzer provides measurements of all
the major species in the fuel gas in one second or less. The
system has been field tested in turbine combustion systems
and other industrial applications.

BENEFITS

The NETL Raman Gas Analyzer enables smarter and faster
control of power systems using gaseous fuels, providing the
capability for greater energy-conversion efficiency and cleaner
operation along with increased fuel flexibility. The NETL
Raman Gas Analyzer is designed for monitoring the natural
gas species methane, ethane, and propane; the syngas species
hydrogen, carbon monoxide, and carbon dioxide; and nitrogen
and oxygen. These species and others can be monitored in
the input fuel or fuel/air stream for feed-forward control of the
combustion process.

For gas turbines, the NETL Raman Gas Analyzer provides
a rapid measurement at the high pressures present in the
turbine system. The instrument is selective to all typical fuel
gas compositional components, and sensitive to better than
1% variations in concentration, which can then be converted
to a heating value and Wobbe number. The NETL Raman Gas
Analyzerprovidesacombinationof multi-species measurement
and speed that is a generation ahead of presently employed
gas chromatography or mass spectroscopy techniques.

For fuel-flexible power systems and industrial applications, in
which the supply gas includes syngas or biogas and natural
gas, large compositional changes occur during fuel switching.
Real-time measurement of the fuel composition feeding a
power system enables smarter, optimal combustion control
during a switchover or while blending fuels.

The NETL Raman Gas Analyzer capabilities can be applied to
today’'s power generation technology as well as the research,
development, and operations of future high-efficiency, clean-
power generation and industrial systems using hydrogen
blends. The multi-species measurement and speed of the
NETL Raman Gas Analyzer can benefit the development of
chemical looping combustion, hybrid power systems, and
modular gasification technologies.
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MORE ABOUT NETL

NETL is a U.S. Department of Energy national laboratory that drives innovation and delivers technological solutions for an
environmentally sustainable and prosperous energy future. Through its world-class scientists, engineers and research facilities,
NETL is ensuring affordable, abundant and reliable energy that drives a robust economy and national security, while developing
technologies to manage carbon across the full life cycle, enabling environmental sustainability for all Americans, advancing
environmental justice and revitalizing the economies of disadvantaged communities.

Leveraging the power of workforce inclusivity and diversity, highly skilled innovators at NETL's research laboratories in Albany,
Oregon; Morgantown, West Virginia; and Pittsburgh, Pennsylvania conduct a broad range of research activities that support DOE's
mission to ensure America’s security and prosperity by addressing its energy and environmental challenges through transformative
science and technology solutions.

NETL lends its expertise toward achieving a carbon-free power sector by 2035 and a net-zero economy by 2050 while catalyzing
economic revitalization, creating good-paying jobs and supporting workers in energy communities, especially hard-hit coal, oil
and gas, and power plant communities across the country. One of the most rewarding aspects of NETLs research is that our
innovations and technologies have the potential to improve people’s lives in meaningful ways.
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