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ABSTRACT

Fuji Electric has been developing gas analyzers that contribute to overall energy conservation of processes.
Cross stack laser gas analyzers are capable of high-speed response because they are directly installed in flues for
measurement and are suited for control aimed at energy conservation. Fuji Electric has developed a technology that
allows a device to measure two components, though this was conventionally limited to one component, and com-
mercialized the world’s first cross stack laser gas analyzer for two-components (O2+CO): “ZSS”. Instrumentation air
is available as the purge gas for O2 measurement, and the analyzer features improved environmental resistance, or
resistance to inhibitory substances in the measured gas. Application to the converter and combustion control pro-

cesses of steel plants is expected.

1. Introduction

With the aim of restricting global warming and
creating a sustainable society, renewable energy is be-
coming prevalent, but we are facing many challenges
in achieving stable supply and cost. On the other
hand, the development of shale gas and shale oil are
progressing, and the production amount of these fos-
sil fuels is predicted to increase. Against such back-
ground, it is estimated that fossil fuels will remain the
dominant source of primary energy for a while.

In order to reduce CO2 emissions in the whole of
society, our task is to make efforts for the effective uti-
lization of fossil fuels. That is required also from the
viewpoint of energy conservation. As regards “utiliza-
tion,” not only the reduction of fuel consumption but
also the “reuse” of it should be considered. In addition,
a comprehensive reduction of fossil fuels, including
toxic materials generated in the processes of fossil fuel
incineration and their treatment energy, have to be
taken into consideration.
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Fuji Electric has been developing gas analyzers
that contribute to the comprehensive conservation of
energy in processes from such a point of view.

This time, we have developed cross stack laser gas
analyzers “ZSS,” one unit of which can measure two
components, oxygen (O2) and carbon monoxide (CO), at
the same time (see Fig. 1).

2. Market of Gas Analyzers for Processes

Almost 60 years ago, Fuji Electric started manu-
facturing infrared gas analyzers for the first time in
Japan. They have been applied in many fields, par-
ticularly for the monitoring of the atmosphere in in-
cinerators used in steelmaking processes and thermal
treatment processes, helping to enhance the quality of
the process products.

With air pollution becoming a focus of attention
as a social problem, we have been providing analyzers
for the monitoring of toxic gases emitted from factories
and business establishments, making a contribution
to the improvement of environmental issues in Japan.
The demand for environmental measurement is esti-
mated to increase further in China, where air pollution
is a serious problem, and in India and other countries
in the Middle East, where there is concern about simi-
lar environmental issues.

On the other hand, in Japan, Europe and the
U.S.A., where systems to monitor toxic gas emissions
have already established, because the generated toxic
gases are removed through after treatment, their de-
mand is shifting to restricting generation of the toxic
gas itself and reducing resources and energy necessary
for the after treatment, that is, comprehensive en-
ergy conservation. The cross stack laser gas analyzer,
released by Fuji Electric in 2007, the first time as a
Japanese corporation, is installed directly in flues for
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measurement and is characterized by its high-speed
response. That is why it is optimally suited for control
applications aimed at conserving energy, and its mar-
ket is expected to expand in the future.

3. Measurement Principle and Product Features

3.1 Measurement principle

The measurement principle of ZSS is shown in Fig.
2. Each gas component has its own wavelength range
where it absorbs light. ZSS uses only one absorption
line out of several tens to several hundreds of lines for
concentration measurement, and the tunable laser el-
ement that can be adjusted to produce a wavelength
around the selected absorption line is to be used. For
instance, a laser element producing a wavelength of
around 0.760 to 0.765 um is used for O2 concentration
meters, while for CO concentration meters a laser ele-
ment producing a wavelength of 1.580 t01.583 um or
2.330 to 2.335 um is used depending on the measure-
ment range.

The electrical current range of a laser element is
adjusted so that it can sweep a range of wavelengths
around the absorption line used for measurement, and
the laser element is driven with a modulated (e.g., 10
kHz) signal (1f). This modulated laser beam is project-
ed toward a target gas to be measured and the trans-
mitted beam is received with a photodiode. When the
target gas exists in the flue, a signal (2f) having twice
the frequency (20 kHz) of the modulated signal (1f) will
be contained in the received signal. The intensity of
the amplitude of 2f is proportional to the concentration
of the target gas, and this property is utilized for mea-
surement.

3.2 Product features
7ZSS has features that are the most suitable for
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Fig.2 Measurement principle of “ZSS”
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steelmaking processes and incineration processes.
(1) Measurement of two components with a single
unit

The external appearance of ZSS is almost the same
as conventional devices, but two types of laser element,
for O2 and CO, are integrated in it. The ZSS has its
original optical system where laser beams projected
from each laser element are combined on the same
axis.

Furthermore, the photo acceptance unit which is
sensitive to wavelengths of both Oz and CO is installed
on the receiving unit to streamline the structure of the
device, and this makes it easy to adjust the optical axis
(see Fig. 3).

Conventionally, it has been necessary to install
two units for measuring Oz and CO. Mounting flanges
had to be installed on two points in a flue and the opti-
cal axes had to be adjusted individually. In contrast,
since the ZSS has a structure with two laser compo-
nents in one unit, one set of procedures such as the
installation of a mounting flange and the adjustment of
an optical axis is enough. Consequently, it will reduce
not only the manufacturing cost but also the installa-
tion cost and easies maintenance afterwards, produc-
ing significant merits for users.

(2) Use of instrument air

The installation environment for ZSS in incinera-

tion processes is shown in Fig. 4. When installing laser
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Fig.3 Structural drawing of two-component analyzer
(O2 concentration meter+CO concentration meter)
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Fig.4 Installation environment for “ZSS” in incineration pro-
cesses
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gas analyzers in incineration processes such as in gar-
bage incineration plants, in order to prevent measure-
ment failures due to the accumulation of dust in ducts
and the damage of equipment caused by heat (700°C
to 1,200°C) in furnaces, purge gas flow in the ducts
should be maintained continuously. If instrument air
is adopted as purge gas, the Oz concentration in the
purge gas will interfere with the Oz concentration in
the flue, becoming an impediment to precise measure-
ment. The Oz concentration in instrument air is 20.6
vol%, while the Oz concentration in the furnace subject
to the control is 3 to 5 vol%. Therefore, a sufficient SN
ratio will not be achieved.

For those reasons, for Oz concentration meters of
laser gas analyzers, nitrogen is commonly used as the
purge gas. However, with the exception of the steel in-
dustry, there are few installations which have a nitro-
gen supply system. Moreover, introducing a laser gas
analyzer using nitrogen gas requires several millions
of yen annually for the nitrogen gas supply system in
general.

In order to solve this problem, taking note of the
temperature difference between the gas in a flue and
purge gas, Fuji Electric considered that if a wave-
length (absorption line) which is hardly absorbed by
O2 at around normal temperature but well absorbed
by Oz at high temperature is used, the interference of
O2 contained in the purge gas will become negligible.
However, at high temperature the kinetic energy of
molecules will increase and, consequently, the absorp-
tion intensity will become lower in general. Actually
in many absorption lines, the higher the temperature
became, the smaller their absorption intensity be-
came. After investigating numerous absorption lines,
we have discovered an absorption line which has the
intended gas temperature response at around 760 nm
and confirmed that it had an absorption intensity
which allows Og gas to be measured. In this way, even
with the use of instrument air as purge gas, it became
possible to precisely measure the Og in a furnace, with-
out suffering interference from the Oz in the air.

(3) Enhanced environmental resistance (measures for
resistance against inhibitory substances)

When adopting laser gas analyzers as Oz and CO
concentration meters in incineration processes or com-
bustible gas recovery processes at outlets of converters
at garbage incineration plants, the effects of inhibitory
substances such as a high amount of dust and water
droplets become a problem.

If there are many inhibitors, they will interfere
with the device’s laser beam and its intensity will be
deteriorated, resulting in a measurement failure due to
the decrease in the SN ratio. Moreover, inhibitory sub-
stances fluctuate greatly in these facilities. In some
cases, the amount of accepted light becomes insuffi-
cient or, to the contrary, output power becomes satu-
rated, and these will hinder continuous measurement.

By incorporating a function to automatically op-

timize reception gain depending on the amount of ac-
cepted light, Fuji Electric has developed an analyzer
which can surely perform measurements even in the
event of a great fluctuation in the amount of inhibi-
tors. Furthermore, the time required to sample data
once 1s reduced to one-tenth compared to the conven-
tional devices. In this way, this analyzer can diminish
the strain in accepted waveform caused by fluctuations
in the light amount during data sampling, and, at the
same time, significantly reduce the effects of inhibitory
substances by increasing the number of times data is
sampled.

4. Application Examples

Examples of ZSS application will be described
here. In every case, the effectiveness of this device has
been verified through field tests.

4.1 Enhancement of combustible gas recovery rate in
converter processes

In converter processes at steel plants, as shown in
Fig. 5, in order to oxidize and remove impurities from
molten iron produced in blast furnaces, a huge amount
of Oz is blown into the molten iron. As a result of a re-
action with Og, a great amount of COz and CO will be
generated. Since CO is a combustible gas, recovering
it as a fuel material in gas holders and reusing it as
a fuel for incineration at other processes will contrib-
ute to energy conservation and help reduce CO2 emis-
sions in overall processes in steelmaking. In addition,
if O2 remains in the gas to be stored in gas holders, it
may cause an explosion. That is why monitoring is re-
quired. Therefore, by measuring the O2 concentration
and controlling valves, gases with high Oz concentra-
tion are exhausted, while combustible gases whose con-
centration becomes sufficiently low are recovered.

The magnetic Oz concentration meters, which have
been used conventionally for this process, require gas
sampling devices. Since the response speed of an en-
tire device will differ depending on the distance from
the sampling point and the structure of gas sampling
devices, it takes 30 seconds to 3 minutes, in general.
Longer response time means loss of opportunities to
recover combustible gases. Applying the high-speed
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Fig.5 Schematic diagram of converter process
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Table 1 “ZSS” effects on combustible gas recovery

Response speed

of conventional 30 sec. | 1 min. 1 min. 2 min. | 3 min.
model 30 sec.

Combustible

gas recovery 2.7% 6.1% 9.4% 12.7% | 19.4%

increased rate

13.68 30.91 47.46 64.36 98.32
million | million | million | million | million
yen yen yen yen yen

Annual econom-
ic effects

Size of converter:

O Converter capacity: 250 t/charge (15 min./charge)

O Annual gross output of steel: 1.4 million tons (per converter)

O Amount of heat recovered: 200,000 kcal/t (C heavy oil cost: calcu-
lated at 1.81 yen/1,000 kcal)

response ZSS will effectively help to improve the recov-
ery rate of combustible gases.

The results of a trial calculation of the economic
benefits related to recovering combustible gas by im-
plementing ZSS is shown in Table 1. If the response
speed of a magnetic O2 concentration meter used for
combustible gas recovery in a converter is 30 seconds
to 3 minutes, the economic benefits gained from the
improved combustible gas recovery by switching from
a magnetic Oz concentration meter to ZSS becomes 13
million yen or more annually. Installation cost can be
recovered in half a year as a moderate estimate.

Moreover, if the concentration of CO in recovered
gas is not sufficiently high, even when its O2 concen-
tration is low, the recovered gas cannot be reused. By
directly measuring the CO concentration, it becomes
possible to upgrade the quality of combustible gas to be
recovered.

In this way, in addition to securing safety by moni-
toring the Oz concentration, which has been performed
for some time, introducing the ZSS has made it pos-
sible to conserve energy by improving the recovery rate
of reusable combustible gases.

4.2 Optimization of incineration efficiency in incineration
processes

An incineration control system is required in vari-
ous processes such as in boilers for industrial use, gar-
bage incineration plants and industrial furnaces.

The relation between the air ratio and incineration
efficiency in incineration processes is shown in Fig. 6.
The air ratio refers to the ratio of actual amount of air
to the theoretical amount of air. With an adequate air
ratio, fuel is combusted completely, and this enables
the highest incineration efficiency and sufficiently re-
duces the generation of nitrogen oxide (NOy) and sul-
fur oxide (SOx) as a result. Accordingly, as shown in
Fig. 7, optimized incineration can be secured by mea-
suring the Og2 concentration and feeding back the re-
sults to the system.

However, the air ratio in an actual incinerator
is not consistent, being affected by the structure and
temperature of the furnace. Even when the Og2 con-
centration at the measurement portion is controlled
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adequately, some degree of imperfect combustion is
inevitable. Figure 6 shows how the amount of heat loss
increases rapidly when combustion is imperfect. In ad-
dition, CO and black smoke are also generated. That
is why the occurrence of imperfect combustion should
be restricted also from the viewpoint of environmen-
tal conservation. For these reasons, incinerators are
generally operated at an excess Oz ratio compared to
the optimal air ratio. On the other hand, although the
increased amount is not as much as in the case of im-
perfect combustion, excess air also becomes a cause of
heat loss. Therefore, the O2 concentration should be
minimized as much as possible to enhance the incin-
eration efficiency.

By measuring not only Oz but also CO at the same
time and performing incineration control, the optimal
air ratio will be achieved. If ZSS is used soon after in-
cinerator to measure the exhaust, CO can be detected
immediately. In this way, this system will simultane-
ously reduce the ratio of excess air and CO emissions
as much as possible.

Introducing ZSS makes it possible to optimize the
incineration efficiency and contribute to further energy
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conservation as a result.
5. Postscript

In this paper we have outlined the cross stack la-
ser gas analyzer “ZSS” that contributes to energy con-
servation. By achieving the measurement of two com-
ponents (O2+CO), it becomes possible to apply this sys-

tem to process control. We intend to acquire explosion-
proof certification to expand its application area. This
structure with meters for two components is applicable
also for other component combinations. We will devel-
op this system further while considering market needs.

We are determined to work on the development of
gas analyzers that contribute to comprehensive energy
conservation in processes.
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Innovating Energy Technology

* All brand names and product names in this journal might be trademarks

or registered trademarks of their respective companies.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /RyuminPro-Light
    /RyuminPro-Medium
    /RyuminPro-Regular
    /ShinGoPro-Medium
    /ShinGoPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <FEFF66425831306e004800507528306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


