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Use telecommunications for
Real-time process control

Integrating modern communications fiber optics with spectroscopy, operators can 
accurately monitor product streams

I. Zilberman, J. Bigman and I. Sela, Petrometrix Ltd., Migdal Ha’Emek, Israel; A. Hiram, HIRAM 
Process Control Engineering Ltd., Haifa, Israel; and D. Haviv, Oil Refineries Ltd., Haifa, Israel

Process operators desire real-time accurate information to monitor and control product streams and to 
optimize unit operations. The challenge is how cost-effectively install sophisticated analytical equipment in 
harsh environments such as process areas and maintain system reliability.

Incorporating telecommunications technology with near infrared (NIR) spectroscopy may be the bridge to 
help operations achieve their online control goals. Coupling communications fiber optics with NIR analyzers 
enables the probe and sampling system to remain in the field and crucial analytical equipment to be remotely 
located in a general purpose area without specialized protection provisions. The case histories show how two 
refineries used NIR spectroscopy online to track octane levels for reformate streams. 

Real-time control. In the hydrocarbon processing industry (HPI), NIR instruments can provide true real-
time online data for physical and chemical properties, such as octane number, distillation, chemical 
compositions, etc. Other analysis methods such as gas chromatography, provide similar data. However, these 
systems involve long lag times between sampling and determination of critical parameters, due to physical 
limitations. 

To be effective, advanced control systems need 
accurate real-time data to enable prompt 
responses to process changes. Despite the 
industry’s expectations, most instruments have 
shortcomings that make practical application 
difficult. Non-optimal calibration of the 
instrument or calibration by inexperienced 
operators often results in insufficient accuracy. 
Sensitivity to environmental factors such as 
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outside temperature or changes in sample conditions also affects accuracy. The high maintenance 
requirements associated with complex sample conditioning systems further reduce their attractiveness.

NIR technology. Light absorption by a sample, as a function of wavelength, is the basis of absorption 
spectroscopy. The analysis can take place in many spectral ranges, e.g., from the ultraviolet and visible 
range, where molecules absorb light due to electronic transitions, to the infrared, where light absorption 
corresponds to vibrational transitions. In the near infrared (NIR) region, absorption corresponds to 
vibrational transitions in the bonds between hydrogen atoms and the rest of the molecule (referred to as X-H 
bonds).

The exact wavelength at which these X-H bonds will absorb light depends on the molecule’s structure. Thus, 
different molecules, such as aromatics, aliphatics and olefins olefins, have different absorption spectra.

In classic laboratory analytical spectroscopy, 
particular peaks are identified with particular 
compounds. Calibration curves are prepared by 
measuring standards solutions of the 
compounds. By measuring unknown solutions 
absorption at the appropriate wavelengths, the 
compound’s concentration can be determined. If 
there are several compounds in the unknown 
mixture, and there absorption spectra overlap, it 
may be impossible to determine concentrations, 
without first separating the sample. Other 
inteferents, such as particulates and water, may 
also need to be removed before analysis. 

Modern chemometric methods remove some of 
the difficulties associated with this analysis type 
and have made NIR spectroscopy an attractive 
online process tool. Instrument calibration is 
done with unmodified process samples that are 
analyzed in parallel in a laboratory using classic 
methods. The instrument uses sophisticated 

algorithms to relate measured spectra to the properties measured in the laboratory (“reference parameters”). 
In essence, the instrument “learns” to measure the sample properties, even in the presence of many 
compounds or in the presence of interferents. Effective algorithms, based on real process samples, are the 
key to successful instrument implementation. 

NIR methods essentially measure the sample’s chemical makeup. Physical properties such as distillation 
point, vapor pressure or cloud point and performance properties, such as octane number, are functions of the 
sample’s chemical make-up. The same instrument can thus be calculated to determine many interest 
parameters of the petrochemical industry, as shown in Table 1.

System architecture. NIR spectroscopy can be used in many ways to analyze liquid hydrocarbon process 
streams. Analysis options are shown in Fig. 1.

Option 1 is the traditional “offline” analysis. A sample is drawn from the process stream and manually 
analyzed in the laboratory. This approach has a serious drawback: the total time taken for the analysis, 
including sampling, sample transfer, analysis and result reporting is long. Consequently, during the analysis 
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time process conditions can change significantly.

Option 2 is “atline” or “online” analysis. Today this method is commonly used. The analyzer is situated 
adjacent to the process line and connected by a short sample line or alternatively, the analyzer may be 
interfaced to the sample line/stream by a short length of optical fiber cable (10-50 m). The main 
disadvantages of this approach are safety and expense.

The instrument must be capable of working in harsh and hazardous environments, including explosive 
atmospheres. This environment requires either a rugged instrument, often contained in a special nitrogen-
purged box or housing the instrument in a special analyzer shelter, with its associated costs. To monitor the 
process stream in real-time, the analyzer must be located as close to the measurement point.

Option 3 is termed remote “inline”. The measurement is made in the process stream. Optical probes, inserted
directly into the stream, are connected to a 
remote spectrometer by a pair of fibers. This 
configuration enables safety, cost and some 
performance advantages. The analyzer is 
located in a general purpose area, remote 
from the process, thus eliminating the need 
for to purge and air-condition the shelter. 
Because specially “ruggedized” equipment is 
not needed, a high-quality research grade 
spectrophotometer may be used. Optical 
multiplexing further reduces costs; one 
instrument can sequentially monitor several 
process streams. 

The remote “inline” is the most desired 
system configuration, however the 
implementation of this configuration is not 
simple. Sample conditioning is impossible, 
probe maintenance is difficult and there is a 
limitation on the signal-to-noise ratio which 
can be achieved. The type and radius of fiber 
optic used, also effects the signal-to-noise 
ratio. 

Option 4 incorporates a communications method between the field unit and the main analyzer, thus it 
combines the best features from the other options. The probe itself is located close to the process stream and 
runs off a sample loop. The difficulties of using the process stream are avoided, sample conditioning may be 
added if necessary and lag time is minimal. Most of the electronics and optics, however, are located in the 
main analyzer unit, which can located up to 2 miles(3km) away from the probe, in a general purpose area, 
such as a control room. The trouble and expense of installing the analyzer in a hazardous area are thus 
completely avoided. 

System design. A successful, practical analyzer should give good results, be easily installed, and have high 
availability and low maintenance requirements. New NIR instruments can be coupled with communications 
fiber-optics*. Although this limits somewhat the spectral range that the instrument can measure, essential 
information for the HPI can be found in the spectral range. 

Standard optical fibers have many practical 
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advantages. The main analyzer can be located up to 2 miles (3 km) from the field unit (or probe). Thus the 
main unit can be located in a control room and does not require any special housings, utilities or 
maintenance. Optical fibers are readily available, inexpensive and easily installed. These fibers are also 
humidity-free and are immune to temperature effects that some silica fibers exhibit in the NIR range. 

Usage of single-strand optical fibers in spectroscopy is not trivial. The fiber itself may be a major noise 
source that must be dealt with. A reference device is needed to subtract modal noises. To simplify system 
design, the reference device should be able to compensate for other optical elements, e.g., light source, 
spectrograph, detector etc.

Modern optical systems can effectively compensate for these effects. Newer probe designs allow efficient 
optical coupling to the sample cell and background correction for fiber optic effects**.
The sample cell design is shown in 
Fig. 2. 

An optical multiplexing device allows using up to 25 field units with one main analyzer unit. The main 
analyzer unit can be located in a control room and connected to field units throughout the refinery. These 
field units can monitor process input or output streams and provide monitoring data for feed forward and 
feedback control. Each field unit can measure several different properties simultaneously in an individual 
stream.

Newer sample cell design and construction materials have created a sample-conditioning free system. The 
sample cell*** and associated algorithms****, enable temperature compensation without additional 
temperature probes. Moderate levels of water (up to 5%), bubbles and particulates in the sample flow do not 
interfere with the measurements. 

Software. Modeling is the most crucial portion of the calibration procedure. To avoid starting the calibration 
from scratch with hundreds of samples for each application, an existing database of spectral data and 
reference parameters must be used. A good modeling process will be able to apply this database to a new, 
similar installation with the addition of a minimal number of designated new samples for fine-tuning a 
model. 

These models are based on an extensive database of spectra collected in actual refinery use, and can 
effectively calculate interest parameters. Proprietary algorithms have increased accuracy even for those 
properties where non-linear effects occur, as in octane number during blending operations. Once the system 
is installed, a small number of previously collected plant samples is needed to fine-tune the calibration 
algorithm, before day to day operation can begin. This process takes about two days in most plants. 

Earlier NIR instrument designs may run into difficulties when a measured sample differs from the training 
set. These older NIR analyzers may not “recognize” the new sample or “outlier” and give an error message. 
At this point, the instrument calibration will have to be upgraded and the analyzer will be unavailable. 

Improved calibration algorithms can reduce calibration problems. Most samples that fall outside the 
instrument’s calibration range will still result in usable measurements, although with a lower accuracy level. 
The instrument will continue working while its calibration is being upgraded Often out-of-range 
measurements will indicate a drastic upset in the process and the process should be brought back in line. 

Applications. NIR systems have been applied in many different processes for online measurement of many 
parameters. Table 2 shows accuracy for 13 different parameters. 
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Alternate methods of determining octane number-RON and MON, other than the standard “knock engine”, 
have long been desired by process engineers. Newer NIR’s entire measurement cycle is 30 sec, as compared 
to 8 min for a knock engine. In Fig. 3, NIR measurements of gasoline blends are compared to laboratory 
knock engine results. The graph shows results from several refineries, with a variety of crudes, using the 
same universal model. 

Fig. 4 illustrates the correlation of the NIR analyzer results with knock engine measurements over a three-
month period for reformate. The reduction in octane levels between the 30th day and the 34th day was due to 
catalyst contamination by sulfur. Although the instrument’s accuracy fell during this period, its results 
followed the trend in octane well, and gave valuable information about the process change. 

A proposed installation example is shown in Fig. 5. Field units are installed in three locations: reformate, 
FCC and blended-gasoline streams. Field units are connected by armored fiber optic cables to the same main 
analyzer unit, located 1.5 miles from the furthest field unit. The main analyzer determines octane, percent 
distillation points and vapor pressures for all three streams, as well as total aromatics in the reformate. The 
main analyzer communicates with the plant process control system, which uses the data to optimize process 
operation. An additional sample system placed in the laboratory allows measurement of samples taken from 
other parts of the refinery on demand. 

Recent advances in NIR technology make it highly attractive for process monitoring. Improved optics and 
software have eliminated many problems associated with this technology. Modern NIR systems will be 
applied in many new applications, as well as replacing older analyzers in current applications. 
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