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TOC Monitoring in Process Return Condensate
Challenge
Industrial power plants or co-generation power plants utilize steam for industrial purposes other than power production. Part of the steam is extracted from the water steam
cycle and used for specific manufacturing processes.
Examples of such industrial steam usage are refining, pulp
and paper production, brewing, district heating, sugar and
rubber production and countless more. After the steam is
used it will return to the water steam cycle as a return condensate. This is identified as the critical point. If a potentially contaminated condensate from external use is re-fed
into the "clean" cycle this can cause critical chemistry issues and damages at major generation components. Since
the steam generation plant and the industrial plant are typically managed separately and are controlled areas, the

return condensate defines the transfer point where either
party must ensure that values are meeting requirements.

Steam Supply

Condensate
Return
Steam
Generation

Industrial
Process Plant

Task
Contamination of the process condensates occur frequently
and always reflect the process of the steam consumer.
For this reason, return condensate must be monitored
prior to the re-entrance into the water steam cycle (the
proper part). As per VGB guidelines, VGB-S-010 and
VGB-S-006, continuous monitoring of Conductivity after
Cation Exchange (CACE) is always recommended. Depending on the process-specific risk of contamination,

the following parameters may also need to be monitored:
degassed conductivity, sodium, phosphate, turbidity and
oil in water. In the chemical, petrochemical, food, and beverage industries organic substances and consequently the
Total Organic Carbon (TOC) or Dissolved Organic Carbon
(DOC) parameters are expected to be continuously monitored by an online analyzer.

Sampling Point
The sample composition of return condensate can be as
diverse as the variety of different industrial productions
existing. Therefore, a proper analysis of the sample composition is essential before selecting the correct analytical

Figure: Example of steam use in a chemical plant
Source: https://processdesign.mccormick.northwestern.edu/index.php/Utility_systems

Application Note

online instrument. The position of the sampling points
should be chosen to ensure all sources of contamination
are continuously monitored.
Organic substances, which are carried with the feed
water into the steam generator, after being concentrated in the boiler water of drum-type boilers, can increase
foaming. This can cause carry-over of boiler water and
thus indirectly effect the steam quality. Also, under boiler
operating conditions organics tend to decompose thermally. Breakdown products are often acidic (i.e. formic
acid, acetic acid, etc.) and may cause major upsets of the
chemistry in the entire steam water cycle leading to elevated risks of corrosion. In addition, it should be kept in
mind that organics are often the carrier for contaminants
such as chloride, which may turn into hydrochloric acid
under boiler operating conditions (see also VGB instruction VGB-M 418)
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TOC Monitoring
Oxidation techniques are:

All automated TOC analyzers share a common methodology – all the processes oxidize TOC to CO2. The CO2 is
then measured and the TOC concentration determined. To
account for inorganic carbon that is also present, two analytical techniques are currently on the market; the TC-IC
and the NPOC (Non Purgeable Organic Carbon) method.

Chemical Oxidation
UV-Oxidation
A combination of UV and Chemical Oxidation
Thermal Degradation

The two detection techniques used are conductivity and
non-dispersive infrared (NDIR) absorption. What is of importance is that the applied technique must be fast (e.g.
short analytical cycle time), easy to maintain and be able
to handle samples with a degree of various contaminants.
The process of both analytical technologies can be broken
into three main stages:
1. Acidification
2. Oxidation
3. Detection and Quantification
In pure and high purity water applications TOC analyzers
can operate with a single oxidation step and do not need
acidification due to the low conductivity of the water. For
return condensate or similar more “critical” media with a
variety of expected organic and inorganic impurities, a pretreatment step (acidification) as well as an Advanced Oxidation Process (AOP) or thermal combustion is required.
TOC analyzers for such applications typically use a combination of oxidation methods, like UV-Persulfate.

Seres OL TOC Analyzer for Return Condensate using UV-Persulfate
Oxidation with TIC stripping and NDIR detection method.
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