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Metrology for Humidity at High Temperatures and Transient Conditions

Overview

The aim of this project is to significantly improve the accuracy of industrial humidity measurements at high
temperatures up to 180 °C and under transient conditions by developing improved humidity measurement and
calibration techniques.

Need

Drying is estimated to cost European industry around 30 000 M€ per year in associated energy costs. Every
0.1 % improvement in drying efficiency due to better process control could save around 30 M€/year. Monitoring
humidity under transient conditions and at temperatures above 100 °C is a key factor in controlling drying
processes. Thus, by improving the reliability of these humidity measurements annual savings of millions of
euros can be achieved in Europe.

The quality and shelf life of pharmaceutical products are significantly affected by the humidity of the ambient
air during manufacture and storage. Pharmaceutical companies allocate significant resources in order to
maintain high quality monitoring of humidity in their production premises and storage facilities. These
companies are therefore seeking more efficient calibration methods for humidity sensors and improved
methods for spatial humidity monitoring under transient conditions to achieve savings both in costs and
materials.

The food industry is the second largest manufacturing sector in the EU with a total manufacturing turnover of
over 900 hillion euros. Drying and baking are key processes in this sector, and water activity —i.e. equilibrium
relative humidity — is a key parameter in controlling the quality of food and feed products. In order to determine
water activity, material samples are taken from the process and measured using laboratory analysers. A
significant quantity of material is wasted because of slow feedback, and the optimisation of energy
consumption is limited by the larger safety margins that are required due to uncertainties which are increased
by sampling errors and transient conditions.

More than 180 accredited industrial laboratories in Europe calibrate hygrometers for their customers but none
of them can perform calibrations at temperatures above 100 °C or under transient conditions because
appropriate methods and techniques are not available. Furthermore, there is no measurement technology
available for monitoring fast transients in humidity in the temperature range above 100 °C. Dynamic humidity
measurements are an integral part of the environmental tests for various industrial products however no proper
methods exist to estimate their uncertainty.

Objectives
The main objectives are:

e Todevelop humidity calibration methods and procedures for industrial use for air temperatures
above 100 °C and absolute pressures from 0.5 bar to 6 bar. The uncertainty levels appropriate for
relevant applications (typically less than 2 % relative humidity) will be achieved with the minimum
additional work load and equipment costs.

e To develop humidity calibration methods and procedures for industrial use applicable to
transient conditions, including development of a prototype field humidity calibrator. The target is for
the uncertainty of the calibration to be the same as when performed under steady state conditions
(i.e. better than 2 % relative humidity) but for the time needed for the industrial calibration to be reduced
by at least 50 % from up to one day.
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e To develop humidity measurement techniques and procedures for the accurate monitoring of
temporal and spatial humidity variations in selected applications, including development of a new
type of hygrometer based on direct Tuneable Diode Laser Absorption Spectroscopy (dTDLAS) for
process environments with temperatures up to 180 °C and a new measurement method for detecting
the influence of microbiological processes on the transient humidity conditions within small samples.
The target relative uncertainty for the water vapour amount fraction at high temperatures is 5 %, and
the uncertainty for the relative humidity measurements will be less than 2 %rh.

e To develop water activity measurement (equilibrium relative humidity) techniques for in-line
measurement applications - with a measurement uncertainty smaller than 0.02 - and to develop
methods for establishing the traceability link between water activity and water mass fraction
measurements including the development of tools for analysing error sources in water activity
measurements which are an integral part of sorption isotherm measurements.

Progress beyond the state of the art

Humidity calibration methods for temperatures above 100 °C

Although humidity measurements are made in processes significantly above 100 °C and humidity sensors are
specified for these conditions, humidity calibrations are usually not performed at temperatures above 100 °C
and the calibration equipment commercially available for industry cannot be operated in this range. Extending
the temperature range of the calibration systems used by industrial calibration laboratories is possible but
research is needed to reach the required uncertainty level of 2 %rh. The project will extend existing NMI/DI
humidity systems for operation at high temperatures and will develop a high temperature humidity calibration
method for industrial use for dew-point temperatures up to 150 °C and pressures of up to 6 bar(abs) under
static conditions with an uncertainty of less than 2 %rh. The performance of acoustic and impedance
hygrometers will be evaluated under static conditions to assess their suitability for use for high temperature
humidity measurements. A recommendation on humidity calibration procedures for industrial laboratories and
NMI/DIs will be developed ensuring adequate traceability for measurements at temperatures up to 180 °C.

Humidity calibration methods for transient conditions

Currently, calibrations of industrial humidity sensors are performed at discrete measurement points, each
under steady-state conditions. On-site calibrations are usually carried out using saturated salt solutions or
simple calibrators based on flow mixing, whilst in industrial laboratories, more advanced calibrators or
calibration systems such as a combination of climatic chamber and chamber hygrometer are used. The project
will develop techniques for calibrating humidity sensors under non-static conditions in industry and for
characterising sensor response time in a metrologically sound manner with an uncertainty smaller than 2 %rh.
A prototype of a field humidity calibrator based on dynamic humidity control with an operating range of 10 %rh
to 90 %rh and a target uncertainty of 2 %rh will also be designed, constructed and tested. Recommendations
for humidity calibration procedures applicable to transient conditions will be produced. The new non-static
calibration approach will reduce the time needed for a RH calibration by 50 %.

Methods for measurement of temporal and spatial humidity variations

The measurement of water vapour content in industrial processes with rapid humidity changes requires fast,
robust and well validated measurements methods. Most commercially available hygrometers do not fulfil all of
these requirements. dTDLAS (direct Tuneable Diode Laser Absorption Spectroscopy), which uses the
spectrally dependent attenuation of laser light from a tuneable diode laser during propagation along the
measurement path, can overcome many of these drawbacks. The project will achieve a leap forward in
measuring humidity transients and disseminating Sl traceability at temperatures up to 180 °C by developing
an absolute dTDLAS hygrometer with a response time well below 1 s. The new hygrometer will combine long-
term stability of dTDLAS-systems for the first time with the robustness against high temperature and pressure
for measurement in industrial atmospheres with high humidity content.

Humidity measurement methods for in-line water activity measurements

In food and feed industry the common way to determine the water activity (aw) of a product is to sample some
of the product and then to analyse it in a laboratory using a commercial water activity analyser. The method is
time consuming and feedback in process control is very slow. However, in-line and on-line measurements are
problematic due to transient condition and there is no reliable method available for determining water activity
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in-line in industry. This project will combine traceable continuous temperature and sample-based sorption
isotherm measurements with new simulation tools to develop a novel method for traceable aw measurements
in-line. The effect of thermal radiation and the application of heating/purging in transient conditions on the
performance of humidity sensors will be evaluated and uncertainty calculation tools studied in order to develop
a practical but sufficient approach for estimating the uncertainties of high temperature/transient humidity
measurements in industrial processes.

Results

. To develop humidity calibration methods and procedures for industrial use for air temperatures
above 100 °C and absolute pressures from 0.5 bar to 6 bar.

The most fundamental step towards traceable calibrations in these conditions was taken by setting up
a high-temperature mass fraction water vapour/steam generator. This generator will provide ultimate
reference measurements for humidity at temperatures up to 180 °C and pressures up to 6.5 bar (abs)
where the concept of relative humidity is not well defined.

. To develop humidity calibration methods and procedures for industrial use applicable to
transient conditions

For formulating new calibration procedures for high temperatures and non-static conditions, several
types of humidity sensors need to be tested in different conditions. For this purpose, test setups have
been designed, constructed and tested. Actual tests have started.

. To develop humidity measurement techniques and procedures for the accurate monitoring of
temporal and spatial humidity variations in selected applications

A new type of hygrometer based on direct Tuneable Diode Laser Absorption Spectroscopy (dTDLAS)
is being developed for process environments with temperatures up to 180 °C and a new measurement
method for detecting the influence of microbiological processes on the transient humidity conditions
within small samples. The target relative uncertainty for the water vapour amount fraction at high
temperatures is 5 %, and the uncertainty for the relative humidity measurements will be less than
2 %rh.

) To develop water activity measurement (equilibrium relative humidity) techniques for in-line
measurement applications

Both theoretical and experimental work for developing new in-line water activity measurement method
are on-going. A setup for sorption isotherm measurements was completed. The method will establish
the traceability link between water activity and water mass fraction measurements through sorption
isotherm measurements. The target measurement uncertainty in water activity is smaller than 0.02.
Collaboration between NMI and industrial partners as well as with collaborators has been active to
align our approaches with the actual needs of industry.

Impact

This project will deliver new and improved methods and techniques for humidity measurement and monitoring
at high temperatures and under transient conditions enabling a wide range of industrial enterprises in the EU
to enhance their competitiveness through reduced energy consumption and waste production and through
more efficient and reliable quality assurance and new products. The outcomes will be exploited by the industrial
partners, manufacturing industry, industrial test and calibration service providers, instrument manufacturers
and the wider stakeholder community.

Impact on relevant standards

This project will have an impact on the work of several CEN, IEC, ISO, AFNOR, and DIN standardisation
groups together with metrology committees The most authoritative guidance documents related to calibration
and traceability are prepared and published by the Joint Committee for Guide in Metrology (JCGM) (which
includes BIPM, IEC, IFCC, ILAC, ISO, IUPAC, IUPAP and OIML) and regional metrology organisations, such
as EURAMET e.V. in Europe. The quality assurance of measurements is often evaluated in certification
(1ISO9001:2000; GMP etc.) and accreditation (1ISO17025:2005) in Europe using the requirements set in the
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JCGM and EURAMET guidance documents. Until now there is no European standard or guideline on humidity
calibrations available for industry. This project will develop a draft version of a EURAMET Guide cg NN
“Calibration of humidity measuring instruments” based on the advances in the JRP in consultation with
EURAMET TC-T WG Best Practice.

Until now, the project consortium has contributed to two standardisation groups of DIN and ISO and five
metrology working groups of EURAMET and CIPM.

Impact on industrial and other user communities

A wide range of industrial enterprises in EU will benefit from the outcomes of this project through improved
humidity control in drying, baking, storage and testing and through more efficient calibration methods. As a
result, the enterprises will be able to improve their productivity through reduced energy consumption and waste
production and through more efficient testing and calibration.

The project will have significant direct impact on the application of humidity measurements in industrial process
and quality control through new humidity calibration methods and procedures, the new type of transfer
standard hygrometer and a field humidity calibrator, new measurement and uncertainty estimation methods in
applications with significant temporal and spatial humidity variations and the novel in-line water activity
measurement techniques.

The new type of field humidity calibrator developed in the project will significantly reduce the time needed for
humidity calibrations on-site by up to 50 %, thus reducing costs and downtime for instruments. Extending
calibrations to dynamic humidity measurements will reduce the calibration time e.g. in pharmaceutical
companies and in humidity sensor manufacturing and will improve humidity control e.g. in environmental
testing.

All the outcomes of this project will directly be exploited by industry.

Active communication with industrial partners, collaborators and other stakeholders has been maintained to
ensure efficient two-way exchange of information. This includes face-to-face meetings, contribution to a
training event, presentations in a conference and four workshops and articles in professional magazines. Also,
a LinkedIn group was formed.

Impact on the metrological and scientific communities

As a result of this project for the first time there will be two NMls in the world providing traceability for humidity
measurements at dew-point temperatures up to 150 °C, air temperatures up to 180 °C and air pressures up to
6 bar. This will ensure the availability of NMI level traceability services (i.e. calibration of reference instruments
and interlaboratory comparisons) which are vital in enabling industrial calibration laboratories to directly exploit
the project outcomes. By applying the calibration methods developed in this project other NMIs/DlIs will also
be able to efficiently extend their capabilities according to national needs to cover humidity calibrations at
temperatures above 100 °C and dynamic humidity measurements. The outcomes of the work on relative
humidity calibrations above 100 °C will underpin the task of CCT WG Humidity related to internationally
harmonised humidity terms and definitions. The project will provide direct input to EURAMET in the form of
recommendations on humidity calibration procedures for high temperatures and under transient conditions and
the draft EURAMET guide on the Calibration of humidity measuring instruments.

The advances in estimating uncertainty in water activity measurements and the determination of sorption
isotherms will enable food scientists to improve the characterisations of raw and processed food materials.

The project partners communicated actively with metrological communities through participation to three
metrology working groups at European level and two other at global level representing both physical and
chemical metrology. The project was presented in CIM2015 conference, and University of Tartu joined this
research as a collaborator.
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