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Abstract High level circular use of post-consumer
insulating glass units will contribute to lower the envi-
ronmental and social impact of insulation glass indus-
try. The application of various circular strategies for
insulating glass units (IGU’s) is rising. The product
age will give an indication of the remaining life-time
of an IGU, but a method which includes screening a
technical quality is needed to check if an IGU is indeed
suitable for re-use on a high level of circularity. In this
study the argon concentration is suggested as discrimi-
native quality. Energy efficient double glazing applied
in windows of buildings situated in The Netherlands
were studied. Product codes were noted and unraveled.
Measurements were performed using the Sparklike
Laser Portable, a non-invasive argonmeasuring device,
which generates argon concentration, glass thickness
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and cavity width values. In addition, measurements
were performed with a Glass Check thickness meter.
The resulting data were analyzed. Measuring errors
were explored and used to setup a testing procedure.
Threshold values of the product age and argon concen-
tration were selected for different circular strategies. In
conclusion, a screening method using the product age
and argon concentration to determine the circular use
potential of insulating glass units is proposed.

Keywords Window panes · Double glazing ·
Recycling · Re-use · U-value · Thermal insulation
glazing

1 Introduction

1.1 Environmental and social impact of insulating
glass industry (Why?)

The use of insulating glass units (IGU’s) in windows
of buildings is a must-have in terms of daylight access
with limited heat loss, but its production has a negative
environmental and social impact. The insulating glass
window market, estimated at 12 billion USD in 2020,
is expected to grow due to the rising trend of energy
efficient buildings (Markets and Markets 2021). IGU’s
have a lower thermal transmittance (U-value) than sin-
gle glass panes that were used in the past. The U-value
depends on the composition of the assembled unit (EN
673, Van den Bergh et al. 2013). A typical IGU consists
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of two or more glass panes separated by a spacer that
is filled with a desiccant, glued together by edge seals
(Van de Voorde et al. 2015; Weller et al. 2016). But
there is more to IGU’s. For example, low-e coatings
are applied on the surface of a glass panel and cavities
are filled with heavy inert gas to increase the thermal
performance of IGU’s (Gläser 2008; Savić et al. 2013;
Wakili et al. 2021). Nowadays the use of energy effi-
cient double glazing that contain low emissivity (low-
e) coatings and argon is common (Glass for Europe
2019). Meanwhile, the application of even better insu-
lating glazing, like triple and vacuum glazing, is rising
(Jelle et al. 2015; Watts et al. 2022). However, a mayor
concern is the contribution of the IGUproduction to the
greenhouse gas emissions (GGE) and therefore global
warming (IPCC 2018, 2022). For example, the produc-
tion of float glass made of virgin material contributes
around 0.6 kg up to 1.2 kg greenhouse gas emissions
(GHG) per kilogram glass (Asif 2019; Usbeck et al.
2011; Zier et al. 2021). Also, the gathering of virgin
resources such as metals and sand has negative impacts
and concerns (Mancini et al. 2013, UNEP 2019, World
Bank Group 2020). The European Union emphasizes
these issues and enforces companies to take action by
implementation of theCorporate SustainabilityReport-
ing Directive and the European Union Emissions Trad-
ing System (European Commission 2018, 2021).

1.2 High-level use of post-consumer window glazing
(How?)

Window glazing currently present in facades of build-
ings could be a potential material stock for the produc-
tion of new IGU’s. The amount of post-consumer flat
glass released due to renovation of buildings is esti-
mated at 1.3 million tons in the EU-28 in 2013 (Hestin
et al. 2016). No data has been found on the contri-
bution per type of window glazing, but single glass
panes and first generation double glazing are likely to
be the main contributors. Theories of the circular econ-
omy imply, that the higher the level of circularity, the
less environmental impact and material use (Potting
et al. 2016; Stahel 2016). Nowadays, a large amount
of flat glass waste still goes to low-level application.
Flat glass is largely used for land fill (Glass for Europe
2013; Yu et al. 2020). In Europe a small volume of

glass from construction and demolition waste is being
recycled, but mainly involves downcycling like using
glass fragments for insulation material and packaging
glass (European Commission 2017, Wittekoek 2020,
Geboes et al. 2022). Once flat glass has been downcy-
cled it can never be recycled back intoflat glass (Geboes
et al. 2022). This underlines the interest to maximize
the circular level of IGU use, instead of maintaining
the common paths of waste use.

The application of different types of high level
use of post-consumer window glazing can be con-
sidered (Debacker et al. 2021). For example, remelt-
ing post-consumer flat glass cullets to produce new
flat glass. This will reduce the use of raw materials
and carbon dioxide emissions compared to a flat glass
product made of virgin materials (Bristogianni and
Oikonomopoulou 2022). Recycling of pre-consumed
float glass cullets is common practice, but the use of
end-of-life cullets to make flat glass is more difficult
due to high-quality requirements of flat glass produc-
tion (Wittekoek 2020; Westbroek et al. 2021). Interest-
ingly, testswith end-of-life cullets have been performed
and a first flat glass product made of roughly 70%
reused glass cullets is commercially available (“News”
2022, Saint-Gobain 2022).

Next to recycling also re-use strategies could be
applied. Recently, the Dutch company GSF Glasgroep
has launched a circular IGU made of uncoated flat
glass obtained from disassembled postconsumer IGU’s
and virgin coated glass. By re-using post-consumer
glass plates, heat for melting glass at about 1500 °C
is avoided and consequently less greenhouse gas emis-
sions are released (Glass Alliance Europe 2021; West-
broek et al. 2021). In addition, the highest level of
circularity for an IGU is considered to be the direct
re-use of a complete insulating glass unit as a whole.
Although a rarely applied re-use strategy, examples are
known, such as the Noorderparkbar in TheNetherlands
designed by Bureau SLA or the more generally known
buildings listed by Baratta et al. (2019). Finally, tech-
niques to repair or upgrade IGU’s should be noted, like
the refill of argon gas in IGU’s or the addition of an extra
glass plate to old double glazing in order to upgrade the
insulation quality. Thus far, studies on the actual appli-
cation and the obtained service-life extension of repair
and upgrade strategies in practice and theory are lack-
ing.
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1.3 Developing a method to screen the high-level
re-use potential of double glazing in buildings
based on IGU age and argon concentration
(What?)

1.3.1 The age of an IGU is helpful to screen its re-use
potential

Although all types of insulating window glazing are
potentially suitable for a high-level circular use, not
all types are interesting for the highest levels of circu-
larity. For example, it seems unlikely to re-use IGU’s
as a whole when they are older than 15 years. Mainly,
because this age indicates good performance for at least
another 10 years and a remaining technical service-life
of at least 15 years. In Europe the EN 1279 is writ-
ten under the assumption of well performing IGU’s of
a 25 year period, including a rather stable u-value. In
practice, it’s not a decrease in U-value but the pres-
ence of a visually broken glass or moisture condensa-
tion (fog) inside the panel that shows total failure and
therefore the end of life time of an IGU (Garvin and
Wilson 1998; Mohamed 2020). The exact lifetime of
an applied IGU is hard to predict, because internal fog-
ging depends on many factors including the quality of
the design, manufacturing and installation of the IGU
and the climate conditions during its lifetime (Wolf
2002; Garvin and Wilson 1998). In general the tech-
nical lifetime of an IGU is expected to be around 30 up
to 40 years (Torok et al. 2002;Wolf 2002; Howard et al.
2007; Lingnell and Spetz 2007). Next to the expected
life time, the age of an IGU is also helpful to predict
other IGU characteristics, like the presence of a low-e
coating or the type of spacer, which will be enlight-
ened in the discussion. Overall, IGU’s aged 15 years
or younger seem favorable in terms of checking their
suitability for the highest levels of circularity.

1.3.2 Why is a screening method needed based
on the technical quality of an IGU?

IGU’s have tomeet various requirementswhen sold as a
product due to legislation and customer demands (Savić
et al. 2013). The initial quality of an IGU depends on
the individual components used, including the spacer
bar, low-e coating, cavity filling, sealants and desiccant
(Garvin andWilson 1998; Knorr et al. 2016; Mohamed
2020). Furthermore, a proper manufacturing process
and installation into the frames is of great importance

(Garvin and Wilson 1998). Despite these, some IGU’s
may fail earlier than the expected 30 years and proper-
ties like the U-value of the product can already decline
before total failure (Howard et al. 2007; Lingnell and
Spetz 2007). Therefore, the age of the IGU will give
an indication of the remaining life-time of an IGU, but
a method screening the technical quality of the IGU is
needed to check if an IGU is indeed suitable to re-use
the IGU as whole.

1.3.3 Why argon concentration and which method?

Since the 1950s IGU’s became commonly available
(Van de Voorde et al. 2015). The U-value is a mea-
sure for the insulating capacity of IGU’s and there-
for an important characteristic (Aspaugh et al. 2016,
Glass for Europe 2019). It specifies how much heat
flow or heat loss occurs through the glass due to the
difference between indoor and outdoor temperatures.
In the last decades, cavities of IGU’s are generally
filled with argon (Samaitis et al. 2022). The positive
effect of filling the cavity of an IGUwith argon or other
gasses like krypton or xenon is known for years (Gläser
2008; Garvin and Wilson 1998). These gases have a
lowered heat transmission coefficient compared to air
filled IGU’s due to their positive effect on the thermal
conductivity and convection in the cavity (Respondek
2020; Wakili et al. 2021). A drawback of gas filling is
the gradual loss of gas via the edge seal. In general,
the impact of argon on the U-value of IGU’s is rather
small compared to the impact of low-e coatings, but it
does contribute to a higher energy efficiency (Aspaugh
et al. 2016; Bizoňová and Bagoňa 2019). Regulations
or clients may require a minimal U-value which is only
feasible when argon is applied. In The Netherlands for
example, insulating glass units with a center pane U-
value of ≤ 1.2 W/m2K are often required (referred to
as HR++ glazing), which can only be met with dou-
ble glazing when a good performing low-e coating is
applied together with an inert gas (BRL2202 2012,
NPR-CEN ISO 2017).

The argon concentration is an interesting property
of the IGU and valuable to measure, due to its decrease
in time (Aspaugh et al. 2016). The EN 1279-3 (2002,
2018) requires a gas loss rate of equal or less than 1%
for IGU’s with specific dimensions after artificial age-
ing. It’s written under the assumption that this thresh-
old ensures a maximal gas loss of the IGU installed in
a building of less than 5% over 25 years and an u-value
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decrease of not more than 0,1 W/m2K. Considering
IGU’s generally having a nominal value of 90% and a
minimal real value of 85%, a well performing in-use
IGU should therefor contain more than 80% argon. In-
use IGU’s with a real value of 80% or less will likely
have a worse u-value degradation than assumed in the
EN 1279-3. Also, the gas loss rate is higher than it
should be, when considering the occurrence of produc-
tion errors during gas filling to be negligible. It suggests
IGU’s having a less functioning barrier than good per-
forming IGU’s and therefore beingmore prone tomoist
penetration and internal fogging (Wolf 2002). In con-
clusion, the argon concentration of in-use IGU’s will
provide indirect information on the U-value degrada-
tion and sealing performance in an early stage.

The argon concentration is a suitable quality to
screen because it is possible to measure it on IGU’s
situated in buildings. In the case of renovation plans
or new construction after demolition, it is desirable to
screen the re-use potential of IGU’s on forehand, while
the IGU’s are still in place. The company Sparklike
developed non-invasive methods to measure insulat-
ing gases of IGU’s based on spectroscopy (Niiranen
et al. 2018, Sparklike 2021a, Wakili et al. 2021). The
different types of Sparklike devices are developed for
quality control in IGU production. Some have techni-
cal requirements that can be easily met in a factory but
not at the façade of a building. For example, the Spark-
like Handheld cannot cope with light shining through
the glass and requires argon concentrations above 50%
according to the manufacturer (Sparklike 2021a). One
device does seem suitable to determine argon con-
centrations of IGU’s in the field: the Sparklike Laser
Portable.

Alternative methods for the Sparklike Laser mea-
surements that have been considered to obtain addi-
tional information on the quality of insulating glass
units in buildings:

1. Intrusive gas analyzers can be used to determine
the gas content of IGU’s (Sergeyev and Borysow
2008). Oxygen gas analyzers are in general more
easy to use than gas chromatograph analyzers.
Although commercially available analyzers, like
devices of Servomex orDGTAnlagen undSysteme
GmbH, might be interesting in terms of handling
or measuring accuracy, the device needs to punctu-
ate the edge seal of an IGU with a syringe in order

to obtain a gas sample. When IGU’s are applied in
buildings, the side of an IGU is not accessible.

2. At the Kaunas University of Technology a Hybrid
ultrasonic technique for non-invasive evaluation of
argongas has beendeveloped (Samaitis et al. 2022).
Unfortunately, a portable version to apply in build-
ings is not yet available.

3. The use of a dewpoint meter can provide informa-
tion on the moisture content of IGU’s but may not
be sufficient to monitor initial quality loss of an
IGU. The amount of moist present in an IGU situ-
ated in a building can be measured with a dewpoint
meter (Gjelsvik 1969; Garvin and Wilson 1998).
The basic principle of this method is that water
vapor will condense onto a surrounding surface,
when that surface is cooler than the dew point tem-
perature.However, the service-life predictionbased
on the amount of moist is uncertain, in particular
when moist is still absent or hardly present. For
example, due to the presence of desiccants in an
IGU, the moist in the panel that has been enlocked
during production will be removed, but a desiccant
will also act during the lifespan of the IGU, if gas
exchange occurs (Garvin andWilson 1998,Van den
Bergh et al. 2013).

4. Measuring theU-value of an IGUwill provide info,
but the exact U-value of in-use glass is hard to mea-
sure. In-use glass cannot be tested according to the
EN 675 (2011), because it requires the testing of
specific specimens in lab conditions. In situ mea-
surements could be performed according to the ISO
9869-1 heat flow meter method, but it requires a
minimum test duration of 3 days and windows that
can be opened (2014). Commercial U-value meters
with short measuring times are available, like the
Glassmeter 800 K or Netzsch UGlass. However,
they either require a known argon percentage or
access to the IGU from inside and outside.

5. Infrared (IR) thermography has been used to assess
the U-value of IGU’s in buildings, but it is too
inaccurate to determine quality decrease of an in-
use IGU. The basic principle of this technique is
that material surfaces emit thermal radiation, the
amount depending on temperature and emissiv-
ity (Soares et al. 2019). In order to calculate a
reasonableU-value of an IGU in a building, IR ther-
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mography measurements of the IGU surface are
needed under specific weather conditions, together
with reliable information on the emissivity and
the inside and outside air temperature (Fokaides
and Kalogirou 2011; Soares et al. 2019; Maroy
et al. 2017). Even then, the IR thermography based
method is not sensitive enough to show a signifi-
cant difference between an double glazing with and
without argon (Maroy et al. 2017).

6. Visual inspection of IGU’s on sitemight be suitable
to select coated IGU’s near the end of their lifes-
pan, but seems insufficient to objectively monitor
initial quality loss of IGU’s in an early stage. The
EN 1279 requires a method to determine the visual
quality based on observations by the naked eye. No
literature has yet been found on the visual quality
of in-use IGU’s based on this method, but specula-
tions were made by Dutch experts indicating a low
failure rate.
A known studied topic is the effect of visible degra-
dation of glass coatings. Different types of glass
coatings can be applied on IGU’s, like solar con-
trol and thermal low-e coatings (Jelle et al. 2015;
Stazi et al. 2016). In general, these coatings will
not degrade inside a dry IGU. Sealants and desic-
cants are specially applied to keep the cavity dry
(Van den Bergh et al. 2013). However, physical
degradation of coatings can occur in the presence
of moist, resulting in the appearance of white dots,
or cracks and wrinkles (Ando and Miyazaki 1999;
Stazi et al. 2016). These visual inspections are often
performed using amicroscope (Ando andMiyazaki
1999, Van den Bergh et al. 2013). It seems likely
that only after severe degradation the stains are vis-
ible with the naked eye and therefore a symptom of
IGU degradation in an advanced stage of failure.

In this study a Sparklike argon concentration mea-
suring device was tested on IGU’s situated in buildings
in order to screen a potential glass stock for high-level
re-use, including direct re-use, upgrade the IGU as a
whole, re-use of float glass plates and re-use of glass
cullets. Other methods, like a thickness measurement,
were also used to check parts of the Sparklike output.
Threshold values of the argon concentration and prod-
uct age are set for different categories of circular strate-
gies as part of the screening method to determine the
circular use potential of insulating glass units.

2 Methods

2.1 Applied devices & general procedures

A commercial Sparklike Laser Portable™2.0was used
to determine argon concentrations in IGU’s. TheSpark-
like Laser Portable is based on Tunable Diode Laser
Absorption Spectroscopy andmeasures the thicknesses
of the glass plates and cavity width of the IGU and the
amount of oxygen present in the cavity. Thereafter, it
calculates the insulating gas concentration (e.g. Argon
or Krypton) in the cavity. According to the manufac-
turer,only the cavity width is used for the calculation
of the insulating gas concentration together with the
amount of oxygen (A. Koski, personal communica-
tions, 1 September 2022). In addition to the insulating
gas, the rest of the gas present in the cavity is supposed
to be air with an oxygen volume of 20,9%.

A Sparklike Laser Portable™ 2.0 was provided by
Sparklike. The machine had ID LP20-20XX and was
calibrated on 18/2/2022. The device had a declared
repeatability of the gas measurements of ± 2% at a
95% confidence interval for a typical construction of
the insulation gas (Sparklike 2021b). According to the
corresponding calibration certificate, the following gas
fill argon concentrations were used in the calibration:
1%, 70%, 80%, 85%, 90% and 95%.

After usage of the device on IGU’s studied in this
work, the Sparklike device was sent back to the Spark-
like laboratory and its accuracywas tested again, before
and after cleaning the front glass panel of themeasuring
head.

The setup of the device was performed at the start of
each measuring day according to the instruction man-
ual (Sparklike 2021b). This involved the argon filling
of the device followed by an inner residue oxygen con-
centration check, and a laser current and temperature
(i.e. laser thermistor resistance) check.

At the end of ameasuring day the oxygen concentra-
tion was checked again. The current and temperature
check was not performed again, unless mentioned oth-
erwise.

Although a specific position to measure the IGU is
not prescribed, in this study a standard measuring spot
was selected, unless indicated otherwise. The standard
existed of placing the bottom edge of the measuring
head of the Sparklike 5–10 cm above the bottom edge
of an IGU.
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Depending on the positioning of the measuring
device on the inside or outside of the window, a glass
plate will be referred to as glass 1æ or glass 2æ. When
measuring from inside, the Sparklikemeasuring head is
placed against the inner glass plate and this glass plate
is then defined as glass 1æ. The symbol æ is added to
emphasis its difference compared to usual numbering
of glass panes from outside to inside. The width of the
gap between the panes of an IGU is referred to as cavity
width.

Before calculation of the average argon concentra-
tion and glass thickness and cavity width of an IGU, the
data set was checked. When extreme outliers were rec-
ognized, these Sparklike readings were removed from
the data set. First of all, the upper limit of measurable
argon concentrations is 97%, which is deducted from
the Sparklike calibration certificated. Therefore, argon
concentration values higher than 97% were removed
from the data set. Secondly, in this method a value is
considered an outlier if the glass thickness differs more
than 1 mm for glass 1æ or the cavity width differs more
than 2 mm compared to other values measured in the
same session. The thickness of second glass plateswere
not examined, because its value is irrelevant for the cal-
culated argon concentration.

A Glass-Chek Elite GC3200 was also used to mea-
sure the glass thicknesses and the cavity width. The
device was applied in the middle of the bottom of
the IGU, according to the instruction manual. A sin-
gle measurement was performed on each IGU, unless
stated differently. The apparatus used, was rented from
Ayrox SRL. The air space measurements have an accu-
racy of 0.3 mm and the glass thickness 0.2 mm (Elite
manual). Generally, the standard mode was selected,
according to the manufacturer resulting in round glass
thickness based on the glass standard according to the
American Society for Testing and Materials (ASTM).

Next to average values of the argon concentration,
glass thickness and cavity width, standard deviations
(SD’s) for a sample set of data were calculated. This is
performed with excel according to STDEV.S.

In order to show the spread in thickness values of
the Sparklike Laser Portable, the absolute difference
between the highest and lowest measured thickness of
glass 1æ and the cavity width are calculated. Based on
practical experienceswith the SparklikeLaser portable,
the values of reliable measurements within a single
measuring session are expected to be around 0.2 mm.

2.2 Tested insulating glass units

A defined indoor sample test and several in situ tests
with in-use insulating glass units were performed
(Table 1). Various factors that are expected to influ-
ence the operation and results of the Sparklike device
were tested.

2.2.1 Building A—IGU A1: current change

A single IGUwas measured in a three-story high office
building in Rotterdam, The Netherlands. It was located
on the first floor at the north-west oriented facade. To
get an impression of the effect of a current change,
measurements were performed with and without con-
nection to the electricity grid. Measurements were per-
formed on two different days. On the first day the win-
dowwasmeasured from the inside in three sessions. On
the second day the window was measured in a single
session. Each session contained 10 measurements.

The IGU was made by manufacturer X.1 in 2010,
sized 614 mm × 1370 mm. It was specified as a HR
+ + product made of a 5 mm outer pane in blank float
glass, cavity of 15 mm with 90% argon, and a 6.8 mm
laminated coated inner pane made of float glass.

2.2.2 Building B—IGU B1: inside and outside

Asingle IGUwasmeasured of a three-story town house
in Rotterdam, The Netherlands. It was located on the
first floor at north-east oriented facade in a wingedwin-
dow. To get an impression of the effect of the IGU side
onwhich the device is placed, the IGUwasmeasured on
the inside and outside. Measurement were performed
on two days. Per side and day, 10 measurements were
performed.

The IGU was made by manufacturer X.2 in 2011,
sized 480 mm × 1260 mm. The product code revealed
an argon containing product with a 4 mm outer pane in
blank float glass, cavity of 16 mm with argon, and an
4 mm inner pane of low-e coated float glass.

2.2.3 Building C—IGU C1: measuring positions

A single window was measured in a nine-story high
office building in Amsterdam, The Netherlands. It was
located on the second floor at the south-west oriented
facade. To get an impression of the impact on the Spark-
like readings of different measuring positions of the
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Table 1 Overview of the tests and their testing characteristics

Test Studied influence
factor

IGU nr Measured panel side Nr. of sessions Nr. of measurements per
session

Building A Current change device A1 Inside 4 10

Building B Measuring side panel B1 Inside 2 10

Outside 2 10

Building C Measuring position
on panel

C1 Inside 3 9

Building D Out of range laser
temperature device

D1–D3 Inside 2 or 3 3 or 10

Building E Unknown I and R
value device

E1–E11 Inside 3 3 or 9

Defined test Repetitive sessions
and measuring

Z1–Z5 Frontside 3 10

Backside 1 10

IGU panel, 9 different measuring positions on the win-
dows were tested in a three by three grid with a 20 cm
row distance at the lower half of the IGU. The selected
positions were numbered 1 to 9, from bottom left, to
top right corners. The lowest three spots (number 1, 2
and 3) being 5 cm above the bottom of the window. The
middle three spots (number 4, 5 and 6) being 30 cm and
the upper three spots (number 7, 8 and 9) being 80 cm
above the bottom.

Measurements were performed from inside during
one measurement session. The IGUwas made by man-
ufacturer X.3, sized 938 mm× 1852 mm and specified
as HR++ product. The production date is estimated to
be 2010 based on the renovation year of the facade.

2.2.4 Building D—IGU D1–D3: out of range laser
temperature

Three windows were measured from a four-story high
office building in Utrecht, The Netherlands. They were
located on the first floor (Figs. 1, 2, 3). IGU D1 and D2
faced north-west and IGU D3 faced north–east.

To get an impression of the effect of the laser temper-
ature of the Sparklike device (i.e. laser thermistor resis-
tance) being out of range, multiple IGU’s were tested
with the device in normal conditions and in the con-
dition that the laser temperature of the device was out
of range. Three measurement sessions were performed
on IGU D1, and two on IGU D2 and D3. The sessions
were performed on two different days, as described in
Table 2. 10 measurements were performed per window

Fig. 1 Picture IGU D.1

Fig. 2 Picture IGU D.2
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Fig. 3 Picture IGU D.3

Table 2 Overview of the measuring sessions performed per IGU

IGU
number

Day
1—session 1

Day
2—session 2

Day
2—session
3

IGU D1 X X X

IGU D2 X X Not
available

IGU D3 X X Not
available

in a single session.Whilemeasuring, the device showed
the notification ‘out of range laser temperature’ during
the second session of window 3. The message disap-
peared after a few second and without further action
the measurements were continued.

Identification of the spacer code showed that the
windows were the same product type made by man-
ufacturer X.3 on the same production date (09-26-
2002). The size of IGU D1 and D2 was 1220 mm ×
395 mm mm and the size of IGU D3 was 1235 mm ×
410 mm. They were specified as an argon containing
product with an outer pane in metal coated float glass,
cavity, and an inner pane of blank float glass.

2.2.5 Building E—IGU E3.1-E10.8: unknown laser
current and temperature

Eleven IGU’s of a ten-story high office building in
Amsterdam, The Netherlands were measured from the
inside. One IGU was located on the third floor, fac-
ing south-west, two on the ninth floor facing north-east

and eight IGU’s on the tenth floor, four of which facing
south-west and four facing north-east. The size of the
IGU’s was 941 mm × 2942 mm.

All IGU’s were tested on three different days. In
a single measurement session, an IGU was measured
three times, except for the leak window on the third
floor. This IGU was clearly not installed properly,
because it contained a layer ofwater inside cavity.Mea-
surements were performed in the middle of its width
on three different heights: (1) at the height of the inter-
nal water, (2) right above the internal water, (3) in the
centre of the window. The IGU on the third floor was
measured nine times for each day and the other win-
dows were measured threefold.

Identification of the spacer codes showed that the
IGU’s were made by manufacturer X.4 in 2012 and
2013. One IGU did not show a code. The production
dates varied, being 18-09-2012, 20-09-2012, 24-01-
2013, 15-03-2013. The codes revealed the following
composition: an outer pane of 6 mm glass with solar
control coating, 20 mm cavity width and an inner pane
of 12.8 mm laminated glass (66.2).

2.2.6 Defined sample test

Five IGU specimens were produced and tested at the
factory of Glasindustrie Ben Evers BV in The Nether-
lands.

The IGU’s were sized 500 mm × 500 mm and com-
posed of an outer glass plate made of 5 mm blank float
glass, a cavity of 16 mm, and inner glass plate made
of 4 mm blank float glass. An argon filler machine
of Glastechnische Industrie Peter Lisec, named Lysec
(type FPS-26/16U2, production year 2001) was used
to fill the specimens. The argon concentration was set
to 90%.

In total four measurement sessions were performed
on a single day, three days after the specimenswere pro-
duced. Threemeasurement sessionswere performed on
the frontside (corresponding with the outside) of the
IGU. On the backside (corresponding with the inside)
of the IGU, a single measurement session was per-
formed. The Sparklike and the Glass Chek Elite were
used 10 times, in each measurement session on a single
IGU.

The setup of the Sparklike Laser Portable™ 2.0,
as mentioned before, was performed according to the
instruction manual (Sparklike 2021a; b). In contrast
to the general procedure the current and temperature
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check was not only performed at the start of the day,
but also at the end of the day.

Specimens were placed on a black non-reflective
surfaced table, lifted nearly two centimeters above the
table using small wooden blocks as spacers. The mea-
suring head of the Sparklike was placed in the middle
of the glass panel, using the naked eye for positioning.
After each measurement, the head was released from
the glass, rotated in a horizontal position and placed in
the middle of the glass again.

3 Results

RawSparklike data of the in-situ tests and defined sam-
ple test are added as supplementary information.

3.1 Building A—IGU A1: current change

Session 1 was performed on day 1 with a Sparklike
device that had a normal setup at the start of the day,
but without connection to the electricity grid. So only
the battery of the device was used during measuring.
It resulted in an average argon concentration of 54.7%
with SD 0.9% (Table 3). After session 1 the Spark-
like crashed, due to energy shortage. The Sparklike
was connected to the electricity grid directly after the
crash, restarted and without calibration session 2 was
performed. The readings resulted in an average argon
concentration of 62.1% (SD 0.5), which is higher than
session 1. Session 3 was started after a manual shut
down and restart, while connected to the energy grid. It
showed an average argon concentration of 55.3% (SD
0.8), which is in line with session 1. Session 4, mea-
sured on day 2, resulted in an average concentration of
53.2% (SD 0.7) similar or slightly lower to session 1
and 3 of day 1.

Combining the readings of the measurement ses-
sions results in an average concentration of 56.3%with
SD 3.5%, while leaving out the readings after the crash
results in an average concentration of 54.4% with SD
1.2%.

The measured glass thickness and cavity width gen-
erally show similar values compared to the revealed
product data. The inner glass pane should be 6.8 mm,
and the Sparklike shows average thicknesses of 6.5mm
with an SD of 0.0%. The cavity width is declared to be

15mm, and the Sparklike shows averages between 15.1
and 15.5 mm with an SD of 0.1.

The absolute difference between the highest and
lowest thickness value of glass 1æ for an IGU within a
single measuring session measured with the Sparklike
1 from inside was up to 0.1 mm and mm for the cavity
width up to 0.3 mm (Table 3).

The Elite results are in line with the Sparklike mea-
surements. It showed for all measurements an inner
plate thickness of 6 mm, and cavity width of 15.7 or
15.8 mm.

3.2 Building B—IGU B1: inside and outside

Combining all values of the different measuring ses-
sions results in an average concentration of 92% and
a SD of 1%. Measuring from the inside or measuring
from the outside showed a similar average concentra-
tion (Table 3).

The glass thicknesses and cavity widths measured
show similar values compared to the revealed prod-
uct data. The Elite measurements on both side of the
window resulted in 4 mm, 16 mm and 4 mm for the
inner glass plate, cavity width, and outer glass plate 2
respectively. The average thickness of the glass plates
and cavity widths measured with the Sparklike corre-
sponds with the results of the Elite.

In the case of measurements with the Sparklike,
glass plate 1 is the inner pane for measurements from
inside, while in the case of outside measurements glass
plate 1 is the outer pane.

The absolute difference between the highest and
lowest value of the thickness of glass 1æ and the cav-
ity width for an IGU within a single measuring session
measured with the Sparklike 1 from inside was up to
0.1 mm. The measuring session from outside showed
a higher absolute difference between the highest and
lowest cavity width value (0.2 mm).

3.3 Building C—IGU C1: measuring position

Combining the results of all nine measuring positions,
the average argon concentration of the window was
95.1% with an SD of 3.5%.

The measurements performed at each spot show
average argon concentrations of 89.6%andmore (Table
3). Spot 2 shows the highest average argon concentra-
tion (96.4%) and spot 6 (89.6%) the lowest. However, a
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Table 3 Average gas concentration readings, glass 1æ thickness and cavity width with corresponding standard deviations of the IGU’s
in building A, B, C and D measured with a Sparklike device and the calculated absolute difference between the highest and lowest
reading of the glass 1æ thickness and cavity width

IGU Measurement
specs

Average argon
concentration
(%)

SD
(%)

Average
thickness
glass 1æ
(mm)

SD
(mm)

Average
cavity
width
(mm)

SD
(mm)

Difference
Max–Min
glass 1æ
(mm)

Difference
Max–Min
cavity width
(mm)

A.1 Session 1 54.7 0.9 6.5 0.0 15.4 0.1 0.0 0.3

Session 2*1 62.1 0.5 6.5 0.0 15.3 0.1 0.0 0.2

Session 3 55.3 0.8 6.5 0.0 15.1 0.1 0.0 0.2

Session 4 53.2 0.7 6.5 0.0 15.5 0.1 0.1 0.2

B.1 Session 1,
inside

92.4 1.3 3.9 0.0 16.3 0.0 0.1 0.0

Session 2,
inside

92.3 0.5 3.9 0.0 16.3 0.1 0.1 0.1

Session 1,
outside

92.4 0.5 3.9 0.0 16.4 0.0 0.0 0.1

Session 2,
outside

92.3 0.4 3.9 0.0 16.2 0.0 0.0 0.1

C.1 Spot 1 95.6 1.1 6.0 0.0 16.1 0.0 0.0 0.1

Spot 2 96.4 0.3 6.0 0.0 16.1 0.0 0.0 0.1

Spot 3 96.5 0.4 6.0 0.0 16.2 0.0 0.0 0.1

Spot 4 95.9 0.5 6.0 0.0 15.7 0.1 0.0 0.2

Spot 5 95.6 0.6 6.0 0.0 15.4 0.1 0.0 0.2

Spot 6 89.6 9.7 6.0 0.0 15.8 0.1 0.0 0.2

Spot 7 96.0 0.5 6.0 0.0 15.8 0.0 0.0 0.0

Spot 8 94.6 2.0 6.0 0.0 15.6 0.1 0.0 0.1

Spot 9 95.3 0.6 6.0 0.0 16.0 0.0 0.0 0.0

All spots
together

95.1 3.5 6.0 0.0 15.9 6.0 0.1 1.0

D.1 Session 1 2.4 0.9 5.9 0.0 14.7 0.0 0.0 0.0

Session 2 1.5 0.6 5.9 0.0 14.5 0.0 0.1 0.1

Session 3*2 15.9 1.4 5.9 0.0 14.5 0.0 0.0 0.1

D.2 Session 1 81.5 0.2 3.9 0.0 15.3 0.0 0.0 0.0

Session 2 80.8 0.4 3.9 0.0 15.0 0.0 0.0 0.1

D.3 Session 1 75.9 0.3 3.9 0.0 15.0 0.0 0.1 0.0

Session 2*3 78.4 1.2 3.9 0.0 14.8 0.0 0.1 0.1

*1Measurements were performed directly after energy shut down, Sparklike device connected to grid
*2Measurements were performed after the notification adjusting laser temperature
*3Seven measurements were performed after the notification adjusting laser temperature, the 99.9% result was not included
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student’s t-test shows that the average ofmeasurements
taken at spot 2 is not statistically significant different
compared to the average at spot 6 (p > 0.05). In addi-
tion, the lowest three spots (spot 1–3) did not have a
significant different argon concentration compared to
the upper three spots (spot 7–9).

The thickness of the two glass plates and the cavity
width cannot be compared to factory information since
product data is missing.

The thickness of glass 1æ measured with the Spark-
like was 6.0 mm, regardless the position of the measur-
ing spot. The cavitywidth varied from 15.4 to 16.2mm.
TheElite showed an inner glass plate thickness of 6mm
and a cavity width of 16 mm, generally in line with the
Sparklike results.

The absolute difference between the highest and
lowest thickness value of glass 1æ for an IGU within
a single spot measured with the Sparklike was up to
0.1 mm and for the cavity width up to 0.2 mm.

3.4 Building D—IGU D1-D3: out of range laser
temperature

As mentioned before, this data includes measurements
taken with a device having an out of range laser tem-
perature. It applies to the second session of IGU D3
and the third session of IGU D1.

Measuring session 1 on the three windows showed
that IGU D1 had hardly any argon left in the cavity
(2.4%), while IGU D2 and D3 had an argon concentra-
tion higher than 75%. The corresponding glass panel
thicknesses showed very little spread for glass 1æ and
the cavity width (SD 0.0%).

The second measuring session showed similar
results for IGU D1 and D2. The average argon con-
centration was less than 1% lower for both IGU’s.

During the second session of IGUD3, themeasuring
device notified the laser temperature to be out of range.
At the beginning of measurement number 4, while the
measuring head of the Sparklike was pressed on the
window and a vacuum between measuring head and
IGU was created, a message came on the screen not-
ing: ‘adjusting laser temperature’. The message disap-
peared in about 20 s and the machine could be used
again for a new measurement. The resulting thickness
values were in line with the other measurement, but
the argon concentration showed 99.9%. After a few
minutes break, the nextmeasurementswere performed,

showing readings for this IGUbetween78.4 and79.0%.
The average of the readings results in a higher argon
concentration than in session 1 and a bigger spread
(Table 3). Also the average of the readings of the third
measurement session of IGU D1, being 15.9% (SD
1.3%), was higher compared to its previous sessions.

The thickness of the glass plates and the cavitywidth
cannot be compared to factory information since prod-
uct data is missing.

The average thickness of the inner glass plate and
cavity measured with the Sparklike corresponded with
the results of the Elite. The Elite showed for all mea-
surements on IGU D1 an inner pane of 6 mm and a
cavity width of 15 mm. For IGU D2 and D3 an inner
pane of 4 mm was measured and again a cavity width
of 15 mm.

The absolute difference between the highest and
lowest thickness value of glass 1æ or cavity width for
an IGU within a single measuring session measured
with the Sparklike was up to 0.1 mm.

3.5 Building E—IGU E3.1-E10.8: unknown laser
current and temperature

All IGU’s showed an average argon concentration
based on the readings for each measuring day below
72% (Fig. 4). The selected IGU on the third floor was
leak (E 3.1). It had several centimeters of liquid water
inside at the bottom of the IGU panel. Above this liquid
water condensation was visible. Only this IGU showed
corresponding SD’s of more than 0.6%.

Remarkably, on the first measuring day, the average
of the argon concentration readings of this leak IGU
was 16.1% (SD 0.6%). On the other two measuring
days the average was around 13,5% lower, dropping to
2.6% and 2.3%.

The other IGU’s also showed lower average readings
on day 2 and 3 compared to day 1.

IGU W10.5 had the highest average argon concen-
tration and showed the lowest SD in argon concen-
tration of the readings of the three sessions combined
(Table 4).

The measured glass 1æ thicknesses and cavity
widths show similar values compared to the revealed
product data that differ no more than 1 mm. The aver-
age of the thickness of all three days combined mea-
sured with the Sparklike showed for each IGU an inner
glass plate of 12.6 mm or 12.7 mmwith a SD of 0.1 and
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Fig. 4 The average of the argon concentration readings of the tested IGU’s of building E at different measurement days

Table 4 Average gas concentration readings, glass 1æ thickness and cavity width with corresponding standard deviations of the IGU’s
in building E measured with a Sparklike device

IGU Average argon
concentration all
sessions (%)

SD
(%)

Average
thickness glass
1æ all sessions
(mm)

SD
(mm)

Average cavity
width all sessions
(mm)

SD
(mm)

Average argon
concentration
session 2 + 3 (%)

SD
(%)

E 3.1* 6.3 6.4 12.6 0.1 19.7 0.1 2.5 1.6

E 9.1 5.0 5.9 12.7 0.0 20.2 0.1 1.1 0.1

E 9.2 5.1 6.1 12.7 0.0 20.8 0.1 1.0 0.0

E 10.1 5.7 6.1 12.7 0.0 20.1 0.1 1.7 0.7

E 10.2 57.9 2.7 12.7 0.0 20.2 0.2 56.2 0.7

E 10.3 57.0 3.2 12.6 0.0 19.9 0.1 54.9 0.5

E 10.4 58.0 3.3 12.6 0.0 20.1 0.1 55.8 0.3

E 10.5 68.7 2.1 12.7 0.0 20.9 0.1 67.3 0.2

E 10.6 37.1 4.5 12.6 0.0 20.2 0.1 34.1 0.3

E 10.7 43.9 4.0 12.6 0.0 19.9 0.1 41.2 0.3

E 10.8 45.2 3.8 12.6 0.0 20.3 0.1 42.7 0.3

Two measurements showed a thickness of the inner glass plate of 7 mm, which was less than 2 mm compared to the other measurements
and therefor removed from the data set before calculation of the average
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below. The average cavity width was 20mm, except for
IGU E9.2 and IGU E10.5. All averages corresponded
with a low SD (Table 4).

For all IGU’s, the Elite showed an inner plate of
12 mm and a cavity width varying between 19.4 and
20.4 mm.

The absolute difference between the highest and
lowest thickness value of glass 1æ for a IGU within
a single measuring session measured with the Spark-
like, was up to 0.2 mm and for the cavity width up to
0.3 mm.

Excluding the data of the leak IGU (E3.1) from the
data set results in lower absolute differences: 0.1 mm
for glass 1æ and 0.2 for the cavity width.

3.6 Defined sample test

Combining the measurements of all sessions on the
frontside, each specimen had an average argon con-
centration of at least 92.2% up to 94.1% with an SD
between 0.9 and 1.3%. The corresponding 95% con-
fidence interval of the frontside measurements is not
more than ± 0.48% for each specimen. The lowest
argon concentration of all measurements was 90.0%,
while the highest argon concentration measured was
96.3%.

The average argon concentration measured at the
frontside of same specimen sometimes differed per ses-
sion (Fig. 5). For example, specimen 1 showed a differ-
ent average of session 1 (93.7% SD 0.9%) compared to
session 3 (92.5%, SD 1.1). Results of a t-test showed
a significant difference (p < 0.05). Another example is
specimen 4, which showed to have a significant differ-
ent average during session 2 compared to session 3.

The average argon concentration measured at the
backside is similar to the average argon concentration
of the measuring sessions at the frontside, except for
specimen 1.

The measured thicknesses are in line with the
declared product data for the outer glass pane, cavity
and inner glass pane (5 mm, 16 mm and 4 mm reps.).
The Sparklike and the Glass Check Elite showed simi-
lar results (Table 5). The average thickness of the glass
1æ resulted in 5 mm for all specimens. The average
thickness of the cavity width is 16 mm. The average
spacer values measured with the Sparklike differ up
to 0.2 mm with the average values measured with the
Elite.

Although the absolute difference between the high-
est and lowest thickness value of glass 1æ and the cavity
width for a single IGUmeasuredwith the Sparklikewas
up to 0.4 mm, the difference for a single IGU within a
single measuring session was not more than 0.1 mm.

3.7 Ex-post control

When the device was shipped back to the Sparklike
laboratory after finalizing themeasurements of the IGU
described in this study, the device did not pass the accu-
racy test in the laboratory. After the front glass panel
of the measuring head was cleaned it did pass the test.
The exact data are not available.

4 Discussion

4.1 Measuring errors using the Sparklike

Several aspects will influence the accuracy of gas con-
centration measurements with the Sparklike. They can
be caused for example by the person performing the
measurements (human effect), the inaccuracy of the
measuring device (instrumental error) or the measured
object (Kuselman and Pennecchi 2015; Harris and
Smith 2009). The encountered examples observed in
this study are discussed. Lessons are learned to mini-
mize these effects for the circular use screeningmethod.

4.1.1 Current change

The results of building A show an effect on the mea-
sured argon concentration after a shutdown of the
machine due to an empty battery and rapid restart with-
out a laser current and temperature check performed by
the user. The average gas concentration of themeasure-
ments after the shutdown of themachine were too high.
Compared to the other data on measuring day 1 and the
data ofmeasuring day 2, it differed 7–9%. These results
show the importance of checking the current and tem-
perature of the laser device after every (re)start of the
Sparklike Laser Portable.

4.1.2 Adjusting laser temperature

The results of building D show an effect of using a
device without a proper laser temperature.
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Fig. 5 The argon concentration of the defined sample test IGU’s at different measurement sessions on the same day

Table 5 Average gas glass 1æ thickness and cavity width with corresponding standard deviations of the defined sample test IGU’s and
the calculated absolute difference between the highest and lowest thickness value of glass 1æ and the cavity width measured with the
Sparklike Laser Portable

IGU Side Sparklike data Glass check elite data Sparklike data

Average
thickness
glass 1æ
(mm)

SD Average
cavity
width
(mm)

SD Average
thickness
glass 1æ
(mm)

SD Average
cavity
width
(mm)

SD Difference
max–min
glass 1æ
(mm)

Difference
max–min
cavity width
(mm)

Z.1 Front 4.9 0.0 16.0 0.1 5 0 15.9 0.1 0.1 0.4

Z.2 4.9 0.0 16.0 0.1 5 0 15.9 0.2 0.1 0.3

Z.3 4.9 0.0 16.3 0.1 5 0 16.1 0.1 0.1 0.3

Z.4 4.9 0.0 16.1 0.1 5 0 15.9 0.1 0.1 0.2

Z.5 4.9 0.0 16.3 0.1 5 0 16.1 0.1 0.1 0.2

Z.1 Back 3.9 0.0 15.8 0.0 4 0 15.8 0.1 0.1 0.0

Z.2 3.9 0.0 15.8 0.0 4 0 15.8 0.1 0.1 0.0

Z.3 3.9 0.0 16.2 0.0 4 0 16.2 0.1 0.1 0.0

Z.4 3.9 0.0 16.0 0.0 4 0 15.9 0.1 0.1 0.0

Z.5 3.9 0.0 16.1 0.0 4 0 16.1 0.0 0.1 0.0
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The notification ‘adjusting laser temperature’ which
occurred during measuring, implied that the laser tem-
perature was out of range and should be adjusted. The
measurements taken after thismessage,without restart-
ing the device, were higher than before. It differed up
to 14% in the case of IGU D1. These results show the
importance of correct handling when the notification
‘adjusting laser temperature’ occurs.

4.1.3 Unknown laser current and temperature

The results of building E show an effect on the mea-
sured argon concentration after a single undocumented
check of the laser current and temperature of the mea-
suring device. The results of building E show a higher
average of the argon concentration readings of the
IGU’s measured on the first day than on the other two
days. A possible explanation is an unnoticed setup-up
error at the start of the day. These results show the
importance of documenting the laser current and tem-
perature check of the laser, when running the start-up
protocol andperforming a second laser current and tem-
perature check at the end of the measuring day.

The difference in argon concentration in the IGU’s
of building E between day 1 and the other two measur-
ing days varies from 4 up to 14%. The measurements
on day 2 and 3 are considered to be correct. This can
be explained by the results of the leak window. This
window has visual water in the cavity, showing that
the IGU is not properly sealed anymore. Therefore,
the window is expected to have no argon left, which
should be reflected in a measurable argon concentra-
tion of around 1%. The measurements on day 2 and
3, showing an average argon concentration for the leak
windowof around 2.5%,which is closer to the expected
value than the average argon concentration of day 1
(16%).

4.1.4 General observation related to laser current
and temperature

A difference in measured values was to be expected
for the three previous discussed factors based on the
informationof theSparklikemanual (Sparklike2021b).
It is unclear as to why the values are higher instead of
lower when the temperature or current is out of range.
Nevertheless, these results shows that it’s important to
follow an elaborate measuring protocol or to accept
measuring errors, which could be up to 14%.

4.1.5 Sampling position on IGU

The results of building C do show a difference in the
measured cavity width between the lower measuring
spots and the spots further away from border of the
glass pane. A difference in the measured cavity width
at different measuring heights could be attributed to
production effects, climatic conditions or the measure-
ments themselves. In particularly, the deflection of
glass panes in IGU’s due to climate factors has been
studied (Respondek and Major 2019). In the context of
the performed Sparklikemeasurements, it is speculated
that deflection due to themeasurement itself could be at
stake. During placement of the measuring head on the
inner glass pane, the person handling the device will
press against the glass. There is less pressure needed
in the middle of the window to bend the inner glass
plate. It may cause a smaller cavity width than near the
spacer where the glass is clamped. The shape, size and
thickness of the glass will also influence the bending of
a glass pane (Feldmeier et al. 1984; Buddenberg et al.
2016; Respondek et al. 2022). Tominimize the effect of
variation in cavity width due to bending of glass panes,
a fixed measuring position in the lower area of the IGU
is recommended.

The results of building C indicate no effect of the
different measuring spots on the argon concentration,
despite differences in cavity width. This finding is to be
expected. During a measurement session the absolute
amount of gas molecules inside a cavity will remain
constant. The argon concentration, alias ratio of argon
compared to other gasses will therefor stay constant as
well, regardless a potential change in volume or pres-
sure due to bending of the glass.

4.1.6 Sampling side of IGU

The results of building B and the defined sample test
show no effect of the measuring side. However, it does
not prove that all types of double glazing will have the
same thickness and argon measurements regardless the
testing side. For example, it is known that the presence
of a low-e coating on glass 1æ may have an effect the
measured argon concentration (Niiranen et al. 2018).
Low-e coatings are a standard part of current insulating
glass units. They are developed for the application on
glass in IGU’s in order to generate a low thermal emis-
sivity (low-e) and a high light transmissivity (Gläser
2008).
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To rule out the effect of differences in argon con-
centration potentially caused by the sampling side of
the IGU, measuring all windows from one side is sug-
gested.Due to practical reasons like drymeasuring con-
ditions and easy accessibility, the inside of buildings
seems preferable.

4.1.7 Cleanliness measuring device

The results of the defined sample test show that the
cleanliness of the Sparklike apparatus may have an
effect on the measuring accuracy. Although handling
themeasuring head of the apparatus with care, the front
glass situated in themeasuring head,may touch the first
glass pane of the IGU during measurement. Possibly,
grease on the window could stick on the front glass of
the measuring head.

These results show the importance of cleaning the
front window of the measuring head regularly. Incor-
porating a cleaning step in the setup procedure of the
device at the start of each measuring day is suggested.

4.1.8 Different measurement sessions

The Sparklike results of the defined sample test show
that the 95% confidence interval of the argon gas mea-
surements fit in the declared repeatability of ± 2% by
the manufacturer (Sparklike 2021b). It also shows that
either the number of repetitive measurements per sin-
gle panel or the number of different measurement ses-
sions should be carefully selected, in order to enable
a reliable statistical comparison of average argon con-
centration between panels. In the defined sample test
the selected repetition of 10 measurements were not
sufficient to result in similar averages between measur-
ing sessions of the same sample while using a t-test.
A remarkable result if the settlement time of 3 days
is enough for a newly produced IGU, that is. Based
on these results, more specimens should be tested to
understand the requirements for statistics of the Spark-
like device.

4.1.9 Glass thickness and cavity width

The results of the defined sample test and in situ tests
show that the absolute difference between the highest
and lowest thickness value for glass 1æ within a single
measuring session measured with the Sparklike was up
to 0.2 mm and for the cavity width up to 0.3 mm (Table

Table 6 The highest absolute difference between the highest and
lowest thickness value of glass 1æ and the cavity width within
a single measuring session on a single IGU measured with the
Sparklike measured in each test

Test Max diff
max–min
thickness
glass 1æ
(mm)

Max diff
max–min
cavity width
(mm)

Note

Building A 0.1 0.3

Building B 0.1 0.2

Building C 0.1 0.3 Including
multiple
measuring
positions

Building D 0.1 0.1

Building E 0.2 0.3 Including
multiple
measuring
positions

Defined test 0.1 0.1

6). These results include windows measured on multi-
ple measuring positions and a leak window that con-
tained water and condensation inside. As mentioned
before, the variousmeasuring positions could influence
the glass thickness and cavity width measured. How-
ever, leaving all IGU’s measured on multiple measur-
ing points out of the data set, an absolute difference
between the highest and lowest thickness value for a
windowwas still 0.1 mm for glass 1 and 0.3 mm for the
spacer. These values are close to the previously men-
tioned 0.2 mm from general experience in practice.

Although building F shows the biggest difference
between the highest and lowest thickness value for a
window within a single session, incorrect thicknesses
measurements causing the difference in argon between
the first and following measuring sessions are unlikely.
The absolute difference between the highest and lowest
thickness value of glass 1æ for each tested window of
building F, except for the leak window, were in range
with the other in situ tests. The value of the leakwindow
was slightly higher, which could be explained by the
different measuring positions on the window pane that
were included.

Combining the thickness of the same IGUmeasured
in multiple sessions may cause a higher spread than of

123



In situ detection of product age and argon concentration 227

each measuring session separately. This can be seen in
the results of the defined sample test. Comparison of the
deviations of the different windows is omitted, because
it is considered less informative due to different sample
sizes. The larger the sample set, the smaller the standard
deviation of the sampling distribution gets. Based on
the current data an absolute difference in cavity width
measurements per window per session of up to 0.3 mm
is considered reliable.

The results in this study show that product data and
a second thickness measuring device can assure the
reliability of the Sparklike measurements. Comparison
of Sparklike values with product data and Elite values
(Table 7) show that using values rounded to mm will
show differences up to 1 mm.

However, checking the glass thickness and cav-
ity width of future Sparklike measurements on in-use
IGU’s is advised to obtain more data on this topic. A
double checkwith product data and a secondmeasuring
device seems ideal, because errors could occur due to
different reasons, such as (1) application of the wrong
product code on the spacer, (2) backwards placement
of an IGU with different sized glass panes and (3) dis-
ruption of the optical process of a device due to specific
materials.

4.2 Proposed screening method

4.2.1 Check the IGU age

In order to obtain indicative information on the remain-
ing service life of the IGU, track down the production
date using the spacer code. When a code is missing
or does not reveal a production date, the production
date may be estimated based on the building year or
renovation year of the facade. However, one should be
aware that the specific IGU could have a different pro-
duction date compared to the surrounding IGU’s due
to replacement.

As mentioned in the introduction the selected age of
interest for the highest level of circular use is 15 years
old and younger, based on general expected lifespan.
This threshold offers additional benefits in terms of
IGU quality, especially for IGU’s applied in Europe.
The initial quality of the produced IGU is considered
to be decent, because of the rise of CE marking in
2007 and onwards (Glass for Europe 2010, European

Parliament and of the Council 2011). Also, the selec-
tion of IGU’s with old galvanized steel spacers is ruled
out. This is helpful because they tend to start leaking
after dismantling (P. Van Dijk, Kenniscentrum Vlak-
glas, personal communication, March 17th 2023). In
addition, old double glazing may have inferior per-
forming low-e coatings or no coating at all (Gläser
2008, Van de Voorde et al. 2015). So direct re-use is
unlikely, because they may not be able to meet the cur-
rent U-value requirements. Upgrading old double glaz-
ing with an extra glass panel could overcome this prob-
lem. Although the service life of the old double glazed
IGU may increase as climate loads can be reduced by
adequate design, making a proper lifetime prediction
will be a challenge. Finally, it should be noted that in
casemethods are developed that enable a life-extension
of themoist-tightness of the seal or replacement of des-
iccants in an intact IGU, the threshold value of the IGU
age could be reconsidered.

4.2.2 Argon concentration measurements

Use the Sparklike Laser Portable to obtain argon con-
centrations of an IGU. Checks of laser current and tem-
perature at the start, during and at the end of a mea-
suring day are recommended. If not performed, or the
measured values at the end of the day do not meet the
requirements as mentioned in the manual, one should
keep in mind that a measured argon concentration
might be higher than the actual argon-concentration
in the cavity. Measure at least three times on one IGU
with a Sparklike Laser Portable. Location of measur-
ing: From the inside of the building at the middle of the
lower area of the IGU; the same spot for all IGU’s.

4.2.3 Check outlying data

Outlying Sparklike data should be removed according
to the rules set in themethod section of this study,which
includes:

(a) argon concentration readings higher than 97%
(b) readings that show a glass 1æ thickness which dif-

fers more than 1 mm or a cavity width that differs
more than 2 mm compared to other values mea-
sured in the same session.
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4.2.4 Check the argon concentration

Perform an argon quality assessment on IGU’s aged up
to 15 years old in order to judge their re-use ability.
As mentioned before, the argon quality will provide
information on two important IGUcharacteristics. First
of all, it will indicate the decrease in u-value due to
the decrease of argon filling. Second, it will provide
indirect information on the sealing performance of the
IGU. Assessing the argon concentration of IGU’s that
show visible condensation or visible deteriorated of an
applied coating is not needed because these IGU’s have
clearly failed.

In practice, meeting the prescribed level of argon
concentration for new well performing IGU means
that the post-consumer IGU should contain a tested
argon concentration of 85% in order to meet a declared
filling percentage of 90%. The gas filling percentage
of 90% is a typical declared value (EN1279-3 2012)
and obliged in some national assessment guidelines
(BRL2202 2012). Because these regulations allow a
range of tested argon of concentrations, namely up to
− 5% and + 10% compared to the declared value, a
post-consumer IGU with a tested argon concentration
of 85% or more has a sufficient level of argon filling.

The advantage of a threshold of 85% for direct re-
use of post-consumer IGU’s in terms of quality control
is that test results of each individual IGU considered for
re-use are required and post-consumer IGUwith a high
gas loss rate will not pass the screening. The older the
IGU, the easier a high gas loss rate will be detected.
Newly produced IGU’s will not be tested separately.
One has to rely on incidental sampling and continu-
ous uniformproductionprocess.Unfortunately produc-
tion errors may occur. Nevertheless a poorly produced
IGU’s resulting in a high gas loss rate, will be installed
blindly.

4.2.5 Recommended circular strategies for IGU’s

Select the recommended circular strategy for an in-use
IGU based on its age and argon concentration using
Table 8. The proposed screening method involves three
main categories. Each category contains the best circu-
lar strategies in terms of circularity. Only high-level cir-
cular use strategies are recommend which have already
been applied or known to be in development.

Table 8 Recommended circular strategies categorized based on
the IGU age and the level of argon concentration

Category IGU age Argon
concentration

Recommended
circular strategy

A 1–15 years Above or
equal to
85%

Direct re-use
IGU or
upgrade IGU
with extra
glass plate

B 1–15 years Below 85% Disassembly
and re-use of
glass pane or
recycling
cullets to
make flat glass

C > 15 years Argon
concentration
irrelevant

Disassembly
and re-use of
glass pane or
recycling
cullets to
make flat glass

Argon concentration is irrelevant in case of visible leakage and/or
coating degradation

4.3 Future developments

The proposed screening method is a first attempt to
screen the high level re-use potential of insulation glass
in buildings based on age and argon concentration.
Future adjustments of the method are expected when
the application of re-use strategies for IGU’s proceeds.
The speed of implementation depends on the innova-
tion strength of the insulating glass community to over-
come hurdles. Limitations of IGU dimensions, proper
packaging and forwarding of post-consumer IGU’s,
impact of a renewed setting in a different frame are
examples of current hurdles. Some recommendations
to improve the proposed screening method are:

• Including the type of spacer in category A of the
assessment, as psi-values of spacers influences the
overall value of the fenestration product (Van den
Bergh et al. 2013).

• Including the quality of encountered coatings in cat-
egory A of the assessment. Possibly, this might also
be of interest for category B, when re-use of intact
coated glass panes is an established technique.

• Change of measuring devices and methods when
collection centra of intact post-consumer IGU’s are
common practice. The accessibility of the IGU after
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removal from the building, makes the use of other
measuring devices and methods attractive, such as
alternative argon measuring devices. However, for
each method also new requirements should be taken
into account. For example, when using intrusive
measurements devices to analyse the argon concen-
tration, the tiny hole made during the measurement
should be closed properly. Or when using an alterna-
tive laser device, the possible effect of the laser on a
low-e coating should be studied (Sparklike 2021a).

5 Conclusion

Amethod is developed to screen the high level circular
use potential of double glazing in buildings based on
their age and argon concentration. Three categories of
high level circular strategies are suggested, each with
their own threshold values for the product age and argon
concentration. The Sparklike Laser Portable is consid-
ered to be a suitable device to measure argon concen-
tration for this matter. To avoid substantial measuring
errors using this device, a specific handling and data
check procedure is recommended.
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types, performance and legislation. Facta Univ. Archit. Civ.
Eng. (2013). https://doi.org/10.2298/FUACE1301035S

Sergeyev, A., Borysow, J.: Nondestructive method of measuring
relative concentration of gases (eg argon) in double-pane
windows. Sens. Mater. (2008). https://doi.org/10.18494/
SAM.2008.511

Soares, N., Martins, C., Gonçalves, M., Santos, P., da Silva, L.S.,
Costa, J.J.: Laboratory and in-situ non-destructive meth-
ods to evaluate the thermal transmittance and behavior of
walls, windows, and construction elements with innovative
materials: a review. Energy Build. (2019). https://doi.org/
10.1016/j.enbuild.2018.10.021

Sparklike: Instruction manual Sparklike Laser HandheldTM 3.0.
Sparklike Oy (2021a)

Sparklike: Instruction manual Sparklike Laser PortableTM 2.0.
Sparklike Oy (2021b)

Stahel, W.R.: The circular economy. Nature (2016). https://doi.
org/10.1038/531435a

Stazi, F., Giampaoli, M., Tittarelli, F., Di Perna, C., Munafò, P.:
Durability of different glass coatings in humid and saline
environments, ageing impact on heat-light transmission and
thermal comfort. Build. Environ. (2016). https://doi.org/10.
1016/j.buildenv.2016.05.029

Torok, G.R., Lichtenberger, W., Major, A.: In-situ dew-point
measurement to assess life span of insulating glass units.
In: Block, V. (ed.) The Use Of Glass in Buildings. ASTM
International (2002)

UNEP: sand and sustainability: finding new solutions for envi-
ronmental governance of global sand resources. GRID-
Geneva, United Nations Environment Programme, Geneva,
Switzerland https://unepgrid.ch/sand/ (2019). Accessed 15
Dec 2022

Usbeck, V.C., Pflieger, J., Sun, T.: Life cycle assessment of float
glass. PE International AG (2011) https://glassforeurope.
com/report-life-cycle-assessment-of-float-glass/. Accessed
15 Dec 2022

Van de Voorde, S., Bertels, I., Wouters, I.: Post Building Mate-
rials. Vrije Universiteit Brussel, Brussels (2015)

Van den Bergh, S., Hart, R., Jelle, B.P., Gustavsen, A.: Window
spacers and edge seals in insulating glass units: a state-
of-the-art review and future perspectives. Energy Build.
(2013). https://doi.org/10.1016/j.enbuild.2012.10.006

Wakili, K.G., Rädle, W., Krammer, A., Uehlinger, A., Schüler,
A., Stöckli, T.: Ug-value and edge heat loss of triple glazed
insulating glass units: a comparison between measured and
declared values. J. Build. Eng. (2021). https://doi.org/10.
1016/j.jobe.2021.103031

Watts, A., Shah, B., Tenent, R.C.: Guidelines and specifications
for enhanced durability evaluation of insulating glass and
vacuum insulating glass units. Natl. Renew. Energy Lab.
(2022). https://doi.org/10.2172/1887442

Weller, B., Köhler, M., Engelmann, M.: Experimental study
on durability of IGU sealant constructions. In: Challeng-
ing Glass Conference Proceeding (2016). https://doi.org/
10.7480/cgc.5.2250

Westbroek, C.D., Bitting, J., Craglia, M., Azevedo, J.M., Cullen,
J.M.: Global material flow analysis of glass: from rawmate-
rials to end of life. J. Ind. Ecol. (2021). https://doi.org/10.
1111/jiec.13112

123

https://doi.org/10.2788/94926
https://www.marketsandmarkets.com/Market-Reports/insulating-glass-window-market-36258309.html
https://doi.org/10.1016/j.enbuild.2016.10.054
http://resolver.tudelft.nl/uuid:90a3a7c6-3952-42b0-b26b-0ac63d7726b2
https://www.ingentaconnect.com/content/sgt/gta/2022/00000063/00000002/art00004
https://doi.org/10.1002/cepa.930
https://www.pbl.nl/sites/default/files/downloads/pbl-2016-circulaire-economie-innovatie-meten-in-de-keten_2249.pdf
https://doi.org/10.3390/ma13020286
https://doi.org/10.1088/1757-899X/603/3/032060
https://doi.org/10.3390/ma15072427
https://www.saint-gobain-glass.com/products/ORAE
https://doi.org/10.1016/j.enbuild.2016.01.015
https://doi.org/10.2298/FUACE1301035S
https://doi.org/10.18494/SAM.2008.511
https://doi.org/10.1016/j.enbuild.2018.10.021
https://doi.org/10.1038/531435a
https://doi.org/10.1016/j.buildenv.2016.05.029
https://unepgrid.ch/sand/
https://glassforeurope.com/report-life-cycle-assessment-of-float-glass/
https://doi.org/10.1016/j.enbuild.2012.10.006
https://doi.org/10.1016/j.jobe.2021.103031
https://doi.org/10.2172/1887442
https://doi.org/10.7480/cgc.5.2250
https://doi.org/10.1111/jiec.13112


In situ detection of product age and argon concentration 233

Wittekoek, C.: Collecting and recycling flat glass. Glass
International. https://www.glass-international.com/issues/
february-2020 (2020). Accessed 25 Dec 2022

Wolf, A.: T: Studies into the life-expectancy of insulating glass
units. Build. Environ. (1992). https://doi.org/10.1016/0360-
1323(92)90032-K

Wolf, A.T.: Design and material selection factors that influence
the service-life and utility value of dual-sealed insulating
glass units. In: Proc. of 9th International Conference on
Durability of BuildingMaterials and Components-9DBMC
(2002)

World Bank Group: Minerals for Climate Action: The Mineral
Intensity of the Clean Energy Transition. http://pubdocs.
worldbank.org/en/961711588875536384/Minerals-for-
Climate-Action-The-Mineral-Intensity-of-the-Clean-
Energy-Transition.pdf (2020). Accessed 15 Dec 2022

Yu, R., Bristogiannia, T., Veer, F.A., Nijsse, R.: The application
of waste float glass, recycled in structural beams made with
the glass casting method. Chall. Glass Conf. Proc. (2020).
https://doi.org/10.7480/cgc.7.4775

Zier, M., Stenzel, P., Kotzur, L., Stolten, D.: A review of
decarbonization options for the glass industry. Energy
Convers. Manag. X (2021). https://doi.org/10.1016/j.ecmx.
2021.100083

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional affil-
iations.

123

https://www.glass-international.com/issues/february-2020
https://doi.org/10.1016/0360-1323(92)90032-K
http://pubdocs.worldbank.org/en/961711588875536384/Minerals-for-Climate-Action-The-Mineral-Intensity-of-the-Clean-Energy-Transition.pdf
https://doi.org/10.7480/cgc.7.4775
https://doi.org/10.1016/j.ecmx.2021.100083

	In situ detection of product age and argon concentration as measure of the re-use potential of insulating glass units in buildings
	Abstract
	1 Introduction
	1.1 Environmental and social impact of insulating glass industry (Why?)
	1.2 High-level use of post-consumer window glazing (How?)
	1.3 Developing a method to screen the high-level re-use potential of double glazing in buildings based on IGU age and argon concentration (What?)
	1.3.1 The age of an IGU is helpful to screen its re-use potential
	1.3.2 Why is a screening method needed based on the technical quality of an IGU?
	1.3.3 Why argon concentration and which method?


	2 Methods
	2.1 Applied devices & general procedures
	2.2 Tested insulating glass units
	2.2.1 Building A—IGU A1: current change
	2.2.2 Building B—IGU B1: inside and outside
	2.2.3 Building C—IGU C1: measuring positions
	2.2.4 Building D—IGU D1–D3: out of range laser temperature
	2.2.5 Building E—IGU E3.1-E10.8: unknown laser current and temperature
	2.2.6 Defined sample test


	3 Results
	3.1 Building A—IGU A1: current change
	3.2 Building B—IGU B1: inside and outside
	3.3 Building C—IGU C1: measuring position
	3.4 Building D—IGU D1-D3: out of range laser temperature
	3.5 Building E—IGU E3.1-E10.8: unknown laser current and temperature
	3.6 Defined sample test
	3.7 Ex-post control

	4 Discussion
	4.1 Measuring errors using the Sparklike
	4.1.1 Current change
	4.1.2 Adjusting laser temperature
	4.1.3 Unknown laser current and temperature
	4.1.4 General observation related to laser current and temperature
	4.1.5 Sampling position on IGU
	4.1.6 Sampling side of IGU
	4.1.7 Cleanliness measuring device
	4.1.8 Different measurement sessions
	4.1.9 Glass thickness and cavity width

	4.2 Proposed screening method
	4.2.1 Check the IGU age
	4.2.2 Argon concentration measurements
	4.2.3 Check outlying data
	4.2.4 Check the argon concentration
	4.2.5 Recommended circular strategies for IGU’s

	4.3 Future developments

	5 Conclusion
	Acknowledgements
	References




