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ABSTRACT

Moisture ingress is a key factor in the degradation of photovoltaic module components. This study employs near-infrared absorp-
tion spectroscopy to nondestructively quantify water uptake in backsheets and encapsulants, using a water index derived from the
1910-1920 nm absorption band. Measurements covered short-term dynamics during rainfall, long-term outdoor monitoring, and
spatial mapping. Short-term monitoring showed a 14% increase in the water index within 20 min of observations. Five months of
rooftop measurements revealed strong sensitivity to humidity and temperature: the index rose by 75% as relative humidity
increased from 20% to 50%, and fell by 50% as temperature rose from 0°C to 40°C. Comparative field campaigns in 2021
and 2023 showed material-specific trends: under identical conditions, polyamide and fluoropolymer-coated backsheets exhibited
average water index increases of 32%, while polyvinylidene fluoride showed only a 17% increase. Changes in distribution shape
indicated differing moisture resistance among materials. Gravimetric analysis confirmed material-dependent water retention.
Spatial mapping and immersion tests revealed localized moisture accumulation and saturation-type sorption, with uptake
rates—derived via kinetic fitting—ca. 27% higher in field-aged modules than in stored ones. These results establish near-infrared
spectroscopy as a scalable and noninvasive tool for detecting moisture-related degradation in photovoltaic modules.

1 | Introduction potentially leading to inverter shutdowns, compromised safety,
and significant energy yield losses [1-3].

Photovoltaic (PV) modules are increasingly deployed worldwide

to harness solar energy. The long-term performance and reliabil-
ity of these modules are subject to various degradation mecha-
nisms, with moisture ingress being a significant contributor to
several of them. Moisture can infiltrate PV modules through dif-
fusion, permeation, or leakage, leading to detrimental effects,
such as polymer delamination and corrosion of metallic compo-
nents. However, insulation resistance is primarily reduced by
water vapor interacting with ionic species in the polymer matrix,
facilitating charge transport and electrical leakage. Water also
reduces the insulation resistance of the backsheet (BS),

The susceptibility to moisture-induced degradation varies among
different BS materials. For instance, polyamide (PA) and certain
multilayer fluoropolymer-coated BSs exhibit distinct degradation
behaviors due to variations in polarity, diffusivity, and interlayer
adhesion [4, 5]. Understanding the moisture ingress pathways and
the associated degradation mechanisms is crucial for improving
module design and stability as well as extending service life [6].

Traditional methods for detecting moisture ingress, such as visual
inspections, wet leakage tests, and performance monitoring, often
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fail to detect early-stage degradation. Imaging-based techniques,
such as infrared thermography, electroluminescence (EL), and
ultraviolet-excited fluorescence imaging (UVF), provide surface-
level insights but generally lack specificity regarding internal mois-
ture distribution and chemical interactions within multilayer
laminates. Moreover, their effectiveness may be influenced by tem-
perature, light conditions, or the operational state of the module,
and they rarely offer direct quantification of water content [7-10].

Near-infrared absorption (NIRA) spectroscopy is a well-established
analytical technique [11-16] that probes overtone and combination
bands of molecular vibrations, particularly O-H, C-H, and N-H
stretching modes. Operating in the 780-2500 nm spectral range,
NIRA has been widely applied to polymer, agricultural, petroleum,
and pharmaceutical analysis for many reasons, including its unique
ability to nondestructively assess moisture content and chemical
composition with minimal sample preparation. When applied to
PV modules, NIRA enables assessment of moisture-related changes
in encapsulants and BSs and differentiation of polymer types based
on spectral response. The ability to characterize chemical aging and
water uptake has made NIRA a promising tool for studying degra-
dation in multilayer film stacks. The recent development of portable
NIR sensors has further expanded the potential of NIRA for field
deployment and high-throughput diagnostics [17-19].

Several studies have demonstrated the viability of NIRA for evalu-
ating aging processes in PV polymers. For example, carbonyl and
water indices derived from NIR spectra have been used to track
oxidation and hydrolysis in ethylene-vinyl acetate (EVA) encapsu-
lants, correlating chemical signatures with exposure time, humidity,
and UV irradiance. Moisture-related changes in polyethylene tere-
phthalate (PET)- and PA-based BSs have also been observed
through NIR spectral analysis, demonstrating the method’s sensi-
tivity to diffusion and chemical degradation in multilayer structures
[6, 20-23]. These findings reinforce the potential of NIRA to support
materials diagnostics in both laboratory and field contexts.

This study applies NIRA spectroscopy to detect and quantify
water ingress in PV modules with different BS compositions.
By correlating spectral measurements with environmental expo-
sure and sorption behavior, we assess the capability of NIRA to
provide material-specific diagnostics of moisture accumulation
and degradation across different measurement regimes. The
results offer insights into diffusion kinetics, aging susceptibility,
and the potential for high-throughput deployment of spectro-
scopic tools to monitor PV installations.

2 | Results and Discussion

This study employs four complementary experimental approaches
(Scheme 1) to investigate different aspects of water ingress dynam-
ics in PV modules:

1. Short-term (ca. 0.5h) spectral field monitoring of water
ingress into a PV module during a rain event.

2. Long-term (ca. 5 months) continuous spectral monitoring
of water content evolution in rooftop-mounted modules, as
a function of relative humidity (RH) and temperature.

2. Seasonal 3. Multi-year
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SCHEME1 | Schematic overview of water ingress investigation meth-

ods used in this study.

3. Comparative spectral mapping of water content in fielded
modules, using point-wise measurements on 10 modules
per BS type collected during two field campaigns carried
out in 2021 and 2023.

4. Continuous spatial mapping of water ingress in a series of
modules subjected to prolonged water contact for over
30 days.

2.1 | Short- and Long-Time Water Uptake
Monitoring in PV Module BSs via NIRA
Spectroscopy

The applicability of NIRA spectroscopy for detecting water
ingress in PV module BSs was evaluated by field measurements
conducted at a 20 MWp solar park in Germany. NIR spectra were
acquired from the BS side of PV modules before and during rain-
fall, with an exposure duration of approximately 30 min. During
the measurement, the observer remained behind the module and
shielded from the rain, while maintaining the spectral probe in
the same BS position and recording spectra periodically for
approximately 20 min.

As shown in Figure la, a progressive increase in absorbance
was observed around 1910-1940 nm with longer rain exposure.
This region corresponds to overtone and combination bands of
O-H stretching vibrations, particularly the second overtone at
1940nm, which is specific to water and less affected by overlap-
ping polymer signals, such as C-H vibrations [24-27].

To quantify the relative water content in the BS, a water index (WI)
was defined as the ratio of the integrated absorbance of the water-
related band centered at 1910-1920 nm to the PET aromatic band
at 1660 nm [22]. While the definition of WI is consistent with pre-
vious work, a normalization step was additionally applied in this
study to express water uptake on a 0-1 scale. This approach enables
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FIGURE1 | Short-term NIR monitoring of water uptake in PV module BS (a, b) evolution of the NIRA spectrum (a) and WI index (b) of exemplary
BS during rain exposure, (c) relationship between WI and RH, and (d) ambient temperature for rooftop-monitored modules.

comparison between modules with different absolute absorbance
values and reduces baseline bias caused by BS thickness, surface
roughness, or sensor positioning (Figure 1b).

The normalized W1 is plotted in Figure 1b as a function of duration
of rain exposure, with measurements recorded after 5, 10, and 20
min. A clear linear increase in the WI is observed over the 20-
minute interval, indicating a consistent rise in NIR-detectable
water content throughout the measurement period. A linear fit
to the data yielded a coefficient of determination of R* = 0.98, con-
firming the strong correlation with time.

A long-term monitoring study was carried out on a PV module
(FC/PET/PP, where FC is fluorinated coating and PP is polypro-
pylene) installed at the HIERN rooftop testing facility. The module
was equipped with temperature and RH sensors on the BS surface,
and NIR measurements of the BS surface were performed daily
from January to June 2024. The resulting WI data were analyzed
in correlation with the recorded environmental parameters.

Figure 1c displays the dependence of the WI on RH. Two distinct
regions can be observed: in the RH range of 20-45%, the WI
increases approximately linearly from ~0.2 to 0.35. Above ~45%
RH, the curve flattens, with the index reaching a plateau around
0.38-0.4, suggesting a saturation behavior. The plateau value
reflects the maximum water retention capacity of the polymer
under the given environmental conditions. While the measure-
ments in Figure 1c were performed on a module with an FC-based
BS, we have observed in separate campaigns (see Section 2.2) that
plateau levels vary by material: PA and PET-based BSs tend to
reach higher WI values, most probably due to their higher polarity
and water sorption affinity, whereas fluorinated laminates typi-
cally show lower saturation levels, reflecting differences in the
chemical structure, polarity, and microstructure (e.g., crystallinity
and porosity) of the polymer layers. This behavior aligns with sorp-
tion isotherms commonly described by Langmuir-type models,
where initial uptake occurs through physisorption on available
polar sites, followed by pore or interlamellar saturation limiting
further absorption [28, 29]. In contrast, Figure 1d shows an inverse
correlation between temperature and the WI. Over the 5-month
monitoring period, the water content decreases nearly linearly
approximately from 0.4 at 0°C (winter) to 0.2 at 40°C (summer).
Although RH often increases with ambient temperature under
typical outdoor conditions, its relationship with temperature is

nonlinear and influenced by varying vapor pressure and air mois-
ture capacity. The observed saturation threshold and inverse
trends with temperature suggest that both capillary condensation
and reversible swelling of the polymer matrix contribute to the
overall moisture dynamics [30-33].

2.2 | High-Throughput Spectral Mapping of Water
Ingress in PV Modules

To evaluate water content distribution in PV modules with differ-
ent BS types, near-infrared measurements were conducted on field-
exposed modules at several PV plants in Northern Germany. Two
measurement campaigns were performed in 2021 and 2023,
enabling a comparative analysis over a 2-year interval. The meas-
urements were conducted directly on-site from the BS side using a
handheld NIR spectrometer.

Figure 2a displays WI histograms for three representative BS
types—PA, FC, and PVDF—measured during the 2021 and
2023 campaigns under comparable weather conditions (Table 1).
For all materials, a consistent shift toward higher WI values was
observed in 2023 as compared to 2021, suggesting progressive
moisture ingress during outdoor exposure. The magnitude and
distribution of the shift vary by material. Although minor differ-
ences in recent weather conditions cannot be excluded, the con-
sistent increase across all BS types supports the conclusion of
progressive water ingress under long-term field exposure.

PA exhibits the most pronounced change, with the mean WI (W)
increasing from 0.062 in 2021-0.082 in 2023. Additionally, the
broad distribution in both years, as indicated by the large full
width at half maximum (FWHM), reflects high variability in
water ingress among the tested modules, which may be attrib-
uted to localized degradation effects or heterogeneity in field con-
ditions. FC BSs also demonstrate an increase in W from 0.082 to
0.108, though with a narrow distribution (FWHM: 0.018-0.022),
indicating a more uniform water ingress. In contrast, PVDF BSs
show the smallest increase in W, rising from 0.070 to 0.082, and
display a sharp narrowing of the FWHM from 0.018 to 0.008,
implying both minimal ingress and consistent moisture resis-
tance across modules. These trends underscore the material-
dependent evolution of water ingress over time and highlight
the stabilizing influence of fluorinated polymer layers [5, 34-37].
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FIGURE2 | Field and laboratory evaluation of long-term water ingress in PV modules with different BSs. (a) WI histograms for three BS types (PA,
FC, PVDF) from 2021 and 2023 in Northern Germany. (b) Correlation between WI and gravimetric water content for BS samples.

TABLE1 | Mean water index and FWHM for different BS in 2021
and 2023.

2021 2023
Backsheet Mean WI [W] FWHM W,, FWHM
FC 0.082 0.018 0.108 0.022
PA 0.062 0.017 0.082 0.010
PVDF 0.070 0.018 0.082 0.008

Accurate quantification of moisture in PV module BSs requires
not only relative indicators like the WI, but also absolute water
content expressed as mass per area, a metric often requested by
PV system operators. Additionally, since NIR spectral features of
absorbed water vary with the chemical composition and struc-
ture of the polymer layers, material-specific calibration is neces-
sary to ensure reliability across different BS types. To support the
analysis of WI distributions observed in the field, a calibration
dataset was generated under controlled laboratory conditions.
Field-aged samples (3 x 3 cm?) with various BS types—FC/
PET/PP, PVF/PET/PE, PA, PET, and DF (PVF/PET/PVF)—were
exposed to moisture and subsequently dried while both mass loss
and NIR spectra were recorded. Gravimetric water content (g m™2)
was determined from the weight difference of BS samples before
and after moisture exposure. Corresponding WI values were
extracted from NIR absorbance near 1920 nm. To evaluate
the relationship between absolute water uptake and the spectro-
scopically derived WI, gravimetric and NIR data were compared
for various BS materials. WI values were min-max normalized
independently for each material to account for differences in
optical baseline and signal scaling, while gravimetric water con-
tent was retained in absolute units (g m~>) to preserve the physi-
cal comparability of moisture retention capacity. As shown in
Figure 2b, the correlation between WI and water content varies
significantly across different BS types. PA and PET-based BSs
exhibited the highest overall water uptake, reaching values up

to 15-18 g m™2, with normalized WI values approaching satura-
tion. In contrast, fluorinated laminates, such as FC/PET/PP and
PVF/PET/PVF, absorbed considerably less water, typically below
7 g/m?, yet showed a substantial increase in WI. This divergence
is further quantified by the slopes of the linear fits: PVF/PET/
PVF and PVF/PET/PE displayed the steepest slopes, 0.177 £
0.009 g~' m? and 0.130+£0.009 g~' m? respectively, followed
by FC/PET/PP at 0.094 = 0.004. The lowest slopes were observed
for PET (0.054 +£0.004) and PA (0.053 £0.005), despite their
higher water uptake. We hypothesize that these slope differences
reflect not only the absolute moisture content, but also how
water is distributed and interacts within the polymer matrix.
Fluorinated laminates typically restrict moisture ingress to
near-surface layers due to their low polarity and dense micro-
structure, resulting in a sharp spectral response even at low water
content. As such, the WI increases rapidly with small changes in
moisture load, likely due to surface accumulation or interfacial
localization of water molecules. This is consistent with previous
reports showing enhanced early-stage spectroscopic signals in
PVF-based and fluorinated BSs due to their limited permeability
and strong O-H dipole interactions [16, 34]. Conversely, hygro-
scopic polymers, such as PA and PET, exhibit bulk diffusion
behavior, where water is absorbed deeply and homogeneously
throughout the material volume. Although this results in a
higher overall uptake, the NIR-active O-H overtones around
1920 nm originate primarily from near-surface light-matter inter-
actions. As a result, the apparent WI grows more slowly as water
becomes diluted across the matrix, and local concentration gra-
dients are flattened. These assumptions are supported by the
reported studies on PA and PET BSs showing high diffusion
coefficients and moisture-buffering behavior under field or accel-
erated aging conditions [4, 6]. Altogether, the combined gravi-
metric and spectral analysis highlights the importance of both
total water uptake and its spatial distribution in determining
the NIR spectroscopic response. The observed slope trends con-
firm that the sensitivity and diagnostic value of WI are highly
material-specific.
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2.3 | Spatial Mapping of Water Ingress in PV
Modules: From Momentary to Continuous
Monitoring at the Module Level

Spatially resolved water mapping enables the detection of localized
moisture accumulation and potential ingress pathways, including
delaminated areas, loose interfaces, and cracks in either the glass
or the BS. The mapping provides insights into how and where
water enters the module, supporting more accurate diagnostics
and improving reliability assessments. Grid-wise spectral measure-
ments can be used to plot spatial maps of water distribution in PV
polymers, helping identify sections most vulnerable to water
ingress and providing insights into degradation mechanisms
under field exposure. Accordingly, two regimes were tested: (i)
water mapping in the BS of a module with partially delaminated
packaging plotted by backside measurements, and (ii) water map-
ping in EVA encapsulants plotted using frontal measurements
through the glass. In the latter case, we also demonstrated the fea-
sibility of continuous monitoring and mapping of water ingress for
a series of PV modules kept in prolonged contact with water.

A partially delaminated PV module exhibiting visible polymer
separation (a “water pocket”) was selected to visualize localized
moisture ingress into the BS under real-world conditions.
Measurements were performed 30 min after rainfall using a
60-point grid on the back side of a PV module, without any inter-
ruption of its performance. The resulting spatial WI distribution is
shown in Figure 3a, with a photograph of the defect area
highlighting the delaminated zone. A clear local maximum
(WI = 1.0) is observed at the delaminated site, while surrounding
regions show elevated WI values in the range of 0.4-0.5. This sug-
gests that BS delamination facilitates water accumulation not only
at the defect but also in adjacent regions, potentially allowing

moisture to access the electrical circuitry and accelerate further
degradation [2, 38, 39].

Moisture distribution in EVA encapsulants was further investi-
gated on two identical modules with FC BSs taken from the same
batch: one field-aged outdoors for approximately 10 years, and
one stored under sheltered conditions for the same period.
Both modules were mapped from the frontal side using a hand-
held near-infrared spectrometer, taking advantage of the unique
ability of NIRA to probe polymer layers through the front glass. A
measurement grid of 11 x 9 points covered ~24 solar cells per
module, including active areas, intercell gaps, and busbars. An
exemplary WI map is shown in Figure 3c, revealing nonuniform
spatial distributions.

Both modules were then immersed in an aqueous electrolyte and
monitored over 31 days to track the kinetics of moisture ingress.
Time-resolved WI maps are presented in Figure 3b, showing how
moisture penetrated into the encapsulant. Initially (day 0), WI
values were low (~0.06-0.08), especially at cell centers. By day
1, increased uptake was apparent and more pronounced in
the field-aged module. By day 8, water accumulation was visible
in both modules, particularly between cells. From day 9 to day 31,
saturation progressed. The stored module showed a relatively
even distribution of WI, while the field-aged module developed
localized saturation zones near the center of the mapped area. In
both cases, intercell regions consistently exhibited higher WI
than cell centers, indicating that water primarily entered through
the BS rather than from the edges or module perimeter. This
could be due to the module structure in the areas between cells,
the encapsulant (EVA) is present on both sides without interrup-
tion by a silicon cell, potentially leading to higher moisture
accumulation.
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FIGURE3 | Spatial mapping and kinetic modeling of water ingress. (a) Localized WI map of a delaminated module after rainfall. (b) Time-resolved

‘WI evolution during 31-day immersion for two FC-based modules. (c) Example 2D WI map overlapped with a photograph of the tested module showing
spatial variation of WI. (d) Time-dependent water uptake curves for two tested PV modules.
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Kinetic modeling of the average WI (Figure 3d) was performed
using a time-dependent exponential saturation function derived
from Langmuir adsorption theory. The Langmuir kinetic model
describes a first-order sorption process in systems with a finite
number of adsorption sites, where the uptake rate decreases
as sites become progressively occupied [40-43].

The time-dependent change in the WI W (f) was modeled using
the following expression:

W()=A-(1-e k) +C (6]

where A is the amplitude of water uptake above the baseline level
C, Cis the initial WI, and k is the apparent sorption rate constant.

The model captures the saturation-limited nature of water
ingress in polymeric BSs and encapsulants. The fitted rate con-
stants revealed distinct differences between the two modules: the
field-aged module exhibited a higher sorption rate constant of
0.167 + 0.03day*, while the stored module showed a slower
uptake with a rate constant of 0.132 =+ 0.027 day ™. The resulting
curves closely matched the experimental data across 31 days of
immersion, with model performance yielding R* = 0.95 and
RMSE = 0.00133 for the field-aged module, and R? = 0.94,
RMSE = 0.00124 for the stored module. These results indicate
that the Langmuir-type first-order kinetic model adequately
describes the observed moisture uptake behavior in PV modules
subjected to different exposure histories.

3 | Conclusion

NIRA spectroscopy was applied to monitor and quantify moisture
ingress in PV modules by analyzing the intensity of the 1910-
1920 nm water-related absorption band. A WI derived from this
band enabled nondestructive assessment of water uptake under
realistic exposure conditions and across multiple degradation sce-
narios. Short-term field measurements during rainfall revealed a
14% increase in the WI within 20 min, indicating rapid moisture
ingress into encapsulants and BSs. Continuous rooftop monitoring
over 5 months showed strong environmental correlations: the index
increased by approximately 75% as RH rose from 20% to 50%, and
decreased by 50% as ambient temperature rose from 0°C to 40°C.
Comparative field measurements from 2021 and 2023 enabled anal-
ysis of moisture accumulation trends across different BS materials.
While different module sets were used in each campaign, all meas-
urements were conducted under comparable ambient conditions
and identical protocols. The WI increased by ~32% for PA and
FC-coated BSs, and by ~17% for PVDF. The spread of WI values
increased by 70% for PA and 22% for FC-coated BSs, while narrow-
ing by 56% for PVDF, indicating material-dependent degradation
variability. Lab gravimetric measurements on field-aged samples
confirmed corresponding water uptake ranging from <0.4 gm™>
for fluorinated laminates to ~0.9 g m™ for PA and PET-based struc-
tures. Spatially resolved near-infrared mapping of a field-aged mod-
ule with visible BS damage revealed localized increases in the
normalized WI, with delaminated areas reaching the maximum
observed value (~1.0), while surrounding regions exhibited values
around 0.4-0.5. Long-term immersion experiments on two structur-
ally identical fluoropolymer-coated modules—one field-aged, one

stored—demonstrated increased uptake in the aged sample. The
sorption rate constants derived from Langmuir-type kinetic fits
were 0.167 = 0.03 and 0.132 £ 0.027 day ™, respectively, correspond-
ing to a 26.5% faster uptake in the aged module (R* = 0.95 and 0.94;
RMSE < 0.0014 for both).

The study introduces near-infrared spectroscopy as a reliable,
versatile, and noninvasive approach to quantifying moisture
uptake in PV modules with material specificity and temporal res-
olution. Its ability to detect both gradual changes under environ-
mental exposure and localized anomalies enables targeted
analysis of degradation patterns. These findings establish NIRA
as a valuable diagnostic tool for evaluating PV reliability and deg-
radation in the field.

4 | Experimental Section

Spectral Instruments. High-resolution NIRA spectra were acquired
using a fiber-coupled FT-NIR Rocket L1-025-2TE spectrometer
(ARCoptix, Switzerland), operating in the spectral range of
900-2500 nm (4000-11100 cm™) with a spectral resolution of
2 cm™t. Samples were illuminated using a stabilized fiber-coupled
NIR light source, SLS201/M (Thorlabs, Germany). Both the NIR
lamp and the spectrometer were linked via optical fibers (M35L,
400-2200 nm, fiber core diameter of 1000um, Thorlabs, Germany)
to an RPH-SMA probe block (Thorlabs, Germany). The incoming
and outgoing light beams formed a 90° angle. The probe was posi-
tioned on the sample surface and manually held during measure-
ments. The diameter of the light spot on the sample surface was
approximately 2 mm, shielded from ambient light by the measur-
ing head, ensuring no interference from solar or indoor illumina-
tion. As a standard practice, 20 consecutive reflectance spectra
were acquired (with each spectrum taking approximately 1s
to capture) and subsequently averaged to reduce noise.
Measurements were typically performed on the rear (air-facing)
side of PV modules behind a Si solar cell to avoid the intrusion
of solar irradiation into the detection system.

The NIRONE S2.0/S2.2 (Spectral Engines, Finland) is a portable,
lightweight device that utilizes a micro-electro-mechanical sys-
tem (MEMS) Fabry-Perot Interferometer coupled with a single
InGaAs photodetector. It features a fully programmable optical
filter with a spectral range from 1550 to 1950 nm (S2.0) and from
1750 to 2150 nm (S2.2), and a spectral acquisition step of 10 nm.
The NIRONE sensor, covered with a custom-made polyurethane
protective housing, was positioned on the surface of the BS
beneath the silicon cell and manually held in place during meas-
urements. Similar to the probe used with the ArcOptix device, the
sensor itself shields the inspected spot (ca. 1 cm?) from solar light
ingress. At the start of the measurement process, the sensors were
calibrated by recording reference spectra in the dark and from an
illuminated Spectrolon standard. The typical acquisition time
was set to 50 ms.

Analysis of Spectra. NIRA spectra of BSs and EVA encapsulants
were processed using a customized Python script performing
automated spectral preprocessing (cutting and baseline correc-
tion), BS type identification, and calculation of water indices.
BS types were determined by evaluating the ratio of NIRA peak
intensities at 1660 and 1730 nm, corresponding to =C-H and
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—C-H stretching vibrations in PET and other BS constituents, as
described in previous studies [18, 44]. The WI was computed as
the ratio of the integrated absorbance of the water-related band
centered at 1910 nm (integration range: 1880-1920 nm) to the
reference -C-H band at 1730 nm. This range was selected to max-
imize signal stability and minimize noise and overlapping poly-
mer signals in both benchtop and portable NIR setups [22].
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