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Supplementary Note 1

A literature search was conducted in the Scopus database using the search equation “perovskite AND solar AND cells AND
outdoor,” carried out on September 9, 2024. This search yielded a total of 248 documents. The title, abstract, and keywords
of each article were then carefully examined to identify those that explicitly reported stability evaluations under outdoor
conditions. A second filter was subsequently applied to ensure that the selected studies specifically addressed perovskite
solar cells single junction with outdoor stability evaluations, resulting in a total of 57 relevant publications. A summary of
the reviewed articles evaluating device performance under real-world operating conditions employing ISOS protocols is
presented in Table S1, which corresponds to accelerated tests associated with real-life operating conditions. The collected
articles were extracted from the Perovskite Database and the table includes key information such as T100, T90 or T80
values, as well as the country in which the tests were performed. Table S2 reports key information extracted from Scopus
database such as Tyg, Tog, or Tgo values, as well as the country in which the tests were conducted.

Table S1. Summary table compiling the reviewed articles that report the use the norms ISOS-O1, ISOS-LC-1 and ISOS-
T3 in the Perovskite database for labcell devices!.

ISOS-0-1
Year T100 T90 T80 Total hours Country Reference
2017 6 20 India 2
2018 88 800 India 3
45 400 India 4
2019 48 480 China 3
432 720 China 6
ISOS-LC-1
9 10 China 7
2016 336 336 China 8
2019 1000 1000 China 0
ISOS-T-3
2016 80 80 China 10
2023 T98=250 250 China® 1

* In this article they used mini modules.



Table S2. Summary table compiling the reviewed articles in the Scopus database that report the stability of devices
evaluated under real operating conditions.

Labcell
Year T100 T90 T80 Total Country Reference
hours
2015 168 168 Saudi Arabia 12
360 432 China 13
2016 846 846 Spain 14
560 1100 India 15
2017 9 20 India 2
216 336 Israel 16
2018 96 408 Israel 17
41 41 Israel 18
It was completely degraded 10 India 4
2019 T60=1800 1800 Qatar 19
450 1000 Israel 20
T98=2250 2250 China 21
96 480 Israel n
2020 240 500 India 3
T95=1272 1272 China 2
2021 550 1000 Spain 2
85 370 Germany 26
7200 7200 Germany 27
2022 T83=720 720 Saudi Arabia 28
T84=1500 2160 India 2
600 600 Spain 30
4032 4032 Japan 3
T95=3000 3000 China 2
2023 750 750 Cyprus 3
3700 3700 USA 34
8760 8760 Germany 35
3908 6570 France 36
Not Clear 1200 Spain and Israel 37
Unreported 432 Cyprus, Israel and 38
Germany
300 1000 Israel 39
2024 17000 21900 Germany 40
19710 24090 Germany and 4
Slovenia
2000 2000 India 42
2025 8760 8760 USA 43
T85=35040 35040 Germany 44
Minimodule
Year T100 | T90 | T80 | Total hours | Country | Reference
2017 720 720 China 43
2018 240 720 United Kingdom 46
2019 500 500 Colombia 47
1900 2000 Colombia 48
2021 1442 2200 Colombia 49
1200 1200 Norway 30
2022 T91,6=2000 2000 China sl
960 2160 Belgium 52
1440 1440 Italy 53
2023 240 240 South Korea 4
There is no stability graph 1488 USA 5
528 2400 Japan 56
2024 T93=2000 2000 China 57
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Figure S1. Weather variables conditions in tropical zones (Medellin, Colombia in the set-up showed in the Figure S2), (a)
Continuous monitoring of irradiance (blue line) and ambient temperature (green line) over eighteen months, (b) Peak Sun
Hours (PSH) monitoring over eleven months.
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Figure S2. Assembly of a real-world solar station with its components and specifications. The station is installed at the
University Research Center (SIU) of the Universidad de Antioquia (6°15'38"N, 75°34'05"W) and is oriented south at a fixed
tilt angle of 13°.

Supplementary Note 2

To enable a broader understanding of outdoor stability testing for perovskite solar cells (PSCs), we want to emphasize again
that high-end infrastructure is not a must, and an acceptable and usable testing setup can be established with basic
environmental sensors and inexpensive instrumentation. For irradiance: a class A pyranometer (eg Kipp & Zonen SMP11%,
or a calibrated reference silicon cell (eg PVPM Reference Cell by PV-Engineering’? can be used depending on how strict
you want to be. Basic temperature and humidity sensors, eg. Sensirion SHT85 or Bosch BME280, will produce good
environmental data for not a lot of money, and microcontroller-based platforms will work well!.

When testing outdoors, you must also consider the difference between ambient temperature and actual device temperature,
which can elevate by over 40 °C from ambient temperature in full sun. Accurate monitoring of device temperature can be
achieved by attaching NTC thermistors (e.g., EPCOS B57540G17?) to the rear surface of the module and shielding them
from direct solar exposure using reflective foil or ventilated enclosures”. For mechanical positioning, low-cost single-axis
solar trackers, such as those based on Arduino-controlled actuators or open-source designs like the Makersolar Sun Tracker
v374 can significantly improve irradiance collection by maintaining optimal panel orientation throughout the day. Given the
high Voc typical of interconnected PSC modules, conventional Keithley-type potentiostats are often unsuitable due to their
limited voltage capacity and high cost. As practical alternatives, we recommend programmable electronic loads (e.g., BK
Precision 8600 series’, compact source-measure units (e.g., Ossila SMU®), or open-source IV curve tracer systems built
around microcontroller architectures”’. These approaches enable scalable MPPT and are well aligned with the technical and
economic constraints of long-term outdoor performance monitoring in PSC research.
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Figure S3. Simplified solar station and environmental monitoring setup to facilitate broader adoption of outdoor
performance evaluation for perovskite solar cells under real-world conditions.

Supplementary Note 3

The research by Noor Titan et al advances a predictive model of aging for perovskite solar cells (PSCs) through the definition
of a cycle yield (®@(x)) as the integral of power conversion efficiency (PCE) over time, normalized by the cycle length. The
definition of cycle yield (®(x)) allows references to temperatures when representing aging trends and is useful when defining
temperature equivalent cycles. The use of the logarithmic-linear function along with cycle yield follows nonlinear modeling
trends of degradation in PSCs as they transition through multiple cycles. The authors develop an equation based on time,
for the equivalent cycle duration from a temperature (T; ) to a higher temperature (T, ), while minimizing the difference
between the area under the cycle yield integrals at each temperature. This provides added confidence in the estimation of
the degradation rate, as it relates to a projection of outdoor stability based on accelerated indoor testing of PSCs.
Furthermore, the study suggests that equivalent cycle duration follows an Arrhenius-type equation, where the cycle duration
exponentially decreases with temperature increase, while aging increases with the activation energy (E, ) and temperature
(T). Correspondingly, the model thoughtfully outlines the use of accelerated aging protocols and in the case summarized, a
six-month indoor test yielded predictions of up to that of 25 years of outdoor exposure. Consequently, there is increased
confidence in the strength of estimates of PSC lifetimes.
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