Using both satellite data and climate
future photovoltaic reliability.

Why does solar power show an intermittency in timescale?

Solar power will therefore show an intermittency in timescale of hourrs'uﬁﬁ
seasonal cycles,adversely affecting the stability and reliability of power grrds 7

How does climate affect solar power reliability?

As can be seen in Fig. 1, the K distributions for larger mean values (denoted as m and also referred to as the
mean clearness index) tend to have longer left tails, which are associated with the weaker solar radiation and
lower power generation. Fig. 1: Examples of climate impacts on solar radiation and photovoltaic power
reliability.

Can reliability analysis account for the mean and intermittency of solar inputs?

Our results highlight how reliability analysis must account simultaneouslyfor the mean and intermittency of
solar inputs when assessing the impacts of climate change on photovoltaics. The intermittency of solar
resources is one of the primary challenges for the large-scale integration of the renewable energy.

Does aggregation affect the intermittency of solar power generation?

The aim of this article is to address the fundamental scientific question on how the intermittency of solar
power generation is affected by aggregation, which is of great interest in the wider power and energy
community and would have profound impacts on the solar energy integration into the energy supply and
Net-Zero Implementation.

Does solar radiation reduce intermittency?

As expected,solar radiation with " reduced variability has smaller LOLP,showing that increased storage can
be used to mitigate the intermittencys impactsin ' most parts of the world. However,this may not be sufficient
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in a few regions such as the Middle East (see Supplementary Fig. 11).

Yin J, Molini A, Porporato A. Impacts of solar
intermittency on future photovoltaic reliability.
Nature Communications 2020; 11(1): 4781. 2 |
GENERAL CHARACTERISATION TECHNIQUES
AND MODELLING Guthrey H, Moseley J. A review
and perspective on cat-hodoluminescence analysis
of halide perovskites. Advanced Energy Materials
2020; 10(26): 1903840.

the LOLP is a fundamental starting point to assess
the future reliability of photovoltaic. Climate-change
impacts on power reliability can be assessed by
considering the change of LOLP ??7?

Future intermittency and reliability discussed in this
study, along with the projected changes in the
cloudy and intermittent days, can be valuable in
planning solutions for grid stability and maintenance
of the supply???demand ratio. A CMIP6
assessment of the potential climate change impacts
on solar photovoltaic energy and its atmospheric
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As photovoltaic power is expanding rapidly
worldwide, it is imperative to assess its promise

[ B { under future climate scenarios. While a great deal of
research has been devoted to trends in mean solar
radiation, less attention has been paid to its

intermittent character, a key challenge when

g%‘ compounded with uncertainties related to climate
1:51161 variability. Using both 22?2
== |
Impacts of solar intermittency on future photovoltaic
=3 reliability. J Yin, A Molini, A Porporato. Nature
S

communications 11 (1), 1-9, 2020. 94: Radiative
effects of daily cycle of cloud frequency in past and
future climates. J Yin, A Porporato. Climate
Dynamics, 1-13, 2019. 16:
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Yin et al. [16] used satellite data and the results of
climate models to study the effects of intermittent
solar input on future PV reliability. They found that
PV productivity is more sensitive to changes in
mean solar radiation in hot, dry places than in other
places. Impacts of solar intermittency on future
photovoltaic reliability. Nat
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Increasing levels of photovoltaic (PV) penetration to
the electricity grid brings challenges to both design
and operation of the grid due to its vulnerability to
climate change. A crucial aspect

Among renewable energy resources, solar energy
offers a clean source for electrical power generation
with zero emissions of greenhouse gases (GHG) to
the atmosphere (Wilberforce et al., 2019;
Abdelsalam et al., 2020; Ashok et al., 2017).The
solar irradiation contains excessive amounts of

energy in 1 min that could be employed as a great
opportunity ???
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AbstractAs photovoltaic power is expanding rapidly
worldwide, it is imperative to assess its promise
under future climate scenarios. While a great deal of
research has been devoted to trends in mean solar
radiation, less attention has been paid to its
intermittent character, a key challenge when
compounded with uncertainties related to climate
variability. Using both ??7?

As photovoltaic power is expanding rapidly
worldwide, it is imperative to assess its promise
under future climate scenarios. While a great deal of
research has been devoted to trends of mean solar

radiation, less attention has been paid to its
= intermittent character, a key challenge when

e == compounded with uncertainties related to climate
variability. Using both ?7?7?

Using both satellite data and climate model outputs,
solar radiation intermittency is characterized to
assess future photovoltaic reliability and finds that
the relation between the ???
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Future of solar energy potential in a changing
climate across the world: a CMIP6 multi-model
ensemble analysis Climate change impact on future
photovoltaic resource potential in an orographically
complex archipelago, the Canary Islands Changes
in solar resource intermittency and reliability under
Australia's future warmer climate. Sol

In its summer assessment, NERC warned of
unexpected tripping of solar generation, which could
become a major threat as more solar is
interconnected to the grid. The inverter tripping
challenge is one of the most risky issues to reliability
as NERC expects 500 gigawatts of solar coming
online in the next 10 years. The unexpected tripping
has

Mracenee E RS Impacts of solar intermittency on future photovoltaic

R reliability Jun Yin 1, Annalisa Molini 2,3 & Amilcare

Porporato 4,5 As photovoltaic power is expanding

(]

rapidly worldwide, it is imperative to

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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DDDDD Using both satellite data and climate model outputs,
J 1 we characterize solar radiation intermittency to
\ assess future photovoltaic reliability. We find that
1 the relation between the future power supply and
long-term mean solar radiation trends is spatially
heterogeneous, showing power reliability is more
sensitive to the fluctuations of mean

[%;T‘:ofn'ﬁéjﬁf?ié’#?ﬁ”““ SOLAR PV POWER INTERMITTENCY AND ITS
IMPACTS ON POWER SYSTEMS ??? AN
OVERVIEW such as solar power, which can impact
g the reliability of simulations of a very high solar

Towos  otkwn  wee generation future

One of the main barriers to increasing the solar
energy share is its intermittency. Solar energy's
large variability in different timescales is driven by
natural solar astronomical cycles and weather.
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Impacts of solar intermittency on future photovoltaic
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i{j‘pp reliability. Annalisa Molini. Nature Communications.
Iﬁi \E Using both satellite data and climate model outputs,
il f’? il . .. . .

T = we characterize solar radiation intermittency to
assess future photovoltaic reliability. We find that
the relation between the future power supply and

T T long-term mean solar radiation
] | \

As photovoltaic power is expanding rapidly
worldwide, it is imperative to assess its promise
under future climate scenarios. While a great deal of
research has been devoted to trends in mean solar
radiation, less attention has been paid to its
intermittent character, a key challenge when

0 . compounded with uncertainties related to climate
I = variability.

As photovoltaic power is expanding rapidly
worldwide, it is imperative to assess its promise
under future climate scenarios. While a great deal of
research has been devoted to trends in mean solar
radiation, less attention has been paid to its
intermittent character, a key challenge when

compounded with uncertainties related to climate
variability.
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We find that the relation between the future power
supply and long-term mean solar radiation trends is
spatially heterogeneous, showing power reliability is
more sensitive to the fluctuations ???

This paper reviews past research on wind power
intermittency, including its impacts on power
system, how it is measured, and mitigation
solutions. It has been found that as wind power
integration increase, the system reverses and costs
consequently increase, while the system reliability
and CO 2 reductions decrease. In order to mitigate
wind

To combat climate change and achieve sustainable
development, huge efforts are being made

worldwide to expand the share of solar energy in the
electricity supply [1, 2].The past two decades have
witnessed a rapid expansion of solar photovoltaics
(PVs), with global installed capacity increasing from
805 MW in 2000 to 843 GW by 2021 [3], owing to
the reduction in the ??2?
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