What is space photovoltaiW..,

Space Photovoltaics: Central to the
technologies specifically desi
innovation of solar cellsWith

How much does a space photovoltaic cost?

Traditionally,space photovoltaic technology is based on group IlI-V materials (such
indium phosphide and germanium for multi-junction cells) due to thelr i
resistance. However,they are costly (&gt;US$70 W -1 or &gt; US$1

Are photovoltaics the future of space technology?

A significant stride in space technology involves the development of cost-effective power systems suitable for
the challenging space environment. Photovoltaics (PVs) are consistently regarded as a pivotal elementin this
regard.

Are cover glasses a barrier for space photovoltaics?

Cover glasses traditionally utilized as a barrier for space photovoltaics are heavy,compromising the specific
power. Space-qualified silicone elastomer encapsulants may chemically interact with the components of the
perovskite solar cell,leading to device degradation. As such,there is a need for developing new encapsulants
and barrier layers.

Are metal halide perovskites a disruptive solution to space photovoltaics?

In this context,the use of metal halide perovskites (MHPSs) for the realization of perovskite solar cells (PSCs)
can represent a disruptive solutionto the market of space photovoltaics (PVSs).
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SPACE PHOTOVOLTAICS SOLAR

- —-—’-‘—;D Space-based solar power (SBSP or SSP) is the
< o concept of collecting solar power in outer space with

‘ o solar power satellites (SPS) and distributing it to

ﬁ L\'/ ‘ Earth. SERT proposed an inflatable photovoltaic

gossamer structure with a?|

The European Photovoltaic Solar Energy
Conference and Exhibition in Amsterdam on
22a7?26 September, will include a dedicated
session on photovoltaics for space. Thousands of
photovoltaic experts are expected to attend the
event, organised by the European Commission's
Joint Research Centre with the support of key
industrial and international

A major step in making space accessible is to
develop affordable power systems for "commercial
space" use. Photovoltaics has in the past and will in
the future be a key component. Metal halide
perovskite solar cells show the greatest potential of
all emerging technologies for low-cost space
photovoltaics. They have demonstrated the highest
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Abstract. Solar cells (SCs) are the most ubiquitous
and reliable energy generation systems for
aerospace applications. Nowadays, 1l1a??V
multijunction solar cells (MJSCs) represent the
standard commercial technology for powering a?|

that space photovoltaic power systems must meet
to remain competitive will be described. Examples
will be given of future space misslons and/or
operational INTRODUCTION The value of a
passive, maintenance-free, renewable energy
source was immediately recognized in the early
days of the space program, and the silicon

In support of a sustainable human-lunar presence,
there is a need for very large (>100kW) and
high-voltage-capable solar arrays, estimated to cost
over $150M. Perovskite-based thin film
photovoltaics offer substantial advantages over
state of the art solar arrays from the perspective of
manufacturing large arrays. Many of the challenges
perovskite solar cells a?|
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The film was still dark black after spending 10
months on the International Space Station, proving
her team's innovative solar cell material is suitable
for possible use on future a?|

Glass a?? the ideal material for space photovoltaics
Solar cells consist of a semiconductor such as
germanium or silicon into which other elements,
such as arsenic, boron, gallium, or phosphorus, are
introduced in small quantities layer by layer. This
contamination of the semiconductor is called doping
and, simply explained, creates

Space environments, however, are devoid of
oxygen and water, making perovskites an attractive
alternative to current state-of-the-art space
photovoltaics such as 1ll-V and Si solar cells. The
lack of problematic degradation mechanisms,
coupled with perovskites" radiation hardness,
further enhance their feasibility for space
applications [ 35 ].
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- °- The first space solar array was carried aloft on

ol Vanguard | on March 17, 1958. Vanguard | was the
9 :,ii second satellite successfully launched by the U.S.

itk | space program following the launch of Sputnik | by

the (then) USSR on October 4, 1957. The array on
Vanguard | consisted of six photovoltaic panels
mounted on the outer surface of the satellite.

PVSPACE is an international conference to provide
an opportunity for experts in variety photovoltaic
sectors and technologies to have a fresh update on
the advancement, state-of-the-art and future
roadmap of new generation PV in space
applications.

Space-based solar power (SBSP or SSP) is the
concept of collecting solar power in outer space with
solar power satellites (SPS) and distributing it to
Earth. SERT proposed an inflatable photovoltaic
gossamer structure with concentrator lenses or a?|
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Abstract page for arXiv paper 2005.07366: Electron
and proton irradiation effect on the minority carrier
lifetime in SiC passivated p-doped Ge wafers for
space photovoltaics We report on the effect of
electron and proton irradiation on effective minority
carrier lifetimes ($1?_{eff}$) in p-type Ge wafers.

upcoming alternative power technologies. Space
power electrical subsystems based on solar
photovoltaics have a theoretical maximum solar
collection efficiency of 1353 W/m2, which is the
sun's irradiance in space above the earth's
atmosphere. Issues in space solar photovoltaics are
related to scientific and engineering prob-

Metal halide perovskite solar cells show the greatest
potential of all emerging technologies for low-cost
space photovoltaics. They have demonstrated the
highest rate of power conversion efficiency
improvement.
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Nevertheless, compared with other practical space
photovoltaics, such as silicon and IlI-V multi-junction
compound solar cells, the research on PSCs for
space applications is just in the infancy stage.
Therefore, there are considerable interests in further
strengthening relevant research from the
perspective of both mechanism and technology.

Photovoltaics for Space: Key Issues, Missions and

| T @E
/ = | Alternative Technologies provides an overview of
i’“”? - —B the challenges to efficiently produce solar power in
- I". '_ e —— ;
~y near-Earth space and beyond: the materials and

= device architectures that have been developed to
surmount these environmental and mission-specific
‘ barriers. The book is organized in four sections

However, the PASP+ (Photovoltaic Array Space
Power Diagnostics Plus) program was the first
satellite with onboard CPV arrays [8]. It comprises
12-advanced PVA, with two concentrators among
them: Fig. 3 (a) Mini-dome lenses using 12
GaAs/GaSb cells, and Fig. 3 (b) Cassegrainian
system integrating eight GaAs cells. This mission

experiment flew on
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The key elements of spacecraft photovoltaic cell
and array design are identified and the historical
development of space photovoltaics is discussed.
Important parameters are listed for earth orbiting,
near-earth, near-sun and outer planetary missions.

Perovskite single- and multi-junction solar cells
promise cost-efficient, flexible, and ultra-lightweight
space photovoltaics (PV). While terrestrial PV
systems require high power-to-area (W/m2) ratios,
space PV systems also require low weight and high
specific-power (W/g), a metric in which
perovskite-based thin-film PV can outperform
commercially available space PV based a?|

PV has traditionally been used for electric power in
space. Solar panels on spacecraft are usually the
sole source of power to run the sensors, active
heating and cooling, and communications.
Photovoltaics for Space: Key Issues, Missions and
Alternative Technologies provides an overview of
the challenges to efficiently produce solar power in
near-Earth space a?|
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The history of space photovoltaics (PV) is in many
ways the history of PV. However, the early
development of the photovoltaic solar cell, or "solar
battery" as it was called by the inventors at Bell
Labs, did have visions of numerous terrestrial uses
for the new source of electrical power back in 1954.

Over the years since the first solar cells were sent
into space on Vanguard 1 in 1958, space solar array
technology has advanced to develop photovoltaic
materials, cells, and arrays resistant to these
degradation mechanisms.

The PV cells used in space to power satellites and
the International Space Station are about 32 percent
efficient at converting sunlight to energy. They
weigh about 2.1 kilograms per square meter and

have a power a?|
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Glass a?? the ideal material for space photovoltaics

Solar cells consist of a semiconductor such as

R germanium or silicon into which other elements,

= . such as arsenic, boron, gallium, or phosphorus, are
introduced in small quantities layer a?|

6 Perspectives on Future Materials for Space PV.

= o Space represents a unique frontier for materials
ey science and applications as the harsh conditions of
LA . the extraterrestrial environment require peculiar

physicochemical properties. Among the potential
candidates in this field, low-dimensional materials
such as graphene and related 2D compounds

Nevertheless, compared with other practical space
photovoltaics, such as silicon and IlI-V multi-junction
compound solar cells, the research on PSCs for
space applications is just in the infancy stage.

Therefore, there are a?|
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