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Overview

NREL’s solar photochemistry research focuses on solar photoconversion in
molecular, nanoscale, and semiconductor systems to capture, control, and
convert high-efficiency solar radiation into electrochemical potential for
electricity, chemicals, or fuels.What is a concentrated
photochemical–photovoltaic–thermochemical system?

To address these challenges, a concentrated
photochemical–photovoltaic–thermochemical system is proposed to use the
full spectrum of solar energy more efficiently. 

How to drive chemical reactions by solar energy?

To drive chemical reactions by solar energy, there are three main strategies
considering energy conversion processes, as shown in Figure 1. The main
strategies to drive chemical reaction by solar energy: L–C (Light–Chemistry),
L–E–C (Light–Electricity–Chemistry), and L–H–C (Light–Heat–Chemistry). 

Why are photovoltaic cells used in photochemical process?

On the one hand, the photons with much higher energy than the Eg of
photovoltaic cells are used in the photochemical process, decreasing the
irreversible losses of high-energy photons. On the other hand, the photons
with lower energy than the Eg are recycled to provide heat for the
thermochemical process. 

What are the different types of photoelectrochemistry systems?

There are several types of systems that follow this strategy: photovoltaic
electrochemistry (PV-EC), photoelectrochemistry (PEC), and photovoltage-
assisted photoelectrochemistry (PV-PEC). PV-EC first generates electrical
energy from sunlight, and then drives chemical reactions by means of
electrochemistry. 

How does solar energy affect chemical reactions?
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A part of generated heat promotes the PTC reactions, while the rest is
transferred through the wall and stored in the oil. In this way, the photons with
higher energy can drive the chemical reactions, while the rest of energy can
be collected in the form of heat, enabling the cascade utilization of full-
spectrum solar radiation. 

How does a photochemical device work?

In the photochemical device, the ultraviolet–visible light photons are absorbed
to drive the isomerization of norbornadiene derivatives; while the rest of
photons corresponding to the visible-infrared spectrum are transmitted to
thermochemical reactors, providing heat for methanol decomposition.
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Solar Photochemical System

  

Photochemical Systems for Solar-to-
Fuel ...

Aug 12, 2022 · The photochemical
system, which utilizes only solar energy
and H2O/CO2 to produce
hydrogen/carbon-based fuels, is
considered a promising ...

  

Solar photochemical process
engineering for production of ...

Jan 1, 1985 · Included is a discussion of
limiting efficiencies of ideal solar
photochemical processes and probable
efficiencies for real systems. This
information provides the photo- ...

  

Advancing photoelectrochemical
systems for sustainable ...

Jun 25, 2025 · Photoelectrochemical
(PEC) systems offer a promising
approach to harness solar energy for
producing essential chemicals and
sustainable fuels. This perspective
highlights ...
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Photochemical Systems for Solar-to-
Fuel Production

In this review, we systematically discuss
a typical photochemical system for solar-
to-fuel production, from classical
theories and fundamental mechanisms
to raw material selection, ...

  

SOLAR PHOTOCHEMISTRY 

Apr 12, 2017 · One specific characteristic
of artificial solar photochemical
processes is that the photons from the
solar spectrum must be absorbed by
some components of the reacting ...

  

Solar Energy and Photochemical
Energy Systems 

Jan 17, 2017 · German Solar Energy
Society (2005) Planning and Installing
Solar Thermal Systems: A Guide for
Installers, Architects and Engineers.
Earthscan Publications Ltd. [Offers ...

  

Solar Photochemistry Technology 

Jan 17, 2017 · As a result, both
photochemical systems and reactors
have followed conventional solar thermal
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collector designs, such as parabolic
troughs and non-concentrating
collectors.

  

Nanostructured and
Photoelectrochemical ...

"This book provides an excellent
overview of nano-structured and
photochemical systems for solar photon
energy conversion ... a historic overview
is given as ...

  

Definition of photocatalysis: Current
understanding and ...

Feb 1, 2022 · Photocatalysis is a
prospective way to efficiently convert
and store solar energy, which is
beneficial for achieving the Sustainable
Development Goals (SDGs) proposed by
the ...

  

Photoelectrochemical technology
for solar fuel generation, ...

Dec 2, 2021 · Photoelectrochemical solar
fuel generation requires a highly
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integrated technology for converting
solar energy into chemical fuels.
Dihydrogen (H2) and carbon-based fuels
can ...

  

Solar Energy Conversion , Wiley
Online Books

Mar 21, 2012 · Finally filling a gap in the
literature for a text that also adopts the
chemist's view of this hot topic,
Professor Likhtenshtein, an experienced
author and internationally renowned ...

  

Designation of a solar falling-film
photochemical hybrid system ...

Apr 15, 2020 · In this study, a
comparison was conducted between the
solar falling-film photochemical reactor
(SFPC) system and the solar
photochemical reactor (SPC) system with
...

  

Photochemical Systems for Solar-to-
Fuel ...

Sep 1, 2022 · In this review, we
systematically discuss a typical
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photochemical system for solar-to-fuel
production, from classical theories and
fundamental ...

  

Solar Photochemical Synthesis:
From the ...

May 11, 2016 · Natural sunlight offers a
cost-efficient and sustainable energy
source for photochemical reactions. In
contrast to the lengthy and small-scale
...

  

Solar disinfection as a direct
tertiary treatment of a ...

Aug 1, 2021 · This work evaluates the
SolWat hybrid system for solar water
disinfection and photovoltaic energy
generation, for its implementation in
tertiary treat...

  

Performance analysis of a solar
photochemical photovoltaic ...

May 15, 2017 · Abstract To reduce the
power energy consumption of
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wastewater treatment and make full use
of the solar spectrum, a new water
purification system that integrated ...

  

Solar Light Harvesting with
Nanocrystalline Semiconductors ...

Aug 17, 2025 · The document is a
promotional overview of the book 'Solar
Light Harvesting with Nanocrystalline
Semiconductors' by Oleksandr Stroyuk,
which discusses the current state of ...

  

A Photochemical Overview of
Molecular Solar ...

Aug 22, 2022 · Using natural
photosynthesis as a working model for
solar energy use, scientists are
designing and preparing chemical
systems capable of ...

  

Photothermal Chemistry Based on
Solar Energy ...

Nov 26, 2021 · In this concentrated phot
ochemical-photovoltaic-thermochemical
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(CP-PV-T) system, cascade utilization of
full-spectrum solar radiation was ...

  

Spanning solar spectrum: A
combined photochemical and
thermochemical  

Aug 1, 2019 · To address these
problems, a new energy storage system
which integrates the photochemical
process with thermochemical process
has been proposed to convert the full ...

  

SOLAR PHOTOCHEMISTRY 

Jan 17, 2017 · Sunlight conversion to
chemical energy is widely recognized to
provide a very important potential and
its applications have been expanded
during the last decade; ...

  

Solar Photochemistry , Chemistry
and Nanoscience Research ...

Mar 26, 2025 · NREL's solar
photochemistry research focuses on
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solar photoconversion in molecular,
nanoscale, and semiconductor systems
to capture, control, and convert high ...

  

Solar photoproduction of hydrogen:
A review 

Jul 1, 1996 · Four types of solar
photochemical hydrogen systems have
been identified: photochemical systems,
semiconductor systems, photobiological
systems and hybrid and ...

  

Photochemical Systems for Solar-to-
Fuel ...

Jan 5, 2025 · photochemical systems can
store solar energy in the form of many
technical bottlenecks, the solar energy
efficiencies of hydrogen or carbon ...

  

Photochemical Systems for Solar-to-
Fuel Production

Sep 19, 2022 · Photochemical systems
are used to convert solar energy into
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stable, transportable chemical fuels,
such as H2 and carbon-based fuels, thus
enabling a sustainable energy supply ...

  

Thermodynamic evaluation of a
concentrated photochemical...

Dec 1, 2020 · To diminish the
thermalization of PV cells and enhance
the solar conversion efficiency, we
proposed a solar cascade utilization
system with concentrated ...

  

SOLAR PHOTOCHEMISTRY 

Jan 17, 2017 · One specific characteristic
of artificial solar photochemical
processes is that the photons from the
solar spectrum must be absorbed by
some components of the reacting ...

  

A full-spectrum solar chemical
energy storage system with
photochemical  

Oct 1, 2018 · A solar chemical energy
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storage system with photochemical
process and thermochemical process is
proposed to convert full-spectrum solar
energy into chemical ...

  

Solar Fuel Synthesis Using a
Semiartificial ...

Oct 16, 2024 · Here, we present a Z-
scheme colloidal enzyme system that
produces fuel with electrons sourced
from water. This "closed-cycle" ...

  

Photochemistry 

6 days ago · Photochemistry is the study
of chemical processes that occur
because of the absorption of light. The
study of photochemical systems that use
sunlight to drive important ...

  

Solar Photochemistry 

Jan 17, 2017 · One specific characteristic
of artificial solar photochemical
processes is that the photons from the
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solar spectrum must be absorbed by
some components of the reacting ...

  

Recent advances in solar
photochemical processes for water
...

May 15, 2022 · The solar radiation input
(mainly in the UV range) is the main
parameter that triggers the reactions in
photochemical systems and therefore its
measurement is key to ...

  

Photothermal Chemistry Based on
Solar Energy: ...

Nov 26, 2021 · Solar-driven chemistry is
an attractive way to solve energy and
environmental problems, among which
photothermal chemistry (PTC) can ...

  

Photochemical Systems for Solar-to-
Fuel Production

Abstract The photochemical system,
which utilizes only solar energy and
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H2O/CO2 to produce hydrogen/carbon-
based fuels, is con-sidered a promising
approach to reduce CO2 emissions ...

  

Hongguang Jin's Lab 

A solar chemical energy storage system
with photochemical process and
thermochemical process is proposed to
convert full-spectrum solar energy into
chemical energy. The ultraviolet and
part ...
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