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Thus far, the 21st century has witnessed steady growth in
China’s renewable energy capacity, especially in recent years, amid
the country’s efforts to achieve a peak in carbon dioxide emissions
and carbon neutrality. As of the end of June 2022, for example,
China’s accumulative installed solar energy has risen to around
336 GW. However, reaching net-zero emissions globally is a critical
and formidable goal [1], and energy structure transformation is
still one of the unprecedented challenges humanity will face over
the coming decades. Currently, the development of energy conver-
sion and storage technologies is at the forefront of engineering
applications geared toward a sustainable, low-carbon world. To
achieve a clean, inexpensive, and abundant energy supply, we
must constantly innovate and develop superior energy conversion
and storage technologies capable of higher charge capacities, speci-
fic energies, and efficiencies. Advanced batteries, solar cells, and
fuel cells (FCs) are the most exciting innovation areas in the energy
sector, with diversified new structures, materials, and technolo-
gies. Despite the many scientific and technological breakthroughs
on the horizon, numerous fundamental and engineering challenges
remain to be resolved for the widespread use of these battery and
cell technologies, including safety, cost, manufacturing, perfor-
mance, and durability.
In this issue, we present nine contributions from world-leading
professors, engineers, and entrepreneurs, in which they share their
thoughts and visions on advanced batteries, solar cells, and FCs.
When Thomas Edison invented the nickel–iron reversible galvanic
battery around 120 years ago, he encouraged other researchers by
saying, ‘‘There is a way to do it better. Find it.” After 50 years of
struggle, the Nobel Prize in Chemistry in 2019 was awarded for
the development of lithium-ion batteries (LIBs), which lay the
foundation for an information-based, fossil-fuel-free society and
are likely to revolutionize our lives. Advanced batteries are also
an integral component of sustainable energy, as they can efficiently
store and release intermittent renewable energy on demand.

Nevertheless, this is far from the end of the story. The rapid
development of LIB technology and the continuous expansion of
the market have put great pressure on battery safety. In their arti-
cle, Liquan Chen et al.—the pioneers of LIBs in China—comment on
current strategies to improve LIB safety and the new opportunity
for designing batteries that are intrinsically safe at the material,
device, and system levels. In addition, it is the right time for LIB
researchers to consider second-life LIBs and their echelon utiliza-
tion [2].

Solid-state batteries (SSBs) using solid-state electrolytes (SSEs)
have drawn considerable interest and are considered to be the
next-generation secondary battery technology due to their intrin-
sic safety and high energy density. In this issue, Xueliang Sun
et al. introduce the latest progress in SSEs, recap related interfacial
issues, and suggest several perspectives for future study to further
improve SSEs. Beyond traditional LIBs, an advanced battery system
based on a multi-electron reaction mechanism may be the most
effective solution to meet the growing demand for high specific
energy secondary batteries. Feng Wu et al.—who are also advanced
battery pioneers in China—report on the key technologies of,
implementation strategies for, and future development of the
new multi-electron battery system.

Recent studies on magnesium secondary batteries have
revealed a promising strategy to increase the energy density in
order to transition from monovalent to multivalent batteries, and
several research groups have made significant progress in this area
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[3,4]. This development trend and the huge opportunity for
sodium-ion batteries (SIBs) are now hot topics. SIBs are naturally
an alternative approach to lithium battery technology, particularly
at a time when lithium resources are in short supply and lithium is
becoming extremely expensive. Moreover, according to Chuying
Ouyang—the chief technology officer (CTO) of Contemporary
Amperex Technology Limited (CATL)—and coworkers, SIBs exhibit
a much longer use span and higher energy density than LIBs and
could provide more room for future concepts of vehicle intelli-
gence. To date, large-scale energy storage has become the major
bottleneck for the promotion and application of renewable ener-
gies. Vanadium flow batteries, which have been developed in China
for a decade, are well suited for grid energy storage and have been
garnering much attention. Xianfeng Li and coworkers, who have
many years of experience in this field, share their views on the
trends in flow batteries in terms of energy density, cost, safety,
and environmental issues. Reducing the cost of flow batteries is
the right development direction, and comprehensive technological
breakthroughs for energy storage are widely needed. It is notewor-
thy that an iron flow battery has recently been proposed for low-
cost energy storage devices [5,6].

Solar power plays a key role in achieving the carbon neutrality
goal, and the new global installed solar photovoltaic (PV) capacity
has grown at a compound annual growth rate of approximately
40%, far outpacing other clean energy sources such as natural gas
and wind. The strong growth momentum of the PV industry comes
from its rapidly decreasing levelized cost of electricity (LCOE) due
to technological improvements and large-scale applications. The
lowest price of electricity produced from large-scale PV plants
around the world has been reduced to 1.04 � 10�2 USD�(kW�h)�1,
and the Chinese government announced in 2021 that PV power
generation would be the biggest power source in 20–30 years,
making up approximately 40% of the total power generation. In
his article, Zhenguo Li, a successful entrepreneur and the chief
executive officer (CEO) of Longji Shares, outlines the technological
improvements that boost the expansion of the PV industry, antici-
pates the evolution of high-efficiency PV cells in the future, and
emphasizes feasible routes for the intensive participation of PVs
in the energy-structure transformation.

In many aspects, perovskite solar cells (PSCs) are revolutionary
energy devices to most PV engineers, and PSCs have drawn increas-
ing attention from the PV industry community due to their poten-
tial advantages of low cost, high efficiency, and a wide range of
applications. Wei Huang—the world’s leading scientist in this
field—and coworkers discuss promising development opportuni-
ties and application scenarios of perovskite-based tandem cells,
which could be a desirable candidate and potential competitor in
the future PV market. It is encouraging to see that a great deal of
progress has been made each year in all kinds of solar cells.

FCs are efficient and clean devices that electrochemically con-
vert the chemical energy of fuels such as hydrogen, natural gas,
methanol, ethanol, and hydrocarbons into electricity, with high
efficiency and relatively low greenhouse gas emissions. They can
provide power for applications across multiple sectors, including
transportation, industrial/commercial buildings, and urban sys-
tems. In current FC technology, cost, catalyzer, performance, and
2

durability issues remain major challenges. Here, Suping Peng
describes the present status of domestic and global proton-
exchange membrane fuel cell (PEMFC) and solid oxide fuel cell
(SOFC) development and report on existing problems in this field
in China. They also summarize the key tasks in PEMFC and SOFC
supply-chain management and provide an outlook on safeguard
measures and policy recommendations, which will be beneficial
for fostering the large-scale commercial development of FCs.
Importantly, Suping Peng’s team has explored integrated gasifica-
tion fuel cells (IGFCs), which can further increase the efficiency
of coal gasification power generation and simultaneously achieve
near-zero emissions of CO2 and pollutants. Improving the quality
of FCs is a common goal of FC engineers across the world; a
research team from the Massachusetts Institute of Technology
(MIT) Material Research Center has significantly increased the life-
time of SOFCs by coating the fuel/electrolysis cell cathode with
lithium oxide, which changes the relative acidity of the surface [7].

Finally, Kevin Kendall et al. overviewopportunities and challeng-
ing issues in the use of hydrogen FCs to replace internal combustion
engines for heavy-duty vehicles, and predict a global surge in hydro-
gen FC battery electric vehicles by 2030. In fact, a fleet of hydrogen-
powered heavy-duty trucks has been introduced in the Tangshan
Haigang EconomicDevelopment Zone innorthern China to optimize
the industrial structure. It is also worth noting that microbial FCs
have attracted many scientists’ attention in recent years, since they
can convert wet organic waste directly into electricity through the
metabolism of the constituent microorganisms [8].

The goal of reaching net-zero carbon emissions worldwide
introduces higher requirements for energy conversion and storage
technology. We trust that these commentary articles related to
emerging and disruptive technologies in this area can offer pro-
found insights to readers in the fields of advanced batteries, solar
cells, and FCs, and can encourage more scientists and researchers
to contribute to shaping the future of new energy sources and cre-
ating a greener and more sustainable world.
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