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The Chinese Academy of Engineering (CAE) has been conducting Engineering Fronts Projects for three years since
2017, which aim of the future development directions of engineering science and technology. The potential Research
Fronts topics were obtained by Clarivate Analytics, which based on the cocitation clustering method and clustered
the top 10% highly cited papers in the Web of Science Core Collection. “Renewable Energy System” got voting No. 1
in this project in 2019 in the field group of Chemical, Metallurgical, and Materials Engineering [1]. Among all 190
papers on this topic there are 8 papers got more than 100 citations in the Web of Science Core Collection [2–9].

Renewable energy (RE) is generated from natural processes that are continuously replenished, which typically
refers to energy resources like wind, solar, biomass, hydropower, geothermal, and ocean energy. Today, the
integration of RE into energy and chemical industries is increasingly studied and practiced, becoming a new trend of
research in chemical science and engineering. Chemical science and engineering play critical roles in the upgrading
of the global economy and society by offering multiple energies and chemicals. However, enormous benefits
contributed by the modern energy and chemical industries are accompanied by several major challenges including
depletion of fossil fuels, environmental pollutions, and global warming [10,11]. Therefore, significant efforts have
been made over the past decades in realizing more sustainable energy and chemical technologies and processes,
which are characterized by introducing renewable energy resources to replace fossil fuels.

As a journal concerning the latest progress in sustainable technologies and green processing, Frontiers of
Chemical Science and Engineering (FCSE) could provide readers with valuable information in the domain of
renewable energy and chemical systems, including producing chemicals and energies for the resources utilization,
as well as developing devices and materials for the energy storage (Fig. 1). In this regard, we present three
categories for indicating the contributions of chemical science and engineering (published by FCSE) in renewable
energy systems.

1 Contributions of chemical science & engineering in the bio-energy system

Bio-energy, compared with other carbon-free renewable energy resources like solar and wind, has much more
interactions with chemical science and engineering; since it can be employed to produce chemicals, fuels, heat, and
electricity via multiple conversion pathways [12]. Therefore, several publications can be found in FCSE for using
chemical or bio-chemical approaches to support the bio-energy generation. Taking biomass, even sewage sludge as
feedstock, multiple chemicals, biogas, and bio-fuel could be produced by resorting to thermal processes. For
instance, glucose, cellulose, xylan, and lignin can be converted into hydrogen-rich gas by using alkali-thermal
gasification at moderate temperatures without catalyst, which offers a promising way for producing the biomass-
based hydrogen [13]. An effort has been made by Mao et al. [14] that upgrades the pyrolysis of bio-fuel from
corncobs via integrating a zeolite-coated cordierite honeycomb into a bubbling fluidized bed pyrolyzer. Biogas is
always a research focus for linking the renewable energy and the chemical engineering among the published works
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in FCSE, i.e., a techno-economic assessment was carried out for generating biogas-based ethylene via oxidative
coupling with methane [15]; the technical and economic feasibility of bio-methane plant with combined heat and
power units was verified by Saracevic et al. [16]; while the possibility of using stabilized sewage sludge to produce
methane-based biogas was also discussed [17]. Besides, biomass fermentation has been regarded as a promising
way for the bio-energy production, such as ethanol from the fermentation of corn stover [18], and hydrogen from the
dark fermentation of raw cassava starch [18]. New materials have also been developed for upgrading biomass
conversion, for instance, carbide catalysts (especially Mo2C/γ-Al2O3) are verified as promising substitutes (for noble
metals) to support the hydro-pyrolysis of biomass [19]; while mesoporous zeolite catalysts would be beneficial to the
bio-fuel upgrading and glycerol conversion [20].

2 Contributions of chemical science & engineering in the solar energy system

As the most abundant form of energy resource on earth, solar energy would be a better option than bio-energy to be
used for the generation of carbon-free chemicals, heat, and electricity [21]. Among the solar energy-related
publications of FCSE, employing the electricity captured from sunlight for the water splitting is always a hotspot.
Recently, Zhang et al. [22] reviewed the literature regarding the self-supported transition metal phosphides (TMP)
electrodes for the hydrogen production via water splitting, where three types of TMP including catalysts growing on
carbon-based substrates, catalysts growing on metal-based substrates, and free-standing catalyst films were
comprehensively analyzed. Xie et al. [23] summarized the design and fabrication of layered double hydroxide
electrocatalysts (for water splitting) that combined with core-shell nanoarrays. Wang and Zhang [24] presented the
recent progress in the transition metal-based nanostructure materials for enhancing the electrochemical water
splitting. Cui et al. [25] prepared N-doped spherical aggregates of TiO2 nanosheet for giving a high conversion
efficiency for solar energy in dye-sensitized solar cells. By viewing the concentrated solar power (CSP) as a
promising system for the utilization of the sun’s energy, Ding et al. [26] summarized and compared several molten
chlorides that could be used as high-temperature thermal energy storage and heat transfer fluid materials in the CSP
system. Besides, solar thermochemical processes were regarded as competitive alternatives that may replace fossil
fuel-based ones, while an efficient design of solar receivers/reactors was offered by Uddin et al. [27] for improving the
capacity of green fuels by integrating the solar energy.

3 Contributions of chemical science & engineering in the energy storage system

For integrating intermittent energy sources like solar and wind power into energy and chemical systems, batteries

Fig. 1 An illustrative figure regarding the contributions of chemical science & engineering in renewable energy systems.
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and electrochemical storage devices are required [28]. Therefore, developing advanced energy storage systems to
enhance the connection between renewable energy and chemical engineering is of great importance in FCSE. For
instance, the above-mentioned water splitting technology is well-accepted as a promising way of storing solar
energy. Besides, reversible solid oxide cells (RSOC) would be a solution for the massive storage of renewable
energy, while a detailed model was built by Er-rbib et al. [29] for confirming the satisfactory performance of the
RSOC-based Power-to-Gas process. Taking lithium-ion batteries (LIB) as a key technology in energy storage,
Zhang and Paillard [30] reviewed some alternative electrolytes in LIB with the characteristic of high voltage and
ethylene carbonate-free, demonstrating that several electrolytes would be preferred to be adopted in LIB. Among the
publications of FCSE, more researches aim at exploiting new materials or upgrading existing ones for enhancing
efficiencies of the electrical energy storage devices. For instance, nickel nanopore arrays acting as nanostructured
current collectors, were utilized for developing ultrahigh rate solid-state supercapacitors [31]; porous polymer with
sulfur and nitrogen doping features were tested in several electrochemical measurements including supercapacitor,
electrocatalyzed ORR (oxygen reduction reaction), and Zn-air batteries, implying that such polymer would be
beneficial to electrochemical energy storage and conversion [32]; while a mini-review given by Zhao et al. [33] was
conducted regarding the functional nanostructure with perfectly-ordered anodic aluminum oxide template,
demonstrating that they could be functional materials in energy conversion and storage devices like
photoelectrochemical, sodium-ion batteries, and supercapacitors.

This work gathers the FCSE papers with diversity contributions in renewable energy systems (by highlighting the
bio-energy, solar energy, and energy storage), which demonstrates that chemical science and engineering should
play significant roles in the realization of sustainable development goals for the whole society, via evolving into the
context of renewable energy resources. As can be observed from the publications of FCSE, bio-energy may
represent an opportunity for providing green chemical products as well as commodity energy; solar energy could
offer renewable-based heat and electricity with minimum pollution to the environment; while electrical energy storage
systems would act as a bridge for better integrating the renewable energy resources with chemical science and
engineering. In general, this is the time for the chemical industry to re-image itself as a champion and driver of
sustainable development by cooperating with renewable energy systems, while many global crises like global
warming and pollutions, as well as fossil fuel depletion, would be averted or mitigated automatically.
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