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Editor's note: With the theme of "Promoting Technology Revolution of Future Energy Accelerating
Green and Low-carbon Transition and Development", the 2024 Pujiang Innovation Forum — Future
Energy Forum invited renowned experts and scholars from home and abroad to conduct in-depth
discussions on the latest research results and practices of future energy technology innovation. This

special report synthesizes the viewpoints of the guests at the Future Energy Forum for your information.
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Revolutionize Future Energy Technology, and
Enable the Transition Toward Green and

Low-carbon Development in the New Era
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Future energy is the key to winning the opportunity of a new
round of technological revolution and industrial transformation. We
should actively develop clean energy, promote the green and
low-carbon transition of the economy and society, a secure and
reliable energy guarantee for the construction of Chinese
modernization, and make greater contributions to jointly building a
clean and beautiful world. The guests present unanimously agreed

that the development of future energy technology that is driven
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by innovation, economically feasible, and supported by security
will inject new vitality into innovative development. We should
have an accurate understanding of the global trend of future
energy development, strengthen future energy technology
innovation and international cooperation and exchanges, and

open up new arenas for future energy.
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1. The latest trends of future energy technology

development
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Firstly, the energy structure focuses on innovative
breakthroughs in hydrogen energy, green fuels, and future
nuclear power. In terms of hydrogen energy, Bao Xinhe, Member
of the Chinese Academy of Sciences, pointed out that the
production of hydrogen from alkaline electrolyzed water has
achieved commercial application. For example, in automotive-grade
hydrogen energy and fluctuating renewable energy, proton exchange
membrane electrolyzed water hydrogen production has shown
advantages. Internationally, PEM electrolyzers have been partially
commercially used, and solid oxide electrolyzed water hydrogen
production technology has reached the state of prototype
demonstration operation, becoming the focus of research and
development in Europe and the United States. Michael Moeller,
Executive Director of Strategic Projects in China, Siemens
Energy, believes that hydrogen combustion in gas turbines can
achieve zero emission discharge of carbon dioxide while
compensating for the fluctuation of renewable energy. In terms of
green fuels, Huang Zhen, Member of the Chinese Academy of
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Engineering, proposed that future development directions include
producing green ammonia by mixing the nitrogen in the air and the
hydrogen produced from electrolyzed water, producing methanol
through carbon dioxide hydrogenation, and producing green fuels
through electrocatalysis of carbon dioxide. Wei Weli, Vice President
of the Shanghai Advanced Research Institute at the Chinese
Academy of Sciences, proposed that the production of green
methanol and sustainable aviation fuels from biomass fermentation
or gasification has been in the stage of partial commercial
production and construction, but most are still in the stage of
research and demonstration. Replacing carbon dioxide with
renewable green electricity, and synthesizing green fuels by reaction
of nitrogen and water, will promote energy structure optimization
and the rise of new industries. In terms of future nuclear power, Luo
Bixiong, Chief Scientist of China Energy Engineering
Corporation Limited, believes that commercial fast reactors can be
achieved before 2035. In the future, key breakthroughs should be
made in technologies including advanced reactors, advanced
materials, and advanced post-treatment, such as molten salt

purification, and actinide separation and purification.
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Secondly, power and energy technological innovation has
exhibited the trend of development through parallel multiple
routes. Liu Yong, Chief Scientist of China National Nuclear
Corporation, proposed that all the strategies of major countries
worldwide focus on achieving commercial use of fusion energy by
the middle of this century, and China's controllable nuclear fusion is
entering the stage of engineering verification (experimental
reactor).However, currently there are three major technological
challenges: steady-state self-sustaining operation of combustion
plasma, high-energy-resistant neutron bombardment and high-heat
composite materials, and trittum breeding and self-sustaining
circulation; as well as three major engineering challenges:
strong-field high-temperature superconducting magnets, plasma
operation and control, and heat conduction. Huang Zhen put
forward a prospect for future green power for ship engineering and
ocean engineering, and pointed out that short-distance ferries and
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small ships can use hydrogen energy; that inland waterway
transportation and coastal short-distance vessels with a higher
tonnage can use electric propulsion; and that long-distance engines
with a capacity of 10,000 kilowatts can use green fuels, while
traditional diesel engines require the addition of carbon capture

systems.
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Thirdly, innovative and diversified technological paths for
energy storage should be pursued simultaneously. Luo Bixiong
pointed out that China's main compressed air energy storage
technology route is zero carbon emission non-supplementary
combustion compressed air energy storage systems. In the future,
compressed air energy storage technology will develop towards
larger single units (600-1000MW), higher efficiency (70-75%
electricity-to-electricity ~ conversion  rate), longer  duration

(continuous discharge time from across days to cross months), and
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more flexible (liquefied compressed air energy storage, and liquefied
carbon dioxide compression energy storage). Huang Zhen proposed
that zero carbon electricity for hydrogen production and synthetic
fuel not only provides green fuel, but also it is a new type of energy
storage method that can achieve cross-seasonal and large-scale wide

area sharing.
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Fourthly, carbon dioxide capture, utilization, and
sequestration (CCUS) should be explored through economically
feasible technological paths. Bao Xinhe believes that the possible
paths for carbon dioxide capture, utilization, and sequestration
(CCUS) include photochemical processes, thermal catalytic
processes, and electrocatalytic processes. Among them, CO
produced by co-electrolysis of carbon dioxide and water using the
medium- and high-temperature proton membrane electrolyzer,
which is combined with green hydrogen to produce synthesis gas,
and achieving zero emissions in coal chemical and CO2 conversion

processes, are feasible technical paths at present.
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2. The transformation of research and development
achievements focuses on the economic feasibility of
various technological routes, emphasizing safety and

controllability
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The first is to pay close attention to whether the revenue is
substantial and promotion is convenient. Wei Wei proposed that
with respect to the technologies of producing synthesis gas through
CO2 and hydroelectric chemistry + producing SAF through
Fischer-Tropsch synthesis, calculating at the current SAF selling
price of CNY20,000/t and the electricity price of CNY0.2/kWh, the
annual operating revenue can reach nearly CNY100 million;

calculating at the electricity price of CNYO0.5/kWh, the annual



operating revenue can reach nearly CNY200 million. Huang Zhen
pointed out that the costs of electrolytic methanol and green
ammonia are CNYO0.188-0.275/MJ and CNYO0.191-0.269/MJ,
respectively, which are on par with that of traditional ammonia
(CNYO0.172/MJ) but slightly higher than that of heavy diesel. The
cost of green fuels largely depends on the costs of hydrogen sources
(green electricity) and carbon sources (biomass and carbon capture),
global carbon constraints such as EU carbon tariffs, carbon quotas,
and carbon rewards and punishments, as well as the zero marginal

cost characteristics of green electricity.
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The second is to pay close attention to whether the benefits
are significant and the prospects are optimistic. Bao Xinhe
proposed that industrial system carbon emissions account for 69.9%,
of which 21% are from the steel industry. The steel industry can
decarbonize iron through reducing iron using hydrogen and

electro-depositing iron using acidic solution. It is expected that the
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electricity consumption of the two path will reach 4,500 kWh/t Fe in
the future, which 1s economically feasible, technically
non-challenging, and has a feasible overall prospect. The long-term
cost forecast for producing methanol through carbon dioxide
hydrogenation can reach CNY2,259/ton, and the cost will gradually
decrease with the decrease of the electricity price, the increase of
methanol scale, and carbon subsidy policies. In terms of green
hydrogen production, improving the efficiency and reducing the

electricity price are key.
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The third is to pay close attention to technological
innovation, risk pre-control, safety and security, and resource
sustainability. Joan Cordiner, Fellow of the Royal Academy of
Engineering in the UK, proposed that industrial decarbonization
requires an increase in risk preparedness for emerging technologies,

such as introducing new policies and regulatory systems, as well as
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formulating new standards on a predictive basis. Huang Zhen
believes that in addition to engine availability, large-scale production
economy, fuel availability, and completeness of legal standards,
safety 1s also a key factor for the large-scale application of green
fuels. Luo Bixiong pointed out that pressurized water reactors/fast
reactors and thermal reactors form a "binary system" and have
become the main nuclear power reactor types for superimposed
development, ensuring the safe and efficient utilization of uranium

resources, thereby achieving energy security in China.
=. EHEHERRREEIR R BRI
3. Recommendations for Shanghai to Promote

Future Energy Development
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The first is to develop a localization plan for green fuels in
Shanghai. Wei Wei pointed out that Shanghai's biomass resources
are limited, which restricts its ability to produce green fuels from
biomass. Under such circumstances, Shanghai should prudently

deploy the biomass synthetic fuel path, and define that the technical
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route and industrial layout of Shanghai's green fuels have important

strategic significance.
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The second is to improve the utilization rate and utilization
methods of renewable energy in Shanghai. Renewable energy can
not only provide electricity for hydrogen production, but also serve
as an important path for converting carbon dioxide. Currently,
Shanghai has great potential for development in the field of deep-sea
offshore wind power. If Shanghai can use 20% of its green
electricity for green fuel production, it will provide strong support
for the development of Shanghai's green fuel industry. Luo Bixiong
also suggested that the source of green fuel can make full use of
wind power and biomass resources in the Northeast China.
Northeast China has abundant wind power resources and sufficient

biomass reserves. Producing hydrogen by integrating biomass, wind
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energy and solar energy and then transporting hydrogen to Shanghai
is a feasible path. Meanwhile, Hunan Province, Hubei Province, and
Jiangxi Province in the middle and lower reaches of the Yangtze

River are also important places for sources of biomass.
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