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Academician Ding Zhongli predicted that in the future, photovoltaics and wind power can meet around
70% of energy demand, but some areas like steel, cement, aviation transportation and ocean-going bulk
carriers still rely on fossil fuels. Hydrogen power can not only solve the problem of renewable energy
absorption, but also become the ultimate decarbonization solution in areas where green electricity cannot
cover. However, the current cost of green hydrogen is still high. How can we lower the cost? Which links

are worth focusing on?

Onshore wind power remains one of the cheapest power generation technologies, followed by
photovoltaics and offshore wind power, with costs lower than new coal-fired power. As offshore wind
projects are gradually opening up in various places, demand for offshore wind is warming up. Which links

will benefit the most? The following is a sharing from Rosefinch’s annual strategy meeting in Dec.

We believe that the driving force behind hydrogen's future development will come from the process of
achieving carbon neutrality, where green electricity plus green hydrogen can solve energy security,
economic and green sustainable issues. Hydrogen can solve deep decarbonization in industries like steel,
cement and aviation shipping that wind and solar cannot fully cover. Wind, solar and hydrogen are indeed

complementary and mutually reinforcing.
From various countries' planning and layout, by this year more than 50 countries have released their own

hydrogen strategies. Judging by the planned electrolyzer installation capacity and related investment funds

in these strategies, the whole hydrogen industry involves hundreds of billions USD in investment scale.
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Publicly announced hydrogen investment funds situation
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In China, green hydrogen projects performed very well in 2023. Ku'erqi in Xinjiang was China's first
10,000-ton-level green hydrogen project. It has been fully built and put into production, marking a
breakthrough of China's green hydrogen scaled application. Additionally, Da'an project in Jilin this year is

one of the world's largest green ammonia projects.

From an industrial perspective, the development of electrolytic hydrogen production is quite rapid.
According to industry statistics, the scale of electrolyzer project tenders in China this year has accumulated
to over 2GW, approaching 3 times the electrolyzer output in 2022. The proportion of alkaline electrolysis
exceeds 90%.
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1. The Four Challenges of Green Hydrogen.

From an industrial stage perspective, while some demonstration projects have already started operation,
the whole industry is still at the initial stage. Whether it is electrolyzers, system optimization and

configuration, or downstream application matching, there is still much room for improvement. In addition,
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the current cost of green hydrogen is relatively high, while downstream application scenarios, future
absorption terminals, policies and other factors are likely still insufficient to support large-scale commercial

applications of green hydrogen. Some of the current issues are:

First, the cost of hydrogen production is still relatively high. The hydrogen production cost of the Ku'erqi
project in the early stage was 28 yuan/kg, twice the current cost of coal-based hydrogen production.
Electricity accounts for more than 70% of the cost. In the future, with the improvement of renewable
energy utilization efficiency, including performance improvement of electrolyzers, there is still great

potential to further reduce hydrogen production costs.

Second, hydrogen management faces certain constraints as a hazardous chemical. For a long time,
hydrogen has been managed as a hazardous chemical. Its production and use need to be carried out in
chemical industrial parks. In addition, road transportation of hydrogen gas is also regulated by different
jurisdictions and rules, and cross-regional transportation is also greatly restricted, which limits the

development of the hydrogen energy industry and expansion of application scenarios to some extent.

However, we also see that after China clarified the energy attributes of hydrogen, local governments have
also made positive adjustments to hydrogen energy management policies. Places like Guangdong, Hebei
and Jilin have introduced policy optimization and relaxation for the hydrogen production process. They
now allow the construction of electrolytic green hydrogen projects outside chemical industrial parks, which

is conducive to reducing future green hydrogen production, storage, and transportation costs.

Provinces relaxing restrictions on hydrogen production
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Third, the domestic carbon trading price is still relatively low, which does not fully reflect the value of
green hydrogen. In addition to technological factors, there are also issues of non-technical costs such as
land, capital costs and taxes. Subsequently, national policies related to green hydrogen will also play a key

role in promoting industry development.
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Finally, with the introduction of new guidelines for the green hydrogen standards system, industry
standards will gradually be established in the whole industry chain, laying a foundation for standardization
of each link. In addition, the publication of standards for 70MPa Type IV hydrogen storage cylinders and
valves has further enhanced the product strength of fuel cell vehicles and is expected to further achieve

cost reduction in the future.

2. Future Cost-reduction Path of Green Hydrogen

Cost is a major influencing factor limiting the large-scale development of green hydrogen. What are some
pathways to reduce the cost of green hydrogen? We believe that we should continue innovation with

reference to the experience of photovoltaic development, such as large-scale electrolyzer tanks.

Looking at the green hydrogen industry this year, different downstream customers have put forward
different demands for electrolyzer tanks for different projects, such as the conventional products of 500
cubic meters and 1000 cubic meters, and the demands for 1500 cubic meters/h and 2000 cubic meters/h
electrolyzer tanks have been proposed this year. Some steel companies have even proposed 3000 cubic
meters/h electrolyzer tank demands based on their own circumstances. Equipment large-scale is the future

trend, with the source being technological innovation.

In addition, the large-scale development of single tanks can significantly reduce CAPEX. According to the
information publicly released at the conference of a leading domestic electrolyzer tank company, for a
150MW green hydrogen project, if 2000 cubic meters products replace the original 1000 cubic meters
products, it can save about 20% of hydrogen production equipment costs and 30% of land costs. We
believe there is still a very large space for innovation in alkaline water electrolysis hydrogen production

technology in the future.

In addition, we believe that the progress of different hydrogen production technologies will also have a

more significant driving effect on cost reduction in the industry.

Looking at this year, alkaline electrolyzer tanks have occupied the main market share in China. Compared
to electricity consumption between alkaline electrolyzer (ALK) and proton exchange membrane
electrolysis (PEM), alkaline electrolysis tanks no longer have obvious disadvantages. However, the price
of PEM electrolysis is currently 4-6 times that of ALK electrolysis, thus showing clear advantages for ALK.
The future development of PEM electrolyzer tanks is more likely to reduce cost by substituting precious

metals in electrodes and catalysts.

Solid oxide electrolyte (SOEC) may be a relatively optimal solution in special scenarios in the future, such
as nuclear power and power plants, where there are heat sources. But SOEC’s durability, manufacturing
processes, etc. still need to be improved. The AEM (anion exchange membrane) method integrates the

advantages of ALK and PEM, but is currently in the basic material research and development stage.
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Different hydrogen production technologies are suitable for different scenarios.
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Source: Qingyunlian, Rosefinch.

Regarding alkaline electrolysis stacks, the conventional view is that relatively mature alkaline electrolysis
stack technologies are not very advanced, which is one of the reasons why hundreds of companies

announced entering the alkaline electrolysis stack field this year.

Firstly, from the perspective of manufacturing alone, the structure of alkaline electrolysis stacks is not very
complex. However, we believe that future industry development and technological innovation need to be
appropriately combined with future demand. Large-scale single-cell development brings comprehensive
challenges in terms of energy efficiency, performance, stability, safety, and other aspects. This not only

requires material system innovation, but also system optimization and structural design improvements.

For example, future materials need to balance current density, cost, energy efficiency, and small channel
field optimization in the system structure. Adapting the end plate, support structure, fasteners, pipeline
connections and other structural design for large electrolysis stacks is necessary to avoid potential safety
issues such as leaks. Therefore, there is still room for innovation to improve the efficiency, safety, and

reliability of electrolysis stacks.

Secondly, in addition to large-scale electrolysis stacks, cost reduction paths also include scale and
standardization. Compared with last year, the shipment volume of electrolysis stacks in 2022 was only
about 700MW, which is relatively small. Many key components of electrolysis stacks have not been mass-
produced, which has also led to relatively high costs for this part of the components. With industry scaling

up in the future, there will be more significant space for reducing overall industry costs.

In addition, standards for electrolysis stacks also need to be improved. Referring to the past experience of
more than ten silicon wafer specifications for PV, which will likely gradually unify into a few in the future.
Currently, each domestic project also has its own standards for electrolysis stacks, with strong

customization for different project products and downstream application scenarios, with different designs
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for electrolysis stack components, small channel structures, etc. Industry standardization could potentially

lower the difficulty of cost reduction in the supply chain and reduce wasteful resource inputs.

3. Thoughts on Green Hydrogen Positioning

In thinking about the future positioning in hydrogen energy sector, there are several links that need to be

fully grasped.

The first link is hydrogen production. Electrolyzers are rather determined links with relatively high value.
In the past, the overall market space was relatively small, and many links did not receive enough attention
or sufficient technical investment to further upgrade. In the future, as the industrial space expands, trends
of large-scale electrolyzer standardization and industrialization may bring development opportunities to
links such as materials, processing, and equipment, while involving multiple scenarios such as electricity,

chemicals, and steel. The redesign of related instrument parts may also bring new opportunities.

The second link is storage and transportation. As important basic infrastructure connecting the upstream
hydrogen production and downstream application, storage and transportation are likely to be initiated first,
while also being the bottleneck for the decline of terminal hydrogen prices. In terms of storage and
transportation, gaseous hydrogen storage over short to medium distances is very likely to be widely
deployed first; pipeline hydrogen transportation projects will gradually start construction; and domestic
technologies such as liquid hydrogen, solid-state hydrogen storage, green methanol, and green ammonia

will gradually mature.

The third link is two new bright spots on the downstream application end. With technological progress,
recently a major hydrogen fuel cell company announced that system costs have dropped to RMB2,500/kW,
a significant decline from RMB18,000/kW in 2017, and are expected to dectrease to RMB1,000/kW by
2025. With rapidly falling costs, hydrogen applications in commercial vehicles may gradually increase,

bringing long-term investment opportunities.

In addition, since this year, under the EU's decarbonization policies, the demand for green methanol and
green ammonia for shipping has increased substantially. Looking at the recent 500,000-ton green methanol
project signed between Maersk and Chinese enterprises, the certainty of future demand space is rather
high. In addition, according to statistics from shipping association, in the first seven months of this year,
the total order volume of methanol-fueled ships in Europe was 122 ships, up from 35 ships last year,
which may bring tremendous future demand for green methanol and correspondingly higher demand for

green hydrogen.
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DNYV estimates Methanol-fueled carrier numbets continue to rise
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4. The Bright Spot of Global Wind Power: Offshore Wind

According to BNEF statistics, after more than 10 years of technical progress, the cost of electricity for
onshore wind and offshore wind power has decreased by 70%. Onshore wind power is still the cheapest
power generation technology, followed by solar photovoltaics and offshore wind power. Although the
cost of electricity for offshore wind power is 76% higher than that of onshore wind power, it is still lower

than the construction cost of new coal-fired power.

Related data shows that to achieve global net zero emissions by 2050 and keep global warming within 2°C,
renewable energy will dominate the power sector at that time, and it is estimated that wind power will

account for 36%, exceeding solar photovoltaics.

2000-2050 Share of different power generation technologies in global power generation
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Sources: BNEF, Rosefinch.
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Looking at wind power globally, GWEC forecasts that global wind power will add 680GW from 2023 to
2027, with a compound growth rate of 15%, with China being the main contributor. Specifically, onshore
wind power added globally is expected to be 550GW, with a compound growth rate of 12%, while offshore
wind power should be a bigger highlight. According to relevant data statistics, global offshore wind power
added is expected to be 130GW, with a compound growth rate of 32%. The proportion of offshore wind
power additions from 2022 to 2027 will increase from 11% to 23%. Globally, it is expected that global
wind power additions in 2023 will exceed 100GW, and global wind power will complete another 1TW in
additions from 2024 to 2030.

5. Onshore Wind grows steadily while Offshore Wind demand recovers

In 2023, domestic offshore wind power, especially offshore wind power, was to some extent affected by
certain restricting factors. However, with the introduction of the "single turbine over 30 MW" policy in
the second half of the year and the advancement of other factors such as shipping channels, these
restricting factors have gradually been resolved, and the construction of offshore wind power next year

may accelerate.

Looking ahead to 2024, onshore wind power is expected to grow steadily. The wind power installation in
2023 was lower than previously expected by market, but with the resolution of restricting factors in

offshore wind, wind power demand in 2024 will warm up further.

By combining the wind power tendering data statistics from various provinces and cities, including the
difference between wind power bidding and installation in 2023, onshore wind installation in 2024 is
expected to be around 60-70GW. Benefiting from the removal of restrictions in Jiangsu, Guangdong and

other places, offshore wind power next year will exceed 10GW, with year-on-year growth of over 50%.
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Looking further ahead, China has huge potential for offshore wind development. By the end of 2023,
China's cumulative offshore wind installation was only 30GW, accounting for just 1% of the available

development resources, and there is still great potential for development farther offshore in the deep sea.

In September 2023, the National Energy Administration issued a notice on "Organizing and Conducting
Renewable Energy Development Demonstration Projects", proposing to support technologies such as
+500kV and above flexible AC transmission systems, offshore wind turbines over 15MW, and new
floating foundation technologies, and that the single project scale of offshore wind power demonstration
projects in deep sea areas shall not be less than 1GW. With the background of offshore wind development
more than 30 kilometers offshore and in waters more than 30 meters deep, the national policy has provided
definitive guidance for deep-sea offshore wind technologies and evaluation demonstration projects, which

is expected to promote state-controlled maritime projects.

6. Sea cable and monopiles may benefit first

Here are some thoughts on positioning in related industries benefiting from the warming offshore wind

demand and development towards deeper waters:

Monopiles are the columns that support the wind turbines, and are one of the first stages to be delivered
in offshore wind farm construction. They directly benefit from the warming offshore wind demand.
Currently the usage of monopiles for a 1GW offshore wind farm is about 200,000 tons. As offshore wind

moves towards deeper waters in the future, the usage is expected to increase with water depth.

Monopile usage increases with water depth

3% r
= 30 |
=
0o 25 }
.g_}
R 20 |
H 15
BE
Z 10 ¢t
Et-
H 5|
8
0 A A I A A A A A J
0 5 10 15 20 25 30 35 40 45

L /K% (m)
Sources: World Bank, GWEC, Rosefinch.

Because monopile production capacity is limited by suitable ports and lands, the demand should be able

to take up monopile supply in the next 2-3 years. Some components like supporting structures will have
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favorable outlook due to production equipment constraints and few planned additions in manufacturing.
Given the backdrop of warming offshore wind demand, the monopile business is expected to experience

rapid development.

After power generation from wind turbines, sea cables are required to transmit the electricity from offshore
wind farms to onshore substations. With the development of offshore wind towards deeper waters and
larger capacity, the requirements for cable quantity and technological sophistication will increase

significantly.

On the supply chain side, some domestic links that are relatively tight may have greater opportunities to
go global considering the cost pressure in overseas wind power, in particular wind turbines. Looking at
China's wind turbine production capacity, it accounts for nearly 60% of global capacity. However,
compared to the globalized solar PV industry currently, China's wind turbine exports only account for 3%
of the overseas market. Considering the impact of domestic wind turbine price wars in recent years,
domestic wind turbine prices of 7500-8900 yuan/kW are much lower than overseas prices. This should

accelerate Chinese wind turbine manufacturers' exploration of overseas markets with better profitability.
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Moreover, one major overseas manufacturer experienced quality issues this year. Combined with higher
delivery costs and longer delivery cycles due to high inflation abroad, this also drives oversea wind farm
developers to switch to higher cost-effective and more reliable Chinese wind turbines. In the future,
Chinese manufacturers with global deployment capabilities and advantages in technology R&D and cost
control may benefit from overseas demand.
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With the rapid development of offshore wind power in Europe and other overseas markets, the current
production capacity of cables and monopiles cannot adequately meet future development needs in Europe.
These two segments are expected to accelerate into 2024.

We hope that by sharing Rosefinch’s views, we add value to your day.

We endeavor to provide timely English version of Rosefinch’s publications. For any English translation of the original Chinese
article, in case of any discrepancy, the Chinese version takes precedence.
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The information and data provided in this document is for informational purposes only and is not intended as an offer or solicitation
for the purchase or sale of any financial products or services. This document is not intended for distribution to, or usage by, any person
or entity in any jurisdiction or country where such distribution or usage are prohibited by local laws/regulations. The contents of this
document are based upon sources of information believed to be reliable at the time of publication. Except to the extent required by
applicable laws and regulations, there is no express or implied guarantee, warranty or representation to the accuracy or completeness
of its contents. Investment returns are not guaranteed as all investments carry some risk. The value of an investment may rise or fall
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