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Green innovation in China’s
maritime industry

China Classification Society is focusing on green technology in the maritime industry 

Source: CCS

ccs China has committed to making the 2020s its decade of peak CO2 emissions, before reducing them to
zero, or zero-equivalent, by 2060. This is a formidable ambition for the world’s capital of manufacturing; but the
good news is that China is in position to harness a huge amount of renewable energy over the coming decades.
China Classification Society (CCS), as well as other organisations, are pioneering research and
innovation into the use of alternative fuels and harnessing green energy in the world’s biggest maritime nation.
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hina has vast potential for both onand offshore wind energy, amounting
to around 3,500 TWh. If harnessed,
this would have been enough to provide
about half of China’s power demand in
2019. Over the course of 2020, a year beset by the worst industrial slowdowns
from Covid-19, China still managed to add
100 GW of wind energy capacity, equivalent to more than double the entire power
consumption of the UK.
Wind energy is likely, therefore, to be
the biggest area of renewable growth in
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China in the coming decades. But, as elsewhere, it requires an important prerequisite
– a solution to the problem of intermittency. That is, the fluctuations in wind power
which cannot be easily matched by ramping-up-and-down of other sources.
Offsetting the cost of new turbines with
supplementary energy generation pro
cesses, however, operated at times of surplus, will enable China to make the best use
of its extraordinary natural resources, and,
like many countries, it is coming to recognise the role of maritime as a suitable vec-

tor for this change, through the medium of
hydrogen.
Alongside e-fuels like methanol and
ammonia, hydrogen can be used as a storage medium – akin to a fluid battery – for
surplus renewable energy. Used in ships,
hydrogen could become a mutually beneficial enabler for surplus wind power energy
while also replacing heavy polluting fossil
fuels.
“The Chinese Government has established a long-term goal to become a carbon
neutral country by 2060,” said Jia Siqing,
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general manager of Industrial Products for
CCS Wuhan branch. “We must also reach
the peak of carbon emissions before 2030.
As the marine industry is one of the major
sources of these emissions, it must make its
share of the contribution to this inspiring
target.”

A hydrogen economy
Hydrogen can be produced in various ways.
Currently, almost all hydrogen is produced
via steam-reforming, a complex process using fossil fuels as a feedstock, and generating
considerable CO2 emissions. But hydrogen
can also be produced using renewable energy. In fact, when renewable electricity is
applied to the manufacturing of hydrogen
through electrolysis, it can achieve an efficiency of around 50%.
Hydrogen (H2) is a handy fuel, generating only water, or water vapour, as an exhaust product. One of its most intriguing
aspects is that it can be used in fuel cells, an
immature but still promising technology.
As it stands, alkaline fuel cells, the most
efficient existing today, are capable of 60%
efficiency – in other words, almost double
what can be achieved with a conventional
internal combustion engine (ICE). Making
use of waste heat from the reaction, the efficiency rises to 87%.
Though CCS is exerting considerable
effort into making fuel cells viable in the
maritime sphere, there are hurdles to overcome. Vibration, extremes of temperature,
the tilting and swinging motions associated
with ships, as well as damp – these factors
will have to be rigorously tested. In 2015,
CCS published its ‘Guidelines for Application of Fuel Cell System’. This was followed,
this year, with a type-approval for Wuhanbased Troowin Power System Technology
Co., a manufacturer of marine fuel cells.
CCS’ next project comprises tests on a
2,100dwt bulk carrier, which will sail along
the Pearl River, in Guangdong province,
with four 130-kWh fuel cells. In this application, the vessel will be in a position to
bunker hydrogen regularly, and so will not
require huge storage capacity. But, in order
to be usable for deepsea shipping, the maritime industry will almost certainly have to
find a way to store vast quantities of hydrogen in a small space.
“Since hydrogen is the lightest natural
element, more space is needed to store it,”
Siqing said. “We are looking at methods to
create hydrogen at sea, such as the use of
methanol or ammonia, which can be transported easily and cheaply.”

Methanol can be manufactured using
a method which combines renewably
generated hydrogen with captured and repurposed CO2, to make a fuel which is
relatively energy-dense, liquid at room temperature, and as non-toxic as conventional
marine diesel.
Meanwhile ammonia (NH3) acts as
another hydrogen storage medium, by
combining it with nitrogen. It can be stored
at −33.34°C, a much easier process than
liquid hydrogen, which requires -252.87⁰C.
However, for the time being, Siqing
said, “Our main focus of our work is carrying enough bulk hydrogen for an entire
voyage. We think liquid hydrogen would be
a good contender for this. In the meantime,
high-pressure gas cylinders would be a reasonable solution for small and short-voyage
vessels.”

Internet of Things
The Internet of Things will bring huge
benefits for efficient ship operation. The
traditional single, massive drivetrain – that
is, an HFO-fired engine the size of a large
building, driving a single enormous propeller – that shipping has come to rely on, is
likely to give way to a distributed, electrical
propulsion system. Many systems will feed
power into this network – fuel cells, batteries, and possibly renewable energy sources
such as wind and solar – and each will be
electronically controlled, communicating
with the other components automatically,
and dynamically altering loads in a way that
is more akin to a power grid than a drive
train.
But this communication will be external as well, and the implications of this are
no less beneficial. With a new ability to record vast amounts of operational data from
vessels, this can be leveraged to gain key –
and actionable – insights.
However, one challenge is that without
expert input, it is difficult to look at raw
data and generate beneficial findings every
time. The expertise for this is difficult to
come by, and not all shipping companies
are lucky enough to have it available inhouse; however, sharing this data with third
parties can be a gamble.
In August last year, CCS sought to address this issue with the China Ship/Shipping Blockchain (CSBC), a new means for
owners to share their data with trusted parties. The measure will enable extraordinary
efficiency gains, without opening companies up to the possibility of ransomware
and corporate espionage.

Batteries
CCS is also examining the potential of battery power. While the general consensus is
that lithium-ion batteries lack the energy
density to support deepsea shipping, many
vessel types will be able to make use of them
for other means. This is because of a batteryelectric propulsion system’s ability to ramp
up and down at a moment’s notice, versus
long spin-up times for conventional ICEs.
Where this comes in handy is in settings
where rapid changes in propulsion demand
would otherwise cause massive inefficiencies in ship operation as engine RPM tries
to compensate – such as in tugs, icebreaking
vessels, and offshore vessels. In these cases,
batteries can perform the same function as
hydrogen does for power grids – load-levelling; the ability to take in power at times
of surplus, and discharge at times of high
demand. Operating in this way, a vessel’s
engine can run near-constantly at its most
efficient level, while the battery charges and
discharges to match propulsion demand.
Another possible application of battery
propulsion could be important in meeting
with one of China’s biggest pieces of maritime legislation – the three ECAs in the
Pearl River Delta, the Yangtze River Delta
and Bohai Bay. From 2022, the cap will be
0.10% in some areas, versus 0.5% for the
global IMO Sulphur Cap which entered
into force in 2020.
With the help of energy storage systems, vessels could operate on full-electric
power during their time in coastal waters.
It would also be possible to recharge them
in port, using one of China’s many shore
power facilities.
Following detailed studies, CCS has
proposed a multi-level strategy for battery
safety, which incorporates layers of protection for individual cells, for modules,
for battery cabinets, and battery compartments. The first three levels of protection
give priority to preventive measures before
any potential accident, while the fourth
level gives priority to containing the results
of an accident.
Shifting the model for ship propulsion
from ICEs to electric motors powered by
batteries – or hydrogen fuel cells – will afford much more granular control of the
ways vessels operate is likely to lead to substantial fuel savings, CCS says. Automated
control of propulsion systems will come to
be seen as the only way to compensate for
these moment-to-moment changes, however. This is why digitalisation, automation,
and cyber security must develop in parallel.
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