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@ Portdigitalization = Wond GEnk
*  Asian Development Bank
. Lo European Commission
@ Greening of ports | Inland shipping ° Netherlands government
. i Focus areas BSAIE
Maritime secretariat NL = APEC, APSN

= Integrated IWT masterplans

Ministries of Transport
= Sustainability and greening of IWT

TR . - *  Waterway Authorities/Managers
. IWT digitalization | automation «  ICT applications and digitalization ¥ - / .
Port Authorities

* Feasibility projects

. * Private sector associations,
. IWT infrastructure = Capacity building and training . i
Individual companies
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Introduction Study ADB

Proportions of Energy Consumption of Various

Decarbonlzmg Shlpplng sectors in the People’s Republic of China (%)

in light of international agreements

v Industry
AP el ¥ ' v = = . Communication
Energy and transport
consumption per Agriculture, forestry,
sectorin PRC animal husbandry,
and fishery
Total Construction

5.229 billion
tons

Wholesale and retail,
accommodation,
and catering

Others
PRC = People’s Republic of China.
Notes:
1. Total energy consumption is presented in standard coal equivalent
(SCE).

2. Consumption of coal, oil, natural gas and other energy source have
been uniformly converted into SCE.

Source: Government of the People’s Republic of China, National Bureau
of Statistics. 2023. China Energy Statistical Yearbook 2022. Beijing: China
Statistics Press.




Introduction Study ADB

F1 Development of New Energy Applications in Ports and Shipping (55032-001) ADB -
TA-6882 PRC

* Objective: develop a strategy for accelerated adoption of green solutions in ports &
shipping

- Based on experiences in China (a.o. Qingdao and Huzhou) & international practices (both
technical options and policies)

« Capacity building for:
o Knowledge sharing and exchange several government bodies involved in port and IWT
planning
o International knowledge exchange; share experiences from China

* Focus on solutions for inland shipping sector, applications in and for coastal and

inland ports and major seaports (from clusters) from the perspective of energy supply
chains / corridors

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.
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PRC: Overview Port Sector

Some statistics on ports

« 16 out of 20 largest ports in the world in
PRC

* Ningbo Zhoushan Port the world’s largest
port

« Total cargo throughput: 15.685 billion tons

* International trade: 4.607 billion tons

* Almost 296 million TEUs

Some views on “greening ports”

« Long-standing reliance on fossil fuel

*  World-class ports: “safe and convenient,
intelligent and green, cost-effective and
efficient, powerful and cutting edge”

Cargo volumes on China’s waterways and ports and timeline of policy reforms, 1978-2018
450,000 -

400,000 - . . .
16 specific policy measures that led to dramatic

increases in cargo volumes

14
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Source: Ministry of Transport, PRC, World Bank Study B Cargo M Port throughput

* Renewable energy is gaining momentum; 70% of demand still from thermal power

plants
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PRC: New Energy in Ports

« Solar, wind, hydrogen, and tidal energy, bioenergy to
power port industries and operations

* Multi-energy integration based on utilization of electric
energy

Renewable energy for thousands. The PRC has constructed its first combined
tidal and solar power station. Located in Zhejiang Province, the station will
provide electricity to 30,000 homes (photo by Guodian United Power and
Zhejiang University).

Estimated Costs of Energy from Renewable Sources

Technology

Investment Cost

660 MW installation:
CNY2,500 million

Distributed generation
CNY8.10/W

3 MW equipment:
CNY9.30 million
CNY~3,100/kW

1,000 m3/h
installation:
CNY13 million

1 MW installation:
CNY33 million

Transport Cost

CNY0.20-0.30/1,000 km

Nearby used, short
transmission lines, negligible

CNY0.20-0.30/1,000 km

CNY20 MPa: 21/500 km/kg
CNY50 MPa: 9.64/500 km/kg

Nearby used, short
transmission lines, negligible

Energy Price

CNY0.30-0.40/kWh

CNY0.36/kWh

CNY0.27-0.35/kWh

Gray: CNY12.80/kg
Green: CNY24.40/kg
CNY0.38-0.73/kWh

CNY0.45-1.40/kWh

h =hour, kg =

Notes:

1. This figure assumes that the lower heating value of hydrogen of 33.33 kWh/kg is applied.
2. A megapascal is a unit of pressure according to the International System of Units.

3
kilogram, km = kilometer, kW = kilowatt, kWh = kilowatt-hour, m* = cubic meter, MPa = megapascal, MW = megawatt, W = watt.

Sources: J. Cao et al. 2021. Current Status of Hydrogen Production in China. Progress in Chemistry. 33 (12). pp. 2215-2244; Carbon Commentary. Some Rules
of Thumb of the Hydrogen Economy. https://www.carboncommentary.com/blog/2021/6/11/some-rules-of-thumb-of-the-hydrogen-economy; Government
of the People’s Republic of China, National Energy Administration. The LCOE of Photovoltaic Power Generation in China Has Dropped by 90% in 10 Years
[in Chinese]. http://www.nea.gov.cn/2018-04/13/c_137108373 htm; H. Qing. 2023. China is Putting New Energy and Investment into Tidal Power. The
Maritime Executive. 23 February. https://maritime-executive.com/editorials/china-is-putting-new-energy-and-investment-into-tidal-power; Xiamen Mibet
New Energy Co., Ltd. 2021. What Are the Aspects of Photovoltaic Power Generation Cost Calculation? How Are Costs Assessed? [in Chinese]. 19 May.

https://www.mbt-energy.cn/news/industry/2105192.html.
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PRC: New Energy
Technology

« Zero-carbon terminals, electrification of (automated) port

equipment, hydrogen fueled trucks and rail gantry crane,
OPS

Zero-Carbon Terminal in Tianjin Port

KEY CHARACTERISTICS

Hydrogen fuel at Qingdao Port. Pictured
—, above are pipes for pumping the hydrogen

electrifi Electric av guided vehicles are already :\Tel Cloliucls alsiuel S ton oheluby
operating in Qingdao Port (photo by Nestra). estra).

Shore power

All berths equipped with shore power facilities;
technically capable vessels can now be connected.

Electrification equipment

All terminal and handling equipment is
electrified, with no fossil fuels or carbon emissions.

Renewable energy

Wind and solar energy sources generate 50 million
kWh per year (more than the total terminal
consumption of 45 million kWh), with 70%
self-consumed and 30% sent to the main grid,
where it is used during downtimes.

Power-generation system

New (internal) energy power-generation
system avoids long-distance transmission lines,
and reduces utility costs and energy loss.

Onshore power. This is a view of the onshore power facility in Luzhou Port,
the first one completed in Sichuan Province (photo by Sohu, Inc.).
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PRC: Some challenges in Ports with

New Energy Application

« Portintegrated energy systems: optimized energy exchange in
port domain (heat, natural gas, hydrogen)

* PRC sea ports and inland ports have to adapt to future energy
technology for used to power vessels (LNG, Battery-Electric,

Methanol, Hydrogen)

* Close to 2% of the vessels in numbers operate on an alternative

fuel.

* New vessels on order, by number: 21% have alternative fuel

technology.

* Onshore Power Supply challenges for further upscaling in PRC

exist:

o Safety (circuit breakers, high-voltage)
o Power frequency not standardized for vessels
o Older vessels not able to connect to OPS

Alternative fuel uptake in the world

Ships in operation 5 Hydrogen
] 27 Methanol
98.29% 91 LPG
conventional 800 Battery/Hybrid
fuel
World fleet 1079 LNG
2002 Total
Ships on order 5 Hydrogen
26 LPG
73.8% =151 Methanol

conv:ntlional | 295 Battery/Hybrid
ue
Order book 829 LNG

1376 Total

Source: Maritime forecast 2050, Energy transition
outlook 2023, DNV, also based on IHSMarkit data.

OPS installations in PRC ports
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PRC: Roadmap for New
Energy Application

Three-Step Carbon-Reduction Plan for Ports in the People’s Republic of China

Focus an
port automation

Long-term
near-zero
carbon goal

Energy-saving
conversions

Low-carbon-
management
platform

Appeal of new energy
firms

Port energy-logistics
coordination

Major equipment
electrified,
hydrogen tech

Promotion of clean
energy

Integrated resource
management

Source: Nestra.

Guiding, Organizational and Market Stimulation policies to
support

°

Port grid load layout optimization and new energy power system

*  Promotion of green port technology in parallel with intelligent
systems

* OPS and clean energy cutting direct emission of vessels

 Integrated port energy systems with hydrogen production and
storage

* Microgrids in sea and inland ports

Schematic Overview of a Multi-Energy Port

N
\
|
|
. Electictyfiow >~ = ey l l !
g Thermal flow Lo~ | I
—>  Fuelfiow - S = s L
=== Energy control signal S { L‘(
Logistic control signal = 7
-~
~==4  Fuel control signal ) ‘l‘& ey

CHP = combined heat and power, ESS = energy storage system, PV = photovoltaic.

Grids. Singapore: Springer

Source: $. Fang and H. Wang, 2021. Multi-Energy Management of Maritime Grids. In Optimization-Based Energy Management for Multi-Energy Maritime
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PRC: Inland Waterway Transport sector

IWT network .

«  “2-1-2-18 network”

* Blueprint and roadmap for the
development of IWT in China

- Classification waterways was b
important first step, followed by P,
synchronizing fleet and ports | .
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PRC: New energy application in inland
shipping

Comparative Overview of Global Emission Standards for Inland Vessel Engines

- Low emission standards in view of 06- Marine Engine Emissions Standards
L B MO Tier Il CIMO Tiernl
decarbonization goals | (speed > 2,000 rpm) | (speed 2,000 rpm)
0.5 ' :
China Stage 117
= ! : 25-30 liters;
* > 460 LNG-powered vessels, % 04 5 | power>2,000 kW
typically the larger cargo vessels ?é’
= 0.3
« > 80 all-electric inland waterway . ; China Stage II
. b3 ' " :
vessels (greater than 20 meters in & power * 2,000 kW
length o1 |
o 4*=EU Stage V© h
« 20 all-electric vessels > 3,000 0 2 4 6 8 10 12
DWT NOx (+HC) emissions limits (g/kWh)

EU = European Union, g = gram, HC = hydrocarbon, IMO = International Maritime Organization, kW = kilowatt, kWh = kilowatt-hour,
NOx = nitrogen oxide, PM = particulate matter, US = United States, rpm = revolutions per minute.

Note: Emission standards depend on the engine-rated speed, displacement per cylinder, or on the rated power.

# Standards for PM and NOx + HC, which took effect in 2021.
® Standards for PM and NOx, for engines with rated power 600 kW and < 3,700 kW, phased in 2014-2017.
¢ Standards for PM and NOx, for engines with sated power 300 kW, phased in 2019-2020.

Source: National Resources Defense Council. https://www.nrdc.org/.
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IWT Greening Strategy

Use of alternative fuels New logistics concepts.

4 « LNG/CNG « Synchromodality

« GTL « RIS as supporting tool for transport

« Biofuels management

« Methanol + Digital market places for cargo flows

+ Ethanol

I New cargo flows

Air pollutant emissions reduction ®
@ « Find your (water)way

+ Alternative technologies @ » (Containerised) LNG as cargo

« After-treatment + Cold/food chain transport

+ New engine concepts/ + Continental cargo flows

optimisation NEW LOGISTIC
CONCEPTS

City logistics

gnergy consumption reduction New vessel concepts

+ Vessel concepts for the efficient use of
small inland waterways

+ Optimal cargo load

= Automation of navigation / vessel-trains

+ Energy-efficient navigation
» Energy efficient ship design

Hybrid/ Diesel-electric propulsion
Electric propulsion

(EIBIP, source NAIADES Il Common Expert Group meeting)
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IWT Greening — Implications Alternative

Including tank weight
40 K Factor compared to Volume Packaging
eroyene be diesel fuel factor based factor ship
LNG
Diesel
30 ° Methanol 2,3 1
. LNG 1,6
P L-He - DME
2 ! o NH3 cooled 3,1 1.1
NH3 10b 3,1 2
NH3 10bar g ° Methanol -
' cryogenic H2 6,3 2
10 -
H2 700 bar NH3 cooled comp. H2 700 bar 71 2,5
°
comp. H2 350 bar 12,5 2,5
0 Battery 50 2
10 20 30 40
Source: Presentation EICB + Study TNO

0
MJ/dm3

Volume incl.
space factor

2,3

3,2
=l
6,3
12,5
17,7
31
100
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PRC: New energy application in inland
shipping

Application
* LNG ships: 460+
* Methanol ships: 6
* Hydrogen ships: 4 : .

Purely Battery-powered Ship The first purely battce,:y-powered tugboat  The first LNG bunkering SIMOP in
. i i . World's L t C it in China ;

Amm0n|a Sh|pS. 5 Cr?arngjia?\;ggeinxizpr\algjy Yungang Diantuo No.1 Shanghai(\:{:Ir?gashan Port

« Battery ships: 280+ (incl. <20 m)

COSCO
¢ 119.8 x 23.6 meters
« 36 TEU battery capacity x 1.6

The first 300-men purely Battery- World's largest purely battery-powered 8500m3 LNG bunkering vessel

— d Shi 700TEU container ship — using XIN AO PU TUO HAO
MWh 57,600 kWh pows;ﬁn E\?ST:nC%?;a P swapable battery container

Source: China Certification Society l

‘ Vessel N997 and N998: “COSCO SHIPPING Green Water 01”
and “COSCO SHIPPING Green Water 02

Source photo: COSCO Shipping - Wang Weizhou/Wen Zou (on Shipping Telegraph)
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PRC: R&D inland shipping

Application - Rules and Guidelines
* LNG

* Methanol/Ethanol

*  Ammonia

* Pure battery power

* Fuel cell

* LNG Bunkering

* Methanol Bunkering

* Hydrogen Bunkering (ongoing)

Application - Digitalization Solutions

« Safety assessment and simulation
software for Machinery Space

+ Digital Auxiliary Inspection System
for Battery Powered Ships

ADB

Examples of Innovative Green Vessels in the People’s Republic of China,
including Key Information on Their Expected Development Pathways

LNG-powered vessels: a 653 TEU river-sea

dual fuel-powered vessel (left), and the first

LNG hybrid bulk carrier for the Yangtze (right).
v

S—

CIMC Runging 106: the PRC’s first new LNG
single-fuel powered cement tanker, designed
to transport powdered materials such as
cement.

Changhang Cargo 007: featuring various

LNG-propulsion modes, such as PTI, PTO,
and PTH.

L

Suihang 906: LNG-powered transformation
ship under the “Green Pearl River” project.
It uses LNG and features DC network

L technology for electric propulsion.

Guochuang: 64 TEU inland green intelligent
container vessel designed for efficient
battery-electric operation.

Dongxing 100: new dual-purpose carrier
powered by lithium iron phosphate batteries
and hydrogen fuel cells.

Zhongtian Electric 007: fully electric cargo
ship with a1,000-ton capacity. It operates
on lithium iron phosphate batteries and
supercapacitors.

Three Gorges 1: the world's largest fully electric
river cruise ship. It uses advanced DC-network
control systems and high-voltage charging

q technology.

= \- Hydrogen and
Methanol in R&D Phase
Aade
Three Gorges Hydrogen Boat 1: the first |

500 kW class hydrogen fuel cell-powered
workboat,

New Yangtze River 26007: hybrid inland
vessel capable of using different energy
systems, including gas, oil, and electric,

The PRC’s first methanol-fueled vessel: The PRC’s first methanol dual-fuel-powered
officially launched in Jianglong Boat Science greenvessel: delivered to and departed
and Technology Park. from launched in Nansha, Guangzhou.

DC = direct current, kW = kilowatt, LNG = liquefied natural gas, PRC = People’s Republic of China, PTH = power take-home, PT| = power take-in,
PTO = power take-off, R&D = research and development, TEU = twenty-foot equivalent unit.

Sources: Baidu. Baijiahao. https://baijiahao.baidu.com; China Classification Society; Chinese Society for Internal Combustion Engines; Government of the
People’s Republic of China, State Council, State-owned Assets Supervision and Administration Commission of the State Council, http://www.sasac.gov.cn/
n2588025/n2588124/c24839468/content.html; Sohu. 2022. The First Methanol Dual-Fuel Powered Green Ship Is Delivered [in Chinese]. 23 June.
https:/fwww.sohu.com/a/560123179_120902813,
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EU: R&D inland shipping

Digitalization is powerful tool for
greening

* Inland vessels: too much power installed
* Energy loss when running idle

« Combined energy loss 135m inland
container vessel:
- 51,000 liter of diesel fuel
- 177,000 kg CO,
- 55,000 euro fuel costs

*  New energy technology:
Power installed vs. Power used

Bulk Container Tanker

D Y
A v

C-VI-1 Speed
02-12-2022 to 25-07-2023 >0.1m/s
le(j/\ 4135.7 hours <=0.1m/s
49 [H42 Qosth: 253
W 3 Power not used
c . )
g during one entire year
€ 27 < >
3
(@]
(@] 1 -

0 T T T T T
0 \-/100 200 300 400 500

Fuel consumption [I/hour]

(Source: IWT footprinting project by Top Sector
Logistics in the Netherlands, in which Shipping
technology & Nestra provide vessel data)
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PRC: New energy application in inland
shipping

Huzhou Demonstration Zone - China

Savings

WTT CO, TTW CO, WTW CO,
Emissions Emissions Emissions
Power Source (tons) (tons) (tons)

e Dongxing 100

o --
A - - -

« Charging 4-5 hours, range 300 km
S I -

oo QD - ﬁ—ﬂ

-q-

= higher, - = lower, CO, = carbon dioxide, DC = direct current, GLEC = Global Logstcs EmlssonsCou Ih hour, km = klomele kW = klowatt
kWh kilowatt-hour, PRC People’s Republic of China, SOx = sulfur oxide, TTW k, WTW = 2

62.7m x 12.4 x 4.1 = 1,800 tons capacity

Notes:

1. The total life cycle of the various technologies is not included in this comparison.

2. For electricity, the well is the source of production (thermal, gas, renewable energy), the tank is the main grid or intermediate storage unit, and the “wake”
refers to the batteries installed in the vessel.

3. Ablank cell indicates that the column head does not apply

Sources: Smart Freight Centre. The GLECF http:
port-gl i Energy y of Ire eland

f , A
S 8!
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PRC: Roadmap for New Energy
Application

Guiding, Organizational and | Greening Inland waterway Shipping—Short-, Medium-, and Long-Term Goals
Market Stimulation policies SHORT-TERM GOALS

to address orm—— ! 1A

- Longevity of vessels " Promote new

« Bunkering infrastructure
and charging

* Investment costs alll

* Harmonized standards

 Internalizing external costs
(ETS)

* Improve LNG technology

* Accelerate all-electric

* R&D hydrogen, methanol,

7 energy technologies

for inland navigation.

* Improve LNG
technology to serve
as transition fuel.

* Demonstrate other

I carbon-neutral energy

technologies,

Develop clean diesel
renewable sources.

engines and a road

map to zero emissions. * Improve battery

efficiency for I

* Promote energy
conservation, as less
energy used means less
polluting emissions. MEDIUM- AND

- o’ LONG-TERM GOALS I

electric vessels.

I EEEN DN D B By,

-

LNG = liquefied natural gas.

Source: Nestra.
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Opportunities for international & regional

cooperation

* Make use of “Maritime Relations” in ship building,
technology design

* Research & Consultancy: technical assistance for knowledge
exchange
o Port & waterway infra: climate change adaptation
o (Inland) shipping:
energy conservation / hull optimization

= On-board monitoring

= Roadmap based on operational profile

= Common technical standards for new energy technology

Source: Study on financing the
energy transition towards a zero-
emission EU IWT sector, CCNR

100%
I . I I

= “Supply chain thinking”

- Benefit from scale advantage PRC
o PRC: fuel-cell technology @USD 500/kW

Source: China Certification Society

Source: RH2INE project,
https://iwww.rh2ine.eu/
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Transferability of Good Practices to Other
ADB DMCs

 PRC Good Practices, Not a Blueprint
o Long-term planning of sustainable growth
o Benefits of public financing for ports and inland-waterway shipping
o Investment in R&D infrastructure
o Standardization as a way to reduce costs

- A few recommendations based on the ADB - TA-6882 PRC

o Study and introduce multi-energy port microgrids to supply renewable energy to industries,
vessels, and equipment

o Study and introduce preferential policies for clean port and shipping operations. Green
solutions usually lead to higher costs and would benefit from preferential policies or subsidies
(priority berthing, free OPS, green-port or shipping-award system, carbon-pricing/emission
trading, corporate sustainability reporting, etc.)

o Technical and economic viability of new energy solutions key to accelerated uptake. A central
financial guarantee system could help de-risk commercial investments in ports and (inland-
waterway) shipping.
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THANK YQOU!

Netherlands Expert Group for Sustainable Transport and Logistics

Name Richard van Liere

Phone +316250362 22 Personal profile

Email liere@nestra.nl

Website www.nestra.nl
Company profile
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