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For the past four decades, China’s vast network of coastal and inland ports, and extensive 
inland waterway system, have been integral to the efficient freight network supporting 
the country’s extraordinary economic growth. Now, domestic shipping is receiving a boost 
from China’s new Three-year Action Plan for Winning the Blue Sky War (“Blue Sky Defense 
Plan”), which aims to shift freight from trucks to other modes that produce less pollution, 
such as shipping and rail. Ships are doubtless a cleaner freight mode than trucks on a per 
ton-km basis, as one ship can carry much more cargo and travel longer distances than 
a truck, and diesel marine engines traditionally have a higher thermal efficiency than 
diesel truck engines.1 However, ships have also been subject to less stringent emission 
standards. Over 70 percent of inland waterway vessels currently in operation were 
launched before any marine air pollution regulations existed in China. In major port cities, 
such as those in the Yangtze River and Pearl River deltas, shipping has become one of 
the main sources of local air pollution. As land-based sectors face increasingly tougher 
standards, shipping’s share of pollution will continue to increase if left unchecked.

EXECUTIVE 
SUMMARY
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Since 2016, China has phased in more stringent standards to 

lower the sulfur content of marine fuel used in China’s territorial 

waters and on inland rivers, which considerably reduced sulfur 

oxide (SOx) and particulate emissions from ships. The country 

has also adopted air emissions standards for domestic ships and 

introduced additional measures to control nitrogen oxides (NOx) 

emissions. However, the NOx control measures affect only a small 

fraction of vessels and are likely to have a limited effect on curbing 

NOx, which is a precursor of ozone and contributes to ambient 

particulate levels. Considering the rising level of ozone pollution 

seen in most Chinese cities and the need to continue curbing 

particulate pollution that poses severe health risks, stronger 

measures to reduce NOx emissions from shipping are critical. 

To support China in reaching these goals, this report reviews 

programs introduced in Europe and the United States to curb 

air pollution from domestic shipping, with a focus on those 

that target NOx emissions. The results of these programs can 

assist in formulating effective clean air policies for inland and 

coastal shipping in China. 

Air emissions from domestic shipping in Europe and the 

United States are primarily regulated through clean fuel 

requirements and emission standards for new marine 

engines. The latest set of marine engine standards that were 

adopted in Europe and the United States are designed to 

drive the development and uptake of advanced NOx control 

technologies, including selective catalytic reduction (SCR) 

systems and liquefied natural gas (LNG) propulsion, which 

can reduce NOx emissions by at least 80 percent under ideal 

operating conditions. Recognizing the lengthy service life of 

most vessels, some European countries and California have 

also introduced in-use vessel emission requirements and 

financial schemes as an incentive to upgrade NOx control 

technologies. These approaches have been successful in 

slashing NOx emissions from domestic vessels. NOx emissions 

from ships in Norway, for instance, decreased by about 40 

percent from 2007 to 2016. A shore power mandate, which 

requires berthing ships to turn off auxiliary engines and use 

shore-side electricity, has also been imposed in Rotterdam 

and California to minimize air pollution at ports. In the past 

few years, Norway, the United Kingdom, and the Netherlands 

launched comprehensive programs to further the transition 

to low- and zero-emission shipping, with the goal of reducing 

both climate and air pollution, while making their shipping 

industry more competitive in a carbon-constrained world.  

RECOMMENDED POLICY STRATEGIES TO 
REDUCE SHIPPING EMISSIONS 
China is now developing its 14th Five-Year Plan (2021-2025), 

which will effectively open the door to new policies that could 

steer the shipping sector towards low/zero-emissions and 

green growth. Drawing from the successes of programs adopted 

abroad, we recommend these policy strategies for consideration: 

 ■ Tighten marine engine emissions standards so they align 

with the latest United States (U.S.) and European Union (EU) 

standards, to stimulate the uptake of commercially available 

NOx technologies in China’s domestic vessel fleet.

 ■ Adopt emission requirements for all inland and coastal 

vessels currently in use; set those requirements based on the 

strictest standards in order to accelerate the replacement, 

repowering, or retrofitting of vessels with high emissions.

 ■ Expand the shore power mandate to include all inland 

waterway vessels when they are docked in ports or in 

anchorage areas waiting to pass through dams.

 ■ Establish a zero-emissions goal for ships that operate near 

densely populated areas and serve fixed routes, consider 

setting a long-term goal of zero emissions for domestic 

shipping and devising a long-term strategy for advancing 

zero-emission shipping.

 ■ Provide grants and offer emissions-based incentives to 

support the shipping industry in adopting NOx emissions 

control and low/zero-emission solutions, and developing 

landside fuel supply infrastructure. 

For shipping to continue its role as the spark plug for China's 

economic growth and support the nation's fight for cleaner 

air, China’s shipping sector should transition towards low 

or zero emissions. As the world’s biggest shipbuilder, such a 

transition would also help China maintain its leading role in 

the shipbuilding industry and contribute to global efforts to 

achieve decarbonized shipping for the future. 

*   Unless otherwise stated, “domestic shipping in China” in this report refers to coastal and inland shipping in 

mainland China.
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China has the world’s most extensive navigable inland 
waterway system, and a long coastline with more than 50 
coastal ports.2 The country's inland and coastal shipping and 
port network plays a critical role in supporting the country’s 
burgeoning trade and facilitating the ongoing economic 
growth of inland and coastal cities. Since the early 2000s, 
shipping activities in China have grown substantially, keeping 
pace with the country's rapid economic growth. The volumei  
of freight turnover handled by China’s inland ports increased 
tenfold from 2002 to 2018, while coastal ports saw a sevenfold 
(coastal ports) increase. The volume of freight passing 
through sea ports has more than quintupled.3 

INTRODUCTION
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Shipping is expected to take on an even more prominent role, 

after the State Council announced a plan in 2018 to adjust the 

country’s transportation structure to combat air pollution.4 The 

plan aims to foster a shift of freight cargo from road to ship and 

rail. Ships and trains are considered the more environmentally 

friendly method to move freight, in terms of energy use per unit 

of cargo-distance (ton-km). 

However, like trucks and other equipment powered by diesel 

fuel, ships emit toxic air pollutants. Shipping accounts for 

a significant share of local air emissions, particularly SOx 

and NOx, in large Chinese port cities and regions (Table 1). In 

the Yangtze River Delta and the Pearl River Delta, shipping 

increased fine particle (PM2.5) concentration in the summer 

by over six micrograms per cubic meter in Hong Kong, four 

micrograms per cubic meter in Shenzhen, and over two 

micrograms per cubic meter in Shanghai, Guangzhou and 

Jiaxing in 2015.5 Emissions from ships impact not only coastal 

regions, but also inland regions hundreds of kilometers away 

from the sea.6 Studies have shown that shipping activities 

pose obvious health risks. PM2.5 and ozone pollution from 

oceangoing vessels caused about 18,000 premature deaths in 

China in 2013.7 Domestic and seagoing shipping caused 2,500 

particulate matter (PM)-related and 1,200 ozone-related 

premature deaths in the Pearl River Delta region, and about 

3,600 PM-related premature deaths in the Yangtze River Delta 

region in 2015.8 

Of the 124,000 inland waterway vessels now in operation 

in China, over 70 percent launched before any marine air 

pollution regulations were enacted in China.9 Data from real-

world emissions tests of these vessels is limited, but findings 

indicate some inland waterway vessels create more emissions 

per unit of fuel burned10 than the most outdated trucks allowed 

to legally operate in China (China III trucks).ii These trucks 

are banned from operating in the center of a growing number 

of large Chinese cities because of their high emissions,iii while 

high-emitting legacy vessels still navigate freely along inland 

waterways. 

Even though the first set of Chinese emission standards for 

marine engines (China I and II standards, the red bars in 

TABLE 1. SHIPPING INDUSTRY CONTRIBUTION TO LOCAL AIR POLLUTION IN KEY PORT CITIES AND REGIONS, BASED ON VESSEL EMISSION INVENTORY 11

PORT CITY/REGION NOX SO2 PM2.5 YEAR OF STUDY

Hong Kong 37% 52% 41% 2017

Shanghai 25% 17% 5% 2015

Shenzhen 16% 59% 5% 2013

Tianjin 9% 10% 3% 2013

Pearl River Delta 12% 14% 4% 2015

Yangtze River Delta 12% 7% 1.3% 2015

China coastal provinces 9% 10% NA 2013

Includes air emissions from oceangoing, coastal, and river vessels. Covers only primary PM2.5. NA stands for not available.

i   Equals quantity of cargo (in tonnes) multiplied by the transport distance (in kilometers).

ii   Vehicle air emissions standards were first introduced in China in the 1980s, but those standards were very weak. The “China” emissions standards for vehicles, were developed based on European regulations and introduced in 2000. The vehicle 

emission standards were tightened progressively over the past two decades, from China I to the latest China VI standards. To accelerate the retirement of high-emitting vehicles, the Air Pollution Prevention and Control Action Plan released by the State 

Council in 2013 mandates that yellow-label vehicles, including all trucks that comply with China II or older standards, shall be scrapped by 2017. Since 2018, China III trucks are the most outdated trucks that can lawfully operate in China.

iii  Beijing, Shanghai, Nanjing, Dalian, Ningbo, Suzhou and other cities have prohibited China III or older diesel trucks from operating in their city centers. Cities or provinces that have imposed traffic restrictions on diesel trucks can be found at http://

www.360che.com/law/191021/119279_all.html. 
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FIGURE 1. NOX EMISSIONS STANDARDS FOR MARINE ENGINES, TRUCKS, AND NON-ROAD EQUIPMENT ADOPTED BY DIFFERENT JURISDICTIONS  

The NOx standards for China’s domestic vessels vary by engine displacement and power, and the NOx standards for China’s non-road engines. EU’s inland waterway vessels and U.S. domestic vessels are on the basis of engine power, and the 

International Maritime Organization (IMO) standards for oceangoing vessels vary by engine maximum operating speed. IMO standards for oceangoing vessels regulate NOx emissions only. Implementation dates are listed in parentheses.

* The implementation date for the China IV non-road emissions standards is December 2020 in the amendment of the proposed China IV non-road engine emission standards, which was released in February 2019. However, by the time of writing 

the amendment had not been adopted, so the implementation date is not fixed, and could change.

NO
x +

 H
C 

em
is

si
on

s l
im

it,
 g

/k
W

h

18

16

14

12

10

8

6

4

2

China I

(2019)

China II

(2022)

China
Domestic Vessel

U.S. and EU
Domestic Vessel

Marine engine emission standards adopted by 
different jurisdictions

Other mobile 
source standards 
adopted by China

Intrnational
Oceangoing Vessel

China
Truck

China
Non-road

EU Stage V

(2019-20)

U.S. Tier 4

(2014-17)

IMO

Tier I

IMO

Tier II

IMO

Tier III

China IV

(2020*)

China VI

(2019-23)

0

Figure 1) were adopted in 2016, these standards are far less 

stringent than the latest standards imposed on trucks and 

non-road equipment (the green bars in Figure 1). If emissions 

requirements for new and in-use ships are not tightened 

further, shipping’s share of air pollution will grow as land-based 

sources face increasingly stricter regulations. Hong Kong is a 

notable example—ships have become the city’s largest source 

of sulfur dioxide (SO2), NOx, and PM, as tougher regulations 

have been imposed on other pollution sources (Figure 2), while 

shipping was left unregulated until 2014. 

Light-colored portion of the bars indicate the range of NOx standards that vary by engine power, displacement, or speed.
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FIGURE 2. SHARE OF NITROGEN OXIDE (NOX) AND FINE PARTICLE (PM2.5) POLLUTION IN HONG KONG  
BY LOCAL EMISSION SOURCE (PERCENT), 2001 TO 2017 12

In order to control air pollution from ships, in 2016 China 

gradually implemented the groundbreaking Domestic Emission 

Control Area (DECA) regulations.13 The regulations initially 

required the use of 0.5 percent sulfur fuel while ships were at 

berth at China’s main ports. The regulations were later expanded 

to cover all ships operating inside the three DECA regions. In 

2019, the 0.5 percent sulfur fuel requirement was extended 

to any vessel plying China’s territorial waters. In addition, 

oceangoing vessels operating in parts of the Yangtze and Xijiang 

(a tributary of the Pearl River) rivers that are designated as 

inland river DECAs have been required to use 0.1 percent sulfur 

fuel since January 1, 2020. Oceangoing vessels plying Hainan 

waters will also have to meet this requirement, starting in 2022 . 

Additional requirements were also added in the DECA regulations 

to combat NOx emissions. Cruise ships, as well as shore power-

capable oceangoing vessels and some of the China-flagged ships 

(including inland waterway vessels),  are required to use shore 

power whenever they dock at berths with shore power connections. 

Also, marine engines installed on China-flagged vessels constructed 

on or after January 1, 2022 will need to meet IMO Tier III NOx 

standards when operating in Hainan waters or inland river DECAs. 

After the regulations took effect, air quality monitoring data showed 

a noticeable reduction in SO2 levels, ranging from 26 to 52 percent 

at China’s largest port cities.14 However, even after 2022, the Tier III 

NOx requirements will only affect a small fraction of vessels visiting 

China.15 In addition, the shore power requirements can only reduce at-

berth emissions, which account for less than 20 percent of the total 

NOx emissions from shipping in China.16 Hence the effect of the DECA 

regulations on reducing NOx emissions is expected to be limited.

As China continues its fight to combat PM2.5 pollution, it is 

confronted with increasingly severe ozone pollution.17 For shipping 

to continue its role as a spark plug of trade and development while 

also supporting China’s pursuit of cleaner air, stricter control on 

shipping emissions is needed, particularly NOx emissions, which 

are a precursor of ozone and contribute to PM2.5 pollution. This 

report reviews the programs adopted abroad that target inland 

and domestic coastal ships, the two vessel types that countries 

have the national jurisdiction to regulate. Considering the success 

of China’s DECA regulations in tackling sulfur and particulate 

pollution from ships, this report focuses mostly on policies for 

regulating NOx pollution, although some policies discussed can 

tackle multiple air pollutants and climate impacts.

iv   China-flagged vessels that are subject to the shore power requirement (named OPS-regulated fleet) include: public service vessels, inland waterway vessels (except for tankers), vessels engaged in direct voyages between the sea and the river (called 

river-sea vessels), container vessels, cruise ships, ro-ro passenger ships, passenger ships at 3,000 gross tonnage or above, as well as dry bulk ships at 50,000 gross tonnage or above that are engaged in domestic coastal voyages. New public service 

vessels, inland waterway vessels and river-sea vessels in the OPS-regulated fleet that are constructed on and after January 1, 2019 were required to use shore power at ports in the DECAs as of July 1, 2019. New coastal container vessels, cruise ships, 

ro-ro passenger ships, passenger ships and dry bulk ships in the OPS-regulated fleet that are built on or after January 1, 2020 were required to have ship side shore power systems installed . All the vessels in operation in the OPS-regulated fleet need to 

be retrofitted and start using shore power whenever possible from January 1, 2022 onward.
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NOx emissions form when fuels are burned at a high temperature. Lowering the engine's 
combustion temperature reduces NOx emissions, but causes incomplete combustion and increased 
particulate emissions. National, regional and international authorities have therefore implemented 
emissions standards for marine engines to drive improvements in engine design and the adoption 
of advanced technologies for controlling emissions of NOx and PM, as well as other air pollutants.  

TECHNOLOGIES AND 
FUELS FOR CONTROLLING 
NOX EMISSIONS FROM 
SHIPPING 



NATURAL RESOURCES DEFENSE COUNCILNATURAL RESOURCES DEFENSE COUNCIL

SETTING THE COURSE FOR GREEN SHIPPING IN CHINA—A REVIEW OF INTERNATIONAL STRATEGIES TO FURTHER LOW/ZERO-EMISSION SHIPPING    |     11

FIGURE 3. NOX EMISSION STANDARDS STIPULATED BY THE INTERNATIONAL MARITIME ORGANIZATION
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For oceangoing vessels, the International Maritime Organization 

(IMO) established a set of three-tier standards for NOx emissions 

from marine engines (see Figure 3). The IMO Tier I and II are 

global standards that apply to new oceangoing ships built in or 

after 2000 and 2011 respectively. The IMO Tier III standards 

apply within four Emission Control Areas (ECAs) designated by 

the IMO, to ships built after the ECA standards were implemented. 

In the North America ECA and the U.S. Caribbean Sea ECA, ships 

constructed from 2016 and onwards are subject to the IMO Tier 

III standards. In the North Sea and Baltic Sea ECAs, the affected 

ships are those built in or after 2021. The Tier III standards are 

80 percent lower than the Tier I standards. See Appendix I for the 

locations of the four IMO ECAs.

European countries, the U.S., and China have also set their own 

emission standards for vessels that operate in their territorial 

waters and inland waterways. Standards currently in effect in 

Europe, the U.S. and China are the EU Stage V, U.S. Tier 4 and 

China I standards (see Figure 1 for their respective NOx + HC 

requirements). Section 3.2 provides further discussions of the 

various marine engine emissions standards. 

To meet increasingly stringent emissions requirements, engine 

manufacturers have improved engine design and applied the 

following measures to tackle NOx emissions: 

 ■ Selective Catalytic Reduction (SCR) 

          SCR is an engine aftertreatment technology that uses 

ammonia (carried on board in the form of urea) to reduce 

NOx to nitrogen and oxygen with the use of a catalyst. It 

is the dominant NOx control technology for mobile and 

non-road pollution sources and has the longest history of 

marine applications. SCR systems have been installed on 

over 1,000 vessels worldwide, of which more than 250 are 

retrofitted vessels.18 It can achieve the IMO Tier III, U.S. 

Tier 4, and EU Stage V standards (see Table 2).19

 ■ Exhaust Gas Recirculation (EGR)

          EGR is an in-cylinder air handling technology that mixes 

a portion of exhaust gas with intake air to reduce peak 

combustion temperatures. It has been used on land 

applications for years but is relatively new for marine uses. 
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v   Not including LNG-powered inland waterway vessels in China.

vi    International combustion engines can be divided into two general classes, Otto cycle and Diesel cycle, based on the method of combustion. An Otto-cycle engine takes a mixture of fuel and air, compresses and ignites the air-fuel mixture using a spark or 

a small amount of fuel. A Diesel-cycle engine takes air, compresses it, then injects fuel into the highly compressed air. The heat in the compressed air spontaneously ignites the fuel. 

EGR technology has been demonstrated on slow speed, 

two-stroke engines as the sole NOx control technology to 

meet the IMO Tier III NOx requirement.20

 ■ Alternative fuels 

          Among all the available alternative fuels, liquefied natural 

gas (LNG) is the most commonly used fuel in the marine 

sector, with 177 vesselsv currently in operation.21 The level 

of NOx emissions reduction depends not on the type of 

fuel, but on the combustion principle on which an engine 

operates, i.e., Otto cycle versus Diesel cycle.vi LNG-powered 

vessels with Otto-cycle marine engines can meet the Tier 

III requirement without exhaust aftertreatment.  Otto-cycle 

engines can be run on gas alone, or as dual-fuel engines on 

both diesel and natural gas. LNG engines that operate on the 

diesel cycle, on the other hand, emit 40 to 50 percent less 

NOx emissions than the Tier I level, so need to be operated 

with another NOx control system, such as SCR or EGR, to 

achieve the Tier III NOx requirement.23

          Other types of alternative fuel, such as electricity, 

methanol and liquid petroleum gas, have been adopted 

in the maritime sector. Over 70 fully electric vessels and 

about 300 hybrid electric vessels are in service or on order 

worldwide, mostly for ferry services. In comparison, less 

than 20 methanol- or LPG-powered vessels are in service 

or on order.24 Stena Line Germanica, a ferry retrofitted 

with a hybrid methanol-diesel system in 2016, reported 

its NOx emissions reduced to 60 percent below the Tier I 

requirement.25

 ■ Water-based technologies 

          NOx emissions can be controlled by introducing water 

into the combustion process to reduce peak combustion 

temperatures.  There are three main water-based 

technologies under development:

 □ Intake Air Humidification: Combustion air is saturated 

with water vapor.

 □ Direct Water Injection: Water is injected either into 

the intake manifold or directly into the combustion 

cylinder.

 □ Water-in-fuel Emulsion: Emulsification of water into fuel.

          Each of these water-based technologies has been tested, 

but none met the Tier III standard alone (Table 2). These 

technologies also require onboard water storage, so 

are better suited to ships serving shorter routes where 

frequent water refilling is possible.26 

For ease of comparison, Table 2 summarizes the emissions 

performance, and the key characteristics of each of the 

measures described above.  

In addition to adopting these emission control technologies and 

fuels, optimizing port calls to reduce the time a ship spends 

at port and minimize fuel combustion while docking, e.g., by 

using shore power, are also key to slashing air emissions. Some 

leading ports, such as Rotterdam, Long Beach, and Los Angeles, 

have launched digital platforms for shipping companies to 

communicate with port operators and related service providers 

to exchange real-time information about their port visits to 

avoid delays. Port call optimization is outside of the scope of 

this report. More information can be found in news reports.27  
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TABLE 2. EMISSIONS REDUCTION POTENTIAL, COSTS, AND OTHER CONSIDERATIONS OF COMMON NOX CONTROLS 28

NOX CONTROL 
TECHNOLOGY

NOX REDUCTION 
COMPARED WITH TIER I

FUEL PENALTY AND 
MAIN OPERATING COSTS OTHER CONSIDERATIONS

Selective Catalytic 
Reduction (SCR) > 80%

•   Small fuel penalty due to back pressure 
increase (<1% of fuel consumption) 

•   Urea cost amounts to 7-10% of fuel cost
•   Catalyst replacement every 3 to 5 years
•   Fuel savings from efficiency gain  

(2-4% of fuel consumption depending on 
engine optimization) 

•   Retrofittable and ready for two- and four-stroke 
engines

•   Operates best with low sulfur fuel  
(<= 0.1% sulfur content) to avoid catalyst 
deactivation when exhaust temperature is low

•   Ammonia slip (i.e., unreacted ammonia passing 
through the catalyst to the atmosphere)

Exhaust Gas 
Recirculation 

(EGR)
40-80%

•   4-6% of fuel cost
•   Caustic soda for neutralizing recirculated 

exhaust gas

•   Ready for two-stroke engines
•   Slightly higher capital cost than SCR, but lower 

operating costs
•   Operates best with low sulfur fuel to avoid 

corrosion of the EGR system

Liquefied Natural 
Gas (LNG)

80-90% for lean burn  
Otto-cycle engines

About 50% for  
diesel-cycle engines

Fuel cost saving depends on cost differences 
between diesel and LNG

•   Retrofittable, but requires more onboard fuel 
storage space, or more frequent bunkering

•   Lack of refilling infrastructure remains a big 
obstacle for widespread adoption

•   Methane slip may offset greenhouse gas (GHG) 
reduction benefits for Otto-cycle engines

Intake Air 
Humidification 40-70% Low

•   Retrofitting four-stroke engines possible
•   More practical for ships operating on shorter 

routes as requires onboard water storage 

Direct Water 
Injection Up to 60% 1 - 2.5%

•   Retrofitting two- and four-stroke engines possible
•   More practical for ships operating on shorter 

routes as requires onboard water storage

Water-in-fuel 
Emulsion 20-40% Low

•   Retrofitting two- and four-stroke engines possible
•   More practical for ships operating on shorter 

routes as requires onboard water storage



Europe and North America have introduced a range of policies for accelerating the uptake of cleaner 
fuels and emission control technologies in the marine sector. These measures can be broadly grouped 
into five categories:

(1)    Adopting marine fuel quality standards
(2)   Adopting marine engine emission standards 
(3)   Implementing in-use vessel emissions standards/requirements 
(4)   Reducing port emissions by mandating the use of shore power 
(5)    Accelerating the deployment of low- and zero-emission fuels and technologies through incentives 

and mandates

3

POLICY MEASURES 
FOR DRIVING THE USE 
OF CLEAN SHIPPING 
TECHNOLOGIES AND FUELS
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3.1   ADOPTING MARINE FUEL QUALITY STANDARDS 
Tightening the fuel sulfur limit is traditionally the first step 

taken to control diesel engine emissions. This can reduce 

SOx emissions and the formation of secondary particulates 

(sulfate), as well as enable the deployment of advanced NOx 

and PM emission control devices, including SCR, EGR, and 

Diesel Particulate Filter (DPF) systems, which can be damaged 

or deactivated by sulfur in fuel.29, vii If these advanced emission 

control systems only operate with low sulfur fuel, the capital 

and operational costs can be greatly reduced.30  

Domestic vessels that are registered locally and engaged in 

domestic trade in the U.S. and China, and inland waterway 

vessels in the EU, are required to use fuel with no more than 

10 or 15 parts per million (ppm) of sulfur (0.001% or 0.0015% of 

sulfur) (see Appendix II). The strict sulfur requirement paves 

the way to introduce stringent regulations on marine engines 

that demand the use of advanced emission control systems.  

For oceangoing vessels, the IMO regulates SOx (and indirectly, 

PM) emissions by setting global sulfur standards for marine fuel. 

The current global fuel sulfur limit is 5,000 ppm (0.5 percent) of 

sulfur. In the four ECAs designated by the IMO, ships are required 

to use fuel with no more than 1,000 ppm (0.1 percent) of sulfur.

3.2   ADOPTING MARINE ENGINE EMISSION 
STANDARDS

Although toughening fuel sulfur standards is effective in terms of 

lowering sulfur emissions from shipping and, to a lesser extent, 

particulates, its direct impact on NOx emissions is limited. Engine 

emission regulations, incentives, or both, have been introduced 

along with increasingly tougher fuel standards to drive the 

adoption of the emission control technologies, including those 

discussed in Section 2. 

Europe and the U.S. established legislation to regulate air 

emissions (SOx, NOx, PM, hydrocarbon, and carbon monoxide) 

from engines installed on inland waterway vessels and 

domestic vessels in the late 1990s.31 The U.S. Environmental 

Protection Agency (USEPA) introduced emissions standards 

for marine engines that are applicable to different engine 

categories. For engines used to provide propulsion power on 

many types of domestic vessels, such as pushboats, tugboats, 

supply vessels, fishing vessels, and harbor vessels, as well 

as auxiliary engines (Category 1 and 2 enginesviii), the U.S. 

standards have been progressively toughened from the 

U.S. Tier 1 standards to the current Tier 4 standards. For 

large marine engines used to provide propulsion power on 
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vii    For SCR systems, sulfur causes ammonium sulfate formation that deactivates the catalyst. For EGR systems, high sulfur fuel leads to the corrosion of the EGR components. EGR systems designed to operate with high sulfur fuel need to be built with a 

different grade of stainless steel, which makes them more expensive. In addition, for ships that operate on high sulfur residual oil, sulfur and particles in the re-circulated exhaust gas in the EGR system can damage the engine, requiring more frequent 

cleaning of the re-circulated exhaust gas. Regarding DPFs, sulfur in fuel severely reduces the efficiency of catalyzed DPFs, as sulfur dioxide in the exhaust is converted to sulfate during catalytic regeneration (cleaning up of DPFs). This requires 

catalyzed DPFs to operate with ultra-low sulfur fuel,with no more than 10-ppm sulfur content. 

viii    In the U.S. marine engine regulations, marine engines are grouped into three categories, Category 1, 2 and 3, based on displacement per cylinder. Category 1 and 2 marine engines cover engines with per-cylinder displacement below 30 liters, and they 

typically range in size from about 500 to 8,000 kW. Category 3 engines are engines with per-cylinder displacement at or above 30 liters, and they typically range in size from 2,500 to 70,000 kW. 
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oceangoing ships (Category 3 engines), the U.S. emissions 

standards align with the IMO standards.32  

In Europe, the Central Commission for the Navigation of the Rhine 

(CCNR) introduced emissions standards to regulate air pollution 

from inland waterway vessels that operate on the Rhine River 

and in Belgium.ix The two-tier standards introduced by the CCNR, 

known as the CCR1 and CCR2 standards, entered into force in 

2003 and 2007 respectively. In 2004, the EU adopted the Stage 

IIIA standards for non-road mobile machinery, which for the first 

time introduced EU-wide emission standards for engines used on 

inland waterway vessels. The EU Stage IIIA was phased into effect 

from 2007 to 2009.x The EU Stage IIIA and the CCR2 standards, 

which are comparable in stringency, were reciprocally recognized 

by the EU and CCNR.33 In 2016, the EU adopted the Stage V 

standards, which set considerably stricter emissions limits that 

were similar in stringency to the U.S. Tier 4 standards. The EU 

Stage V standards entered into force from 2019 to 2020, and are 

the current standards recognized by both the EU and the CCNR.34 

As discussed in Section 2, marine engines installed on oceangoing 

vessels are subject to a three-tiered NOx emission standards 

stipulated by the IMO. The current U.S. and EU standards, and 

the IMO Tier III standard, are set at a level that aims to force the 

use of advanced NOx emission control technologies (SCR or EGR 

system), or alternative fuels (such as LNG or electricity).

In China, the Maritime Safety Administration (MSA) required all 

inland waterway vessels to comply with the IMO Tier I and Tier II 

NOx standards beginning in 2011 and 2015 respectively.35 In 2016, 

the Ministry of Ecology and Environment (formerly the Ministry 

of Environmental Protection) adopted the first set of marine 

engine emission standards for domestic ships (inland, coastal, and 

fishing vessels), known as China I and II standards. The China 

I standard took effect on July 1, 2019, and China II will become 

effective on July 1, 2021.xi The China I and II standards cover 

all pollutants regulated by the U.S. and Europe, plus methane 

emissions, but are more lenient than the current standards in the 

U.S. and EU, which are the EU Stage V and U.S. Tier 4 standards 

ix    The emission standards are established in the Rhine Vessel Inspection Regulation (RheinSchUO) set by the CCNR. The CCNR is an supranational government body established for securing a high level of security for navigation of the Rhine and environs. 

CCNR has five member states: Germany, Belgium, France, the Netherlands, and Switzerland.

x   The implementation dates for EU standards refer to the dates for placing the engines on the EU market; the standards took effect one year earlier for engines that applied for type approval.

xi  These dates refer to the implementation dates for placing the engines on the market. For engines that need to apply for type approval, the implementation dates take effect one year earlier.

xii  Vessels regulated under this rule include ferries, excursion vessels, tugboats, towboats, push boats, crew and supply vessels, and barge and dredge vessels.

(see Figure 1, where the red bars show China’s NOx standards, and 

the orange bars depict U.S. and EU requirements). 

Typically, engine emission standards are only imposed on new and 

remanufactured engines. By continuously toughening emission 

standards for new vessels, vessel fleet emissions can be reduced 

through natural attrition, but it takes a long time to realize the full 

emission benefits as vessels have a lengthy service life. 

3.3  IN-USE VESSEL REQUIREMENTS
In recognition of the long lead time required for new marine engine 

standards to realize their potential benefits, many cities and regions in 

Europe and the U.S. have imposed emission requirements for vessels 

already in operation. When implemented alongside increasingly 

stringent new vessel emission standards, in-use requirements can 

accelerate cleaner air emissions from the entire fleet by prompting 

the vessels to be retired, repowered, or retrofitted. 

The in-use standards introduced below are set based on air 

emissions from ships. Some regions have imposed restrictions 

on black smoke from vessels as an indirect way to control in-use 

vessel emissions. While the black smoke restriction programs can 

foster better engine maintenance, they cannot induce upgrades 

that lower NOx emissions, so are not discussed here. A summary 

of selected programs adopted to date is available in Appendix III.

3.3.1   CALIFORNIA’S COMMERCIAL HARBOR CRAFT 
REGULATION

In 2007, the California Air Resources Board (CARB) introduced 

the Commercial Harbor Craft (CHC) Regulation, which includes 

emission requirements for vessels in operation. The regulation was 

introduced because harbor crafts were found to be the third highest 

source of PM emissions from the operation of the ports of Long 

Beach and Los Angeles.36 As of January 2009, regulated vesselsxii 

with propulsion and auxiliary engines meeting pre-U.S. Tier 1 or 

Tier 1 emission standards must be upgraded to comply with the 
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xiii   The compliance dates can be found in California Code of Regulations § 93118.5. Airborne Toxic Control Measure for Commercial Harbor Craft, Tables 7-10.

xiv   One example of the state-run incentive programs is the Carl Moyer program.  It offers grants to reduce smog forming and toxic emissions (such as NOx emissions) from older engines and equipment beyond the state regulatory levels. The 

Carl Moyer program provided grants to a large share of in-use vessels that have engines replaced to comply with the CHC requirement ahead of schedule. More information about California’s incentive programs can be found at https://

ww2.arb.ca.gov/our-work/topics/incentives.

xv   See California Code of Regulations § 93118.5. Airborne Toxic Control Measure for Commercial Harbor Craft, paragraph (e)(6)(C)4. Low-usage vessels are those that operate 300 hours annually or less in the regulated categories, or 80 

hours if in barge and dredge. If the owner can demonstrate that a vessel will not operate more than the number of qualifying hours for low-usage vessels, the vessel is considered in compliance. The proof could include records of the vessel 

engine’s total annual hours of operation for the calendar year immediately preceding the compliance date, and documentation that projects future annual hours of operation.

xvi   Personal communications with Jarl Schoemaker of Port of Rotterdam Authority, April 30, 2020.

standard in effect at the time of compliance (U.S. Tier 2 or Tier 3 

standards), over the period of 2009 to 2022. The year by which each 

vessel must comply with the in-use requirement depends on the 

engine model year—the older the engine, the earlier it has to meet 

the emission standard in effect at the time.37, xiii Overall, vessel owners 

are given two to 15 years of lead time (time between the adoption of 

the rule until they were required to take action), allowing them to 

schedule vessel replacement, engine retrofit, or repower at a time 

that is least costly for them, such as during dry docking.38  

California offers financial support to owners who choose 

to improve vessel emissions performance ahead of the 

compliance schedule, xiv or owners with vessels that are 

not currently covered by the in-use regulations (e.g., 

fishing vessels). Ships that are not used often are offered a 

compliance pathway for their low use.xv 

In addition to the in-use vessel emission standards, the CHC 

Regulations require every commercial harbor craft that 

operates in California to: 

 ■ Use ultra-low sulfur fuel (with sulfur content not more 

than 15 ppm)

 ■ Have a non-resettable hour meter installed on each 

engine to measure the number of operating hours

 ■ Submit a report to CARB providing vessel and engine 

information, and 

 ■ Meet the current new engine emission standards when 

replacing an engine on an existing vessel or installing 

engines on a newly built vessel (new passenger ferries are 

required to be even cleaner than the standard in effect at 

the time of acquisition).

The recordkeeping and reporting requirements help CARB 

implement and enforce the regulation, and also better understand 

the emission performance and operational profile of the vessel 

fleet, which is helpful for deliberating future standards. 

With the above requirements for in-use and new vessels, 

combined with financial support for early movers and natural 

vessel turnover, CARB has projected by 2023 the average NOx 

emissions of California’s CHC fleet will reach U.S. Tier 2 level, 

or 51 percent below pre- U.S. Tier 1 (i.e., pre-control) level.39 So 

far, the in-use requirement has been achieved through engine 

replacement. CARB is now engaging in pre-rulemaking activity 

to amend the CHC Regulations. Two of the amendments being 

considered are strengthening the in-use vessel requirement 

further to U.S. Tier 4 standards, and accelerating the adoption 

of zero-emission technologies.40 

3.3.2   IN-USE VESSEL EMISSIONS REQUIREMENTS IN 
ROTTERDAM AND NORWAY 

In Rotterdam, inland waterway vessels not meeting the CCR2 

standards will be prohibited from entering the port starting 

in 2025.41 CCR2 is similar to the China I and II standards 

in terms of NOx requirements but stricter in regard to the 

PM requirement.42 In order to encourage ship owners to 

use cleaner inland barges, and facilitate reaching the 2025 

target, port dues at Rotterdam are set based on emissions 

level (see Section 3.5.1.3.). After the EU implemented the 

more stringent EU Stage V emission standards, the CCR2 

standards are considered not sufficiently stringent. Under 

the Netherlands Green Deal, a sustainability label is being 

developed for inland waterway vessels that can allow for 

replacement of the CCR2 requirementxvi (see Section 3.5.2.2. 

for discussions of the Netherlands Green Deal).43

Norway adopted a more ambitious policy, which requires all 

ships travelling in two Norwegian fjord areas classified as 

World Heritage Sites to be emissions-free no later than 2026.44 
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By 2030, only low- or zero-emission vessels can access other 

fjords and Norwegian waters.45 These low and zero-emission 

requirements push owners of all cruise ships and tourist 

vessels sailing along the Norwegian coast to plan a transition to 

zero-emission technologies. 

3.4  SHORE POWER MANDATES
Shore power can be readily adopted for inland waterway 

vessels because the shipside modification required to 

connect to a quayside electricity supply is relatively simple. 

Using shore power while a ship is at berth can eliminate air 

emissions in the port area, and also reduce climate pollution 

(if the electricity grid is clean), noise nuisance, and vibration. 

California and Rotterdam have mandated the use of shore 

power, with the former targeting oceangoing vessels, while 

the latter focuses on inland waterway vessels. 

California’s shore power regulations, enacted in 2014, require 

container vessels, refrigerated cargo ships, and cruise ships 

to reduce onboard auxiliary engine power generation by using 

shore power or an alternative technology when berthing at 

the six largest ports in California. The requirement ratcheted 

up from a 50 percent reduction of fleet-wide auxiliary energy 

use in 2014, to 70 percent in 2017, and 80 percent in 2020. 

While these regulations have been successful in significantly 

reducing air emissions at ports, air pollution from oceangoing 

vessels is expected to grow beyond 2020 due to continued 

growth in shipping activities.46 CARB has therefore proposed 

extending the shore power requirements to cover new vessel 

types, such as tanker vessels and roll-on/roll-off vessels 

(vessels for transporting vehicles), and tanker boilers, as well 

as more ports.xvii

In Rotterdam, a port by-law was adopted in 2010, prohibiting 

the use of generators or running of main or auxiliary engines 

on board a berthed inland ship, in order to reduce air pollution 

and noise nuisance.47 Inland waterway vessels shall comply 

by connecting to shore power, unless the dock is not equipped 

with a shore power connection. To support compliance, the 

government has installed shore power connections at all public 

berths (371 connections for inland barges and two for river 

cruises) (Figure 4) and launched a mobile phone app that makes 

it easy for skippers to find available shore-power-capable 

berths and make payments.48

xvii   More information can be found at the CARB website: https://www.arb.ca.gov/ports/shorepower/shorepower.htm

FIGURE 4. A SHORE POWER CONNECTION CABINET AT ROTTERDAM (LEFT), AND THE INSTRUCTION ON THE CABINET SHOWING  
HOW TO CONNECT TO SHORE POWER AND TO STOP POWER SUPPLY (RIGHT)

Photo credit: Freda Fung
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3.5   ACCELERATING DEPLOYMENT OF LOW- AND 
ZERO-EMISSION FUELS AND TECHNOLOGIES 
THROUGH INCENTIVES AND MANDATES

In conjunction with regulatory requirements, some regions in 

Europe have a long tradition of using financial incentives to 

spur the development and commercialization of advanced NOx 

control technologies. More recently, these programs have been 

extended to support low- and zero-emission solutions.  

3.5.1   ENVIRONMENTALLY DIFFERENTIATED TAXES OR FEES

Sweden and Norway have pioneered the use of environmentally 

differentiated tax or fee schemes to encourage the use of 

emission control technologies and clean fuels in the marine 

sector.  An environmentally differentiated tax or fee can 

be applied to both new and in-use vessels. The Norwegian 

program assesses the total tax/fee based on a vessel’s annual 

NOx emissions, while the Swedish program assesses fairway 

dues based on the NOx emissions rate of each vessel. 

3.5.1.1  Norwegian NOx Tax and NOx Fund

In 2007, Norway introduced a NOx tax for all sectors, 

including shipping, land-based industries, oil and gas 

extraction, fishing, rail, and aviation.xviii Entities that operate 

engines exceeding 750 kW, boilers over 10 MW, or conduct 

flaring activities are subject to a NOx tax [at Norwegian krone 

(NOK) 22.69, or Renminbi (¥) 17xix, per kg of NOx emitted 

in 2020]. Alternatively, regulated entities can join the NOx 

Fund by paying a NOx fee (at 10.5 NOK or ¥8 per kg of NOx for 

shipping in 2020), in lieu of paying the much higher NOx tax.49 

Entities joining the NOx Fund need to commit to meeting an 

agreed annual NOx reduction target and develop a long-term 

plan for reducing their NOx emissions. Failure to reach the 

target will result in the tax being re-imposed. 

Participating entities are also eligible to apply for funding support 

for up to 80 percent of capital investments on NOx control 

measures, though they must first carry out the most cost-effective 

measures at their own expense.50 Vessel owners who opt for 

technologies and fuels that can potentially be carbon-free, such as 

hydrogen or electricity, or can meet the IMO Tier III NOx standard, 

are eligible for greater financial support (see Table 3). 

The combination of the NOx tax and NOx Fund, alongside other 

funding schemes (see Section 3.5.2.1.), has successfully spurred 

the uptake of NOx control technologies in Norway's maritime 

sector, especially with regard to the use of the SCR system, 

and LNG and electric propulsion. At present, more than 30 

percent of the world’s ships with SCR systems in operation 

are in Norway.52 By 2026, Norway will be home to over one-

fifth of the world’s LNG-powered vessels, and 44 percent of 

battery-powered vessels, counting all vessels in operation and 

on order.53, xx From 2007 to 2016, NOx emissions from ships in 

Norway were cut by about 40 percent.54 

xviii   With regard to shipping, the NOx tax is assessed based on emissions from vessels within Norwegian territorial waters and domestic shipping, even if part of the voyage takes place outside Norwegian territorial waters (250 nautical miles [nm] off the 

Norwegian coast). All ships in international traffic are tax-exempt, including vessels operating in direct traffic between Norway and foreign ports. For more information, see Becqué et al. (2018) in endnote 55.  

xix     Throughout this report, exchange rates are based on the midpoint reference rate for RMB yuan set by the People’s Bank of China as of February 21, 2020 (http://www.pbc.gov.cn/zhengcehuobisi/125207/125217/125925/index.html). 

xx      The data used for deriving Norway’s share of the world’s LNG-powered vessels does not include LNG-powered inland waterway vessels in China.

TABLE 3. MOBILE SOURCE NOX CONTROL MEASURES ELIGIBLE FOR NOX FUND SUPPORT AND THE SUPPORT RATE51

NOX FUND SUPPORT RATE FOR MOBILE SOURCE CONTROL MEASURES (PER KG OF NOX REDUCED)

200 NOK (¥151) 400 NOK (¥301) 

NOx abatement technologies, including SCR and EGR Energy conversion: LNG, electrification, hydrogen

Energy efficiency measures Hybrid battery power

Engine modifications reducing NOx Energy efficiency measures combined with Tier III measures (e.g., SCR, EGR, LNG)

Replacement of engines with NOx cleaning technology  Engine replacement combined with NOx control technologies that meet Tier III standards (e.g., 
SCR, EGR, LNG)
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FIGURE 5. NOX EMISSIONS LEVEL OF SHIPS EQUIPPED WITH SCR AND GRANTED A PORT DUES DISCOUNT UNDER THE SWEDISH 
ENVIRONMENTAL DIFFERENTIATED FAIRWAY DUES SCHEME58

ME stands for main engine, and AUX for auxiliary engine. Red circles depict the measured main engine NOx emissions level of vessels equipped with SCR systems and granted a port dues discount, while black triangles present the 

measured auxiliary engine NOx emissions level of those vessels.

Reprinted from Selma Brynolf et al., “Compliance Possibilities for the Future ECA Regulations Through the Use of Abatement Technologies or Change of Fuels,” Transportation Research Part D, 28 (2014): 6-18, Copyright (2020), 

with permission from Elsevier.

xxi     To be granted reduced fairway dues, shipping companies must provide the Swedish Maritime Administration with a measurement of the NOx emissions of all main and auxiliary engines in accordance with ISO 8178 standards. Ammonia slip at the funnel 

after the SCR should also be measured and provided to the authority, to demonstrate that the amount slipped is lower than 10 ppm NH3 (later revised to 20 ppm NH3).  Evidence of urea use shall also be provided, such as readings of urea consumption 

and urea purchase notes.

xxii   The CSI scoring methodology was developed by a technical committee comprised of researchers and representatives of the maritime authority and shipping industry from Sweden. For more information, see https://www.cleanshippingindex.com/.
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3.5.1.2  Swedish Environmentally Differentiated Fairway Dues

Sweden adopted an emissions-based fairway dues scheme 

in 1996. The Environmentally Differentiated Fairway Dues 

program was designed to encourage deeper reductions in 

NOx and SOx emissions from vessels, beyond regulatory 

requirements, by offering a stepwise reduction of the gross 

tonnage portion of the fairway dues, based on a vessel's NOx 

emissions and fuel sulfur level.xxi The scheme has been revised 

several times, as regulations gradually tightened. In 2015, 

after the 0.1 percent ECA fuel sulfur standard took effect, the 

fairway dues rates were updated to vary only in terms of the 

NOx emissions level. The latest revision was made in 2018, 

with the scheme now based solely on the Clean Shipping 

Index (CSI) score. The CSI is an independent reporting and 

labeling scheme of environmental performance for ships and 

shipping companies, that was launched in Sweden by shipping 

industry stakeholders and large Swedish export and import 

companies.xxii A ship’s CSI score reflects its performance in 

relation to air and climate pollution, chemical use, and water 

and wastewater management.55  

When the program was first launched, it was recognized that 

substantial investments in installing effective NOx controls, 

such as the SCR system, could take more than ten years to 

be recovered through reduced fairway dues. Grants were 

therefore offered to subsidize investments on NOx controls 

from 1998 through 2001. The grants ended in 2002, as they 

were considered to be too costly.56

Even though the total number of vessels receiving fairway 

dues discounts for superior NOx performance was small 

(64 vessels from 2007 to 2016), the scheme was successful 

in terms of driving the early adoption of NOx control 

technologies. SCR was the preferred technology, adopted 

by 76 percent of ships that were granted reduced fairway 
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xxiii     Based on the latest available public data. It should be noted that the test cycle used in Sweden is different from that of the IMO, which covers several low load points that are challenging for SCR operation. See Brynolf et al. (2014) in endnote 58. 

xxiv    Green Award certification for inland waterway vessels is granted by assessing a ship’s air emissions. Green Award’s Platinum certificate is currently awarded to ships that operate without exhaust emissions continuously for three hours a day. The 

length of time for emission-free operation for the Platinum certification could be strengthened later when it is deemed appropriate. More information can be found at https://www.greenaward.org.

xxv    Crude and product tankers are two types of oil tankers: Crude tankers move large quantities of unrefined crude oil from the point of extraction to refineries, while product tankers transport refined products like gasoline, diesel and jet fuel, from refineries 

to points near consumer markets.

TABLE 4. ENVIRONMENTAL PERFORMANCE-BASED PORT DUES SCHEME FOR INLAND WATERWAY VESSELS AT ROTTERDAM61

PORT DUE SURCHARGE OR DISCOUNT ENVIRONMENTAL PERFORMANCE OF INLAND WATERWAY VESSEL MAIN ENGINE 

10% surcharge Not meeting CCR2 NOx and PM emission standards

No discount Meeting CCR2 NOx and PM standards

15% discount Granted a valid Green Award certificate, and meeting CCR2 NOx and PM standards

30% discount At least 60% cleaner than CCR2 PM and NOx standards

100% discount Granted a Green Award Platinum certificate for zero-emission operation

dues for low NOx emissions. The NOx reductions achieved by 

each ship were significant—emissions testing data collected 

through 2009 show that most of the SCR-equipped ships that 

were granted reduced fairway dues performed even better 

than the IMO Tier III NOx standard (Figure 5).57, xxiii  

3.5.1.3  Differentiated Port Dues at Rotterdam

Rotterdam, Europe’s largest port and a logistic hub of 

oceangoing and inland waterway vessels, has introduced 

multiple measures for tackling vessel emissions. For inland 

waterway vessels, the port adopted a five-tier port dues 

structure to motivate ship owners to control ship emissions (see 

Table 4). Various discounts are offered to ships that are cleaner 

than the Central Commission for the Navigation of the Rhine's 

CCR2 standard, while port dues surcharges are imposed on 

ships whose emissions exceed the CCR2 standard. In 2018, the 

port announced that inland waterway vessels certified by Green 

Award as zero-emission (i.e., ships granted the Green Award’s 

Platinum certificate)xxiv can enjoy a 100 percent discount on port 

dues.59 The differentiated port dues scheme is currently under 

review, following the adoption of the EU Stage V emission 

standards that superseded the CCR standard.60 

Rotterdam also offers port dues discounts to oceangoing vessels 

(including coastal ships not registered in the Netherlands) 

that perform better than current standards. The discount is 

assessed based on a ship’s score under the Environmental Ship 

Index (ESI), which is a third-party rating scheme that assesses 

the NOx, SOx, and CO2 emissions of ships. A ship with an ESI 

score above 30 is eligible for a 10 percent discount on the gross 

tonnage portion of the port dues. The discount is doubled if 

the NOx part of a ship’s ESI score is over 30, which can be 

attained, for example, by using LNG or the SCR system.62 On 

top of the ESI discount, Rotterdam offers a 15 percent discount 

to Green Award-certified LNG tankers, chemicals/gas tankers, 

and crude/product tankersxxv to reward companies for investing 

in improving the management, and environmental and safety 

performance of their ships.63 

3.5.2   COMPREHENSIVE MEASURES FOR PROMOTING LOW- 
AND ZERO-EMISSION FUELS AND TECHNOLOGIES 

With rising public awareness of climate change, efforts to 

clean up air pollution from ships in Europe and North America 

have gradually shifted to target both air pollution and climate 
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change. The agreement reached at the IMO in 2018 to reduce 

global shipping emissions by at least 50 percent by 2050 

underscored climate urgency, while also increased pressure on 

the shipping industry and major maritime nations to step up 

their efforts on shipping decarbonization.  

Enhancing the energy efficiency of ships using existing 

technologies, such as improving power and propulsion 

systems, enhancing vessel aerodynamics and hydrodynamics, 

and optimizing speed and logistic chains, can achieve 

considerable reductions in GHG emissions. For instance, 

Maersk, the world’s largest container shipping line, has 

lowered CO2 emissions per unit of cargo moved by 60 percent 

from 2008 to 2018 through energy efficiency measures.64 

However, with the projected steady growth of shipping 

activities, substantial uptake of low- and zero-carbon fuels 

and propulsion technologies is essential to achieve IMO's goal 

for 2050. Given that typical vessel lifespans are between 20 to 

30 years, low- and zero-emission fuels and technologies will 

need to be market-ready by around 2030. 

As markets for low- and zero-emission fuels and propulsion 

technologies are still emerging, widespread adoption of zero-

emission propulsion technologies would require significant 

investments by ship owners, ports, and fuel suppliers. Grants 

and market-based solutions are critical at this stage for 

advancing research and development (R&D) and stimulating 

deployment. Norway has been at the forefront of supporting 

the development of sustainable shipping through the NOx tax 

and NOx Fund discussed above, as well as other funding and 

policy instruments. More countries are now following suit. 

3.5.2.1   Funding and Mandates in Norway for Advancing Low- and 

Zero-Emission Shipping

For more than a decade, Norway has applied a range of policy 

measures, including funding schemes, an emissions tax and 

fee, and public procurement policies, to spur development 

and boost demand for low- and zero-emission technologies 

for the shipping industry. It considers a green transition in 

the maritime sector to be not only crucial for tackling climate 

change and improving air quality, but also an opportunity to 

build the expertise of Norwegian industries along the entire 

value chain for green shipping.65  

Providing incentives for the use of environmentally-friendly 

fuels has been a core element of Norway’s green shipping 

policies, with LNG, electricity, and advanced biofuels 

considered to hold the greatest potential. In the past few 

years, the policy focus has shifted towards climate change, 

and electric propulsion and hydrogen fuel cells are receiving 

increasing attention.66 As 98 percent of Norway’s electricity 

production comes from renewable energy sources, ships with 

these two types of propulsion can be truly zero-emission.67 

Owing to its past and current efforts towards advancing 

sustainable shipping, Norway is now the world leader on LNG 

and battery-electric propulsion for maritime use. In June 2019, 

the country stepped up its efforts by releasing an action plan 

on green shipping and announced a target to cut greenhouse 

gas emissions from domestic shipping and fisheries by half by 

2030.68 The main funding schemes and the public procurement 

policies that have been introduced for advancing low- and zero-

emission maritime solutions are summarized below.

Funding schemes for accelerating R&D and piloting low- and 

zero-emission vessels 

To spur technological development and support demonstration 

projects, the Norwegian government has allocated grants that 

totaled tens and hundreds of millions of Norwegian Krone 

(NOK) for low- and zero-carbon shipping projects, including 

construction of bunkering infrastructure, through various 

funding schemes. Three of the most important schemes are:

 ■ Enova: An enterprise under the Ministry of Climate and 

Environment, Enova’s mission is to reduce greenhouse 

gases, strengthen energy security, and spark innovation 

on energy and climate technologies that can facilitate 

Norway’s transition to a low-carbon society. 

Since 2015,  Enova has provided more than NOK 

1.6 billion (¥1.2 billion) of funding to support the 

construction of different types of low- and zero-emission 

vessels, as well as electricity charging facilities.69 For 

vessel types not suited to fully-electric operation, such 

as fast ferries and coastal container ships, Enova, 

together with Innovation Norway and the Norwegian 

Research Council, is jointly managing a PILOT-E funding 

scheme that offers grants to develop battery and fuel cell 

solutions.70 Vessels that are eligible for Enova support 

must be registered in Norway and conduct a significant 
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part of their operations in Norwegian territory or within 

the Norwegian Economic Zone.71

In addition, Enova provides funding for building onshore 

infrastructure that enables the low-carbon transition. 

Since 2015, NOK 500 million (¥377 million) has been 

allocated to develop shore power infrastructure at 

Norwegian ports.72 In 2018, three counties in western 

Norway (Hordaland, Møre og Romsdal, and Sør-Trøndelag) 

received NOK 480 million (¥362 million) to build a ferry-

charging infrastructure, catalyzing the deployment of 

battery electric and plug-in hybrid ferries.73

 ■ Innovation Norway: Innovation Norway supports 

Norwegian companies and industries in developing 

a competitive edge through innovation. Regarding 

maritime-related projects, it offers grants to promote 

the development, commercialization, and demonstration 

of new maritime technologies, and the retirement of 

old vessels. An estimated NOK 73 million (¥55 million) 

of funding was given to the maritime industry in 2017. 

Innovation Norway also offers grants—about NOK 25 

million (¥19 million) a year—through an innovation 

contract scheme designed for small- and medium-sized 

enterprises that are seeking to develop new, innovative 

products, services, and technologies in close cooperation 

with pilot customers. In addition to offering grants, 

Innovation Norway provides innovation loans and low-risk 

loans for innovation projects on green shipping.74

Innovation Norway’s support is primarily directed to 

short-sea shipping. Companies receiving funding or loans 

must be registered in Norway, and the vessels in question 

must primarily operate in Norwegian coastal waters.75 

 ■ Klimasats: To support county governments that wish to 

acquire climate-friendly high-speed vessels, a temporary 

funding scheme has been set up through the Klimasats 

program,xxvi which offers grants to county authorities 

for reducing greenhouse gas emissions and facilitating 

a transition to a low-emission society. NOK 25 million 

(¥ 19 million) and NOK 77 million (¥58 million) of the 

Klimasats funding have been earmarked to subsidize the 

procurement of climate-friendly high-speed vessels in 

2018 and 2019 respectively.76 

Norway’s green procurement requirements for low- and zero-

emission technologies

To stimulate demand for low- and zero-emission solutions 

for maritime transport, the Norwegian Parliament decided 

in 2017 that low- or zero-emission technologies should be a 

requirement in  public tenders for the national ferry services, 

xxvi     The Klimasats is a financial support scheme established in 2016 by the Norwegian government to support projects that reduce greenhouse gas emissions at the municipality and county level.
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when the technology allows for it. While this requirement 

is not mandatory for county governments procuring ferry 

services, they are encouraged to follow it.7 7 The various 

funding schemes discussed above and the NOx Fund have 

enabled national and local governments to include stricter 

environmental requirements in their calls for tenders. As a 

result, Norway has seen a rapid uptake of battery technologies 

on ferries. As of 2019, 33 ferry routes in Norway are partly or 

all electric, and 63 battery-powered ferries are expected to go 

online in Norwegian fjords by 2021.78   

3.5.2.2   Efforts of Other European Countries to Transition  
to Zero-Emission Shipping 

 ■ The Netherlands

The Dutch Green Deal for Shipping was signed in the 

Netherlands in June 2019, with the goal of fostering emission-

free and climate-neutral inland and sea shipping by 2050. Signed 

by the government, port authorities, shipping and logistics 

industry members, shippers, banks, and research institutes, 

the Green Deal stipulates ambitious CO2 emission goals for 

both inland and seagoing shipping. CO2 emissions from inland 

shipping aim to be reduced by at least 40 percent by 2030, and to 

zero by 2050, while CO2 emissions from sea shipping would be 

slashed by 70 percent as of 2050. 

The Green Deal also includes dozens of measures for curbing air 

and climate pollutants from shipping. One of those measures is the 

launch of a sustainability label for inland waterway vessels that will 

enable ships to qualify for harbor dues discounts, or secure funding 

from grants and finances from banks. To combat NOx pollution, 

the Dutch government released 79 million euros (¥598 million) as 

grants for retrofitting inland waterway vessels in operation with 

SCR systems over the period of 2020-29. In addition, the Ministry 

of Infrastructure and Water Management will set aside 15 million 

euros (¥114 million) for the inland shipping sector to encourage 

innovations, such as the purchase of clean engines. Five million 

euros (¥38 million) have been earmarked for research into new 

technologies to make maritime transport sustainable. The signatory 

parties are committed to having at least one innovative zero-

emission oceangoing vessel in service and at least 150 inland vessels 

fitted with a zero-emission powertrain by 2030.79 

Port cities in the Netherlands also play a leadership role in 

advancing the transition to low-/zero-emission shipping. For 

instance, the Port of Rotterdam launched a series of initiatives 

to stimulate the development and uptake of low-/zero-emission 

solutions for inland, coastal and oceangoing shipping, including:

 □ Incentive scheme to support climate-friendly shipping: 

The port offers five million euros (¥38 million) of 

funding from 2019 through 2022 to support projects for 

developing and demonstrating low emission alternative 

fuels for oceangoing vessels. Port funding can cover 

at most 40 percent of the project costs. Fuels that are 

eligible for support must be biofuel or synthetic fuel, 

or involve the use of electricity or fuel cells. The fuels 

should also result in more than 50 percent carbon 

emissions reduction compared to conventional fuels, 

and be bunkered at the Port of Rotterdam.80   

 □ Twe nt y - m egawa tt  sh o re  p owe r  p ro j ect  in  t he 

Calandkanaal powered by wind: In 2019, Heerema 

Marine Contractors, Eneco and the Municipality and 

Port of Rotterdam collaborated to develop the shore 

power system to supply electricity for Heerema’s crane 

vessels mooring along the Calandkanaal. It will be the 

world’s biggest shore power connection for offshore 

vessels. Electricity will come from the adjacent Landtong 

Rozenburg windpark. The reduction in total emissions is 

expected to equal to taking 5,000 diesel cars off the road, 

drastically reducing local air emissions and noise.81 

 □ Mobile shore power system for coastal vessels: 

In December 2019, the Port and Municipality of 

Rotterdam launched a pilot project near the center of 

Rotterdam at Parkkade, to test out the technical and 

commercial feasibility of different mobile shore-power 

systems for coastal vessels. With a cost of half a million 

euros (¥3.8 million), this trial will test five different 

mobile shore power systems that are powered by a: 

i. Battery integrated with a biofuel-powered 

generator 

ii. Battery combined with a blue dieselxxvii generator 

and solar panels 

xxvii     Blue diesel refers to diesel recovered from waste oil, most notably used cooking oil. 
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iii. LNG-powered gas engine 

iv. Bio-LNG-powered turbine 

v. Hydrogen-based fuel cell unit combined with a 

small battery

Each of these mobile systems is to be tested for two to 

four weeks, with emissions and noise level measured 

and compared to using the vessel’s onboard generators. 

Participating vessels receive free electricity. Following 

this pilot, the port has set aside 1.5 million euros (¥11.4 

million) for starting a second pilot with a focus on 

shore power concepts for large oceangoing vessels.82

 □ World Ports Climate Action Program: In September 

2018, Rotterdam and ten other leading ports in the 

worldxxviii joined hands to launch the World Ports Climate 

Action Program, an international initiative aiming to:

i.  Increase efficiency of supply chains using digital tools

ii. Advance common and ambitious public policy 

approaches aimed at reducing emissions within 

larger geographic areas

iii. Accelerate development of in-port renewable 

power-to-ship solutions and other zero-emission 

solutions to control emissions while ships berth

iv. Accelerate the development of commercially 

viable sustainable low-carbon fuels for maritime 

transport and infrastructure for electrification of 

ship propulsion systems

v. Accelerate efforts to fully decarbonize port cargo-

handling facilities 

An action plan for each of the above tasks is being 

developed, setting out a timeline of actions and 

milestones over a five-year period (2019-2023).83 

Long before the Dutch Green Deal was adopted, Amsterdam 

had rolled out measures for boosting the uptake of zero-

emission shipping. In 2013, the municipality of Amsterdam 

stipulated that all canal tour boats must be emissions-free by 

2025. Canal tour boat companies in Amsterdam have been 

gradually converting tour boats from diesel to electric.84 Fast 

chargers are also being installed along the canals.85 In 2019, 

the city extended the 2025 zero-emissions requirement to all 

canal boats.86 As of 2020, three-quarters of the 550 commercial 

vessels on the canal already qualified as emissions-free.87

 ■ United Kingdom

In July 2019, the United Kingdom (UK) announced a Clean 

Maritime Plan, which set out a vision for the UK to take 

a proactive role in driving the transition to zero-emission 

shipping in UK waters, and become a world leader in this field 

by 2050.88 The plan recognizes that transiting to zero-emission 

shipping can tackle air pollution and greenhouse gases, while 

creating opportunities for clean maritime growth in the UK.

To this end, the plan stipulates the following key policy 

commitments:

 □ Exploring the use of non-tax incentives and the existing 

Renewable Transport Fuel Obligation to encourage the 

uptake of low carbon fuels 

 □ Launching a green financing scheme to support a zero-

emission shipping transition 

 □ Launching a study to identify and support potential 

zero-emission shipping clusters across the UK, 

which will serve as demand and supply hubs for zero-

emission fuels, with fuel production, supply and 

storage infrastructure 

 □ Providing seed funding and government grant support, 

and establishing an award scheme for stimulating 

green maritime innovations in the next few years; 

this includes £1.3 million (¥11.8 million) of funding to 

support clean maritime innovation 

The short-term goal of the plan is for all new ships in UK 

waters to be designed with zero-emission-capable technologies 

by 2025. By 2035, several clean maritime clusters will be built, 

and low or zero-emission marine fuel bunkering should be 

readily available across the UK. 

xxviii    Other participating ports include: Amsterdam, Antwerp, Barcelona, Gothenburg, Hamburg, Le Havre, Long Beach, Los Angeles, New York and New Jersey, and Vancouver.



LESSONS LEARNED 
FROM INTERNATIONAL 
EXPERIENCES
For more than a decade, European countries and California have implemented a range of 
regulatory measures and incentive schemes to combat air pollution from domestic shipping 
(see a summary in Table 5). These policy measures have resulted in the widespread use of 
low sulfur fuels and catalyzed the development and commercialization of emission control 
technologies in the marine sector that can substantially reduce NOx emissions from ships, 
such as SCR systems, natural gas, and electric propulsion. Some lessons can be drawn from 
these countries’ experiences. 

4
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4.1   MANDATORY PROGRAMS COMPLEMENTED 
WITH INCENTIVE POLICIES ARE NEEDED TO 
SPUR DEPLOYMENT OF COMMERCIALLY 
AVAILABLE NOX MITIGATION TECHNOLOGIES 
AND DEVELOPMENT OF ZERO-EMISSION 
SOLUTIONS

Technologies exist that can successfully reduce NOx emissions from 

ships. There is also rapid development of low/zero-emission maritime 

technologies, particularly for use on ferries and coastal vessels. 

Increasingly stricter regulations, in combination with incentive 

programs, are driving wider deployment of these technologies. The 

regulatory certainty provided by mandatory programs, be they the 

Norwegian NOx Tax, the marine engine standards of the EU and 

U.S., or the in-use vessel emissions requirements in California and 

Rotterdam, have stimulated the development and gradual uptake of 

low-/zero-emission maritime technologies. Incentive programs are 

essential complements to these mandatory approaches, as developing 

and deploying these technologies face substantial hurdles from high 

upfront capital costs, and/or a lack of bunkering infrastructure. 

However, regulatory programs are ultimately needed to drive 

widespread adoption.

4.2  CLEANING UP IN-USE VESSELS IS ESSENTIAL 
Due to the long service life of vessels, programs that target 

the in-use fleet are critical in achieving significant emissions 

reductions for the entire fleet. Increasingly tougher emissions 

requirements for new vessels are being used as a benchmark 

for incentive programs targeting in-use fleets in California and 

European countries. This boosts the uptake of low- and zero-

emission technologies through the repowering or replacement 

of in-use vessels. The long lead time of the in-use emissions 

requirements set by California, Rotterdam, and Norway allows 

vessel owners to pick the best timing to replace or repower their 

vessels, further enhancing compliance. 

4.3   MAJOR SEAFARING NATIONS LAUNCH 
PARALLEL EFFORTS TO COMBAT AIR AND 
CLIMATE POLLUTION FROM SHIPS

While tackling NOx pollution from shipping remains a top priority 

for major maritime nations, more countries are launching programs 

to accelerate the uptake of zero-emission shipping. Those that are 

at the forefront of promoting low- and zero-emission technologies, 

including Norway, the UK, and the Netherlands, are seeing this as 

a triple-win opportunity for combating air pollution, tackling the 

climate crisis, and stimulating green growth. While the development 

of low- and zero-emission shipping technologies is still nascent, 

the number of low- and zero-emission vessels is growing, thanks 

to funding and regulatory support from major maritime nations. 

Some of the newest vessels are being equipped with large capacity 

batteries to serve long distance routes (up to 80 km on a single 

charge). Appendix IV lists a selected group of fully electric and plug-

in hybrid vessels that are now in operation. 

TABLE 5. SUMMARY OF POLICY MEASURES FOR ADVANCING LOW/ZERO-EMISSION SHIPPING

NORWAY THE NETHERLANDS CALIFORNIA, U.S. UNITED KINGDOM

New vessel 
requirement

Low/zero-emission 
propulsion for new ferries 
serving national routes

Inland waterway vessels comply with EU Stage V emission standard Harbor craf�s comply 
with U.S. Tier 4 
emission standard

•  EU Stage V
•   All new vessels be 

zero-emission by 2025

In-use 
vessel 

requirement

•   NOx Tax/Fund
•   Vessels in World Heritage 

Fjords be zero-emission 
by 2026

•   Vessels in all fjords and 
Norwegian waters be low/
zero-emission by 2030 

National
•   CO2 emissions from inland shipping be reduced by at least 40 

percent by 2030, and to zero by 2050
•   CO2 emissions from sea shipping be reduced by 70 percent by 2050
Rotterdam
•   All vessels comply with CCR2 standard by 2025
•   Inland barges must use shore power 
Amsterdam
•   All canal boats be zero-emission by 2025

•   Harbor craf�s 
upgraded to meet 
U.S. Tier 2 or 3 
standard 

•   Oceangoing vessels 
must use shore 
power for 80 
percent of vessel 
calls

Grants and 
incentives

•   NOx Fund support for NOx 
abatement solutions

•   Enova, Innovation Norway 
and Klimasats funding 
for building low/zero-
emission vessels, and 
supporting bunkering 
and shore power 
infrastructure

National
•   Dutch Green Deal funding for supporting the purchase of clean 

engines, and studies of sustainable maritime technologies
Rotterdam 
•   Port dues determined by emissions levels
•   Funding for developing and demonstrating low-emission alternative 

fuels for oceangoing vessels
•   Funding for trials of low-/zero-emission shore power systems for 

coastal and oceangoing vessels

Carl Moyer and other 
incentive programs 
to support adoption 
of low-NOx/carbon 
technologies that go 
beyond compliance

Funding for supporting 
green maritime 
innovation



5

Air quality, and particularly fine particle and ozone pollution, remains a top concern 
as China enters its 14th Five-Year planning period, especially in the key regions of the 
Blue Sky Defense Plan. As these air pollution regions cover many cities and provinces 
along the coast and on major inland waterways, toughening controls on shipping 
emissions should be a key part of the clear air policies in the next Five-Year Plan.

GREEN SHIPPING 
RECOMMENDATIONS  
FOR CHINA
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The Blue Sky Defense Plan released by the State Council in 

2018, and the corresponding local plans, stipulate a number of 

measures to target shipping. These measures include promoting 

the uptake of “new energy” (such as LNG or electricity) for use in 

vessels, encouraging the retrofitting of inland waterway vessels, 

and constructing quay-side shore power connections. The plans 

also call for restricting the operation of high-emitting vessels 

along major inland rivers such as the Yangtze, and encouraging 

the retirement of inland waterway vessels that have been in 

service for more than 20 years. While the policy direction 

of promoting alternative, low-emission technologies and 

accelerating vessel fleet modernization is clear, these measures 

are mostly voluntary (except for the DECA requirements and 

the emission standards for new marine engines). They may not 

provide the regulatory certainty the shipping industry needs to 

make long-term investments that drastically reduce shipping 

NOx pollution. 

Drawing from the lessons learned from Europe and the U.S., we 

provide a few recommendations below for consideration in the 

formulation of the next Five-Year Plan. 

In the near term, we recommend that clean shipping policies 

focus on boosting the uptake of commercially available NOx 

reduction technologies on both new vessels and vessels in 

operation, in order to further progress towards clean air goals. 

Another consideration is the adverse impacts of climate change 

on China’s agriculture, ecosystem, water resources, and human 

health, with the latest research showing that more intense 

climate extremes, such as increased heat waves and more 

periods of stagnant air, will worsen existing air pollution in 

China.89 In light of those adverse impacts, we recommend long-

term clean shipping strategies focus on promoting the co-control 

of air pollution and the climate impacts of shipping. 

 ■ Tighten engine standards further to drive the 

commercial availability of clean engines 

While China has introduced China I and II emission standards 

for engines used on domestic vessels, they are not strict enough 

to bring about significant NOx reductions. China could tighten the 

standards to be on par with U.S. Tier 4 and EU Stage V standards. 

By doing so, it can drive the adoption of commercially available 

NOx control technologies in its domestic vessel fleet. Since 

the emission standards are technology neutral, vessel owners 

could choose among compliant technologies based on the vessel 

operation profile and the accessibility of supporting infrastructure.

There may be concerns that, even with the adoption of stringent 

standards, the uptake of SCR or LNG propulsion may be slow, 
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as happened in Europe. However, the introduction of EU Stage 

V-compliant marine engines for inland waterway vessels is 

slow in Europe largely because of the small size of the domestic 

shipping engine market. As marine engines are uniquely 

designed, the costs of developing and certifying new engines are 

high, which further raises the costs of engines that comply with 

EU Stage V standards. Engine manufacturers in the EU have, as 

a result, delayed offering Stage V-compliant marine engines.90 

China’s inland waterway vessel market is much larger than the EU 

market. With 124,300 vessels in operation as of 2018, the number 

of inland waterway vessels in China is seven times that of Europe, 

which only has 18,000 vessels.91 In addition, there are over 10,379 

Chinese-flagged coastal vessels, regulated by national emissions 

standards. The much larger size of the Chinese market offers a 

scale that could justify investment in R&D and development of 

low-NOx technologies, as long as stricter regulations are adopted 

to provide market certainty. China can build on its success by 

using a similar approach that boosts the market—and dramatically 

brings down the costs—of other clean energy technologies such as 

electric vehicles, solar and wind.

 ■ Clean up in-use vessels by adopting an in-use emission 

requirement, in conjunction with the launch of pilot 

programs to demonstrate the feasibility of retrofitting 

and repowering high-emitting vessels

The MOT has rolled out incentive programs to accelerate the 

retirement of old vessels, which have shortened the average 

inland waterway vessel’s service life from about 30 to 15 years. 

However, 71 percent of in-use inland waterway vessels still have 

emissions at the pre-control level, exceeding the IMO Tier I 

level.92 We recommend adopting an in-use emission requirement 

for all inland waterway and coastal vessels that uses the strictest 

emission standards currently in effect. Sufficient lead time 

should be allowed for vessel owners and engine/aftertreatment 

manufacturers to prepare for the new requirements.

At the same time, pilot programs could be launched to evaluate 

and demonstrate the feasibility and benefits of repowering or 

retrofitting high-emitting inland waterway vessels with advanced 

NOx control solutions. Engine repowering and retrofit programs 

could encourage more vessels to be upgraded, especially those 

vessels that are still fit for service and whose owners are 

disinclined to retire. The EU Clean Inland Shipping (CLINSH) 

project, which offers funding and technical support for retrofitting 

or repowering in-use ships, and conducts onboard and remote 

measurement programs to monitor emissions reduction benefits, 

offers a good example for such pilot programs.xxix 

 ■ Mandating zero emissions at berth for all inland 

waterway vessels

The amended DECA regulations announced in late 2018 

required all new inland waterway vessels constructed on or 

after January 1, 2019 to be shore-power-capable, and to be 

connected to shore power when docking at shore-power-

capable berths, beginning July 2019. Inland waterway vessels 

in operation that cannot meet China II emission standards must 

be retrofitted with shore power equipment by January 1, 2022, 

and must use shore power whenever feasible.93 While these 

two requirements should cover most inland waterway vessels, 

we recommend expanding the shore power mandate to all 

inland waterway vessels while they are at berth in ports, and at 

anchorage areas waiting to pass through dams.xxx In light of the 

high population density of cities along main inland waterways, 

such as the Yangtze River and the Pearl River, a full-scale shore 

power mandate can further reduce air pollution and noise 

nuisance, while also simplifying enforcement.

Shore power infrastructure is now being built at major terminals 

and anchoring areas at and near the Three Gorge Dam, and at 

ports along the Yangtze River, Pearl River and Jinghang Canal.94 

All ports along the Yangtze River and its main tributaries are 

planned to become shore power-capable by 2035.95 With the 

build-up of the shore power infrastructure, main inland ports are 

ready to support a full-scale shore power mandate. 

xxix    CLINSH is a EU-funded project launched for promoting clean inland waterway transport through piloting the use and assessing the emission benefits of clean fuels and emissions control technologies, as well as advancing the use of shore power. The 

project recruited 42 in-use inland waterway vessels. Half of these vessels already had installed emissions control systems (such as SCR/DPF systems or using marinized Euro VI compliant heavy-duty truck engines), or propulsion systems for using 

cleaner fuels (electric propulsion, Gas-to-Liquid fuels, biodiesel and LNG). A third of these vessels were refitted with advanced emission control systems or clean fuel/propulsion systems. The rest were vessels with conventional engines using diesel, 

Gas-to-Liquid or renewable diesel fuel. Onboard emissions monitoring equipment was installed on all the recruited vessels. Onboard measurement and remote measurement campaigns were conducted to evaluate and compare performance of different 

emissions control solutions. See the CLINSH website (www.clinsh.eu) for more information.

xxx      There are reports that ships passing through dams in China, such as the Three Gorge Dam, typically have to wait for hours, even days, due to limited lock capacity, resulting in air and noise pollution (see for example https://s0.news.ghwx.com.cn/a.html

?aid=6220560191274877952&gid=4616194016101269504). 
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 ■ Adopt a long-term zero-emission goal for domestic 

shipping and devise a long-term strategy to position 

China as a torchbearer of zero-emission shipping

In the longer term, zero-emission technologies will be the best 

solution to improve local air quality and combat the climate crisis. 

China has launched several pilot projects of low- and zero-emission 

technologies.96 Two fully electric vessels, a bulk cargo ship and a 

river cruise ship, are already in service in China (Appendix IV). 

These pilots are essential to demonstrate technology feasibility 

and identify possible technical issues. However, experiences in 

Europe and the U.S. suggest that widespread deployment of zero-

emission technologies face enormous challenges, most notably 

the higher capital costs of the technologies, and the need to build a 

network of bunkering infrastructure. 

To address these challenges, China can consider adopting a 

zero-emission goal for selected ship categories where grants are 

provided to enable the adoption of low-emission solutions. The 

zero-emission mandate, along with funding support, provides 

regulatory certainty, and reduces the financial risk of investing 

in the development of zero-emission marine propulsion and the 

related refueling/charging infrastructure. Ships that operate 

near densely populated areas and serve fixed routes, such as 

ferries and river cruise ships in inland port cities, are the prime 

targets of a zero-emission mandate, given the higher health 

benefits and the relative ease of building the refueling/charging 

infrastructure. These vessels can serve as a test-bed for zero-

emission technologies. 

China should also contemplate setting a long-term zero-emission 

goal for domestic shipping to spur innovation in other vessel 

segments, and devising a longer-term strategy that support the 

realization of this goal. As a first step, we recommend launching 

a study to look at the characteristics of different categories of 

domestic vessels. By examining where they operate, the age of the 

fleet, and their contribution to carbon emissions, the study could 

identify emission-free fuel and technology options best suited 

for each vessel category, and recommend policy instruments to 

accelerate technology uptake. The study should also explore ways 

to connect these vessels with zero-emission energy sources in 

China to ensure they are truly low/zero-emission.

China should also develop a longer-term strategy to 

advance zero-emission shipping that covers the entire 

value chain, from shipping companies, shipyards, to fuel/

energy providers and ports. Such a strategy should aim at 

steering stakeholders across the entire value chain toward 

making shipping emission-free. To ensure actions proposed 

are well coordinated among various stakeholders, it would 

be best if the strategy be devised by transport agencies in 

close collaboration with authorities overseeing industry 

development and the environment, as well as governments of 

port cities and provinces, and the shipping industry. 

Some European countries anticipate considerable growth in 

the local and international market for low- and zero-emission 

solutions in the shipping industry.97 As a result, substantial 

government support has been directed to developing zero-

emission ferries and cruise ships, as well as zero-emission 

energy sources, with a view to applying these technologies to 

seagoing shipping in the future. By setting a zero-emission goal 

for domestic shipping and laying out a longer-term coordinated 

action strategy to promote zero-emission shipping, China 

could drive the R&D and deployment of low- and zero-emission 

solutions for its large domestic vessel fleet. As China is the 

world’s largest shipbuilding nation, with the world’s largest 

ports, this strategy could also boost the competitiveness of its 

shipping industry and shipbuilding sector, and position the 

nation as a global maritime torchbearer in the future, carbon-

constrained world.

 ■ Provide grants and offer emissions-based incentives 

to support the shipping industry in adopting NOx 

emissions control and low/zero-emission maritime 

solutions, and developing landside fuel infrastructure

Consider the high initial capital costs of adopting advanced 

NOx control systems and low/zero-emission solutions, the 

government should set aside funding to subsidize initial capital 

investments on ships and the landside supporting infrastructure. 

Policymakers could consider setting up special funds for the 

prevention and control of air pollution targeting shipping (船舶

大气污染防治专项基金). Other complementary policies, such 

as differentiated port dues or tax rates, could also be adopted to 

accelerate the upgrade or replacement of existing vessels. For 

instance, in China the vehicle and vessel tax (车船税) is now 

exempted for “new energy vessels” (e.g., LNG-powered vessels); 

policymakers can consider modifying the tax rate to be based on 

the emissions performance of each vessel.  
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Due to the limited scope of this report, a quantitative 
assessment of the recommended policies (e.g., in terms 
of cost per ton of emissions reduced) was not included. 
Such analysis would be useful for comparing the cost-
effectiveness of shipping emission-control policies against 
measures targeting other emission sources, and could be 
an analysis for supporting the inclusion of these policy 
recommendations in the 14th Five-Year Plan. 

FUTURE 
WORK
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if methane leakage during extraction, processing and transport, 

and methane slip during combustion are fully accounted for.98  

For other fuel options, such as methane, ammonia, electricity 

and hydrogen, the lifecycle emissions depend on how these 

fuels are produced. A study that assesses the well-to-tank 

emissions of various low/zero-emission fuels considering 

China’s specific conditions, especially on renewable energy 

production, and analyzes issues with integrating the supply 

and demand of these fuels in China can lay the foundation for 

devising the country’s long-term strategy.

In devising the long-term strategy for promoting zero-emission 

shipping, it is also critical to understand the lifecycle air 

emissions and climate impacts of the assortment of low/zero-

emission fuels and propulsion technologies and the potential 

sources of these fuels in China, in order to select the fuels that 

offer the best opportunities for emission-free shipping. As an 

example, LNG has long been considered a “bridge” fuel that 

could considerably reduce SOx and particulate emissions and 

lower carbon and NOx emissions, but recent studies called into 

question the lifecycle climate benefits of LNG over diesel fuels 
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China’s key port regions have witnessed considerable 
improvements in air quality since the DECA regulations 
required ships to use fuel with a lower sulfur content at 
berth and near shore. While the effects of DECA regulations 
are impressive, fuel standards alone can do little to reduce 
NOx emissions from shipping, which are central to the 
formation of secondary particulates and ground level 
ozone. The policies already in place are also not sufficient 
to stimulate the uptake of advanced emissions control 
technologies that can further reduce emissions from ships. 

CONCLUDING 
REMARKS
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Reviewing the policy experiences abroad, China can start by 

introducing more stringent controls on domestic vessels, by 

further tightening emission requirements for new vessels, 

imposing emission limits on legacy vessels, while at the same time 

offering incentives and funding support to ease the adoption of 

low-emission technologies.

Considering the urgency to tackle climate change, and the fact 

that climate change would exacerbate air pollution in China, the 

country can benefit from furthering a transition to zero-emission 

shipping. A transition to zero-emission shipping will not only 

enable China to meet its clean air and climate goals, but also help 

the nation maintain its leading position in the global shipbuilding 

industry, as the global shipping sector strives to achieve the IMO’s 

goal to cut the shipping sector’s GHG emissions at least by half 

before 2050.
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Appendix I  
Emission Control Areas (ECAs) Designated  
by the International Maritime Organization

North American ECA
(NOx, SOx)

U.S. Caribbean Sea ECA
(NOx, SOx)

North Sea and Baltic Sea ECAs
(NOx, SOx)
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Appendix II  
Existing and Adopted Marine Fuel Sulfur Standards in the EU, 
United States and China99

REGION

MARINE FUEL SULFUR REQUIREMENT AND IMPLEMENTATION DATE

INLAND WATERWAY VESSELS DOMESTIC/EU COASTAL VESSELS OCEANGOING VESSELS

EU 10 ppm 
(Jan 2011)

1,000 ppm (0.1% sulfur)
(Inside ECA and berthing at EU ports: 

Jan 2015)

5,000 ppm 
(Passenger ships in EU waters: Jan 2020)

1,000 ppm 
(Inside ECA and berthing at all EU ports:

Jan 2015)

5,000 ppm 
(Outside ECA: Jan 2020)

United States
15 ppm 

(CA: Jan 2009; 
rest of the U.S.: Jun 2012)

15 ppm for 
Category 1 and 2 engines

(California: Jan 2009; 
rest of the U.S.: Jun 2012)

1,000 ppm for 
Category 3 engines inside ECA 

(California: Jan 2014; 
rest of the U.S.: Jan 2015)

1,000 ppm 
(Inside ECA: 

California - Jan 2014; 
rest of the U.S. - Jan 2015)

5,000 ppm 
(Outside ECA: Jan 2020)

Chinaxxxi 
10 ppm 

(Inland waterway vessel: Jan 2018)
(River-sea vessel: Jan 2019)

1,000 ppm 
(Hainan waters: Jan 2022)

5,000 ppm 
(Coastal DECA: Jan 2019)

1,000 ppm 
(River DECA: Jan 2020;

Hainan waters: Jan 2022)

5,000 ppm 
(Coastal DECA: Jan 2019
outside DECA: Jan 2020)

ECA stands for Emission Control Area; CA stands for California; DECA stands for China’s Domestic Emission Control Area; the coastal DECA covers China’s territorial waters; the river DECA covers the navigable waters of the Yangtze 

and Xijiang River main lines. 

xxxi    In Hong Kong, China, sulfur in fuel for vessels in domestic trade has been limited to no more than 500 ppm since April 1, 2014. Oceangoing ships that operate within Hong Kong waters have been subject to the same sulfur requirement as the China DECA 

(5,000 ppm) since January 1, 2019 (Air Pollution Control [Marine Light Diesel] Regulation Cap 311, S43; Air Pollution Control [Fuel for Vessels] Regulation Cap 311AB).
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Appendix III  
Control of Black Smoke from Vessels

REGION/
COUNTRY COMPLIANCE REQUIREMENT ASSESSMENT METHOD RESPONSIBLE AGENCY PENALTY

Alaska, 
United States

Opacity of emissions ≤ 20%  
within 3 miles of coastlinexxxii  Visual, USEPA Method 9

Trained staff and 
contracted opacity readers 

of Alaska Department of 
Environmental Conservation

US$37,500 per violation
(¥263,000)

United 
Kingdom No darker than Shade 2 Visual, Ringelmann chart Local authority Maximum £5,000

(¥45,200)

Singapore Excessive soot emission in the 
opinion of MPA Unclear Maritime and Port Authority 

of Singapore
Maximum S$5,000 

(¥25,100)

Hong Kong, 
China

No darker than Shade 2 
 (≤ 40% opacity) for 3 minutes Visual, Ringelmann chart

Marine Department of Hong 
Kong; accepts reports from 

the public

Non-local vessel: 
HK$25,000/50,000
(¥22,600/45,100)

Local vessel: 
HK$10,000/25,000
(¥9,020/22,600)

Qinhuangdao, 
China 

No darker than Shade 2 
 (≤ 40% opacity) for 3 minutes Visual, Ringelmann chart Qinghuangdao Maritime 

Safety Administration

Non-fishing vessels: ¥3,000-30,000
Fishing vessels:
¥3,000-10,000

MPA stands for Maritime and Port Authority of Singapore.

xxxii    With exemption to the times when vessels are maneuvering or in port. More information can be found at Alaska Department of Environmental Conservation, “Cruise Ship Air,” endnote 101..

Restriction of emissions of black smoke from vessels has been 

imposed in some regions to indirectly control particulate 

emissions. The table below summarizes black smoke requirements 

in effect in regions of the U.S., Europe, and Asia. Black smoke is 

produced during incomplete combustion, which is the result of 

insufficient air supply or incorrect fuel injection. The common 

causes of black smoke emissions include fuel injectors, the air 

induction system, poor maintenance of air filters, or the incorrect 

setting of the fuel injection pump or system.100 Black smoke 

restrictions are simple to implement, and can encourage better 

maintenance, though they are not intended as an incentive to 

upgrade the emission control performance of in-use vessels. 

REQUIREMENTS FOR CONTROLLING BLACK SMOKE EMISSIONS FROM VESSELS IN SELECTED REGIONS 101
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Appendix IV  
Selected Battery-Electric and Plug-in Hybrid Vessels 
in Operation

VESSEL NAME VESSEL TYPE LOCATION OF 
OPERATION

ONBOARD BATTERY 
CAPACITY (kWh) VESSEL CAPACITY ROUTE LENGTH 

(KM)

ENTRY 
INTO 

SERVICE

Battery-electric

Ampere RoPax (passenger and car) ferry Norway 1,000 360 passengers, 120 cars 5.7 2015

Future of the Fjords Cruise ship Norway 1,800 400 passengers 6.5 2018

Prinses Irene 
(and 5 other boats)R River cruise Amsterdam,  

The Netherlands Not available 30 passengers 2 days on one 
charge 2018

Ellen E-Ferry RoPax ferry Denmark 4,300 198/147 passengers (summer/ 
winter), 31 cars or 5 trucks 40.7 2019

Hetun Bulk cargo Pearl River, China 2,400 2,000 tonnes (DWT)
NA*

(80 km on one 
charge)

2019

Gee’s Bend Ferry R RoPax ferry Alabama, U.S. 270 132 passengers, 18 cars 2.8 2019

Junlvhao River cruise Wuhan, China 2,280 300 passengers 120 2020

Plug-in hybrid electric

Viking Energy R Off-shore service vessel Norway 653 6,013 tonnes (DWT) NA* 2015

Vision of the Fjords Cruise ship Norway 576 400 passengers 32 2016

Elektra RoPax ferry Finland 1,060 375 passengers, 90 cars 1.6 2017

Tycho Brahe R RoPax ferry Denmark 4,160 1,200 passengers, 240 cars 4 2018

Aurora R RoPax ferry Denmark 4,160 1,200 passengers, 240 cars 4 2018

Enhydra Ferry (Bay tour) San Francisco, U.S. 160 600 passengers 1 hour on one 
charge 2018

Hadaroy RoPax ferry Norway 2,900 400 passengers, 120 cars 7.7 2019

Roald Amundsen Cruise/expedition ship Polar region 1,750 530 passengers NA* 2019

Ov Ryvingen Oil recovery and repair ship Norway 3,000 460 tonnes (DWT) NA* 2019

Skopphorn RoPax ferry Norway 1,808 399 passengers, 120 cars 3.7 2020

Rovdehorn RoPax ferry Norway 1,808 399 passengers, 120 cars 3.7 2020

Authors’ compilation of data based on industry news reports. NA denotes not applicable, DWT denotes deadweight tonnage. R represents vessels that are retrofitted. 

* Route length does not apply, for these vessels do not serve a fixed route.



40     |     NRDC

CA California

CARB California Air Resources Board

CCNR Central Commission for the Navigation of the Rhine

CHC Commercial Harbor Craf�

CSI Clean Shipping Index

DECA Domestic Emission Control Area

DPF Diesel Particulate Filter

ECA Emission Control Area

EGR Exhaust gas recirculation

ESI Environmental Ship Index

EU European Union

GHG Greenhouse gas

HC Hydrocarbon

HKEPD Hong Kong SAR Environmental Protection Department

IMO International Maritime Organization

LNG Liquefied natural gas

MEE Ministry of Ecology and Environment of China

MOT Ministry of Transport of China

MSA Maritime Safety Administration

NH3 Ammonia

NOx Nitrogen oxides

NOK Norwegian krone

OGV Oceangoing vessel

PM Particulate matter

PM2.5 Fine particles

ppm Parts per million

Ropex Passenger and car vessels

SCR Selective catalytic reduction

SO2 Sulfur dioxide

SOx Sulfur oxides

UK United Kingdom

U.S. United States

List of Abbreviations
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