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*Internal combustion engines 

*Co-firing systems 

*Combustion turbines 

*Industrial heaters 
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*United Nations agency with 174 member states 

*Mission: “encourage and facilitate the general adoption of the 

highest practicable standards in matters concerning maritime 

safety, efficiency of navigation and prevention and control of 

marine pollution from ships“ 

*“International shipping accounts for 2.2% of CO2 

anthropogenic emissions” 

Source: International Maritime Organization 
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*April 13, 2018: Initial IMO Strategy on Reduction of GHG 

Emissions from Ships 

“GHG emissions from international shipping to peak as soon as 

possible and to reduce the total annual GHG emissions by at 

least 50% by 2050 compared to 2008 whilst pursuing efforts 

towards phasing them out as called for in the Vision as a point 

on a pathway of CO2 emissions reduction consistent with the 

Paris Agreement temperature goals.” 

Source: International Maritime Organization 
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*“The global trade association representing national 
shipowners’ associations from Asia, the Americas and Europe 
and more than 80% of the world merchant fleet.” 

*July 2, 2018: Reducing CO2 Emissions to Zero: The ‘Paris 
Agreement for Shipping’  

We “endorse the recent adoption by the UN International 
Maritime Organization (IMO) of its ambitious strategy for 
phasing-out CO2 emissions from the international shipping 
sector” 

“The ultimate goal of zero emissions can only be delivered with 
genuine zero CO2 fuels that are both environmentally 
sustainable and economically viable” 

*Batteries, hydrogen, nuclear, ammonia 

Source: International Chamber of Shipping 
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*“Leading provider of engineering and technology services” 

*December 2017: Zero-Emission Vessels 2030.  How Do We 

Get There? 

“Biofuels have two key, and coupled, challenges – sustainability and 

availability . . . Of hydrogen and ammonia, it is the latter, in 

combination with the ICE, that appears the most competitive” 

 

Source: Lloyd’s Register 
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*“MAN Energy Solutions is the world’s leading provider of 

large-bore diesel and gas engines and turbomachinery” 

*“50% of World Trade is powered by MAN-ES Engines!” 

*January 22, 2019:  Ammonia swings into frame as a 

potential future marine fuel 

MAN ES is “pressing ahead with developing . . . an ammonia-

fuelled engine” 

Source: TradeWinds 
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*“MAN ES is evidently coordinating . . . a coalition of 

stakeholders, including classification societies, ship builders, 

technology developers, shipowners, and flag states” 

*“If the shipowners decide to deploy the finished product, ‘the 

first ammonia engine could then be in operation by early 

2022’” 

Source: “Ship Operation Using LPG and Ammonia As Fuel on MAN B&W Dual Fuel ME-LGIP Engines.” MAN Energy Solutions. Ammonia Energy. 
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Source: Ministry of Economy, Trade, and Industry, Government of Japan. March 12, 2019  
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Source: Ministry of Economy, Trade, and Industry, Government of Japan 
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*Multinational industrial gas supplier 

*Majority-owned by Mitsubishi Chemical Holdings Group 

*Fiscal 2018 revenues of $5.8 billion 

*Provides products and services in areas to industrial gases 

(e.g., engineering of air separation plants) 

*Member of Japan’s Green Ammonia Consortium 

*Has emerged as the commercialization partner of a multi-

year research effort at Osaka University focused on industrial 

heating 
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Source: “NH3/ N2/ O2Non-Premixed Flame in a 10 kW Experimental Furnace”. R. Murai et al. Presentation at 2017 NH3 Fuel Conference 



17 

Source: “NH3/ N2/ O2 Non-Premixed Flame in a 10 kW Experimental Furnace”. R. Murai et al. Presentation at 2017 NH3 Fuel Conference 

*Overall mission: Develop an ammonia combustion system 

for application in industrial furnaces 
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Source: “NH3/ N2/ O2Non-Premixed Flame in a 10 kW Experimental Furnace”. R. Murai et al. Presentation at 2017 NH3 Fuel Conference. 

*The results, circa 2017, were encouraging 
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Source: Ministry of Economy, Trade, and Industry, Government of Japan 



20 

*Diversified multinational manufacturer of heavy equipment 
and infrastructure 

*Fiscal 2017 revenues of $13.6 billion 

*Primary R&D focus: “core technologies and product lines for 
the hydrogen and ammonia value chains to cater for the 
needs of a low-carbon society.” 

*Member of Japan’s Green Ammonia Consortium 

*Playing a lead role in development of ammonia/coal co-firing 
technology for steam boilers 

*. . . And has emerged as the commercialization partner of a 
multi-year research effort at Tohoku University focused on 
ammonia-fueled combustion turbines 
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January 2017: 

“The Central 

Research Institute 

of the Electric 

Power Industry 

(CRIEPI) ‘disclosed 

technical data of 

co-firing 

experiments.’” 

 

September 2017: 

“Chugoku Electric 

Power Company 

announced today 

that they have 

filed a patent 

application for a 

clean-power 

technology that 

involves co-firing 

ammonia with 

coal.” 

March 2018: “IHI 

Corporation an-

nounced that it 

had successfully 

demonstrated 

the co-firing of 

ammonia and 

coal in a fuel mix 

composed of 20% 

ammonia.” 

Technology 
Commercial

-ization? 

Source: Ammonia Energy 
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August 2014: 

“The team led by 

Kobayashi and Iki 

was the first in the 

world to succeed 

in using an 

ammonia-fueled 

combustion 

turbine to drive a 

generator.” 

 

October 2017: “IHI 

confirms that the 

team has 

‘established a 

technology for 

stably burning 

ammonia while 

suppressing the 

production of NOx 

(nitrogen oxide).’” 

February 2018: 

“The program 

appears to be 

moving from the 

laboratory to the 

marketplace, with 

IHI intending to 

‘accelerate our 

efforts to 

commercialize this 

technology by field-

testing power 

generation by 2-MW 

class gas turbines.’” 

Technology 
Commercial

-ization? 

Source: Ammonia Energy 
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Source: SIP Energy Carriers Initiative, Cabinet Office, Government of Japan. November 2018. 
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February 5, 2019: For JERA, seeking active route to renewable 

energy, coal-fired thermal power is a backwind of unprofitable 

“From the end of 2018, the construction of large-scale coal-

fired power plants in Chiba Prefecture has been canceled one 

after another. Chugoku Electric Power and JFE Steel have 

canceled their plans to output 1 million kilowatts. 

Source: Nikkei Business Daily (translation by Google Translate) 
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February 5, 2019: For JERA, seeking active route to renewable 

energy, coal-fired thermal power is a backwind of unprofitable 

“From the end of 2018, the construction of large-scale coal-

fired power plants in Chiba Prefecture has been canceled one 

after another. Chugoku Electric Power and JFE Steel have 

canceled their plans to output 1 million kilowatts. 

In 2015 the power generation cost per kWh was ¥12.3 yen for 

coal and ¥13.7 for natural gas according to METI’s estimate. 

However, with the strengthening of energy saving regulations 

in 2016, the gear of coal-fired thermal power began to go 

wrong. The government has asked operators to have a certain 

level of power generation efficiency in order to discharge old 

equipment with low power generation efficiency.  The ironic 

result is that profitability is worse than LNG thermal power.” 

Source: Nikkei Business Daily (translation by Google Translate) 
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*Prospects for mid-term commercialization are good . . . in the 

pioneering jurisdictions 

*Even here, the technocratic frameworks are incomplete 

*Downstream prospects are promising 

*Technocratic market intervention is indispensable 

*The fact that the technology and the commercializers are in 

place will help inspire willing technocrats 

*Keep your eye on the Netherlands! 

*C-Job, Proton Ventures, Yara (ammonia vessel research) 

*Mitsubishi Hitachi Power Systems (utility repowering) 

*Duiker Combustion Engineers (clean ammonia combustion 

technology for industry and electricity generation) 
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