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Design Requirements
• 22,000 m3 gas carrier
• Semi-refrigerated cargo tanks (5.3 bar)
• Multi-gas, but main intended cargo commodity 

is ammonia
• Semi-refrigerated fuel tanks, 8 bar, -33.2C
• Intended route: Gulf of Mexico to Northern 

Europe (range on ammonia 12,000 nm)

Design Objectives

• Confirm no major technical or regulatory 
obstacles are present to putting a vessel on 
the water

• Demonstrate a credible business model 
through meaningful risk and cost reductions

Introducing M/S NoGAPS
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HAZID results

Preliminary safety concept

Key considerations: risk, cost, emissions

Top Risks

– Fuel tanks: Loss of primary containment due to 

fire (2.4), explosion (2.5), impact or dropped 

object (2.6), connection failure

– Fuel handling room: leakage in valves/flanges 

(3.1), pipe rupture (3.2), heater/cooler leakage 

(3.3), trapped liquid (3.9)

– Rupture of high-pressure fuel piping on deck 

(6.1)

– Pipe rupture in engine room (4.1)



Projects should take advantage of new tools (QRA + gas dispersion)
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Vent mast

Fuel preparation 
room ventilation 
outlet

Pipe flange on 
deck

Engine exhaust

Scenarios Results



Further investigations needed to inform regulatory development
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Fuel Handling Room

– Automated ventilation design

– Fire fighting equipment 

– Minimize crew time in fuel handling room

Ammonia releases/emissions

– Automated accommodation ventilation 

design with gas detection

– Water catcher/chemical absorber in fuel 

supply system and resulting ammonia 

water solution

– Ammonia slip from engines

Emission Reduction

– NOX and N2O

– Pilot fuel: minimize amount and prepare 

for biofuel

Energy Efficiency

– Fuel cells, batteries, wind assisted 

propulsion, hullform optimization, …



Key considerations and lessons learned

– Gas carrier segment best to introduce ammonia as a fuel (with IGC Code update)

– Ammonia-fueled gas carriers can also be designed as bunker vessels

– Early engagement with classification society and flag state critical

– Optimize the vessel’s energy efficiency

– Take advantage of new tools to inform design decisions including QRA and gas dispersion

– Risk, cost and emissions were main drivers of design decisions

– Main engine is only ammonia consumer with auxiliary engines using conventional/biofuels

– Reduced number of fuel storage tanks

– We don’t know everything yet

– Close monitoring of the development and testing of ammonia dual-fuel engines and auxiliary technologies needed

– Follow-up and further develop risk mitigation measures identified in HAZID reviews
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Thank you!

Let’s stay in touch

Visit our website www.zerocarbonshipping.com and make sure to follow 

us on LinkedIn to stay up to date with the latest news and events.

NoGAPS 2 Partners

Co-funder Flag state representative
Ship designer



Critical challenges to onboard safety and operations 

Ammonia’s toxic 
properties

Ammonia dispersion 
properties

Unknown emissions 
profile (N2O, NOX)

Development of novel 
system technologies 
(i.e., engines and fuel 

supply systems)

Onboard risks to crew 
and needed upskilling

Absence of 
harmonized 

international rules
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E-ammonia

Blue ammonia

E-methanol

Bio-methanol

E-methane

Bio-methane

Bio-oils

Feedstock 

availability

Fuel

production

Fuel storage, 

logistics and 

bunkering

Onboard energy 

storage & 

fuel conversion

Onboard safety 

and fuel 

management

Vessel

emissions

Regulation & 

certification

MATURE

Solutions are available, none or marginal 
barriers identified.

SOLUTIONS IDENTIFIED

Solutions exist, but some challenges on e.g., 
maturity and availability.

MAJOR CHALLENGES

Solutions are not developed or lack 
specification. 

Developing integrated ship designs

NoGAPS



2020

2021

2022

2023

2024

2025

From concept to reality

NoGAPS 1
Concept

NoGAPS 2 
Ship design and 
business model

NoGAPS 3 
Construction and 

delivery

Publicly funded, 
full value chain, 
public domain

Hybrid finance, 
charterer/ 

operator centric, 
commercial
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– The NoGAPS journey started by agreeing on a 

shared overall concept and identifying key 

issues to be addressed when developing 

specific solutions

– NoGAPS 2 sees some narrowing of focus 

toward the vessel and its design, operation, and 

economics, but a broader interaction with the 

ecosystem was still important to build support 

for the model and exchange knowledge

– NoGAPS 3 is now narrowing in on 

commercialization with a small group including 

ship owner, charterer and shipyards focused on 

constructing and delivering a vessel that will 

operate using ammonia as a fuel



Arrangement and main characteristics
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Regulatory approach
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IGC Code and 
DNV Rules as a 

basis

Equivalent 
safety as 

methane (LNG) 
cargo as a fuel

– Ch.16 of the IGC Code covers cargo as 
fuel

– IGC Code is mainly written for methane 
(LNG) cargo as fuel, but §16.9 in the IGC 
Code allows for alternative fuel products

– Unlike IGF Code, IGC Code prohibits 
toxic products as fuel

– DNV Rules for Liquified Gas Carriers can 
accept use of ammonia subject to 
agreement with flag administration

– NoGAPS project and planned AIP is only 
a high-level review of relevant early 
design documentation

– A hazard-based on ALARP principle is 
found to be appropriate level to 
document similar safety for NH3 as fuel 
compared to Methane (LNG)

– When potential vessel is made, then full 
compliance with rules must be done



HAZID methodology

Source: DNV Page 13

Process– HAZID is a structured team-based review technique 

to identify hazards associated with a particular 

concept, design, operation or activity

– HAZID is one of the most effective approaches to 

identify major accident hazards with the expertise 

and knowledge of a competent and experienced 

workshop team represented by people from design, 

construction and operation



HAZID results and top risks
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Top Risks

– Fuel tanks: Loss of primary 

containment due to fire (2.4), 

explosion (2.5), impact or dropped 

object (2.6), connection failure

– Fuel handling room: leakage in 

valves/flanges (3.1), pipe rupture 

(3.2), heater/cooler leakage (3.3), 

trapped liquid (3.9)

– Rupture of high-pressure fuel 

piping on deck (6.1)

– Pipe rupture in engine room (4.1)



Preliminary safety concept

Fuel 
Handling 

+ Fuel 
Reliq.

Cargo 
Handling

Vent

Combined

Cargo

Ammonia 
Fuel

Fuel Tank

Fuel Tank

Cargo 
Tank

Fuel TankCargo 
Handling

Fuel Tank

Bunker

Cargo Tank Cargo Tank

Nitrogen

Cargo Area

Main 
Engine

Cargo Tank

Vent

Fuel Tank
Bunker

Bunker

Open air tank 
connections

All ammonia as a fuel storage and equipment within cargo area

– Four access points

– EX proof equipment

One double-

walled fuel pipe

SCRAuxiliary

– Enclosed bridge winds

– Water spray in fwd.

– Air inlets in aft



Gas dispersion scenarios and analysis

AGEL Table: Danasa, A & Soesilo, Tri & Martono, Dwi & Sodri, A & Hadi, A & Chandrasa, Ganesha. (2019). The ammonia release hazard and risk assessment: A case study of urea fertilizer industry in Indonesia. IOP 
Conference Series: Earth and Environmental Science. 399. 012087. 10.1088/1755-1315/399/1/012087. Page 16

Vent mast

Fuel preparation 
room ventilation 
outlet

Pipe flange on 
deck

Engine exhaust

– 30ppm gas cloud will cover accommodation

– 2,700ppm gas cloud avoids accommodation and deck level

– Slightly changing vessel direction can reduce risk

– 30ppm gas cloud will cover accommodation

– 2,700ppm gas cloud closer to deck area and accommodation

– Assumed leakage rate impacts final hazardous zones

Scenarios Results Findings

– Highest risk identified from the analysis; risk mitigation 

measures needed

– 2,700ppm gas cloud covers deck area

– Ammonia slip in engine exhaust is quickly diluted to 

sufficiently safe levels (<5ppm)

– Same applies for 10ppm and 30ppm cases, which can inform 

current Class guideline updates and regulation development



Main engine is only 
ammonia consumer

SCR manages NH3

and NOX emissions

Engine design to 
minimize N2O

Auxiliary engines to use 
conventional/ biofuels

Reliquification 
manages boil-off

Chemical absorber for 
fuel system

Key considerations: risk, cost, emissions
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Project deliverables = actionable industry guidance 

Feasibility report (Mar. 29th) Final report (Aug. 31st)Approval in Principle (Jun. 7th)Webinar (Dec. 12th)
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