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• Independent consultant

• Consultancy partner of WK Enablon

• Specialized in Barrier Based Risk Management

• PGS facilitator and technical editor

➢ PGS 12 – ammonia storage

➢ PGS 15 – storage of packaged chemicals

➢ PGS 19 – propane tanks

➢ PGS 29 – storage of flammable liquids in large storage tanks

➢ PGS 31 – storage of chemicals in storage tanks

➢ PGS 36 – H2 workshops and parking of vehicles

➢ PGS 37-1 – battery energy storage systems

➢ PGS 37-1 – storage of lithium-ion batteries

➢ PGS 38 – multi fuel energy stations

➢ PGS 40 – H2 electrolyzers



Ammonia Properties | Flammability & Toxicity
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NFPA comparison plot for several substances
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Main Takeaway

The fertilizer industry has been storing and transporting ammonia for 

many decades in a safe way. Most of their knowledge, experience and 

lessons learnt is covered in documents developed by the European 

Fertilizer Manufacturer Association (EFMA).

The main risks come with the upscaling of the supply chain of 

ammonia as an energy carrier. In this case, ammonia can no longer be 

regarded as a specialty chemical, but as a commodity chemical.

Phosgene



Introduction into PGS12
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PGS: Publication Series on Hazardous Substances

About PGS12:

▪ Ammonia specific Storage and Handling Guidelines

▪ Developed and maintained by the NEN institute (Dutch Normalisation Institute)

▪ In the Netherlands it is a legal requirement

▪ Applicable in the Netherlands but also being used as reference abroad

▪ Describes Best Available Techniques (BAT)

▪ Uses the bow-tie risk management methodology as a foundation:

scenarios, objectives and mitigating measures

▪ An imposed mitigating measure may be replaced with another measure, 

when this results in the same risk level (NL: ‘Gelijkwaardigheidsbeginsel’, ENG: 

‘Principle of equivalence’).



PGS12 Revision – case for action
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The existing PGS12 version 2014 raised the following questions

Answer: The previous PGS-12:2014 did not cover all risks related to large scale storage in a storage terminal environment.

Action: With 10-15 ammonia initiatives in the Rijnmond area and the Province of Zeeland, 

an urgent request emerged to revise the PGS12.



BowTies – PGS 12 scope
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1- Tank

2- Loading / Unloading

3- Pipelines



BowTies – PGS 12 scope
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1- Storage Tank

2- Loading / Unloading

3- Pipelines
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PGS 12 – scenario (1)

Ammonia in vessel within 

terminal specifications 

before unloading starts

Filling of tank
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PGS 12 – scenario (2)

Concrete protection wall 

around storage tank

Concrete wall
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PGS 12 – scenario (3)

Full Containment Tank

Full containment

X
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PGS 12 – scenario (4)

No wall penetrations

In-tank pumps
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In-Tank Pumps versus External Pumps (process risk vs personal risk)

+ Lowest Process risk, no physical connection between inner and outer tanks

+ No additional equipment required, increasing MTBF

+ Follows the design philosophy to increase OOS intervals.

- Retracting a pump for maintenance comes with personal risks

- External booster pump might still be needed to increase pressure

- Each tank requires its own set of pumps (incl redundancy)

- Availability of in-tank ammonia pumps on the market

- Potential problems with failing foot valve

- Requires solid design of umbilical cords for E&I cabling

+ Easy access to pumps for maintenance

+ Multiple tanks can be connected to one or two pumps

+ Can facilitate large flowrates for loading a VLAC

- Increased process risk

- Thermal overload can lead to loss of both containments (Rostock incident 2005)

- Additional equipment (ITV & expansion joint) is needed, decreasing MTBF

- Design of the pump pit includes significant civil and mechanical works.

- Does not follow the design philosophy of increased OOS intervals.
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PGS 12 - Additonal (new) requirements

Additional requirements

▪ Pipeline segmentation; to avoid large quantities LOPC;

▪ Temperature safeguarding on tank inlet / jetty line; to avoid thermal overload of the tank;

▪ Specific design for heat exchanger to avoid leakage of ammonia to the environment;

▪ Accessible air-gap foundation.

Courtesy of: Paresa



Global Impact of the new PGS12
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Can the new PGS12 be applied globally?

Considerations:

1. PGS12 has been developed specifically for the Netherlands, 

where import terminals will be built in densely populated areas.

2. In other countries local stakeholders and societies could be underrepresented.

3. PGS12 is not an independent document. It is an integral part of other PGS documents such as PGS3, PGS13, PGS29 as well 

as other Dutch permitting legislation, making it challenging to introduce into other countries.

Will it be a benchmark code for other countries to adopt?

Definitely! It contains throughout BAT technology.

It gives guidance to, and reasoning behind safe tank and terminal design.

It describes scenarios, consequences, objectives and mitigating measures.



PGS12 Revision Timeline
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Phasing

Phase 1: New terminals & refrigerated tanks

Phase 2: Existing terminals & tanks 

Phase 3: Pressurised storage of ‘warm ammonia’ 

Q2 2024
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