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Antea Group is an international engineering 

and consultancy firm. We combine valuable 

knowledge with a pragmatic approach, to 

come up with workable solutions. This makes 

us a multifaceted, independent partner for 

companies and government bodies 

Just as we have been for over 65 years now
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1

2



21/10/2021

2

WORLDWIDE

The Netherlands, France, USA, Belgium, Spain,
Poland, India and Brazil

More than 90 offices

Offices in:

Shifts due to the energy transition

ÅHow energy is created
ÅRenewable sources, less 

centralized

ÅHow we transport energy
ÅtƻǿŜǊ ƎǊƛŘǎ ŀǊŜƴΩǘ ŘŜǎƛƎƴŜŘ ŦƻǊ 

this

ÅPeak generation vs dips

ÅWhich fuels we use
ÅPreferably carbon emission free

ÅHow we store energy
ÅBatteries

ÅStorage of peak energy

ÅWhere we store energy
ÅCentralised in tanks / coal fields

ÅNear users
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Ammonia as anHydrogencarrier

ÅRenewable energy 

ÅElectrochemical
conversion

ÅIntermediatestorage
ÅDistribution (global)

ÅPeak storage

ÅDirect delivery to end-
users

Useof ammonia

- Fertiliser (production)

- As a coolant

- Base chemical

- Use in renewable energy(hydrogencarrier) 

- As a (marine) fuel

- As a co-fuel in powerplants
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Ammonia as anHydrogencarrier

ÅStorage of energy (e.g. seasonalflux and/or transportation)
ÅHydrogen
ÅHigh pressure(700 barg), or

ÅLow temperature(-253 C)

ÅAmmonia
ÅTemperature(-33 C), or

ÅPressure(~6,5 barg)

ÅHigh volumetricenergy density

ÅExperiencewith long storage andtransportation

Ammonia as anHydrogencarrier

ÅDrawbacks are apparent
ÅAmmonia is not without safety risks
ÅToxicityandaqua toxic

ÅPublic perceptionis key

ÅEnergy losswhencreatingammonia
ÅEstimatedat 20% energy loss

ÅEmissionof ammonia duringtransport
ÅDependanton design conditions

7

8



21/10/2021

5

Ammonia risks

ÅInhalation
ÅAmmoniais irritating and corrosive. Exposure to high concentrations 

of ammoniain air causes immediate burning of the nose, throat and 
respiratory tract. 

ÅSkin/Eye contact: 
ÅCorrosivegas whichcancausesevere irritation andburn marks. Whichcan

lead to severe injury. 

ÅAquatoxic
ÅCreatesa toxicbuildup in aquaticorganisms. 

ÅVapouris flammable
ÅWhen exposed to a liquid pool fire: risk of BLEVE

Ammonia characteristics

Property Hydrogen Ammonia Methane Propane

Molar mass 2.016 17 16 44,1g/mol

Density 70 681 423 600kg/m3 (1 bar at bp)

Boilingpoint -253 -33 -162 -42C

Flash point <-253 11 -188 -104C

Auto ignition temperature 500-571 651 537 470C

LFL 4 15 4,4 2,4%

UFL 75 25 17 9,5%

Minimum ignition energy in air 0,019 680 0,29 0,25mJ
Maximum laminarburning
velocity 2,91 0,07 0,37 0,43m/s

Caloricvalue 120 18,6 50 46,4MJ/kg
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Be awareof the typicalrisks

ÅLow storage temperature, 
Åcauseof brittle failure

ÅFrost heave

ÅCreationof over- or underpressure

ÅRoll-over of fluidsduring tank filling

ÅStress corrosioncracking(of metal welds)

ÅCorrosionunder isolation

ÅReleases cancausetoxic clouds
ÅIndoor releases caneasilybuild up to dangerouslevels

Safety first duringdesign

Safe by design philosofy

ÅMinimization

ÅSubstitution

ÅModeration 

ÅSimplification

ÅImprovingfault tolerances

ÅLimitationof dangerouseffects

ÅIncorporationof fool-proof principles
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Safety first duringdesign

Limitatingdangerouseffects
- Earlydetection
- Containment
- Water curtains
- Emergencyresponse 

training

Safety in design:
- Minimization& moderation

- Storage capacity
- Processconditions

- Simplification
- Bringfocus in the design

- Limitatingdangerouseffects
- Locationof facility
- Type of storage tank

Preventivemeasures
- Testingandinspection
- Improvefault tolerance
- Implementa PSM system

Dealingwith safety risksof NH3

1. (Quantitative) risk analyses:
a) industrialsite
b) transportation
c) reduceor mitigatethe probabilityof anincident

2. Toreducethe effectsof anincident:
a) look at the environment
b) reducethe ammonia pool
c) reducethe dispersionof the ammonia cloud

3. Safety management: 
a) best availabletechniques
b) control andmanage safetymeasures
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Dutch situation

ÅReductionof ammonia transport 

ÅSafety deals to move ammonia plants

ÅPublic perception: 
ÅToxicbombs

Å¢ƘŜ 5ǳǘŎƘ ΨNitrogen-ŎǊƛǎƛǎΩ
ÅOversaturationof Natura 2000 nature

Quantitativerisk analyses
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Quantitativerisk analyses

Quantitativerisk analyses
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Quantitativerisk analyses

Quantitativerisk analyses
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Quantitativerisk analyses

Quantitativerisk analyses

21

22



21/10/2021

12

Quantitativerisk analyses

Quantitativerisk analyses
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