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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

Improving tomorrow.
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WORLDWIDE anteagroup
Offices in: . :
The Netherlands, France, USA, Belgium‘_,§nﬂ
Poland, India and Brazil
J <
More than 90 offices ' .
& “3 \ 4
Improving tomorrow.
Shifts due to the energy transition :
anteagroup
AHow energy is created AHow we store energy
ARenevv_abIe sources, less A Batteries
centralized AStorage of peak energy
AHow we transport energy AWhere we store energy

At 26 SNJ ANRARE | NBY QAcemriised il ik coblBidis
this . . ANear users
APeak generation vs dips

AWhich fuels we use
APreferably carbon emission free

Improving tomorrow.
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Ammonia aanHydrogercarrier

anteagroup

ARenewable energy

AElectrochemical
conversion

Alntermediate storage
ADistribution globa)
APeak storage

ADirect delivery to end
users

Renewable Energy ‘ Storage & Distribution

(@)

Useof ammonia

anteagroup

- Fertiliser (production)

- As acoolant

- Basechemical

- Use in renewablenergy(hydrogencarrier)
- As a (marine) fuel

- As aco-fuel inpowerplants

Improving tomorrow.



Ammonia aanHydrogercarrier

AStorage of energy (e.geasonaflux andor transportation)

AHydrogen
A Highpressure(700 barg), or
A Lowtemperature(-253 C)
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AAmmonia - ,
Fuel Ha content (wt%) Volumetric energy density (Wh/L)
A Temperaturg-33 C), or pu— - prow
A Pressurg~6,5 barg) Methanol 12.5 4600
Ethanol 13 6100
Gasoline 15.8 9700
AHighvolumetricenergydensity _Hydrogen 100 1305
A Experiencawith long storageandtransportation
Improving tomorrow.
. . o
Ammonia asnHydrogercarrier :
anteagroup

ADrawbacks are apparent

A Ammonia isot without safetyrisks
A Toxicityandaquatoxic
A Publicperceptionis key

AEnergylosswhen creatingammonia
A Estimatedat 20% energjoss

AEmissiorof ammoniaduringtransport
A Dependanbn desigrconditions

Improving tomorrow.
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Alnhalation
AAmmoniais irritating and corrosive. Exposure to high concentrations
of ammoniain air causes immediate burning of the nose, throat and
respiratory tract.
ASkin/Eye contact:
A Corrosivegaswhich cancausesevereirritation and burn marks Whichcan
lead to severanjury.
AAquatoxic
A Createsa toxic buildup in aquaticorganisms
AVapouris flammable
AWnhen exposed to a liquid pool fire: risk of BLEVE
Improving tomorrow.
L] L] L] O
Ammoniacharacteristics :
anteagroup
Property Hydrogen Ammonia Methane Propane
Molar mass 2.01€ 17 16 44,1g/mol
Density 70 681 423 60Ckg/m3 (1 bar at bp)
Boilingpoint -253 -33 -162 -42C
Flash point <253 11 -188 -104C
Auto ignition temperature 500571 651 537 470C
LFL 4 15 4,4 2,4%
UFL 75 25 17 9,5%
Minimum ignition energy in air 0,01¢ 680 0,28 0,2EmJ
Maximum laminarburning
2,91 0,07 0,37 0,42m/s
120 18,€ 50 46,4AMJ/kg

Improving tomorrow.
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Beawareof the typicalrisks

ALow storagdgemperature,
A causeof brittle failure
AFrostheave

ACreationof over or underpressure
ARollover offluids during tank filling
AStresscorrosioncracking(of metalwelds)
ACorrosionunder isolation

AReleasesancausetoxic clouds
Alndoor releasesaneasilybuild up to dangeroudevels

Safety firsturingdesign

Safeby designphilosofy
AMinimization

ASubstitution

AModeration

ASimpilification

Almprovingfault tolerances
ALimitation of dangerouseffects
Alncorporationof fool-proof principles
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Safety firsturingdesign

anteagroup

Preventivemeasures
- Testingandinspection
- Improvefault tolerance

Safety in design: m - Implementa PSM system -
- Minimization& moderation Limitatingdangerousffect

- Storagecapacity Earlydetection

- Procesgonditions Containment
- Simplification Watercurtains

- Bringfocus inthe design Emergencyesponse
- Limitatingdangerouseffects training

- Locationof facility

- Type of storage tank

Improving tomorrow.

(@)

Dealingvith safetyrisksof NH,

anteagroup

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

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

3. Safety management:

a) bestavailabletechniques
b) controland managesafetymeasures

Improving tomorrow.
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Dutchsituation A
anteagroup

AReductionof ammonia transport
ASafety deals to move ammonpants
APublicperception

AToxichombs
At KS S5SNindd@KONR & A & Q

AOversaturatiorof Natura 2000 nature

Improving tomorrow.

Quantitativerisk anal o
y anteagroup
Ammonia tanks - Unmitigated | Legend

o - Individual risk contours

~ 1E-05 /AvgeYear

= 1E-06 /AvgeYear

1E-07 /AvgeYear

~— 1E-08 /AvgeYear
~ e Improving tomorrow.
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Quantitativerisk analyses

Ammonia tanks - Unmitigated

Legend

Individual risk contours

= 1E-05 /AvgeYear

= 1E-06 /AvgeYear
1E-07 /AvgeYear

= 1E-08 /AvgeYear
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Quantitativerisk analyses

Legend

Individual risk contours

= 1E-05 /AvgeYear

= 1E-06 /AvgeYear
1E-07 /AvgeYear

~— 1E-08 /AvgeYear

Ammonia tanks - Protective outer shell

250 500 m
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Quantitativerisk analyses

Legend

Individual risk contours
~— 1E-05 /AvgeYear

Ammonia tanks - Double containment

= 1E-06 /AvgeYear
1E-07 /AvgeYear
~— 1E-08 /AvgeYear

Quantitativerisk analyses

Pump - unmitigated |

Individual risk contours
~— 1E-05 /AvgeYear
w—— 1E-06 /AvgeYear
1E-07 /AvgeYear
== 1E-08 /AvgeYear

o 100 200 m
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Quantitativerisk analyses

Pump - bund |

Legend

Individual risk contours

~ 1E-05 /AvgeYear

w—— 1E-06 /AvgeYear
1E-07 /AvgeYear

—— 1E-08 /AvgeYear

o 100

Quantitativerisk analyses

200 m

Pump - bund & gas detection

Legend

Individual risk contours

~— 1E-05 /AvgeYear

—— 1E-06 /AvgeYear
1E-07 /AvgeYear

-~ 1E-08 /AvgeYear

100 200 m
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Quantitativerisk analyses
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Railcar transfer - unmitigated

Legend

Individual risk contours

~ 1E-05 /AvgeYear
—— 1E-06 /AvgeYear

1E-07 /AvgeYear
~ 1E-08 /AvgeYear

150 300 m

Quantitativerisk analyses

Improving tomorrow.
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Railcar transfer - unmitigated

Legend

Individual risk contours
~ 1E-05 /AvgeYear
—— 1E-06 /AvgeYear
1E-07 /AvgeYear
~ 1E-08 /AvgeYear
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300 m
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