7

PROTON
VENTURES

Developing the logistics
Infrastructure to facilitate
the Energy Transition

Green ammonia production distribution
and Technological Innovations

Botlek Studiegroep
29.04.2021
Hans Vrijenhoef
PROTON™
__—(VENTURES

-



Ammonia, the new oll
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Why Ammonia?

How many energy is stored in this storage tank?

225.000 Gigajoule (GJ)

62.5 million Kwh

How many solar panels are needed to produce
this amount of energy in a month?

Storage time

Weeks

O Chemicals: Methane / Hydrogen /
Ammonia

Flow- Thermo-mechanical
Batteries storage
(® ETES®

1.8 million solarpanels

~

Days

500 MW installed capacity el A @ caces
T Batteries .
O Aquion O ACAES? Technology
. . . . _ == Chemical
Which surface is needed for this production? . s s = Tremar
g 0 NaNiCl 0 Flywheel storage mm FElectrochemical
= . @Lon (< 1MW Flywheel, up to 100 MW Turbines) s V&chanical
s Electrical
425 hectare Q@
capacitor & Concept phase
~ ) @ Demonstration
g &) Early commercial
H o (O Commercial
>660 soccer fields 3 .
1 kW 100 kW 1 MW 10 MW 100 MW 1,000 MW  Power
Assumptions; Y|e|d PV 03, pr per So|ar pane|, 4300 panels per hectare1 ) Electro-Thermal Ifnergy Storage Z’ComfnressedAir Energy Storage 3) Adiabatic CompressedAir Energy Storage
Source:Siemens presentation, 1st European\@nference, 19/05/2017 L
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Why Ammonia?
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Ammonia storage and transport
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https://www.maritime-executive.com/article/with-ammonia-there-s-no-chicken-or-egg-dilemma

Ammonia applications conventional & innovative
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Ammonia innovations

A Globc! YY2V AL & &KALIQA FdzSf¢
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A Korean reqistec Ammonia Preferred Maritime Fuel

A2 2 NI RQA& -pawkrMielitell golveteld by green ammoni

A Ammonia as hydrogen carrier

A Transhydrogen Alliance announces collaboration to bring
green ammonia to Europe

SourceGJob, June 2017 /v
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https://c-job.com/ammonia-as-ships-fuel-c-jobs-future-proof-way-of-thinking/
https://marine.man-es.com/docs/librariesprovider6/test/engineering-the-future-two-stroke-green-ammonia-engine.pdf?sfvrsn=7f4dca2_4
http://www.krs.co.kr/TECHNICAL_FILE/KR_Forecasting%20the%20Alternative%20Marine%20Fuel_Ammonia.pdf
https://www.fch.europa.eu/sites/default/files/Press%20release%20ShipFC%20project%20(004).pdf
https://www.ammoniaenergy.org/articles/ammonia-as-a-hydrogen-carrier-for-hydrogen-fuel-cells/
https://www.icis.com/explore/resources/news/2021/03/23/10620533/transhydrogen-alliance-announces-collaboration-to-bring-green-ammonia-to-europe

Ammonia, the ideal hydrogen carrier

ASustainable energy can be stored in the form of ammonia as a hydrogen carrier.

AAmmonia has a relative high energy density in general but as a carbon free component one of the
highest.

AAmmonia contains in fact more hydrogen per molecule than the product hydrogen and that has
advantages in storage and logistics (108 kgnFINH¥a™or 121 kg Bfm3 NH,c0!9),

AAmmonia can be easily stored and transported with excellent track record by pipeline, truck, rail or ship.

Storage properties

Pressure (bar) 300 700 1 8.6 1
Temperature(cQ 20 20 -253 20 -33
Density(kg/m3) 23.7 41.6 70.8 611 681.6
H, (kg/m3) 23.7 41.6 70.8 107.8 121

-
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N I_IS Eve nt Power2ammonia,storage & Ammonia2power

* Tendency to further develop power2molecules

O . f th I E * Grids to small today
rgan Iser O e year y u ropean * Extensive costs to enlarge grids
N H 3 t 2017 * Hydrogen should be the base to absorb power in “electrolysers”
(g reen) even Slnce * NH3 is easier to store in comparison with H2, with large operating experience
world-wide
\ * NH3 as well as downstream chemicals could be made, even from CO2

sources, which are available at specific chemical/physical processes ( not fo

energy production

> 160participants
June 3 & 4 202Xk Rotterdam
www.nh3event.com
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About Proton Ventures

EMPOWERING STORAGE SOLUTIONS. .
Chemicals, green energy and beyond. ] '

Mission: ooy )

We provideinnovativeengineeringand turnkey solutionsfor

world-scale storage terminals, decentralized ammonia
production units and other related processapplications We

enableour globalpartnersto benefit from our safe,reliable,
efficient and environmentallyresponsiblesolutions

Vision:
We striveto be a keyplayerin decentralizedchemicalenergy
storagemakingrenewableenergyaccessibldor everybody

-
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About Proton Ventures

Proton Venturesis basedin Schiedam(TheNetherlands)with closeproximity to the industrieswithin
the Portareaof Rotterdam

We are a team of 25 enthusiasticprofessionalswho can develop, designand implement customized
solutions(EPCM]Jor our customers

-
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About Proton Ventures

A35 years experience in ammonia business
AGlobally active in ammonia (storage) market, energy (storage) market

AFocusing on modular ammonia production
AWorking towards the energy transition from the chemical (ammonia) perspective

Ammonia business segments

NH;storage NH; Production NQ & N,O removal Battolyser Ammonia decomposition

/|

-

PROTON
__...-< VENTURES




NH; (energy) storage & handling

A Refrigerated storage tanks (largest of Europe)
A Main & holding compressors

A Marine &railcair (un)loading facilities

A Railcar loading facility

A Utilities

/ Terminal businesseferences

A 2x30.000 Metric ton Estonia (2009)

A 10.000 Metric ton Bulgaria (2013)

A 2x30.000 Metric ton Estonia (2019)

A 12.500 Metric ton Bulgaria (202@)er construction)

-
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NH, production (NFué?system)

Key features
A Casaldicensed Technolog = AL

Kg/hr Metric Metric
tonslday tons/annum

NFUEL® 1 1.000
NFUEL® 4 415 10 3.650
NFUEL®20  2.500 48-60 20.000

A Standarisedlesigns foMinimum CapEx
optimisedOpExapproach

A Scalable

A Minimum siteactivitiesthanksto plug &play
designedskids

A Allowsfluctuationsin feedstock

A Based on existing HB technology (Downscaled)

A Hot-standby of Ammonia reactor (for
intermittency purpose) o
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NFuePPower 2 Ammonia

Power2Ammonia (using Electrolyser)

A Use of stranded electricity

A Storage of energy in liquid form
A CQ free economy

A Creating a carbon free fuel N
A Efficienthydrogenstorage in a liquid form {\ T &
A Forgrid stabilisationpurposes

A Scalable
CAPACITY | CAPACITY | POWER CONSUMPTION
UNIT
NFUEL 1 1000 5 s
NFUEL 4 4000 10 5-6
NFUEL 20 20000 60 25-30

—
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NFuePPractical experience

I Q #>100 (45)Performed business analysis
I\ for (green) ammonia production

$ mm| #>25(10) performed feasibility studies
=aa| for(green)ammonia production

an #>5 performed Basic Engineering
ﬂH 21 Packages (BEP+)for (green) ammonia

production

-
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NFuel Practical experience highlightd~EED & BEP BHlants

A Front-End Engineering & Design (FEEDdy for a 1,000 ton renewable ammonia plant in close
collaboration with Casale S.A. from Switzerland,;

A Basic Engineering design (BEBr a NH production facility producing 8,000 tonof anhydrous
ammoniaper annum.

Render:

18,000 ton per annum

ammonia plant

A Make up gas
purification unit

A Compression unit

A HB ammonia loop

A Emergency system

A Auxiliary equipment

-
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NFuel Practical experience highlight8BEP & Feasibility assessments

Proton Ventures:

A Performed aFrontEnd Engineering & Design (FEEmidy for 820,000 ton Ammonia Planinh the USA using
natural gas as feedstock;

A Performed various feasibility study for ammonia plants in ranging from 1,000 to 80,000 ton ammonia |
annum, for instance th0,000 ton Electrolysis based (PEM) Green Ammonia RiarttoereeOverflakkee

100,000 +40,000 ton / annum

-
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Proton Venturesc Ambassador of Green Ammonia

Since 2001 Proton Ventures pioneered in {geeen) ammonia industryy
designing the largest ammonia terminals of Europe and sustainable ammonia

Moreover, Proton has been an ambassador for green ammonia by:

A Being initiatorbrganiserof the European Nievent;

A Being partner of the Ammonia Energy Association, ArapRéHilizer
Association, Energy Storage Nbltachemand many more;

A Providing lecturers to governmental institutes;
A Providing Ammonia webinars and trainings.
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