. -
Norwegian

Norwegian Hydrogen

Stavanger - Human Factors in Control
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We will be a key contributor to the green
shift through our development and
operation of a robust and effective

Infrastructure for green hydrogen, aimed

primarily towards heavy road transport
and maritime customer segments.







Jens Berge Per @yvind Voie Marielle Furnes Mannseth Kare Nerem Thorstein Jenssen
CEO Stakeholder Engagement Director Brand & Marketing Director Technical Director CFO

@ystein Tarlen Andreas W. @stigard Helene Istad Paulsberg Trond Jensen Kaushik Jayasayee

Supply Chain Director Project Manager Executive Assistant Head of Processes and Senior Advisor
Pressurized Systems
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Industrial ownership

M

FLAKK GROUP

TAFJORD

HOFSETH

HEXAGON
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The electrification pyramid

Hydrogen

Batteries

Direct electrification
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Robust and effective infrastructure
for green hydrogen



Norwegian Hydrogens areas of business

rmmmmeseemmmsseeeee Complete value chain for green hydrogen = --------------------- :

Production Distribution Customers

% _ =
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ENABLING ZERO EMISSIONS







PRODUCTION OF GREEN HYDROGEN

WATER + ELECTRICITY ELECTROLYSIS

HYDROGEN + HEAT + OXYGEN

\ il
O,
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Rjukan, 1927 — 1970-talle Glomfjord, 1953 — 1991




Collaboration with
Varanger Kraft
Hydrogen AS
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GEXCON

Hydrogen in brief

Extremely buoyant:

v" 14 times lighter than air

v' Rises 6 times faster than natural gas
Wide flammability range: 4 -75 %
Very small molecules — leaks easily

Laminar burning velocity about 3 m/s, which is 6 times

faster than hydrocarbon gases

Low ignition energy: 0.02 mJ which is about 10% of the
ignition energy for hydrocarbon gases

Negative Joule-Thompson effect and tendency for auto-
ignition of leakages from high pressure

Gexcon.com




GRONT HYDROGEN ER DET UTSLIPPSFRIE ALTERNATIVET

5(0) shades of hydrogen

Brunt Gratt Blatt Turkist Gragnt
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m Hydrogen / derivat | Electrification | Syntetisk

Battery PTX/P2X

Bio-metanol Hydrogen komprimert Power-to-X
MGO Flytende biogass Hydrogen flytende

Komprimert
biogass
LNG Biobutanol LOHC

Biodiesel (FAME)
Biodiesel (RME)

CNG HVO e-metanol
Etan

MDO Ammoniakk

LPG

Metallhydrider

Metanol
Bensin
Diesel

Metan
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GEXCON

Test setup

201t ISO containers

vdl
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GEXCON

N

Implementation in Prediction tool

| A ,‘- L i L s - - "
FLACS Hydrogen

HySea Test 27

Simulation vs. live test

HySEA Test no. 27

21 vol% H2
Mechanical vent devices

0.1 bar overpressure
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Typisk anlegg for haykapasitets hydrogenfylling

Ortogayoses
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2 Acts, Regulations and Standards

The MY Orogen ProBUCon PEnt and Deingeng facilities shall be Qesigned fabricated, and tested in accordance

Doc. Id. / Code 'Title
with statutory reguirements and the |atest editions of the standards below

2014/88'EV | Pressure Equipment
12014724 EU Equipment and Frotactve systems manced for
use in potentially explosive atmospheres (ATEX
Machinery Directive
:Eecz'omsg*e:: Compatibiity (EMC
'\.1eas.mr-g nstruments dwectve (MID
Low voltage directive (LVD
Seveso Drectve

recave (-

CE certification and declaration of compliance

" | 2008742
2014/30
{ 2014/32
2014/25

C

(EgEs and eguipment su| gre subject to EU Directive for the respectve type :r' equipment : s 3
¥ |
pressure egupment electrical equiprment and shall have declaraton of Compliance Al deliveries Commission
b
from manufactures shall comply to the EU directive and CE marked accordingly European Commission
European Commssion

European Commission

recive

l\ l" l|<l lll

C CC

2.2 Authority hierarchy

201218

The I’-"3-"“' shall be designed and consirucied in accordance with the authority heerarcivy Bs refemed o in
Fi g g 2-1 and in the table below with |atest edition

Organization
Act Directorate for Safety anc C
Durective
rotection
Regulation rectorate ‘or Safety and C
Sudeing
Stancilard, norm (CEN, 150, AR rowced - =
Seacficaton ndustry sandacd rectorate for Safety anc
rotection
rectorate for Safety anc C R-2017-11-20-1840
rotection

| Doc. Id. / Code
FOR-2018-06-02-500

| Title
Regulation of preventing and ima consequences
of major accicents (Stonulyicmforsknfien
| Regulation of handiing nazarcous substances
(Forskrift om handtenng av farkg stoff
Regulation of pressunz Qupment
| (Forskrift om trykkpaigent utatyr
Regulation of equipment in explosve
atmospheres (Forskrift om utstyr og
Sikkerhetasystem b bruk | ekaplogionsfarky
omréde)
Pollution regulation (Forsknft om begrensning om
forurensning. Forurensingaforsioifien
‘Qeg.‘a on on cimate quotas
(Forsknft om kvotepikt og hangel med kvoter for
utsliop av kimagasser Mimakvoteforsknflen
| Reguiaticrs on fire prevention measures and
supervision (Forsknift om brannforebygong

~OR-2009-06-08-502

ASME wie -
17-10-10-1821

2.3 Governing documents and standards | .

- M m',", of Cimate and the FOR-2004-06-01-831
he plant shall be designed and consirucied m actordance with the authority hierarchy as refemed 1o in the ironment

tables below with latest edbon Ainistry of Cimate and the [EOR-2004-12-23-1851

Balaward aebs fvironment
Mf‘""‘f of Justice and Pubic | FOR-2015-12-17-1710
Securty

Ministry of Loc

SUry OF LOCa OOv

and Modemsaton

ganization |Dec. Id. f Code
Ministry of Local Govemmant LON-200E-08-27-T1
| and Regronal Devedopment |
Ministry of Justice and Publc LON-2002-08-14-20
:ec-.":; |
Ministry of Labour LOW-2005-08-17-62

| Title

Flannang and Building Act (Flan- og
| Epgningsioven

Fire and explosion protection Act (Srann- og
| eksplosonsvarmicven

[ Werk ng Emvironme: t

Lov om arbeidamia. arbeidehd og &
mv.)

Technical reguiations o the Planning and

Building Act (Forsknft om fekniske krav i
| byagv erk Bygglekn

{Byggesaksforsirifien -

emment | FOR-2017-06-10-840

Local Go FOR-2010-02-26-488

and Modermisation
Ministry of Local Government [ FOR-2017-06-10-240

Ministry of Local Government
-fn.:,;:.bb'eﬂ -
gz vem

[TEK 1T, ¢

Forzknf om fels

Ministry of Climate and
Environmert
Ministry of Justice and Pu

Secunt Ly

LOn-1881-02-13-8

LOW-1829-05-24-4

|
Pollution Act
verm mot forurensninger og om aviall
|

(wForurenzsnengsiovens - Lov om

ations and equipment Act

Electrical msta
(E-tizynaioven

| and Modermisation
| Ministry of Labour and Soc

Affairs

| FOR-2000-08-03-1028

Byggteknisk forsknft

Construction Chient =e;.. 300
{Bygghemeforskrifi

helze og =r‘:e'sem~.7 o5 bygoe- eller

| a"lﬁggt«nl s33¢er]




Norwegian
Hydrogen

FOR-1805-12-06-1127

Ministry of Lab -2009-05-20-544
Affairs

[ Ministry of -1085-11-06-1060
Security

[ Ministry of Justice ana Pub 005-12-20-1626

Security

Standards — mechanical and process related.
Organization ' Doc. Id. / Code

European Stancarcs EN 13445

International Organczason for
Stancardizaton

Organization | Doc. Id. / Code
European Standards EN 12080
N 1801-141

[ Regulations relatng to
Environmental and S
Enterprses
ematizk h
virksomheter,
Machninery regulations
(Forsknft om maskiner,
[ Regulations regarcng eectncal low voltage
installatons (Forsinif® om eleldrizke
| lavspenningsaniegg FEL
Regulations on @ectnca dstnouton sysiems

| (Forsknft om elektniske forsyningzaniegg, FEF)

'Tltle

Pressure vessels & heat exchangers for gas and
| lye cocling

Safety of machinery - General princples for
| design - Risk assessment and nsk reduction
Soltad Bonnet Stee’ Gate Valves for Petroleum
and Natural Gas Industres

Petroleum and Natural Gas Incustnes - Ppeline
| Transpertation Systems - Piceine Vaives

Steel Gate. Globe and Check Vaives for Sizes
DN 100 and Smalier, for the Petroleum and
| Natura Gas Industries

Metal ball valves for petroleum. petrochemical
| and allied industries

Compressed ar — Contamnant measurement

Starvdand:

Organization

Imternational Organmzabon for

Standardizaton
Title ’
| Basis of structural des on
| Eurocode 1- Actions on
General actons. Den

loads for buildings European Standards.
| !

General actons
| Eurccode 1: A
General acton
| Eurecode 1

u

w 5_]

w9

General acton
1=

Eurccode 1
General act

» 92 B

-

[ u

Q

1882-1-1

1883-1-1

_DDE id. | Code

Eurocode 2: Design of concrete structures, Part
1-1: General rules and rules for bulldings
Eurocode 3: Design &l structures, Part 1-1
Ganersl rules and ru dings
| Eurocace 3 Design of steel structures, Part 1-3
Supplementary rules for cold-formed members
and shesting
|Eurocade 3 Design o structures, Pan 1-8
Design of joints
| Eurocode 3 Design of stesl structures, Fan 1-10
Waterial toughness and through-thickness
properies
|Eurocode 3 Design of stesl structures, Fan §
= ng
|Eurococe T, Geotecrmcal des gn. Fart 1. Genera
rules
|Eurcooe T Gectecrmcal des gr. Far 2 Ground |
investigation and besting
| Eurccooe &: Design of stuctures for earthquake
resatance, Fart 1 Genaral rubes, Sesmic Bciions
| and rules for Buldings
Eurccoos & Design of structunes for sarthguake
resiatance, Part 5 Foundations, retaining
I'I-t"l.l:hlrtl NG QEOTRCPTCE DEORCE
Concrate - Specification, performance. production
II"ld eonform
Executon of concrete structunes

Title
|

Safety dewces for protecton aganst excessive
| pressure

Basic consaderations for the safety of hydrogen
| Systems

Risk managemant guiteine
]

Risk managemant. risk assassmant techmigues
Explosive atmospheras - Part 10-1: classfication

| of aneas — Explosive atmaspheres

Title
nformation technology - Ganenc cabling systems

5
nformation technology - Cabling installation
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Imtermnational Electrotechnical
Commissaon

[ Internations Sooety of [isa 81
| Automaton

(11}
s
e
i

| Drganization

Morsk Elekirotekrusk Homite

|Dec. Id. ! Code

EX 4204

| MEK 4208

S 2240

| MEX EN 82271
: |MEK.EN 51438

: | MEK 320

| ME¥ 200

Material charactenstcs fior
Standard

|
Funclional Safety

| =
Functional Safety - 5

1
Functional Satety o

1 -
Zpacificatons Forms for

| Title

| 60364 and CENLEC HD 60

Telecommunications bomnd g MEDNONS for

buildings and otiver stnect 5

Safety of machinery — Saf
conirol systems

classification
series for equpo
IRStATEntat

on IN NEZSNDOLE

="agr3-'r~-'r~3|:-c-
Systems

ety |nstrumenied Sysiems
for the Process Industry Sector

| =
Material charactensies fior 08 BN VEDOLr

classificatan

|
Standard seres for egupment and

instrumantation in hazandous areas
f Elactnical / Elpctronss

Programmakie Electronic Safety-Related

[
| Systems

natrumentaton Symbcis and ldemtfication

Froorss Veauremient
Primary Elemants and

and Control Instrumants

| Central Valves

Compatéulity of Analeg Sgnals for Elecironic

| Indusirial Process Instruments
| Frocess Instrumentaton Termenciogy

Electrical nstallabons in potental exgplosiv
atmospheres based on ENIEC 8007T8-14
and |ECIIEEE 80088-30-2

Classificaton of areas in potental explosive
atmospheares bas E"" on EMIEC 80078-10-1 and
EC 800781

Fire detecton and ‘fﬁ aam systems

Design, installation. operation and mantenance

17. 18

| '||g"-'.l'2| tage swilchgear and control gear

combrol gear

Low-voitage switchgear 3

| assembies

Protecton against ightning. Risk management,

planning and installabon

Electrical low voitage in

International Elecirotechnca
Commission

European Norm

INEK EF

NE® 440

N 50160:2010

EC 81158
EC 81784
EC 81508

[[EC 81511

EN 62040-1-1

specifications

'ower installations exceeding 1«
‘~JE/ EN 61638 anc NEX EN 50522

public elect ‘c: networ
ndustnal communication

ndustrial communication
Functional safety of
elecincal/electronic/programmabie alectronie

| safety-related systems

Functional safety - Safety in
‘cr the process incustry sector
[ Uninterruptioie power systems (UPS) - Part 141
General and safety requirements for U

umented systems

| OPRralor access areas

| Title

Organization
International Organczation for
| Stancargizaton

Doc. Id. / Code
SOTR 15018:2015

w

0 22734:2010

L 1)
O
[

s 2
o
N
o
o

ww
(e8]

wn
Q
-
o
b
i
n
n
&
-
A

SO 14687:2019

SO 18880-1:2020
SO 18880-2:2018
SO 18880-5:2018

(0]
Q)
©
0
éo
(=]
)
()
o
©

n
Q
-
©
0
(5]
[V
[N
=]
-
o

Basic considerations for the safety of hy

gen

| systems

|
Hydrogen detecton

Hydrogen generators using water electrolysis —
ndustral, commercal, and resicenta
applications

Pparatus — Statonary

applications
| Gasecus hycrogen all parts

Hydrogen generators using water slectrolysis
process — Part 1 Industnal and commerncia

| applicatiens

Sart ™

Hydrogen fuel — Procduct specfcaton — Part 2
Proton exchange membrane (PEM) fuel ce

applications for road vehicles

Hydrogen fuel quality — Product speaification
Gaseous hydrogen — Fue

| General requirements

Gaseous hydrogen — Fualing stations — Part

Gaseous hydrogen — Fualing stations — Part 3
Valves

Gaseous hydrogen — Fue
Dispenser hoses and hose assembles

i

Fuel quality contro
Gaseous hydrogen —

pressure relef devices for

vehicle fual contaners
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Wind data for the area is based on local meteorological statistics. The closest weather station having
appropriate statistics is at Vigra Airport. The average speed/direction for each hour of the period from 1
January 2010 through 31 December 2020 has been downloaded from Norsk Klimaservicesenter at

seklima.met.no. Data older than 1 January 2010 is not available. The data is presented in Table 2.1

Table 2.1 Distribution of wind observations from 2010 fo 2020 for Vigra

Wind direction
(deg)
15

0%
5%
a4 %
1.8%
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The wind rose applied for the risk analysis is shown in Figure 2.2.
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Representative release rates need to be calculated

Process section

Electrolyser
Compressor

Storage container

Pressur
[bar]

25
400
350

Temperature
[°C]

Segment Volume
[m?]

Representative Leakage Range
[kg/s]

5 mm 50 mm 100 mm
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Norwegian major incident regulation regarding Hydrogen

COLUMN 1 EDLUMH 2 EDLUMH 3

| Limitamount(kg) == |
Duty to notify Eﬂmplete safety

according to §6 documentation
Hazardous substance CAS Number according to §9

_
t3a3740 50 000

Figure 3.1 Extract from DSB regulations (2016)

Regardless of which category applies, the company will need to apply for consent to the
DSB (The Norwegian Directorate for Civil Protection) before activities can legally start on
the facility. Threshold amounts for Hydrogen storage are given in Figure 3.1 above.
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table below.

3" party risk
threshold

Middle 1x=10%

Table 3.1 Influence zones according to the major incident regulation

Description
This is usually the facility site itself.

In addition, it can include areas used for agricultural purposes. Only
short-term human presence is acceptable, such as people passing
through on already established hiking trails.

Public roads, railroads, docks and similar. Permanent places of work,
such as industry or offices, is also acceptable in this zone. However,
there shall be no hotels or residential buildings. Scattered residences
may be accepted in some cases.

Residential areas and areas with access for the general public may be
inside the outer zone, including shops.

Buildings with high occupancy such as schools, day care centres and
hospitals, shall be located outside the outer zone.

Figure 6.3

The major incident regulations define influence zones that dictate what kind of activities and exposure time
for humans are acceptable in the area around a facility. These influence zones are defined as follows in the

Frequency contours for lethality due to occurrence of flammable concentrations: 10°° (red),
10 (yellow), 107 (green)
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The Kjgrbo Incident
June 10t 2019
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Root Cause Kigrbo Incident

Non-core Nel technology

* Assembly error in high-pressure storage unit

» Unit consists of steel tanks and other
components by third parties, some of which
are designed by Nel
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Root cause - failure mechanisms of plug assembly Kisrtoo incident

Mon-core Nel technology

1. Starting condition
s Green bolts torqued properly Vessel neck

e Blue bolts not torqued properly

2. Red sealing fails
e Starting with small leak on red sealing area
® 5mall leak wears red sealing out and escalates
o |arge leak exceeding capacity of leak bore, causing pressure

increases inside blue sealing area

3. Bushing with Plug lifts and the blue seal fails
e [nsufficient pre-tension of bolts leads to lift of the plug and blue

sealings fail immediately

e Spread of Hydrogen leaks out in uncontrolled way

nel:
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Nel has initiated an inspection and an integrity verification program for the high-pressure storage units with
similar plugs. The company would give green light to operators in July or first half of July for other countries.
While Europe and Norway, they have to update components to correct the individuated root cause
structure. Experts have proposed and operated an update and check of the sites and replacement of all
common elements present in. It could be summarized in 4 main points (Relations, 2019):

1. Verified plug solution
« Inspect all high-pressure storage units in Europe
« Check/re-torgque all plugs
2. Updated routines for assembly of high-pressure storage units
* Introduce new safety system/routines (aerospace standard)
« Torqgue verification, double withess and documentation/marking
3. Improved leak detection
« Software update to increase leak detection frequency
« Consider additional detection hardware/maodifications
4. Ignition control measures (site dependent)
« Smooth surface/no gravel around high-pressure storage unit
« Additional ventilation in compound & higher extent of EX-equipment
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Norweglan Maritime Authority

Submitter shall:

=Describe project

=Document that comrect
and adequate
competence is available
in the design
development team

Consolidated summary of
approval basis

NIS# NOR

Submitter shall document:
=Compliance with relevant
parts from IGF code,
nizing that requirements
f shzﬁ not be in conflict
with similar requirements for
LNG fuel in the IGF code part
A-1 (e.g. location of Iankss}.a

Preform HAZID (4.8.2

circ1455), covenng special

safety issues rel to H2,

including, but not limited to:

=Ship design and arangement

=Fuel containment, material
and general pipe design

=Bunkering

=Fuel supply to consumers

-Power gen.

=Fire safety

=Explosion prevention

=Ventaltion

=Electnical Installation

=Contr mon + safety systems

Submitter shall:

=Prepare
BN documentation acc. =N
to MSC.1/Circ.
1455467

Document compliance
with:

=IGF Code 3.2 (Func.
Req

=IGF Code 4.2 (risk
analysis)

=|GF Code 4.3 (explosion
consequences)

Definition of approval basis to be
developed

Relevant stakeholders shall develop a list
of unified requirements (MSC_1/Circ. 1455,
471 410.4). (e.g DNVGL Technical
Qualification process is in this context an
example of recognized methodology, other
similar methodology may be used.

Technology Categorisation (4.6.4
MSC.1/Circ. 1455)

Preliminary approval

=The following conditions should be
satisfied prior to granting
preliminary approval:

=1. No "showstoppers” were
identified, otherwise a re-evaluation

BN of the Preliminary Design phase

and possibly improvements should
be camed out; and

=2. The alternative and/or
equivalency was found feasible and
suitable for its expected
application.

Start «Final design
stages

Denne prosessen er ikke uttemmende, og det kan komme inn
ytterligere punkter underveis.




Kare Nerem

Th an k you f \\ ™ Technical Director

Kare.Nerem@nh2.no
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