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Safe Energy Carriers

Closing knowledge gaps, sharing learnings and 

developing risk-based methodologies for 

hydrogen, ammonia and CCS facilities

March 2022 Sep 2023              Jan 2024                Des 2025               Jul 2027

SAFEN 

Phase 1

Knowledge ApplicationModels

Incident data

SAFEN Phase 2

HICON
Hydrogen 

Ignition Control

Failure analysis

Task analysis

Experiments

Leak frequency 

process equipment

Leak frequency

transfer operations

Leak frequency

storage tanks

Recommendations for 

application of SAFEN 

results

• Use cases

• Design of 

facilities/

installations

• Standards and 

guidelines

Ignition probability

H2 and NH3

Status:    JIP started Q1 2022, Phase 2 2023-2025

              Phase 3 starts Q2 2026!

Schedule:        Phase 3 (1,5 years)

Funding:          Industry partners and consultancies (in-

     kind)

Budget:            10 MNOK for Phase 1

     23 MNOK Phase 2, X MNOK Phase 3

Project owner: Safetec

Partners:          Consultancies, Authorities, Energy             

    companies /Asset owners

SAFEN

Phase 3
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SAFEN Phase 3

II – Data and task 

analysis
Analyse data and human tasks

Project management and administration 

Dissemination

III – Model 

improvement
Improve SAFEN models, 

guidelines, advice for design 

and operation

IV – Scenario & 

consequence 

modelling
LoC scenario modelling 

and interface to 

consequence modelling

I – Use case 

analysis
Quantitative risk analysis 

(QRA) of use cases

Application and testing of 

SAFEN models
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Statements frequently found

in QRA’s before SAFEN

Conclusions hopefully found in 

QRA’s after SAFEN

«It is recommended to reduce the

number of valves to reduce the risk 

for fires in the process area»

«It is recommended to implement DB&B 

arrangements towards all parts of the system 

likely subjected to maintenance while system 

is on stream»

«It is recommended to reduce the

number of flanges and fittings to 

reduce the risk for explosions in 

the hydrogen storage»

«It is recommended to reduce the

number of instruments to reduce the

risk for fires in the process area»

«It is recommended to reduce the

number of transfer operations to 

reduce the risk for toxic exposure

to third parties.

«It is recommended to ensure that valves

cannot be operated manually under a transfer 

operation causing fluid hammer»

«It is recommended to ensure that all receiving storage tanks 

are equipped with dedicated overfill protection system»

«It is recommended to verify that all 

instruments are adequately supported

such that they cannot fail due to fatigue»

«It is recommended consistently adhere to vendor

requirements on installation of flanges and 

fittings. Rigorous procedures must be established

and installation can only allowed by personnel

with approved experience and competence»
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«Ignition probability is 10% 

at your facility»

«The likelihood for ignition at your facility can be 

reduced by:

- extending ATEX zone

- use ofof Non-Ex equipment only inside habitat

- eliminate the potential for generation ofof impacts

- enhance reliability ofof barriers controllling

formation ofof explosive atmosphere within

process equipment

- use slow closing valves instead ofof rupture disc

for emergency release to hydrogen vent (to 

avoid diffusion ignition)

- …

Statements frequently found

in QRA’s before SAFEN

Conclusions hopefully found in 

QRA’s after SAFEN
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We have some data – but rarely with quantitative 
description of population!
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Classical modelling 

principle does not work!
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Why do we say so – anecdotal information

“The most probable cause of the diesel leakage was fatigue fracture 
in the feed pipes for a fuel injection pump due to the pump being 
loose. AIBN is of the opinion that insufficient job specification in the 
shipping company’s maintenance system had contributed to the 
fuel injection pump not being sufficiently fastened and to the 
indicator valve not being sufficiently insulated.”
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Why do we say so – anecdotal information
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We have been digging deep!

A B C D

A.A. Correct

B.B. Tube end not closing gap in fitting  

C.C. Tube end excessively rounded off

D.D. Excessive torque

Model 
parameters

Quantitative 
data

Qualitative 
data
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Loss of 
containment

Design, manufacture, 
installation and 

maintenance failures

Operation outside 
design limits/ 
specifications

External hazards

Traditional 

model
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Loss of containment

Design, manufacture, 
installation and 

maintenance failures

Design

Capacity

Materials

Fabrication 
and 

installation

Fabrication

Installation

Maintenance

Maintenance 
error

Expected 
wear and 

tear

Operation outside design 
limits/ specifications, 

operating error

Off-design service

Pressure control

Temperature control

Level control

Fluid composition

Operation error

Operating error 
(manual)

Control system error 
(automatic, sensors, 

software...)

Level

External 
hazards

Mechanical impact

Fire

Natural loads

Sabotage

Other 3rd party impact
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Design, manufacture, 
installation and maintenance 

failures

P1110 Design and fabrication 
related causes

P1101 Failure of valve body 
seals and gaskets

P1102 Failure of gaskets and 
seals in piping systems and 
equipment

P1103 Failure of instrument

P1104 Failure of tubing and 
fitting systems

P1106 Maintenance failure

P1105 Degradation of pipes 
and pipelines

V1101 Vessel failure due to 
degradation
D1101 Pipeline - degradation

MH1110 Design failure

Operation outside design 
limits/ specifications

P1207 Operational failure

P1209 Failure of pumps

T1201 Transfer operation –
Fluid hammer

T1202 Transfer operation -
Overfilling

T1203 Transfer operation -
Drain and vent failure

T1204 Transfer operation -
Connection failure

T1205 Transfer operation -
Valve line-upup

V1202 Vessel failure due to 
operational failure and 
overload

V1205 Vessel failure due to 
internal explosion

D1202 Pipeline - operational

MH1207 Operational failure

External hazards

P1310 Process systems – 
external hazards

T1305 Transfer operation -
Dislocation

V1303 Vessel failure due to 
external hazard

D1303 Pipeline - external 
hazards 

MH1303 External hazards

Loss of 
containment

Design, manufacture, 
installation and 

maintenance failures

Operation outside 
design limits/ 
specifications

External hazards
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Loss of containment

Design, manufacture, 
installation and 

maintenance failures

Operation outside 
design limits/ 
specifications

External hazards
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Defining the failure cases

A failure case format is being defined

• Qualitative description of scope and limitations

• Equipment

• Failure mechanisms and causes

• Likely consequences (hole sizes, etc.)

• Risk mitigating measures

• References to analysis and additional information

“Failure case is a category of loss of containment scenarios with a similar

set of circumstances characterising the chain of events. The commonalities 

are typically related to failure mechanisms, causes, equipment, systems 

and operations involved, but other aspects may also apply.

The scenarios falling into a failure case category does not have to possess 

similar attributes on all parameters mentioned. For example, some failure 

cases are weighted towards the failure mechanisms, while others are 

weighted towards the faulty state of the equipment involved. The term 

failure case is used at various levels when categorizing similar types of 

scenarios. The failure case categories used in the SAFEN loss of 

containment frequency models are defined more specifically to avoid 

disambiguation.”
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HICON Model framework

• An equivalent framework for assessment of ignition probability will leverage the
coupling between ignition control barrier design and ignition probability modelling

• The Ignition Case concept has been established

A category of ignition sources and/or ignition mechanisms with corresponding 
causes described by a set of similar circumstances.

The circumstances leading to ignition can be related to a single component, the 
system or driven by ongoing activity.

Key differentiators between ignition cases are the location of the ignition source 
and at what time the ignition occurs.
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P1110 Design related causes

P1101 Failure of valve body seals and gaskets

P1102 Failure of gaskets and seals in piping systems and equipment

P1103 Failure of instrument due to installation error

P1104 Failure of tubing and fitting systems

P1106 Maintenance failure

P1105 Degradation of pipes and pipelines

P1207 Operational failure

P1209 Failure of pumps

P1310 Process systems – external hazards

Loss of containment

Design, manufacture, 
installation and 

maintenance failures

Operation outside 
design limits/ 
specifications

External hazards
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V1101 Vessel failure due to 
degradation

V1202 Vessel failure due to 
operational failure and overload

V1303 Vessel failure due to 
external impact

V1205 Vessel failure due to 
internal explosion

Loss of containment

Design, manufacture, 
installation and 

maintenance failures

Operation outside 
design limits/ 
specifications

External hazards
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T1201 Transfer operation – Fluid hammer

T1202 Transfer operation - Overfilling

T1203 Transfer operation - Drain and vent 
failure

T1204 Transfer operation - Connection failure

T1205 Transfer operation - Valve line-upup

T1305 Transfer operation -    Dislocation

Loss of containment

Design, manufacture, 
installation and 

maintenance failures

Operation outside 
design limits/ 
specifications

External hazards
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Loss of containment

Design, manufacture, 
installation and 

maintenance failures

Operation outside 
design limits/ 
specifications

External hazards

D1101 Pipeline failure due 
to degradation

D1202 Pipeline failure due 
to operational overload

D1303 Pipeline failure due 
to external hazards
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MH1110 Design, manufacture, 
installation and maintenance failures

MH1207 Operation outside design 
limits specification

MH1303 External hazards

Loss of containment

Design, manufacture, 
installation and 

maintenance failures

Operation outside 
design limits/ 
specifications

External hazards
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Ignition cases

IC1001 Internal ignition

IC1002 Internal ignition in vent system

IC2001 Ignition of cold vent

IC2002 Ignition due to high process fluid temperature

IC2003 Event ignition of LoC Failure cases

IC2004 Ignition of LH2 leaked onto/in water

IC3001 Ignition by jet release

IC3002 Ignition in classified area – fixed equipment

IC3003 Ignition in classified area - temporary Non-Ex equipment

IC4001 Ignition outside classified area - fixed Non-Ex equipment

IC4002 Ignition outside classified area - hot gas point sources

IC4003 Ignition outside classified area – activity

IC5001 Ignition outside facility premises
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Time

Inside system

- ignition inside electrolyzer

- diffusion ignition in vent

- ignition inside reactor/vessel

Ignition by jet release

- mechanical impact

- generation of electrical discharge

- LH2 into water

Ignition inside classified area

- faulty Ex equipment

- introduction of non-Ex equipment

(vehicles, tools, activity)

Ignition outside classified area

- fixed non-Ex equipment (e.g., transformer)

- temporary non-Ex equipment

- Hot gas point (flare, exhaust)

- Vehicles

Ignition outside site

- anything…

Site limit 

Ignition at nozzle/outlet

Autoignition due to high T

Failure mechanism and ignition mechanism related

 e.g., failure of pump  or      compressor

Thunderstorm/blizzard/snow  leading to electrostatic 

discharge 
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Methodology for assessment of failure cases

Analyses

Assessment of 
failure cases

Method

Model Safen LoC

Specific 
analysis

Insignificant 
or irrelevant

Credible

Qualitative Quantitative

Generic 
analysis

No assessment
All are credible

SAFEN LoC 
generic 

frequencies
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Typical offshore installation
- The SAFEN model enable better analysis
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Methodology for assessment of ignition cases

Analyses

Assessment of 
ignition cases

Method

Model HICON Ignition 
probability

Specific 
analysis

Insignificant 
or irrelevant

Credible

Qualitative Quantitative

Generic 
analysis

No assessment
All are credible

HICON 
generic 

probability
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General equation for LoC modelling   
 

•  is the generic failure frequency (for )

•  is the common cause factor (ref. reliability engineering)

•  is the exponent that describe the relation between the number of components or operations and 

the total loss of containment frequency, 

• ,  and  is generally applied in quantitative risk modelling, which means the LoC 

frequency is proportional to the number of components.

Pros and cons

The proposed model is flexible 

and can be applied to mimic 

system behaviour as required.

It may be hard to quantify the 

parameters  and k based on 

data and other evidence

 and 

    is a quantification as well
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Scaling with the number of operations

• The same equation is applied (for process accidents, vessels, fluid transfer, and material handling)

• Identical or similar operations

• Technically, the same design means design failures are not proportional to the number of units

• Operationally, parallel use or similar operational regime

Generic model Specific model 

(similar units and/or 

operations)

Values can possess:

Values can possess:

Values can possess: 5%5% 1%1%
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Example: CO2 storage
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Large land-

based facilities

• 90% confidence interval

• 5 5 out ofof 99 facilities underpredicting

4 4 ofof these large land-based facilities

• 6 6 out ofof 99 facilities overpredicting

• 90% confidence interval

• 2 2 out ofof 99 facilities underpredicting

• 1 1 out ofof 99 facilities overpredicting

ß = 1, all common

SAFEN Generic

Underpredict

on this side

Overpredict on 

this side

Underpredict

on this side

Overpredict on 

this side
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• For some failure cases, a range of leak rates is 
possible. 

• LoC data indicate rate-frequency relations as shown, 
and such relations are used to model LoC frequencies 
and corresponding release rates

• Simplistic model reflecting fluid properties

• The main difference is density – high density means 
higher frequency for the same initial leak rate

• Pressure is not the driving parameter: hole size not a 
parameter

Frequency – leak rate dependency

Combining the leak rate relation and the leak frequency model
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Distribution per failure case and initial leak rate – 
Norwegian oil and gas data
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Distribution per failure case and initial leak rate – 
Incidents covering hydrogen refuelling stations

HIAD, H2tools and High pressure gas accident information database (Japan (KHK))

Fewer incidents, but more severe

Challenging to keep seals and gaskets

completely tight
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respect to available data

HyRAM+ for hydrogen in line 

with other models when only

looking at equipment with

dimension ≤ 1’’

SAFEN LoC reproduces

oil and gas data in line with

PLOFAM

Thus, it can be concluded that

only valve counts and equipment

dimension required to reproduce

historical loss ofof containment

frequency in oil and gas industry

Performance
O&G data
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Performance independent 
data ammonia 
manufacturer used for 
validation

SAFEN LoC estimates historical

frequency!

SAFEN LoC

estimates contributing

failure cases!
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SAFEN Phase 3

II – Data and task 

analysis
Analyse data and human tasks

Project management and administration 

Dissemination

III – Model 

improvement
Improve SAFEN models, 

guidelines, advice for design 

and operation

IV – Scenario & 

consequence 

modelling
LoC scenario modelling 

and interface to 

consequence modelling

I – Use case 

analysis
Quantitative risk analysis 

(QRA) of use cases

Application and testing of 

SAFEN models
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Thank you!

Ingar Fossan

Chief Adviser

+47 924 38 201

ingar.fossan@safetec.no
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