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io consulting
We shape energy projects by influencing the key decisions at the earliest stages of the capital value process

Early-stage project architect, composed of engineers 
with a consulting mindset

JV Baker Hughes & McDermott 

50 consultants & 90+ associates bring a systems 
thinking & phase appropriate approach, a technical, 
strategic & commercial frame, DQ decisions

clean energyCCUS stored
energypower to x industrial 

decarbonisation hydrocarbons
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io consulting
Global hydrogen & PtX project experience

phase: concept select
power: green grid power
scale: 5 - 15 MW
product: green H2 to power

phase: pre-feasibility study 
power: wind 
scale: 1,000-10,000 MW
product: green H2 or NH3

phase: pre-feasibility study 
power: wind / solar
scale: 1,000-10,000 MW
product: green H2 or NH3

phase: bankable feasibility study 
& pre-FEED
power: solar & low carbon power
scale: 200 MW
product: green H2

phase: advisory 
scale: 15,000 kgH2/day
product: blue H2 & CO2 phase: feasibility study 

scale: 160,000 kgH2/day
product: green H2 or NH3

phase: concept select
power: solar
scale: 2.5 MW
product: green H2

phase: technical analysis
product: up to 10% H2 
blend into existing gas grid

phase: business plan 
development
product: blue H2

phase: concept select 
scale: 1,000 kgH2/day
product: blue H2 & CO2

phase: concept select
power: green grid power
scale: 250 - 750 MW
product: green H2 & / or NH3

phase: pre-feasibility study 
power: wind / solar
scale: 1,000-10,000 MW
product: green H2 or NH3

phase: concept select
power: solar
scale: 160 MW
product: green H2

phase: pipeline feasibility 
study
product: liquid NH3

phase: feasibility study
power: wind &/or solar
scale: 200 - 500 MW
product: multi-PtX products

phase: due diligence
power: VRE & grid
scale: multi GW
product: green H2 & NH3

phase: assess & bankable 
feasibility study 
power: hydro
scale: 450 MW
product: green NH3

phase: concept select 
power: offshore wind
scale: 2 - 12 MW
product: green H2

phase: feasibility study 
power: grid & wind
scale: 6.3 GW (green) & 
4.7 GWth (blue)
product: blue & green H2

green products

green & blue products

blue products

phase: concept select
power: wind only or & solar & grid 
scale: up to 1 GW
product: green NH3

phase: feasibility
power: wind/solar/grid
scale: 200-1,000 MW
product: green H2

phase: due diligence
power: wind & solar
scale: 500 MW
product: green NH3 & MeOH

phase: due diligence
scale: ~20,000 kg/hH2
product: blue H2
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Increase in global demand

28% growth in global hydrogen demand over the last decade
Low-carbon hydrogen demand will grow to 211Mt by 2050 (WoodMac)

Increased FEL 1, 2 & 3 projects

Significant increase in pre-FID hydrogen/power to X projects
io has seen a 40% increase in the studies through 2023ytd compared to 
2022

Safety studies are critical

Quantitative risk assessments (QRA, FERA) are important tools to aid 
decisions through all project phases. 
Industry approved data for leak frequencies and ignition probabilities are 
a key variable.

Introduction
Background to comparative assessment

There is a growing need for consistent and reliable data to be made available to aid design 
decisions for Hydrogen projects.
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Sandia National Laboratories HyRAM release frequencies and ignition probabilities are 
recommended for H2 projects 

Uncertainty around this data as some special fluids are likely to affect the leak frequency

No other frequency models are validated for hydrogen leaks.

A comparison was made between the leak frequencies for equipment in hydrogen service 
and the established oil and gas release frequencies from IOGP Process Release Frequencies 
(based on UK HSE Hydrocarbon Release Database). 

In addition, a comparison between the HyRAM recommended ignition probabilities and the 
correlations used for oil and gas based on the Energy Institute UKOOA correlations was 
conducted. 

This comparison was performed to support FERA and QRA studies carried out for an onshore 
large-scale Green Hydrogen Project during the pre-FEED phase.

Introduction
Scope & purpose
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Leak Frequencies HyRAM

Established model for hydrogen leaks based on the
work at Sandia National Laboratories.
Annual frequency of a hydrogen release is calculated
for release sizes of 0.01%, 0.1%, 1%, 10%, or 100%
relative to the pipe flow area.
The default values are generic hydrogen-system leak 
frequencies developed on statistical analysis where 
data from different sources was collected and 
combined using a Bayesian statistical method [6].
Frequency calculations based on the geometric 
mean (median) as a more consistent metric of 
central tendency for the distribution. 

Leak Frequencies IOGP

Typically use IOGP database which is based on UK
HSE’s Hydrocarbon Release Database (HCRD).
HCRD based on the number of incidents recorded 
p/yr from offshore facilities in the UK (1992 -2015).
Data given as a function of both hole size and 
equipment dimension in the form of different classes.
Representative hole (or release) sizes range from 
1mm to > 150mm.
Hole sizes are used to represent different damage
scenarios

Leak Frequencies Comparison
HyRAM vs IOGP
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Leak Frequencies HyRAM [3] Leak Frequencies IOGP

Leak Frequencies Comparison
HyRAM vs IOGP
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Leak Frequencies Comparison
HyRAM vs IOGP comparing data

Both data sets to be in the same format. 

Assessment hole sizes were extrapolated against percentage leak size (HyRAM) to find representative leak size 
percentage.

HyRAM release frequencies were extrapolated using leak size percentages calculated for the assessment hole sizes
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Leak Frequency comparison results

Comparison of Leak frequency totals per component 
for HyRAM and IOGP release data for the equivalent 
equipment size / diameter

Comparison conclusions

HyRAM release frequency data > IOGP.
HyRAM release frequencies are considered to 
provide a more conservative approach.
Release frequencies were combined with system 
parts counts to obtain the initiating frequency.
Total release frequency for the facility based on the 
HyRAM dataset was 200% > IOGP equivalent. 
Higher initiating frequency could increase the fire 
and explosion event frequency and drive the 
requirement for additional safety considerations.

Leak Frequencies Comparison
HyRAM vs IOGP comparing data

1. No IOGP data for anything less than <2".
2. IOGP data for 1" is only for instruments.
3. HyRAM data - based on release size as a % of the total equipment size.
4. IOGP Valves Frequency in comparative table = Manual + Automatic valve frequencies.
5. No IOGP data for hoses and joints (included as other equipment).
6. Pressure Vessels included within cylinders component category
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HyRAM ignition probabilities based on historical ignition 
probability data for methane from Cox, Lees, & Ang ignition 
probabilities modified for H2.

H2 ignition probabilities based on release rate values. 

Approach to modify the ignition probabilities for H2:

Reduce leak flow ranges by factor of 8, allows for differential molecular 
weights of CH4 vs H2, which directly affects the size of flammable 
cloud.

Increase ignition probabilities by 16%, allow for the ratio of the 
flammable range of H2 vs CH4. 

Immediate to delayed ignition probabilities assumed to have ratio of 2:1. 

Total ignition probability = immediate and+ delayed probabilities.

Ignition Probabilities Comparison
HyRAM H2 Ignition probabilities and derivation calculations
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Ignition Probabilities Comparison
IOGP / UKOOA ignition probability data

Provides means of estimation of overall ignition probability and approximate time/location distribution for a 
specific release scenario.
17 generic types of correlations cover plant, onsite and offsite land use types, including hazardous area 
classification areas and the use of Ex rated equipment. 

Very generic mass release rate-based correlations were overly simplistic, may lead to unrealistic/ very 
conservative estimates of risk
Didn’t reflect up to date historical ignition probability data and knowledge, or
Consideration of types of plant, substances, process conditions, ignition source characteristics, dispersion 
of flammable vapours in ventilated areas, overland ignition modelling.

Data dates back to 90’s
While widely used, Cox, Lees and Ang state that it was speculative only.

Cox, Lees & Ang “Classification of Hazardous Locations” (1990)

UKOOA, EI, UK HSE Review of Existing Ignition Probabilities and Data Models (2002)

UKOOA Ignition Probability Correlation models
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Ignition Probabilities Comparison
Modifying UKOOA/IOGP data for H2

Analysis was for an onshore ignition scenario based on the IOGP 
Ignition Probabilities  definition for large gas plant:

UKOOA ‘Large Plant Gas LPG’ Scenario 8 – Releases of flammable 
gases, vapour or liquids significantly above their normal boiling point from 
large onshore outdoor plants (plant area above 1200 m2, site area above 
35,000 m2). 

Correlation was selected due to the nature and applicability to the 
Green H2 Project facilities (large onshore facility).

UKOOA ignition probabilities were modified for H2 based on 
HyRAM methodology.

Immediate to delayed ignition probability taken as 2:1.

Ignition Probabilities 
UKOOA Scenario 8

Ignition Probabilities 
UKOOA Scenario 8 – modified 

for H2

H2 Release Rate 
(kg/s)

Probability 
Immediate Ignition

Probability Delayed 
Ignition

< 0.125 0.0019 0.0010
0.125 - 6.25 0.097 0.048

> 6.25 0.40 0.20

Immediate and delayed ignition probabilities 
UKOOA Scenario 8 – modified for H2
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Results comparison UKOOA Ignition probabilities correlations

Comparing both models, with the same modification
for H2 applied to the release rate and ignition
probabilities given for gas in the UKOOA ignition
probability model, shows a significant difference
H2 modified UKOOA ignition probabilities are higher
than those for HyRAM modelling for any releases
larger than 0.125kg/s.
This has potential to affect risk modelling outcomes.

Ignition Probabilities Comparison
HyRAM vs IOGP / UKOOA ignition probability data (modified for H2)
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Release frequency

HyRAM release frequency data are higher than that
suggested by the IOGP for similar equipment items
and components
HyRAM release frequencies are considered to
provide a more conservative approach.
When release frequencies were combined with the
system parts counts to obtain the initiating
frequency, the total release frequency for the facility
based on the HyRAM dataset was 200% higher than
the IOGP equivalent.
This higher initiating frequency could increase the
fire and explosion event frequency, driving the
requirement for additional safety considerations

Ignition probabilities

Comparing both models, with the same modification
for hydrogen applied to the release rate and ignition
probabilities given for gas in the UKOOA ignition
probability model, shows a significant difference
H2 modified UKOOA ignition probabilities are higher
than those for HyRAM modelling for any releases
larger than 0.125kg/s
This has potential to affect risk modelling outcomes.

Conclusions
Key outcomes from comparative assessment
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Standardise

Given the growth in global H2 demand & the
increase in H2 related projects, it is important that
H2 data for assessments become standardized
Standardization will facilitate more reliable and
consistent design decisions; bringing greater
certainty to bankability assessments & enabling
more projects to achieve FID.

Comparison & sensitivities

For early-stage H2 projects, it is worth using the
most conservative data to support QRA & FERA.
However, comparative assessments on available
datasets should be encouraged
Sensitivities should be applied to the comparative
results to ensure the conclusions drawn for such
assessment remain robust and continue to support
the goal to reducing risks to As Low As Reasonably
Practicable (ALARP).

Recommendations
Robust data for future design
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&
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Thank you
ioconsulting.com

Jessica Guzzetta-King
Principal Consultant, Safety & Risk
 +44 (0) 20 3878 4235
 jessica.guzzetta-king@ioconsulting.com

Follow us on

https://www.linkedin.com/company/io-certainty
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Nomenclature

CH4 Methane

EI Energy Institute

FB Full Bore

FEED Front End Engineering Design

FERA Fire and Explosion Risk Assessment

H2 Hydrogen

HC Hydrocarbon

HSE Health and Safety Executive

HyRAM Hydrogen Risk Assessment Models

in inch

IOGP International Association of Oil and Gas Producers

LPG Liquified Petroleum Gas

m2 Square Metre

mm millimetre

OEUK Offshore Energies UK

Ping Probability of Ignition

PtX Power to X

QRA Quantitative Risk Assessment

UK United Kingdom

UKOOA United Kingdom Offshore Operators Association
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