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Rule 1: There’s no such thing as a free lunch

A cynic’s survival guide

“The sum of evil in any system is a @%%5

constant” @@@g@g

* Every benefit will have an attendant hazard
* As one hazard is removed, another will arise to replace it.

Leonard Rossiter, “The Devil’s Bedside Book”
Hamlyn (1980) drawing from Ambrose Bierce,
“The Devil’s Dictionary” (1911)

e Copyright BakerRisk. All rights reserved 2




Rule 2: Do it first, risk assess later

Due to intense lobbying from horse-drawn carriage
operators and the public railway industry, the UK
Locomotive Act 1865 required that any self-propelled
road vehicle had to be preceded by a person walking
at least 60 yards ahead, carrying a red flag.

Regulations are retrospective

Mankind is not good at proactive Management of
Change — we want the beneﬁts before we think Of the English motor car manufacturer Charles Stewart Rolls with

a man walking in front with a red flag, as the law of the

d raWbaCkS time required (Getty Images)
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Rule 3: Read the words

Energy

* A potentially hazardous
property that we try to control,
or isolate - often by using
permit to work systems

Transition

* A period of change, typically
involving infrequent operations
which often carry increased
levels of risk
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Energy Transition — The Old and The New

* Traditional high hazard industries (e.g. chemicals, oil & gas, steel, nuclear) with a
wealth of experience (often from historical incidents) are changing / declining —and so
we potentially lose process safety knowledge and experience

* New technology entrants such as hydrogen, batteries (BESS), biofuels, synthetic
aviation fuel (SAF), carbon capture and storage (CCS), small modular reactors (SMRs)
are emerging — often faster than regulations can follow.

* There are many common technical, HSE and managerial skills between the two sectors
— but these also have to be transitioned, before those skills fade or are lost

* Sharing of learning from incidents across sector boundaries is essential to transferring
experience
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Anaerobic Digestion - Biomethane

“Anaerobic digestion is a sequence of processes by which microorganisms
break down biodegradable material in the absence of oxygen” (Wikipedia)

* Itis a complex, delicate, synergistic dance between many different groups of bacteria —
some of which have been around for billions of years (since before the Earth had an

oxygen atmosphere) !

* It is a reflection of the fact that, if you look hard enough, you’ll probably find a microbe
which can live anywhere on anything.

1 Gribaldo, S. and Brochier-Armanet, C. Philos Trans R Soc Lond B Biol Sci. 2006 May 9;361(1470):1007-1022
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So how does it work ?

Hydrolysis Acidogenesis Acetogenesis Methanogenesis

Complex Feedstock: . ) Reduction of CO, into
Carbohydrates Soluble Organics: VoI.atlle Fatty CH, and H,0 (~30%)
) Sugars Acids (VFAs)
Proteins . .
. Amino Acids Alcohols
Fats / Lipids 2

. Fatty Acids Carbonic Acids
Cellulosic Biog
\_ )\ ~50 to s
V- ~20 to 50w
A +H,0, N,, 0,, H,S

Acetic
Acid
(Acetate)

>

Split acetate into CO,
and CH, (~70%)

“Simple” Feedstock: - =
Alcohols -’
Glycols / Glycerol
Ethers
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Process Hazards

Toxic / Anoxic:  Hydrogen Sulphide H,S, Carbon Dioxide CO,, Ammonia NH,

Hydrogen Sulphide is a particularly unpleasant toxin, as it inhibits a key cellular respiration enzyme in a similar
manner to cyanide. It also paralyses the sense of smell, so can be difficult to detect at harmful levels and has
resulted in deaths in the AD industry

Bio Hazards: Pathogens, Zoonoses

If the feedstock is derived from the food chain, it may contain inhalation or ingestion pathogens, parasites or
zoonoses

Flammable : Methane, Hydrogen, Dusts, Self-heating materials

Fire & explosion hazards are frequently overlooked in this sector.
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Flammability — ease of ignition

Hydrogen also shows
very high flame speeds
and is capable of
transitioning from a
deflagration to a
detonation — vastly
increasing the
overpressure which is
generated

1000

Motor spark

Battery spark

Energy mJ

Weak Static spark
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100 ;
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== Hydrogen

== Methane

Concentration %

Indicative, after Vogelzang et. al. “The Lower Flammability Limit of Hydrogen” IGRC BANFF 2024
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Bio Dynamic, Nottingham, UK, 2017

On 20 September 2017, two employees of Bio Dynamic (UK) Limited were using a grinder to cut
and replace blocked pipework at the top of an 11-metre high metal tank containing waste slurry.

Working from a mobile elevated work platform (MEWP), they were not using harnesses.
Sparks from the grinder ignited flammable gasses causing the tank to explode.
The metal tank was projected high into the air before crashing to the ground nine seconds later.

Both men were thrown from the platform; one received severe injuries to his back, head and
torso, the other sustained a fractured skull and needed to have one leg amputated.

Fines : £300,000, costs £229,988

https.//press.hse.gov.uk/2024/11/22/company-fined-after-an-explosion-seriously-injured-two-employees/
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Video courtesy UK HSE

PROTECTING PEOPLE ¢\
AND PLACES HSE

Warning

The following footage may be
disturbing to some viewers.

Viewer discretion is advised.
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https://www.youtube.com/watch?v=nICTMb2ABmU&t=2s

What changed ?

The pasteurisation process was assumed to sterilise the feedstock
The yfieretankmiierdredifeidiBRIAE WaS gtedence of ogas
hpyehbgean, @Meﬁbmoh@um@i@méﬁuﬁés‘}'u'dﬁwaste remained ici
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Hot work

Blockage Vent - No
flame arrester

Feed from
The inlet line to the buffer tank was Pasteuriser ! P
blocked; the decision was taken to ,—*':,I i | T~ Airingress
. . . 1
cut it open with a grinder. 2
But hydrogen was being generated
by the slurry and accumulating at A 4
11 I -

the top of the vessel. P : ! Feed to

el : Digester

generation

| T = |

As feedstock was transferred to the downstream digestor, air was pulled in through the vent (which
had no flame arrestor), creating a highly reactive air/hydrogen mixture in the tank

Hot work then began

Camplin, K. and Thomas, R. UK HSE. “HSE process safety communication — explosion in an anaerobic digestor plant” IChemE Loss Prevention Bulletin 306, pp29-32,
December 2025
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What happened

The ignition from the grinder ignited the gas mixture, causing a pressure

rise which blew off the vent cap and caused a partial rupture at the top of
the tank.

The tank was a repurposed grain silo, which had no
bottom head and was simply bolted down onto the
concrete floor of the bund

When the bolting failed, the liquid content was ejected, adding to the
propulsive force on the tank body

The tank remained airborne for 9 seconds

Image credits : Camplin, K. and Thomas, R. UK HSE. “HSE process safety communication — explosion in an anaerobic
digestor plant” IChemE Loss Prevention Bulletin 306, pp29-32, December 2025; and Wikipedia
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Aftermath

m

| -'jw«r'-.‘-.'_.‘, A "

)

Camplin, K. and Thomas, R. UK HSE. IChemE Loss https://www.bbc.co.uk/news/articles/cp87r33rwydo
Prevention Bulletin 306, pp29-32, December 2025

The tank is estimated to have contained less than 30kg of hydrogen / methane and to have reached a height of
between 60 and 90 meters before falling back to earth

Operators were thrown out of the MEWP basket and received life-changing injuries
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Weaknesses

* Documentation (eg P&IDs) did not match the actual plant

* Flammable substances - Hazard awareness - application of DSEAR / ATEX was inadequate
 Management of Change — recycling of digestate, reuse of a grain silo not properly assessed
» Safe Systems of Work — inadequate control of Work at Height and Hot Work

* Training / Management of Competence

* Failure to comply with permit conditions

* Failure to engage in the risk assessment process

* Process safety management and leadership

https: //resources hse gov. uk/conwctlons/case/case details.asp?SF=CN&SV=4709327
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Incidents continue to happen

Wessex Water, Avonmouth, UK, 2020
December 3, 2020, around 11:20 GMT.

https://www.bbc.co.uk/news/articles/cpv3ng676k50.amp
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They never came home...

Sixteen-year-old apprentice Luke Wheaton, 64-year-old Michael James, 63-year-old
Brian Vickery, and 57-year-old Raymond White all died in the blast.

* All four were blown off the roof of the silo
and fatally injured by an explosion

* Luke Wheaton (apprentice), Raymond
White, Brian Vickery and were Wessex
Water employees

*  Michael James was a contractor on the
site

Luke Wheaton Raymond White Brian Vickery Michael James
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No official incident report yet...

* The exact cause has not been officially published.

* The explosion occurred in a silo that held treated biosolids — hydrogen / methane and possibly
dust explosion.

* Unconfirmed reports? suggest:

*  Weaknesses in systems for the control of hot work (believed that angle grinders were being used on the
top of the silo, potentially igniting accumulated methane or dust).

* Lack of flame arresters on tank vents

* Poor Management of Change

* Mechanical integrity issues (issues with pressure valve sizing and operation)

Estimates suggest that the amount of methane (/ hydrogen ?) present was in the range of 100
to 150 kg

2 https://www.bbc.co.uk/news/articles/czdnrezpmylo
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Recognising the need for improvements

Wessex

4 658 Wessex said that the £178 million was required due to meet new health and safety

obligations facing Wessex arising from the HSE investigation into the Avonmouth
Water Recycling Centre incident in December 2020.578 An explosion at the site

killed four people. &7

876 Wessex SoC, p:‘a}agraphs 2.51(b) and 11.3; Wessex SoC (confidential), paragraph 7.1 and 7.8.
877 HSE investigates explosion at Avonmouth recycling complex (accessed 4 September 2025); Wessex SoC

(confidential), paragraph 7.6. : i R R

Water PR24 References, Competition & Markets Authority, October 2025
Wessex Water PR24 CMA Redetermination Statement of Case March 2025

e Copyright BakerRisk. All rights reserved




Path forwards — a call to action

e Sharing and learning from incidents — across sectors
* Hazardous Area Classification DSEAR / ATEX
* Risk Analysis — HazID, HAZOP, Facility Siting (/QRA)

PROCESS
SAFETY
FUNDAMENTALS

SaFe Operational Principles

EPSC Process Safety .
Leadership Development Eepsc

* Process Safety Management Systems

We need the Energy Transition,
and it’s happening...

)] . .
...let’s do it safely Burcofial
20 YEARS ON

e

ormon |
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PROCESS SAFETY MANAGEMENT
EUROPEAN PRACTICE




Useful resources

* IChemE Loss Prevention Bulletin (monthly publication)

* https://www.gov.uk/government/publications/sr2021-no-7-anaerobic-digestion-facility-including-use-of-the-resultant-biogas-
waste-recovery-operation/sr2021-no-7-anaerobic-digestion-facility-including-use-of-the-resultant-biogas-waste-recovery-
operation

* https://www.gov.uk/government/publications/sr2021-no-7-anaerobic-digestion-facility-including-use-of-the-resultant-biogas-
waste-recovery-operation/sr2021-no-7-generic-risk-assessment-anaerobic-digestion-facility-including-use-of-the-resultant-
biogas-waste-recovery-operation

* BSISO 19388 : 2023 Requirements and recommendations for the operation of AD facilities
e BSISO 24252 : 2023 Biogas systems
*  “Guidelines for the safe use of Biogas technology” German Biogas Association www.biogas.org

* https://adbioresources.org/policy-regulation/regulators/

* https://www.r-e-a.net/our-resources/
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Those who ignore history are doomed to repeat it.

Those who ignore learning from incidents are likely to repeat the same
behaviors, and are doomed to experience the same near miss, the same
serious accident again...

... let’s not do that.

BakerRisk.com
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https://www.bakerrisk.com/

CONTACT US

9 2, St John’s Court, Vicar’s Lane
Chester, CH1 1QE, United Kingdom

\. +44 (0) 7467 435488 ”

@ jbirch@bakerrisk.com
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WE HAVE ANSWERS B

Better Risk Management Starts Here BAKERRISK

LLEARNING CENTER
Q % @ ~

Accident Functional and Fire Protection and Consequence and LOCATIONS
Investigation Electrical Safety Insurance Risk Risk Modeling

@ San Antonio Canada

& ﬁ é 3{:8 Houston Egypt
1]

Chicago United Arab Emirates
Qualitative Hazard Protective Testing Low Carbon Energy . .
g e Los Angeles United Kingdom
Identification and Structures
Risk Assessment Philadelphia

=

BAKERRISK

BakerRisk.com



	Slide 1
	Slide 2: Rule 1: There’s no such thing as a free lunch
	Slide 3: Rule 2: Do it first, risk assess later
	Slide 4: Rule 3: Read the words
	Slide 5: Energy Transition – The Old and The New
	Slide 6: Anaerobic Digestion - Biomethane
	Slide 7: So how does it work ?
	Slide 8: Process Hazards
	Slide 9: Flammability – ease of ignition
	Slide 10: Bio Dynamic, Nottingham, UK, 2017
	Slide 11: Video courtesy UK HSE
	Slide 12: What changed ?
	Slide 13: Hot work
	Slide 14: What happened
	Slide 15: Aftermath
	Slide 16: Weaknesses
	Slide 17: Incidents continue to happen
	Slide 18: They never came home…
	Slide 19: No official incident report yet…
	Slide 20: Recognising the need for improvements
	Slide 21: Path forwards – a call to action
	Slide 22: Useful resources
	Slide 23: QUESTIONS? 
	Slide 24: CONTACT US
	Slide 25: WE HAVE ANSWERS

