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Executive Summary

The Net Zero Innovation Portfolio: Industrial Fuel Switching Competition Phase1 allowed Steamology to 

develop its industrial fuel switching technology for industrial sector steam and medium grade heat users 

currently reliant on oil and gas fired boilers. 

The IFS Phase 1 Project developed and proved the feasibility of Steamology’s Steam Generator 

technology to generate industrial steam using Zero Emission Hydrogen and Oxygen Steam Generator 

technology. The project had four main work packages. The first developed the Steam Generator hardware 

to run at industrial steam conditions. The second identified the steps required for certification. The third 

an fourth work package used a case study to assess the feasibility of the Steam Generator technology on 

a real world site to provide a representative duty cycle.
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Project Aims

• Demonstrate the potential for reducing industrial greenhouse gas emissions through fuel switching to 

hydrogen-based technology.

• Demonstrate commercial viability of zero emission steam and heat solution.

• Inform future industrial decarbonisation policy by engaging with industrial steam and heat users 

including, distilleries, food and beverage, chemical manufacturing and assessing industrial hydrogen 

and electricity use.

• Increase awareness of novel zero emission steam and heat technology with range of steam quality, 

quantity, rapid response, point of use solutions engaging and disseminating with industry and 

investors

• Engage with supply chain of hydrogen supply, fuel compression and storage, steam certification, 

installation, service, maintenance business users and financiers.



COMMERCIAL IN CONFIDENCECopyright © & Designright Steamology 2022

Project Objectives
WP1: Steam Generator Tech Feasibility and Performance

• Steam Generator Detailed Design

• Steam Generator Test Data

• Steam Generator Costing Report

• Test Cell Fuel and Steam Exhaust

• Control Hardware

WP2: Steam Regulatory Feasibility

• Outline System Boundary Scheme

• Certification Report

• Risk Register

WP3: Demonstration Site Engineering Design

• Demonstration site concept report

WP4: Phase2 Planning

• Phase2 outline plan report.
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Work Package 1

WP1: Saturated steam generation design and test data to demonstrate industrial quality and quantity 

steam in the test cell equipped with data and video capture. Steam generator hardware and control 

system will be modified from power turbine applications to deliver industrial steam duty service loads for 

potentially open and closed loop steam systems.

Deliverable Milestone Title Description Format

1.1 1 Steam Generator Detailed 
Design

Steam generator CAD detail design 
package

CAD Drawings

1.2 2 Steam Generator Test 
Data

Steam generator test data from test cell Report showing data from test cell recording 
steam generator tests

1.3 2 Steam Generator Costing 
Report

Review of steam generator BOM with 
cost report

Report describing cost breakdown of the Bill of 
Materials of Steam Generator

1.4 1 Test Cell Fuel and Steam 
Exhaust

Test cell water, gas and steam exhaust 
systems prepared for testing

Picture report of test cell water, gas fuel and 
exhaust system

1.5 2 Control Hardware Electronic controller PCB assemblies Pictures of PCB electronic controller hardware
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Deliverable 1.1 – Steam Generator 
Detailed Design
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Deliverable 1.1 – Steam Generator Detailed Design

Steam Generator Detailed Design - Overview

• Industrial Steam is generally used at 10 Bar, 
185°C.

• Focus has been on moving running pressure 
down from 40 Bar, 400°C to 10 Bar, 185°C.

• Design has been informed by first round of 
certification considerations. 

• Activities included:
• Tightening Torque Analysis.
• Water Nozzle Sizing.
• Gasket Compression Analysis.
• Gas Nozzle Sizing.

Gasket

Gas Nozzle

Water Nozzle

Glow Plug
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Deliverable 1.1 – Steam Generator Detailed Design

Steam Generator Detailed Design

• Complete drawing pack produced.

• Initial tests of the Mk. 3 Steam 
Generator have been highly positive.

• This deliverable provides the 
foundation of the Steam Generator 
design for Industrial Steam 
applications.
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Deliverable 1.2 – Steam Generator 
Test Data
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Deliverable 1.2 – Steam Generator Test Data

Steam Generator Test Data

Objectives of steam testing throughout the project:

1. Achieve stable steady state running at 10 Bar 
in Mk. 2 Steam Generator.

2. Measure Hydrogen and Oxygen mass flow 
rates required to maintain 10 Bar running.

3. Design, install and commission exhaust 
testing loop.

4. Achieve stable steady state 10 Bar running 
with the test loop installed.

Mk. 2 Mk. 3
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Deliverable 1.2 – Steam Generator Test Data

Objective 1 and 2:
Achieve stable steady state running at 
10 Bar.

• Multiple tests to calibrate the outlet 
valve to reach the correct running 
pressure.

• Achieved 10 bar steady state 
running.

• Measured mass flow rates of 
Hydrogen and Oxygen during this 
stable run.
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Deliverable 1.2 – Steam Generator Test Data

Steam Testing Objective 3 and 4:
Achieve stable steady state 10 Bar 
running with the test loop installed.

• Multiple tests and minor 
modifications to the test loop were 
conducted before it ran successfully.

• Test at 10 bar steady state running 
with the test loop installed has now 
been completed.

• The success of these tests 
demonstrates the Steam Generator 
can provide industrial standard 
steam.
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Deliverable 1.3 – Steam Generator 
Costing Report
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Deliverable 1.3 – Steam Generator Costing Report

Steam Generator Costing Report

• The costing report of a Mk. 3 Steam Generator has 
been created.

• This is inclusive of the material costs, manufacturing 
costs and purchase costs associated with assembling 
a Mk. 3 Steam Generator. 

• This costing report provides the foundation for the 
business case for the Steam Generator to provide 
industrial steam.
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Deliverable 1.3 – Steam Generator Costing Report



COMMERCIAL IN CONFIDENCECopyright © & Designright Steamology 2022

Deliverable 1.3 – Steam Generator Costing Report
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Deliverable 1.4 – Test Cell Fuel and 
Steam Exhaust
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Initial Deliverable 1.02 – Gas and Water System Design Review

Initial Gas farm and gas fuel supply review and upgrade planning 

Hydrogen and 
Oxygen Supply

Container 
Requiring 
Connection

Underground

Ground Level

Elevated

Common to 
all Routes

Route 1

Route 2

Route 3
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Deliverable 1.4 – Test Cell Fuel and Steam Exhaust

Test Cell Fuel

• Test Cell currently runs from its own supply of Oxygen 
and Hydrogen bottles.

• Have since installed a gas farm.

• Connection installed to the gas farm.

• Opportunity to learn about the best process to install 
connections on industrial sites.
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Deliverable 1.4 – Test Cell Fuel and Steam Exhaust

Test Cell Fuel

• Hired Digger and Dumper.
• Flattened the yard prior to the trench excavation.
• Trenches excavated using the Digger and hand tools.
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Deliverable 1.4 – Test Cell Fuel and Steam Exhaust

Test Cell Fuel

• Trench backfilled with layer of sand.
• Container pipe then laid and buried in sand.
• Backfilled on top of sand and ground flatted out.
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Deliverable 1.4 – Test Cell Fuel and Steam Exhaust

Steam Exhaust

• Industrial standards for steam applications.

• EN285 is the standard for Industrial Sterile Steam.

• EN285 contains 3 tests for:
• Non-Condensable Gases.
• Steam Quality.
• Superheat.
• Steam Condensate Contaminants.

• These tests demonstrate the Steam produced is 
suitable for industrial steam applications.
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Deliverable 1.4 – Test Cell Fuel and Steam Exhaust

Steam Exhaust - Schematic

Upstream Pressure 
Fine Control Valve

Upstream Pressure Coarse Control Valve
Non Condensable Gas Test Dryness Test

Superheat Test

Steam Generator 
Connection

Overpressure Valve
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Deliverable 1.5 – Controller Hardware
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Deliverable 1.5 – Control Hardware

• The board layouts for the Arduino 
control elements are based on the 
open source layouts available from 
Arduino.cc. 

• In order to obtain the most compact 
layout it was decided with Revision 3a 
to separate the controller function 
between multiply boards housed in the 
same enclosure. 

• The micro controllers and comms 
would be on one board and the inputs 
on a second board. 
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• PCB architecture designed before being 
sent out for print.

• Includes all elements of the boards:
• Surface mounted components.
• Power inputs and delivery.
• Data storage components.
• Communications.

Deliverable 1.5 – Control Hardware



COMMERCIAL IN CONFIDENCECopyright © & Designright Steamology 2022

• Control Hardware has been assembled by 
manufacturer.

• Testing is sufficiently advanced to allow 
the manufacture of initial batch of boards.

• Testing with Steam Generator hardware 
has been conducted.

• These controllers improve the suitability 
and reliability of the Steam Generator 
system for use in an industrial application.

Deliverable 1.5 – Control Hardware
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Work Package 2

WP2: Compliance roadmap defining the certification requirements, HAZID, risk assessments for zero 

emission steam generators within industrial steam site deployment in Phase2.

Deliverable Milestone Title Description Format

2.1 1 Outline System Boundary 
Scheme

Steam system scheme defining system 
boundaries for compliance roadmap

Report of schematic layout defining steam 
system boundaries informed by compliance 
roadmap

2.2 2 Certification Report Report capturing compliance roadmap 
and certification plan for steam system

Report capturing compliance roadmap and 
certification plan for steam system

2.3 1 Risk Register Risk register review and update Updated risk register spreadsheet

2.4 2 Risk Register Risk register review and update Updated risk register spreadsheet
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Deliverable 2.1 – Outline System 
Boundary Scheme
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Deliverable 2.1 – Outline System Boundary Scheme

• System has many different elements, 
each of which must adhere to different 
certification requirements.

• System boundary scheme shows the 
breakdown of the system and where 
different certifications and regulations 
apply.

• Provides a scheme which we can 
continue to populate with certification 
information as more information is 
gained.

Gas 
Farm

Test 
Cell

Control 
Room
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Deliverable 2.1 – Outline System Boundary Scheme

Gas Farm

Test Cell

Control Room
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Deliverable 2.1 – Outline System Boundary Scheme

Gas Farm: 
• IEC 60079 - Explosive Atmospheres
• IEC/ISO 80079 – Non electrical 

equipment for explosive 
atmospheres

• IEC 60364 – Low Voltage Electrical 
Installations

• ISO 26142 – Hydrogen Detection 
Apparatus

• EN 50104 – Electrical Equipment for 
the detection of Oxygen
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Deliverable 2.1 – Outline System Boundary Scheme

Test Cell: 
• IEC 60079 - Explosive 

Atmospheres
• IEC/ISO 80079 – Non 

electrical equipment for 
explosive atmospheres

• IEC 60364 – Low Voltage 
Electrical Installations

• ISO 26142 – Hydrogen 
Detection Apparatus

• EN 50104 – Electrical 
Equipment for the 
detection of Oxygen

Steam Generator: 
• EN 13445 – Unfired 

Pressure Vessels
• ASME VIII Div 1. – Boiler 

and Pressure Vessel Code

Fire System:
• ISO 6182 – Fire Protection 

– Automatic Sprinkler 
Systems

• ISO 16003 – Components 
for fire extinguishing 
systems using gas
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Deliverable 2.2 – Certification Report
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Deliverable 2.2 – Certification Report

Certification for the steam system is composed 
of a few different elements:

1. Steam Generator specific certification.

2. Steam Generator certification within the 
context of an industrial steam application.

3. Supporting hardware certification within the 
context of an industrial steam application.

4. Whole system certification.
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Deliverable 2.2 – Certification Report

1 and 2:
1. Steam Generator specific certification.

2. Steam Generator certification within 
the context of an industrial steam 
application.

Have engaged with the DNV and have 
received final report towards Mk. 3 Steam 
Generator Certification roadmap, both 
generic and within the context of an 
industrial steam application.
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Deliverable 2.2 – Certification Report

2, 3 and 4:
2. Steam Generator certification within the 

context of an industrial steam application.

3. Supporting hardware certification within the 
context of an industrial steam application.

4. Whole system certification.

Have engaged with the DNV who have conducted a 
compliance support technical requirements 
analysis. This lists all relevant standards the steam 
system needs to comply with, inclusive of an 
industrial steam application.
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Deliverable 2.4 – Risk Register Update
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Deliverable 2.4 – Risk Register Update

• The risk register was updated regularly 
throughout the project.

• Individuals from all departments and 
diverse backgrounds were included to 
ensure a wide scope and variety of risks 
were covered.

• New risks were identified and added 
whilst existing risks were mitigated as 
much as was reasonably possible. 

• The regular updating of the risk register 
meant that all technical and project risks 
were captured, recorded and mitigated 
where possible.

• The project suffered no major issues and 
achieved all deliverables on time.
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Deliverable 2.4 – Risk Register Update

Key Risks

• 2.1.6: Litigation due to copyright or patent infringement.
• Pre-mitigation scores: Probability = 4, Impact = 4.
• Mitigation: Carry out Patent research.
• Post-mitigation scores: Probability = 1, Impact = 4.

• 3.2.8: Global events impacting Tariff, Inflation and Delivery Times. 
• Pre-mitigations scores: Probability = 4, Impact = 3.
• Mitigation: Manage and communicate with suppliers, widen supplier base. Order parts as 

early as possible. 
• Post-mitigation scores: Probability = 3, Impact = 3.
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Deliverable 2.4 – Risk Register Update

Key Risks

• 1.3.4: Risk of the fitting system leaking. 
• Pre-mitigation scores: Probability = 3, Impact = 3.
• Mitigation: Pressure leak testing/ commissioning after transit / appropriate fittings 

selected and matched with piping and tube work.
• Post-mitigation scores: Probability = 1, Impact = 3.

• 3.2.22: Controller delay due to supply chain issues 
• Pre-mitigations scores: Probability = 5, Impact = 3.
• Mitigation: Ordering parts early - Design for availability.
• Post-mitigation scores: Probability = 3, Impact = 3.
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Deliverable 2.4 – Risk Register Update

Key Risks

• 1.21.1: Risk of damaging services during ground work. 
• Pre-mitigation scores: Probability = 3, Impact = 4.
• Mitigation: All ground work planned with site survey. Trained staff carrying out work
• Post-mitigation scores: Probability = 2, Impact = 4.

• 3.1.10: Hazardous gas buildup during water purge.
• Pre-mitigations scores: Probability = 5, Impact = 3.
• Mitigation: Adequate venting - appropriate venting zones - passive/active ventilation
• Post-mitigation scores: Probability = 3, Impact = 3.
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Work Package 3

WP3: Engineering design layout and specification for full demonstration installation of industrial steam 

system including fuel, water, steam systems.

Deliverable Milestone Title Description Format

3.1 2 Demonstration site 
concept report

Layout report of industrial pilot site for 
steam system

Layout report of industrial pilot site for steam 
system ppt report
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Deliverable 3.1 – Demonstration Site 
Concept Report
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• Basing site concept on The Borders 
Distillery.

• Provided with a site layout plan.

• Three different concepts proposed based 
on different fuel storage options.
• Tube trailer Hydrogen and Liquid 

Oxygen.
• Gaseous Hydrogen and Liquid 

Oxygen.
• Gaseous Hydrogen and Gaseous 

Oxygen, with Electrolyser.

• Detailed Concept and BOM produced for 
Phase 2 infrastructure.

• Forms the basis for the Phase 2 proposal.

Deliverable 3.1 – Demonstration Site Concept Report
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Deliverable 3.1 – Demonstration Site Concept Report
Liquid Oxygen Storage

Steam Generation

Distillery

Hydrogen Storage

Fire Walls

Tube trailer Hydrogen and Liquid 
Oxygen.

• Gaseous Hydrogen will be 
delivered via Tube Trailer, where 
the Tube Trailer will be left on 
site.

• Liquid Oxygen will be delivered 
at night from a BOC Liquid 
Oxygen delivery.
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Gaseous Hydrogen and 
Liquid Oxygen.

• Gaseous Hydrogen will 
be delivered via Tube 
Trailer.

• Liquid Oxygen will be 
delivered at night from a 
BOC Liquid Oxygen 
delivery.

Deliverable 3.1 – Demonstration Site Concept Report
Liquid Oxygen Storage

Steam Generation

DistilleryHydrogen Storage

Fire Walls
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Gaseous Hydrogen and Gaseous
Oxygen, with Electrolyser. 

• Gaseous Hydrogen and Gaseous 
Oxygen storage will be installed on 
site.

• An on site electrolyser will 
continuously provide Hydrogen and 
Oxygen refill.

Deliverable 3.1 – Demonstration Site Concept Report
Oxygen Storage

Steam Generation

Distillery

Hydrogen Storage

Electrolyser

Fire Walls
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Duty cycle modelling based on real distillery data.

Deliverable 3.1 – Demonstration Site Concept Report
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Duty cycle modelling based on real distillery data.

Deliverable 3.1 – Demonstration Site Concept Report
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• Basing Site Concept on The 
Borders Distillery.

• Includes all kit necessary to 
supply Steam to the 
distillery.

Deliverable 3.1 – Demonstration Site Concept Report
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Generating a complete BOM for the 
Distillery Steam Concept. Inclusive 
of:
• Gas Storage
• Gas Connection
• Water Connection
• Steam Generator Hardware
• Steam Generator Ancillaries
• Steam Header and Connection to 

the Distillery

Deliverable 3.1 – Demonstration Site Concept Report
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Work Package 4

WP4: Phase2 planning report reviewing resourcing, regulatory, commercial requirements for Phase2 

project and commercial roll out of technology in pilot and production adoption of zero emission steam 

and heat technology with industrial partners championing Scope1 emission reduction and elimination to 

comply with net zero targets.

Deliverable Milestone Title Description Format

4.1 2 Phase2 outline plan 
report

Commercial and business plan for Phase 
2  development

Report describing the business and commercial 
exploitation planning for Phase2 and future 
commercial roll out



COMMERCIAL IN CONFIDENCECopyright © & Designright Steamology 2022

Phase 2 Outline Report

• Summarises the learnings from 
the Phase 1 project in an 
industrial context.

• Outlines the Phase 2 plan for 
Steam Generation in the 
distillery which was the focus of 
the Demonstration Site Concept 
Report.

Deliverable 4.1 – Phase 2 Outline Report
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Phase 2 Outline Report

Executive Summary

Steamology, founded to commercially exploit the technology legacy of a successful landspeed world record attempt, to 

explore the potential of clean green renewable hydrogen steam.

Steamology deliver scalable and modular solutions for industrial steam heat and power, embracing the hydrogen 

economy, eliminating emissions, replacing fossil fuels and fossil fuel engines.

Steamology zero emission energy solutions address three markets using a common core technology:

• Zero emission process steam for industrial applications including the food, beverage and pharmaceutical sectors

• Drop-in zero emission diesel engine replacement unit with power ratings from 250 kW to Megawatt scale output 

through mechanical, electrical or hybrid drivetrains for powering trains, trucks, ships transport or static applications

• Renewable Energy (RE) storage and power generation

Deliverable 4.1 – Phase 2 Outline Report
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Phase 2 Outline Report

Executive Summary (Continued)

Steamology has spent many years developing innovative hydrogen-based zero-emission steam systems for steam, heat 

and power turbines. The company's technical team have been working together for over ten years on superheated 

steam engineering. We have prioritised developing clean, energy-dense hydrogen and oxygen fuelled steam for 

industrial steam, heat and power commercial applications. The closed loop or open loop steam system is emission free, 

combustion of hydrogen and oxygen in our steam generators creates high energy steam and produces zero carbon, NOx, 

Sulphur or particulate emissions in a repeatable cycle. 

Steam can be supplied at standard 10 bar ~185°C for industry. Culinary steam can be supplied for the Distillery, Food and 

beverage industry. Pure steam can be supplied for pharmaceutical applications.

Steam can be generated at high pressure 46bar in saturated steam condition ideal for replacing oil and gas fired thermal 

oil heating circuits up to 250°C.

Deliverable 4.1 – Phase 2 Outline Report
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Contact 
Jeremy Bliss
Technical

jeremy.bliss@steamology.co.uk
07973480755

Matt Candy
Commercial

matt.candy@steamology.co.uk
07788920015
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