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Foreword
Our last Advisory
Board meeting
was held in
November 2019
and it’s safe to
say, a lot has
changed in the
last six months.
I would like to
start by saying
a big thank you
to everyone for
their continued
hard work
and resilience
during these
unprecedented times that COVID-19 has
projected onto us. Although this has put a
temporary pause on things such as lab-based
research and events, as a team, we continue to
move forward, using all available technology, to
report our impact and focus on FLEXIS’ future
and the post-pandemic economic recovery.
FLEXIS Impact
As we enter the latter stages of the initial
FLEXIS project, we have increased our focus
on communicating what FLEXIS has achieved,
the project’s impact. To help us do this, we
have appointed Communications Officer,
Jonathon Pinch, who joined the team in
January. Jonathon is a Swansea University
graduate and has held communications and
press roles within local and UK Government
for many years. Welcome to the team.
Over the coming months, we will be sharing
more of our highlights via case studies,
video and engaging design via our website,
social media and at future events.
FLEXIS’ Future
We are continuing to work closely with the
Welsh European Funding Office (WEFO) to
secure the funding for a FLEXIS extension.
Initial conversations are positive but given the
current pandemic, funding streams have been

focussed on other areas as a precautionary
measure. It is hoped as the situation evolves,
funding for an extension will be guaranteed and
we can continue with our leading research.
In November, I had the pleasure of sharing
the news that funding for FLEXISApp has
been secured. We are busy working on its
implementation as part of the post-pandemic
recovery and see this as a great example of
how academia and industry in Wales can
lead the way with regards to green growth
and innovative energy technologies.
This is an exciting project and I look
forward to sharing its results.
People
I would like to welcome Martyn Popham from
Cenin Group and Paul Richardson from Costain to
the advisory board. I would also like to welcome
Paul Gallagher from National Grid, who has
replaced Ilana Portugues on the advisory board.
All three members bring a wealth of industry
expertise and experience with them and I look
forward to their insight and guidance on FLEXIS.
Finally, I would like to say thank you to
Administrative Officer, Deborah Mahoney
and Project Officer, Dawnn Eristhee-Lubin
who have accepted new roles within Cardiff
University. Thank you for all your hard
work on the project since it formed in 2016
and all the best in your future careers.
Wiktoria Tunska will be joining the team in June
as our Administrative Officer and recruitment
for a new project officer is currently underway.

Professor Hywel Thomas
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Who’s who
FLEXIS is made up of approximately 100 academics, researchers
and administrative staff from three of Wales’ leading universities –
Cardiff, Swansea and the University of South Wales.

Prof Hywel Thomas
Lead Principal Investigator and PI of Sustainable Earth Energy
Dr Aleksandra Koj
Project Manager

Principal Investigators
Prof Nick Jenkins
Network & grid integration of renewables;
low carbon energy infrastructure in Wales
Cardiff University
Prof Alan Guwy
CymruH2Wales2 – hydrogen and fuel cells
University of South Wales
Prof Phil Bowen
SMART-POWER: enabling integrated energy systems
Cardiff University
Prof Andrew Barron
Energy safety research
Swansea University
Prof Manu Haddad
Alternative environmentally-friendly gas for electrical networks insulation
Cardiff University
Profs Nick Pidgeon & Karen Henwood
Public response to energy systems technologies
Cardiff University

Partners

Advisory Board
John Scott (Chair)
Independent Consultant
Prof Paul Beasley
Head of R & D UK at Siemens
Ben Burggraaf
Energy Operations Manager at
Dwr Cymru Welsh Water
Dr Mike Colechin
Director of Cultivate Innovation Ltd
Prof Bill David
Professor of Chemistry at
the University of Oxford
Ceri Davies
Executive Director – Knowledge
Strategy and Planning at
Cyfoeth Naturiol Cymru /
National Resources Wales
Steven Edwards
Director of Regulation & Commercial
at Wales & West Utilities
Robert Harper
Gallium Nitride Programme Manager,
Compound Semiconductor Centre

Stephen Phillips
Chief Executive at Neath Port
Talbot County Borough Council
Dave A Roberts
Technical Director, EA Technology
Prof David Slater
Honorary Professor, School of
Engineering, Cardiff University
Nick Smailes
Head of Business Development
at Energy Systems Catapult
Mahesh Sooriyabandara
Associate Managing Director at
Toshiba Telecommunications
Research Laboratory, Toshiba
Research Europe Ltd
James Yu
Future Networks Manager at
SP Energy Networks
Dr Martin Kenny
Sustainability Director for Tarmac
Chris Harris
Head of Regulation and
Compliance at npower

Roger Hey
Future Networks Manager at
Western Power Distribution

Dave Richardson
Project Director for Costain

Francis Griffiths
CEO, Maiple Ltd

Martyn Popham
Managing Director at Cenin Group

Prof Ron Loveland
Energy Advisor to the
Welsh Government
Dr John Newton
Managing Director at ITM Motive
Paul Gallagher
Innovation Manager/Engineering
Services Manager for National
Grid Electricity Transmission
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New Members
FLEXIS extends a warm welcome to the following new members of the
advisory board:

Dave Richardson
Dave is a Project Director with Costain; based in their Energy Sector. He is
an experienced project specialist and a qualified Chartered Project
Professional through the APM.
He has many years’ experience of collaborative project delivery in the
energy, rail, nuclear and oil and gas market from concept & FEED, through
detailed design, construction to operation.
Dave leads the Costain decarbonisation team focussing on delivering net
zero through CCUS, hydrogen utilisation, energy storage and low emission
transport, bringing leadership, knowledge and innovative delivery.

Martyn Popham
Martyn started his early career in Civil Engineering where he gained
extensive experience in shuttered concrete and the use of composite
cements.
Martyn has always had an interest in sustainable development and
becoming aware of Gary Hunt’s technology developments in cement
manufacturing, led to the opportunity to form a business to commercialise
the process. Cenin Limited, Cenin Cement’s parent company, was then
established in 2006.
As Managing Director, Martyn has been responsible for all commercial
aspects of the business and brings considerable experience as a cement
buyer and ready-mix concrete producer. He is regarded as a concrete
enthusiast in the industry and regularly speaks at international conferences
discussing cement industry technology and sustainability matters.

Paul Gallagher
Paul is a Chartered Electrical Engineer with around 30 years’ experience in
the energy industry.
He is currently working at National Grid Electricity Transmission carrying
out two roles. The first being as Innovation Manager and the second as
Engineering Services Manager. This combination of roles gives him a great
perspective on both managing the network challenges we have today,
whilst leading initiatives that will provide the network developments of
tomorrow.
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New Starter
We’re delighted to welcome Communications Officer, Jonathon Pinch, to the team.

What is your role at FLEXIS?
My main role is to share all the great
things FLEXIS has achieved.
As we enter the latter stages of the
project, now is a prime time to show and
tell others, through video, social media,
design, stories etc. about the amazing
things we have achieved together.
This includes the partnerships we have
formed, the funding we have secured
and the research we have carried out.
With information and a flow of good news
from researchers and principal investors,
I will focus on sharing the impact FLEXIS
has had and wherever possible, involving
people to help tell our great story.
So, if you’d like to share something your
team is working on, please just let me know.
pinchj@cardiff.ac.uk / 02920 874280

What attracted you to this role?
I’ve worked in Public Relations and
Communications since I graduated
from Swansea University in 2011.
I started at Tai Tarian in Baglan Energy
Park, before taking on more senior
press and communication roles at
UK Government and phs Group.
Whilst at UK Government, I had
experience of working with the
Department of Education and attended
ministerial visits to Cardiff University.
The people, projects and potential really
caught my attention and inspired me
to seek a career within the industry.

Communications Officer Jonathon Pinch

Born in Barry and having lived in
Swansea, Port Talbot and Cardiff, I also
have strong local links and an interest in
promoting the amazing things that are
happening across Wales to the world.
The research FLEXIS is doing is
contributing to a green future which is a
big interest of mine. A day does not go by
without climate change being mentioned
in the news, being part of the narrative
presents new and exciting opportunities
to share stories in an engaging way.

What are your interests
outside of work?
Keeping fit and travelling are big hobbies
of mine. Running, horse riding and
going to the gym to name just a few.
I’ve also recently learnt how to ski so a
ski holiday is next on the cards. Before
‘lockdown’ my partner and I had booked
a camping weekend in North Wales
where we planned to climb Snowdon and
ride the world’s longest zip wire. Those
plans have been postponed… for now.
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Spotlight on success
Professor Hywel Thomas – The Learned
Society for Wales’ New President
Congratulations to our very own Professor Hywel
Thomas CBE FREng FRS FLSW MAE on being
appointed as the new President for the Learned
Society for Wales, following a ballot of Fellows.
From May 20th, Hywel will succeed Sir Emyr
Jones Parry, who has led the Society since 2014.
In his role as President, Hywel will lead the society
and together with all 540 Fellows, continue to
promote and champion, excellence, scholarship
and research within Welsh academia.
Hywel brings a wealth of experience in higher
education, research and innovation.
For those that may not know, in addition to
his role as FLEXIS’ Lead Principal Investigator
and Principal Investigator for Sustainable Earth
Energy, Hywel is Professor of Civil Engineering
at Cardiff University, the founder Director of the
Geoenvironmental Research Centre (GRC) at
the University and a UNESCO Professor in the
Development of a Sustainable Geoenvironment.
He is also a distinguished research professor
at Swansea University and is a Fellow of the
Royal Society (FRS), the Royal Academy
of Engineering (FREng) and a Member of
Academia Europaea, the Academy of Europe.
Sir Emyr Jones Parry said: “Hywel’s election is
excellent news and fitting recognition of his many
qualities. His experience will be invaluable to
lead the Learned Society to further success.”

Professor Hywel Thomas

Professor Thomas said:

“I’m delighted to have been elected as
President of the Learned Society, which
plays such a vital role in celebrating
and sharing academic excellence. I
very much look forward to working
with our Fellows and staff to promote
research and inspire learning.
“I’m also grateful to Sir Emyr, who
has played an incredibly important
role in developing the Society’s
work over the past six years.”

12
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Latest News

Representatives from FLEXIS and
the South Wales Industrial Cluster

FLEXIS welcome the UKRIs industrial
decarbonation clusters to South Wales
On Wednesday 12th February, FLEXIS welcomed UKRI’s newly appointed Industrial
Decarbonisation Research Champion Professor Mercedes Maroto-Valer and representatives
from the UK’s main industrial clusters to South Wales.
Hosted by FLEXIS’ lead principal investigator, Hywel Thomas, the group discussed research
and innovation priorities and shared new decarbonisation initiatives from each of the six
cluster areas: Humberside, South Wales, Grangemouth, Teesside, Merseyside and
Southampton.
Together, the aim is to create the world’s first net-zero carbon industrial cluster by 2040 and
at least one low-carbon cluster by 2030.
Many industrial areas of the UK remain heavily reliant on carbon fuels. FLEXIS is working in
partnership with Tata Steel Port Talbot on several decarbonisation projects including waste
heat recovery, commercial electrical flexibility and hydrogen opportunities.
Dr Chris Williams, Energy Research Manager at Tata Steel, said: “By working in partnership
with FLEXIS, Tata Steel has used innovative research and expertise to further explore the
decarbonisation of our processes.
“Sharing research and results as part of the South Wales Industrial Cluster, we’ll be able to
work better together with the support of Governments and National Resources Wales, to
develop a ‘Clean Growth’ vision for South Wales industry and aim to achieve net zero by
2050. We look forward to working with Professor Maroto-Valer to ensure our cluster receives
the academic support we need for this exciting journey.
Since then, Welsh and UK industry have received a significant boost with the allocation of
grant funding for South Wales from UK Research and Innovation. The funding will support the
first phase of the South Wales Industrial Cluster (SWIC) Roadmap and Deployment projects
which will seek to identify the best options for cost-effective decarbonisation of industry in
South Wales. The projects will look at the infrastructure required for the development of the
hydrogen economy, for large scale CO2 capture, usage and storage (CCUS) and transport as
well as onsite strategic opportunities specific to each industry.

FLEXIS lead research into the world’s first
ammonia/hydrogen gas turbine
FLEXIS has enabled fundamental and practical research
to secure £1.9m to look at developing a new generation
of gas turbine that could raise efficiency whilst reducing
CO2 emissions.
The project is exploring the use of ammonia as a
hydrogen vector to support further green power
generation developments in the Welsh region of Neath
Port Talbot.
Building on award winning research into the use of
ammonia to store and release zero-carbon energy,
FLEXIS’ Dr Agustin Valera Medina is leading the
Engineering and Physical Sciences Research Council
(EPSRC) funded project over the next four years.
Dr Agustin Valera Medina

Dr Agustin Valera Medina, tell us more:

“The hydrogen economy can be supported using ammonia. However,
ammonia presents several challenges for large power generation such as
high emissions and considerable inefficiencies. Therefore, this project seeks
to develop a new generation of gas turbine cycles, capable of raising
efficiency whilst mitigating emissions, producing only water and nitrogen
at the exhaust. That nitrogen will be captured, stored and later used to cool
components, to produce further energy and for district heating.
This will be the first system worldwide, capable of combining the use of a
novel electrofuel through combinations of ammonia/hydrogen with
advanced thermodynamic principles for profitable and clean power
generation.”
After carrying out initial research at the Gas Turbine Research Centre in Neath Port Talbot
demonstration area, there are plans to install a new ammonia/hydrogen gas turbine to
transform research into practise by using green ammonia to provide zero carbon energy
to the research centre.
The research is being carried out by FLEXIS researchers.
Work continue to grow the energy systems research capability in Wales and support
government in achieving its Net Zero targets.
13

14

May 2020 Advisory Board Report

FLEXIS and Wider Societal Impact

Sustainable Development
FLEXIS’ impact on society is measured using three levels:

1. The Organisational Level – working within existing structures such as University

governance, Welsh Government legislation, UK wide policy (e.g. paying the living wage,
The Equality Act and the Future Generations Act)

2. The Research Level – the impact of FLEXIS research on society
3. Specific Initiatives – projects taken forward specifically to improve impact (e.g. GO
Wales placements, FLEXIS’ Sustainability Strategy)

An example of how FLEXIS impacts beyond academia on the ‘Research Level’ has been the
work undertaken on heating from abandoned mines and thermal springs. The work has involved
academics from several FLEXIS work packages, including the social sciences team, and has
partnered with local authorities and private enterprises to deliver societal change.
The research collaboration has helped provide an environmentally friendly source of energy in
one of Wales’ most deprived areas, helping tackle fuel poverty for 300 homes, community
buildings and a school. A further project involving a school and community centre in Taff’s Well
will result in cost and carbon savings and provide educational opportunities in renewable
energy.
Rob Francis, Director of NuVision Energy and a partner in the project, said:
”Using heat pumps, powered by a nearby wind farm, the mine water project will guarantee a
secure affordable supply of heat for homes in the village of Caerau. The creation of a heating
network in Taff’s Well using a naturally occurring thermal spring will result in energy savings
and an innovative heating system at the village pavilion and the primary school. Once
delivered, the school will be the only school in Wales heated from a thermal spring and will
provide great educational interest.”
The feasibility and research in Caerau has been completed and is now with the Local Authority
for implementation. Design work on the Fynnon Taff project is complete and will shortly go out
to tender for installation.
FLEXIS continue to deliver academic excellence with projects that have an immediate impact
on society and the team will continue to monitor and report on how the work undertaken
makes a difference to everyday lives.

Taff fechan reservoir
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The Cross Cutting Themes
As a condition of funding under the European Regional Development Fund, projects are
required to integrate actions that touch on general principles such as democracy, equality,
sustainability and good governance. These are referred to as the Cross Cutting Themes (CCTs)
and fall under three broad categories:

1. Sustainable Development (SD)
2. Tackling Poverty and Social Exclusion (TP&SE)
3. Equal Opportunities and Gender Mainstreaming (EO&GM)
A FLEXIS initiative that touches on all the CCTs is the ongoing collaboration and support of
the GO Wales Programme.
Their aim is to support the employability of young students
who have faced barriers in accessing higher education or
work experience and are most at risk of not securing
employment when leaving education.
To date, FLEXIS has hosted three full placements and has
several others starting shortly.
Topics have ranged from the technical to project management and include:
•
•
•
•

Assessment and recommendations for FLEXIS’ own sustainability strategy
Investigations into enhanced ammonia combustion and storage technologies
Specification and tender document development for project evaluation
FLEXIS wide staff movement tracking software (x3 placements)

Andrew Kirby, GO Wales senior manager at Cardiff University, says: “Our work with FLEXIS has
been invaluable to students, who have benefited from the opportunity to develop their skills
and experience in evaluation methodologies and sustainability strategies. This, in turn, has had
a significant impact on their employability and confidence. I look forward to developing our
partnership with Jamie / FLEXIS to provide more high quality placements for our students,
whilst strengthening collaboration in relation to cross-cutting themes.”
FLEXIS will continue to cooperate with GO Wales and look forward to providing further
placements that help students into employment and add significant value to our ongoing work.
This is just one of the ways FLEXIS is addressing the CCTs and impacting positively on society.

15
Go Wales placement Freya with Research Assistant Rhys Jones
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Case study

Developing a dynamic understanding of
household energy vulnerability:
Insights from FLEXIS Social Scientists
The FLEXIS Social Sciences team, led by Professors Karen Henwood and Nick Pidgeon,
are exploring the energy challenges faced by Welsh communities where FLEXIS
demonstrations are planned. Insights from this research will help FLEXIS and policy
stakeholders understand the conditions which give rise to energy poverty in South Wales
communities, and to anticipate what benefits and potential risks the transition to a more
flexible energy system, based on renewables might bring for such communities.

The Research
Since 2017, the team has
conducted annual rounds
of qualitative interviews (a
qualitative longitudinal design)
with households in the South
Wales Valleys community of
Caerau, where a mine waterbased geothermal district
heating project involving
FLEXIS engineering expertise
is planned. This community
scores highly on a number of
measures of deprivation, and
the FLEXIS Social Science
data contains insights into how
vulnerability to energy poverty
and to inadequate provision of
energy services is experienced
by Caerau residents. Existing
definitions of fuel poverty
have been criticised for being
too static, by implying that
it is a condition a household
can easily be defined as
suffering from or not. Research
suggests, on the contrary,
that the underlying problem
that can lead to fuel poverty
is energy vulnerability, the
propensity some households
may have for moving into
fuel poverty due to changes
in housing, social, political
or economic circumstances.
By taking a qualitative
longitudinal approach, which

enables the exploration of
change over time, FLEXIS
Social Science research is
able to take this dynamic
understanding of energy
vulnerability even further.

Key Insights
FLEXIS Social Science research
confirms that some of the
conditions identified in the
wider literature as giving rise
to vulnerability do stem from
characteristics of the energy
system itself, but that others
are not directly connected to
energy provision. Examples
of the latter are: poor housing
quality in Welsh communities;
the socio-economic and
cultural history of an area;
and the quality of social
relationships within them. More
directly related to energy, the
extent to which landlords are
required through regulations to
maintain the energy efficiency
of properties is seen by
interviewees as having a major
influence on household energy
expenditure and residents’
health and wellbeing more
generally. Relationships with
utility companies are perceived
as often being a source
of additional vulnerability,

thanks to the prevalence of
prepayment meters (and
associated higher tariffs) and
how current regulations make
switching suppliers difficult
for less affluent consumers.
The interview data offers
novel insights into the way
participants were often
supportive of the proposed
mine water scheme, while
also concerned about how
it would address pressing
needs in the community.

“Everybody would love it if
it was cheap enough. The
cost to the environment
is good, it’s better for us.
We’re not burning fossil
fuels. We’re not, to keep
your house warm, we’re
using something that
we have heritage in, it’s
providing but at what
cost? That will be the
bottom line for everybody.”
(Terry, 60s, Interview 2)

Our participants’ concerns
reflected their sense of the
community’s perceived
vulnerability to rising costs and
other sources of disruption
arising from wider social change
- with examples from the past
being local economic decline
following the closure of local
collieries, and current examples
including worries about the
introduction of Universal
Credit. Participants frequently
recounted examples of how
people in Caerau helped one
another, which was seen as
a fundamental part of being
a Welsh Valleys ex-mining
community. The mining heritage
continued to be important
and making use of the mines
through a new renewable
energy scheme was something
participants overwhelmingly
felt positive about:

“It’s something, because
it’s in our, in our genes, isn’t
it, like our grandparents
went down there, I think it
should be used in respect
for them as well, so that’s
using it for something, isn’t
it? … I think it’s brilliant.”
(Dawn, 40s, Interview 1)

Finally, the research shows
how people’s experiences with
first-generation smart meters
appear to have led many to be
somewhat sceptical about the
benefits of installing new smart
technologies in households. This
has policy implications for wider
rollout of smart technology,
particularly as part of schemes
targeted at vulnerable
consumers. Consequently,
FLEXIS Social Science research
is playing an important role in
the ongoing mine water scheme
development by providing
insights into the views and
experiences of local residents.

Impact and next steps
FLEXIS Social Science research
in Caerau has highlighted the
importance of considering
vulnerable consumers in energy
system transitions in order to
avoid worsening the situation
of those in already precarious
positions. By taking a qualitative
longitudinal approach, where
the same participants are
revisited on a number of
occasions, the research has
been able to provide new
insights into how people’s
relationships to energy changes
in relation to alterations in
their life circumstances, which
is important for providing a
more dynamic understanding
of energy demand.

Data from the research has
already been used to contribute
to Welsh Government’s Better
Energy Futures project, part
of the Smart Living programme,
in collaboration with the Energy
Systems Catapult. Evidence
from FLEXIS Social Science
research in Caerau was also
cited in the recent National
Assembly Wales report Fuel
Poverty in Wales (April 2020)
in relation to the challenges
of relying on people selfidentifying as vulnerable to
trigger interventions. FLEXIS
Social Scientists are designing
further waves of interviews in
Caerau to continue to explore
the role of energy in local
people’s lives and to help
inform further development
of the mine water scheme by
Bridgend County Borough
Council and partners.

1. Bouzarovski, S. Petrova, S. and Tirado-Herrero, S. (2014) From
Fuel Poverty to Energy Vulnerability: The Importance of Services,
Needs and Practices. Working Paper Series SWPS 2014-25
2. As has been shown in research internationally, e.g. Bouzarovski,
S., & Petrova, S. (2015). A global perspective on domestic energy
deprivation: Overcoming the energy poverty–fuel poverty
binary. Energy Research & Social Science, 10, 31–40.
3. http://orca.cf.ac.uk/124132/
4. http://orca.cf.ac.uk/125642/
5. https://www.assembly.wales/laid%20
documents/cr-ld13147/cr-ld13147-e.pdf
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Case study

Adapting Gas Turbine Design for a
Changing Global Landscape

Shipping liquid natural gas (LNG)

The world’s reliance on natural gas as a source of
energy has been increasing for many decades, a
trend that is expected to continue in coming
years. Intermittent supply of electricity from
renewables, limited availability of other fossil
fuels and tighter emissions controls are all
driving the use of natural gas for the supply of
both electricity and heat. In the UK, the total
energy consumption fulfilled by natural gas was
35.3% in 2018, up from 4.7% in 1970; whilst coal
shrunk from 43.9% to 3.9% over the same period
[1].
Natural gas is typically a mix of hydrocarbon
gases that vary based on where it came from,
how it was extracted and the refinement
process. For the UK and Northern Europe that
used to mean North Sea gas, typically 95%
methane. In other locations there can be a
significant difference; one set of examples show
the USA and Abu Dhabi having between 80-85%
methane with the remainder mostly being
ethane, whereas Canada has higher proportions
of propane (around 3%). Small variations in the
natural gas mixture can have a profound impact
on combustion resulting in variations in energy
output, safety of operation and the emissions of
gas turbines. Traditionally gas turbines would be
optimised for the local gas supply and
historically its composition would not have
fluctuated greatly.

An unpredictable road ahead

However, the landscape of natural gas has
changed rapidly in recent years, forcing gas
turbine manufacturers and operators to adapt
their businesses.
Modern advances in the preparation and
transportation of natural gas in liquid form
(Liquid Natural Gas, or LNG) means that
shipping natural gas around the world is now an
everyday reality. Dwindling local supplies in
some areas of the world combined with the
rising trade of LNG mean that manufacturers
and operators of gas turbines can no longer rely
on the local gas mixture they have been used to
in the past. Gas turbines must now be flexible in
their design and operation parameters.
Adding to the complexity of the roadmap for
gas turbine design, policy makers around the
world along with gas producers and suppliers
are still unsure of what the future of the gas
network might look like in a net-zero 2050
scenario.
This means that it is important for gas turbine
research to investigate all possible gas mixtures
and alternate fuels.
1. https://ourworldindata.org/energy

Concerns over fuel security and supply have
driven development towards an optimised fuel
economy, minimised pollutants and potential
adoption of alternative fuels and combustion
techniques, steering research towards leanpremixed operating systems, exhaust gas
recirculation, flame cooling and flameless
combustion among other techniques. However,
to implement these methods detailed research
must be conducted to gain insight and
understanding of combustion behaviour with
measurement of physio-chemical properties.
The main aim of this research was to
investigate the impact of fuel flexibility and
interchangeability on gas turbines, focussing
especially on the influence of LNG imports and
blending of hydrogen into the natural gas
network.

Taking a Lean Approach

Blending natural gas with hydrogen is gaining
popularity as an option to decarbonise the gas
grid in the near term whilst also paving the way
for an eventual switch to a full hydrogen
economy.
Substituting hydrogen for a proportion of the
hydrocarbon gases has the effect of increased
flame speed, a key parameter describing how

the gas burns. A higher flame speed potentially
means that the gas turbine can be run ‘leaner’,
which is to say using a higher air to fuel ratio.
This leads to a lower flame temperature and
ultimately lower emissions. The flame
temperature is a leading indicator of harmful
pollutants; a lower temperature means fewer
Nitrous Oxide compounds (NOx) form, and less
hydrocarbon gas in the fuel mixture creates
less Carbon Monoxide (CO) as well as reducing
Carbon Dioxide (CO2) output.
The research undertaken at Cardiff University’s
Gas Turbine Research Centre was focused
upon the influence of changes in natural gas/
hydrogen mixture on lean-operability stability
limits. Blends of up to 50% hydrogen and 50%
natural gas have been tested, producing
interesting observations of flame stability. High
speed cinematography was used to capture
images of how a spherical flame progresses as
it expands within the specialised combustion
vessel. With a more complete picture of the
fundamental behaviour of premixed hydrogen/
natural gas flames, the researchers investigated
the behaviour of lean limit, turbulent flames
using a premixed generic swirl burner, more
representative of commercial gas turbine
configurations.

High speed imagery of spherical flames

Redefining Old Standards for a New
Tomorrow

One important finding of this research was
discovered in how the gas turbine industry
characterises the interchangeability of gases.
Current parameters such as the Wobbe Index
may not be suitable to characterise the variable
fuel supply of the future. These characterisation
indexes use relationships and calculations that
have been shown to not necessarily hold true
when considering possible future gas mixes,
meaning that two different gas blends with the
same Wobbe Index value might burn entirely
differently.
As a result, variations in ignition delay times,

flames speeds, flame temperature and flame
chemistry could potentially lead to serious
consequences in gas turbines leading to
emissions and safety issues.
With ever-more fuel flexibility looking likely in
the future, the efficient, safe, and clean use of
gas turbines will require significant fundamental
research. The expert researchers and cutting
edge test facilities developed at the Cardiff
University Gas Turbine Research Centre in the
FLEXIS Demonstration Area are building vital
research capability to guide the design of highly
flexible gas turbines that are fit for a low carbon
energy industry.
19
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Case study

Using FLEXIS Demo Area Techniques to
Benefit All of South Wales
Techniques developed to estimate domestic
heat demand within the FLEXIS
Demonstration Area in Port Talbot are now
powering research into decarbonisation
across all South Wales. Researchers from
Work Package 1 with Professor Nicholas
Jenkins are working to support the Zero2050
initiative. Led by National Grid, Zero2050
aims to speed up progress of the
decarbonisation of South Wales to hit netzero 2050 targets.
Cardiff University’s Dr Meysam Qadrdan,
Alexandre Canet and William Seward are part
of a team looking specifically at how heat
demand will change between now and 2050,
for both the domestic and nondomestic
sectors. The outcomes of this research will
help inform the energy industry in how to
best make investments to cope with future
energy demand, such as reinforcements to
the electric grid.

Exploring different versions of the future
The researchers are investigating three
different heating scenarios that could each
provide a route to net-zero. The first among
the three scenarios is based around Hydrogen
Heating. Like today’s natural gas boilers,
hydrogen boilers can provide large injections
of instantaneous heating but without emitting
the greenhouse gasses associated with

burning natural gas. However, the hydrogen
used to fuel the boilers needs to be produced
in a low carbon way if it is to have the best
possible impact on overall emissions.
The second scenario focuses on the
electrification of heating. The model
incorporates widespread use of heat pumps
in every possible application and district
heating in high density areas. District heating
is usually characterised by buildings receiving
hot water as part of a local network where
the water is heated at a central facility. South
Wales provides interesting opportunities for
low carbon district heating in the form of
heat from mine water or waste heat from
industrial processes. Overall impact on
decarbonisation in this scenario is heavily
dependent on a low carbon electric grid.
The final scenario is a hybrid model that
investigates a mix of hydrogen boilers and air
source heat pumps. The two technologies can
also be used in conjunction with each other,
known as a ‘hybrid heat-pump’, where an Air
Source Heat Pump works is combination with
a hydrogen boiler which allows for switching
between hydrogen and electricity based on
external signals such as outside air
temperature and electricity prices.

Heat decarbonisation scenarios for Swansea (HP: Heat Pump, DH: District Heating)

From Demo Area to Region Wide
To build the best possible models of each
scenario, the researchers would ideally like to
accurately predict heat demand per-building.
However, the availability of good quality,
detailed data makes that process difficult.
Alexandre Canet has been working closely
with Wales and West Utilities to validate
his predictions. If the predictions on heat
demand per-building are accurate, then
scaling those numbers up over a larger
area should compare closely to the actual
gas demand for a county or city level
measured each year.
To get a more detailed assessment of heat
demand, the team leveraged prior
research from the FLEXIS Demonstration
Area in Neath Port Talbot. The technique
developed as part of that research
leveraged small geographic regions or
Lower Layer Super Output Areas (LSOAs)
from census data which could be used to
define a lower level of granularity than just
predicting heat demand per city or county.
The makeup of buildings inside the LSOAs
can then be paired with Energy Performance
Certificate data. By using the energy
efficiency data, the buildings were classified
into 16 archetypes combining dwelling shapes
with heating systems; for example detached,
semi-detached, terraced and apartments, and
heating technologies such as gas boiler,
electric resistance heater, oil boiler and
biomass boiler. For each archetype, an
average annual heat demand was calculated
using the information on annual heat demand
of individual buildings reported in their EPC.
The total heat demand in a LSOA was
calculated by adding annual heat demand for
different combination of building archetype

and heating technologies.
Using Models to Predict Future Demand
Using the predictions for heat demand per
LSOA allows the team to model the current
and future heat demand at a level of
geographic detail that can inform activities
like reinforcement of the electric grid or the
installation of district heating schemes.

Intensity map of the estimated domestic heat demand by LSOA in 2018 for Cardiff

Steering the Course to Net-Zero
The outcomes of the Cardiff University work
will be combined with the work from other
partners of the Zero2050 project, which
includes analysis of the industry and transport
sectors to provide a full picture of what a
net-zero South Wales could be. With the
Welsh Government as a partner, the final
report aims to inform the development of
new policies and activities to reach the netzero target, and findings from this initiative
could be transposed nationwide and
leveraged in other projects.
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