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A network of

84 Researchers 
53 Partners 
25 Research Fellows 
12 PhD students 
10 Returning Fellows

The pins show the network's 
activities in the UK and 
internationally.
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Here we present a brief summary of the Sêr Cymru National Research 
Network for Low Carbon, Energy and Environment (NRN-LCEE) which 
was active from 2013 to 2019. This was a bold, innovative initiative for 
Welsh research funded by Welsh Government (WG) and the Higher 
Education Funding Council for Wales (HEFCW) as part of the Sêr 
Cymru 1 funding initiatives.

The over-arching mission of the Network was to promote excellent 
research within Wales into the sustainable use of natural resources 
for the provision of energy, water, food, and other ecosystem services. 
The Network explicitly encouraged interdisciplinary research across 
departments and universities. For example environmental  and 
microbial scientists worked with those from the energy sector and 
plant scientists worked with architects. The Network in this respect was 
the catalyst to bring a diverse set of talented researchers and partners 
into new collaborations, in order to conduct innovative research that 
was highly pertinent on an international research agenda.

Four themes tie together all research funded by the Network: 

1. Sustainable Intensification 

2. Low Carbon Energy Pathways 

3. Developing the Bio-Economy 

4. Impacts & Mitigation of Climate Change and Human Activities

The core of the Network research was centred around 8 Research 
Clusters (supporting 18 Research Fellows and 12 PhD students) 
and 10 Returning Fellowships. The latter were individuals returning 
from extended career breaks. It also supported STEM outreach 
opportunities, public lectures and a diverse range of workshops 
and events on topical science issues. In this document, we briefly 
review these undertakings, combining key findings with their wider 
significance to the challenges faced by society. 

Introduction
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The main research institutes involved were encouraged  
to collaborate more widely. Ultimately, 71 partners from  
the UK and Ireland, mainland Europe, North America, the  
Middle East and the South Pacific have contributed to the 
Research Clusters. These include research institutions, 
government bodies, small-to-medium enterprises, and 
industry. 

10 
returning 

fellowships

24 
research 

development 
initiatives

56 
projects

14 
proposal 
writing 

fellowships

8 
collaborative 

research 
clusters

By February 2019, the NRN-LCEE researchers have won  
to Welsh institutions:

Competitive funding for 97 projects, combined to lever 
£20.8 million (£28.6 million, Full Economic Cost, FEC) from 
RCUK, EU and other sources. The contribution of the Partner 
Organisations is currently estimated to be an additional 
£12.2 million (access to equipment & facilities not covered 
by the NRN award/ waived PhD fees/ waived overheads/ 
difference between FEC and money awarded/ non-
accounted staff time).

Therefore the £7 million investment in the NRN-LCEE  
by WG/HEFCW has leveraged at least £33 million for  
Welsh research institutions.

This results from researchers bidding for 214 projects 
totalling £93 million (FEC). The success rate of 45% is  
well above the current sector norm which ranges from  
<5 to 20% depending on funding source.

At the same time the Network has presented at least 278 
conference abstracts and produced 165 publications  
(126 of which are in peer-reviewed high quality journals). 
Additional to these are of course the large number of  
events, public lectures and training the Network has 
provided (see www.nrn-lcee.ac.uk).

The £7m investment 
in the NRN-LCEE 
leveraged at least 
£33 million for Welsh 
research institutions.

Key numbers
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£7m 
Welsh Gov. 
& HEFCW

£12.2m 
institution 

funding 
leveraged

165 
papers 

published

£20.8m 
research 
funding 

leveraged

278 
conference 
abstracts

71 
partner 

organisations

112 
new 

collaborations 
formed

56
projects

46 
public lectures, 

workshops & 
conferences
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research outputs 

encompassing 
all Clusters and 

Returning Fellows.
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AquaWales
Minimising 
the impacts 
of intensive 
aquaculture in  
the face of  
climate change.

Overview

The global demand for fish and shellfish has increased by 9% annually  
over the last few decades, however, wild-caught fish yields are diminishing 
or stagnant. Fish farming has therefore become increasingly important 
for meeting global food demands sustainably. As extensive aquaculture is 
constrained by space and costs, intensification needs to occur. This means 
that farmed fish will have to thrive on less food, less space and less water –  
all compounded by increasing temperatures due to climate change. 

Research needs to find solutions for the industry to: 1) reduce its ecological 
footprint, 2) improve fish domestication, 3) address issues with escapes/
invasive species and 4) reduce the risks posed by parasites and diseases.

AquaWales sought to bridge – for the first time – the genetic and 
environmental (epigenetic) components of fish domestication, as well as 
to develop new genetic-based methods to survey for invasive species. 
These methods were applied specifically to improve fish resilience to 
crowding and infections (diseases and parasites), and to detect and map 
three major aquatic invasive species (AIS) in the UK: the American signal 
crayfish (Pacifastacus leniusculus) and its pathogen, the topmouth gudgeon 
(Pseudorasbora parva), and Chinese mitten crab (Eriocheir sinensis).

• Global aquaculture is projected to supply 
over 60% of fish destined for direct human 
consumption by 2030. In Wales, fisheries 
contribute over £30 million per year to 
rural and coastal economies. 

• Globally, the aquaculture industry loses  
$3 billion annually through fish disease. 

• An unnaturally high stocking density is a 
key feature of fish farming. Developing  
strains that respond well to crowding  
is a major challenge for advancing  
fish domestication.

OUR CLUSTERS

Credit: thinkstock

High food demand 
for fish has resulted in  
captive breeding and  

stocking with much higher 
population densities  

than in the wild.

www.nrn-lcee.ac.uk   |  7
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vast amounts of data and sequence the genetic 
code of commercial fish species such as tilapia and 
Atlantic salmon. It follows that research can proceed 
to answer particular research questions such as 
identifying the exact genes responsible for disease 
resistance, stress responses, temperature tolerance 
and body size.

AquaWales used controlled experiments to compare 
gene expression patterns in fish reared at different 
stocking densities, exposed to pathogens and 
temperature variations. The Cluster used three 
contrasting species relevant to aquaculture: Nile 
tilapia (Oreochromis niloticus), Atlantic salmon (Salmo 
salar) and sea bass (Dicentrarchus labrax).

The extent and impact of invasive species on native 
ecosystems is becoming better known. Invasions 
through aquatic routes, including aquaculture, are 
one of the most prominent ways for invasive species 
to spread. Research is urgently required to identify 
the most effective ways to detect and monitor 
aquatic invasives in order to prevent further spread 
and support effective eradication. 

Reduced genetic variability of farmed stock has 
a negative effect on their fitness in the wild and 
raises concerns about the effectiveness of hatchery 
practices for restocking purposes. Alternative 
breeding methods need to be developed that 
reduce the risk of losing genetic variability. 

Environmental cues can change how genetic 
information is used without changing genetic 
sequences themselves – thereby preserving 
genetic diversity. These ‘epigenetic’ variations 
can therefore be preferable to traditional 
selective breeding methods. The fact that 
environmental cues trigger variation in the use 
of genetic information means that the resulting 
environmental adaptation is also quicker 
compared with waiting for genetic mutations to 
occur and spread in a population. Research to 
improve understanding of epigenetic mechanisms 
therefore creates opportunities to improve 
selective breeding for commercial exploitation. 

Computational and methodological advances 
in bioinformatics make it possible to process 

Credit: thinkstock
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Context of the research

The extent and impact 
of invasive species 

on native ecosystems 
is becoming better 

known.



New molecular methods of species detection 
provide an unparalleled opportunity for early 
detection and identification of the spread of invasive 
species. These include the analysis of environmental 
DNA (eDNA – the ability to identify single species 
from degraded DNA in tiny amounts of tissue or 
faeces in soil or water samples) and metabarcoding 
(the automated identification of multiple species 
from a single bulk sample containing entire 
organisms or degraded DNA). Equipment and 
methods for both analyses are now widely available 
and continuously being improved, leading to more 
accessible and affordable implementation.

AquaWales developed novel environmental DNA-
based detection protocols for the British-invasive 
American signal crayfish (Pacifastacus leniusculus), 
topmouth gudgeon (Pseudorasbora parva) and 
Chinese mitten crab (Eriocheir sinensis).

Traditional signal 
crayfish trapping (top) 

typically captures 
older and larger 

individuals (right).

Credit: Rhidian Thom
as
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Key findings

• AquaWales research uncovered a number 
of epigenetic markers for tilapia and Atlantic 
salmon that correspond to different rearing 
conditions in aquaculture (crowding and 
temperature) and to disease resistance at 
different rearing densities.  

• Environmental cues were found to have a unique 
influence on the use of immune-related genes 
during a common fungal infection of captive 
fish. This result held despite any underlying 
differences in the genetic code of individual fish.  

• The microbiome of organisms has a fundamental 
influence on their health. Change in the 
microbiome may therefore also underlie immune 
responses in captive-bred fish, which the Cluster 
looked into using genetic analysis of both fish 
skin and gut microbiota. They discovered a 
marked difference between the diversity and 
function of the microbiome of wild and captive 
Atlantic salmon, influenced by different diet 
as well as the more uniform artificial rearing 
conditions. Microbiomes could be manipulated 
to enhance targeted traits in captive fish and 
therefore improve their health. 

• Novel eDNA methods (high-resolution melt 
curve approach) successfully identified the 
invasive signal crayfish, the native white-clawed 
crayfish and their shared pathogen (causing 
crayfish plague). eDNA revealed the presence 
of invasive species in areas where previous 
eradication attempts had been undertaken 
and where the invasive was thought absent. 
Results also showed that areas of invasive and 
native crayfish co-existence are characterised 
by the absence of the pathogen, confirming 
results from other regions. This novel approach 
can now be used more widely to support 
conservation measures. 

• Genetic analysis of British populations of signal 
crayfish showed that populations carrying 
crayfish plague are more genetically diverse 
than those free of the plague. This suggests 
infected populations have higher fitness – the 
cause of this relationship is still unknown. 
Overall, genetic diversity was low which suggests 
that populations are either still carrying ‘founder 
effects’ (where small-scale introductions 
limit genetic diversity), or have been heavily 
influenced by eradication measures, or both. 

8  |  www.nrn-lcee.ac.uk www.nrn-lcee.ac.uk   |  9
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What our researchers say 

What is your research about?
My research as part of AquaWales focused on the impacts 
of environmental stressors on fish health and disease 
resistance. In particular, I examined how stress experienced 
in aquaculture affects the microbiome and the epigenome, 
and how these changes can help us understand the 
mechanisms underlying changes in fish health. 

Why did you choose this project?
This project has given me the opportunity to address 
critical questions in aquaculture science using cutting-edge 
technologies at the forefront of research. Improving disease 
resistance in farmed fish is an absolute priority in order to 
improve the sustainability of aquaculture and its ability to 
provide food for a growing human population in the face of 
increasing environmental challenges. 

Fellow Tamsyn 
Uren-Webster

What has been your most exciting finding?
We found that a short-term stress applied during early 
development actually enhanced immune response to  
a pathogen later in life in Atlantic salmon and this was  
also associated with distinct changes in the epigenome.  
This suggests that epigenetic mechanisms may regulate  
the immune system and could potentially be targeted 
to improve disease resistance. 

How did being part of such a large, interdisciplinary 
network affect your research and opportunities you 
have had?
Working closely with colleagues from Cardiff and 
Aberystwyth as part of our Cluster has been enjoyable  
and productive. Networking with other members of  
the NRN-LCEE community has also been very valuable,  
allowing me identify ideas for future research and make 
valuable contacts. 

What is the next step in your career?
I am just starting a new role on an exciting project at 
Swansea University looking into how diet can be used 
to improve fish health. In the future I hope to examine 
how conditioning the microbiome and epigenome may 
be used to enhance fish disease resistance, as I look to 
establish myself as an independent researcher.

10  |  www.nrn-lcee.ac.uk



Key AquaWales  
Publications to Date

• Cable, J., Barber, I., et al. (2017). Global change, parasite 
transmission and disease control: lessons from ecology. 
Philosophical Transactions of the Royal Society B: Biological 
Sciences. 372(1719): 20160088.  

• Ellison, A.R., Uren Webster, T.M., Rey, O., Garcia de Leaniz, 
C., Consuegra, S., Orozco-terWengel, P., Cable, J. (2018). 
Transcriptomic response to parasite infection in Nile tilapia 
(Oreochromis niloticus) depends on rearing density.  
BMC Genomics 19: 723. 

• Gordon, T.A.C., Harding, H.R., et al. (2018).  
Fishes in a changing world: learning from the past  
to promote sustainability of fish populations.  
Journal of Fish Biology 92(3): 804-827. 

• Pawluk, R.J., Uren Webster, T.M., et al. (2018).  
Immune-related transcriptional responses to parasitic 
infection in a naturally inbred fish:  
roles of genotype and individual variation.  
Genome Biology and Evolution 10: 319-327.  

• Robinson, C., Uren-Webster, T., et al. (2018). Simultaneous 
detection of invasive signal crayfish, endangered white-
clawed crayfish and the crayfish plague pathogen using 
environmental DNA.  
Biological Conservation 222: 241-252. 

• Robinson, C.V., Garcia de Leaniz, C., et al. (2018). 
Genetic diversity and parasite-mediated facilitation of 
establishment in invasive North American  
signal crayfish (Pacifastacus leniusculus). Ecology and 
Evolution. 8(18): 9181-9191. 

• Rosado, D., Pérez-Losada, M., Ricardo Severino, R., Cable 
J.,  Xavier R. (2019). Characterization of the skin and gill 
microbiomes of the farmed seabass (Dicentrarchus labrax) 
and seabream (Sparus aurata). Aquaculture 500: 57-64. 

• Uren-Webster, T.M., Consuegra, S., et al. (2018).  
Inter-population variation in the Atlantic salmon 
microbiome reflects environmental and genetic diversity. 
Applied and Environmental Microbiology. 

doi: 10.1128/AEM.00691-18.

Contacts

Swansea University: 
Sonia Consuegra | s.consuegra@swansea.ac.uk
Cardiff University:
Jo Cable | CableJ@cardiff.ac.uk
Aberystwyth University:
Peter Brophy | pmb@aber.ac.uk
Natural Resources Wales (NRW): 
Peter Gough | peter.gough@naturalresourceswales.gov.uk

Implications for Policy

• Stakeholder work by the Cluster suggests that normalising 
tilapia in the British diet could be more cost-effective than 
investing in captive breeding of more traditionally consumed 
fish such as sea bass. Tilapia naturally cope well with high 
population densities, and would not become an invasive  
species in the current or near-future UK climate. As there  
are no wild stocks, selective breeding would also be safe.  
Policy measures could be undertaken to promote tilapia 
through, for example, education and ‘starter schemes’ with 
support for aquaponics cultivation.  

• Epigenetic marker-based selection shows promise as a tool  
to significantly reduce the loss of genetic diversity and therefore 
also reduce the risk of adverse effects when escapees breed 
with native populations. Expanding results from the laboratory 
to practical applications, however, is currently impeded by 
the financial risk incurred to and/or perceived by the industry: 
financial support mechanisms are needed. 

• eDNA methods show that currently practiced signal crayfish 
eradication methods are insufficient, and the species may 
be more widespread than revealed by traditional sampling 
methods. Similar results apply to topmouth gudgeon. Currently, 
eDNA sampling is not routinely used by consultancies or 
government organisations (Environment Agency, Natural 
Resources Wales), particularly for invasive species detection 
(though Nature Metrics have championed streamlining of 
eDNA kits). To encourage routine use, there needs to be more 
trust established between academia and NGOs for example 
by improving reproducibility of eDNA results by setting ‘best-
practice’ sampling guidelines and methods.

PONTUS RESEARCH

AquaWales Partners

10  |  www.nrn-lcee.ac.uk www.nrn-lcee.ac.uk   |  11



13 | NRN–LCEE

OUR CLUSTERS

Credit: thinkstock

Cleaner Cows
Consequential Life 
Cycle Assessment 
of environmental 
and economic 
effects of dairy and 
beef consolidation 
and intensification 
pathways.

Overview

Milk and beef production are globally important for the economy and 
livelihoods, but also contribute to environmental degradation through 
emission of pollutants, land-use change and depletion of finite resources. 
The Cleaner Cows Cluster aimed to identify dairy and beef production 
systems that are more sustainable, while ensuring that productivity is not 
unduly compromised. The Cluster has addressed this challenge through a 
model-based interdisciplinary approach that uses Life Cycle Assessment, 
economic and environmental farm data and information from animal 
trials. They assessed the effects of dairy and beef production and indirect 
land use changes (iLUC) via feed production and an increasing demand 
for imported animal feed on different scales. The research focused on 
the following areas:

1. Farm-level trends and related socio-economic and  
environmental changes. 

2. Environmental effects of changes to management and  
practices of inter-linked dairy and beef farm systems. 

3. Economic drivers and effects of consolidation and  
intensification (C&I) of dairy farm systems.

UK dairy farms have  
over the last few decades 

diverged into either 
extensive, grass forage-

based systems (opposite) 
or intensive, relatively 

mechanised concentrate 
and maize feed-based 

systems.

12  |  www.nrn-lcee.ac.uk www.nrn-lcee.ac.uk   |  13
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Context of the research

The UK dairy industry has been undergoing a 
trend of consolidation and intensification (C&I) 
for over 20 years. C&I has environmental impacts 
through greenhouse gas and nitrogen emissions 
and depletion of nutrients and finite resources. 
Such impacts vary between different farm types, 
for example depending on feed type and whether 
animals are housed or live outside. 

In June 2015, the European milk quota system 
came to an end. Without quotas, changes in the 
supply-demand dynamics in the sector occur  
and there is a need to understand how this 
will affect farm business income (FBI), farming 
practices, environmental factors and availability 
of dairy products.

• Milk and beef production produce 9% of global CO2-
equivalent emissions, contributing to man-made climate 
change. The carbon footprint of food consumed in the UK 
is increased by 50% by land use outside the UK. 

• The share of dairy farms producing less than 0.5 million 
litres of milk declined from 45% to 11% from 1994 to 
2012, while production on farms producing over 2 million 
litres of milk increased to 31%. 

• The Ecological and Carbon Footprints of Wales 2015 
Update estimates that milk + meat (excl. poultry) make 
up 33% of the food sector’s ecological footprint. This is an 
indicator of the total environmental burden of a process 
on the planet, representing the area of land needed to 
provide raw materials, energy and food, as well as absorb 
pollution and waste created.

This work allowed for the 
assessment of the wider 

impact of different animal 
diets and management 

practices, such as grazing-
based or indoor farms.

12  |  www.nrn-lcee.ac.uk www.nrn-lcee.ac.uk   |  13
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Using large data sets on UK dairy production, 
the Cluster analysed past environmental and 
economic trends for the industry to predict 
the future sustainability of farm types under 
different socio-economic and policy scenarios. 

Furthermore, the Cluster modelled the 
economic drivers and effects of C&I practices 
and analysed the entire life cycle of dairy and 
beef production. This included feed production, 
infrastructure, transport, wastes, and associated 
ecological, economic and social processes. 
This work allowed for the assessment of the 
wider impact of different animal diets and 
management practices, such as grazing-
based or indoor farms. Feedback between 
farm management, economic and life cycle 

assessment modelling was used to assess the 
long-term sustainability and best practice for the 
dairy and beef industry. 

Recent research has revised how the UK 
greenhouse gas inventory is calculated and 
has experimentally derived country-specific 
emission factors. These changes affect the 
relative contributions of different sectors to total 
emissions. There is an urgent need to understand 
how such changes affect different production 
systems and which mitigation strategies would 
be most robust to further adjustments to the 
inventory in future. Cleaner Cows has used the 
revised emission factors in sensitivity analysis to 
show the effects of the changes on the inventory 
and mitigation strategies.

14  |  www.nrn-lcee.ac.uk www.nrn-lcee.ac.uk   |  15
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Key findings

• Milk production from individual UK dairy 
farms has increased by 12% in the last 15 
years. Meanwhile, farm diversity has reduced 
to two broad farm types:  

 – More extensive farms relying predominantly 
on grass, with relatively lower milk yields 
and higher labour intensity. 

 – More intensive farms, producing relatively 
more milk per cow with more concentrate 
and maize feed, but lower labour intensity. 

• Intensive dairy farms are more economically 
and environmentally efficient incurring  
lower production costs and lower emissions 
per hectolitre of milk. The change in 
greenhouse gas emission factors has not had 
a significant effect on potential farm emission 
mitigation strategies. 

• The efficiency of nitrogen use for milk production by 
individual cows depends on time to first calf and calving 
interval. However, the most important determinant over 
the life of the cow is diet quality.  

• Management practices can be optimised to reduce 
environmental burdens: High-sugar grass varieties for 
pasture-fed cattle have no adverse effects on milk production, 
but reduce nitrogen excretion and mitigate both water course 
eutrophication and acidification. These burdens can also 
be mitigated by changes in manure storage infrastructure 
and spreading methods, which are more expensive but 
also more effective than conventional methods.  

• The interconnectivity between dairy and beef production 
may limit opportunities to reduce emission burdens from 
livestock agriculture. Therefore, reducing national and 
global emissions from dairy production depends on the 
consequential effects on global beef and feed production.

14  |  www.nrn-lcee.ac.uk www.nrn-lcee.ac.uk   |  15

Data from the National Atmospheric Emissions Inventory. 
Figure: Emma Wiik (NRN-LCEE).

The greenhouse gas 
emissions from the 

Welsh agricultural sector 
have been stable over 
the last 15 years with 

some indication  
of recent increases.



Implications for Policy

The UK Carbon budget for 2028-2032 requires a 
reduction in greenhouse gas (GHG) emissions of 57% 
compared to 1990 levels by 2030. Only 38% of this 
target has been met so far. The onus to accurately 
account for greenhouse gas emissions is also written 
into legislation: For example, the Welsh Environment 
Bill requires calculating “Welsh consumer emissions”, 
which are the greenhouse gas emissions, whether 
in Wales or elsewhere, that can be attributed to the 
consumption and use of goods and services in Wales. 
These demands relate directly to the dairy and beef 
sector because firstly, the relative contribution to UK 
GHG emissions from agriculture are set to increase, 
and the transnational nature of the industry means 
that there are important global links in greenhouse  
gas budgets that may have been overlooked to date. 

Regardless of the impacts of Brexit on UK agriculture 
policy and subsidies, sustainable intensification 
is and will remain embedded in the future of the 
dairy industry. For example, National Indicators on 
Ecological Footprints for Wales are required by the 
Well-being of Future Generations (Wales) Act 2015.  
It is important to improve how we calculate 
sustainability, as well as to allow effective comparison 
across methods to do so (Lifecycle Assessment, 
Biodiversity metrics, Ecosystem Services terms).

Cleaner Cows research has shown that current UK 
national inventory reporting is insufficient in capturing 
key processes contributing to overall greenhouse gas 
emissions from the dairy and beef sector:

• Dairy and beef production need to be considered 
together and globally in national and international 
footprinting: Sustainable intensification for 
dairy systems does not occur in isolation. For 
example, intensive dairy farms produce less 
beef, which increases the production of beef 
elsewhere. Equally, reduced use of grass in favour 
of concentrate feed in dairy production increases 
the surface area of cereal production elsewhere. 
Omitting this ‘migrated’ beef and cereal production 
can lead to mistaken conclusions on the net 
(international) greenhouse gas mitigation efficacy 
of dairy intensification. 

• Dual consideration of dairy and beef production 
globally can lead to holistic improvements 
in sustainability: ‘Migrating’ beef production 
to intensively managed grassland spared by 
concentrate-dominated dairy industries could 
lead to some overall land sparing and potential 
afforestation to offset emissions.

Global food  
sustainability  
consequences

Milk  
footprints

Beef 
footprints

National 
inventory 
reporting

Animal & farm efficiency

Farm land conversion

National off-farm feed 
production

International off-farm feed 
production

National off-farm land 
conversion

International land conversion

National dairy- &  
suckler-beef consequences

*

International dairy- &  
suckler-beef consequences

*

* In aggregate, or if undertaken at national herd level
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From: Cleaner Cows manuscript in preparation (Styles et al.)

Ability of 
national inventory  

reporting and milk and beef 
footprints based on attributional 
life cycle assessment to capture 

important global food sustainability 
consequences of dairy 

intensification.
(green = good, amber = need  

for improvement,  
red = poor)



Key Cleaner Cows  
Publications to Date

• Foskolos, A., Moorby, J.M. (2018). Evaluating lifetime nitrogen  

use efficiency of dairy cattle: A modelling approach. PLOS One  

13: e0201638. 

• Gonzales-Mejia, A., Styles, D., et al. (2018). Metrics and methods 

for characterizing dairy farm intensification using farm survey 

data. PLOS One 13: e0195286.  

• Righi, F., Simoni, M., et al. (2017). In vitro ruminal dry matter 

and neutral detergent fibre digestibility of common feedstuffs 

as affected by the addition of essential oils and their active 

compounds. Journal of Animal Feed Sciences 26: 204-212.  

• Soteriades, A., Rowland, K., et al. (2018). Identifying and prioritizing 

opportunities for improving efficiency on the farm: holistic metrics 

and benchmarking with Data Envelopment Analysis. International 

Journal of Agricultural Management 7: 16-29. 

• Soteriades, A.D., Gonzalez-Mejia, A.M., Styles, D., et al. (2018). 

Effects of high-sugar grasses and improved manure management 

on the environmental footprint of milk production at the farm level. 

Journal of Cleaner Production 202: 1241–1252. 

• Styles, D., Gonzalez-Mejia, A., et al. (2017). Climate mitigation 

by dairy intensification depends on intensive use of spared 

grassland. Global Change Biology 24: 1-13. 

Contacts
Bangor University: 
James Gibbons | j.gibbons@bangor.ac.uk
Aberystwyth University:
Jon Moorby | jon.moorby@aber.ac.uk
Cardiff University:
Max Munday | MundayMC@cardiff.ac.uk

What our researchers say 

What is your research about?
My research is about identifying farm management practices 
that can increase food production and farmer incomes while 
ensuring that the impacts of farming on the environment and 
our natural resources are minimal. I work on the quantitative 
side of things, using big farm datasets and mathematical modelling 
to evaluate the economic and environmental performance of 
farms under different farm management scenarios. 

Why did you choose this project?
First, because a grand challenge today is to balance trade-offs 
between dairy production and its environmental impacts. 
Second, because the School of Natural Sciences, Bangor 
University has a long-standing research expertise in my field- 
when I was given the opportunity to work for them, I grabbed it 
with both hands. 

What has been your most exciting finding?
We can greatly reduce the environmental impacts of dairy 
farming by improving farm management techniques that are 
well-known to farmers. 

How did being part of such a large, interdisciplinary network 
affect your research and opportunities you have had?
The multidisciplinary nature of the project is an invaluable 
knowledge source that helps me see the big picture and 
continually improve my research to deliver results that can 
make a real impact on farm decision-making. I benefit from 
a unique partnership with three Welsh universities (Bangor, 
Aberystwyth and Cardiff Universities) and numerous industry 
and public-sector advisors. 

What is the next step in your career?
I would like to use my knowledge of sustainability issues and  
Data Science expertise in a more applied setting.

Fellow 
Andreas 

Soteriades

Global food  
sustainability  
consequences

Milk  
footprints

Beef 
footprints

National 
inventory 
reporting

Animal & farm efficiency

Farm land conversion

National off-farm feed 
production

International off-farm feed 
production

National off-farm land 
conversion

International land conversion

National dairy- &  
suckler-beef consequences

*

International dairy- &  
suckler-beef consequences

*

* In aggregate, or if undertaken at national herd level

Cleaner Cows Partners
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Climate-Smart Grass
A strategy 
to safeguard 
grasslands against 
extreme weather 
events through 
resilience to 
multiple stresses.

Overview

Climate-Smart Grass research assessed the responses of improved 
grasslands for livestock farming to extreme weather events. The Cluster 
developed new ‘climate-smart’ swards to improve grassland resilience for 
different combinations of the common weather stressors flooding, drought 
and high ground-level ozone concentrations.

The Climate-Smart Grass researchers investigated how extreme weather 
events impact upon grassland ecosystem functioning, specifically aiming to: 

1. Determine whether these extreme events are increasing in 
frequency and which regions of the UK are most affected. 

2. Determine the ‘tipping points’ at which these weather events cause 
irreversible changes to grassland functioning.  

3. Develop new grass varieties that are more resilient to such  
extreme events.

• 300 million people worldwide are 
already affected by increasingly 
frequent extreme weather (e.g. storms, 
drought, heatwaves). 

• Annual damage to UK crops is estimated  
to be £10-25 million from flooding and  
£180 million from ozone stress. 
Floodwater runoff from agricultural land 
costs the UK £4 billion/year.  

• Festulolium grasses have high growth 
rates and deep roots, making them 
resilient to flooding and drought and  
an ideal starting point for developing 
new varieties.

OUR CLUSTERS
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Root growth of novel 
Festulolium strands was 
studied in transparent 

tubes (left) while 
real-life responses to 

environmental stresses 
were measured  
outside (right).



More frequent floods, mudslides and droughts have raised 
public awareness of climate change and changing weather 
patterns. As a result, public concern for the impacts of extreme 
weather is growing and there is an increasing need to provide 
future-proof solutions that can address these concerns. To 
future-proof grassland farming, new grass varieties for livestock 
farming are needed that, together with science-based land 
management strategies, can provide landscape resilience to 
multiple stresses.

Following the Paris Agreement on Climate Change (2016), the UK 
climate projections are being updated by the UK Met Office to 
provide decision-makers with the most up-to-date information 
on the future climate. Climate-Smart Grass researchers have 
collaborated with the UK Met Office and benefited from access 
to their vast data sets on climate projections, potential weather 
extremes and the impacts of climate change. 

Additionally, the 
availability of the full 
genome sequence of the 
key grassland species 
of ryegrass (Lolium 
perenne) provides an 
unprecedented data 
source to identify the 
genetic basis of key traits 
such as flood and drought 

resistance. This greatly improves the opportunities to create new 
climate-resilient grass varieties.

Using long-term field experiments, the Cluster tested how  
soils and conventional grass swards respond to, and recover 
from, consecutive periods of drought and flooding and  
what the ‘tipping points’ are after which recovery does not 
occur. Solar-dome glasshouses equipped with ozone  
injection systems were used to establish the response and 
recovery to any combination of three stressors (ozone,  
flooding and drought). 

In addition, Festulolium grass varieties were screened for stress 
resistance using molecular breeding techniques. The most 
resilient varieties will be used to develop new high-yield swards 
that are resistant to multiple stressors. Extensive field trials will 
be used to validate the resilience of the new varieties under 
different extreme weather scenarios. 

Festulolium grass 
varieties were screened 
for stress resistance 
using molecular 
breeding techniques.

The cost of crop 
damage due to flooding 
in the UK is estimated 

to be £10-25 million 
annually. Floodwater 
runoff costs £4 billion 

annually.
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Key findings

• The frequency of extreme weather events has 
increased throughout the UK over the last 60 years. 
High-risk regions particularly likely to experience 
multiple extreme events have been mapped.  
The results have implications for the insurance 
industry, as they can be used for predicting the 
likelihood of damage from e.g. flooding and  
drought (fire risk). 

• Negative effects of flooding on long-term ecosystem 
service delivery are greater than those of drought, 
while elevated levels of ozone are least damaging.  

• Multi-stress extreme events are  
much more damaging than single  
events, however, responses differ  
between ecosystem services. Some services  
improve under stress, while others decrease.  

• The Cluster identified novel Festulolium varieties and  
grass sward mixtures that are more resistant to extreme 
events. Following more field trials, these varieties can 
be adopted into the design of more climate-resilient 
agricultural landscapes. 

Ozone Drought Flood
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What our researchers say 

What is your research about?
I am currently investigating the effects 
of sequential environmental stresses on 
grassland ecosystems, with a particular 
interest in extreme flooding, droughts and 
air pollution. I am also planning my next 
experiment, which will focus on the damage 
caused to agricultural soils following a  
heavy summer storm. 

Why did you choose this project?
I chose the project not only because it was inherently interesting, 
but also due to great split of both field- and lab-work. I felt 
this would be an amazing opportunity to learn new skills and 
experiences in both areas. 

What has been your most exciting finding?
I think my most exiting finding was the effect of extreme weather 
on the increased production of greenhouse gases. I found 
collecting gas samples, running analyses and calculating the 
resulting data extremely satisfying and rewarding. 

How did being part of such a large, interdisciplinary network  
affect your research and opportunities you have had?
I found engagement with the NRN network particularly 
accommodating, supportive and hassle-free, and I enjoyed hearing 
from other areas of science at the interdisciplinary conferences. 

What is the next step in your career?
The next steps for me are to finish my PhD and start my career as 
an environmental scientist.

PhD student 
Rob Turner

Experimental domes 
used by Climate-Smart 

Grass to test the 
combined and individual 

effects of ozone, 
drought, and flooding 

on grass swards.
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Key Climate-Smart Grass 
Publications to Date

• Abdalla, M., Hastings, A., et al. (2018). Critical review of the 
impacts of grazing intensity on soil organic carbon storage and 
other soil quality indicators in extensively managed grasslands. 
Agriculture, Ecosystems & Environment 253: 62-81.  

• Humphreys, M.W., Doonan, J.H., et al. (2018).  
Root imaging showing comparisons in root distribution and 
ontogeny in novel Festulolium populations and closely related 
perennial ryegrass varieties. Food and Energy Security. doi: 
10.1002/fes3.145. 

• Kopecký, D., Harper, J., et al. (2016).  An increasing need 
for productive and stress resilient Festulolium amphiploids: 
what can be learnt from the stable genomic composition of 
Festuca pratensis subsp. apennina (De Not.) Hegi? Frontiers in 
Environmental Science, Section Agroecology and Land Use Systems 
4(66):1-14.  

• Marshall, A.H., Collins, R.P., Humphreys, M.W., Scullion, J. (2015). 
A new emphasis on root traits for perennial grass and legume 
varieties with environmental and ecological benefits. Food and 
Energy Security. doi: 10.1002/fes3.78. 

• Sanchez-Rodriguez, A.R., Chadwick, D.R., et al. (2018). 
Comparative effects of prolonged freshwater and  
saline flooding on nitrogen cycling in an agricultural soil. Applied 
Soil Ecology 125: 56-70. 

• Sanchez-Rodriguez, A.R., Hill, P.W., et al. (2017). 
Crop residues exacerbate the negative effects of extreme 
flooding on soil quality. Biology and Fertility of Soils 53: 751-765.

Contacts

Bangor University: 
Prof. Davey Jones | d.jones@bangor.ac.uk
Aberystwyth University:
Prof. Alison Kingston-Smith | ahk@aber.ac.uk

Implications for Policy

Through the 25 Year Environment Plan (HM Government, 2017) 
the Department for Environment, Food and Rural Affairs (DEFRA) 
is looking at promoting sustainable intensification and the 
development of more sustainable food production systems.  
This involves the promotion of new land management schemes 
including adaptation to climate change, as the frequency of  
extreme events is anticipated to increase. Climate-Smart Grass 
researchers suggest that: 

• Farmers need to be incentivised to modernise their grass seed 
mixtures using agri-environment schemes (AES) which currently 
include insufficient support for climate change mitigation. 
Specifically, farmers should be paid to plant more flood-resistant 
swards in current and future flood-prone areas. Without support, 
such an undertaking carries too much financial risk to farmers. 

 – In some cases, the best climate change strategy would be 
to take land out of production or convert it to conservation 
grazing (e.g. with ponies and cattle). 

 – Flooding in areas taken out of production could also accrue 
positive biodiversity effects: for example, seeded grass swards 
would effectively ‘drown’ and potentially be replaced by rare, 
flood-tolerant plant species. 

• Climate-proofing is financially sound: without intervention or 
sward changes, grazing land takes about 3 years to reset in the 
case of flood, 3 months for drought and 1 month for ozone. 
Interventions to speed up production recovery are costly:  
for example in the case of flooding, farmers would make extra 
investments in replanting.  

 – Irreversible damage occurs when flooding causes severe 
erosion and soil washes out into watercourses. Erosion can 
be prevented by assuring continual plant cover, again made 
possible either via planting flood-resistant swards or allowing 
natural regeneration of flood-resistant wild plants.  

• Flooding causes a big release of greenhouse gases, which  
should be accounted for in the national greenhouse gas 
inventory. However, we still need to research a greater diversity  
of sites to assess the magnitudes in different seasons and soils.  

• The damage caused by flooding followed by drought is much 
higher than the sum of them individually. Deep-rooting grass 
varieties have resistance towards both conditions and  
should be promoted.

Climate-Smart Grass Partners
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Geo-Carb-Cymru
Assessing, 
characterising  
and enhancing 
geologic carbon 
storage and 
geothermal  
energy in Wales.

Overview

At present, heavy industry such as steel production and oil refinery are an 
important component of the Welsh economy. These industries are large  
carbon dioxide sources, and contribute substantially to the 13% of the UK’s 
greenhouse gas emissions attributed to Wales. Reducing carbon emissions 
by the development of low-carbon energy will tackle climate change, provide 
energy security and create jobs and economic prosperity in alignment with 
the general ambition on sustainable development set out in the Welsh 
Governments ‘One Wales: one planet’ report. 

Geo-Carb-Cymru focused on two key strategies for reducing carbon dioxide 
(CO2) emissions in Wales:  

1. Geologic Carbon Capture and Storage (CCS), which is the injection of 
CO2 into underground rocks. 

2. Ground-source Heating (GH), which relies on transferring naturally 
produced heat from under the ground into households. 

Geo-Carb-Cymru research determined the potential for CCS off the north 
coast of Wales based on structural analysis of the seabed as well as laboratory 
experiments on the microbial mediation of turning CO2 into solids (e.g. calcium 
carbonate). The Cluster also assessed the feasibility and capacity for ground-
source heating in the South Wales Coalfield, which mostly lies abandoned as a 
consequence of both resource depletion and the demise of the coal industry.

OUR CLUSTERS

Geo-Carb-Cymru 
used discontinued 

coal mines in South 
Wales as field sites 
to test geothermal 
heat generation.
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 'Big Pit  
Coal Mine, 
Blaenavon,  

South Wales'

• It is estimated that geologic carbon 
capture and storage could reduce 
global CO2 emissions by 19% and 
fighting climate change could  
cost 70% more without ground-
source heating. 

• Wales currently produces 13% of the 
UK’s carbon emissions, contributing 
to man-made climate change. 

•  Wales’ carbon emitters do not 
have ready access to conventional 
geologic carbon capture and 
storage prospects in depleted gas 
fields. Therefore, it is important to 
investigate unconventional storage 
options in sandstones, coals and 
shales that are present in Wales

In late 2015, the UK government cancelled a £1bn CCS 
competition, only days before the Paris Agreement committed 
countries worldwide to reduce carbon emissions. As a result, 
CCS research was restrained during 2016. In 2017, however, 
renewed interest and investment in CCS resulted from the UK 
Clean Growth Strategy, which provides an ambitious blueprint 
for Britain’s low-carbon future. Decarbonisation of the UK gas 
networks is also increasing in profile, resulting in rising interest 
in CCS not only in the energy sector but across industries. 

Sub-surface microbial activity may result in CO2 being ‘trapped’ 
in a solid-phase mineral. A pilot study in Iceland recently 
demonstrated that large-scale CO2 mineralisation in basalt from 
injected CO2 is feasible within years, not centuries or millennia as 
was previously thought. In the UK, where sandstones and coals 
are more prevalent, slower but equally permanent solutions can 
be developed.
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Sites ideal for 
geologic carbon 

capture and 
storage in the UK 
lie deep below the 

sea surface.
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High-resolution 3D 
geological maps 
developed by the 
Geo-Carb-Cymru 
Cluster allow for 

the identification of 
potential storage sites 

around Wales.
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Key findings

• The risks of fault reactivation and leakage 
associated with potential CCS sites in the 
East Irish Sea basin are very low provided 
that identified pressure thresholds are not 
exceeded. The basin’s capacity for geologic 
carbon storage is estimated at 2.5 km3, which 
provides significant carbon storage potential 
for Wales, as well as offering 10%  
of the UK’s subsurface storage potential. 

• Numerical models that simulate microbial processes 
coupled with geochemical and biogeochemical reactions 
relevant to carbon capture and storage are rarely 
available. The Cluster’s new model, simulating sub-surface 
CO2 absorption and mineralisation processes under 
varying conditions, suggests that microbial activities 
can increase the efficiency of solubility trapping of 
atmospheric CO2.  

• There is a dynamic microbial population in the South 
Wales Coalfield that controls key biogeochemical 
processes for subsurface heat production and carbon 
mineralisation. There are significant community 
differences between sites even within one area, but 
differences within sites over time are very small. The 
Cluster’s advanced molecular microbiology (metagenomic) 
and nano-chemistry (Dynamic Force Spectroscopy) 
techniques applied to carbonate mineral-forming 
microorganisms are furthermore providing critical insights 
into how organisms control CO2 mineralisation in the 
subsurface and how this may then be manipulated to 
enhance long-term carbon storage. 

• Ongoing Cluster work with the British Geological Survey 
on biofilm-forming organisms in mine water is informing 
pilot mine-water geothermal schemes under development 
in South Wales (e.g. at the Caerau colliery). The research 
provides information on the risks of biofouling in heat 
exchange systems and the ability to control biofilm and 
biofouling – critical for the long-term success of operations. 

The increasing ease and decreasing cost of creating 
metagenomics data has led to an unprecedented ability 
to understand and enhance control of microbes and 
microbial communities in different environments (including 
the subsurface). At the same time, rising interest in sub-
surface microbiota and their use for enhancing sub-surface 
processes is rapidly accelerating the availability of data 
on these environments. The Cluster used experiments 
combined with DNA-sequencing technology to characterise 
microbial diversity at potential storage sites, and to assess 
the role of microbes in the stability of CO2 below ground 
through mineralisation and increasing rates of heat-
generating reactions. 

Repeated sampling of microbial communities across 
abandoned mines in the South Wales Coalfield was 

conducted to provide detailed knowledge 
on microbial communities to inform the 
assessment of potential geothermal heat 
generation sites and the fate of injected CO2.

Advances in High-Performance Computing and 
bioinformatics allow for detailed simulations 
of microbial processes coupled to thermal, 
hydraulic, chemical, gas and mechanical activity, 
with improved scale and predictive power. 
Geo-Carb-Cymru has developed new models to 
assess the key processes affecting the stability 
and movement of CO2 below ground: from 
interactions with individual microbial cells, to 
rock pores and entire rock formations.
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What our researchers say 

What is your research about?
I study how micro-organisms (such as 
bacteria) interact with their environment 
and each other. For this project, I identified 
bacterial species in sampled water from 
disused mines in the South Wales Coalfield 
and investigated what caused seasonal 
changes in the species assemblage. I also built 
a lab system that lets us grow bacteria at high 
pressure and warm temperatures - conditions 
they experience deep underground. We also 
want to know how bacteria would affect CO2 

storage in underground aquifers.  

To do this, we use my high-pressure system 
to inject CO2 into bacterial test chambers and 
measure their growth to see what works best. 

Why did you choose this project?
I chose this project because the research question was similar to my 
previous research projects, but the environment (the subsurface) 
was new to me. Geochemical processes would also be much more 
central to explaining what was going on and I wanted to learn about 
those processes in more detail. It was also an opportunity to learn 
some new laboratory skills, and to work with scientists in other parts 
of the UK. 

What has been your most exciting finding?
My most exciting find so far is that the communities in the disused 
mines are very clearly dominated by either iron-oxidising bacteria 
or sulphur-oxidising bacteria and that the surrounding rock is more 
important than water chemistry in shaping the bacterial communities. 

How did being part of such a large, interdisciplinary network 
affect your research and opportunities you  
have had?
It has been great to have people from other disciplines on the 
same project and I have learnt a lot from working with them. It 
has also been fun to be part of a larger network and to follow the 
development of other projects over time.

What is the next step in your career?
Next year, I will return to working on micro-organisms in colder 
environments, with a project building on what I did during my PhD.

Fellow
Sara Rassner

Abandoned mine 
outflow water is 
being tested in 
South Wales.
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Key Geo-Carb-Cymru  
Publications to Date

• Alves, T.M., Gamboa, D. (in press). Mass-transport deposits as 
markers of local tectonism in extensional basins. Ed: Ogata, K., 
Pini, G. In: Submarine Landslides, AGU Monography series. 

• Clare, M., Chaytor, J. et al. (2018). A consistent global approach 
for the morphometric characterization of subaqueous landslides. 
Geological Society, London, Special Publications 477: SP477-15.  

• Edwards, A., Soares, A., et al. (2018). Deep Sequencing:  
Intra-Terrestrial Metagenomics Illustrates The Potential  
Of Off-Grid Nanopore DNA Sequencing. BioRxiv. doi:  
10.1101/133413. 

• Gamboa, D., Alves, T.M. (2016). Bi-modal deformation styles 
in confined mass-transport deposits: Examples from a salt 
minibasin in SE Brazil. Marine Geology 379: 176–193.  

• Gamboa, D., Alves, T.M., Omosanya, K.O. (in press). Style and 
morphometry of mass-transport deposits across the Espírito 
Santo Basin, SE Brazil. Ed: Ogata, K., Pini, G. In: Submarine 
Landslides, AGU Monography series. 

• Masum, S.A., Thomas, H.R. (2018). Modelling coupled microbial 
processes in the subsurface: Model development, verification, 
evaluation and application. Advances in Water Resources 116: 1-17. 

• Masum, S.A., Thomas, H.R. (in press). Modelling the Effects of 
Thermal Gradient on Microbe Facilitated Mineral Precipitation 
Kinetics in Subsurface Flow Conditions. Environmental Engineering. 

• Rassner, S.M.E., Anesio, A.M. et al. (2016). Can the Bacterial 
Community of a High Arctic Glacier Surface Escape Viral Control? 
Frontiers in Microbiology 7: 956. 

• Williams, J.D.O, Gent, C.M.A., et al. (2018). Impact of in situ stress 
and fault reactivation on seal integrity in the East Irish Sea Basin, 
UK. Marine and Petroleum Geology 92: 685-696.

Contacts

Aberystwyth University:
Andy Mitchell | nem@aber.ac.uk
Cardiff University:
Snehasis Tripathy | tripathyS@cardiff.ac.uk
British Geological Survey:
David Schofield | dis@bgs.ac.uk

Implications for Policy

The Environment (Wales) Act 2016 requires the Welsh Government 
to reduce greenhouse gas emissions by at least 80% by 2050 
compared to 1990, which necessitates an increase in geothermal 
heat sources for housing, as well as exploring carbon capture 
options for industry. Geothermal heat already features in Welsh 
policy: The UK Committee for Climate Change has recommended 
that the Welsh Government use regulations to ensure that new 
buildings are designed for low-carbon heating systems. More 
widely in the UK, the National Grid Future Energy Scenarios focus 
strongly on geothermal heating options for existing housing while 
predictions around CCS are more uncertain given the need for 
further development and research.

• Results from Geo-Carb-Cymru research in the South Wales 
Coalfield show that the development of coal mine-derived 
geothermal heat in Wales is realistic and should be encouraged. 
Developing small-scale district heating networks would 
mitigate greenhouse gas emissions, provide jobs in the local 
economy, and be a means of ‘bringing something back’ from 
discontinued coal mines which to date have been known 
mostly for their environmental damage resulting from toxic 
waste water outflows. European funding has already instigated 
the development of ground heating at an old coal mine near 
Maesteg which could heat 1000 homes. 

• Geo-Carb-Cymru has demonstrated that geologic carbon 
capture and storage is feasible in the East Irish Sea and provides 
up to 10% of the UK's potential storage. This is significant 
as a potential offshore storage site for large industries in N. 
Wales. However, from a Welsh perspective, the key is to link 
this storage site with the industrial areas in the south where 
most point-source CO2 emissions occur. Research into injecting 
CO2 into coal seams that would be local to the point sources, 
has shown it is feasible at a wide-scale but further research is 
needed to optimise storage estimates. 

• Biotechnology, utilising microbes underground, can enhance 
ground heat production and accelerate geologic carbon storage 
and provides cost-effective methods for developing low-carbon 
energy from the subsurface. Researchers at Aberystwyth 
University, Cardiff University and the British Geological Survey 
Wales provide leading expertise in this emerging field of bio-
enhanced low carbon energy production.

Geo-Carb-Cymru Partners
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Multi-Land
Enhancing 
agricultural 
productivity 
and ecosystem 
service resilience 
in multifunctional 
landscapes.

• Livestock ruminants produce 7.1 Gt CO2 
equivalents of global GHG, representing 
14.5% of total anthropogenic emissions 
and 9% of UK emissions. In Wales, it is 
estimated that improved feeds, lambing 
success and management practices can 
reduce this by 6.5%. 

•  The UK is the world’s sixth biggest 
producer of sheep meat and exports 36% 
of the output to over 100 countries.  

•  Deforestation during the 19th Century 
reduced UK tree cover to 5% of land  
area. In Wales, recent policies have 
increased this to 15%, but the role of 
trees in sustainable agriculture is not yet 
fully addressed.

OUR CLUSTERS

Overview

Urbanisation, environmental degradation and climate change are major 
challenges for agriculture. This is especially true when balancing food security 
with other ecosystem services, multiple land users, and the role of agriculture in 
reducing greenhouse gas (GHG) emissions. 

The presence of hedgerows and trees in pastures creates a ‘multifunctional 
landscape’ that can improve wellbeing and productivity of livestock through the 
provision of shelter and foliage. Such a landscape can simultaneously support 
other landscape services, such as climate and flood regulation, soil health, carbon 
sequestration and nutrient conservation. 

Multi-Land examined how trees and hedgerows in the landscape affect animal 
behaviour, improve ecosystem services, and alter nutrient cycling and soil 
biogeochemistry. Specifically, the Cluster aimed to improve our understanding of: 

1. The interactions between grazing livestock, pasture plant species, soil 
functioning and delivery of ecosystem services. 

2. The role of animal behaviour, nutrition and metabolism in increasing 
productivity and reducing GHG emissions.
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Muddy bumpy patches
 are signs of poaching where 

livestock congregate. The 
importance of shelter to sheep 

welfare was evaluated by 
using model sheep containing 
environmental sensors that 

could be subjected to 
extreme conditions 

(opposite).
Credit: M

ulti-Land
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Land-sparing and land-sharing are two contrasting ways to address the challenging relationship 
between agricultural production and biodiversity. Land-sparing promotes high-yielding intensive 
agriculture, ‘sparing’ physical space elsewhere for biodiversity and conservation. Land-sharing 
advocates less intensive agriculture, using a larger land area that is farmed in a biodiversity-friendly 
way. Land sharing creates opportunities for agroforestry to be integrated within the agricultural 
landscape and there is a need to research the benefits of this approach, for agricultural production 
as well as biodiversity and other ecosystem services.

Rapid advances in molecular technologies have facilitated an 
unprecedented opportunity to take metabolomics knowledge from 
model organisms (such as rodents) to livestock and improve our 
understanding of livestock nutrition, metabolism and microbiology 
and their effects on animal behaviour and production. 

Similarly, the increased application of precision farming in 
mainly indoor livestock farming, has created new knowledge on 
productivity in relation to individual animals’ feeding and breeding 
patterns, behaviour and wellbeing. This information is vital to 
improve our understanding of variation in productivity of grazed 
herds and to explore potential synergies between different tree 

species, livestock and soil. For example, using new precision-farming technologies in extensive 
field experiments in mid and north Wales, ingestion of tree leaves by sheep has been linked 
with a reduction of parasite load. This highlights the synergies between trees and the health and 
productivity of sheep.
 

The increased application 
of precision farming, has 
created new knowledge on 
productivity in relation to 
individual animals' feeding 
and breeding patterns, 
behaviour and wellbeing.
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Multiple sampling 
points away from 
shelter edges gave 
information on soil 
carbon stocks and 

carbon dioxide flows 
around hedgerows  

vs stone walls

Through using realistic, life-sized, models of 
sheep containing environmental sensors, Multi-
Land measured the impact of tree and hedgerow 

shelter on heat loss and metabolic 
rate of sheep. The results were 
combined with local weather 
data to create an online tool for 
designing shelter locations.

Multi-Land researchers investigated 
the intake of browse material in 
sheep diets. With this information, 
the digestibility and role of 

different feed components on the suppression of 
greenhouse gas (e.g. methane) production in the 
rumen were estimated.

The impact of different tree 
species on flood mitigation via 
their rooting structures were 
assessed by comparing soil at 
different sites throughout Wales.

Multi-Land researchers are 
creating a map of soil carbon 
stocks and flows around 
hedgerows in collaboration with 
the Fferm Ifan farming group in 
the Upper Conwy catchment. 
Assessments of the effects 
of hedgerows on biodiversity 
and water regulation in Welsh 
uplands are ongoing.

Multi-Land measured 
the impact of tree and 
hedgerow shelter on 
heat loss and metabolic 
rate of sheep.
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Key findings

• Strategic integration of trees and hedgerows into 
farming systems and the wider landscape increased 
ecological complexity and multifunctionality to promote 
ecosystem function and resilience. 

• Tree and hedgerow shelter improved animal energy 
balance, which opens up potential to improve on-farm 
production efficiency and animal welfare.  

• Hedgerows were associated with reduced compaction 
and enhanced soil organic carbon storage in livestock-
grazed pastures, with the potential for climate change 
mitigation regulated by seasonal events such as 
flooding and drought. 

• Tree species-specific differences in root morphology 
altered soil water infiltration by an order of magnitude. 
The fastest infiltration rate was associated with ash 
(Fraxinus excelsior). The loss of ash to disease is likely to 
have an effect on landscape hydrology with implications 
for flood risk. 

• Trials with different types of tree fodder reduced 
ruminant methane production compared to hay, 
highlighting the potential to use trees as browse 
material to mitigate greenhouse gas emissions from 
grazed pasture.
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What our researchers say 

What is your research about?
My research involves the interaction between livestock-
grazing and small tree features such as hedgerows, which 
in turn influence ecosystem service resilience on farms.

Why did you choose this project?
I chose this project as it enabled me to work with  
experts in farming, agroforestry, animal health and 
ecosystem resilience to flexibly design experiments  
at the landscape scale.

What has been your most exciting finding?
I am particularly interested in climate regulation with key 
findings including reduced compaction and enhanced 
soil organic carbon storage associated with hedgerows 
in livestock-grazed pastures. Interestingly, the potential 
for climate change mitigation appears to be regulated by 
seasonal events such as flooding and drought. 

How did being part of such a large, interdisciplinary 
network affect your research and opportunities  
you have had?
Being part of a large interdisciplinary network has 
facilitated a collaborative piece of work with the UK  
Met Office, using land surface process models to evaluate 
forest ecosystem responses to elevated carbon dioxide. 

What is the next step in your career?
The next step in my career involves the chance to  
teach within the School of Natural Sciences at Bangor 
University, whilst supervising and supporting PhD  
students with their research.

Fellow
Hilary Ford
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Key Multi-Land  
Publications to Date

• Ford, H., Healey, J.R., et al. (2018). How does grazing 
management influence the functional diversity of oak  
woodland ecosystems? A plant trait approach.  
Agriculture, Ecosystems and Environment 258: 154-161.  

• Ford, H., Healey, J.R., et al. How do hedgerows influence soil 
organic carbon in livestock-grazed pasture? (under review: 
Agriculture, Ecosystems and Environment). 

• Ford, H., Smith, A., et al. (2016). Trees, water storage and 
flooding in upland agricultural landscapes: why do we need to 
know more? Forestry & Timber News, April – Flood Mitigation. 

• Gunina, A., Smith, A.R.,Goldbold, D.L., et al. (2017). Response of 
soil microbial community to afforestation with pure and mixed 
species. Plant and Soil 412(1-2): 357-368.  

• He, Y., Jones, P.J., Rayment, M. (2017). A simple parameterisation 
of windbreak effects on wind speed reduction and resulting 
thermal benefits to sheep. Agricultural and Forest Meteorology 
239: 96-107. 

Contacts

Bangor University: 
Andy Smith | a.r.smith@bangor.ac.uk
Aberystwyth University:
Christina Marley | cvm@aber.ac.uk

Implications for Policy

Through the 25-Year Environment Plan the Department for 
Environment, Food and Rural Affairs (DEFRA) are promoting the 
development of more sustainable food production systems. 
This involves the promotion of new land management schemes 
that secure environmental improvements and encourage broad 
participation. This includes incentives and reward schemes for 
ecosystem services, restoration and improvement of natural capital, 
and adaptation to the effects of climate change. 

Research has been required to understand the interactions 
between the different components of such schemes. As one Cluster 
member comments: ‘It’s fascinating how different definitions of what 
a tree is can lead to highly divergent agroforestry options across the 
various devolved governments’. Multi-Land has raised the following 
points relevant to policy:

• Farm-level support decisions are usually segregated between 
woodlands and agriculture, which leads to disjointed 
management. For example, trees are seen as a diversification 
strategy (with a set of new products) rather than a support 
mechanism even when woodlands are deployed for that  
function (e.g. shelter and forage for livestock). The work from  
this Cluster provides evidence to show the values of trees within 
the farming landscape. 

• Tree-based farm stewardship is a long-term investment as 
it takes time for saplings to grow into their ultimate function 
whether as hedge, tree fodder, or tree shelter. Correct 
management also requires developing new skills. Support 
structures need to address these factors in order to be attractive 
to farmers who may appreciably be risk-averse. 

• Tree fodder offers potential to improve animal mineral nutrition, 
reduce animal parasite load and suppress the production of 
greenhouse gases in the rumen. Inclusion of woody species 
in farming systems should be encouraged, combined with 
management to provide access to tree and hedgerow fodder. 

• Tree planting has been widely promoted as natural flood risk 
mitigation, however, individual species differ in both flood 
mitigation capacity and ecosystem benefits. Matching species 
traits with agro-ecological systems and landscape location 
are essential to ensure positive outcomes on both ecosystem 
benefits and flood risk. Decision support tools should be offered 
at the planning stage to aid species selection and full assessment 
of benefits and trade-offs. 

• Provision of green shelter in upland farm systems offers 
potential to increase the resilience of upland farming to 
extreme events, increase livestock welfare, and reduce livestock 
maintenance costs by increasing the conversion efficiency of 
feed to animal live weight gain.

Multi-Land Partners
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Plants & Architecture
Bio-inspiration from 
plants for the future 
built environment 
through green 
infastructure, bio-
based materials and 
architectural design.

Overview

Nature-inspired architecture and modern plant breeding both seek to increase 
tolerance to climate extremes and efficient use of energy, water and light.  
Plants & Architecture integrated ideas and techniques from plant science, 
materials science and architecture, to identify opportunities for crop production, 
and the use of plants and plant-based materials in the built environment (e.g. 
green infrastructure: green walls and roofs). The Cluster focused on three  
areas of research:

1. Bio-derived materials – The use of plants as a construction resource, 
particularly in composite materials, as well as design of new materials 
inspired by plant structure. 

2. Green infrastructure – The use of plants in and on buildings to benefit 
urban climate, citizen wellbeing and urban design. 

3. Crops in new environments – Techniques to grow food in/around urban 
populations including Controlled Environment Agriculture (CEA) and the 
effects of new growing environments on plants.

OUR CLUSTERS

Green walls  
are becoming 
increasingly

fashionable but 
are still far from 

mainstream.

36  |  www.nrn-lcee.ac.uk www.nrn-lcee.ac.uk   |  37

Credit: ThinkStock



37 | NRN–LCEE

• The World Health Organisation 
predicts that by 2050, 70% of the 
global population will be living in 
towns and cities. Currently, this is 
already over 50% and predicted to 
continue growing by ~1.5% annually to 
2030. Over the same period, the global 
population will increase by 2 billion 
people, requiring a 70% increase from 
current food production. 

• The EU aims to save 20% of its 
primary energy consumption by 
2020. Improving energy efficiency of 
buildings is one of the fastest and most 
cost-effective ways to provide energy 
savings and reduce CO2 emissions.  

• Crop production within cities 
is advantageous by reducing 
transportation costs, as well as 
providing aesthetic and health benefits.

Context of the research

The 2015 Paris Climate Conference 
(COP21) universal agreement to keep 
global warming below 2°C has led to 
a steep increase in efforts to find new 
ways to reduce carbon emissions. 
The UK Clean Growth Strategy, 
Industrial Strategy (2017) and industry 
decarbonisation strategies all emphasise 
the benefits of improved energy 
efficiency of buildings, new sustainable 
building technologies and low-carbon, 
renewable and bio-materials. Research 
is needed to develop appropriate (low 
carbon) materials, building processes 
and technologies. 

Using LED lighting 
with specific 

wavelengths improves 
plant growth 

conditions in vertical 
farming systems.

Credit: G
row

U
p U

rban Farm
s Ltd
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New precision technologies have allowed 
upscaling of the manufacture of new, 
specialist materials such as bio-based 
materials, photovoltaic panels and electrical 
components that will influence future 
building design. Recent trends suggest that 
consideration of this ‘capital carbon’ of 
materials in buildings will be increasingly 
important for decarbonisation and research is 
needed to optimise materials and processes 
so that sector targets can be met.

The Cluster used traditional experiments 
and field trials to investigate growth of crops 
under different conditions. The Cluster 
also developed new plant-based fibres and 
composite materials, and tested their use for 
different building purposes. 

Computer models were used to investigate 
the effects of green infrastructure on 
mitigating urban heat islands, as well as the 
impact of plants on indoor environments. 

With climate change, risks to health, wellbeing 
and food production from high temperatures are 
increasing. In order to mitigate these risks, new 
ways to mitigate urban heat island (UHI) effects 
and for (urban) crop production are needed. 
Recent advances in modelling and monitoring 
technologies have allowed the integration of UHI 

patterns with various 
sources of heat gain, 
such as traffic emissions. 
Understanding of 
factors contributing 
to UHI is essential to 
inform policies aimed at 
reducing its impacts. 

In recent years, initially 
niche trends in urban 

farming are becoming more mainstream. Products 
to enable indoor gardening at home, urban farming 
start-up initiatives and the development of ‘prefab’ 
cost- and material-efficient building components 
are increasing. Such commercial opportunities 
drive research into more practical and affordable 
solutions that combine farming with urban living.

The Cluster developed 
new plant-based 
fibres and composite 
materials, and tested 
their use for different 
building purposes.

Plants & 
Architecture 

grew and tested 
fungus-bound 

natural material 
for use in building 

insulation.
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Key findings

• New composite materials produced from bio-derived 
polymers (bioepoxy) and natural fibres (flax, hemp and 
wool) delivered class-leading performance with strength 
properties equal to synthetic composites - a rare feature 
for bio-based materials currently available on the market. 
Replacement of synthetic polymers with bio-based resin 
shows potential to reduce carbon emissions from the 
building industry. 

• Biopolymer-blended sheets incorporating basic plant 
nutrients (e.g. phosphate) were successfully utilised as 
a slow-release fertiliser for green infrastructure planting 
systems. The sheets will undergo further development to 
improve stiffness. 

• Selection of the right species and varieties of plants 
on green roofs is key to the delivery of ecosystem 

services in the built environment given the extreme 
environments experienced. For example, with the 
right species, green roofs demonstrated sustained 
energy-saving performance during a heatwave.  

• Controlled environment-grown plants have different 
physiologies and chemical compositions to outdoor-
grown plants. The precision-delivery of stress (stress 
encourages e.g. antioxidant production) will likely be 
a key element of whether controlled-environment 
agriculture can deliver nutritional crops at scale. 

• Yield and energy use are not linearly related in  
controlled-environment agriculture. A more precise 
understanding of individual crop biology is required, 
including the need to investigate the potential to 
breed ‘CEA-specific’ crop varieties.

Pots with different 
plant species were 

grown on test 
roofs to investigate 
drought tolerance.
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Implications for Policy

The Welsh Natural Resources Policy focuses on improving 
the way we manage natural resources, specifically with long-
term positive repercussions on society in accordance with 
the Welsh Future Generations Act (2015). Specific actions 
include increasing resource efficiency, reducing pollution, 
promoting green growth and supporting sustainable 
communities. Green infrastructures fit within all of these 
themes, as they provide us with multiple ecosystem services 
including carbon sequestration, air purification, food, 
recreation, and mental wellbeing. Furthermore, the UK 
decarbonisation strategies, which address the government’s 
commitment to reducing greenhouse gas (GHG) emissions 
by 80% in 2050 compared with a 1990 baseline, are 
supported by many aspects of green infrastructure and 
using nature-based materials in building. Nature-based 
materials (e.g. timber frames) generally have low embodied 
carbon, a term which refers to all carbon dioxide-equivalent 
(CO2e) emissions that result from extraction, transport, and 
manufacturing, of a building material.

What our researchers say 

What is your research about?
My research focuses on two areas: Firstly, for my work on 
bio-derived materials I experimentally combine plant fibres 
and bio-based resins to develop natural composites that 
can reduce carbon emissions and improve the quality and 
efficiency of the built environment. The advanced materials 
we are developing benefit from near-equal strength to 
synthetic composites but are much easier to recycle and 
have a low carbon footprint. 

Secondly, I use 3D and computational models to simulate 
and estimate human comfort factors such as temperature 
for indoor environments. This is a new research avenue for 
me that has ignited an interest in computer-aided design 
and simulations. 

Fellow
R.T. Durai 

Prabhakaran

• The Cluster estimates that timber frame construction 
systems have embodied emissions that are 1.7 to 
3.2 tCO2e lower per dwelling than the equivalent 
masonry dwelling (estimates range from bungalows 
to detached dwellings, respectively). In addition, 
the quantity of stored sequestered carbon within 
timber frame dwellings is 2.0 to 4.2 tCO2e more per 
unit than masonry equivalents. Combining the two 
effects, timber-framed systems are estimated to 
deliver total GHG abatement of ~4.0 to ~7.5 tCO2e 
per unit, depending on the building type. 

• A policy shift towards timber-framed construction 
could achieve significant reductions in the 
construction industry’s greenhouse gas emissions, 
and further store a significant quantity of carbon 
in long-lasting structures. Engineered wood such 
as glulam and cross-laminated timber can also 
contribute, especially in blocks of flats and public 
buildings. Both Wales and Scotland are already 
starting to develop cross-laminated timber 
production to support the forestry industry. 

Why did you choose this project?
My previous research at various European universities 
was focused on bio-bio composites (integrating 
both plant polymers and plant fibres) used in car 
manufacturing. The Plants & Architecture Fellowship 
enabled me to expand my research and interests in 
biocomposites and at the same time work in-depth on 
the development of new advanced materials.

What has been your most exciting finding?
I have been looking at the properties of different 
resins in relatively new composites of wool and flax 
fibres. What we found is that these composites have 
several benefits like good acoustic performance and 
vapour permeability, as well as near- zero toxin levels, 
which makes them easy to recycle or dispose of and 
provides significant health benefits throughout their 
life cycle. Together with our partners at Aberystwyth 
University, I have also been working on an innovative 
idea to blend phosphates with bio-based polymers to 
create self-fertilising substrates for plants. 
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Key Plants & Architecture 
Publications to Date 

•  Ormondroyd G.A., Alfredsen G., et al. (2017) Assessment of the 

use of dynamic mechanical analysis to investigate initial onset 

of brown rot decay of Scots pine (Pinus sylvestris L.). International 

Biodeterioration and Biodegradation 120: 1-5. 

•  Ormondroyd, G.A., Curling, S.F. et al. (2017) The water sorption 

characteristics and kinetics of different wool types. Journal of 

Textile institute 108(7): 1198-1210.  

•  Prabhakaran, R.T.D., Curling, S.F., et al. (2018). Simulation model 

to evaluate human comfort factors for an office building. MDPI 

Proceedings 2: 1126. 

• Prabhakaran, R.T.D., Gupta, M., Mahajan, P., Ormondroyd, G.A. 

(in press). Modelling and Simulation of Natural Fibre/Epoxy 

Composites – Prediction of Stress State and Deformations. 

International Journal of Materials Engineering Innovation. 

 
• Wootton-Beard PC, Xing Y, et al. (2016) Improving the impact of 

plant science on urban planning and design. Buildings 6(4): 48.  

• Xing, Y., Bosch, M., et al. (2017). Exploring Design Principles of 

Biological and Living Building Envelopes: What Can We Learn from 

Plant Cell Walls? Intelligent Building International 10(2): 78-102. 

• Xing, Y., Jones, P., Donnison, I. (2017) Characterisation of Nature-

based Solutions for the Built Environment. Sustainability 9(1): 149. 

Contacts

Aberystwyth University:
Iain Donnison | isd@aber.ac.uk
Cardiff University: 
Phil Jones | JonesP@cardiff.ac.uk
Bangor University: 
Graham Ormondroyd | g.ormondroyd@bangor.ac.uk

• Encouragement of industry-wide adoption of Global Warming 
Potential-based analysis of a building’s carbon footprint, which 
evaluates each material used already at design stage, would 
allow for picking and choosing designs that minimise greenhouse 
gas emissions through the entire life cycle of a material. 
Whether through building regulations or planning policy, such 
an encouragement would drive the construction sector towards 
lower embodied carbon whether by timber or other low-carbon 
options such as recycled aggregate cement, or simply using 
suppliers with high ratings for process/energy/carbon efficiency. 

• Modelling shows that the temperature, hydrological, and 
biodiversity benefits of green infrastructure are only likely 
to accrue at a scale unlikely to be achieved with individual 
investment. A national policy of ‘green roof first’ on certain types 
of development could spur more wide-scale deployment of green 
infrastructures especially where annual precipitation is sufficient. 

• Controlled-environment agriculture needs to be recognised  
by decision makers as a part of the future food production 
system, to promote innovation, entrepreneurship and 
collaborative projects.

How did being part of such a large, interdisciplinary 
network affect your research and opportunities you 
have had?
Being part of the NRN-LCEE has allowed me to learn about 
many different research areas. Within the Cluster, I have 
been working with two additional Fellows in Cardiff and 
Aberystwyth, who brought in entirely different expertise 
for joint publications and creative ideas for future organic 
building materials.

What is the next step in your career?
Together with Bangor University and Indian partners, I am 
working on EPSRC and ERC grant proposals, to develop 
ideas initiated through Plants & Architecture research 
over the last 3.5 years. I have also accepted a post at the 
University of Strathclyde as a Manufacturing Engineer, 
to work on light-weight materials for industrial structural 
applications. This will start in 2019. 

Plants & Architecture Partners
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Quotient
Quantification, 
optimisation and 
environmental 
impacts of marine 
renewable energy.

Overview

Waves and tides contain vast amounts of energy that could support the 
development of a marine renewable industry. However, the nature and 
interactions of these resources are not yet fully understood, nor how these 
resources will evolve as a result of sea-level rise and future changes in weather 
patterns. It is still uncertain how best to optimise marine energy installations so 
that these variable resources can provide a firm source of power with minimal 
environmental impacts. 

Quotient aimed to understand the role of marine renewables in the future  
energy mix, specifically looking at resource assessment and optimisation,  
and interactions between renewable energy devices and the environment.  
The Cluster has addressed the following research themes: 

1. Resource assessment
2. Optimisation
3. Impacts of renewable energy devices on the environment
4. Impacts of the environment on renewable energy devices

• The UK Government has a target to produce 30% of its 
electricity from renewable sources by 2020. While Brexit 
cloaks pledges with uncertainty, national greenhouse 
gas targets alone necessitate decoupling the energy 
sector from fossil fuels. There is therefore a strong push 
to develop the renewable energy sector. 

•  The northwest European shelf seas harbour an 
estimated 27 GW of tidal and wave energy. Only 7MW 
has been installed to date.  

•  The marine energy industry has the potential to provide 
£1.4 to 4.3billion to UK GDP by 2050. 

• The technical global tidal range resource is 5792 TWh – 
enough to supply one third of the world’s demand for 
electricity. However, 90% of the resource is distributed 
across just five countries, with both the UK and France 
having a significant share of that resource.

OUR CLUSTERS

Credit: ©
Tidal Energy Ltd
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looked at oceanographic conditions through 
hydrodynamic modelling and assessed the 
capacity and optimal locations for wave and 
tidal arrays. On a regional scale, the Cluster 
characterised turbulence variation in space and 
time and the optimal configuration of devices  
on the seabed. 

Impacts of devices on the environment were 
assessed by measuring turbulence from 
individual devices. The Cluster also looked at the 
effects of tides and waves on turbulence and on 
turbine performance and resilience.

Quotient researchers have also forged 
international collaborations, characterising 
tidal stream resources in France and the Gulf of 
California. New collaborations with researchers 
in Australia are assessing the tidal energy 
resource, currently estimated at 30% of the 
global resource, and the feasibility of utilising 
this resource for Australia’s future energy mix. 
The Cluster is also working with partners in 
Indonesia and South Korea to develop the tidal 
energy potential of the Lombok Strait, working 
towards unlocking 150 MW of capacity and the 
establishment of an Indonesian/South Korean 
Marine Energy Centre of Excellence.

Reduction in the cost of offshore wind has led to increased 
government investments in this area, with little support 
for commercialisation of tidal energy arrays. Tidal projects 
must now compete alongside offshore wind for ‘contracts 
for difference’ and as a result, UK tidal energy companies 
are looking at markets further afield (France, SE Asia) and at 
niche markets. This shift has also led to prioritising research 
into tidal energy cost reduction. 

In addition, tidal and wave 
resources are incorporated in 
increasingly joined-up thinking 
about Offshore Renewable 
Energy (ORE) research 
opportunities, e.g. for shared 
infrastructure, foundations  
and grid connections, with 
aims to benefit from the rising 
popularity and low cost of 
offshore wind energy. 

Quotient investigated feedbacks 
between renewable energy 
devices and the environment. 

The Cluster used supercomputing for high-resolution 3D 
modelling across a range of spatial and temporal scales, 
validated and parameterised by field observations and 
laboratory experiments. On a shelf-sea scale, the Cluster 

The Cluster looked 
at oceanographic 
conditions through 
hydrodynamic 
modelling and 
assessed the 
capacity and optimal 
locations for wave 
and tidal arrays.

Storm waves continue 
after the abatement 

of winds and can 
therefore be harnessed 

to increase the 
continuity of renewable 

energy sources.

Credit: D
avid Thom
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Change in stream velocity 
(cm/s) due to energy extraction 

over a tidal cycle between (a) 
the control and 2-D extraction 

scenario, (b) the control and 3-D 
extraction scenario and (c) 2-D 
and 3-D extraction scenarios. 

Black polygon shows the 
location of the turbine array  

for each case.

From: Goward Brown et al. 2017. https://doi.org/10.1016/j.renene.2017.04.032



Key findings

• Floating tidal devices are becoming 
more popular as they may be more 
cost-effective than submerged devices. 
Quotient research characterised how 
these systems differ in performance 
under varying conditions, using 3D 
computational modelling and direct 
measurements from devices at sea.  

• With the development of smaller energy 
projects, micro-siting and optimisation are 
critical. Quotient research demonstrated 
that wakes generated by tidal turbines 
depend on both the intensity and length 
scale of ambient turbulence in the 
flowfield. This means that local conditions 
will need to be taken into account when 
planning array layouts.  

• The Cluster developed realistic velocity profiles of UK currents,  
and subsequently identified optimal sites for installation of 
multiple arrays. In collaboration with industry partners, the Cluster 
has consistently led the research agenda in a move towards using 
realistic site conditions rather than idealised experiments. 

• The Cluster improved realistic flow and turbulence simulation 
models for individual devices at tidal array sites, with direct 
relevance for industries looking to install capacity with minimal 
interaction between devices.  

• When compared with field data, ocean models accurately predicted 
the strength of turbulence at tidal energy sites over long time 
periods. However, waves may affect the reliability of tidal energy 
devices as much as turbulence does: the tidal stream resource is 
reduced by around 10% during energetic wave conditions. Therefore, 
models that include wave-current interaction may be required for 
accurate resource assessment, particularly in exposed locations.

Credit: Tim
 Ebdon

Underwater turbines 
are similar to wind 

turbines in principle but 
are built to withstand 

much higher pressures 
and shear forces.
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What our researchers say 

What is your research about?
The tides move huge volumes of water 
around our coast – this means there’s a lot 
of energy there and tapping into it could be 
an important source of renewable electricity. 
But strong tidal currents are a challenging 
environment for machinery, so my research 
aims to better understand how to predict the 
loads a tidal turbine will experience. 

Why did you choose this project?
Wales is a great place for tidal energy, because we’ve got some of 
the world’s best resource off Anglesey, Pembrokeshire and the 
Llŷn, so the Quotient Cluster of NRN-LCEE has been an invaluable 
opportunity for this research.

What has been your most exciting finding?
We’ve shown some really exciting results, particularly by comparing 
ocean models with measurements to predict the ‘big picture’ 
of turbulence in tidal currents, and also by investigating how to 
translate measurements or models of turbulence into structural 
loads on turbines.

How did being part of such a large, interdisciplinary network  
affect your research and opportunities you have had?
The interdisciplinary opportunities that the network has given us 
has made it possible to reinforce our research by bringing lots of 
different methods to bear on one problem.

What is the next step in your career?
Through NRN-LCEE support, I’ve won funding for a €2.2m 
international research project called MONITOR that will further 
develop the work carried out on the network into a holistic model 
of tidal turbine reliability.

Fellow 
Michael Togneri
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Contact
Bangor University: 
Simon Neill | s.p.neill@bangor.ac.uk
Swansea University:
Ian Masters | i.masters@swansea.ac.uk
Cardiff University:
Tim O'Doherty | Odoherty@cardiff.ac.uk

Implications for Policy

The crux for advancing wave and tidal energies is cost: Despite being 
technologically ready to deploy more widely, neither energy source 
is sufficiently mature to compete on price against the much more 
established solar and offshore wind markets. This applies for small 
and large projects alike.

Location and size conflicts:

• Schemes that are attractive to individual companies are frequently 
large. However, scientific evidence shows that tidal and wave 
power will need to be deployed at many sites with a combination 
of small and large schemes in order to attain a significant part  
of the UK’s renewable mix.  

• The ‘less attractive’ small schemes may also be better value in 
the long run: Based on the history of wind power development, it 
seems likely that companies initially focusing on smaller sites and 
carrying those lessons to bigger sites will be the most successful. 

Current pricing conflicts:

• Competition between wind plus solar, which are at a more mature 
stage of implementation, and marine renewables, needs to be 
reduced. 'Contracts for difference' only increase the gap between 
the technologies. A new pricing structure, with ancillary services 
accounted for (e.g. electricity quality/controllability, flood defence, 
ecosystem services) needs to be included.  

• Marine renewables could provide a UK-based high-tech and 
globally exportable industry; however a financial support 
mechanism for the next decade is necessary to develop them  
for domestic and global markets. 

Value beyond pricing:

• The unique qualities of marine renewable electricity in a  
future energy mix have been overlooked; the resources are 
controllable, predictable and could produce high quality electricity  
(i.e. high system inertia). 

• Tidal power can work as a baseload unlike wind and solar 
(baseload = continuous supply of energy without the requirement 
for energy storage). A network of schemes around the coast that 
are chosen to complement each other in peak tide timing for 
instance, could provide a reliable and constant source of energy. 

• Schemes could be tied in with tourism opportunities to support 
the local economy, which has been done successfully for example 
in France (La Rance Tidal Power Station) and Canada (Fundy 
Ocean Research Center for Energy).

Key Quotient Publications  
to Date

•  Elasha, F., Mba, D., et al. (2017). A hybrid prognostic  
methodology for tidal turbine gearboxes. Renewable  
Energy 114: 1051-1061. 

• Fairley I., Smith, H.C.M. et al. (2017). Spatio-temporal  
variation in wave power and implications for electricity supply.  
Renewable Energy 114(A): 154-165. 

•  Guillou, N., Neill, S.P., Robins, P.E. (2018). Characterising  
the tidal stream power resource around France using a high-
resolution harmonic database. Renewable Energy 123: 706-718.  

•  Lewis, M.J., Angeloudis, A.,et al. (2017). Influence of storm  
surge on tidal range energy. Energy 122: 25-36. 

•  Lewis, M., Neill, S.P., et al. (2017). Characteristics of the  
velocity profile at tidal-stream energy sites. Renewable Energy 
114(A): 258-272.  

• Neill, S.P., Angeloudis, A., et al. (2018). Tidal range energy 
resource and optimization - past perspectives and future 
challenges. Renewable Energy 127: 763-778. 

• Neill, S.P., Vögler, A., et al. (2017). The wave and tidal resource  
of Scotland. Renewable Energy 114(A): 3-17. 

• Piano, M., Robins, P., Davies, A. & Neill, S.P. (2018) The influence 
of Intra Array Wake Dynamics on Depth Averaged Kinetic Tidal 
Turbine Energy Extraction Simulations. Energies 11(10): 2852. 

• Smith, H.C.M., Fairley, I., et al. (2017). Wave resource variability: 
Impacts on wave power supply over regional to international 
scales. Energy Procedia 125: 240-249.  

•  Togneri, M., Jones, D., et al. (2017). Comparison of 4- and 5-beam 
acoustic Doppler current profiler configuration for measurement 
of turbulent kinetic energy. Energy Procedia 125: 260-267. 

•  Togneri, M., Lewis, M.J., et al. (2017). Comparison of ADCP 
observations and 3D model simulations of turbulence at a  
tidal energy site. Renewable Energy 114(A): 273-282.  

• Togneri, M.,& Masters, I. (2016). Micrositing variability and  
mean flow scaling for marine turbulence in Ramsey Sound.  
Journal of Ocean Engineering and Marine Energy 2(1): 35–46.  

• Ward, S.L., Robins, P.E., et al. (2018). Tidal stream resource 
characterisation in progressive versus standing wave systems. 
Applied Energy 220: 274-285.
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Resilcoast
Integrating ecosystem 
resilience into coastal 
planning for the 
persistence of natural 
flood protection and 
wetland ecosystem 
services.

Overview

Human life is dependent on nature, yet, the resilience of ecosystems 
and their benefits are challenged by ongoing changes to the natural 
environment, e.g. climate change. Resilcoast research addressed the role 
of saltmarshes in delivering ecosystem services such as coastal protection, 
recreation, carbon storage, grazing land and wildlife habitat by integrating 
natural and social-sciences research. These results, combined with 
stakeholder interviews, are being used to inform coastal governance  
and management.

The Cluster also examined the resilience of saltmarshes: what are the 
dynamics shaping patterns of expansion, erosion, and even regime shifts 
(complete disappearance of vegetation)? This knowledge was used to predict 
future patterns of saltmarsh resilience and evaluate their implications for 
governance, management, and society. The team investigated historical and 
experimental dynamics of marshes in the context of grazing, sea level rise, 
and climate change (increased storm frequency).

• Currently, 5.5 million UK homes are 
at risk of flooding and flood damage 
to homes in England and Wales alone 
costs £1.2 billion annually. The severity 
and frequency of floods and storms 
is expected to increase with climate 
change and sea level rise, highlighting 
a need for cost-effective and resilient 
flood defence mechanisms.  

• The Welsh coastline is home to over 
60% of the population, provides 92,000 
jobs and is of recreational importance to 
75% of the people.  

• 23% Of the Welsh coastline is already 
showing signs of erosion, putting  
homes, infrastructure and ecosystem 
services at risk. 

OUR CLUSTERS

Credit: Jordi Pagès

PhD student 
Mollie Duggan-

Edwards marks out 
sampling stations 

in the Ynys-hir 
saltmarsh in the 

Dyfi estuary.
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In view of the Welsh Government Well-being 
of Future Generations (Wales) Act (2015), 
a new emphasis on people’s dependency 
on natural benefits and the 2-way, dynamic 
relationship between people and ecosystems, 
environmental management and the wellbeing 
concept has been stimulated. More than 
just health and prosperity are starting to be 
valued as indicators for quality of life and this 
is encouraging the analysis and improved 
understanding of the role of the natural 
environment (including coastal ecosystems 
such as saltmarshes) for quality of life. 

Advanced mathematical models were 
developed to predict future changes to 
saltmarsh area cover and how such changes 
will likely affect the natural benefits that 
humans get from marshes. 

Coupling these data to research on shoreline 
management plans (SMPs), the Cluster has 
researched the benefits that saltmarshes 
provide to society, how state-shifts are 
considered in the current SMPs, and how  
well SMPs accommodate natural resilience.

The more frequent and costly flood disasters observed 
in recent years have fuelled a drive for nature-based 
flood protection that promises cost savings, wide-scale 
opportunities for implementation and will boost the  
delivery of other natural benefits. Thus, we need to 
understand how natural protection systems, such as 

saltmarshes, change over time 
and are affected by changing 
climate and other stressors. 

Field experiments at marshes 
throughout Wales were used to 
identify the impacts of grazing  
and environmental processes on 
marsh erosion and growth. 

Large-scale disturbance 
experiments were used to 
investigate how expansion/
erosion of vegetation depends 

on interactions between plant density and wave forces.  
This work has direct relevance to sediment budget 
management, identifying vulnerable areas and informing 
restoration efforts. An ongoing systematic review of 98 
publications investigated global patterns of storm influences 
on marsh vertical accretion and causes of marsh erosion. 

Field experiments at 
marshes throughout 
Wales were used 
to identify the 
impacts of grazing 
and environmental 
processes on marsh 
erosion and growth.

Increased  
storminess in the 
future is likely to 

increase erosion as 
waves crash onto  

the coastline.
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Key findings

• Global and regional patterns of marsh resilience: 
Marshes are naturally dynamic and go through periods 
of expansion and retreat. Their resilience is threatened 
by environmental change combined with human 
impacts, increasing the likelihood of switches from a 
vegetated to bare-mudflat state. At a regional scale, 
UK patterns of marsh erosion and expansion over 150 
years are explained by north-south gradients in sea 
level rise (SLR) and sediment supply. Sediment supply 
from rivers has experienced global declines due to 
damming, which would need active management to 
ensure resilience and ecosystem benefits. Extreme coastal 
storms might provide the amount of sediment that 
saltmarshes need for their long-term persistence, with 
limited short-term negative effects on the ecosystem.  

• Mechanisms underpinning marsh resilience: At the 
marsh-scale, the underlying sediment underpins 
marsh resilience: Muddier marshes are more resistant 
to erosion, which enables them to extend further 

Resilcoast used 
historical fly-over 

photography  
of coastal areas to 

create a map of  
marsh cover change 

in Wales.

down onto the intertidal shore. Sandy marshes are 
more erosion-prone, but erosion can be significantly 
mitigated by biological structures (e.g. more roots 
and organic matter). At the creek scale, livestock 
grazing can reduce saltmarsh erosion by increasing 
soil compaction. At the patch scale, the mechanisms 
underpinning vegetation structure and resilience 
are linked to specific dynamics: in sheltered sites, low 
densities of plants can thrive whereas in exposed sites, 
higher densities are required to prevent erosion.  

• Modelling: Using the Dyfi estuary as a case study site, 
Resilcoast demonstrated that by 2100, predicted sea 
level rise (SLR) will impact heavier on marshes near 
the mouth of the estuary, given their currently low 
elevations and predicted high local SLR. In contrast, 
marshes at the back of the estuary are predicted to be 
more resistant to SLR, given that local SLR rates will be 
lower there and the fact that, naturally, marshes are 
more elevated at the top of the estuary. 

Credit: Environm
ent A

gency
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• Implications for society, governance and 
management: Resilcoast research highlights that 
saltmarshes are intrinsically dynamic ecosystems; 
the economic and wellbeing implications of this to 
society depend on the natural benefit in question. 
For instance, flood protection by marshes is viable, 
but spatially and temporally variable. The findings 
furthermore show that the most valuable marshes 
for carbon sequestration will be those that are more 
persistent (stable) over time. 

• Ecosystem service (ES) concepts feature regularly in 
policy documents, but are they effectively used by 
practitioners? UK-wide questionnaires and Welsh 
stakeholder interviews were used to map uses and 
views of ES concepts in Welsh legislation. Analysis of 
five key pieces of Welsh national legislation, including 
the Well-being of Future Generations (Wales) Act 
(2015) and the Environment (Wales) Act (2016) found 
the consideration of ecosystem services and benefits 
within legislation to be limited, limiting the potential 

37% of Resilcoast  
survey respondents 

had knowingly visited 
a saltmarsh. Despite 

saltmarshes being 
common features of the 

landscape, it is likely that 
surprisingly few know the 

name for this habitat.

for these Acts to realise their goals. Overall, Welsh coastal 
management stakeholder views towards the new legislation 
were positive, with a feeling that there could be a shift 
towards greater integration, development of a common 
language with collective, common goals which could be 
used to develop long-term, sustainable plans for coastal 
management in Wales. 

• That saltmarshes are valuable to society is undebated in 
the scientific literature. However, whether they are publicly 
perceived as such is not so clear. A national study conducted 
by Resilcoast researchers examined the Welsh public’s 
knowledge and perceptions of saltmarshes in Wales (1113 
respondents) and found high levels of uncertainty about the 
benefits that society derives from saltmarshes. Only 37% 
of respondents answered that they had knowingly visited 
a saltmarsh. Additionally, there is a limited understanding 
of the importance of saltmarshes for coastal protection, 
carbon storage, or indeed, the biodiversity value of these 
coastal fringe environments which, it should be noted, may 
be linked to an overall lack of knowledge of saltmarshes.
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What our researchers say 

What is your research about?
I consider the more social parts of the work we have  
done through Resilcoast – my work has identified and 
examined the ecosystem services and benefits derived 
from saltmarshes in Wales, considered how they are 
valued by local communities and wider society, and 
evaluated how this information is included within  
current management and policy.
 
Why did you choose this project?
The interdisciplinary nature of Resilcoast really attracted 
me to it – I was excited to work across both natural and 
social sciences, and continue to develop my own expertise 
in both of these areas. I had spent 5 years in a Business 
School, and this project represented an opportunity to 
move back into marine and coastal sciences. 

What has been your most exciting finding?
The most interesting thing has been looking at how eco- 
system services are currently being considered within 
legislation – we’re at a particularly interesting time in Wales, 
with a whole new suite of national legislation coming in over 
the last few years. Examining that, and how it relates to 
coastal management, has been really interesting. 

How did being part of such a large, interdisciplinary 
network affect your research and opportunities you  
have had?
The interdisciplinarity was a huge part of what attracted 
me to the project, and has allowed me to build a strong 
multidisciplinary research network. Through Resilcoast 
events, such as the SaltMarshNet workshop in December 
2017, I have had the opportunity to collaborate with 
researchers from across the world, including leading a 
global review of saltmarsh ecosystem services and their 
management. 

What is the next step in your career?
In the short term, I’ll be staying at Cardiff University to 
work on the Resilcoast sister project, CoastWEB, which 
is funded by the Valuing Nature Programme. Alongside 
that, I’m chairing the recently launched Marine Social 
Sciences Network which aims to support coordination and 
collaboration of marine social sciences both in the UK and 
further afield. 

Fellow
Emma McKinley
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Contacts

Bangor University: 
Martin Skov | mwskov@bangor.ac.uk
Cardiff University:
Rhoda Ballinger | BallingerRC@cardiff.ac.uk
Centre for Ecology and Hydrology (CEH, Bangor): 
Angus Garbutt | ag@ceh.ac.uk
Swansea University:
John Griffin | j.n.griffin@swansea.ac.uk

Implications for Policy

The Ecosystem Services concept is emerging as a valuable 
tool to inform policy and decision-making (e.g. UK National 
Ecosystem Assessment, 2011). It forms an important link 
between the natural and human world, as processes such 
as soil formation, primary production and nutrient cycling 
can be causally linked with 'end products' such as resilience, 
recreation, and livelihoods – all of which feature heavily in 
Welsh legislation. For example, the Well-being of Future 
Generations (Wales) Act (2015) outlines seven wellbeing 
goals that incorporate resilience, enhancing biodiversity 
& ecosystems, community health, culture, and action on 
climate change. The Environment (Wales) Act includes key 
parts on sustainable management of natural resources, 
and climate change (e.g. carbon budgeting). The Natural 
Resources Policy statement highlights the importance 
of coastal habitats and calls for better coastal flood 
management incorporating natural structures. Finally,  
under the Flood and Coastal Management Act (2010) the 
Welsh Government must maintain a Flood and Coastal 
Erosion Risk Management policy. The most recent briefing 
stresses the importance of working with, not against,  
natural processes. Within this framework, Resilcoast stresses 
the following points:

• Define resilience: People across all fields need to be 
explicit about 1) what they mean by resilience when they 
use the term; and, 2) which explicit measurable elements 
can progress towards or away from ‘resilience’. A vague 
definition of resilience often does not achieve the latter. 
We all want resilient systems, but without clarity on what 
that means, in real and measurable terms, resilience does 
not achieve any practical goal. 

• Joined-up thinking: Saltmarsh ecosystem services need 
to be considered in both marine and terrestrial planning 
in Wales, given their position at the land-sea interface. 
Planning for different outcomes in the two realms can 
lead to management conflicts. 

• Explaining by examples: Policy and legislation need to 
include more explicit examples of ecosystem services 
that different environments provide (e.g. saltmarshes and 
carbon storage/recreation) to inform implementation. 

• Incorporate a thorough quality assurance process at a 
national level including evaluation of the transparency of 
the decision-making process throughout the shoreline 
management and related planning processes.

Key Resilcoast Publications  
to Date

• Ballinger, R. C., Dodds, W. (in press) Shoreline management 
plans in England and Wales: A scientific and transparent process? 
Marine Policy. doi: 10.1016/j.marpol.2017.03.009. 

• Davidson, K.E., Fowler, M.S., et al. (2017). Livestock grazing alters 
multiple ecosystem properties and services in saltmarshes:  
a meta-analysis. Journal of Applied Ecology 54(5): 1395-1405.  

• Ford, H., Garbutt, A., et al. (2016). Soil stabilization linked to plant 
diversity and environmental context in coastal wetlands. Journal 
of Vegetation Science 27(2): 259-268. 

• Lazarus, E.D., Ellis, M.A., Murray, A. B., Hall, D.M. (2015). 
An evolving research agenda for human–coastal systems. 
Geomorphology 256: 81-90.

• McKinley, E., Ballinger, R.C. (2018). Welsh legislation in a new era: 
A stakeholder perspective for coastal management.  
Marine Policy 97: 253-261.

• McKinley, E., Ballinger, R., C., & Beaumont, N. (2018) Saltmarshes, 
ecosystem services, and an evolving policy landscape: A case 
study of Wales. Marine Policy 91: 1-10.

• Pagès, J.F., Bouma, T., et al. (in press). Opposing indirect effects of 
domestic herbivores on saltmarsh erosion. Ecosystems. 

• Pagès, J.F., Smith, T.M., et al. (2017) Contrasting effects of 
ocean warming on different components of plant-herbivore 
interactions. Marine Pollution Bulletin 134: 55-65.

Resilcoast Partners
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The NRN-LCEE Returning Fellowship Scheme 
was an innovative programme designed 
to facilitate researchers returning to their 
research following long-term absence for 
reasons of maternity, paternity, adoption, 
health or caring. Through the initiative, 
the Fellows were given the opportunity to 
dedicate a greater percentage of their time 
to developing their research, delivering 
high-quality publications and increased 
grant income - thereby adding significant 
benefit to their scientific endeavours in Wales.

Ten Fellowships were awarded (all returning 
from maternity leave) and the recipients 
credit the awards with giving them the 
means and encouragement to develop 
their research interests. The Fellowship 
funding has been used to reduce teaching 
time, attend and present at conferences 
and to develop new research activities and 
collaborations. 

RETURNING FELLOWS

Elaine returned to education (after a career 
in banking) inspired by environmental and 
sustainability issues. During her degree 
she studied phytoremediation (plant-based 
rehabilitation of degraded or contaminated 
land) but hadn't had the chance to pursue 
this area until the Fellowship opportunity with 
NRN-LCEE. Having worked with the perennial 
energy crops Miscanthus (elephant grass) and 
Phalaris (reed canary grass) Elaine observed 
several qualities suggesting their suitability for 
phytoremediation. 

As Aberystwyth sits next to the Central Wales 
Orefield there are abundant abandoned 
metal mines on which to evaluate grasses 
from IBERS’ extensive collection. The NRN-
LCEE Fellowship has enabled Elaine to form 
new collaborations to evaluate energy crops 
on highly contaminated metal mine tailings 
both locally, and in Katowice, Poland. The 
Fellowship has also enabled her to attend and 
present at multiple international meetings 
about land remediation, and develop 
networks with researchers in this area, 
including those she now collaborates with 
here and overseas. Her first paper in this area 
has just been submitted, she has written two 
funding proposals and she is soon to interview 
candidates for a new PhD position.

Dr. Elaine 
Jensen

Aberystwyth 
University

Returning 
Fellowship 
Scheme
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Jessica’s Fellowship focused on the use of macroalgae (seaweeds) for 
biorefining, where high-value products are extracted and the remainder 
processed to minimise ‘waste’. Receiving this Fellowship has enabled her to 
develop this area of research, both through attending conferences, meetings 
and workshops; and through the ability to host visitors at Aberystwyth. 

Jessica has been able to make and maintain links with researchers in Japan, 
through an initial visit funded through the Fellowship. A funded visit to 
Aberystwyth by a researcher at Huddersfield led to a joint grant submission 
and a joint paper (currently in progress). Travel funded through the 
Fellowship has helped establish a relationship with GreenSeas Resources, 
a seaweed processing company, with whom she has successfully acquired 
funding for two KESS2 PhD studentships starting in Sept 2018. Attending 
the British Phycological Society conference (Jan 2018) provided excellent 
new collaboration opportunities, connections made there have so far led 
to the funding of a NRN-LCEE Proposal-writing 
Fellowship. Fellowship funding has been used to host 
a researcher from Galway for a week to generate 
data for a collaborative paper; Co-I involvement on 
a Marie Curie Fellowship and to attend the ‘Seaweed 
For Health’ conference in Galway (2018) and the 
Phycological Society of America annual meeting in 
Vancouver (2018) which have provided inspiration 
and changed the direction of her future research.

Katrien studies how the morphology of the seabed changes as ice or water 
moves over it. Using her Returning Fellowship, Katrien worked to improve 
models of erosion of the seabed (scour) around shipwrecks, by representing 
the complex nature of the seafloor composition in such models. Predicting 
seabed dynamics remains an area of great uncertainty, whilst accurate scour 
models are crucial to assess the environmental impact of emplacing any type of 
seafloor object like marine renewable devices and flood defence structures.

With the Returning Fellowship funds, Katrien has been able to network at 
national and international conferences (Challenger, EGU) and convene meetings 
to set up new research collaborations. Through these activities, Katrien has 
secured funding for a PhD study on this topic in collaboration with, and co-
funded by, HR Wallingford, which is an independent research and consultancy 
firm and world expert in scour dynamics. They are also collaborating in a larger 
bid to the Research Council to fund a project to collect more data offshore and 
to inform their models via experiments in a large flume laboratory. Katrien 
credits the NRN-LCEE for providing resources, without which she would not 
have had the time or financial means to set up this project.

Dr. Jessica 
Adams

Aberystwyth 
University

"The Returning Fellowship has 
been a fantastic, flexible award 
which I am utterly delighted to 
have received. It has provided 
me with the means to achieve 
my potential."

Dr. Katrien 
Van Landeghem

Bangor University
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Claire studies quantitative approaches to the analysis of 
interactions between climate, biodiversity, endangerment and 
disease in animal populations. Claire has used her Returning 
Fellowship to research the drivers of disease in wild animals. 
The project uses climate data on pathogen-host interactions to 
uncover new climate-disease vulnerabilities among species and 
communities. 

Claire has used funds from the Fellowship to employ someone to 
take on some of her teaching duties so that she can spend more 
time working on her research. She has a paper and research 
application due to be submitted and will also be attending an 
international conference later this year.

Dr. Claire Risley
Aberystwyth 

University

"The Fellowship has been completely 
instrumental in my successful return 
to research after having children. I 
have used it to buy out teaching, and 
this has allowed me to manage my 
workload at a time when life is pretty 
busy. I have also used it to fund travel 
of both myself and a key collaborator, 
allowing me to build my connections 
and reputation in this area of research, 
and to learn from the experts around 
the world."

Dr. Emma 
Hayhurst

University of 
South Wales

Emma has used her Returning Fellowship to kick-start her research 
in the area of transmission and detection of antibiotic resistance 
in the environment and the clinic. Her first Fellowship project was 
assessing the effectiveness of wastewater treatment methods at 
reducing antibiotic resistance in sludge destined for agricultural 
land, and this has now been submitted for publication. 

Emma has also since been successful with several other external 
grants, and now has research projects working with a variety of 
partners, including Welsh Water and Aneurin Bevan Health Board. 

Emma has used her Fellowship money to travel  
across Wales and the UK to build collaborations.  
She also funded a visit from Professor Raeid Abed 
from Sultan Qaboos University in Oman, and they have 
subsequently submitted a grant together. Emma has 
presented her work at various conferences, including 
winning second prize for her poster at an NHS research 
conference, and best poster at the Society for Applied 
Microbiology’s conference on wastewater and antibiotic 
resistance. She has also used her Fellowship to fund 
public engagement activities such as Soapbox Science 
in Swansea.
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Dr. Kerrie Farrar
Aberystwyth 

University

Kerrie has a long-standing interest in the way that plants 
develop in response to their genomic, environmental 
and biotic interactions. Her research at Aberystwyth 
University encompasses energy crops such as Miscanthus 
with large complex genomes and Kerrie is interested 
in novel approaches to optimise crop production, plant 
growth and resilience via plant-microbe interactions. With 
her NRN-LCEE Returning Fellowship, Kerrie is developing 
new interdisciplinary research into beneficial microbes for 
sustainable, climate-resilient crop applications, in particular 
bacterial endophytes adapted to life within plants. In 2018 
Kerrie will attend conferences, a highly specialised microscopy 
training course, and visit a new collaborator in the USA.

Esther is a quantitative ecologist with a background 
in applied ecology of marine top predators. She is 
using the NRN-LCEE Returning Fellowship to build a 
new collaboration with the Scottish Oceans Institute 
at the University of St Andrews. Using data that have 
been collected at unvegetated intertidal mudflats and 

saltmarshes at important conservation sites in Morecambe Bay and Essex, 
England, the collaboration investigates the relationship between ecosystem 
service flows and biodiversity. The work characterises how this relationship 
changes at varying spatial scales. Through spatial modelling predictions,  
results can also be applied to other sites around the UK to inform national  
spatial management plans.

The Fellowship has allowed her to attend the International Statistical Ecology 
Conference in St Andrews, UK. Esther presented research in which herself and 
collaborators have developed an analytical framework to accurately model spatial 
point process data when characterising species distributions.

"The NRN-LCEE Returning 
Fellowship has allowed me to 
pursue my research interests 
and through doing so, has 
opened future potential 
funding streams, allowing me 
to progress my career."

Dr. Esther Jones
University of 
South Wales
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Liz is a glaciologist who is particularly interested in 
biogeochemical processes in extreme cold environments. She 
is developing new methods to measure such processes, in 
order to understand how increased glacial melt resulting from 
climate change will change the Earth’s system. Liz is using her 
NRN-LCEE Returning Fellowship to explore new techniques 
to measure meltwater underneath the Greenland ice sheet 
with collaborators in the USA and the UK. She is working with 
engineers to develop wireless instruments that can send data 
back through the ice. Using pH and CO2 measurements from 
meltwater, she is exploring how carbon feedbacks can be 
modelled to predict how melting ice could impact local and 
global biogeochemical processes.

Liz presented results from trials of her wireless sensors in 
Greenland at the International Glaciological Society. Liz also 
used her Fellowship to visit the University of Washington to 
present her ideas to the Glaciology group there, and liaise 
with Dr. Knut Christianson. Knut and Liz spent several days 
discussing the design of their complementary sensor systems, 
and how best to interface. They plan to submit a joint US-UK 
grant proposal, to undertake field testing in Greenland.

Sophie is a modeller focusing on the marine 
renewable energy sector. With the NRN-LCEE 
Returning Fellowship, Sophie has extended 
her numerical modelling experience into 
coupled hydrodynamic-ecosystem modelling, 
by considering the impacts of extracting energy 
from the tides on the marine biogeochemistry 
- and hence ecosystems - around the Welsh 
coast. So far, Sophie has used the Fellowship 
travel funds for connecting with several research 
groups, including at Marine Scotland Science 
(Aberdeen), the University of Exeter and at the 
Royal Netherlands Institute for Water Research. 
Day meetings attended include the Marine 
Ecosystem Research Programme science 
meeting in London and a workshop on science 
communication in Cardiff. Sophie intends to 
use the remainder of her NRN-LCEE Returning 
Fellowship to attend the American Geoscience 
Union Fall Meeting in Washington DC (December 
2018), where a broad range of earth science 
research topics are shared and discussed.

Dr. Sophie Ward
Bangor University

Dr. Liz Bagshaw
Cardiff University

£2.3m 
(FEC) 

additional 
research funding 

leveraged

The Returning 
Fellowships  
in numbers

£116k 

investment
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Sindia is a lecturer with expertise in marine biogeochemistry and 
past climate change. With her Returning Fellowship, Sindia has 
developed collaborations in Fiji and Borneo to understand impacts 
of climate change and land use on coral reef health and biodiversity 
using geochemical and coral growth techniques in coral skeletons. 
Furthermore, she has developed collaborations with scientists in 
the USA and Taiwan to apply a novel geochemical technique to help 
resolve agricultural effects on the Fijian coastal marine ecosystem. 

During her Fellowship, Sindia has travelled to Fiji and developed 
collaborations with local scientists at the University of the South 
Pacific and others at the Wildlife Conservation Society 
Fiji. She visited several study sites along the Viti Levu 
coastline and explored the coral reef environment and 
examined baseline water quality. New collaborations 
with UK coral reef scientists were developed from her 
attendance at several conferences, including the UK 
Reef Conference and European Coral Reef  
symposium, funded by the Fellowship. These new 
collaborations have led to the development of a  
NERC-funded grant looking at the evolution of turbid 
reefs in Borneo. Sindia’s Fellowship has given her 
the chance to visit laboratories and collaborators 
from several institutions in the USA to learn how to 
measure and apply unique nutrient proxies in coral 
reef skeletons.

Dr. Sindia 
Sosdian

Cardiff University

"This fellowship has given me more 
than financial support with time to 
reconnect with my research career 
as well. It has provided me with the 
confidence and flexibility needed 
for me to step back into a career 
in Earth Sciences. The Fellowship 
should be expanded to a UK wide 
scheme to ensure more returners 
are able to gain the support needed 
to develop a career in STEM."

23 

New 
collaborations 

formed

24 

Presentations 
& posters at 

scientific 
conferences

7 
Publications 

to date
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2016

The NRN-LCEE Research Development Fund (RDF) supported a series of 
collaborative initiatives that contributed to the development of the Welsh 
research capacity. Funding of up to £10,000 was available for workshops 
and events that supported new research developments and/or expanded 
opportunities for knowledge transfer and stakeholder engagement.

The 24 RDF activities, over 2.5 years, brought together over 700 
scientists, policy makers and industry representatives from around 
250 organisations in Wales, the rest of the UK and internationally.

The RDF has also provided proposal-writing support in the form of 3 
Proposal Writing Workshops for Marie Skłodowska Curie Individual 
Fellowships hosted in Aberystwyth, Swansea and Cardiff Universities.

Outcomes from the activities include over 4 papers submitted, and 
grant applications in excess of £2.8m (FEC) submitted, and £138,000 
awarded to date (£128,000 to Wales). 

JAN 2016

WISECAM: 
Development 
and testing of a 
smartphone app 
for water quality 
monitoring
Cardiff University

FEB 2016

One-day 
symposium on 
CO2 sequestration 
and low-carbon 
strategies for the 
production of fuels 
and chemicals
Swansea University

MAY 2016

Tidal Lagoon 
Research 
Workshop
Bangor University

JUN 2016

Sensors for 
Improving 
Sustainable Land 
Use in Wales
Bangor University

JUL 2016

Future Energy 
Systems: from 
‘Smart Grids to 
Smart Living’
Cardiff University

RESEARCH DEVELOPMENT FUND

Outcomes from the 
activities include 

grant applications in 
excess of £2.8m (FEC) 
submitted, and £138k 

awarded to date 
(£128k to Wales).

Research
Development Fund
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AUG 2016

Proposal Writing 
Workshops for 
Marie Skłodowska 
Curie Individual 
Fellowships 1
Aberystwyth  
University

SEP 2016

IIGLOOS: 
Interactions at 
the interface 
of glaciology, 
oceanography  
and sea ice
Bangor University

MAR 2017

Future of 
Estuaries 
Workshop
Bangor University

APR 2017

Symposium on the 
Gut-Microbiome-
Brain axis
Aberystwyth 
University

MAY-JUN 2017

Incorporating 
Large-scale 
Renewable 
Generation in the 
Future Energy  
Mix (REMIX)  
Grant Meetings
Bangor University

In December 2017 the Resilcoast team was awarded an 
NRN-LCEE RDF grant to hold an international workshop 
on saltmarsh research and environmental management. 
The workshop brought in 35 delegates from 11 countries; 
top experts that covered a wide array of research and 
management disciplines and was very successful. The 
event set up the world’s first international network on 
saltmarsh research, ‘SaltmarshNET’, which is led by 
Bangor-Swansea and has proven to be a great source of 
opportunities for new international collaborations and 
funding applications. 

The December event also set up new international 
research in the immediate term. For instance, the socio-
economic group of SaltmarshNET is currently distributing a 
global questionnaire on human use of marshes that has 
been translated into 6 languages. The work was initiated 
at the December event and involves all of the delegate 
countries and will produce global overviews of the monetary 
and non-monetary values of marshes to coastal people. 

A further research paper is under way based on the 
workshop’s assessment of the most important research 
questions regarding saltmarsh research. 

SaltmarshNET Workshop led by Dr. Martin Skov
December 2017, Nant Gwytheyryn 

“There is no question about the importance of this 
RDF-funded event to the Resilcoast institutions and 
to Welsh research status. The scale of international 
connectivity and impact could never have been 
achieved without the RDF funding support to hold 
the December event. Because of the workshop, Wales 
now leads the world’s first international forum for 
research and management of a globally important 
ecosystem. The above new research activities and 
collaborations would not have happened without the 
RDF grant. We at Resilcoast, for one, are very grateful 
for the boost that our research groups received from 
this RDF-generated opportunity. “ 

Dr. Martin Skov

©
 M

arc H
ensel

Attendees of 
the inaugural 
SaltmarshNET 

meeting
RDF Example 1
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JUL 2017

Proposal Writing 
Workshop for Marie 
Skłodowska Curie 
Individual Fellowships 2
Swansea University

JUL 2017

Redesigning Resilience; 
Ancient Remedies for 
Modern Problems
Cardiff Metropolitan 
University

SEP 2017

Multi-partner, cross-
discipline conference 
facilitating collaborative 
research opportunities 
between the National 
Parks and academic 
institutions across Wales
University of South Wales OCT 2017

Developing circular 
economy solutions 
using algae to reduce 
agricultural nitrate 
pollution and develop 
new feed products
Swansea University

SEP 2017

Autonomic Learning 
from Big Data for 
Green Transportation 
workshop
Aberystwyth University

SEP 2017

Workshop on resolving 
scale discrepancies in 
evaluation of sustainable 
intensification pathways 
for dairy and beef farms
Bangor University

For an overview of all 
initiatives funded through 

the RDF visit:

www.nrn-lcee.ac.uk/
rdf-funded

This NRN-LCEE-funded workshop brought together experts and 
research students in the fields of Computational Intelligence 
(CI), Big Data, and transportation systems, providing a platform 
for reporting and exchanging views on recent creations and 
research activities in applying Big Data to transportation.  
It supported participants to better understand the potential 
of Big Data technologies available for developing intelligent 
transportation systems, and offered a networking opportunity 
for future collaboration to address the challenges of green 
transportation through autonomous learning from Big Data, 
using advanced CI technologies.
 
Direct results of this workshop include:  
 
i) Seven chapters in a book entitled 'Advances in Computational 
Intelligence Systems', published by Springer; ii) five articles in a 
special issue of the Soft Computing journal (Impact Factor=2.367), 
published by Springer; and iii) three successful Sêr Cymru II 
COFUND fellowship applications.

Automatic Learning from Big Data for Green 
Transportation workshop, led by Dr. Shang
6-8 September 2017, 7th Annual UK Workshop on Computational 
Intelligence (UKCI-2017), Life Sciences Hub, Cardiff Bay 

Attendees at 
Autonomic 

Learning from Big 
Data for Green 
Transportation 

workshop

© Dr. Shang

JUN 2017

Vertical Farming 
in Wales – 
Opportunities  
and Challenges  
of Co-location
Aberystwyth University

RDF Example 2
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2018DEC 2017

Development of 
a NERC proposal: 
Global variation 
in saltmarsh 
biodiversity and 
ecosystem services
Swansea University

DEC 2017

SaltmarshNET:  
A 3-day workshop 
to kick-start a global 
saltmarsh research 
network
Bangor University

JAN 2018

Navigating Welsh 
businesses through 
the water-energy 
nexus to shrink 
carbon and resource 
footprints.
Bangor University

JAN 2018

Rewilding in a 
Changing Europe: 
Opportunities, 
Threats and Shifting 
Geographies of  
Land-Use
Bangor University

FEB 2018

Horizon Scanning 
Workshop for the 
identification of  
the Most Important 
Challenges for 
Aquaculture in  
the UK
Cardiff University

MAY 2018

Priorities for UK 
Upland Land-Use –  
Developing a 
Modelling Framework 
to Facilitate Decision-
Making by  
Policy-Makers
Bangor University

MAY 2018

Proposal Writing 
Workshop for Marie 
Skłodowska Curie 
Individual Fellowships 3
Cardiff University

Workshop on resolving scale discrepancies 
in evaluation of sustainable intensification 
pathways for dairy and beef farms, led by 
Dr. David Styles, Bangor University.
26 September 2017, Concept Conference Centre,  
John Bright Street, Birmingham

"The NRN-LCEE funding for our workshop enabled 
us to invite top experts in the field of dairy and 
beef system sustainability from around the 
world to discuss this hot topic. Perspectives and 
knowledge of cattle systems from Ireland, the 
Netherlands, New Zealand and Costa Rica shared at 
the workshop are being developed into a scientific 
critique of environmental footprint methods, and 
recommendation to improve them. An article  
co-authored by workshop participants will shortly  
be submitted to a high-ranking international journal.

We are working on a paper entitled 'Milk 
footprints don't represent sustainability of dairy 
intensification pathways' which many workshop 
participants have contributed to and which should 
be ready for submission in the next month or so.

The workshop also helped to strengthen links 
with Costa Rican stakeholders in the SusCoRiDa 
project, which is developing methodology from the 
workshop (and CLEANER COWS) to assess dairy 
intensification pathways in CR."

Dr. David Styles

RDF Example 3
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The NRN-LCEE made funding available to enable researchers who  
were without an academic/research contract to prepare a research 
proposal to RCUK, Leverhulme Trust, Royal Society or EU funding 
sources. This funding was for up to two months’ salary of the Fellow, 
as well as for travel and subsistence to facilitate meetings between 
potential project partners. Principle Investigators applied for the  
funding and worked with a named Proposal-Writing Fellow to develop  
a research proposal on which the Fellow was a named researcher.

Outputs

Funding applications totalling £12m (FEC) submitted so far  
(16 proposals) with another due to be submitted shortly.

To date £3.3m (FEC) has been awarded.

PROPOSAL WRITING

Proposal Writing 
Fellowships

Applications  
for  

£12m (FEC) 
submitted

£3.3m 
(FEC) 

awarded

16 

proposals 
submitted  

to date£108k
Money invested in 
Proposal Writing 

Fellowships
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Fellow Name Institution Title Funding Applications 
made to/ to be  
made to:

Ben Lincoln 
(Dr. Martin Austin)

Bangor 
University

Characterisation of 3D flow and turbulence  
with applications for tidal stream energy sites

NERC

Lydia Badarnah 
(Prof. Phil Jones)

Cardiff 
University

Towards the Environmental Adaptation  
of Buildings: examining the adaptive role of 
morphology in nature for technical applications

EPSRC

Michal Wrobel
(Prof. Gennady Mishuris)

Aberystwyth 
University

Advances in mathematical and numerical 
modelling of hydraulic fracture

EPSRC

Natalie Hold 
(Prof. Mike Kaiser)

Bangor 
University

EMFF Article 28: Fisher-Scientist Partnership  
for Sustainable Welsh Fisheries, EMFF Article 26: 
Innovation in video fisheries data capture,  
EMFF Article 39: Decreasing the environmental 
impact of fishing gear

European Maritime 
and Fisheries Fund 
2014-2020

Elizabeth Hart 
(Dr. Alison Kingston-Smith)

Aberystwyth 
University

Future Forages: implications of forages adaptation 
to climate change for ruminant

BBSRC

Carla de Laurentis 
(Dr. Chris Tweed)

Cardiff 
University

Supporting Regional Renewable Energy Generation 
and Storage (SupportREGS)

EPSRCw

Jane Ricketts Hein 
(Prof. Paul Withers)

Bangor 
University

Sustainable farming to deliver sustainable  
public goods: effective targeting of  
High-Nature-Value systems in the UK

ESRC

Carlos Marcelino Rodriguez Lopez 
(Prof Sonia Consuegra)

Swansea 
University

(Epi)genomic signatures of selection in ancient fish 
populations in response to climate change and 
exploitation

NERC

Sally Burr 
(Dr. Ian Ratcliffe)

Glyndwr 
University

Synthesis and Characterisation of Bespoke 
Chitosans from Enzymatic Routes

Leverhulme Trust

Richard Webster 
(Prof. Andrew Thomas)

Aberystwyth 
University

Variability in Carbon Sequestration and  
Storage in Drylands

NERC

Jennie Mallela 
(Dr. Sindia Sodian)

Cardiff 
University

Coral reefs, ecosystem connectivity and plastic 
pollution: past, present and future impacts on 
coral reef health

NERC

Kata Farkas 
(Prof. Davey Jones)

Bangor 
University

Going Viral: Viral control of microbial diversity and 
function in agricultural soils

BBSRC

Hannah Toberman 
(Prof. Chris Freeman)

Bangor 
University

Accelerating peatland restoration by enzyme 
inhibiting phenolic enrichment to minimise carbon 
emissions from drained peatlands

NERC

Hilary Redden 
(Dr. Jessica Adams)

Aberystwyth 
University

Chemical Signaling in economically important 
Macroalgae under stress or attack.

Leverhulme Trust
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Throughout the project the NRN-LCEE has 
provided opportunities for networking 
and interaction with leading scientists at 
thematic events to help bring the academic 
community throughout Wales together. 

We have also held more widely themed 
events which would engage the general 
public in scientific areas and widen the 
networks of our researchers. 

Additionally we also held a series of public 
lectures around Wales which were  
free and open to all.

OUR EVENTS

Events
Brussels Visits

Representatives from each of the NRN-LCEE Clusters visited 
Brussels between November 2015 and January 2017.  
Through a series of meetings, organised together with the  
Welsh Higher Education in Brussels Office (WHEB), Clusters met 
with members of the European Commission, the Directorate-
General for Research & Innovation, policy officers, associations 
and Brussels representatives of key organisations pertinent for 
their respective research areas.

In November 2016, 18 NRN-LCEE Sêr Cymru Fellows visited 
Brussels to familiarise themselves with EU funding from 
the European Research Council, Horizon 2020 and Marie 
Skłodowska-Curie Actions. They were accompanied by Welsh 
Higher Education European Liaison Officers (WHEELOS) from 
Aberystwyth, Bangor, Cardiff, South Wales and Swansea 
Universities. The Welsh Higher Education Brussels (WHEB) office 
had organised a busy programme of meetings that included 
practical advice on how European funding is organised, and 
insight into how to make applications to the many opportunities 
that are available. 

After the visit David Thomas, the NRN-LCEE Director, reflected
“This short and intense visit gave our Fellows a superb opportunity 
to meet experts in European funding. Hopefully it has helped  
give them the confidence to apply for EU funding and/or  
become expert evaluators for EU panels. At the same time it  
was good to see how Fellows from very different research 
backgrounds used the time to exchange ideas and even  
develop new ideas for future collaboration.”

NRN-LCEE 
Brussels visit 
group photo
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Single-Use Plastics – What about it? 

On 18 October 2018 the NRN-LCEE hosted an event to 
explore some of the problems and solutions around the 
topic of single-use plastics. 4 speakers each covered a 
different area of the plastics problem and shared their 
insights, findings and ideas with an enthusiastic audience. 

Wouter Poortinga from Cardiff University spoke on the 
topic of ‘Policies, behaviour and single-use plastics’.  
He looked at some of the ways to change people’s habits 
around single-use plastics, and used the single-use plastic 
bag charge as an example of a successful policy. 

Richard Quilliam from the University of Stirling spoke on the 
topic of ‘Microbial hitch-hikers of marine plastic debris: The 
survival, persistence & ecology of microbial communities 
in the Plastisphere’. He looked at the spread of plastics 
in waterways and oceans and the suitability of plastic 
surfaces on which microbial biofilms can form. These in turn 
can host pathogens, some of which are harmful to humans. 

Edward Kosior from NEXTEK Ltd gave a talk on ‘A future 
vision for sustainable packaging – Problems, challenges and 
solutions’. He looked at the different plastics currently 
available and the disparity of ways to recycle each of the 
types. The presentation discussed the benefits of plastic 
packaging for minimising food waste, but he emphasised 
that we must be able to recycle all forms of plastic 
packaging, not just some. 

Gary Leeke from Cranfield University spoke about ‘Adding 
value to mixed waste plastic’. He discussed about some of 
the more harmful methods of getting rid of plastic waste, 
such as burning, and spoke of the need for a closed-loop 
recycling system. 

Artist Julia Barton exhibited some of the works from 
her Littoral Art Project, Sci-Art project investigating 
& visualising plastic pollution on Scotland’s beaches. 
It added a pertinent visual display during the event 
to highlight the damage plastics are causing to our 
environment. 

Credit: Phil Jones
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NRN-LCEE Exploring Resilience workshop  
with the Royal Society of Biology May 2016

Over 90 people were at the SSE Swalec stadium in Cardiff on 18 May,  
to learn about resilience from a highly multidisciplinary view of this  
broad and topical theme.

The workshop was organised in partnership with the Royal Society of 
Biology, and included 11 speakers that presented wide-ranging and 
thought-provoking perspectives on resilience.

A conclusion of the workshop was that there is no single, one-size-fits-all 
concept of resilience and there is a need to focus on the mechanisms of 
resistance and recovery of a system in order to understand how it can 
be resilient to change and can persist. This sums up well the complex 
range of topics addressed and questions that need to be posed in order 
to achieve both resilient societies and environments. Interdisciplinary 
research and collaboration are central to this, and the workshop 
audience clearly reflected this diversity.

Low Carbon Cymru: Nature-
based solutions for a low carbon 
Wales NRN-LCEE - Cynnal Cymru 
conference in Cardiff

The NRN-LCEE partnered with Cynnal Cymru: 
Sustain Wales for a conference on nature-
based solutions for a low-carbon society. ‘Low 
Carbon Cymru’ took place on 6 July 2016 at the 
Principality Stadium in Cardiff.  

An opportunity to network was followed by 6 
speakers from the UK and Denmark.  
They addressed different nature-based solutions 
on topics related to urban planning, reducing 
greenhouse gas emissions, chemistry, water 
management and marine energy. The importance 
for citizen engagement was stressed throughout 
and the presentations combined to make a 
compelling case for nature-based solutions to 
address challenges across society.

The day ended with Peter Pearson providing a 
highly insightful synopsis of the day.

Lecture Series - Summary

The NRN-LCEE public lecture series aimed to 
attract prominent scientists from outside  
Wales to deliver inspiring, informative and 
accessible lectures on low-carbon energy and 
environment topics. Lectures were held across 
Wales, were free to attend and open to the 
public. Both national and international speakers 
have delivered talks on topics ranging from 
parasites to biomimicry to coastal planning to 
livestock husbandry.

30 speakers from 8 different countries have 
spoken at NRN-LCEE Public Lectures which 
have taken place across Wales 

All talks were recorded and archived on our 
website and our YouTube Channel. 

More information can be found at: 
http://www.nrn-lcee.ac.uk/public-lectures

Dr Albert Norstrom 
(Stockholm Resilience 

Centre) giving the 
first presentation 

of the day
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25 FEB Public Lecture

Caroline Drummond MBE,  
Chief Executive, Linking Environment 
and Farming (LEAF): Breaking Down 
the Barriers to Deliver Real Change  
to our Farming and Food Systems

12 JAN Public Lecture

Prof. Tiina Roose, The University of 
Southampton: What maths can tell us 
about plant growth and soil fertility

9 JUN Public Lecture

Prof Sue Hartley, York Environmental 
Sustainability Institute,  
University of York: Sustainable and 
Resilient Food Production

8 MAY Public Event

Exploring Resilience Workshop

22 JUL Public Event

Royal Welsh Show - 
Soil Matters Panel Discussion

1 JUN Public Lecture

Prof. Rosie Hails, Centre for Ecology  
& Hydrology: Natural Capital

25-27 AUG Network Conference

NRN-LCEE Summer Conference 2015

6 JUL Public Event

Low Carbon Cymru Conference - 
Nature Based Solutions for  
a Low Carbon Wales

9 SEP Training

Hyperion Training

12-14 JUL Network Activity

Brussels Visit 3

20 JUL Public Event

Royal Welsh Show - Extreme Weather 
Events - A concern for farming?

23 AUG Network Conference

NRN-LCEE Summer Conference 2016

2-4 NOV Network Activity

Brussels Visit 1

11 NOV Public Lecture

Prof. Jane Rickson, Soil and AgriFood 
Institute, Cranfield University:  
Why soils are key to the sustainable 
intensification of agriculture in the 
face of climate change

2 DEC Public Lecture

Dr. Vicky Pope, The UK MetOffice:  
The Weather and Climate:  
How will it change in the future?

15-16 DEC Network Activity

Sêr Cymru Crucible

26 MAR Public Event

NRN-LCEE Launch Showcase

5-7 APR Network Activity

Brussels Visit 2

22 APR Public Lecture

Dr. Andrew Jarvis,  
Lancaster Environment Centre, 
Lancaster University: What does 
160 years of energy use tell us about 
sustained development 

20 APR Public Lecture

Dr. Mark Wilkinson, The University 
of Edinburgh: Carbon Capture and 
Storage – Climate-Friendly Fossil Fuel?

19 MAY Public Event

Science and Assembly Event

5 MAY Network Activity

Met Office Visit for Clusters

6-8 SEP Network Activity

Brussels Visit 4

8-10 NOV Network Activity

Brussels Visit 5

14-16 SEP Joint NRN Conference

PhD Day

27 SEP Public Lecture

Dr. Deborah Hemming,  
UK MetOffice: Public Health and  
the Natural Environment

1 SEP Training

ERC Training

1 NOV Public Event

RSB Biotechnology - 
Come Dine With Me

Archives, recordings and more information can be found at: www.nrn-lcee.ac.uk/past-events

NRN-LCEE Lectures and Events
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22 JUN Public Event

Policy Engagement Workshop

11 SEP Joint NRN Conference

PhD Day

7 FEB Training

Fast Track Impact

30 MAY Public Lecture

Prof. Mike Stephenson,  
British Geological Survey: Geology 
and the food-water-energy nexus  
in developing countries

4 APR Public Lecture

Prof. Robert Poulin, University 
of Otago: Evolution of the body 
snatchers: the secret lives of parasites

30 AUG Public Lecture

Prof. Jianchu Xu, World Agroforestry 
Centre: Land Systems for Mountain 
Futures & Prof. Ruijun Long,  
International Centre for Integrated 
Mountain Development: Nomadic 
livestock husbandry on the  
Qinghai-Tibetan Plateau

31 MAY Public Lecture

Dr. Petra Gruber, 
The University of Akron: Patterns, 
growth and energy - Lessons from 
biology for architectural design

28 NOV Joint NRN Conference

Diversity in Science & Engineering

22 AUG Public Event

Science Communication Workshop

24-26 JAN Network Activity

Brussels Visit 6

24 JAN Network Conference

NRN-LCEE Annual Conference

13 DEC Public Lecture

Dr. Iris Möller, University of Cambridge: 
The challenges of applying science to 
nature based coastal protection

27 SEP Public Lecture

Dr. Rebecca Ford, University of 
Oxford: Exploring the energy 
revolution: Thinking big and small

2 FEB Public Lecture

Prof. AbuBakr S. Bahaj,  
The University of Southampton: 
Sustainable Energy across Scales

31 JAN Public Lecture

Miranda Krestovnikoff:  
A Whistle Stop Tour Around the Coast

27 SEP - 13 DEC Public Lecture

Mostyn Gallery - Year of the Sea 
Lecture Series - 7 lectures

19 FEB Public Lecture

Dr. William Mitsch 
The Role of Wetland Processes in  
the Global Carbon Cycle and  
Climate Change

14 NOV Joint NRN Conference

Cross-Disciplinary Antimicrobial 
Resistance Event

28 NOV Public Event

NRN-LCEE Closing Event

12 SEP Public Lecture

Prof. Michael Crawford,  
Imperial College London: The role  
of sea foods in reversing the global 
crisis in mental ill-health

6 JUN Public Lecture

Prof. Robin Gerlach, Montana State 
University: Rock-Forming Microbes –
The Good, the Bad and the Ugly

25 OCT Public Lecture

Prof. Alison Hester, 
James Hutton Institute: Addressing 
land use trade-offs: research-into-
action examples from Scotland

11 JUL Public Lecture

Dr. Agustin del Prado, 
Basque Centre for Climate Change 
Research: The quest for the holistic 
grail of sustainable intensification

21-22 AUG Network Conference

NRN-LCEE Summer Conference 2017

18 OCT Public Event

Single Use Plastics: What About It?

29 JAN Public Event

Gender (in)equality in Higher 
Education

26-27 MAR Joint NRN Conference

PhD Day

16 MAR Public Lecture

Prof. Katarina Eckerberg,  
Umeå University: Collaborating 
for Sustainable Natural Resource 
Management

25 APR Public Lecture

Prof. Malcolm Spaulding, University 
of Rhode Island: Assessing coastal 
envrionmental risk and damage to 
infrastructure

2018

2019
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The NRN-LCEE aimed to promote energy and 
environment science to a wider public and to 
inspire the next generation of scientists in Wales. 

Each of the 8 Clusters were given a budget to help 
them engage in STEM activities and the NRN-LCEE 
ran a series of workshops in conjunction with 
Techniquest to help researchers develop novel ways 
of communicating their research to the public, in 
particular to young people.

All NRN-LCEE Fellows and PhD students visited 
Techniquest in Cardiff for 2 workshops focused 
on engaging a wider audience for their research. 
The first visit involved all our scientists having 
a go at explaining various activities available in 
the Techniquest exhibition space and learning 
different ways of communicating science to non-
specialists. 4 weeks later, at the second workshop, 
they presented their own ideas to the other 
Clusters and a trainer from Techniquest; Displays 

included intricate root systems and 
saltmarshes made out of Lego, 

wave machines, ruminant 
gut fermentation systems 

in a jar and plans for 
entire aquaponics 
growth systems.

STEM

Public Engagement & 
STEM Highlights 

NRN-LCEE research has been promoted at  
science festivals throughout Wales as well as the 
Royal Welsh Show, the National Eisteddfod, and  
NRN-LCEE researchers have talked about their work 
in schools and at other public events.

The NRN-LCEE sponsored a series of ‘Girls into 
STEM’ events at Bangor University together with 
Engineering Education Scheme Wales (EESW), 
6 visits were arranged for girls in North Wales 
Schools to attend sessions at the School of 
Ocean Sciences in Menai Bridge which were led 
by Dr Yueng-Djern Lenn.

During the day students took part in taster sessions 
to introduce them to some of the work done by 
researchers. The students also got to speak to 
current researchers and university students to find 
out more about careers in STEM. 

Comments on the days included “Such a well-run 
day with a super range of activities in a topic  
we do not get to deliver but still showing Biology, 
Chemistry and Physics. Lovely to have a tour  
and a question panel” and “Just so well run. 
Passionate and knowledgeable staff running 
everything. Lovely to have the panel to quiz. 
Fabulous hands-on activities”. 
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"Just so well run. 
Passionate and 
knowledgeable 
staff running 
everything."
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Plants and Architecture 

The Plants & Architecture Cluster ran an event titled ‘Plants in Space’ at the 
National Botanic Garden of Wales. 70 Visitors attended the event, which 
featured a range of activities demonstrating how plants sense light and gravity 
differently to us, how plants can be grown in space, and how some of our food 
might be produced in the future.

The concept of growing plants in space with minimal light, nutrients and water, 
was used to explain the challenges of growing crops with minimal resources 
more broadly. For example, visitors experienced innovative technical solutions 
to growing crops such as vertical farming, which is expected to become more 
important with population growth and increasing urbanisation. 

The Plants and Architecture Cluster have also started the ‘Environmental 
Crowdsensing Project’. This is a community engagement project in partnership 
with Greener Grangetown Impact Analysis, the Urban Honey project and 
academics from eight Schools in Cardiff University. The project engages and 
trains community partners to measure the impact of urban green spaces on 
wellbeing, and identifies potential for future urban greening initiatives.

Cluster STEM Highlights

Credit: D
avid Roberts from

 the School of O
cean Sciences

The project 
teaches how to 
use lichen as a 

bio-indicator for 
air quality.
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Girls from North Wales 
Secondary Schools 
visiting the School  
of Ocean Sciences, 

Bangor University on a 
Girls into STEM day.

©
 Yangang Xing
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Quotient 

Quotient worked with 
CwmniDATV, Award-winning and 
internationally renowned film 
maker and artist, Natasha Brooks, 
and the former lighthouse keeper 
of Ynys Enlli/Bardsey Island (Wyn) 
to see if they could achieve a 
lifelong ambition, to swim the 
treacherous 2km stretch of water 
from the mainland to Ynys Enlli in 
north Wales. They aimed to make 
the first official (non-wetsuited) 
crossing of the strait.

It was a great opportunity for 
Quotient researcher,  
Dr. Matt Lewis to communicate 
the research he does to a 
wider audience. Matt is an 
oceanographer, researching 
marine renewable energy.  
A computer model that 
numerically simulates tidal flow 
around Ynys Enlli has been made 
by Dr. Matt Lewis for his research 
into tidal energy (where to put 
tidal turbines, how much electricity 
could they produce, and optimal 
design). This model was used to 
simulate the swimmer’s position in 
the water and develop an optimal 
route and decide on the best times 
to attempt the swim, taking into 
account tide and current patterns. 

A film has been made of the 
adventure and will be shown in 
classrooms along with a lesson 
plan to help students learn 
about currents. A CwmniDaTV 
documentary has also been 
developed and will be shown on 
S4C next year. The film will also be 
entered into the BANFF Mountain 
Film Festival next year.

Image showing 
optimal swim 

from mainland 
to Bardsey 

Island
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Resilcoast 

Resilcoast in partnership with CoastWEB have disseminated their 
research at different festivals and STEM events around the UK. 
They developed wave tanks and astro-turf saltmarsh that highlight 
the importance of saltmarshes as a means of working with nature 
in coastal management and protection. The team travelled to the 
Eisteddfod Yr Urdd in Builth Wells, the Civil Engineering Cymru event 
in Cardiff, the Language Feast in Bangor, the Eisteddfod in Cardiff,  
the Wild Seas Week in Norfolk and the Green Man Festival at the 
Brecon Beacons.

The activities they use have been very popular with lots of positive 
feedback from visitors, especially from kids that love playing with 
mud, waves and Lego pieces. 

Resilcoast Fellows Jordi Pagès and Emma McKinley represented 
Resilcoast at the NERC UnEarthed Science Showcase in November 
2017. Team Saltmarsh used mini wave tanks to demonstrate the 
value of working with nature for climate change mitigation, coastal 
protection and coastal management. Throughout the four day event, 
the team worked with lots of excited and inspired wave makers and 
future coastal engineers, and received much positive feedback about 
the exhibition including: “It was fun and interactive, and I learned 
more than I would have if it wasn’t that exciting” and “we use grass to 
protect the surface and the people and it doesn’t affect the animals 
because they can nest there”. 

A school 
testing 
out the 

Resilcoast 
wave tank

©Jordi Pages

Multi-Land 
 
Glastonbury 2017 festival-goers were able to 
see an e-tree as part of a ‘Hidden wonders of 
the Woodland’ themed stand at the world-
famous festival. The e-tree, produced by Dr. 
Andy Smith, Senior Lecturer in Forestry at 
Bangor University and PI on the Multi-Land 
Cluster, in conjunction with Nigel Fisher, 
Conservator of Wytham Woods, and his team 
at Oxford University, was part of the ‘Sex & 
Bugs & Rock 'n Roll’ road show championed 
by the British Ecological Society as a way 
of bringing science to the public. Outside 
the roadshow, the e-tree with solar panels 
for leaves demonstrated in real-time how 
trees take up and store carbon from the 
atmosphere. Inside, ‘The Hidden Wonders of 
Woodlands’ gave people the chance to see 
woods in a new light. 

Visitors to the National Eisteddfod, Royal 
Welsh Show and Open Farm Sunday were  
able to interact with a Multi-Land Lego  
activity ‘How do trees prevent flooding?’. 
Children had the chance to add trees to a 
flooded Lego field, allowing water to run into 
the Lego soil beneath, through tiny ‘pores’ 
drilled into the Lego base board, slowing the 
flow of water and taking the peak off the 
flood waters collecting in the Lego river at the 
bottom of the field. The hands-on activity was 
enjoyed by many and the team had feedback 
from parents that their children had explained 
the key concept to them weeks later when 
out-and-about!

Young people 
exploring the 

Multi-Land 
interactive 

display
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AquaWales 

Members of AquaWales showcased some of their 
work at the NERC UnEarthed Science Showcase in 
Edinburgh in November 2017. At their stand ‘Find 
Nessie’, the public could get involved with activities 
based around DNA isolation and the use of eDNA 
to find species in Scottish Lochs. The team were 
overwhelmed by the attention the stand received, 
being inundated with members of the public from 
3 months of age to grandparents. DNA extractions 
from strawberries was the most popular activity 
on their stand and audiences ooh-ed and aah-ed 
at the marvel of seeing DNA be precipitated from 
strawberry cells into an alcohol solution.

The ‘Find Nessie’ activity in an artificial Loch using a 
model PCR machine was also popular, with people 
of all ages exclaiming how ‘cool’ it was that we 
can use DNA left behind in aquatic environments 
to find out what species have been living there. 
On day three the stand was trending as the most 
popular stand, with fantastic feedback such as 
‘Strawberry DNA is cool’ and ‘I liked squishing DNA'.

This experience was thoroughly rewarding, and it 
was great to see so many members of the public 
get fully immersed in outreach activities. Many 
endearing comments from young members of the 
public, such as ‘DNA is beautiful’ and ‘I love doing 
science’ made it clear that the teams had made a 
big impression. The entire event, and the positive 
feedback it has received, further highlight the 
importance of science communication and public 
outreach – plus, it’s fun!

The AquaWales team have also run a number of 
citizen science events to encourage the general 
public to get involved in science.

Team Nessie; 
Swansea University 

PhD student  
Chloe Robinson  

and Research Fellow 
Tamsyn Uren-Webster, 

ready to meet the 
crowds at their stand.

Geo-Carb-
Cymru Public 

Exhibition

©Davide Gamboa
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Geo-Carb-Cymru 
 
Members of Geo-Carb-Cymru have participated in a series of STEM activities and 
other public science outreach events, with audiences ranging from pre-school 
children to adults. They have had great success with hands-on experiments 
and interactive displays during the British Science Week at both Aberystwyth 
University and Techniquest in Cardiff, in 2016 and 2017. These events attracted 
a lot of visitors, with over 1600 pupils from 32 schools at the Aberystwyth 
event. The children loved getting involved in the sticky, colourful fun of fizzy CO2 

experiments and people of all ages enjoyed blowing bubbles into the gravel-filled 
aquarium that was used to illustrate geological carbon sequestration. They have 
also taken this display to family days at the Brecon Beacons Geoparks and to the 
Lyell Centre open day in Edinburgh. 

In 2018, they took a giant model of sandstone and bacteria to the streets of 
Swansea as part of Soapbox Science. Children and adults alike were fascinated 
by the tales of bacteria that live in bedrock deep underground. They have also 
participated in a public session at TATA Steel Port Talbot about carbon capture, 
providing specialist input and given talks on the geological carbon sequestration 
and subsurface bacteria to community groups. During these events and 
interaction with the public they were often welcomed with words of support for 
the objectives of Geo-Carb-Cymru, and have clearly triggered the curiosity of 
many with their integration of geoscience, biology and engineering to tackle the 
environmental challenges ahead of our society. 

©Davey Jones

The Climate-
Smart Grass game 

being shown to 
guests during the 
Royal Welsh Show

Climate-Smart Grass

One of the engagement activities 
from the Climate-Smart Grass 
cluster was unveiled at the 2018 
Royal Welsh Show. This involved 
the creation of an Earthworms 
and Ladders game to highlight 
the importance of soil biology in 
grassland functioning.
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A growing Network 
of excellence and research
Collaboration lies at the heart of the NRN-LCEE. Each funded project collaborates with other 
partners in Wales to make the most of the expertise across the country and to strengthen 
cross-disciplinary links between institutions. Most have attracted further research, industry 
and government partners. 71 organisations across the UK, Europe and further afield have 
collaborated in the Network. 

£7m
of Welsh Government/

HEFCW funding  
invested in network

£33m
TOTAL RESEARCH 

FUNDING LEVERAGED

112 New 
collaborations 

formed

278 
Presentations 

& posters 
AT SCIENTIFIC CONFERENCES

46 Public Lectures,
workshops & conferences

12 PhD students

10 Returning 
Fellows

84 Researchers

25 Research 
Fellows

14 Proposal 
Writing Fellows

24 Research 
Development 

projects

165 
Publications

126 peer reviewed +  
39 reviews, book chapters  
& conference proceedings( )

8 Research Clusters

71 PARTNER 
ORGANISATIONS

of institutional 
support leveraged£12.2m

Printed on recycled paper

9 Babies  
were born  

to Network 
members


