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Order Projects
1 Land-Use, Agriculture and Bioenergy Measures for the Abatement of Climate Change and inclusion

in Marginal Abatement Cost Curve analyses (LABMACC). This project aims to quantify a range of
feedstocks for AD, optimise nutrient recovery, refine GHG emissions from digestate and investigate
carbon sequestration from digestate use. Lead RPO: Teagasc. RPO Partners: AFBI, UCD, NUIG & QUB.
Funder: DAFM & DAERA. Timeframe: 2021-2026 (5-year duration). Funding award: 2,198,002.
Project ID: 2021R550. Principal Coordinator: Karl.Richards@teagasc.ie

2 Assuring the Chemical and Microbial Safety of Organic Waste Spread on Land in Ireland
(SAFEWASTE). This project aims to provide data on the concentration of veterinary drug residues,
biocide residues, and metals (cadmium, chromium, copper, iron, mercury, molybdenum, nickel, lead,
antimony, selenium, tin, and zinc) in animal waste and wastewater treatment sludge used for land
spreading in Ireland. Lead RPO: Teagasc. RPO Partners: UCD, TUDublin & NUIG. Funder: DAFM.
Timeframe: 2021-2025 (4-year duration). Funding award: 1,234,349. Project ID: 2021R453. Principal
Coordinator: Declan.Bolton@teagasc.ie

3 Duckweed as a novel, sustainable source of protein for Ireland (Duck-Feed). This project aims to
develop improved small scale outdoor cultivation systems, to develop Lemna growth using on farm
waste-streams, to optimise protein extraction technology, assess feed quality, economic and
environmental viability, and public acceptance of duckweed as a native, protein-rich feedstock. Lead
RPO: UCC. RPO Partners: Teagasc & TuDublin. Funder: DAFM. Timeframe: 2022-2026 (4-year
duration). Funding award: 937,717. Project ID: 2021R487. Principal Coordinator: M.Jansen@ucc.ie

4 Rapid demonstration model of a sustainable food systems approach in Horticulture (RapidHort).
This project is a circular demonstration model based on Irish grown microgreens that will enhance the
economic and environmental sustainability of horticultural food production. Using a food systems
approach, RAPIDHOT aims to characterise the impact of variation and interactions within the model
on nutritional, microbial, sensory, growing and processing properties of the microgreens. Lead RPO:
UCD. RPO Partners: Teagasc. Funder: DAFM. Timeframe: 2021-2025 (4-year duration). Funding
award: 522,085. Project ID: 2021R523. Principal Coordinator: Niamh.Harbourne@ucd.ie

5 Seaweed Bioactives supplemented animal feeds (SeAFEED). This project will investigate seaweed
bioactive compounds as an alternative to zinc in pig feed. SeAFEED will investigate non-GMO methods
to enhance the concentration of bioactive compounds in seaweed biomass at growth, in farmed
seaweeds. It will also investigate the overall environmental impact of using seaweeds in the animal
feed industry and the green credentials of the drying and separation processes. Lead RPO: UL. RPO
Partners: ATU-Sligo & QUB. Funder: DAFM & DAERA. Timeframe: 2022-2026 (4-year duration).
Funding award: 1,198.940. Project ID: 2021R647. Principal Coordinator: gavin.walker@ul.ie

6 Valorisation of Digestate using Photocatalysis and Hydrodynamic Cavitation (ValiD). This project
focuses on developing science and technology needed for valorising AD digestate and thereby
transforming the waste into a resource the project will develop optimal pre-treatment of primary
digestate to enhance biogas. Lead RPO: UL. RPO Partners: QUB & ATU-Donegal Funder: DAFM &
DAERA. Timeframe: 2022-2025 (3-year duration). Funding award: 1,028,684. Project ID: 2021R475.
Principal Coordinator: Viverk.Ranade@ul.ie



Order Projects
7 Sustainable construction and Assessment Of the full Lifecycle impact of Irish harvested Wood

products (SAOLWooD). This project is for the sustainable construction and assessment of the full
lifecycle impact of Irish harvested Wood products. This project addresses the challenge of
minimising the carbon footprint of construction projects, promoting greater use of sustainable
timber solutions in place of high embodied carbon materials. Lead RPO: NUIG. RPO Partners: UL &
TUDublin. Funder: DAFM. Timeframe: 2022-2026 (4-year duration). Funding award: 997,259.
Project ID: 2021R543. Principal Coordinator: Patrick.McGetrick@nuigalway.ie

8 Utilising organic bio-resources and novel technologies to develop specifically designed and
sustainable peat replacements for professional horticultural crop production (Beyond Peat). This
project aims to utilising organic bio-resources and novel technologies to develop specifically
designed and sustainable peat replacements for professional horticultural crop production. Lead
RPO: Teagasc. RPO Partners: TUS-Athlone, UL, UCD, AFBI & UCC. Funder: DAFM & DAERA.
Timeframe: 2021-2026 (5-year duration). Funding award: 1,692,446. Project ID: 2021R499.
Principal Coordinator: Michael.Gaffney@teagasc.ie

9 INtegrated Framework fOR Mapping, Modelling and Monitoring BIOeconomy
(INFORMBIO). This project sets out to deliver a Bioeconomy Foresight Analysis providing a clear
roadmap towards a sustainable bioeconomy for Ireland, along with the tools to rigorously measure
progress towards this objective. INFORMBIO will develop a prototype national bioeconomy
monitoring system, enabling stakeholders to track the development and progress of the national
bioeconomy against key bioeconomy indicators. One of the project partners includes the Central
Statistics Office. Lead RPO: MTU. RPO Partners: Teagasc, UL & NUIG. Funder: DAFM. Timeframe:
2022-2027 (4-year duration). Funding award: 996,430. Project ID: 2021R423. Principal
Coordinator: James.Gaffey@mtu.ie.

10 Biostimulants and Biopesticides for Crop production (BioCrop). This is a project examining new 
and testing existing biobased fertilisers and biopesticides for growers in the face if EU regulations 
on fertiliser use and the loss of plant protection products. Lead RPO: UCD. RPO Partners: 
Teagasc, NUIG & TCD. Funder: DAFM. Timeframe: 2020-2025 (5-year duration). Funding award:

Project ID: 2019PROG705. Principal Coordinator: Dr Angela.Feechan@ucd.ie

11 Seaweeds and seaweed-ingredients to reduce enteric methane emissions from pasture-based
sheep, cattle and dairy cows (SeaSolutions). This aim is to evaluate effects of seaweeds
on total methane gas production using different in vitro rumen fluid models and animal trials. Lead
RPO: Teagasc. Irish RPO Partners: ATU-Sligo. Funder: DAFM via European Era-Net Co-Fund.
Timeframe: 2020-2023 (3-year duration). Funding award: 300,844. Project ID: 2019EN207.
Principal Coordinator: Maria.Hayes@teagasc.ie

12 Innovative Design for the Future - Use and Reuse of Wood (Building) Components
(InFutUReWood). This project seeks to develop a method for ensuring the future possibility of
circulation of timber products with true consideration of the whole lifecycle, and practical industry
issues at design, construction and deconstruction phases. Approaches to the primary design of
buildings to facilitate deconstruction rather than demolition will be developed, while considering
issues such as the use of chemical treatments, adhesives and other synthetic materials. Lead Irish
RPO: NUIG. Irish RPO Partners: UCD. Funder: DAFM via European Era-Net Co-Fund. Timeframe:
2019-2022 (3-year, 4 months duration). Funding award: 294,552. Project ID: 18RDFORESTVALUE1.
Principal Coordinator: Annette.Harte@nuigalway.ie



Order Projects
13 Unlocking the potential of microalgae for the valorisation of brewery waste products into omega-

3 rich animal feed and fertilisers (AlgaeBrew). This project sets out to use microalgal biotechnology
to convert brewing wastes (nutrient rich wastewater and spent grain) into useful products, thereby
creating new revenue streams for breweries, decreasing their environmental impacts and
promoting a circular bioeconomy. Lead Irish RPO: UCD. Funder: DAFM via European Era-Net Co-
Fund. Timeframe: 2022-2025 (3-year). Funding award: 324,815. Project ID:
2021SUSFOODFOSCEN101. Principal Coordinator: Ronald.Halim@ucd.ie

14 Strategies for Circular Agriculture to reduce GHG emissions within and between farming systems
across an agro-ecological gradient (CircAgric-GHG). This project represents a consortium of 17
world-leading researchers from 8 countries with expertise in livestock, cropping systems, farm and
landscape modelling, lifecycle assessment, and ecosystem services evaluation. The consortium
draws upon state-of-the-art knowledge, research methods and models to assess how circular
practices can deliver sustainable food systems. Lead Irish RPO: NUIG. Irish RPO Partner: Teagasc.
Funder: DAFM & Teagasc (96K-Own contribution) via European Era-Net Co-Fund. Timeframe: 2022-
2025 (3-year). Funding award: 246,186. Project ID: 2021EN902. Principal Coordinator:
David.Styles@nuigalway.ie

15 Multi-criteria assessment, decision support and management tools for sustainable circular mixed
farming systems for dairy production (DairyMix). This project aims to increase sustainability and
reinforce climate friendly mixed crop and dairy production systems. DairyMix will be a major step
forward in achieving GHG mitigation and circularity between cropping systems and dairy production
systems. Lead Irish RPO: Teagasc. Irish RPO Partner: UCD. Funder: DAFM & Teagasc (96K-Own
contribution) via European Era-Net Co-Fund. Timeframe: 2022-2025 (3-year). Funding award:

249,241. Project ID: 2021EN904. Principal Coordinator: Dominika.Krol@teagasc.ie

16 Converting urban waste streams into value-added products (CircBioCityWaste). This project
is developing a first-of-a-kind cascading biorefinery concept to produce new value chains and
transform urban biological wastes such as municipal sludge, dairy processing sludge and black bin
waste into sustainable bio-based fertilizers and biochemicals for agriculture, food, cosmetic and
pharmaceutical sectors. Lead RPO: MTU. RPO Partners: UL & TUDublin. Funder: EPA & DAFM.
Timeframe: 2022-2026 (4-year). Funding award: 493,670. Project ID: 2021-GCE-1040. Principal
Coordinator: Gaurav.Rajauria@mtu.ie

17 Sustainable, biodegradable, compostable and recyclable plastics for packaging and end of life
management (BioPost). The aim of this project is to develop sustainable environmentally friendly
plastics to address the real-world problems of current plastics.. This project is also partnered by Cré.
Lead RPO: TCD. RPO Partners: UCD. Funder: EPA & DAFM. Timeframe: 2020-2023 (3-year).
Funding award: 497,784. Project ID: 2019-RE-LS-4. Principal Coordinator: ramesh.babu@tcd.ie

18 Scenarios Quantifying land Use & Emissions Transitions towards Equilibrium with Removals
(SeQUEsTER). This is a transdisciplinary project involving a wide range of stakeholders contributing
to model development via workshops and through consultation. SeQUEsTER combines bioeconomic
modelling and lifecycle assessment to identify promising pathways towards net zero GHG emissions
in agriculture, forestry and other land use sector. Lead RPO: UL. Irish RPO Partner:
Teagasc & NUIG. Funder: EPA & DAFM. Timeframe: 2019-2022 (3 years). Funding award: 348,934.
Project ID: 2018-CCRP-MS.57. Principal Coordinator: David.Styles@nuigalway.ie



Order Projects
19 Agri Bio Circular Economy (ABC Economy). This project has engaged with key stakeholders through

project partner, Cré, and project collaborators, Tipperary County Council and Monaghan County
Council, to develop sustainable value chains based on the bioresources available in each region.
Lead RPO: UCD. Funder: SEAI & DAFM. Timeframe: 2019-2022 (2 years). Funding award: 228,213.
Project ID: 18/RDD/365. Principal Coordinator: Fionnuala.Murphy@ucd.ie

20 Enhancing and Assessing the Impact of Novel Circular Economy Sectors in the bioeconomy
(BioCIRCLE). This project sets out to assess the impact of novel circular economy sectors within the
Irish biomass bioeconomy and issues in relation to scale-up. BioCIRCLE will undertake several
analytical tasks for a number of different Case Studies and identify market opportunities for relevant
sectors. Lead RPO: NUIG. Funder: SEAI & DAFM. Timeframe: 2019-2022 (2 years). Funding award:

185,720. Project ID: 19/RDD/235. Principal Coordinator: Cathal.ODonoughue@nuigalway.ie

21 Circular Bioeconomy Outlook Study 2030-2050 (CBI). This is a desk-based study to support
policymaking for a sustainable and circular bioeconomy in Ireland, providing an Evidence Review. A

of the current knowledge base available, to provide the foundation for an innovation
outlook up to 2050. The review would highlight key policy choices that need to be considered
regarding the sustainable use of biological resources. CBI was also partnered by EUR Digital Village.
Lead RPO: UCD, Irish RPO Partner: MTU & TCD. Funder: EPA & DAFM. Timeframe: 2021-2022 (6
months). Funding award: 50,000. Project ID: 2021-GCE-2021. Principal Coordinator:
Kevin.OConnor@ucd.ie

Biorefinery Glas Small-scale Farmer-led Green Biorefineries. Is a first demonstration of small-scale
biorefinery in Ireland, supporting development of new business models and farmer diversification
into the circular bioeconomy. RPO Led by the MTU. Partners include the Barryroe Co-operative, the
Carbery Group, GRASSA B.V. and UCD. Funded by DAFM and the EU as a EIP for Agriculture
Productivity and Sustainability (Agri) Operational Group under RDP 2014-2020. Timeframe: 2019-
2020. Funding award: 940,498. Project ID/Geographical location: IE 053 South-West Region.
Principal Coordinator: James.Gaffey@mtu.ie

Biomass to Biochar for Farm Bioeconomy (BBFB). This project aims to demonstrate how unwanted
or underutilized agricultural biomass such as rushes, gorse, bracken and hazel, can be used to
produce biochar through a lifecycle approach for current management practices and farm
vegetative control. In doing so, BBFB seeks to make direct use of this biochar to sustain a circular
bioeconomy from the farm, as well as providing a downstream ecosystem service. Lead by Biomass
to Biochar Ltd (BTBL). Funded by DAFM and the EU as a EIP Agri Operational Group under the RDP
2014-2020. Timeframe: 2018-2021. Funding award: 988,377. Project ID/Geographical location:
IE 051 Mid-West Region. Principal Coordinator: Bernard Carey biomasstobiochar@gmail.com

22

23

24 Small Biogas Demonstration Programme (SBDP). This project aims to stimulate the deployment of
innovative on-farm small-scale biogas production by providing support and a capital contribution
to three demonstration projects. Research will assist in understanding how biogas can drive
sustainability improvements at farm level. Lead by IrBEA. Partners include Teagasc, Laois
Partnership and Tipperary Cheese. Funded by DAFM and the EU as an EIP Agri Operational Group
under the RDP 2014-2020. Timeframe: 2019-2022. Funding award: 994,273. Project
ID/Geographical location: IE 063 Midlands & IE Mid-West Region. Principal Coordinator:
Sean.Finan@irbea.org



Land-Use, Agriculture and Bioenergy Measures for the Abatement 
of Climate Change and inclusion in Marginal Abatement Cost Curve 
analyses (LABMACC)
Karl G. Richards1, D.J. Krol1, V. O'Flaherty2, P. Murphy3, M. Necpalova3, D. Fornara4, R. Ramsey4, C. Buckley6, G. Lyons4, J. McGrath5, E. 
Kelly3, S. Higgins4, P. Murphy1  T. O'Dwyer7, F. O'Mara8, M. Walsh9, K.M. Scully1 & G.J. Lanigan1

1 Teagasc, Crops, Environment and Land Use, Johnstown Castle, Co. Wexford, Ireland, 2 National University of Ireland (NUI) Galway, Galway, Ireland, 
3 University College Dublin (UCD), Dublin, Ireland, 4 Agri-Food and Biosciences Institute (AFBI), Belfast, United Kingdom of Great Britain and Northern Ireland, 
5 Queens University Belfast, United Kingdom of Great Britain and Northern Ireland, 6Teagasc, Mellows Campus Athenry, Athenry, Galway, Ireland, 7 Teagasc 
Agri Centre, Fermoy, Co Cork, Ireland, 8 Teagasc, Head Office, Oakpark, Carlow, Ireland, 9 Teagasc, Ashtown, Dublin, Dublin, Ireland

INTRODUCTION

The Climate Action Plan envisages a 51% reduction in national Greenhouse Gas (GHG) emissions by 2030,
with a goal of agriculture achieving Climate Neutrality by 2050 at a national, all-Island and EU level.

OBJECTIVE

LABMACC will investigate a wide range of new agricultural measures to reduce GHG and ammonia emissions 
from Irish farms. Optimise manure management and nutrient recovery systems that promote a circular farm 
nutrient cycling and energy recovery thus supporting bioeceonomy.

The new measures will be included in a new Marginal Abatement Cost Curve (MACC) for Irish farmers to 
achieve climate neutrality and the new emission factors incorporated into the national inventory.

NEW MITIGATION MEASURES FOR REDUCING 
NITROUS OXIDE AND AMMONIA EMISSIONS

OBJECTIVES
Evaluate and refine the emission factor for a range of 
compound fertilisers
Quantify GHG emissions from slurry and digestate 
spread using low emission techniques

Acknowledgements
This research is financially supported under the National Development Plan, Research Stimulus Fund, Department of Agriculture, Food and the Marine Grant number 2021R550.

THE APPLICATION AND ASSESSMENT OF INTEGRATED
MANURE MANAGEMENT AND NUTRIENT RECOVERY
TECHNOLOGIES AT FARM-SCALE

OBJECTIVE
Assess the impact of nutrient inputs from treated slurries,
digestates, and processed fractions, on nutrients recycling
and organic matter accumulation in agricultural grasslands

Karl.Richards@Teagasc.ie

MEASURES TO ENHANCE CARBON 
SEQUESTRATION

OBJECTIVE
Investigate carbon emissions and sequestration
associated with liming, basalt application and
digestate addition and impacts of alternative land-
use on soil organic carbon



Assuring the Chemical and Microbial Safety of Organic Waste 
Spread on Land in Ireland (SAFEWASTE-2021R453)

This project will provide data on the concentration of veterinary drug residues, biocide
residues, and metals (cadmium, chromium, copper, iron, mercury, molybdenum, nickel,
lead, antimony, selenium, tin and zinc) in animal waste and wastewater treatment sludge
used for land spreading in Ireland.
The numbers, prevalence and survival of Salmonella spp., STEC/E. coli O157, Listeria
monocytogenes, Campylobacter spp., Clostridium spp., Cryptosporidium and norovirus
will also be investigated.
A risk ranking exercise will inform targeted mitigation by identifying the most relevant
waste-hazard combinations requiring control. Mitigation studies on the most relevant
hazards will then be undertaken, including storage, anaerobic digestion (AD), composting,
thermal and chemical treatments.
The outputs will inform farmers, AD operators, regulators and other relevant stakeholders
about the chemical and biological hazards in organic wastes intended for land spreading
in Ireland as well as best practice and policy for their control.

This study is funded by the Department of Agriculture, Food and Marine
(Project 2021R453).

Further information: declan.Bolton@teagasc.ie



PROJECT PARTNERS
UCC - University College Cork
TUD - Technological University Dublin
TEAGASC - Agriculture and Food Development Authority
Devenish - quality animal feeds 

INTRODUCTION
The overarching aim of the project is to develop duckweed as a novel 
protein source for Ireland, with cultivation based on the principles of 
the circular economy, whereby waste is a novel resource.

Lemnaceae (duckweed) are fast growing aquatic plants that have received 
ample attention because of their;

ability to phytoremediate surface waters, including the removal of 
plant nutrients such as nitrogen and phosphorus 

high protein content with a desirable amino acid profile, which makes 
the biomass suitable for use in food (e.g. USA) as well as feed. In the 
latter role it can replace soymeal as a source of protein.

Several duckweed species are native in Ireland, making 
duckweed a promising candidate as a novel, native 
protein source for Ireland. 

Duckweed as a Sustainable
Source of Protein for Ireland

Anushree Priyadarshini, Uma Tiwari, 

DELIVERABLES

Robust medium scale 
outdoor cultivation 

systems, 
Protocols for growing

duckweed on various agri-
food waste streams, 
Protein extraction

technology,
Data on feed quality, 

Data on the economic and 
environmental viability of duckweed

as a crop for Ireland, 
Data on the public acceptance of

duckweed as a native, protein-rich feedstock.

AIMS & 
VISION

The project team has 
recently achieved yields 
of 30 tonne dry matter 
at the Bord Iascaigh
Mhara-funded Mt Lucas 
(Offaly) experimental farm. 
This demonstrates that 
duckweed is a realistic crop in 
the Irish climate.

The aims of the project team are to;
develop expertise and experience 

to grow duckweed on common waste 
streams from the agri-food industry

explore and optimise duckweed protein 
extraction technology

Show-case the use of duckweed in composite pig and/or 
fowl feeds 

Quantify the economic and environmental benefits of the use of
duckweed as a novel protein source

The vision of the project team is to;
facilitate a roll-out of Duckweed cultivation in Ireland, in close

collaboration with farmers and agri-industry. 
support the transition to a sustainable circular farming economy by

recycling plant nutrients
reduce a reliance on imported feed-stocks and improve the

competitiveness of a sustainable, green, Irish agriculture

Farm waste

Duck-weedProtein

Feed

@PLANTS_UCC

Websites:      https://www.ucc.ie/en/plantstress/          https://www.ucc.ie/en/brainwaves/

GREEN

Protei

n

Duckweed production on Mt Lucas (Offaly)

Environment

Economics

FEED
FEED



RapidHort - Rapid demonstration model of a
Sustainable food systems approach in Horticulture

N. Harbourne, D. Hurley, JC Jacquier, M. Harty, C. Elliott-Kingston, E. Crofton, E. Feeney, J. Lyng, B. Dereje Olika (PhD student), S. Dubey (PhD student)

CONTACT
niamh.harbourne@ucd.ie

About the project Impact on the bioeconomy 

Seedlings of herbs or vegetables with a short growing cycle  
(7 21 days) and short shelf-life
Can be grown all year round requiring limited space
High nutritional value
Opportunity to reconnect public imagination with food 
production

Microgreens display both rapid growth and deterioration
which compounds challenges faced in commercial
horticulture. This project brings together key stakeholders
including academics, consumers, growers, and processors.
Using a food systems approach, RapidHort aims to
characterise the impact of variation and interactions within
the model on growing, microbial, nutritional, processing, and
sensory properties of microgreens. In addition, it will explore
the potential of using waste heat from data centres to power
vertical farming for microgreen production to reduce waste
and achieve greater environmental sustainability.

Holistic demonstration model for sustainable
horticultural food production: inform more sustainable
practices for fresh produce growing, handling, and product
development.

Reuse model for industrial waste energy as an input
for food production: proof of concept for food production
with zero waste by recycling heat energy produced by a
data centre to power a vertical farm production facility.

Proposed design for 21st Century sustainable urban
food production in Dublin region: incorporation of food
production into the future design of the city will enable co-
location of people and food production reconnecting the
public with the and food is produced. The
public have become removed from how their food is
produced and this distance is reducing value placed on
food and increasing food waste. By reintegrating food
production into urban areas, RapidHort aims to improve
consumer linkage with food production, recycle waste
energy, and provide a ready source of locally grown,
healthy, plant-based foods with a low carbon footprint.

Why microgreens? 

Figure 1. Graphical overview of the RapidHort project

Project overview

RapidHort is a circular demonstration model based on Irish-
grown microgreens that will enhance the economic and
environmental sustainability of horticultural food production.

The goal of RapidHort is to provide growers and processors
with tools to develop and deliver horticultural products with
increased competitiveness, nutritional value, and
sustainability.

Policy and regulation advice

Our research acknowledges UN Sustainable Development
Goals and results generated will be used to inform policy
change in the areas of Sustainable Production and Waste
Reduction.

New value-added bio-products

Sustainable production of novel food ingredients to
extend shelf-life and reduce waste associated with
fresh horticultural products: provide the Irish food
industry with new, ground-breaking ingredients with health
and functional properties.

Prototype food products containing sustainably
produced clean-label plant-based ingredients:
successful development of innovative food products will
lead to new production facilities in Ireland and boost export
sales.



Funders 

SeAFEED Seaweed Bioactives supplemented animal feeds

Project Lead: Gavin Walker (UL) 

Project Overviews

After beef and dairy, pig farming is Ireland's third-largest livestock industry. In place of zinc in pig feed, the SeAFEED research will look into the beneficial chemicals found
in seaweed. Until now, post-weaning diarrhea and other animal diseases were treated with zinc oxide as a therapeutic addition to piglet diets. Ireland is known for its rich
marine biodiversity and currently has more species of seaweeds than other EU countries. Yet, the development and commercialisation of this sector, particularly in terms
of seaweed aquaculture/farming, is still significantly underdeveloped. Both the ROl and NI (agree-food sector) have significant capacity to farm/harvest seaweeds that is
currently underutilised. Zinc oxide, on the other hand, is banned beginning this year for a variety of reasons, including zinc toxicity and environmental contamination. The
study will investigate non-GMO techniques for increasing the concentration of beneficial chemicals in farmed seaweed biomass during growth. It will look into greener
drying processes for seaweeds as well as greener separation ways to produce an enriched fraction from seaweeds with antimicrobial characteristics that may be used as a
feed additive. It will also look into the overall environmental impact of employing seaweeds in animal feed, as well as the sustainability of the drying and separation
procedures. The General Objective is to enable and accelerate the transition from traditional animal feed value chains to a carbon neutral.

Side effects

Zinc oxide Banned, EU 2022

Seaweed

Bioactive properties
Antioxidant

Antimicrobial agent

Environmental friendly
Economical
Less toxicity

1. Inducing compounds of interest at 
growth in seaweed biomass

2. Greener dying methods for 
seaweed Biomass 

3. Removal of non-digestible fibres 
using green chemistry  to produce 
feed ingredient additives to 
produce a zinc replacement  

4. LCA of processes  

SeaFEED

Toxic
Heavy metal 
contamination in soil 
Environmental concerns 
Nutritional interactions  

Natural Alternative 

SeAFEED will strive to increase public knowledge of biodiversity/ecosystems
and improve public awareness of the impact of the commercialisation of
seaweeds on such systems.
Train & develop expertise in seaweed biotechnology.
The improvement of drying technologies used in the seaweed industries such
as reducing variability in the dying process, while preserving the bioactive
ingredients in seaweed biomass that have commercial value.
To improve efficiencies and reduce the carbon footprint of the process.
Currently, drying seaweed biomass accounts for the majority of the
processing costs which hikes the prices of seaweed feedstocks making them
less attractive to the end users, i.e. feed and food sectors. The development
of such technologies has significant benefit not just in this project but across
the seaweed industry both locally, nationally and internationally.

Expected Impacts 

Project Aims

Academic Partnership:
University of Limerick: Prof Gavin Walkers (Chemical 
Engineer), Dr Patrick Cronin.  
Atlantic Technological University Sligo: Dr Thomas 
Smyth & Dr Owen Kennedy (Natural Product Chemists)

Dr Pamela Walsh & Dr 
Beatrice Smyth (Mechanical Engineers), Prof Jaimie 
Dick (Ecologist), Dr Louise Kregting (Marine Biologist) 
and Dr Andy Marr (Chemist green chemistry) 

Partnership & Collaborations 

Industrial Partnership 

The four main areas of this research will be:
Increase concentration of bioactivates in seaweed
The development of a phlorotannin-enriched feed ingredient.
The optimisation and scale-up of drying and palletization processes.
The production of feed pellets that will meet the bioavailability and
nutritional needs of pigs while improving gut health in an eco-friendly and
sustainable manner.



Novel Pre-treatment for Valorising Waste Biomass
Insights, Innovations & Intensification for Circular Bio-economy

Vivek V. Ranade (Vivek.Ranade@ul.ie)
Multiphase Reactors & Intensification group, Bernal Institute

University of Limerick, Limerick, Ireland

Key Drivers for Valorisation of Waste Biomass  Enhanced Productivity, Sustainable Processes, Smart Manufacturing

Summary and Outlook 

Significant opportunities for enhancing biogas yield in the existing and new AD plants

Valorisation of Waste Biomass via Anaerobic Digestion

Used novel vortex based hydrodynamic cavitation devices for enhancing biogas yield of variety of AD feed stocks

Bio-chemical, particularly biogas route is quite attractive, considering potential for realisation of circular economy and inclusive growth via decentralised modular plants

Reasonably robust; uses consortium of 
microbes 

Decarbonise a variety of sectors 
transportation, heat and power

Wet processing of waste feedstock

Potential to recover fertiliser and other 
valuable materials/ energy from 
digestate circular economy

Potential to create and expand local 
industry & jobs inclusive economic 
growth 

Slower processes - large footprint
Low carbon conversion

Difficult digestate management

New DAFM funded project lead by University of Limerick on Valorisation of Digestate using Photo-catalysis and Cavitation

0

0.2

0.4

0.6

0.8

1

1.2
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0 5 10 15 20 25 30 35 40

Time, days

Without pre-treatment

Enhance rate due to pre-treatment

Enhance generation due to pre-treatment

Enhance rate and generation due to pre-
treatment with some lag possibly 

because of inhibitors

Goal is to minimise formation of inhibitors 
and maximise rate & extent of digestion

Develop pre-treatment solutions 
to intensify AD performance

No small holes 
no risk of clogging
Early inception 
lower OPEX
Cavity collapse 
away from walls 
less erosion
Enhanced contact 
between cavities 
and biomass
Enhanced 
cavitation yield

US9422952, I & EC Research 2019

Grass silage (AFBI): Significant 
enhancement in biogas Bagasse: 24% enhancement 

in biogas with 9 passes

Scaled-up to 20 m3/h

Established sound basis and experimental data confirming enhancement in biogas yield using vortex based cavitation devices; A suite of computational models provides useful 
insights and facilitates optimisation of pre-treatment devices as well as design and operation of AD systems



SAOLWood: Sustainable construction 
and Assessment Of the full Lifecycle 

impact of Irish harvested Wood products
Quilligan, M. de Freine

Introduction: This project aims to minimise the carbon footprint of construction projects by
promoting greater use of sustainable timber solutions in place of high embodied carbon materials
and delivering a comprehensive database for improved whole lifecycle assessment (LCA) of the
impacts of utilising locally sourced Irish wood products in the built environment. This supports
growth of the circular bioeconomy and creation of sustainable employment. For the first time,
construction demand and land-use for forestry will be linked in the LCA of harvested wood
products in order to optimise returns to forest owners and identify novel cascading uses of wood.

Review Gaps and Barriers
Review Irish construction practices and policy on
monitoring and tracking the environmental
performance of materials used in construction (e.g.
Fig. 1). Identify current gaps and barriers based on
the overview and provide corresponding solutions.

New National Database 
Create a new national database of lifecycle
data for Irish harvested wood products
promoting the circular bioeconomy, material
passport creation and sustainable building
certification.

Goal and 
Scope 

Definition

Inventory
Analysis

Life Cycle
Impact

Assessment

Interpretation

Figure 2. LCA framework based on ISO 14040

Lifecycle Assessment
Rigorous holistic life cycle assessment to
quantify the environmental sustainability of
harvested wood product use in buildings and
try to reduce the impacts during
construction and deconstruction.

Assess the economic, social, spatial and
environmental impacts of locally-sourced
Irish timber products and associated value
chains to support informed decisions by
building designers, contractors, planners,
developers and policy-makers

Bioeconomic modelling 
and Impact Assessment

Raw Material Supply

Transportation

Manufacturing

A1

A2

A3

Product Stage  A1-3

Construction Stage  A4-5

Use Stage  B1-7

End of Life Stage  C1-4

Benefits and Loads 
Beyond the boundary  D

Figure 1. Embodied Carbon (EC) emissions and carbon storage (CS) for different housing 
scenarios between 2022 and 2050 in Ireland. Cumulative totals shown in table; potential 

savings of up to ~40% in CO2e. (Gil-Moreno et al 2022, CERI Conference). 

Modelling, detailing and structural testing of
Irish timber building solutions and
components for which test data is limited or
non-existent. Investigation of an integrated
BIM-based LCA approach, and design for
deconstruction and reuse to minimise waste.

Building modelling and 
performance validation







UCD Earth Institute
UCD School of Biology and Environmental Science

Investing in your future

Spring barley treated with biostimulants
. 

Field trial conducted on winter barley (KWS
Cassia, and Valerie) grown under reduced
Nitrogen application to investigate
biostimulants impact on plant growth. The
optimal time for nitrogen fertiliser was
according to Teagasc guidelines. 3 bio-
based products were sprayed at accurate
timing to enhance nitrogen use efficiency.
Therefore, 3 foliar applications were carried
out at seedling, tillering, and stem
elongation stage by field plot sprayer. Plots
are split into untreated and fungicide
treated.
Treatments are assessed for impact on
development, disease, yield and grain
quality.

Crop production is dependent on manufactured fertilisers and pesticides/fungicides. Biocrop is exploring biostimulants and biopesticides as viable alternatives while
addressing the sustainability of these. Biocrop aims to produce new algal and fungal derived biopesticides and biostimulants while engaging with industry and
collaborators to test existing biofertilisers (algal and bacterial based) and biostimulants (endophytes) for efficacy.
The existing products are being compared to fossil fertiliser applications and their ability to control disease (e.g. Ramularia Leaf Spot, RLS) in Barley in field trials is
under investigation. Life-cycle analysis will consider impacts across the full life cycle to avoid from one environmental impact to another. This analysis
will assess the use of biobased products in an integrated management approach. Furthermore, BioCrop will undertake economic modelling to assess the impact of
these biobased fertilsers and pesticides on production costs and the profitability for Irish growers.
Therefore, BioCrop will develop new and test existing biofertilsers and biopesticides for Barley production providing alternatives for growers in the face of EU
regulations on fertiliser use and the loss of plant protection products

15 m

Mariluz del Pino-de Elias, Conor Blunt, Rainer Melzer, Angela Feechan, Saoirse Tracy, Olga Lastovetsky
a School of Agriculture and Food Science, University College Dublin, Belfield, Dublin 4, Ireland

b Earth Institute, University College Dublin, Belfield, Dublin 4, Ireland

School of Agriculture and Food Science

Email maria.delpino-deelias@ucdconnect.ie 

BioCrop: Biostimulants and Biopesticides for Crop Production

Project Partners: UCD (Angela Feechan, Saoirse Tracy, Rainer Melzer, Fiona Doohan, Grace Cott, Carl Ng, Paul McCabe, Michael Wallace, Fionnuala Murphy), Teagasc (Steven 
Kildea, Louise McNamara, Fiona Thorne), Trinity College Dublin (Trevor Hodkinson), NUI Galway (Zoe Popper). 

@BioCropIRL
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Figure 3 . (a) Ramularia Leaf Spot symptoms (b) Growth of R. collo-cygni in the presence of 
endophytes filtrates. Each plate is marked by a code corresponding to a different endophyte, 
control is dH2O. 

Antifungals from endophyte fungi control the barley pathogen which causes Ramularia Leaf Spot
Endophytes were grown in liquid culture and the filtrate was collected after 7 days. R. collo-cygni was 
cultivated on PDA supplemented with 16% filtrate for 7 days. 
Growth inhibition was observed in the presence of all endophyte filtrates (Fig. X). The strongest
inhibition was observed with Penicillium sp. isolates 20, 21, 23, 24, 29, 30, 31, 42, 44, 54.

Growth of barley treated with biostimulants.
Barley was grown and harvested at key physiological growth stages to investigate the effect of
biostimulants on development. Photosynthetic performance and stress indices were recorded.
Preliminary data suggests biostimulants improve early barley development.

Barley was fertilized with different rates of nitrogen and biostimulants were applied via foliar 
spray.
N2O emissions were analyzed via cavity ring-down spectroscopy. High-through put technology 
was utilized for phenotyping and barley grain quality was investigated. 

Figure 2 . Above-ground dry weight accumulation of spring barley with different rates of nitrogen 
and treated with biostimulants in the glasshouse. 

Figure 5. Equipment used to fertilise with Nitrogen and spray biostimulants.

Valerie Cassia
Figure 6. Plots of 
1.5x4m of Valerie and 
Cassia

ba

Figure 1. (a) Rosemount Environmental Station, UCD (b) Heading (c) Ripened grain (d) Fitting chambers 
to plant pots for capturing GHG emissions (e) PhotosynQ device tracking photosynthetic efficiency
(f) ImageJ software calculating leaf area of barley.

a b c

d e f

Winter barley under reduced nitrogen with biostimulants, UCD Lyons Farm

Biostimulants tested 
Barramar: Ascophyllum nodosum extracts ; 
Brandon Bioscience
Aqua Clean Foliar Soil Remediation Plus 
(ACF-SR) :  Organic certified formula of plant 
growth promoting bacteria (PGPB); Nova-Q
HESGP : Hydrolysed yeast product made from 
brewery waste; University of Seville

Conclusions:
Antifungals from endophytes can inhibit growth of Ramularia collo-cygni
Preliminary data suggests biostimulants may improve early barley development
Analysis of the impact of biostimulants on nitrogen use efficiency and disease is
being investigated

Figure 4. Layout and description of treatments

Figure 6. Harvest Index(%) on winter barley with different rates of nitrogen, treated/untreated with
fungicides and spraying biostimulants. (a) line of plots treated with fossil fertiliser
(180KgN/ha) and fungicides; (b) line of plots treated with fossil fertiliser (180KgN/ha) and
no fungicides. B1: Seaweed extract, B2: PGPB, B3: Protein hydrolysates.



Seaweeds & seaweed-ingredients to reduce enteric
methane emissions

from pasture-based sheep, cattle and dairy cows
SEASOLUTIONS CONSORTIUM, led by Teagasc, Food Research Centre, Ashtown, Dublin 15, Ireland

Introduction

Study area & methodology

Methodology (cont.)

Conclusions and Future work

Results to date

The Seasolutions project is comprehensively screening and testing the
efficacy of seaweeds and seaweed extracts in reducing methane (CH4)
emissions from cows, cattle and sheep. It aims to provide answers to
the following practical issues regarding the development of seaweed
feed for CH4 emissions reduction including research gaps:
(1) Nutrition: Seasolutions will provide formulations that are

palatable, bioactive and dose specific and will enhance precision
feeding approaches that will be adapted by farmers

(2) Delivery: Seasolutions will answer issues concerning delivery of
supplements/additives to pasture fed animals.

To harvest and preserve native, sustainable seaweeds in sufficient
quantities (600 kg-1000 kg dry weight) for use as an ingredient/raw
material for animal feed development through implementation of
drying, ensiling and novel technologies (high pressure processing,
accelerated solvent extraction).
To characterise and selective native seaweeds for in vitro and animal
trials based on their bioactive and safety profiles. The constituent
composition of selected seaweeds will be quantified in terms of
tannins, peptides, lipids using MS and NMR.
To evaluate effects of seaweeds on total CH4 gas production using
different in vitro rumen fluid models and animal trials.
To examine the positive nutritional contributions of algae in the diet
of sheep, cattle and dairy cows and the impact on meat, milk and CH4
emissions.

Several seaweed and seaweed extracts were identified to date that
reduced CH4 and . Dairy trials are on-going and food and
feeds are being analysed for bromoform, iodine and TPC/tannin
content.

72 seaweeds and extracts characterised to date.
Two seaweed extracts developed with potential to reduce CH4
emissions from sheep by greater than 10 %.
Two sheep feeding trials completed using seaweeds and extracts in
Teagasc Athenry and NIBIO Norway.
One dairy trial completed with seaweed at FLI, Germany,
One beef trial completed at Teagasc Grange.
Two dairy trials ongoing with seaweed extracts and seaweeds in AFBI
and SLU, Sweden.
One beef trial completed at AAFC Canada using selected seaweed
extracts generated at Teagasc.
LCA analysis underway.
Methane (CH4) inhibitors from seaweed extracts identified using well
diffusion and growth curves at Ashtown.
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production systems. The project receives funding from the EU Horizon
2020 Research and Innovation programme under grant agreement
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Dairy, beef and sheep trials



InFutUReWood: Innovative Design for 
the Future Use and Reuse 

of Wood Building Components
A.M. Harte, C. Uí Chúláin, D. Gil-Moreno, P.J. McGetrick, E. Shotton, S.J. Walsh 

Introduction: The construction sector is the largest consumer of raw materials and generator of waste in
the EU. New circular economy principles are driving greater resource efficiency. The InFutUReWood
project develops methods to maximise the reuse potential of timber products and systems at the end of
building life to unlock the significant economic value of the material, minimise waste and reduce the
carbon footprint. The aim is to close both the material loop and the knowledge loop.

Design out waste 
from timber 

structures, WP2
Product design 
using recovered 

timber, WP3

Environmental and 
economic 

assessment of 
design for reuse, 

WP6

Properties and 
grading of 

recovered, WP5

Inventory, 
deconstruction 
and quality of 

recovered 
wood, WP4

Results:
Designing out Waste

Mass timber products from recovered timber

Environmental and economic assessment

The InFutUReWood Project is funded by the 
Department of Agriculture, Food and the Marine's 
Competitive Research Funding Programmes Proj. 
Ref. 18RDFORESTVALUE1. It is supported under 
the umbrella of ERA-NET Cofund ForestValue. 
ForestValue has received funding from the EU's 
Horizon 2020 research and innovation 
programme under grant agreement N° 773324.

Results:
New grading approach for recovered timber

@TERG_UniGalway

Objectives:
Develop a method for ensuring the future possibility of circulation 
of timber products over whole life cycle
Plan primary design to facilitate deconstruction rather than 
demolition
Optimize the primary design to enhance resource efficiency and 
reduce environmental impacts
Allow grading for quality of recovered wood in a way that is 
compatible with grading of new timber 
Identify potential new construction products using recovered 
timber. 
Examine 
life cycle 

Impacts:
New design solutions -industry, researchers, designers, standardisation
First version of deconstruction plans - industry, policy makers
Grading approach for quality of reused timber- standardisation, researchers
Stock and flow model to predict quantity of timber in built environment
-policy makers, researchers
Timber reuse in engineered wood products -industry, researchers

Summary report available at
https://www.Infuturewood.info

Reference system DfDR system

Project consortium:
22 partners 7 countries
Ireland, Finland, Germany, 
Slovenia, Spain, Sweden, UK
Total project budget: M
Project completion: 28/02/2022





Objectives
Measure circularity across representative farm typologies farms along an agro-
ecological gradient.
Identify on-farm and between-farm practices to increase circularity across farm 
typologies and regional case studies.
Assess the efficacy of circular practices on farm profitability and GHG mitigation at 
different scales, using country specific MACCs to explore possible trade-offs and 
win-win combinations.
Identify and assess ecosystem services related to increased circularity at 
landscape scale.
Develop a novel decision support tool (DST) for farmers and policymakers to 
explore effective circular practices for GHG abatement across case study regions.
Design a Transition Roadmap based on the identification of lock-ins and levers for 
the adoption and out-scaling of circular practices identified using ICTs.

CircAgricGHG: Strategies for Circular Agriculture to reduce GHG emissions 
within and between farming systems across an agro-ecological gradient

European farms have trended towards specialisation and high per ha yields but have become increasingly dependent on external inputs to compensate for declining recycling of
nutrients. Farms in sub-Saharan Africa have low inputs and yields and much higher vulnerability to climate change. More efficient (re)cycling of resources across the agri-food sector
and enhanced resilience, is imperative to deliver food security whilst respecting ecological boundaries and rural livelihoods. In Europe, re-coupling of livestock and crop systems could
play an important role in more efficient (re)cycling across livestock and crops, and food value chains. In Africa, integrating sustainability and resilience objectives with enhanced food
security could avoid some of the trade-offs currently experienced in Europe. CircAgric-GHG represents a consortium of 17 world-leading researchers from 8 countries with expertise in
livestock, cropping systems, farm and landscape modelling, LCA and ecosystem services (ES) evaluation. The consortium will draw upon state-of-the-art knowledge, research methods
and models to assess how circular practices can deliver sustainable food systems. Using farm typologies as a baseline, the extent of existing circular practice implementation will be
evaluated. LCA will be applied to integrate modelling outputs into environmental footprints of food production, developing a novel framework for future projects. Farm-scale modelling
will also inform a marginal abatement cost curve and a decision support tool, enabling robust comparison of GHG abatement efficacy of specific circular practices. Meanwhile,
stakeholder dialogue via workshops and focus groups will identify systemic lock-ins and levers pertinent to wide scale deployment of circular practices, culminating in a Transition
Roadmap. Results will be made available in an open-access database. Project partners will engage their stakeholder networks and outreach organisations to leverage impact through
transdisciplinary research, maintaining dialogue via social media, workshops and focus groups, as well as traditional academic channels.

University of Galway will lead landscape- and inter-system scenario modelling,
applying consequential LCA and the GOBLIN model to explore how various circular
and bio-based innovations could contribute to 2030 Farm-to-Fork targets for
agricultural sustainability, as well as the 2050 climate neutrality target and
compliance with Planetary Boundaries.

Promising circular practises likely to be explored will include, inter alia: maximum
use of by-products from food & drink processing for animal feed, via insect
conversion where relevant; anaerobic digestion of organic wastes not suitable for
animal feed; upgrading slurries and digestates to pellet biofertiliser for efficient (and
distributed) end use; integration of nitrogen-fixing protein crops into rotations to
replace soybean imports and/or livestock protein in human diets; grass-clover
swards to minimise synthetic-N-fertiliser demand for livestock systems; enhanced
dairy-beef production to reduce production of higher-impact suckler-beef.

Scenario scaling will consider factors such as feedstock availability and prevalence of
relevant farm typologies within relevant radii. Land sparing effects will be translated
into carbon offset opportunities in order to identify the contribution of practises that
spare land to climate neutrality, at national and European scale.

David Styles, Marion Sorley, Emma Buckley & James Humphreys

Methodology 
CircAgric-GHG will take a rigorous, scientific approach to define the baseline farm
typologies across agro-ecological zones in terms of circularity (flows of nutrients and
carbon in feed, nutrients on farm, livestock and bedding) and GHG emission intensity
(WP1,3). Then, based on consortium expertise, literature review and stakeholder
dialogue, promising (scalable) and innovative circular practices will be shortlisted
(WP2,5). State-of-the-art measurements and (inter-)systems modelling (WP3,5) will
provide new evidence on the efficacy and cost-effectiveness of shortlisted practices to
reduce GHG emissions and other environmental externalities. WP3 will integrate models,
LCA and remote sensing to generate farm- and product-level results. WP5 will examine
interactions across farm typologies, different scales and different sectors (e.g.
competition of food processing co-products or farm residues for feed or bioenergy)
(Figure 1 & 2). Results will be synthesised in a decision support tool (DST) for farmers
and policymakers, and a Transition Roadmap (WP 4-5). Technical and non-technical
barriers and opportunities for adopting circularity-based GHG mitigation strategies will
be explored (WP3-4), including systemic lock-ins and levers to adoption and out-scaling
(WP4). Causal loop diagrams will be applied to identify feedback mechanisms, whilst
socio-economic and ecosystem services will be assessed semi-quantitatively across
scenarios. Finally, WP6 will disseminate results and actively engage stakeholders (List 2)
throughout the project, harnessing all partner networks.

Figure 1. Integrated crop and livestock systems (ICLS) and interactions at local
(foreground), regional, national, and international scales. Out-scaling within the
project will consider interactions within and across these scales, including with other
sectors.

Figure 2. CircAgric-GHG will evaluate circularity and crop-livestock system linkages at
multiple scales, from farm to international, and will include food value chain loops and
inter-sectoral effects.

Teagasc will provide case study evidence on circular use of nutrients via the Zero
Synthetic Nitrogen blueprint farm system pioneered at Solohead Research Farm. In
addition to undertaking detailed environmental and economic analyses of milk
production at Solohead, a Walsh Scholarship PhD student will survey a network of pro-
active dairy farmers who have already adopted grass-clover swards, to evaluate real-
world performance on these farms. The environmental footprint of milk produced on
these farms will be benchmarked against national average carbon footprints presented
in the Teagasc sustainability report.

Early-adopted farmers will be interviewed to identify perceptions around various circular
practises, and barriers and opportunities they experienced when converting from high-
fertiliser-dependent systems.
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DairyMix: Multi-criteria assessment, decision support and 
management tools for sustainable circular mixed farming systems 
for dairy production
Mary Brennana, Dominika Krolb, Cathal Buckleya

a Teagasc Rural Economy Development Programme, Mellows Campus, Athenry, Co.Galway, Ireland 
B Teagasc Crops, Environment and Land Use, Johnstown Castle, Co. Wexford, Ireland

1. Introduction
The DairyMix Project aims to increase sustainability and reinforce climate friendly mixed 
crop and dairy production systems. 
DairyMix will be a major step forward in achieving greenhouse gas mitigation and 
circularity between cropping systems and dairy production systems with flexible and 
context specific solutions being developed for key European areas and for Latin America. 

Crops and 
grasslands

Animals Manure

Barn and 
Livestock 

management

2. Objectives
Assess the status quo of crop-livestock-
forestry integration of dairy production 
systems in key regions using case study 
farms
Develop concepts for C and nutrient flows 
and circularity, protein self-sufficiency and 
improved manure nutrient utilisation
Identify trade-offs and synergies between 
sustainability indicators of integrated 
crop-livestock-forestry systems

More information: www.eragas.eu/en/eragas/Research-projects/DairyMix.htm

Funded by: Project partners:

3. Methodology- Case study Analysis  4. Next stage of research

Data Collection 
from case study 
dairy farms 
Economic, 
Environmental 
and Social 
indicators
Assess the 
integration 
between crops 
and dairy

Domestic 
Feed 

Production

Market to 
barn

Barn to 
fields

To the 
market 

Gross C and nutrient 
flows to be 
characterised
Generation of 
baseline C 
footprint/ha at farm 
level and N and P 
balances 
Compare circularity 
across dairy farms 

mary.brennan@teagasc.ie
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CircBioCityWaste
Converting urban waste streams into value-added products

Funding Partners Research Partners

2. CURRENT PRACTICES IN TREATING MUNICIPLE SLUDGE

@CirBioCityWaste

gaurav.rajauria@mtu.ie

3. PROPOSED BIOREFINERY SOLUTION
CircBioCityWaste is developing a first-of-a-kind cascading
biorefinery concept to produce new value chains from
urban waste biomass sourcing to biostimulants,

biofertiliser, organic acids and bioenergy.

1. THE PROBLEM

Most of this waste ends up in landfilling or incineration, negatively

impacting soil & groundwater, resulting in GHG emissions, & land usage.

Ireland faces significant challenges to meet the upcoming EU recycling

targets for 2020 to 2035 where recycling rates of 50 to 65 % are expected.

5. THE IMPACT

By converting urban biowaste into biobased agrochemicals
and bioenergy, CircBioCityWaste will advance a resource-
efficient and competitive local economy

Circularity in sewage sludge management can have
multiple benefits especially in the context of the EU
Biodiversity Strategy 2030 and the new EU Soil Strategy.

Development of novel pre-treatment technologies for
valorising anaerobic digestate biomass into bio-based
chemicals

Identification of new biomass supply chains and associated 
impediments 

Develop a Project Development & Decision Support
(PDDS) tool to foster investment for transforming the bio-
based sector towards a circular bioeconomy. 4. SLUDGE DIGESTATE: WASTE OR OPPORTUNITIES?



Purabi Bhagabati1, Jessica De Micco1, Bryan Dalton2,3 2,3, Percy Foster4, Tony Breton4, and Ramesh Babu1,3*

1School of Chemistry, CRANN, Trinity College Dublin, Ireland
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Sustainable, Biodegradable, Compostable, and Recyclable Plastics 
for Packaging and EOL Management

Addressing bioeconomy
Production of biodegradable polymers from renewable
resources.

Development of a biodegradable plastics film prototype
for flexible packaging.

EOL management:
Sorting of the biodegradable plastic films.

Mechanical recyclability of biodegradable plastic films.

Industrially compostable and biodegradable plastic
films.

Biobased and biodegradable composites suitable for
packaging applications produced on 50 kg Scale.

Preliminary compostability studies of various
commercial and indigenous polymer composites
performed under Irish composting conditions.

Product segregation and recyclability studies in
progress.

Aligning with Economy and
Miscellaneous Provisions Act 2022 .

Production process design

Product development

Conclusion

Cradle-to-cradle approach

Acknowledgment

Synthesis of Poly(hydroxy alkanoate) [PHAs] a
class of biopolymer from microbial fermentation
from waste cooking oil.

Formulation of biodegradable polymer/polymer
blend composite films for flexible packaging
applications.

Scale-up and production of the optimized
formulations under industrial settings.

Calendared films of BioPost polymer samples

The project BioPost team acknowledges Protection Agency, grant

number 2019-RE-LS-4 for research funding, Foundation Ireland (BiOrbic

Bioeconomy SFI research centre 16/RC/3889 and of Agriculture,

Food and Marine, .

Agriculture

Extruded BioPost polymer samples in granules



Background & Objective
Globally, the agriculture, forestry and other land use (AFOLU) sector is responsible for almost one quarter of all anthropogenic emissions but has vast potential for mitigation. Irish
agriculture emits 20.5 Tg CO2-equivalent (Tg CO2e) annually, 34% of national GHG emissions, of which 92% originate from cattle (beef and milk production), 4% from sheep and 2%
from other livestock. In addition, roughly 9 Tg CO2e are emitted annually from drained organic soils and 2 TgCO2e from exploited wetlands, while Irish grassland mineral soils and
forests remove 2 and 5 Tg CO2e yr 1, respectively. As such, land use, land use change & forestry (LULUCF) sector is a net emissions source of over 4 Tg CO2e annually.
Meanwhile, Climate Action Bill sets a target for a 51% reduction in national emissions by 2030. AFOLU sector has a key role to play in terms of both emissions
reduction and CO2 removal (CDR). However, global scenario modelling for climate stabilization lacks national resolution, particularly for the AFOLU sector, impeding effective national
climate policy making. The objective of SeQUEsTER is to provide robust evidence on pathways towards climate neutrality by 2050 for AFOLU sector.

SeQUEsTER: Scenarios Quantifying land Use & emissions Transitions 
towards Equilibrium with Removals 

David Styles, Colm Duffy, Remi Prudhomme, George Bishop, Mary Ryan & Cathal

Methodology 
To navigate the contentious issues of animal destocking and land use change objectively,
the SeQUEsTER team employed a randomised back-casting approach to establish which
biophysically-possible combinations of agricultural activities and land uses could comply
with various definitions of climate neutrality. A new national biophysical AFOLU model,

(General Overview for a Back-casting approach of Livestock INtensification)
was developed based on models available from previous projects, adapted to represent
the emission accounting methodology employed in the National Inventory Report (NIR)
for GHG emissions (Fig. 1). Model outputs were validated against the NIR by using NIR
input data over 1990-2015, and validating the emissions output time series against NIR
output data for those years. GOBLIN includes Tier 2 livestock energy requirements and
emissions calculations alongside grassland nitrogen-response curves to model land
sparing opportunities that could arise from intensification or reduced outputs (Fig. 2).
Spared land gets assigned to rewetting (where organic soils have been drained),
afforestation with various conifer-broadleaf mixes and harvesting rates, and
extensification (i.e. destocking). GOBLIN was run 850 and 3000 times, in two lots with
randomised input data, to identify which scenarios: (i) achieved climate neutrality by
2050, according to different definitions; (ii) sustained climate neutrality through to 2100.

Figure 1. Key emissions sources and sinks critical to the determination of
in AFOLU sector accounted for in GOBLIN (white), alongside linked

upstream- and downstream- sources and sinks to be included in subsequent life cycle
assessment (LCA) modelling.

Figure 3. Examples of land areas under different uses in the baseline situation (top left)
and under maximum milk output in compliance with a GWP100 emission balance in
2050 (top right) or with a separate methane target (bottom left).

Figure 2. Module interaction framework depicting the flow of inputs to each of the
GOBLIN modules, alongside the module processes and GHG outputs.

Results
Using a GWP100 - GHG definition, 146 out of 850 scenarios modelled achieve
AFOLU climate neutrality by 2050, and just 40 sustain that climate neutrality through to
2100, reflecting future declines in CO2 removals by new forests (excluding potential
downstream mitigation, which required further modelling effort). In the absence of
technical solutions to dramatically reduce the emissions intensity of bovine production,
national milk and beef output will need to be significantly curtailed to achieve climate
neutrality.

Subsequent modelling of 3000 scenarios indicated that, in the best case, milk output
could be maintained at 88% of 2021 levels, but that to achieve this suckler beef output
would need to reduce to almost zero and forest cover would need to increase from 11%
to 35% of national land area (Fig. 3). Reducing agricultural emissions is only one part of
achieving climate neutrality. Active carbon dioxide removal on destocked land, via
organic soil rewetting and ambitious afforestation, is imperative and could moderate
cuts required in milk and beef production, reducing international carbon leakage risks.

It is likely that methane will be set a separate non-zero target in future. Recent
projections for climate stabilisation indicate that methane needs to be reduced by 24-
47% globally. Figure 3 shows that, whilst there may be debate over fair share of
the global methane budget, a separate methane target is likely to considerably reduce
the amount CDR, and therefore area of afforestation, required to achieve climate
neutrality. Annual afforestation of 20 kha could be sufficient to achieve climate
neutrality, if agricultural emissions can be halved.

Conclusions
Achieving climate neutrality, probably with a separate methane target, will require: (i)
considerable abatement of livestock system emissions; (ii) reductions in animal numbers
of circa 30%; (iii) rewetting circa 300 kha of drained organic soils; (iv) planting at least 0.5
million ha of new forest. Grassland destocking and afforestation could make large
quantities of bio-based feedstocks available for the (future) bioeconomy. Cascading use
of grass and wood could sustain climate neutrality well beyond 2050. However,
afforestation rates need to increase quickly to have a realistic prospect of achieving
climate neutrality by 2050. A coherent plan for abatement and diversification in the
AFOLU sector, linked with development of the bioeconomy, is urgently need.
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Introduction
Need to reduce greenhouse gas (GHG) emissions
Shift toward renewable energy
EU targets

RED 32% of total energy needs with renewable 
energy by 2030

EU Commission proposes to increase the target in the 
directive to 45% by 2030

Climate Action Plan 2021 
Increase renewable energy production from 

electricity from 29% in 2020 to up to 80% by 2030 and 
Double biomass supply as a fossil fuel substitute 

Need to explore how Ireland can increase renewable energy
Also opportunity to replace fossil fuel technology with those from 

the bioeconomy
Use domestic resources as feedstocks for novel technologies

Overview
Look at short-run returns to renewable energy sources 
compared with agriculture
Use of value chain perspective to examine land use decision 
Three case studies

Grass for anaerobic digestion to generate 
biogas/biomethane
SRC willow for heat/electricity generation
Solar PV for electricity generation

Multiplier analysis using Bioeconomy Input-Output (BIO) 
model

Conclusions
Market return from growing bioenergy feedstocks less than for all the main farming systems in Ireland but more than for cattle and sheep 

Market and social return is higher for using land to erect solar PV than any of the main agricultural activities
Output multipliers show the potential of the bioenergy value chain to contribute significantly to economic activity in Ireland. This is particularly 
important for rural regions that would supply the primary inputs across the value chain .

Methodology
Compare marginal economic returns derived from agriculture 
and bioenergy feedstocks on per hectare basis
Economic returns combination of private (market value) and 
social (market value plus future value of carbon)

Agricultural incomes and emissions
Cost and revenue streams for main five agricultural systems: 
dairy; cattle rearing; cattle other; sheep; tillage
Data from Teagasc National Farm Survey
Emissions derived by applying IPCC inventory model 
(emissions factors x activity data)
Difference between the net total CO2e sequestered by the 
renewable energy displaced agricultural emissions gives total 
abatement for 1ha of converted land

Renewable energy incomes and emissions
Agronomic and financial data for SRC willow derived from 
Styles et al. (2008) and Caslin et al. (2015)
CO2e emissions data for SRC willow derived from Styles and 
Jones (2007)

Carbon values Irish government shadow price of carbon for 
non-ETS sectors for different years: 
2020 - tonne; 2030 - tonne; 2040 - tonne

Input-output
Disaggregate renewable energy sectors using BIO in order to 
quantify the value chains associated with each case study
Estimation of individual sectoral output multipliers

Value Chains
Biogas/Biomethane from Anaerobic Digestion 

SRC Willow

Solar PV

Solar PV vs. AgricultureGrass Silage vs. AgricultureSRC Willow vs. Agriculture

Results

Output Multipliers : SRC Willow 2.31; Biogas 2.22; Biomethane 2.42; Solar PV 1.29
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