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Abstract

The document outlines baseline land-2 + JWt gl ¢ qUWNRIJt We OT Wl WHEHYGAGWUT ¢ qRYUL WqYWNaRT W1 1JG¢
tailored bioeconomy. Drawing on a number of spatial analyses, the report identifies differentiated pathways for the Northeamd Western,
Southern, and Eastern and Midlands regions. The strategies combine agricultural zoning principles with compact developmentpapaches to
align ecological protection, rural viability, and circular value creation. In the Northern and Western region, stegy emphasises naturepositive
circularity through prioritising peatland rewetting, paludiculture innovation, cooperative grazing, and smatcale anaerobic digestion. In the
Southern region, strategy builds on intensive daimarable systems, prioritising dairyrtillage integration, precision nutrient management, and
clustered recovery infrastructure, while compact growth boundaries safeguard productive belts. In the Eastern and Midlandggyien, the resilient
arable base and large farm structures are balared against urbanisation pressures via arablgrotection zones, periurban circular hubs, and
restoration-first zoning of environmentally sensitive landscapes. Crosgutting principles focus on natural capital protection, servicedsite
concentration, feedstock alignment, and modular decentralisation. Financing, licensing, and procurement mechanisms are designed to adapt
dynamically when ecological thresholds are breached. The strategy establishes an ecologically grounded baseline for policydaco-design
development.

Jon Paul Faulkner
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Introduction The NWregion illustrates the challenges and opportunities of bioeconomy
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highest share of wetlands and peatlands, small average farm sizes, and low

The transition to a sustainable bioeconomy requires more than technological livestock intensity. Longterm land-use trends reveal pasture expansion,
innovation and market incentives; it demands a coherent spatial strategy that modest cropland rebound, and continuing pressure on wetland ecosystems.
aligns  ecological capacity, agricultural practice, and socieeconomic Strategies for this region must therefore be naturgositive, focusing on
structures. In Ireland, where agicultural landscapes are both the backbone of rewetting, paludiculture innovation, cooperative manure management and
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land-use planning is central to shaping the trajectory of bioeconomy into fragile landscapes. Compact settlement policy is essential here to avoid
development. The integration of zoning principles with compactievelopment further fragmentation of agricultural land and to channel circular activity into
approaches offers a framework to direct investment, manage environmental serviced uban centres such as Sligo and Letterkenny.
pressures, and ensure that the benefits of circular and regenerative practices In contrast, the Southern region has the largest share of farmed land, higher
are spatially distributed across regions. Thisdocument sets out a Tier 2 livestock intensity, and stronger arabladairy linkages, especially in Wexford,
regional bioeconomy strategy for Ireland and, as such, develops baseline Kilkenny, Tipperary, Waterford, and Cork. Its baseline strategy must build on
land-use strategies and recommendations that draw from aumber of spatial this comparative advantage by securing protected production corridors where
analyses of rural Ireland The objective is to provide a baseline land-use dairyttillage integration, precision nutrient management, and clustered
strategy for testing in co-design labs towards aco-produced regional strategy. resource-recovery infrastructure can be scaled without ecological
The approachis needed because Ireland faces multiple and interlinked compromise. Compact development is particularly critical, given high rates of
pressures on land. Agricultural area has contracted in some regions while urban expansion and cropland loss in recent decades. Here, firm settlement
expanding or intensifying in others, reflecting broader European and global  poyndaries, peri-urban green belts, and bluggreen infrastructure are required
trends relating to consolidation, competition for resources, and ecological to safeguard arable belts while accommodating circular hubs in serviced
degradation. Peatlands and wetlandsin particular, have suffered significant industrial estates. Transitional landscapes, including uplands in Kerry and
loss, undermining carbon storage and water regulation services. At the same parts of Clare, call for conservationfirst approaches such as peatcompatible
time, rural economies remain dependent on grassbased livestock systems, grazing, rewetting, and agroforestry, ensuring that ecological integrity is not
many of which are characterised by smalscale structures and fragmented sacrificed to short-term output gains.
holdings. Balancing ecological protection with the maintenance of viable rural TheEMI WRNRYUOWG! Wt 30qt W Waqwe 0Yqé6 131 Wal ¢ T
incomes requires differentiated strategies that respect regional profiles. The agricultural region, with the largest average farm size, strong arable bases in
spatial typology underpinning this report identifies distinct zones across the Meath, Kildare, and Louth, and high livestock intensity in its dairy herds. Urban
Northern and Western(NW), Southern, and Eastern and Midland§EM)regions, expansion and fragmenation pressures are acute, yet the resilience of the
each with specific land-use configurations, farm structures, and ecological arable base offers a platform for structured circularity. Thetier 2 regional
sensitivities. These differences necessitate tailored approaches that move strategy therefore prioritises an arable-safeguarding belt, transitional per
beyond one-size-fits-all policy design. urban value chains, and compact developmat that absorbs metropolitan

pressure without eroding prime tillage soils. Intensification districts should be
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matched with strict nutrient management, slurry valorisation, and biodiversity
integration via riparian buffers and hedgerow networks. Restoraticfirst

zoning is required in peat and wetland tracts, particularly in Offaly and
Longford, where heavy infragucture would undermine active rewetting
efforts.

Across all regions, thetier 2 bioeconmoystrategy is underpinned by cross
cutting principles: 1) protecting natural capital first; 2) concentrating circular
activity on serviced sites 3) aligning processing modules with regional
feedstocks; and 4) designing for modularity and mobility to support small and
fragmented farm structures. Financing and licensing must embed these
principles, with grants conditional on local feedstock sourcing, prioritisation of
material recovery over energy generation, andigronomic standards for
digestate and compost. Planning permissions should route transport along
designated corridors and integrate emissions controls aligned with settlement
and ecological thresholds. Where thresholds for water quality, air quality, or
wetland integrity are exceeded, permits should atomatically tighten or
redirect biomass use from energy generation to material or soil functions. In
parallel, procurement strategies by local authorities and public institutions
can create baseline markets for biobased products, helping anchor small
scale facilities within compact town centres.

By providing a spatially coherent baselinethe tier 2 regional strategy
positions Ireland to advance a bioeconomy that is ecologically legitimate,
regionally differentiated, and sociceconomically inclusive. The approach
outlined here does not prescribe a singular technological pathway but instead
establishes spatial conditions and governance principles that allow multiple
bioeconomy models to emerge within ecological limits. In doing sai lays the
groundwork for co-design processes that can align localinnovation with
national and European policy goals, from the EU Bioeconomy Strategnd

The strategy is concerned with Tier 2 spatial and landise capacity. It does
not establish the governance, coordination, finance, advisory, regulatory or
market-formation mechanisms addressed through the Tier 1 implementation
strategy. Nor does it prescrile individual farm-level transition measures,
technology adoption decisions or practicelevel changes, which are addressed
through the Tier 3 farmer/practice transition strategy. Tier 2 instead presents a
regional land-use framework through which bioeconomydevelopment can be
spatially organised within ecological limits. Its role is to define where different
types of bioeconomy activity are appropriate, where they should be
constrained, and where restoration or protection should take precedence. It
identifies regional landuse conditions, protected production corridors,
conservation-first landscapes, periurban circularity zones, serviced hub
locations, feedstock catchments, settlement pressures and ecological
thresholds. It therefore provides the spatial basgline through which Tier 1
delivery mechanisms can be targeted and Tier 3 practice transitions can be
tested, adapted and implemented in regionally appropriate wayst is important
to note that proposed recommendations in this document are not final. They are
baseline propositions to be tested, revised and prioritised through regional cdesign.
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oriented transitions. Ultimately, the tier 2 bioeconomy strategy serves as a
bridge between scientific evidence, spatial planning, and policy action,
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sustainable and regionally just.



Agricultural Zomg and Compaddevelopment _ _ _ S
thereby closing nutrient loops, reducing losses, and enhancing soil fertility and

Pelspectlves environmental sustainability [12]. Implementation could use GIS overlays to
phase protection and infrastructure by county, aligning investments with
The Northern and WestefNW)Region fragmentation and peatland sensitivity.

- . ) Figure 1:Spatial Tymlogy (NW)
Findings from a spatial typology of rural Ireland (see D4&and Appendix Tables

A1-A10) indicates that agricultural zoning in the NW regioshould reflect three N
dominant patterns. First, are peatland-dominated landscapes (see Figure 1, A
Table 1)which require 1) conservation-led zones prioritisingrewetting [1], 2)
biodiversity contracts (e.g. ACRESEco-scheme Pillar) [2], and 3) carbon
sequestration [3], while discouraging drainage-dependent tillage and hard

infrastructure. Second, extensive pasture with fragmented structures(see Area;ﬁ::‘;?fanmpe
factor 6, D4.1; 24-25)should be safeguarded and circularised (notablyn Mayo, - me-’mer‘ﬁ;':nmz
Galway and Donegal), with zoning thatl) protects contiguous grazing 2) f Ervonmentaly
enables cooperative manure managemeh referring to the pooling, Tradtional Farming

processing, and redistribution of manure to reduce greenhouse gas emissions,
enhance nutrient cycling, and protectsoil [4]; 3) encouragesland-pooling (e.g.
land mobility schemes, block leasing, cooperative farnig agreements)[5];
and 4) ties state support to water-quality and soil-carbon outcomes [6]. Third,
semi-rural diversification pockets (see Figure 1, Table )1 led by Leitrim and
present in Cavan and Monaghancould host peri-rural circularity hubs (e.g. Dsto St C50 Aaturs 202 OORINE 201 50 oo 2022
anaerobic digestion (AD), composting, fibre valorisation) [7], while capping

greenfield conversion and preserving agricultural catchments. The NW records
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Table 1:Spatial TypologyClusters as a Percentage of Land CovéNW
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Similarly, findings from the spatial analysis component (see D4.2 and
Appendix, TablesA11-A20) indicate that agricultural zoning in the NWegion
should focus on small, fragmented farm structures, high natural capital but
also minimal cropland. Only 57% of land is farmedn the NW, with an average
farm size of 27 ha and density of 2.22 farms per knf8ee Table A11; 34). In
terms of gassland composition, pasture covers 30.7% of land, grass silage
15.4%,with rough grazingepresentinga national high of 9.1% (Donegal 16.8%)
(see TableA12; 35). Here, strategy could apply: 1) adaptive grazing whereby
grazing intensity, timing, and recovery periods are continuallydjusted to
pasture growth, soil conditions, and weather,in orderto optimise forage use,
animal performance, and ecosystem health [13]; 2) nutrient budgeting,
whereby nutrient inputs and outputs are systematically calculatedto balance
soil fertility, optimise productivity, and minimise environmental losses[14];
and 3) payments for ecosystem services designedto protect rough grazing.

] R21I0WHI YGGc¢ UT kt Wa RUR Gwide; Uleitrmy ap2ghl Rigba) LU b1 M
0.3%, Cavan 0.3%), large tillage zones are neither feasible nor desirable on

marginal soils. Instead, small pockets of diversified cropping could be
designated on better soils fobiomass (e.g.legumes, forages, and fibre crop}
and to supply modular processing without displacing grassbased systems
[15]. Wetlands (27% regionally), with county shares of 3343% in Galway,
Mayo, and Donegal, require conservatioffirst zones for paludiailture
innovation [16] and carbon contracting(sequestration linked to payment), with
strict controls on drainage [17]. In respect to paludiculture innovation, this
could include: 1) sphagnum substrates for horticulture; 2)wetland biomass for
bioenergy, 3) fodder systems for livestock 4)wetland fibres (e.g.cattail, reed,
alder) for construction; 5)wetland plants (e.g.reed, willow, rushes) for cultural
products; and 6) wetland management for ecosystem services[18]. In
heterogeneous agricultural areas which represent configurations ofdifferent
agricultural land uses intermixed with naturalsemi-natural elements [see 19],
(11% regionally; Leitrim 62%f{see TableA16; 40, agroforestry, riparian buffers,
and habitat corridors should be encouragedto sustain ecological resilience
while maintaining biomass output [20]. Livestock intensity is the lowest
nationally (20 LSUs per farm)hence, models should be built on cooperative
manure management[4] as previously described and small-footprint AD[21].
Where specialised clusters occur, such as poultry in Monaghan/Cavarn(see
TableA15; 38, nutrient-recovery[22] and by-product valorisation nodescould

manage emissions and create value chaing23;24]. Finally, circularity hubs
should be prioritised at serviced edges of Sligo and Letterkenny, cycling
organics and supporting markets

Figure 2:Wetlands, Forestry and Heterogeaous Agriculture 2018(NW)

N

A

Ml Wetlands and Peatlands

Forest and Seminatural
L Areas

Heterogeneous
Agricultural Areas

0 15 30 60 Kilometers
P e R

Data Source: CORINE Land Cover Geodatabase for Ireland 2018
Analysis & Map: Jon Paul Faulkner

Table2: Wetlands, Forestry and Heterogeneous Agriculture in Ireland 201@IW)
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Findings fromthe spatial temporal component (see D4.3and Appendix, Tables
A21-A28) indicated that agricultural zoning in the NW regiorshould be centred
around three land-use trends. First, the NW recorded the fastest growth in
urban fabric since 1990 (88.23%; 14,079 haglthough the expansion started
from a comparatively small urban baseand the region remains predominantly
rural with small-scale systems. Nevertheless, peri-urban zoningshould cap
greenfield loss while ringfencing serviced edges forcircular bioeconomy
activities like organics-to-energy[25], composting and nutrient-recovery [22].
Second, the largest regional decline from arable land occurred in the NW
ble P T IOMME 6 Lesnphadsibdit tauctufaliiominance of grassbased
systems. Zoningshould consolidate pasture and ecological zones across
uplands and wetlands, linking low-input beef and sheepfarming to results-
based payments and peatcompatible management [26] as previoudy
described. Third, the NW registered the strongest increase in pastures over
1990712018 (+5.66%; +62,003 ha), yet grassland contracted modestly in 2010
SMEZMWbeO=ZTEL AWcaYUNt RT JWec WUYqe¢ HG I WHI
Leitrim and Sligo(see TableA23; 46). Zoningshould respond dynamically by
protecting core pasture blocks for cooperative grazing (the collective
management of pasture to optimise resource use and sustainability)[27],
agroecological manure management (application, storage and treatment of

Figure 3:Change inGrassland 20001 2020 (Hectares) (NW)
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Table3: Change inGrass and Cropland in Ireland 2002020 (NW)

manure that enhances soil biodiversity, nutrient cycling and ecosystem
resilience) [28] and small-footprint AD [21] as previously indicated Limited
diversified cropping pockets on better soilscould be mappedto feed modular
biorefining without recreating large tillage tractg29]. Forest cover rose in the
i Wel€ZZIONPE6GWESPAMYZIWG6¢c, AWe Ul Ws WqdcU
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hence, zoning could prioritise peatland restoration, riparian buffers and
agroforestry corridars to recover carbon and habitat functions while
accommodating small-scale livestock compatible with hydrology [30].

DN} aaflyR o¢ I NP LJX YR 0¢2
b 2 PNZHT 0odpc T™MAXHH 1IPOoDPHN
52y S3al f HdZ M MO ®H p T>X00nN my ®wmn
{ftA3T2 0OXTMC odnm TTOoYy ™Mo M®Py
[ SAGNRY mIppn © OPpm ™ C  pPcn
/gLy ™ITnn ™ PnH ™I ngn THHN Dy
az2zyl 3Kl pZnnam pdPpH Hn m ™MAT OT
DIFfgl @& MIYTY népr ™MZ0MN THNOYT
al e2 TZNNO H®PT p TH2XO0CH mny &r1
w2a02 VY y S dnH pdcrT hm nocc

Implementation could phase protections and investments usingGlSoverlays
of urban growth, arable loss, pasture gain and 201@020 cropland hotspots.



In the context of compact development,the NW regionshould focus growth

within regional hubs and service villages, prioritising brownfield reuse;ore-

area redevelopment and serviced urban fringe locations before edge
expansion[31JOWNG IJW 1 WS¢t Wf 1 JacUl vkt W acddalt quwez2ll ¢enNUWnel Wt RADWe UT WERNEG It qU
farm density (see Table All; 34), making it vulnerable to further parcel
fragmentation; it also carries the lowest livestock units per farm(see Table

Al14; 37, suggestinglimited capacity to absorb extra landtake without eroding
viability. Ecologically, the regionlJ+ 6 RHRqt W qlérgest sharey BfY UK 1
wetlands, so new developmentshould avoid these carbon-rich landscapes,
establish protective buffers, and channel investment to alreadyserviced
footprints. At the same time, grass systems dominateand rough grazing is

more extensive here than elsewhere, reinforcing the need to keep open land
contiguous around towns and to embed naturebased drainage and riparian
restoration. Compact settlement should also support a resilient local food and
circular economy. As discussed, bng-term trends show asharp decline in

arable land across the NW, but the 20162020 period saw the region achieve

q6 W #YaUql ! Kt W 6 RNE LJiCampadt | d¥vEldgpmdni danl JHY 2 0T
strengthen this recoverywhile shortening supply chainsby creatingperi-urban

food belts around service towns[32]. Zoning and development plansshould
therefore reserve innerperi-urban blocks for horticulture, small plots, and
community agroforestry [33], link town centres to farm and foodwaste
valorisation (e.g. colocated AD and composting)[34], and co-finance town-

centre housing over shop units toencourage demand back to centres [35].
Essentially, compact development strategy in the NWtregion should deliver

growth where infrastructure already exists, protect highvalue ecosystems,

and reduce the cumulative costs of sprawl on an already fragmented
agricultural base.



The Southern Region

According to the spatial typology componentgfee D4.1 and Appendix, Tables
A1-A10), agricultural zoning in the Southern region should support the
concentration of large-scale, commercially organised farming, while managing
pockets of fragmentation and environmentally sensitive landscapes. The
region recorded the highest share of largescale commercial farming (factor 2),
concentrated in counties such as Kilkenny, Wexford, Tipperary, Waterford and
Cork (see TableA2; 25. These corridors should be zoned as protected agr
production areas, prioritising land-use continuity and clustered investments in
low-emission dairy systems, logistics and nutrienténergy recovery[22]. The
South also contains semi-rural diversified landscapes (Cluster 1) highly
commercialised farming (Cluster 3) and traditional semirural systems
(Cluster 5). Zoningshould therefore combine high-productivity protection with
peri-rural enterprise characterised by hybrid organisations providng farmers
with localised processing facilities and embedded advisory services, enabling
value addition, knowledge transfer, and innovation capacity[36]. Heavier
infrastructure should be directed away from conservationpriority zones[37].
Notably, Kerry shows strong conservatiodivestock characteristics (Cluster 4),
warranting peatland-compatible practices, afforestation zoning and
paludiculture trials rather than intensification [38]. Structural risks are evident
in fragmented cropland/small farm structures (factor 6), demonstrable across
the regionbut acute in counties like Kerry, Clare, Cork, Limerick and Waterford
(see TableA6; 29. Here, consolidation zoning, (which restructures scattered
farm parcels into larger, contiguous blocks, improving farm efficiency,
reducing production costs, and creating conditions for innovation and
sustainable investment) [39]; cooperative machinery rings (associations of
farmers that pool machinery, equipment, and labour to reduce costs, increase
efficiency, and provide services for one anothér [40]; and habitat-first
approaches, (conservation strategies that prioritise the protection,
restoration, and connectivity of habitats) [41]; have the potential tomaintain
bio-productive efficiency without eroding ecological quality. Finally, where
small-scale livestock and afforested areas (factor 5) persist, zoning should

prioritise mixed forestryrlivestock models and water protection, linking such
areas to eco-tourism [42] and carbon farming markets rather than yield
intensification [43].

Figure 4 Spatial TypologySouthern)
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Similarly, according to the spatial analysis component (see D4.2 and
Appendix, Tables A11A20), agricultural zoning in the Southern regiorshould
also focus on its high-productivity structure while managing environmental
risk. With the highest share of land farmed (69%]Jarger average farm size (40
ha), and the highest livestock units per farm (54fsee TableA11-12; 34-5), the
Southern region should have protected agri-production corridors that
prioritises: 1) dairyttillage integration (e.g. grazing livestock on crop residues
and coordinating manure and fertiliser us@ [44]; 2) precision nutrient
management (site-specific application of fertilisers that uses spatial and
temporal data to match crop nutrient supply with crop demand [45]; and 3)
clustered resource-recovery infrastructure (co-located facilities that jointly
process organic wastes, wastewater, and byproducts to recover energy,
nutrients, and materials efficiently) [46]. These corridorsshould be mapped
across established arablerdairy belts in Wexford, Carlow, Kilkenny, Tipperary,
Waterford, and Cork, where cropland intensity (5.9%egionally; county peaks
in Wexford (23%) and Carlow (21%)) and strong dairy/beef herds(see Table
Al4; 37 enable reliable feedstock for AD, straw/fibre valorisation, and
digestate processing Grassland composition (pasture (35%) and grass silage
(20%)) supports a circular grazing model builton: 1) cooperative manure
management [47] as previously discussed 2) slurry acidification and
amendment for NH3abatement that lowers slurry pH and/or adds chemical
agents (e.g., alum, iron chloride, gypsum) to reduce ammonia volatilisation,
mitigating greenhouse gas emissions and improving nutrient retentiof48];
and 3) feed efficiency techniques (generic, nutritional, and management
strategies) such as selection for residual feed intake (RFI), precision feeding,
ration formulation, and optimising forage qualily to increase the proportion of
feed converted into animal product while reducing resource use and
emissions. [49]. These should beinitially targeted to high-density nodes (e.g.,
Waterford, Kilkenny, Tipperary, Cork, Limerick). Zoning hereould link
intensification to verifiable water-quality and ammonia reduction [50],
requiring riparian buffers along priority waterbodies[51]. Conservationfirst
approaches are important in ecologically-sensitive areastOll u 131 | ! kKt LWIJ
rough grazing and significant wetland share stwithin a region that, while less
peat-dominated than the NW, still contains substantial wetlands (10%) and
notable forestry/semi-natural cover (12%). These areasould prioritise peat-
compatible grazing, rewetting where drained, paludiculture pilots, nativded

afforestation, and habitat corridors, with heavier infrastructure directed to

lower-sensitivity production zones.

Figure 5 Average Farm Siz2020 (Hectares)(Southern)
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According to thespatial-temporal component (see D4.3 and Appendix, Tables
A21-A28), agricultural zoning in the Southern regiorshould focus on several
land use trends Urban fabric expanded substantiallysince 1990, around Cork,
Limerick and Waterford Here, peri-urban circularity buffers should cap
greenfield loss while reserving serviced edges forcircular bioeconomy
practice. Arable land contracted markedly, signalling persistent competition
between tillage and grassbased systems Hence, zoning should secure
remaining arable belts through 1) consolidation zoning[39]; 2) crop rotations
that lift soil carbon by incorporating perennial or deeprooted crops, legumes,
or diverse cover crops that increase organic matter inputs, enhance root
biomass, and improve soil structure, thereby raising soil carbon stocks over
time [52]; and 3) protection from non-agricultural rezoning.Pastures increased
over the long termin the Southern region but grasslanddeclined in 2010r2020,
with cropland also slipping, indicating recent intensification and land
conversion pressures Hence, adaptive grazingin pasture zones could be
paired with: 1) nutrient budgeting [14] (both as previously described) 2)
riparian buffers[9]; and 3) measurable ammonia and nitrate reductionswhich
provide quantifiable decreases in nitrogen lossesthrough lower ammonia
volatilisation and nitrate leaching, achieved by integrating grassland crops and
green biorefining, improving nutrient use efficiency while reducing water and
air pollution [53]. Remaining croplandcould be treated as diversified cropping
pockets for legumes, forages and fibre cropso feed modular biorefining[54]
without displacing grass systems. Over 2002020 theregiongained grassland
modestly but lost cropland by almost a quarter,emphasising the need to
protect mixed dairyrtillage linkages where they remain competitive Forest
cover increased significantly in the region hence, zoning could encourage
agroforestry corridors, timber biochar nodes [55] and tree shelterbelts that
improve water quality and climate resilience while maintaining productive
capacity [56]. The Southern region alsorecorded the largest decline in
wetlands. Therefore, conservation-first zonesshould prioritise rewetting, peat
compatible grazing and paludiculture, with strict controls on drainage. Finally,
livestock trends showed consolidation towards larger dairy herds despite

fewer dairy farms, alongside declines in beef, sheep, pig, and poultry numbers.

Planning and siting regulationsshould therefore require that any further dairy
intensification is accompanied by circular nutrient recovery measures
(capture and reuse of nutrients from livestock manure, wastewater, or
digestate) [22] and transparent environmental performance standards[57].

Figure 8 Chang in Sheep LivestocR000T 2020 (N)(Southern)
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In respect to compact development, the Southern regionshould move away
from outward growth towards inward investment in existing settlements[31].
The region exhibited substantial urban expansion (urban fabric +62.3%
between 1990r2018) alongside a steep contraction of arable land-80.4%).
Because of this, @mpact growth must prioritise brownfield-first regeneration
in regional cities and principal towns, with strict growth boundaries that
protect productive arable belts, supportingg 6 Wl WNRY Ukt WHRY-URWJDUq! ¢cqRYUWY nwacl NI
scale commercial farming (prevalent across Kilkenny, Wexford, Tipperary,
Waterford and Cork). Densification should be paired with blue-green
infrastructure (multifunctional system that integrates natural water and
vegetation to manage floods and runoffs while providing ecological and
recreational capital) [58] that prohibits further loss of wetlands ¢31.4% in the
South since 1990) andntegrates forest/semi-natural assets (12% of regional
land), using river corridors and pedand areas as hard ecological edges to
settlement growth. The regionhas the highest livestock intensity (54 LSU per
farm; with peaks in Waterford, Kilkenny and Tipperaryjationally. Hence, in
settlement zones, housing and employment should be clustered around
existing centres and transportcorridors that connect to dairy and beef supply
chains. This supports peri-urban eco-industrial upgrades, AD, nutrient
recovery [22], and power networks, located in serviced estates rather than
dispersed greenfield sites, mitigating transportation and runoff risk from
RUOUqUUt RnRIT WI ¢RI RUNWWNSWIWI YNRYUWe ot YWsyal+ wfl doaecUOT kt WGl NIt qWGet qel WWHAHEG
of land; grass silage 20%), so compact townsshould be ringed by
multifunctional green belts that manage slurry catchments, flood storage and
recreation while preserving contiguous pasture blocks for viable grazing.

11



The Eastern and Midlan(tsSM)Region

According to the spatial fpology component §ee D4.1 and Appendix, Tables
Al1-A10), agricultural zoning in the EM region should primarily target
commercial farming and mediumsmall arable systems while ring-fencing
fragmented structures and ecologically sensitive pockets. Largescale
production (factor 2)corridors, prevalent inKildare, Meath, Westmeath, Offaly
and Laois(see TableA2; 25), should be zoned for consolidated agrproduction
and processing, with clear regulatory controls on subdivision [59] and nor-
agricultural rezoning to preserve contiguous biomass catchments and justify
infrastructural investments, e.g. logistics, biorefinery, storage. In locations
exhibiting medium to small scale arable farming areas (factor 3 particularly
Kildare, Meath and Louth(see TableA3; 26), a transitional arable belt should
be designated to prioritise peri-urban value chains, shared grain storage, low
emission tillage, anddigital or cooperative systems that facilitate structured
agreements between small farmers and downstream buyers (processors,
retailers, feed mills, fibre industries)[60]. Becausethe region also contains
notable fragmentation hotspots (Factor 6) in Longford, Offaly, Laois and parts
of Meath and Westmeath(see TableA6;29), such areas should be targeted for
consolidation zoning [39], cooperative machinery rings[40] as previously
described, and targeted landmobility schemes that facilitate land transfer
between operators [61]. Around Dublin, Wicklow and Louth, semirural
diversified landscapes factor 8) should accommodate peri-urban circularity
zones colocating enterprise such as 1) nutrient recovery[22]; 2) organic hubs
(decentralised facilities that collect, process, and redistribute organic waste
streams) [62]; 3) short-haul logistics (localised transport and distribution of
bio-based products over short distanced [63]; and 4) precision farming
services (technology-enabled advisory and operational supportssuch as soil
and crop monitoring, variablerate input application, and digital decision tool9
[64]. This would reflect the higher human-capital profiles and mixed
employment base of such areas Finally, where environmentally sensitive
tracts occur, prevalent in Wicklow, zoning should prohibit intensification,

prioritise peatland and ypland conservation, and channel income via results

based schemes and carbon farming rather than output growth.

Figure 7 Spatial TypologyEM)
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According to the spatial analysis component (see D4.2 and Appendix, Tables
A11-A20), agricultural zoning in the EM regioshould capitalise on its arable
base and protect land fragmentation and environmental constraints. The

region exhibits f | 3G ¢ UT kKt W6 RNG IIt ofll.1%5 £61,3200 han W H=#1 Y |

prevalent in counties such as Louth, Kildare and Meatlisee TableA13; 36).
Theseareasshould be designatedas prime arable protection zones, with strict
controls on non-agricultural rezoning and policies that should prioritise
activities such as: 1) rotation systems designed to sustain yields, manage
soils, and balance farm economic [65]; 2) rotation systems specifically
designed to integrate crops such as legumes, cover crops, or perennials to
increase organic matter inputs and enhance longerm carbon sequestration
in soils [66] (as previously described; and 3) clustered on-farm
storage/processing to reduce postharvest losses and buffer seasonal
volatility [67]. The grassland baselinen the EM regioris substantial but more
moderate than in the South, with pasture 833.2%, hay regionallythe highest
(2.6%), and grass silage near 16.6%see TableA12; 35. Hence, zoningshould
reserve forage corridors that secure contiguous pasturesilage for dairy and
beef, while steering intensification away from sensitive edge$68]. Because
EM farms are the largest on avege (41 ha), with relatively high livestock units
per farm (45) and strong dairy herds (90 cows per dairy farnmfensification
districts should be designated, whereby nutrient management [69], slurry
valorisation [70], and feedprotein substitution (alternative proteins such as
single-cell protein from biomass, reducing reliance on imported feeds)71],
should be prioritised. Such districts could be located around established dairy
and mixed hubs rather than perurban edges where land pressure is acute.
Rough grazing is minimal irthe EM region (2.5%, 36,500 ha), so upland or
marginal-land biodiversity capital must be delivered through riparian buffers,
field margins and hedgerow networkg72] within productive zones &ther than
via extensive grazing blocks. Wetlands and forestry covers are comparatively
low, suggesting targeted green infrastructure expansion along the Barraw
BoynerShannon sub-catchments to improve flood retention and water quality
without materially constraining arable output.

Figure 8 Area of Total CropsFruit and Horticulture 2020 (EM)
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According to thespatial temporal component (see D4.3 and Appendix, Tables
A21-A28), agricultural zoning in the EM regionshould consolidate its arable
base while accommodating urbanisation and prioritising the restoration of
degraded ecosystems. Longterm land use trends emphasise substantial
urban expansionbetween 1990 and 201§68% increase; 32,600 hajsee Table
A27; 50). Peri-urban buffer zonesshould therefore cap greenfield conversion,
restore permeable surfaces where possible[73], and reserve servicedurban
fringesto allow circular practice, e.g.organics-to-energy[25], composting, and
nutrient-recovery [22], to develop without further fragmentation of bio-
productive land. As previously discussed, entral to this approach is the
Gl Y qll#qRY U WesilighytdlddeHadd @rRole (and felllonly marginally
by €2.9% between 1990-2018, while CSOlreland recorded cropland increases
of +5.5% between 2000-2020 (see TableA23; 49. These trendsfurther justify
the aforementioned arable protection zone across Meath, Kildare and Louth,
governed byland consolidation regulation [39], rotation practice that raises
soil carbon [52], and clustered onfarm storage and processing[67]. Grass

systems in the region also require protectiontOllA¢t qeal It WHYUq!

according to the CORINE geodatabaseand therefore, as was the case with the
Southern region, zoning should designate forage corridors that maintain

contiguous pasturetsilage blocks, link intensification to ammonia and nitrate

reduction [50] and embed riparian buffers alongimportant catchments [51].

Forest cover rose strongly (+41.8%)facilitating agroforestry activities as

mentioned previously. Conversely,5 IJqd ¢ UT + WT UHEG RUIJTand
hence conservation-first zones in the EM regionshould, where appropriate,

prioritise rewetting, peat-compatible grazing, and strict controls on drainage
and heavy infrastructure.

Figure 9 Change inCropland 2010T1 2020 (Hectares) EM)
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The EM region presents the most acute case for compact developmerdue to

q6 Wl DNRYUKt WERNGEG! We l danpaet plais bhist)iX Jd Y GG WUqWGI YnRG AW
hard settlement boundaries, prioritise brownfield/core-area developmentand

serviced urban fringes (as with all regions) As previously mentioned, he

restoration of permeable surfaces [73], where possible, could also be

considered in order that peri-urban expansion does not fragmentbio-

productive blocks. 72 Rt T RUNWY U Wq 6 latddlelbBsR (Expganded! | 19+ Ra RIJU q LW
cropland 200012020), an important strand of compact policy could focus on

the aforementioned transitional arable belt ¢ | Y2 Ul W 2?2 AGRUkt WHYGG qldl LW
counties (Meath, Kildare, Louth) whereby edge development must be

contingent on demonstrating no loss of productive capacity commitment to

the financing of shared onfarm storage, rotation infrastructure and firstmile

logistics systems. Within towns and principal villages, mixeeuse densification

should HUW ¢ G RNUVT Ws Ra8Waqé Wl WNRY Campadt HY G 0 DI HRe¢GWnel GWt ql e Hgel JOW
centres could host Agri-tech services, input depots and short-haul hubs,

prioritised through incentivisation. Along radial corridors, zoned serviced

estates for circular bioeconomy activities should not disrupt contiguous

farmland. Livestock profilesin the EMregion exhibitrelatively high livestock

units per farm and large dairy herds, concentrating nutrient flows that are best

managed at serviced nodes rather than dispersed gredield sites. Greerrblue

infrastructure [58] should be embedded inside compactzones to prevent

further pasture loss(i.e. pasture loss over 1990r2018 and grasslandoss 2010t

2020). Riparian buffers and hedgerow networks should be applied in all

approaches to protect forage corridors and reduce ammonia/nitrate loads.

Finally, compact growth should spatially designate sensitive uplands and

semi-rural diversification zones particularly in Wicklow but also Louth

fringes).
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Spatially Decentralised Bioeconomy Recommendations

for Ireland

National Principles

Based on the foregoing analysissiting and investmentat national levelshould
proceed from a naturatcapital first principle. Wetlands and peatlands
declined by roughly onefifth between 1990 and 2018; any expansion of bio
based activity must therefore avoid peat and wetlandhotspots, restore
hydrology where feasible, and embed riparian buffers and agroforestry
corridors around priority waterbodies. This is not only an ecological
requirement, but a legitimacy condition for the wider renewably-based
economic transition contingent on bioeconomy transition At the same time
hub development should preference alreadyserviced footprints, urban edges
and existing industrial estates to preserve bioproductive land and prevent
the intensification of land competition and fragmentation risksassociated with
new footprints pushing into greenfield sites. Feedstock alignment is
fundamental; modular biorefining/processing plants should be selected
against prevailing regional streams manures and food waste for nutrient
recovery, grass silage and residues for gas and materials, straw and forestry
by-products for biobased materials, rather than assuming one uniform
technology set[74]. Where scale and dispersion hinder project finance, mobile
and modular plants (including cooperative composting[75] and decentralised
biorefining [76] can lower entry barriers and distribute valud77; 78].

National Siting principles (see Figure 10)

A Protect natural capital first. Wetlands/peatlands have fallencirca 20%
nationally (1990r2018). All hub siting must avoid peat and wetland cores,
restore hydrology where feasible, and embed riparian buffers and
agroforestry corridors along priority waterbodies.

Use serviced footprints. Concentrate circular hubs on alreadyserviced
urban edges and industrial estates to reduce new landake and advance
short-haul logistics [63].

Align with regional feedstocks . Match module types to dominant
resource streams €.g. manures, grass silage, food waste, straw, forestry
by-products), reflecting regional diversity in cropland, grassland and
livestock systems.

Design for modularity and mobility. Prioritise mobile and module units,
cooperative composting, and decentralised biorefining to lower entry
barriers for smaller farms and fragmented areas.

Figure 10:National Siting Principles

Spatially Decentralised Bioeconomy Recommendations for Ireland

National principles for siting and investment

National siting and investment should proceed from a natural-capital-first principle.
Bio-based development should avoid peat and wetland hotspots, preference

already-serviced footprints, align with regional feedstocks, and use modular or
mobile systems where scale and dispersion hinder project finance.
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A spatially decentralised bioeconomy that protects natural capital, preserves
Strateglc Outcome bio-productive land, reduces fragmentation risk, aligns technology with regional
resource streams, and distributes value more widely across rural Ireland.
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The Northern and WestefNW)Region

The NW Region

The NWregion is characterised in terms ofg) 6 W WE q ¢ qJkt WaG¢l N IJlR(‘ﬁqua'fﬁPﬂl% UT wt 6¢l 13w

with small, fragmented farms and low livestock intensitylIt also exhibits a long-
term growth in pastures and a recent, modest cropland rebound from a very
low base. The regional pathway is natur@ositive circularity grounded in
rewetting and cooperative operations. Peatlanddominated tracts in Donegal,
Mayo and Galway should shift to paludicultue (e.g. sphagnum substrates for
horticulture, wetland fibres such as reed, cattail and alder, and low
disturbance fodder and biomasg [18], financed throughresults-based carbon
[17] and biodiversity contracts [2]. Processing here should be light and
characterised by co-location [79], with strict drainage controls and
prescription against heavy infrastructure near environmentally sensitive
locations. Extensive pasture districts require landpooling [5], adaptive grazing
[13] and cooperative manure management[4] so that contiguous grazing
blocks are maintained and nutrient flows are circularised. Sma#footprint
digesters atlivestock marts, co-op and/or wastewater sites can pool feedstock
from low-intensity holdings[21]. Digestate should be returned by pescription
to fields identified in catchment nutrient budgets [14], and shorthaul radii
should be implemented to keep traffic off peat roads[63]. In semirural
diversification pockets, especially Leitrim and parts of Cavan and Monaghan,
peri-rural hubs should host modular fibre processing[54] and composting [34]
to diversify farm incomes without recreating large tillage tracts.
Heterogeneous agriculture areas should be used teustain ecological integrity
through riparian buffers [9] and agroforestry corridors [10] that recover
hydrology and habitat while accommodating lowinput livestock [30].
Compact growth should be directed to Sligo, Letterkemy and service towns
with circular activity allocated to serviced land, ringfence wetland cores, and

1 Eqcecqlkt Wacl Nt qs Jgdc Ul Wt 6¢l KO
1 Small, fragmented farms with low livestock intensity.

1 Longterm growth in pasture; modest recent cropland rebound from a
low base.

Strategic pathway:

1 Nature-positive circularity grounded in rewetting and cooperative
operations.

Peatland -dominated tracts (Donegal, Mayo, Galway):

1 Shift to paludiculture (sphagnum substrates, wetland fibres such as
reed, cattail, alder; low-disturbance fodder/biomass).

1 Finance through resultsbased carbon and biodiversity contracts.

=

Light, co-located processing in village hubs

=

Strict drainage controls; pregription against heavy infrastructure near
sensitive sites.

Extensive pasture districts:

1 Land-pooling, adaptive grazing, cooperative manure management to
maintain contiguous grazing blocks.

inanefforttot WIJGWYGUUWG ¢ UT wWAYUqRNe Yet W \"(UJa]élJUﬂl 'ﬁﬁr@rﬁgrguiar'i{yagc%@BriH{"ib%.' OWHet DWRY wWUY q LW

further fragmented.

1 Small-footprint digesters at livestock marts, co-ops, or wastewater
sites to pool feedstock.
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1 Digestate returned by prescription to fields in catchment nutrient modules. Protected production corridors should secure dairyrtillage

budgets; and short-haul radii to minimise peatroad traffic. integration, precision nutrient management [45] and clustered resource
recovery [46], while compact developmentshould establish hard boundaries
around cities and principal towns to protect remaining arable belts. Within
1 Perirural hubs hosting modular fibre processing and composting. high-density dairy nodes, cooperative manure management[47], slurry
acidification [48] where appropriate, feedefficiency measures [49] and
verified riparian buffers[51] should embed any intensification to ammonia and

Semi-rural diversification pockets (Leitrim, Cavan, Monaghan):

1 Diversify farm incomes without recreating large tillage tracts.

_ o _ o inland Waterford are suitable for modular lines using for example straw,
T Sustain ecological integrity through riparian buffers and agroforestry vegetable waste and fine gras$54], with processing unitsin compact centres
corridors. So micro-enterprises can commercialise biomaterials[80] and nutraceuticals

[81] without land conversion. Highnature-value uplands in Kerry and parts of
Clare should prioritise peatcompatible grazing, rewetting, paludiculture pilots
and native-led agroforestry, with heavy infrastructure directed away ém such
Compact growth: locations [38]. Because the South has also lost a large share of wetlands and
cropland since 1990, zoning must lock in diversified crop pockets that raise soil
carbon [52], designate habitat corridors and deploy timbetwith-biochar nodes
Allocate circular activity to serviced land. [55] and shelterbelts to improve water quality and climate resilience while
maintaining productive capacity[56].

1 Restore hydrology and habitat while accommodating lownput
livestock.

Direct to Sligo, Letterkenny and service towns.

Ring-fence wetland cores.

=A = =2 =4

Keep open farmland contiguous to prevent further fragmentation of

small farms. The Southern Region

Regional profile:

f Eqcqlkt WERNGEIE qt ¢l PWYnWnel T Wac
9 Larger average farm size and highest livestock units per farm.

- Lo . : . B . . 1. Strong arablergairy linkages in_Wexford, Carlow, Kilkenny, Tipperary,
The Soutid | Ul WNRYUWRt WHG ¢ | ¢ H q IJHigRestidhatd BfU LW a 11 U bvg{erfgréyghgé]o@.lz acaqll Kef L

farmed land, larger average farm size and the highest livestock units per farm
This isset against strong arabladairy linkages in Wexford, Carlow, Kilkenny, Strategic pathway:
Tipperary, Waterford and Corkin this context, the approach should be tscale
circular processing without sprawl by concentrating integrated plants in
serviced estates and feeding them through a radial network of villagecale

The Southern Region

9 Scale circular processing without sprawl by concentrating integrated
plants in serviced estates.
1 Supply via a radial network of villagescale modules.
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Protected production corridors:

1 Secure dainyrtillage integration and precision nutrient management.
1 Enable clustered resource recovery.

1 Compact development to establish hard boundaries around cities and
principal towns, protecting arable belts.

High-density dairy nodes:

1 Cooperative manure management, slurry acidification where
appropriate, feed-efficiency measures.

9 Verified riparian buffers.

9 Embed intensification in ammonia and nitrate reductions.

Transitional areas (Clare, rural Cork, Wexford, inland Waterford):

1 Modular lines using straw, vegetable waste, fine grass.

9 Processing units in compact centres to support micreenterprises in
biomaterials and nutraceuticals, without land conversion.

High-nature -value uplands (Kerry, Clare):

9 Peat-compatible grazing, rewetting, paludiculture pilots, and native
led agroforestry.
1 Heavy infrastructure directed away from these landscapes.

Zoning priorities (given wetland and cropland loss since 1990):

9 Lock in diversified crop pockets to raise soil carbon.

1 Designate habitat corridors.

1 Deploy timber-with-biochar nodes and shelterbelts to enhance water
quality, climate resilience, and productive capacity.

The Eastern and Midlan(tSM)Region

The comparative advantageof the EM regionis a resilient arable base, large
average farm size and substantial dairy herds, set amidsignificant
urbanisation. The approachshould beto protect prime arable while absorbing
metropolitan pressure through compact siting and periurban circular nodes
that do not fragment soils. An arablesafeguarding belt around Meath, Kildare
and Louth should prohibit net loss of prime tillage land and mke edge
development contingent on financing shared grain storagd60], first-mile
logistics [63] and rotation infrastructure [65-66], with soil-sealing offsets where
surfaces are added[73]. Growth clusters in Kildare, Meath, Offaly, Laois and
Westmeath should co-locate higherthroughput processing inside urban
estates. Nutrient management[69] and slurry separationand/or acidification
[48] should be implementedas standard practice. Periurban interface areas
in Louth and transitional parts of Laois, Offaly and Westmeath should integrate
depots for separated organics, smallAD, composting and nutrient recovery
[22] so urban food waste and rural residues circulate locally. Fragmentation
hotspots, notably Longford and parts of Laois and Westmeath, call for
consolidation-by-use zoning [39], land-mobility schemes [6], and shared
equipment pools [40]. Peat and wetlandareas in Offaly and Longford should
be restoration-first, allowing only wetland-compatible biomass and excluding
heavyinfrastructure near active rewetting. Because pastures have contracted
and forestry expanded, biodiversity capital should be delivered within
productive zones via riparian buffers, field margins and hedgerow networks
rather than extensive rough grazinfy2].

The EM Region
Regional profile:

1 Comparative advantage: resilient arable base, large average farm size,
substantial dairy herds.
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1 Significant urbanisation pressures across the region.
Strategic pathway:

9 Protect prime arable zones while absorbing metropolitan pressure
through compact siting.
91 Develop periurban circular nodes that avoid soil fragmentation.

Arable-safeguarding belt (Meath, Kildare, Louth):

91 Prohibit net loss of prime tillage land.

1 Make edge development contingent on financing shared grain storage,
first-mile logistics, and rotation infrastructure.

1 Require soitsealing offsets where surfaces are added.

Growth clusters (Kildare, Meath, Offaly, Laois, Westmeath):

9 Co-locate higher-throughput processing inside serviced urban estates.
9 Adopt nutrient planning, slurry separation/acidification, and covered
storage as standard.

Peri-urban interface (Louth; transitional Laois, Offaly, Westmeath):

9 Integrate depots for separated organics, small AD, composting and
nutrient recovery.
9 Enable local circulation of urban food waste and rural residues.

Fragmentation hotspots (Longford, Laois, Westmeath):

1 Apply consolidation-by-use zoning.
1 Deploy land-mobility schemes and shared equipment pools.

Peat and wetland areas (Offaly, Longford):

9 Prioritise restoration-first management.
1 Allow only wetland-compatible biomass.
1 Exclude heavy infrastructure near active rewetting zones.

Biodiversity
expansion):

integration (given pasture contraction and forestry

91 Deliver biodiversity capital within productive areas.
9 Use riparian buffers, field margins, and hedgerow networks.
1 Avoid reliance on extensive rough grazing.

CrossCutting Actions

In line with the foregoing strategy,ifiancing, licensing and procurement need
to be decentralised. Public support should favour small and medium units,
with grants are conditional on verifiedevidence that feedstock catchments are
local, that material recovery is prioritised ahead of energy generatiof82], and
that digestate or compost quality meets agronomic specifications [83].
Planning permissions for both large and small plantsshould pertain to
designated transport routes (to minimise disruption, congestion, noise,
emissions, residential/environmentally sensitive areas)[63] and emissions
conditions are aligned with settlement plans & well asair and water-quality
thresholds. Accordingly,where PM2.5 or nutrient pressures already elevated,
permits should prioritise material valorisation [24] and should require proven
abatement [48]. Local authority and health or education procurementas the
potential to create baseline demand for certified bio-based products through
green public procurement pilots [84] centred in compact town centres,
ensuring early markets for biobased mducts emerging from small-scale
facilities [85].

Operations and logisticsshouldn Y @ 0 Y 5 WeclinR 26t YW ngR |+ a) w LI

catchments for village fringes modules should be drawn to typical farmto-
node travel times of thirty minutes or less, withclosed-loop transit designed
around existing milk, livestock and retail flows rather than creating new traffic
[86]. Where residues are highly dilute, prdreatment and separation should
occur at or near the farm or in satellite units to avoid moving wat¢87]. Digital
scheduling and traceability should be embedded from the outset so that
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nutrient movements, carbon outcomes and product quality can be verified and
reported against CAP eceschemes and resultsbased contracts [88].

Zone boundaries from the agricultural zoning frameworkshould be
transposed into county development plans asgeographical overlays with
explicit development objectives and decision criteria for bioeconomy
application. Conservation areas should include explicit exclusion clauses for
intrusive infrastructure while still enabling income through PES and low
impact farming [89]. Periturban biomass protection zonesshould be coupled
with serviced-site strategies so that enterprises have viable, prplanned
locations within compact settlements [31]. Regional implementation guidance
is requiredso that local authorities can enforce rules and coordinate licensing
with DAFM and EPAtandards.

The phasing ofregional strategy should be strategically sequenced to
maximise return on investment, minimise ecological risk, and ensure spatial
alignment with established zoning and servicing frameworks.The first
implementation phase should target priority sites where existing feedstocks
can be aligned with proven modular processing technologies within clearly
designated agricultural or conservation zonesand on fully serviced sites.In
this respect, policy deliveryshould be supported through targeted CAP Pillar Il
measures [90], Local Authority Development Contribution Schemes, and
zoning provisions in County Development PlansSuch interventions may
include for example:

§ Paludiculture pilots coupled with low-impact biomass processing in
designated conservation areas of theNW region, supported by Special
Area of Conservation (SAC) zoning9]] and payment for ecosystem
services (PES) schemesop].

1 Village/lurban fringe AD facilities integrated with high-density dairy
catchments in the Southern region, secured through agricultural
protection zoning and serviced site allocation.

1 Composting and nutrientrecovery modules at periurban interfaces in the
EM region, enabled by waste management licensind93] and Regional
Waste Management Plang94-96].

Once phase one nodes are operational, the second phasecould focus on
product diversification within the same spatial footprint to avoid new land take
and to leverage existing logistics infrastructure. Diversificationcould be
enabled through Enterprise Ireland[97] and LEADER programme supports
[98.], as well as towncentre renewal schemes under the Town Centre First
policy [99]. Shared researchinfrastructure and innovation hubs could be
located in compact town centres, supported by zoning policies that promote
mixed-use innovation districts and repurposing of brevnfield sites. The third
phase could extend the operational scope of bioeconomy nodes to integrate
ruralturban circular flows, including the capture and processing of urban
organic waste [100Q], recovery of wastewaterderived nutrients [101], and
deployment of digitally enabled logistics systems to optimise transport flows
[102]. This phasecould be supported by Waste Action Plans for a Circular
Economy [103], Urban Wastewater Treatment Directive compliance
frameworks [104], and Smart Village strategies undethe EU CAP Network
[105]. Spatially, expansioncould follow a hub and satellite logistics model
[106] designed to ensure integration with regional transport corridors [86]
without compromising agricultural or ecological integrity. This sequenced,
policy-based approach could be designed to ensurdhat bioeconomy capacity
is scaled in direct alignment with feedstock availability, market maturity, and
environmental safeguards [107], embedding the sector within a legally
enforceable and spatially coherent development framewori108].

In terms of nonitoring, bioeconomy development must be evaluated in
terms of both ecology and equity. Each nodecould report on material
cascading performance [109], nutrient balances [14], greenhouse gas
abatement [110], water-body status [111] and biodiversity indicators [112]
relevant to its zone, alongside socieeconomic metrics such as local
employment, cooperative participation, and the share of revenue retained
[113] within respective counties. Where indicators breach thresholds
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particularly wetlands, water quality or air quality permit conditions could
either automatically tighten onbiomass volume or could shift biomass product
away from energy returns to materials and soil function§l14].

In the NW region, this decentralised model rewards stewardship and
cooperation, turning ecological value into income without diminishing
ecological integrity. In the Southern region, the modeldistributes the benefits
of scale by adding many small satellites to each large hub and by using
compact growth regulation to ensure that productiveland is protected. In the
EM region, the model couples commercial scale with periurban context,
protecting productive blocks while opening structured pathways for smalle
producers to participate.

Cross-Cutting Actions

Financing, licensing and procurement
1 Decentralise support structures; prioritise small and medium units.
! Grants conditional on:

o Local feedstock catchments.
o Material recovery prioritised ahead of energy generation.
o Digestate/compost quality meeting agronomic specifications.

1 Planning permissions to include:

o Designated haulage routes to minimise disruption, congestion,
noise, emissions and impacts on sensitive areas.

o Emissions conditions aligned with settlement plans, airand water-
quality thresholds.

1  Where PM2.5 or nutrient pressures are elevated:

o Permits should prioritise material valorisation and require proven
abatement.

1 Public procurement (local authority, health, education):

o Early demand for certified biebased products via green
procurement pilots centred in compact town centres.

Operations and logistics

o 1 VGqlellest ReVt Ldin R | -to-G W IUIJ BIG 19 & &1 & LU LW

o Design closedloop transport around existing milk, livestock, and
retail flows to avoid new traffic.

o Pretreatment/separation at farm or satellite units to avoid moving
water.

o Embed digital scheduling and traceability to verify nutrient
movements, carbon outcomes, and product quality against CAP
eco-schemes and resultsbased contracts.

Zoning and governance

o Transpose agricultural zoning framework into county development
plans as overlays with explicit objectives/criteria.

o Conservation areas: exclusion of intrusive infrastructure; enable
PES and lowimpact farming.

o EMregion peri-urban biomass protection zones& Southern region
growth boundaries: pair with servicedsite strategies for viable
enterprise siting.

o NW region: lighter institutional density requires template bylaws,
shared planning resources, and regional implementation guidance
for licensing (aligned with DAFM/EPA).

Phased implementation

o Phase 1:

A Target priority sites with proven modular technologies in
designated agricultural or conservation zones and on fully
serviced sites.
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(0]

(0]

A Supported by CAP Pillar 1l, Development Contribution
Schemes, and county zoning provisions.
A Example interventions:

A Paludiculture pilots & low-impact biomass
processing in NW region SAC areas with PES
schemes.

A Village/urban fringe AD facilities integrated with
Southern region dairy catchments.

A Composting and nutrient recovery modules atEM
region peri-urban interfaces.

Phase 2:

A Diversify products within existing footprints (no new land
take).

A Supported by Enterprise Ireland, LEADER, Town Centre
First renewal.

A Shared labs, prototyping hubs, maker spaces in compact
town centres.

Phase 3:

A Expand to ruraturban circular flows (urban organics,
wastewater nutrients, digitally enabled logistics).

A Supported by Waste Action Plans, Urban Wastewater
Directive compliance, Smart Village strategies.

A Spatial design: huband-satellite logistics model integrated
with  transport  corridors, without compromising
ecological/agricultural integrity.

Monitoring, Reporting & Verification (MRV)

o Each node reports on:

A

> > P> >

Material cascading performance.

Nutrient balances.

GHG abatement.

Water-body status.

Biodiversity indicators.

Socio-economic metrics (local employment, cooperative
participation, revenue retention).

o Where thresholds are breached (wetlands, water, air quality):

A

Permit conditions tighten automatically, or biomass shifs
from energy to material/soil functions.

Regional differentiation within the cross -cutting model

o NW region: Rewards stewardship and cooperation; converts
ecological value to income without degrading integrity.

o Southern region: Balances scale and distribution by adding small
satellites to hubs; compact growth keeps productive land intact.

o EM region: Couples commercial scale with periurban context;
protects arable blocks while creating structured pathways for
smaller producers.
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Appendixr Spatial Analysis Statistics and Maps
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Table A2 Large-Scale Commercial Farming Areaper Region/County
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Figure A2: Large Scale Commercial Farming Areas (Factor 2)
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Table A3: Medium-Small Scale Arable Farmind\reas per Region/County

Figure A3: Medium-Small Scale ArableFarming Areas (FactoB)
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Table A4: Medium-Large Scale Mixed Farming Aregser Region/County
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FigureAd: Medium-Large Scale Mixed Farming Areas (Factor 4)
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TableA5: Small-Scale Livestock Farming and AfforesAreasper Region/County
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Table A6: Fragmented Cropland and Small Farn$tructures per Region/County

EHRYI 10t | xYs WelE] ~YT Ul ¢ql c RN6 Wel FigureA6: Fragmented Cropland and Small Farm Structures (Factor 6)
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Table A7: Marginal Farming Landscapes per Region/County
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*(see D4.1;26-27)

FigureA7: Marginal Farming Landscapes (Factor 7)
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TableA8: Semi-Rural Landscapesper Region/County

Figure A8: Semi-Rural Landscapes (Factor 8)
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Table A9: Environmentally Sensitive Peatland Areas per Region/County
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*(see D4.1,;30-31)

Figure A9: Environmentally Sensitive Peatland Areas
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Table A10: Spatial Typology: Clusters as a Percentage of Land Cover per

Figure A10: Spatial Typology of Rural Ireland
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Spatial Analysiésee D4.2)

TableAl1l: Area, Number and Size of Farms in Ireland 2020

FigureAl1l: Average Farm Size in Ireland 2020 (Hectares)
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TableA12: Grassland in Ireland 2020

FigureA12: Area of Grassland in Ireland 2020 (Ha)
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TableAl3: Total Crops and Commonage in Ireland 2020

FigureAl3: Area of Total Crops, Fruit and Horticulture in Ireland 2020 (Hectares)
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TableA14: Livestock in Ireland 2020
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FigureAl4: Beef Livestock in Ireland 2020
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TableA15: Livestock in Ireland 2020

FigureA15: Diary Livestock in Ireland 2020
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FigureA16. CORINE Land Cover Typology for Ireland 2018

FigureAl7: Wetlands and Peatlands in Ireland 2018
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