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Abstract 

Ireland’s climate legislation mandates greenhouse gas (GHG) reductions consistent with the 

Paris Agreement, implemented through legally binding carbon budgets (CBs) targeting a 51% 

reduction by 2030, relative to 2018, and climate neutrality by 2050. As an EU Member State, 

Ireland must also meet obligations under European climate and energy legislation, including 

the Emissions Trading Scheme (ETS), the Energy Efficiency Directive (EED), and the Effort 

Sharing Regulation (ESR). The extent to which national policy frameworks, such as Ireland’s 

domestic CBs, align with EU obligations is underexplored. 

This study assesses the alignment of Ireland’s energy system decarbonisation pathways – 

developed using the TIMES-Ireland Model (TIM) and aligned with approved and adopted 

national CBs - with EU climate and energy targets for 2030 and 2040. The analysis focuses on 

a composite “TIM-CBaligned” pathway, representing the weighted average of scenarios 

underpinning Ireland’s third and fourth CB proposals, alongside current and planned policy 

scenarios.  

Results show that TIM-CBaligned outperforms the 2030 EU ETS target in power and industry 

sectors by 24% and exceeds the indicative EU-2040 benchmark for energy emissions by 68%. 

ESR compliance is achievable only with significant agricultural mitigation; otherwise, non-

compliance persists even with use of flexibilities. Final energy consumption in 2030 falls 6% 

short of the EED target, although low energy demand scenarios help to close the gap. 

These findings confirm that ambitious, CB-aligned energy pathways can deliver strong 

coherence between national and EU climate goals, in line with literature on multilevel 

climate governance. However, they also highlight the persistent risk that underperformance 

in non-energy sectors undermines overall compliance, which is particularly pertinent for 

countries with a high share of emissions from agriculture. Policy coherence requires 

sustained investment, accelerated demand reduction, and integrated planning across all 

sectors. This study contributes a novel, quantitative example of national–EU target 

alignment, addressing a recognised gap in the literature and providing evidence to inform 

both domestic and EU policy debates. 

Keywords 

Carbon budgets; Policy coherence; Energy systems modelling; European Union climate 

policy; Multilevel climate governance 
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Abbreviations 

AEA, Annual Emissions Allocation; BAU, Business-as-Usual; BECCS, Bioenergy with Carbon 

Capture and Storage; CB, Carbon Budget; CCS, Carbon Capture and Storage; CO₂ / CO₂e, 

Carbon Dioxide / Carbon Dioxide Equivalent; EED, Energy Efficiency Directive; EPA, 

Environmental Protection Agency; ESR, Effort Sharing Regulation; ETS, Emissions Trading 

Scheme; EU, European Union; EV, Electric Vehicle; GAMS, General Algebraic Modelling 

System; GDP, Gross Domestic Product; GHG, Greenhouse Gas; IPCC, Intergovernmental Panel 

on Climate Change; LED, Low Energy Demand (scenario); LowBio, Low Biomass Import 

(scenario); LULUCF, Land Use, Land-Use Change and Forestry; Mt, Million tonnes; MtCO₂ / 

MtCO₂e, Million tonnes of CO₂ / CO₂ equivalent; MW, Megawatt; TIM, TIMES-Ireland Model; 

TIMES, The Integrated MARKAL-EFOM System; WAM, With Additional Measures; WEM, With 

Existing Measures 

1.0 Introduction 

Achieving climate neutrality requires coherent action across governance levels. The 

European Union (EU) has legislated a net-zero greenhouse gas (GHG) target for 2050, with 

an intermediate reduction of at least 55% by 2030 relative to 1990 [1], [2]. These goals are 

operationalised through multiple policy instruments within the European Green Deal [3], the 

EU’s overarching strategy for addressing climate change, and the “Fit for 55” legislative 

package. Key measures for 2030 include the EU Emissions Trading Scheme (ETS), a cap and 

trade system for large emitters; the Effort Sharing Regulation (ESR), which sets binding 

national annual emissions allocations (AEAs) for Member States for non-ETS sectors 

(excluding land use, land use change and forestry (LULUCF)); and the Energy Efficiency 

Directive (EED), which requires reductions in final energy consumption [4], [5], [6]. The 

European Climate Law also mandates the delivery of an intermediate climate target for 

2040, for which a 90% net GHG emissions reduction relative to 1990 has been proposed [7].  

While these frameworks operate at the EU level, compliance ultimately depends on Member 

States meeting their binding ESR and EED targets and participating in the ETS and long-term 

decarbonisation goals. Ireland provides a relevant case for examining this multi-level 

governance challenge. Ireland is a small, highly open economy with a significant 

multinational presence, which inflates conventional GDP measures relative to domestic 

income. Its emissions profile is distinct within the EU, where agriculture accounts for over 

one third of emissions, while heavy industry represents a comparatively small component of 

the economy.  

The Irish energy system is characterised by high dependence on imported fossil fuels, and a 

reliance on natural gas in electricity supply. The transport sector is characterised by high 

reliance on private car ownership, dispersed settlement patterns, and an emerging growth in 

EV sales. Heat is highly fossil fuel dependent, with kerosene and solid fuels playing a 
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significant role. These features shape both the scale of the compliance challenge and the 

mitigation options available. 

The Climate Action and Low Carbon Development (Amendment) Act (2021) [8] establishes a 

national framework for climate action, underpinned by legally binding five-year carbon 

budgets (CBs), and sectoral emissions ceilings aligned with a 51% GHG reduction by 2030 

(relative to 2018) and climate neutrality by 2050 at the latest. CB1 and CB2 (2021-2030) 

were approved in 2022 [9], and the Irish Climate Council has since delivered proposed 

budgets CB3 and CB4 covering 2031-2040 [10]1. These domestic commitments must be 

implemented alongside EU obligations.  

However, current projections indicate that Ireland is significantly off track. Under both “With 

Existing Measures” (WEM) and “With Additional Measures” (WAM) scenarios, reflecting 

implemented and planned policies, Ireland is projected to exceed national CBs, fall short of 

ESR obligations and miss its EED target [11], [12]. Non-compliance of EU targets carries both 

legal and substantial financial risks: Recent estimates suggest that due to non-compliance 

under WEM, Ireland may face compliance costs of between €8 and €26 billion, by paying 

other EU Member States to compensate for not meeting its agreed climate targets [13]. 

Ireland risks becoming a significant outlier, with compliance costs potentially up to five times 

higher as a share of national income compared to larger EU economies [14]. It also records 

the highest per capita emissions gap in the EU. This disproportionate shortfall indicates that 

Ireland may face higher relative costs and greater challenges in meeting its climate targets. 

Beyond the financial implications, misalignment between EU and national targets may 

undermine the broader co-benefits of decarbonisation, including economic growth, 

enhanced energy security, and improved public health [15].  

Existing literature has explored Ireland’s energy transition and decarbonisation pathways 

[16], [17], [18], while official reports highlight gaps between Ireland’s emissions and energy 

projections and EU objectives [11], [12]. However, a key gap remains: the extent to which 

nationally focused pathways are consistent with the pace and scale of decarbonisation 

required under specific EU legislation. CB1 and CB2 were broadly consistent with EU ETS and 

ESR targets [19], but evaluating whether subsequent CBs remain sufficient to ensure 

compliance with evolving EU frameworks is essential. Moreover, no studies exist that 

propose energy system pathways that help bridge the projected compliance gap between 

Ireland’s projected emissions trajectory and EU targets. 

More broadly, comparative analyses have assessed Member States’ progress towards EU 

2030 targets [20], examined the robustness of national climate plans relative to long-term 

EU commitments [21], and evaluated the alignment of EU ambition and national pledges 

[22]. These studies reveal that while Member States have clearly defined EU targets, the 

policy actions and instruments required to deliver them often remain underdeveloped, 

 
1 At the time of writing (October 2025), these proposed carbon budgets for CB3 and CB4 are under 
consideration by the Government.  
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limiting progress towards overall EU objectives. Such comparative analyses typically remain 

at the level of declared targets as defined in National Energy and Climate Plans, rather than 

testing whether national policy frameworks can quantitatively deliver compliance with EU 

obligations.  

This highlights wider risks of implementation shortfalls and policy incoherence - where 

measures at one governance level undermine those at another - and reinforces the need to 

assess the interaction between pathways aligned with both national and EU targets. 

Research on multi-level climate governance similarly highlights the risks of policy 

incoherence, and underscores the need for empirical case studies to demonstrate how 

national and supranational targets can be mutually reinforcing [23].  

A number of studies have also explored mitigation policies at sub-national levels, including 

regions and provinces [24] and cities [25], [26], [27]. However, while sub-national analyses 

provide valuable insights into local implementation and governance challenges, they are less 

relevant for assessing overall national compliance with EU-level climate and energy targets. 

This study addresses these gaps by assessing whether Ireland’s energy-sector pathways, 

consistent with approved and proposed national CBs, are aligned with EU climate and 

energy targets for 2030 and 2040. Specifically, we ask: To what extent does a carbon budget–

aligned (CBaligned) energy pathway ensure compliance with EU obligations under the ETS, 

ESR, and EED, and position Ireland to meet the proposed 2040 target?  We also evaluate how 

closely these national pathways, developed using the TIMES-Ireland Model (TIM), an energy 

systems optimisation model, converge or diverge from EU policy. We evaluate a composite 

“TIM-CBaligned” scenario, which underpins Ireland’s recommended third and fourth CBs, to 

identify specific mitigation measures and investment necessary to achieve this pathway, 

comparing it against Ireland’s current policy projections, WEM and WAM. 

The remainder of the study is structured as follows: Section 2.0 describes the methodology 

and scenario framework. Section 3.0 presents the results on target alignment, including a 

sectoral analysis and details on system costs. Section 4.0 discusses the key findings and 

policy implications. Section 5.0 provides conclusions, limitations and suggestions for future 

research.  

2.0 Methods 

This study uses scenarios developed with the TIMES-Ireland model (TIM), an established 

energy systems optimisation model. The analysis also develops a composite CB-aligned 

scenario to represent an energy trajectory consistent with national CBs. Modelled pathways 

are benchmarked against targets under the ETS, ESR, EED and the proposed 2040 target. To 

enable ESR benchmarking, a methodology is introduced to estimate the share of national 

annual emissions allocations (AEAs) that can be attributed to the energy sector. 
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2.1 Model description 

The TIMES-Ireland Model (TIM), built within the TIMES (The Integrated MARKAL-EFOM 

System) framework is a technology-rich, bottom-up, linear optimisation model that 

represents the Irish energy landscape and models future potential energy system pathways 

across energy supply, electricity, transport, buildings and industry sectors [16]. It generates 

cost-optimal energy system configurations to meet energy system demands while ensuring 

decarbonisation under CBs and other user-defined techno-economic or policy constraints, 

and offers outputs including optimal technology deployment, emissions trajectories, sectoral 

energy flows, and costs (investments, variable, operational and maintenance). The objective 

function minimises total discounted energy system cost over a specified time horizon. The 

TIMES code is written in General Algebraic Modelling Software (GAMS) language, and the 

source code, comprehensive model description and methodology are available in [28], [29], 

[30], [31]. 

TIM comprises three main parts: (i) the supply module covers resources, fuel production and 

conversions, and transmission and distribution infrastructure; (ii) the demand module 

captures end-use sectors and energy service demands; and (iii) the emissions control 

module tracks CO2 emissions within the system (Figure 1). 

Decarbonisation is driven through explicit carbon budget constraints rather than exogenous 

carbon price trajectories or policy assumptions; the resulting shadow carbon prices 

therefore represent the marginal cost of meeting emissions limits. A global social discount 

rate of 4% is applied; technology- and sector-specific discount rates are not applied. The 

results can be interpreted as socially optimal pathways (minimised total discounted system 

costs) to meet both energy service demands and carbon budget constraints, subject to 

resource and technology deployment constraints, rather than a simulation of energy system 

outcomes in response to market forces or policy levers, such as exogenous carbon price 

trajectories. Resulting shadow prices therefore represent the marginal cost of meeting 

emissions targets rather than market-clearing ETS prices or optimal carbon taxes.   
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Figure 1 Methodological framework illustrating the national energy system carbon budgets, scenarios, and simplified TIM 
model structure. 

2.2 Carbon budget scenarios 

CB scenarios for 2021-2050 constrain total energy sector GHG emissions (Figure 1). Budgets 

of 250, 300 and 350 million tonnes of CO2e (Mt) are derived by downscaling the global 

remaining carbon budget reported by the IPCC [32], allocating to Ireland on a per-capita 

basis, with 70% of the CB allocated to the energy system to account for emissions not 

captured in TIM from LULUCF, and international aviation and shipping. This is detailed 

further in Daly et al. [33]. These budgets were used to inform the proposed CB3 and CB4.  

Approved sectoral emissions ceilings for CB1 and CB2, which specify the legally binding 

maximum emissions permitted for each sector of the economy within the limits of the 

overall CBs [34], total 269 Mt for 2021-2030. To account for these mandated sectoral 

emissions ceilings and allow for some flexibility, we apply an additional 275 Mt constraint for 

2021-2030 in each CB scenario. The residual CB is allocated to 2031-2050. For example, the 

250 Mt CB scenario implies a deficit of -25 Mt for 2031-2050, while 350 Mt leaves 75 Mt. 

Scenario energy demand is modelled using a business-as-usual (BAU) projection, driven by 

population and economic growth. Several sensitivities explore different assumptions within 

TIM. A Low Energy Demand (LED) scenario lowers energy demand by applying different 

energy service demand rates across sectors, relative to BAU, with full assumptions 

documented in Gaur et al. [17]. An additional sensitivity, LowBio, limits biomass imports to 

current levels. These scenarios are applied to the CBs and are denoted with LED or LowBio: 

350Mt-LED represents a total CB of 350 MtCO2 for 2021-2050, with low energy demand 

projections.  
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The scenarios included in this analysis and implemented in TIM are as follows: 250Mt-LED, 

300Mt, 300Mt-LED, 300Mt-LowBio, 350Mt, 350Mt-LED, 350Mt-LowBio. WEM and WAM 

scenarios are also modelled within TIM to represent current and proposed policies, using 

emissions projections from the Environmental Protection Agency (EPA) as the lower bound 

for emissions [11]. 

2.3 Carbon budget aligned composite scenario 

The national carbon budget proposal was informed by a set of shortlisted scenarios, each 

comprising a combination of energy, agriculture and LULUCF sector pathways [10]. The 

energy pathways included 300 Mt and 350 Mt scenarios and their LED/LowBio sensitivities. 

To represent an energy sector pathway aligned with approved and proposed CBs, a 

composite scenario - TIM-CBaligned - is developed from these scenarios. It is constructed as 

a weighted average of the TIM outputs from the scenario runs. This weighting reflects how 

frequently each scenario appears within the shortlist, thereby capturing an energy emissions 

pathway representative of the CB recommendation.  

2.4 Benchmarking against EU targets and ESR energy allocations 

Compliance is assessed by comparing scenario outcomes against Ireland’s obligations under 

EU targets. Under the ETS, the EU-wide target is non-binding at the Member State level, but 

is applied at the Irish level, to provide a benchmark for comparison. The ETS covers power, 

large industry and intra-EU aviation, but our analysis focuses on industry and power only. 

EED compliance is assessed by comparing projected final energy consumption to Ireland’s 

2030 target. Under the EED, final energy excludes ambient energy (heat pumps) but includes 

final energy in international aviation. While Ireland’s national target under the proposed EU 

2040 target is not yet defined, nor the specific treatment of each sector, we apply the EU-

level target to Ireland’s energy emissions to provide a benchmark for assessing compliance. 

The ESR sets an overall emissions reduction target by 2030, but it is the Annual Emissions 

Allocations (AEAs) that are binding. The AEAs are defined for 2021-2025, and estimated for 

2026-2030 as per the methodology in the ESR [11], [35]. Since the allocations are not 

defined by sector, we estimate the share available to the energy sector by deducting 

projected non-energy ESR emissions (agriculture, f-gases and waste) from the overall 

allowance. As agriculture accounts for around 50% of Ireland’s ESR emissions, energy AEAs 

are highly sensitive to agricultural projections. Four projections are assessed, with resulting 

energy AEAs shown cumulatively in Figure 2:  

• Agri-2018: Assumes a 50/50 split in ESR emissions between energy and non-energy, 

based on Ireland’s 2018 emissions.  

• Agri-WEM / Agri-WAM: Uses non-energy ESR emissions from WEM and WAM 

projections [11]. 

• Agri-CBaligned: Uses non-energy ESR emissions from the CB proposal agriculture 

scenario [10]. Like TIM-CBaligned, this is based on the weighted average of 

agriculture, waste, and f-gas emissions across the shortlisted scenarios.  
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Figure 2 Estimated cumulative energy system AEAs under the ESR, assuming different agricultural emissions pathways. 

Under the ESR, Ireland has access to two flexibilities to help bridge the gap between ESR 

emissions and the AEAs. The ETS flexibility allows ETS credits, equivalent to 4% of 2005 ESR 

emissions (1.91 Mt each year from 2021-2030), to be transferred to an equivalent amount of 

AEAs, which would otherwise be auctioned [36]. A LULUCF flexibility of 2.68 Mt is estimated 

to be available each year for 2021-2025 only [11].  

3.0 Results 

This section evaluates how CB pathways perform against EU climate and energy targets, 

focusing mainly on TIM-CBaligned. Comparison with the EPA’s WEM and WAM projections 

highlights the gap between current policies and compliance pathways.  

3.1 Alignment with the EU ETS  

Applying the EU-wide ETS target (-62% relative to 2005) to Ireland implies an equivalent 

benchmark of 8.3 MtCO₂ in 2030 (power and industry sectors only). All CB scenarios surpass 

this threshold (Figure 3), following a similar trajectory to 2030. TIM-CBaligned achieves a 

77% decrease relative to 2005, mainly due to power sector decarbonisation and industrial 

fuel switching. Existing policies (WEM) already put Ireland close to the benchmark, and 

additional measures (WAM) would result in overachievement.  
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Figure 3 Ireland's ETS emissions pathways under different scenarios against a 62% ETS emissions reduction target for 2030. 

Includes power and industry emissions only, and excludes emissions from international aviation. 

3.2 Alignment with the ESR  

The picture is very different under the ESR. While all CB scenarios reduce energy ESR 

emissions far beyond Ireland’s 2030 target (-42% relative to 2005), staying within the binding 

AEAs is challenging.  

Results highlight that compliance strongly depends on agricultural emissions (Figure 4). 

Under Agri-2018, which maintains a 50:50 split between energy and non-energy ESR 

emissions, all CB scenarios remain comfortably within AEA limits. If agriculture follows WEM 

and WAM projections, every scenario exceeds AEAs, even with substantial energy 

reductions. Only in the case of the most ambitious 250Mt-LED pathway, combined with an 

agriculture pathway aligned to the CB proposal (Agri-CBaligned), is compliance achieved. 

In TIM-CBaligned, energy ESR emissions fall by 63% relative to 2005, but cumulative 

emissions still exceed AEAs under all pathways except Agri-2018. Flexibilities could partially 

close the gap: Ireland can access 32.5 MtCO2, which could close the gap under Agri-WAM 

and TIM-CBaligned, but not under Agri-WEM. By contrast, current policy projections are 

much weaker. WEM and WAM achieve ESR reductions of only 23% and 38% by 2030, 

exceeding AEAs under all agricultural pathways but Agri-2018, even with full use of 

flexibilities. 
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Figure 4 ESR compliance: Cumulative scenario overshoot or undershoot of total AEAs for the energy sector (2021-2030) 

based on energy AEAs with different agricultural emissions pathways. Figures exclude the use of flexibilities.  

3.3 Alignment with the EED 

Ireland’s binding target under the EED is to limit 2030 final energy consumption to 10.45 

Mtoe. Only 250Mt-LED achieves full compliance by 2030 (9.9 Mtoe). Other LED scenarios fall 

just short of the target (within 0.5 Mtoe) and reach compliance by 2032 (Figure 5). In the 

remaining CB scenarios (where energy service demands follow a BAU pathway), final energy 

consumption falls by 5-9% in 2030, leaving a gap of approximately 1 Mtoe. TIM-CBaligned 

reaches compliance after a three-year delay. Across both BAU and LED energy demand 

pathways (including LowBio), stricter CBs deliver deeper reductions in final energy. WEM and 

WAM overshoot the target by 2.8 Mtoe and 2 Mtoe, respectively; energy demand increases 

between 2022 and 2030.  

Beyond 2030, final energy consumption in LED scenarios converge by 2040 and continues to 

decline, reaching 8 Mtoe by 2050. BAU demand stabilises post-2035, achieving the 2030 

target by 2040, and remains steady to 2050. This suggests that sustained demand reduction 

delivers a more robust long-term route to compliance with the EED.  
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Figure 5 Final energy consumption for each scenario for 2020-2050, compared to the 2030 EED target for Ireland. Figures 

include international aviation and exclude ambient energy, as per the EED. 

3.4 Alignment with the EU 2040 target 

The proposed 2040 target of a 90% reduction in GHG emissions relative to 1990 translates to 

approximately 3.4 MtCO2 for Ireland. All CB scenarios meet this benchmark (Figure 6). TIM-

CBaligned achieves the target as early as 2036 and reduces energy emissions by 97% by 

2040, reaching net-zero in the early 2040s and net-negative thereafter. 250Mt-LED achieves 

net-negative emissions as early as 2037, eight years earlier than TIM-CBaligned (Figure 6).  

In contrast, WEM and WAM fall far short: they deliver a reduction of only 39% and 57% by 

2040, respectively, and fail to meet net-zero emissions by 2050. The divergence between CB 

pathways and WEM/WAM trajectories becomes apparent immediately after 2023, with CB 

scenarios exhibiting a sharp decline in emissions to 2030. 
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Figure 6 Scenario emissions pathways, benchmarked against the EU 2040 target of 90% reduction (relative to 1990), applied 

to Ireland’s energy system emissions (left panel) and cumulative emissions pathways (right panel). 

3.5 Sectoral transformation 

TIM-CBaligned distributes emissions reductions across sectors in line with national CBs and 

EU trajectories. For CB1 (2021-2025) and CB2 (2026-2030), cumulative emissions amount to 

274 MtCO2, in line with the SEC constraints. Emissions for energy sectors are 41 MtCO2 in 

CB3 (2031-2035) and 10 MtCO2 for CB4 (2036-2040).  

Figure 7 outlines the key mitigation measures in each sector for 2030 and 2040 under TIM-

CBaligned and compares them with the policy measures assumed in 2030 for WEM and 

WAM [12].  
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Figure 7 Comparison of key sectoral technology deployment in TIM-CBaligned, WEM and WAM. For the transport sector, 
LGV refers to light goods vehicles and HGV refers to heavy goods vehicles. 

 

A net-negative emissions power system is achieved by 2035 with the implementation of 200 

MW of Bioenergy with Carbon Capture and Storage (BECCS), which increases to 300 MW by 

2040, generating 2% of the total electricity and removal of up to 0.8 MtCO2 annually. By 

2040, power sector emissions fall by 108%, relative to 1990. TIM-CBaligned achieves earlier 

and deeper renewable deployment than WEM and WAM.  

Industry emissions fall by around 40% by 2030 and 90% by 2040 through the electrification 

of most heat levels, fuel switching from solid fuels to solid biomass and natural gas to biogas, 

and the deployment of carbon capture and storage (CCS) in cement manufacturing. 

Biomethane is a transitional measure in the short to medium term. WEM and WAM show 

slightly higher electrification by 2030, along with higher renewable penetration in WAM. 

However, overall final energy in TIM-CBaligned is 12% lower, reflecting stronger efficiency 

gains and structural changes in energy use.  

Transport emissions halve by 2030 and decline by 97% by 2040, relative to 2018, 

outperforming WEM and WAM, despite substantially higher activity levels. By 2030, private 

car travel increases by 43% in TIM-CBaligned, compared to 2019, while WAM projects a 

modest decline (-12%) and WEM a moderate increase (+12%). Decarbonisation is primarily 

driven by accelerated EV uptake (Figure 7) and the cessation of internal combustion engine 

car sales by 2025, which is 5 years earlier than WAM and 10 years earlier than WEM.  
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Building sector emissions fall by 70% by 2030, and 97% by 2040, relative to 2018, achieved 

through increased electrification, heat pump deployment, and the introduction of district 

heating. Heat pump deployment is 23% higher than WAM in 2030, with a slightly higher 

level of district heating.  

This sectoral breakdown highlights how accelerated electrification, efficiency improvements, 

and fuel switching drive EU compliance under CB-aligned pathways, while WEM and WAM 

systematically fall short across most sectors (Figure 7).  

3.6 System costs  

Delivering TIM-CBaligned requires a significant upfront cumulative investment of €100 

billion by 2030 and a further €125 billion by 2040, approximately 9% higher than WEM and 

2% higher than WAM. However, this higher upfront capital spending is offset by lower fuel 

and operating costs. 

By 2040, annualised energy system costs in TIM-CBaligned amount to 2% of 2020 GDP, 

compared to 2.2% in WEM and WAM (Figure 8), which continue to rely on fossil fuels. This 

confirms a key finding of international studies: ambitious decarbonisation pathways require 

substantial early investment, which are largely or wholly paid back in the long-term from 

fuel savings [37]. 

 

Figure 8 Cumulative energy system operating costs (2021-2040) and annualised cost in 2040 as a percentage of 2020 GDP. 

4.0 Discussion  

This study examined whether Ireland’s energy-sector pathways, consistent with legally 

binding carbon budgets to 2030 and those proposed in the period to 2040, are aligned with 
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EU climate and energy targets. Results show strong alignment with the ETS and 2040 

benchmark, partial alignment with the EED, and persistent challenges in the ESR (Figure 9). 

By contrast, current Irish policies (WEM and WAM) underperform across most dimensions, 

particularly the ESR and 2040 targets.  

The message is unambiguous: if Irish policy is successful in delivering these energy transition 

scenarios required under domestic climate policy, compliance with EU targets will follow, 

while current pathways are insufficient. However, the analysis also exposes vulnerabilities, 

particularly under the ESR.  

 

Figure 9 Compliance of Irish energy system scenarios with EU climate and energy targets, expressed as a percentage of the 
target achieved. ESR figures shown use Agri-WAM energy AEA allocation. 

 

4.1 How national ambition supports EU compliance  

Alignment with the EU-ETS is strong. An energy pathway compliant with meeting domestic 

CBs would place Ireland in a very strong position to cut ETS emissions in the power and 

industry sectors beyond the 2030 EU-wide target of -62%, relative to 2005. The Irish State is 

not mandated to achieve this EU-wide target, which is to be delivered through the ETS 

market mechanism. Consequently, this does not imply “overcompliance” against an EU 

target. However, Ireland can benefit through the ETS ESR flexibility, allowing transfer of ETS 

allowances towards ESR compliance.  
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Compliance with the ESR remains a challenge. TIM-CBaligned cuts energy-related ESR 

emissions by 63% relative to 2005, surpassing the 42% requirement, but compliance 

requires cumulative emissions to remain below the AEAs. This hinges on mitigation in the 

agriculture sector, Ireland’s dominant non-ETS sector. While this study focuses on energy-

related emissions and pathways, a key finding is that even in the strongest energy 

decarbonisation scenario, overall ESR compliance requires stronger mitigation in domestic 

agriculture policy and/or heavy reliance on ESR flexibilities. 

This finding aligns with previous Irish assessments [11] and supports international evidence 

that hard-to-abate sectors can dictate overall compliance trajectories [38]. It also reflects 

broader EU-level concerns that agricultural emissions are not being sufficiently addressed 

[39], [40]. As a result, the European Scientific Advisory Board on Climate Change 

recommends better aligning the EU’s common agricultural policy with EU climate ambitions, 

including shifting support away from emission-intensive agricultural practices, such as 

livestock production, and towards lower-emitting products and activities [41]. The 

implication is clear: ESR alignment requires integrated, mitigation strategies spanning 

agriculture, land use, and energy, not siloed sectoral planning.  

While focused on Ireland, these findings have broader relevance for other Member States 

with a high share of non-CO₂ agricultural emissions, including Denmark and parts of Central 

and Eastern Europe. In such contexts, strong decarbonisation of the energy system alone 

may be insufficient to ensure compliance with effort-sharing obligations, and cross-sectoral 

mitigation strategies are therefore likely to be a prerequisite for achieving multi-level policy 

coherence. 

Ireland’s target under the EED – to reduce final energy consumption to 10.45 Mtoe by 2030 

– is narrowly missed in TIM-CBaligned (11.1 Mtoe), which represents a significant gain but 

falls short of the target. Low energy demand pathways are most closely aligned with the 

target. This suggests that relying on device-level efficiency gains and fuel switching alone is 

unlikely to deliver the required outcome without a broader shift to reduce overall energy 

demand, consistent with findings in Gaur et al. [17] that deep demand reduction is a 

prerequisite for feasible and cost-effective decarbonisation. This also aligns with recent EU 

discourse on energy security, where lowering absolute demand is seen as both a compliance 

and resilience measure [42], [43]. Ireland’s Energy Security Package similarly emphasises 

demand reduction as a core strategy to enhance energy security [44]. The transition towards 

a renewable-based power system and electrification could also reduce dependence on oil 

and gas imports, lowering exposure to volatile global fuel markets and supply disruptions, 

thereby enhancing energy security.  

Over the longer term, the CB-aligned pathway outperforms the EU’s indicative 2040 target, 

highlighting its potential as a robust pathway for national compliance. This is particularly 

relevant given Ireland’s high share of agricultural emissions, where mitigation options are 

more limited and decarbonisation is inherently more challenging. The early divergence 
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between CB pathways and WEM/WAM trajectories underscores the current compliance gap, 

the inadequacy of existing and planned measures, and the necessity of immediate actions to 

meet both near- and long-term emissions targets.  

4.2 Implementation gap and policy implications 

WEM and WAM scenarios show that Ireland’s current policies are insufficient to meet 

national CBs and EU targets. Ireland has already exceeded its ESR emissions allocation for 

2021-2023, increasing future compliance pressures. This aligns with EU-wide analyses 

showing that, without accelerated measures, most Member States will fail to meet Fit for 55 

commitments [14]. Ireland’s position is particularly exposed because of its high ESR share 

and limited flexibilities. This underscores calls in the governance literature for early, decisive 

action to reduce the risk of costly last-minute compliance purchases [45], [46]. 

However, this analysis shows strong coherence between the measures required to align the 

energy system with domestic CBs and to meet EU targets. The modelling underpinning these 

scenarios also demonstrates the cost-effectiveness of realising CB-compliant energy 

transition. Deep and early GHG reductions in power, transport, buildings, and industry are 

required, driven by electrification, renewable deployment, efficiency, and fuel switching. 

Although enormously technically challenging – for example, net-zero or negative emissions 

are achieved in the power sector by 2035 – investment needs are manageable. Costs are 

lower than WEM/WAM over the long term due to reduced fossil fuel imports and energy 

system operating costs; however, the political economy literature warns that even cost-

effective transitions can face resistance when upfront costs are high, especially for 

distributed technologies like heat pumps and EVs. Overcoming this requires not only 

financial mechanisms but also coordinated delivery in infrastructure, skills, and public 

engagement, factors underlined in Daly et al. [33] as critical to Ireland’s net-zero transition.  

At the time of writing, the Oireachtas (Irish Parliament) Committee on Climate, Environment 

and Energy is holding hearings on the proposed CBs, and the Government is due to accept or 

amend CB proposals shortly. This gives the findings direct policy relevance: the scenarios 

presented here provide evidence that delivering ambitious CB pathways is necessary not 

only for domestic law but also for compliance with EU targets.  

The findings also highlight the importance of early emissions reductions, clear planning for 

sectoral contributions, and timely implementation of existing policy commitments. Demand-

side measures and sustained investment are also likely to play a central role in enabling 

compliance and avoiding long-term cost and feasibility risks [38], [47], [48], [49]. 

5.0 Conclusion 

This study provides the first quantitative assessment of the alignment between Ireland’s 

legally binding national carbon budgets and its EU climate and energy obligations for the 

energy system. Using the TIMES-Ireland Model, we find that: 
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• ETS compliance is exceeded: a 77% reduction in power and industry emissions by 

2030 vs an EU-wide target of 62%. 

• ESR compliance is conditional and achievable for energy-sector emissions only if 

agriculture delivers substantial reductions above current policy pathways. Otherwise, 

non-compliance is likely, even with flexibilities and the most ambitious energy-

related decarbonisation pathways. 

• EED compliance is narrowly missed, and demand reduction through structural shifts 

in transport, heat and the economy is required. 

• The 2040 benchmark is surpassed, achieving a 97% reduction in energy-related 

emissions relative to an indicative EU-wide target of 90% for all GHGs. 

No published studies explicitly test the coherence of a national CB pathway against multiple 

EU targets using quantitative modelling. This analysis addresses that gap by integrating 

energy system decarbonisation scenarios with ESR allocation methods and EU compliance 

metrics, providing a replicable approach for other Member States. It strengthens the 

empirical foundation of multi-level climate governance and coherence research, offering 

concrete evidence that domestic ambition can underpin, and in some cases exceed, 

supranational compliance, while also highlighting the sectoral vulnerabilities that can still 

cause failure. Future research should expand this integrated modelling to include 

agriculture, LULUCF, international aviation and shipping, and additional EU frameworks such 

as the Renewable Energy Directive.  

Policy implications are clear. First, ambitious domestic targets aligned with carbon budgets 

can deliver strong multi-level policy coherence, ensuring EU compliance in major sectors. 

Second, partial alignment is insufficient: underperformance in agriculture can negate 

energy-sector gains, increasing compliance risk. Third, demand-side measures are 

indispensable for meeting energy efficiency goals and minimising compliance costs. 

Ultimately, Ireland’s experience demonstrates that a strategy of pursuing national 

decarbonisation at or beyond EU ambition can simultaneously strengthen domestic climate 

credibility, minimise compliance risk, and contribute to collective European targets. In a 

decade when climate action will be judged on delivery rather than ambition, ensuring such 

alignment is not optional but essential. 

5.1 Limitations and future work 

This analysis is subject to limitations and caveats. First, while the TIM-CBaligned scenario 

captures a range of decarbonisation pathways, it does not fully represent uncertainties in 

technology costs, behavioural change, or macroeconomic conditions that may influence 

future emissions and energy demand. It does not include a range of financial and non-

financial costs and benefits, such as some infrastructure (energy and transport networks), 

and sustainability and health benefits. The composite nature of TIM-CBaligned may also 

limit the internal consistency of the results. This study adopts a system planner approach to 

decarbonisation, in which emissions are constrained directly through carbon budgets rather 

than induced via exogenous carbon price assumptions. While this approach is appropriate 
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for evaluating target coherence, it does not capture allowance price formation within the EU 

ETS or ETS-2 markets. 

Second, compliance estimates carry some uncertainty: ESR annual emissions limits for 2026-

2030 remain provisional; accounting rules for LULUCF flexibilities post-2026 are uncertain; 

and the EED does not have a binding compliance framework which penalises non-

compliance.  

Third, given the focus on energy decarbonisation, simplified sectoral allocation methods and 

fixed assumptions on agricultural mitigation are undertaken; alternative allocation rules or 

more granular agricultural abatement modelling could yield different outcomes. Moreover, 

international aviation, LULUCF, waste and F-gases are not covered – these require further 

analysis.  

Future work should undertake uncertainty and sensitivity analysis to test the robustness of 

findings. Moreover, linking energy system modelling more directly with detailed agricultural 

and land-use modelling would improve ESR compliance estimates and inform cross-sectoral 

strategies. Comparative application of this framework to other EU Member States could 

build a broader evidence base on national–EU target alignment.  
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