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Extended Summary

Purpose and Scope

This study was conducted to assess the appropriate hierarchy of use of Hydrotreated Vegetable
Oil (HVO) across transport and other economic sectors in Ireland and understand how bioenergy
can and should be targeted to those sectors. The study also aims to ensure that State intervention
through obligations and related incentives promotes the most efficient use of renewable energy across all
transport modes and non-transport sectors, considering available renewable energy alternatives across
sectors in the short term and beyond 2030.

Background

The EU sets binding renewable energy targets for EU Member States through the Renewable Energy
Directive (RED), including a minimum share of renewable energy supply in transport by 2030 (RES-T).
Ireland’s main policy mechanism for meeting RES-T is the Renewable Transport Fuel Obligation (RTFO),
which requires transport fuel suppliers to blend a certain percentage of renewable fuels into the transport
fuels they supply. Ireland is also in the process of implementing the Renewable Heat Obligation (RHO),
which will require suppliers of fossil fuels used for heating to ensure that a proportion of the energy they
supply comes from renewable sources. The RHO is planned to begin in 2026

Biofuels represent a promising approach to help meet the obligations within the RTFO and RHO, as the
use of many biofuels requires modest or no changes to existing systems at point of use. One of these
biofuels is HVO, a drop-in replacement for diesel, which is made by hydrotreating specific waste fats,
greases and oils and vegetable oils. However, the supply of sustainable bioenergy both within Ireland and
globally, while it has the potential to grow from current levels, is constrained. Therefore, it is valuable to
understand how bioenergy can or should be targeted to those sectors where its use is most
valuable.

Approach

This report brings together two strands of analysis used to assess the optimal use of HVO across
Ireland’s energy system:

- Qualitative Analysis (Part-1): provides a qualitative assessment of HVO supply and demand, the
compatibility of HVO with Ireland’s existing fuel distribution infrastructure, and HVO supply risks.

- Modelling Analysis (Part-2): uses energy system modelling to evaluate how HVO is deployed in
Ireland under different policy and market scenarios.

Workshops with key stakeholders, including biofuel suppliers, distributors, brokers, industry
representatives, and government bodies were conducted in both parts of the study to validate the analysis
and findings. Feedback from the stakeholders enriched the study's resolution and guided the analysis to
more realistic parameters.
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Insights from Qualitative Analysis (Part 1)

The qualitative analysis conducted in this study provides context on HYO demand and supply in Ireland,
the risks to which the HVO supply chain is exposed, and the compatibility of HVO with existing fuel
distribution and end-use infrastructure.

HVO demand is expected to grow in the near term, driven primarily by transport-sector obligations, such
as increasing diesel-blending mandates (B20). Road transport currently dominates HVYO consumption, as
seen in Figure 8, with additional demand emerging in sectors such as non-road machinery, marine, and
potentially heating.

Figure 1 HVYO demand percentage in Ireland by end use in 2024.

Marine, 0.4%

NRMM,
Road, 87% 12%

Rail, 0.7%

HVO supply chains are exposed to multiple risks. Ireland is highly dependent on imported HVO and
feedstocks, particularly waste-based oils and fats sourced from global markets. In addition to importing
the finished fuel, the feedstocks used to produce HVO are themselves largely imported. This creates a
layered dependence on international supply chains, with Ireland reliant both on imports of HVO and on
imports of the underlying feedstocks required for its production. Some of the risks that affect HVO
availability and cost:

e Import dependency risks;
e Market and price volatility, driven by global competition for feedstocks and policy changes;

o Logistics and transport risks, given reliance on maritime imports and limited domestic storage
capacity;

o Sustainability and compliance risks, particularly around verification of feedstocks and traceability
within international supply chains.

HVO was found to be highly compatible with existing fuel distribution and end-use infrastructure. As a
drop-in fuel, it can be distributed and used through existing diesel infrastructure with minimal modification
across most sectors, including road transport, rail, marine, and parts of industry and heating. This makes
HVO one of the most scalable near-term decarbonisation options, particularly when compared to
alternatives requiring significant new infrastructure, such as hydrogen or electrification in certain
applications.

The analysis also explores renewable alternatives to HVO. While sectors such as heavy-duty transport,
aviation, and maritime have limited viable alternatives in the near term, other sectors, such as heating and
passenger transport, have more scalable decarbonisation pathways through electrification and renewable
gases such as biomethane.

The qualitative assessment also considered the potential air quality (AQ) impacts of HVO use. The
evidence reviewed indicates that, at typical blending levels, such as B20, HVO does not lead to significant
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changes in key pollutants such as NOx and PM,.; compared to conventional diesel or biodiesel blends. At
higher blend levels, there is some evidence of potential reductions in NOx emissions, although findings
are mixed and dependent on operating conditions. In the heating sector, available evidence suggests no
significant or systematic difference in emissions compared to conventional fuels, although the evidence
base remains limited. Overall, the analysis indicates that HVO deployment is broadly neutral from an air
quality perspective in the near term, with potential for modest benefits at higher blend levels, but further
evidence is required.

Insights from Modelling Analysis (Part 2)

Scenarios modelled

The modelling analysis provides insights on the optimal deployment of HVO in Ireland’s energy system,
based on economic and environmental criteria, while also considering compliance with regulatory
obligations. The analysis considers deployment of HVO in the period to 2030, focussing on two key
sectors, transport and heating and cooling processes of the residential, services and industrial sector.

The impacts of HVO deployment across the transport and the heating and cooling sector (H&C) are
evaluated under several scenarios, each differentiated by storyline dimensions that include: the level of
effort to decarbonise the energy system, policy implementation frameworks, and the security of HVO
supply. Each scenario represents an alternative projection within which the contribution of HVO to Ireland’s
energy system is analysed. An overview of the scenarios modelled is presented in Figure 2Figure 2.

Figure 2 Overview of modelling approach
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Scenario results and comparison
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Baseline scenario

The Baseline represents a continuation of current energy and climate trends concerning the development
of Ireland’s transport and heating and cooling (H&C) sector. It provides insights into the projected
development of HVO supply in Ireland’s energy system in a current trends framework not bound to RED
[l obligations attainment and in fact leads to an undershoot of Ireland’s renewable obligation under RED
[l.

The Baseline scenario is quantified based on Ireland’s National Energy and Climate Plan (NECP) 2021-
2030 With Existing Measures (WEM) scenario and further updated with specific elements of Ireland’s latest
National Energy Projections (NEP 2025) WEM scenario trajectory. The scenario is aligned with NEP 2025
WEM scenario in terms of indigenous biomethane production in 2030 (i.e., 1 TWh) and the evolution of
Battery Electric Vehicles (BEVs) and Plug-in Hybrid Electric Vehicles (PHEVs) in road transport stock (i.e.,
approximately 600,000 vehicles by 2030). The Baseline scenario, while excluding additional energy related
regulations outside the scope of RED lIll, remains compliant with the ReFuelEU Aviation regulation
regarding the share of Sustainable Aviation Fuels (SAF) in the sector’s energy consumption in 2030. The
Baseline scenario incorporates the 2024 Climate Action Plan (CAP 2024) blending mandates for 2025
(i.e., B12/E10); however, no binding targets are established for diesel or gasoline blending rates in 2030.

The Baseline scenario has an RTFO rate equivalent to 39%" and undershoots the RES-T target by 8% in
2030 (i.e., RES-T reaches 16% compared to 24%, which is the legal requirement). The B12 and the E10
blending mandates for diesel and gasoline blend respectively in 2025 are met. FAME reaches its blending
limit of 7% with the remaining 5% of biodiesel in the diesel blend covered by HVO. In the absence of
blending targets for biodiesel in 2030 the Baseline scenario achieves B13 and E10 blending rates for diesel
and gasoline blend repressively. FAME reaches its blending limit of 7% with the remaining 6% of biodiesel
in the diesel blend covered by HVO. The share of biogasoline in the gasoline blend does not increase
further due to technology implications.

Fossil fuels dominate the transport sector’s energy demand in 2030, representing 88% of the sector’s total
energy consumption. Alternative fuels deployment is mainly allocated in the road transport segment. It
consists mainly of liquid biofuels (77%) - mainly of biodiesel blends (i.e., 184 ktoe FAME and 169 ktoe
HVO respectively), followed by bioethanol (i.e., 65 ktoe) and mainly HEFA biokerosene (i.e., 60 ktoe).
Biomethane represents 5% of renewable fuels supply consumed mainly in road transport and maritime.
Electricity represents 15% of alternative fuels supply, consumed almost exclusively in road and rail
transport.

From a feedstock perspective, Annex IX part B feedstocks dominate the supply of biofuels representing
(62%), followed by Part A feedstocks (29%) and food & feed feedstocks (9%) Part B feedstocks represent
60% of total HVO supply and 83% of total FAME supply. Just under two-thirds (63%) of bioethanol demand
is met by food & feed-based feedstocks with the remainder coming from Part A feedstocks. Hydrotreated
Esters and Fatty Acids (HEFA) is the main SAF of biomass origin as advanced biokerosene deployment
pathways present limited deployment and increased costs in 2030. Part B feedstocks represent 70% of
HEFA supply, with the remainder coming from Part A feedstocks. All biomethane supply is classified as
Part A biomethane.

" The calculation of the RTFO rate in the Baseline scenario follows the same framework as in the Target compliance scenario
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Transport related CO, emissions in the Baseline are projected at 14.17 MtCO; in 2030, reducing by
0.73 MtCO: relative to 2023. The reduction in CO2 emissions is attributed to road transport and is driven
mainly by the increased penetration of biodiesel and electricity in the segment, compared to 2023.

The heating and cooling sector is projected to achieve a renewable energy share of 16%, almost entirely
fulfilling the minimum obligation under REDIII of 16.1%. Ambient heat (via heat pumps) represents 70% of
total alternative fuel consumption in the sector, followed by bioenergy (24%), and solar energy (6%). In the
absence of the RHO policy, bioenergy in the heating and cooling sector. is dominated by bio-solids
consumption with biomethane and biofuels consumption representing only 1%-2% of total alternative fuels
consumption.

CO; emissions of the H&C sector are projected to increase by 5% (i.e., 0.56 MtCO3) in 2030 (relative to
2023), driven by the sector’s increasing energy demand in the same period.

Target compliance scenario

The Target compliance scenario represents an intensification of current trends, incorporating additional
national policies such as the CAP 2024 blending mandates in 2030 (i.e., E10/B20), the National
Biomethane Strategy (i.e., 5.7 TWh of indigenous biomethane supply by 2030), attainment of transport
and heating and cooling sector RED Il obligations — alongside compliance with the indicative targets of
the RHO and the RTFO in 2030. The RTFO is implemented following the latest updates presented in the
RTF Policy 2025-2027 (DoT, 2025), while the implementation framework of the RHO policy is based on
the RHO phase |l report (Ricardo and Byrne O Cléirigh Consulting, 2025). The RES-T and the RES-H&C
obligations are incorporated as described under RED Ill guidelines. The Target compliance scenario
evaluates the importance of HVO deployment in the attainment of the RES-T and RES-H&C obligations
and serves as a benchmark against which all alternative target attainment scenarios are assessed.

The Target compliance scenario indicates that the attainment of the RES-T obligation is mainly based on
the achievement of the B20 blending mandate in diesel blend. The increase of the biodiesel share in the
diesel blend is achieved primarily through the rapid scale up HVO, which becomes the central
decarbonisation driver for road transport. HVO reaches 360 ktoe in 2030, far exceeding Baseline levels,
while FAME remains capped at its 7% technical limit. Electricity consumption rises slightly (i.e., 4%),
compared to the Baseline scenario.

Meeting the RES-T target requires a structural shift in bioenergy feedstocks, with consumption of Annex
IX Part A feedstocks tripling relative to the Baseline. This shift is especially observed in the production of
HVO, where 80% of supply is derived from Part A feedstocks, compared to far lower ratios in the Baseline.

These changes translate into significant emissions reductions compared to the Baseline. CO, emissions
from the transport sector fall by almost 1.5 MtCO. in 2030, equivalent to a 10% reduction from 2023 levels.
Road transport delivers almost the entirety of this reduction thanks to the increased HVO consumption.

The additional effort of the Target compliance scenario, compared to the Baseline comes with an
associated increase in system costs of the transport sector. Compared with the Baseline, the transport
sector’s overall costs rise by 0.2 billion euro (i.e., 0.5% increase) in 2030, mostly due to the higher cost of
the additional capital investment needed for electric vehicle deployment.

The Target compliance scenario presents an overshoot of the RES-H&C target by almost 8% (i.e., 24%
RES-H&C), driven by the increased bioenergy consumption in the sector, compared to the Baseline. The
increased consumption of bioenergy in the Target compliance scenario is driven by the implementation of
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National Biomethane Strategy along with the attainment of the RHO rate of 15% in 2030. Biomethane
consumption increases by 248 ktoe in 2030 (relative to the Baseline), while biofuels consumption presents
an increase of approximately 100 ktoe. The increased consumption of bioenergy in the Target compliance
scenario results in a 9% reduction in the heating and cooling sector’'s CO2 emissions in 2030 (relative to
the Baseline).

Scenario 1 — Removal of Additional RTFO Certificates

Scenario 1 is based on the Target compliance scenario and assesses the impact of aligning Ireland’s
RTFO certification framework strictly with RED Il multipliers by eliminating all additional national incentives
for HVO, Category 1 tallow FAME, biomethane, and RFNBOs provided within the RTFO current
implementation scheme. By adopting a more conservative certification scheme, the scenario evaluates
the sensitivity of fuel mix outcomes to national incentives. Scenario 1 provides insights on the impact of
achieving the RES-T obligation through a less incentivising national supporting scheme, on HVO
deployment and Annex IX feedstocks allocation within HVO supply in Ireland’s transport sector.

The main effect of Scenario 1 is seen in the origin of biofuels consumed. With additional RTFO certificates
removed, Part B FAME becomes less incentivized, shifting supply slightly toward Part A alternatives. This
rebalancing results in a modest increase in total biodiesel demand (about 0.05 Mtoe compared with Target
Compliance), driven mostly by the maritime sector, but does not significantly alter overall transport energy
demand. HVO consumption rises to approximately 400 ktoe, supported by higher deployment of lower-cost
Part B HVO. Yet, even with these adjustments, the sector’s overall energy efficiency, electrification levels,
and fossil fuel reliance remain nearly identical to the Target Compliance scenario.

Scenario 2 - Increased Cap on Annex IX Part B Biofuels

Scenario 2 is based on the Target compliance scenario and evaluates the effect of raising the
RED Il RES-T cap on Annex IX Part B biofuels from 1.7% to 4% of transport sector’s energy demand. The
scenario examines whether higher allowed contributions from Part B fuels can reduce reliance on more
scarce Annex IX Part A feedstocks — particularly Part A HVO — while still meeting the RES-T target.

The main impact of the higher cap on Part B biofuels that is observed is the increase of biofuels derived
from Part B feedstocks in the fuel mix of the transport sector. By 2030, their consumption rises by around
140 ktoe compared with the Target Compliance scenario, resulting in Part B biofuels accounting for 47%
of total alternative fuel consumption in transport. This increase is allowing for a reduction in the contribution
of Part A biofuels towards the attainment of the RES-T obligation. Furthermore, the increased share of
lower-cost Part B biofuels in the transport sector resulted in lower fuel costs in 2030 (relative to the Target
compliance scenario).

Scenario 3 — Limitation on sustainable HVO supply with a renewable energy obligation attainment
framework

Scenario 3 is quantified based on the Target compliance scenario and evaluates the consequences of
constrained availability of sustainable, certified Annex IX Part A HVO within a framework still required to
meet the 2030 RES-T and RES-H&C target. The scenario simulates increased cost for Part A HVO,
reducing supply while simultaneously raising the market price of Part B HVO. The aim of scenario is to
both evaluate the deployment of HVO under limited supply, providing insights on possible sectoral shifts
in its allocation, and to examine alternative pathways for the attainment of Ireland’s renewable energy
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obligations under limited HVO supply along with their environmental and economic impact on Ireland’s
energy system.

The limit imposed on Part A HVO supply triggers a significant shift in the transport system’s energy
dynamics. Electricity becomes far more competitive, resulting in an increase in transport electricity
consumption (a 60% increase) relative to the Target Compliance scenario. The higher electrification
projected in Scenario 3 displaces diesel demand, reducing the overall diesel blend by 11% and lowering
biodiesel consumption by 8% while still achieving the B20 mandate. Because the total diesel pool becomes
smaller, the system relies less on HVO. The reduced dependence on liquid biofuels combined with the
increased share of electric mobility leads to an 7% drop in total transport energy demand, indicating major
improvements in energy efficiency brought in by electric vehicles. The scenario demonstrates that when
sustainable HVO becomes scarce or expensive, electrification emerges as the primary route to meeting
renewable targets. RFNBO supply does not increase meaningfully, due to its high cost and technology
requirements. Scenario 3 is characterised by a significant increase in transport related system costs,
driven by the increase investment expenditures associated with the increased penetration of BEVs in road
transport.

Scenario 4 — Disturbances on sustainable HVO supply under Baseline scenario trajectory
Scenario 4 applies the same Part AHVO supply constraints as Scenario 3 but within the Baseline scenario
trajectory (i.e., alignment with the NEP 2025 WEM scenario without incorporating additional national
policies). This scenario examines the impact of market disturbances associated with HVO supply on
Ireland’s energy system in a scenario trajectory not bound by RED Il obligations attainment.

In this scenario, reduced sustainable Part A HVO availability slightly constrains the diesel pathway,
reducing diesel blend consumption by about 2% relative to the Baseline. Since the sector is not bound at
meeting its renewable targets, electrification does not increase significantly, and the system instead
responds through fuel substitution within internal combustion options (i.e., gasoline).

Scenario performance against Renewable Energy Obligations

The performance of the scenarios against the renewable energy obligations and sub-mandates arising
from RED lll and national policies are presented in Table 1.

Table 1 Projections of scenarios performance against renewable energy obligations (RED Il and national
policies) in 2030

Baseline Target compliance Scenario1 Scenario2 Scenario3 Scenario 4

RES-T 16% 24% 24% 24% 24% 16%
Part A biofuels contribution 3.2% 7.2% 7.2% 5.1% 5.2% 3.1%
RFNBO's contribution? 0.4% 0.5% 0.4% 0.4% 0.5% 0.4%

SAF share (ReFuelEU Aviation) 6% 6% 6% 6% 6% 6%

2 Refers to the absolute contribution of RFNBOs to the sector’s energy demand, without using the indicated RED Il multipliers. This share does not refer to the
RFNBOs 1% sub-mandate under RED IlI.
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Baseline Target compliance Scenario1 Scenario2 Scenario3 Scenario 4

RFNBO's share 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
RTFO 39% 54% 52% 56% 63% 39%
Part A obligation 11.3% 26.6% 24.5% 19.1% 20.2% 11.1%
RFNBOs obligation 1.9% 21% 2.0% 21% 2.8% 1.9%
RES-H&C 16% 24% 24% 24% 24% 24%
RHO - 16.3% 16.3% 16.3% 16.3% -

Source: PRIMES
Scenario performance for costs and emissions

Table 2 shows CO, emissions and sector costs under the scenarios. The reduction in transport related
emissions in the Target compliance scenario (compared to the Baseline) is mainly driven by the increased
biodiesel and electricity consumption in road transport. The largest reduction in emissions from the
transport sector is achieved in Scenario 3 (target compliance plus constrained availability of HVO) driven
by the reduction in the use of diesel blends, and in consequence fossil diesel, in the fuel mix combined
with the higher penetration of electricity in transport (60%) compared to the Target compliance scenario.
The high penetration of electricity as a road transport fuel in Scenario 3 leads to reduced fuel costs but
also to higher system costs due to the higher investment costs associated with higher deployment of
electric vehicles.

In the heating and cooling sector, lower CO, emissions relative to the Baseline are achieved in all scenarios
driven by a higher projected uptake of bioenergy in 2030. No significant impacts are observed in the system
costs of the H&C sector, so these are not shown in Table 2.

Table 2 Projections of scenarios performance for emissions and costs in 2030

Baseline Target Scenario1 Scenario2 Scenario3 Scenario 4
compliance

Transport sector emissions 14.2 13.5 13.3 13.5 12.3 14.1
(Mt CO2)

H& C sector emissions (Mt CO2) 11.7 10.7 10.7 10.7 10.7 10.7
Transport sector system costs (bn 53.21 53.44 53.38 53.36 57.23 53.29
Euro)

Transport sector fuel costs (bn Euro) 10.03 10.08 10.05 10.04 9.60 9.98
Hierarchy of HVO

The main conclusion of the analysis is that HVO plays a critical role in transport decarbonisation to 2030.
Across all scenarios that achieve renewable energy targets, HVO consistently emerges as the primary
compliance fuel. This is largely driven by the diesel blending requirement, which cannot be met by FAME
alone due to its technical blending limit.
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Blending mandates and renewable energy targets effectively fix the minimum volume of HVO required in
the system. Changes to incentives or certification schemes, such as adjustments to RTFO certificates or
caps on specific feedstocks (as examined in Scenario 1 and 2), have only a limited impact on overall
demand. Instead, they influence the composition of supply, shifting between feedstock types rather than
reducing or increasing total volumes.

The modelling also shows that HVO is difficult to substitute in the short term. Other renewable fuels are
either constrained by technical limits, such as bioethanol and FAME, or remain too costly and immature to
scale by 2030, as is the case for RFNBOs and hydrogen. Electrification is expanding, particularly in
passenger vehicles, but remains limited in heavy-duty transport and other high-energy-demand segments.

The importance of HVO becomes even clearer in scenarios where its supply is constrained (Scenarios 3
and 4). When the availability of sustainable HVO is reduced, the system responds by accelerating
electrification, particularly in road transport. This leads to a reduction in diesel consumption, lower overall
energy demand due to efficiency gains, and ultimately deeper emissions reductions. However, these
benefits come at a high cost. The modelling shows that replacing HVO with electrification at scale requires
substantial additional investment in vehicles and infrastructure, resulting in a sharp increase in total system
costs.

Another important insight is the clear asymmetry between sectors. The transport sector, especially road
freight and aviation, shows a strong structural dependence on HVO, with limited viable alternatives
available by 2030. In contrast, the heating and cooling sector is far more flexible. Its renewable energy
targets are met primarily through biomethane, electrification, and other non-liquid fuels, with HVO playing
only a marginal role. This difference in dependency means that the marginal value of HVO is significantly
higher in transport than in heating.

While feedstock dynamics do matter, their influence is more limited than might be expected. Policy
changes affecting feedstock eligibility or caps can shift the balance between Annex IX Part A and Part B
fuels and can affect costs and supply chain risks. However, these changes do not materially alter the total
volume of HVO required. The modelling therefore distinguishes clearly between two questions: how much
HVO is needed, which is largely fixed by policy, and how it is produced, which remains flexible and
responsive to incentives.

Taken together, the modelling results make a compelling case for establishing a clear hierarchy of HVO
allocation between sectors, reflecting technical feasibility and policy obligations. Figure 3 presents the
proposed hierarchy of HVO across the different transport segments.
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Figure 3 Proposed hierarchy of HVO use in Ireland, based energy system modelling under policy and
supply scenario to 2030.
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Biomethane, heat pumps and other renewables
can meet most demand

HVO offers limited additional benefit

g

At the top of the hierarchy is aviation, where HVO-derived fuels (in the form of HEFA) are essential for
meeting sustainable aviation fuel mandates and where no scalable alternatives are expected by 2030.
Next is road transport, with priority given to heavy-duty vehicles such as trucks, buses, and coaches.
These segments have limited electrification potential in the near term and rely heavily on liquid fuels for
decarbonisation.

Reserve HVO for higher-value uses

Following this, maritime transport represents another important use case, particularly given limited
availability of alternative fuels (i.e. FAME) in Ireland’s bunkering infrastructure. Rail transport occupies a
lower position due to its higher level of electrification. The prioritisation of maritime against rail is also
supported by higher additional costs associated with HVO substitution in maritime, compared to rail.
Finally, the heating and cooling sector sits at the bottom of the hierarchy, as its renewable energy
targets can be met primarily through biomethane, electrification, and other non-liquid fuel options.

Policy Implications

The analysis highlights several important implications for policy design. The modelling results indicate that
binding targets and blending mandates are the primary drivers of renewable fuel uptake in Ireland’s
transport sector. In particular, the B20 diesel blending requirement and RED Il targets effectively
determine the minimum volume of HVO required by 2030. Changes to incentive structures, such as RTFO
certificate design, have limited impact on overall demand and instead influence the composition of supply,
particularly the balance between Annex IX Part A and Part B feedstocks.

The analysis also highlights a trade-off between cost efficiency and technology transition. HVO provides a
relatively low-cost pathway to meeting near-term targets by leveraging existing infrastructure. However,
under constrained HVO supply, the system shifts toward increased electrification, which can maintain
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compliance but at significantly higher cost due to increased capital investment. This suggests that HVO
plays a critical role in containing transition costs in the short term, while electrification becomes more
important over the longer term.

Policy design must also balance feedstock availability, cost, and sustainability considerations. Expanding
the role of lower-cost Part B feedstocks can reduce fuel costs, but reliance on scarce Part A feedstocks
remains necessary for compliance with RED Il sub-targets. This creates a need for careful calibration of
feedstock caps and eligibility criteria.

Looking ahead, while biofuels are essential to 2030, longer-term decarbonisation will require scaling
alternative pathways, including electrification, RFNBOs, and advanced fuels. The results show that
outcomes are relatively robust to changes in incentive design, but more sensitive to supply constraints and
technology deployment rates, reinforcing the importance of maintaining clear targets while allowing
flexibility in how they are achieved.
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Part-1: Market, Infrastructure and Qualitative
Assessment

This section presents the qualitative assessment of HVO supply, demand, infrastructure, and market
dynamics, including risks and constraints affecting its deployment across sectors

B | e | <5 | &2 \EP;,

Final Report for Department of Transport Page | 20



Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE IR

Member of WSP

1. HVO in Ireland
1.1 HVO Supply

Hydrotreated Vegetable QOil (HVO) is a renewable diesel produced by hydrotreating vegetable oils or
animal fats in a dedicated process unit. There are several feedstocks suitable for this process, namely
Used Cooking Oil (UCO), Palm QOil Mill Effluent (POME), Spent Bleaching Earth (SBE), Food Waste (FW),
Empty Fruit Bunches (EFB), and animal fats. Additionally, there is an alternative production route whereby
biomass feedstocks, such as waste oils or fats, are co-processed with crude oil in a conventional fossil
refinery in order to produce co-processed HVO (CHVO).

Figure 4 Block flow diagram of HVO production route.

o

Feedstock —> —> —>

T Recycle | T Recycle

HVO utilised in Ireland is primarily derived from UCO and POME; this considers both domestically
produced and imported HVO. Figure 5 illustrates the quantities and the proportion of various HVO
feedstocks used in Ireland between 2022 and 2024. In 2022, approximately 87% of HVO was derived from
UCO, however, more recently there has been feedstock diversification, which has broadened the mix to
include Palm Oil Mill Effluent (POME) and Spent Bleaching Earth (SBE). The proportion of POME
significantly increased from ~0.5% in 2022 to ~45% in 2023, although in 2024 decreased to 36%. In 2024,
there were several new feedstock additions, namely SBE, Empty Fruit Bunches (EFB), animal fats
(categories 1 and 2 tallow), and food waste, although these all remain as minor sources.

Figure 5 Quantity of various HVO feedstocks utilised (left) and proportion of various HVO feedstocks
utilised in Ireland (right) between 2022 and 2024.
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Ireland is almost exclusively reliant on imports for its supply of HVO, with a small amount of indigenous
production. Although feedstock became more diverse in recent years, the geographical source of the
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feedstock remains concentrated in Indonesia, China, and Malaysia, as depicted in Figure 6. The combined
production of the three mentioned countries accounted for 85% of HVO feedstock in 2024 in Ireland, whilst
eight countries in total contributed to 94% of HVO feedstock in the same year. The eight countries along
with the type of HVO feedstock utilised in Ireland in 2024 is shown in Figure 6.

Figure 6 Origin of HVO feedstock between 2022 and 2024 (left) and type and origin of HVO feedstock in
Ireland 2024 (right).
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In 2024, the most common feedstocks of HVO utilised in Ireland were UCO and POME, with HVO derived
from POME almost entirely originating from Indonesia (~86%). Of all imported HVO derived from UCO,
42% originated from China, followed by Indonesia and Great Britain, each contributing approximately 12%.
Other notable contributors include Vietnam, Malaysia, and ltaly. Ireland domestically produced 1.6% of
UCO-derived HVO, as well as approximately 30% of animal fat-based HVO.

Whitegate refinery (Irving Qil) is the sole domestic producer of CHVO in Ireland, with a capacity of ~57
million litres per year®. Most of the HVO on the Irish market originates from European refineries. These
plants hydrotreat waste oils and fats, mainly UCO, tallow, and POME, most of which are sourced from
outside Europe, into renewable diesel that is then shipped to Irish terminals such as Dublin, Cork, and
Galway.

Looking ahead at Ireland’s future supply of HVO, there is limited publicly available information on national
production plans beyond 2030. Irving Oil's Whitegate Refinery has indicated plans to increase HVO output,
but no specific production figures or timelines have been published.

Globally, HVO production capacity has grown substantially in recent years, and this upward trend is
expected to continue over the medium term. Estimates of projected HVO production capacity up until 2030
for the EU and globally are shown in Figure 7, with low and high production capacity ranges included to
reflect uncertainty in future production forecasts. Some HVO production facilities can alter their process to
produce Sustainable Aviation Fuel (SAF) alongside HVO, which consequently reduces potential HVO
volumes. An upper and lower limit is depicted to reflect scenarios where plants maximise SAF production
or limit SAF production.

3 HVO Renewable Diesel Capacity Map — https://www.argusmedia.com/en/news-and-insights/topical-market-themes/hvo
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In 2030, EU HVO production capacity is estimated to range between approximately 110 — 150 TWh, whilst
global the figure is estimated to be between approximately 350 — 500 TWh. Based on these projections,
the EU will be responsible for approximately one-third of global HVO production capacity.

Figure 7 Estimated HVO Production Capacity in the EU (left) and Globally (right).
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1.2 HVO Demand

1.2.1 Current HVO Use in Ireland
Road Transport

HVO is blended with fossil diesel (typically beyond the B7 limit that applies to FAME) to help fuel suppliers
meet the RTFO. In 2024, about 128 million litres (1.2 TWh) of HVO/CHVO were supplied for road
transport®. Figure 8 shows the greatest HVO use is in Road sector (87%), while lowest in Rail (1%) and
Marine (0.4%).

Non-Road Mobile Machinery (NRMM) and Stationary Machinery

Growing volumes of HVO, around 17 million litres (164 GWh), are supplied to construction machinery and
agricultural equipment. Figure 8 shows the second highest use of HVO is in NRMM sector (12%).

Rail and Marine Sector

HVO is a drop-in diesel substitute for existing rolling stock. Around 1 million litres (10 GWh) of HVO were
supplied to rail in 2024. HVO is one of the few renewable fuels currently used in marine bunkers in Ireland,
accounting for roughly 0.7 million litres (6 GWh) of marine biofuel use in 2024. It is being trialled in ferries,
fishing vessels and port service craft as part of efforts to decarbonise maritime transport.

Heat and Power Sectors (future use)

HVO is recognised under Ireland’s forthcoming Renewable Heat Obligation (RHO) as a renewable liquid
fuel option for off-grid heating and standby power generation.

4 National Oil Reserve Agency (NORA) The Biofuels Obligation Scheme - https://aec8b49c-58f0-42aa-8507-
57fc4fdbdab4 filesusr.com/ugd/ca930b_3e670f5d11134c50b6d751fd6ba1d10d.pdf
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Figure 8 HVO demand percentage in Ireland by end use in 2024°.

NRMM, Rail, 1% Marine,
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1.2.2 Future Demand for HVO in Ireland

The demand for HVO in Ireland in 2023 was approximately 1.8 TWh, primarily in the road transport sector,
according to NORA*. There was a modest increase in HVO demand between 2024 and 2025, with a more
pronounced uplift expected in 2026 as the B20 requirement begins to take full effect.

Over the remainder of the decade, HVO in road transport is expected to increase to meet the National
Climate Action Plan (CAP) requirement of a B20 biodiesel blend by 2030. To achieve the B20 target, it is
estimated that approximately 4 TWh of HVO will be required by 2030 for the road transport sector. Looking
beyond 2030, there are no specific biofuel targets that have been set.

Figure 9shows the HVO demand from the road transport sector in Ireland from 2030 to 2040. Post 2030,
Ireland’s continued electrification of its vehicle fleet is expected to reduce overall diesel use, which
consequently will lead to a gradual decline in HVO demand. If a B20 blend requirement is maintained
through the 2030s, this will reinforce this downward HVO demand trajectory. However, if blend rates were
to increase further to B30, HVO demand may rise in the short term before declining again toward 2040 as
electrification progresses.
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Figure 9 HVO demand projections in road transport in 2030, 2035 and 2040.

Road Transport HYO Demand Projections Ireland

HYO Demand TWh

2030 2035 2040

=mge= H'/O Demand TWh (B20 Target) w==g==HYO Demand TWh(B30Target) w=mge=CurrentHVO demand

Global transport-sector demand for HVO in 2030 is illustrated in Figure 10 below. The production of HVO
and SAF are interdependent; many HVO production facilities are designed to switch between HVO and
SAF outputs, and even SAF-optimised plants generate some HVO as a co-product. It can be seen in
Figure 10 that the global HVYO demand for road transport in 2030 is estimated to be 225 TWh, whilst only
17 TWh for the maritime sector. The aviation sector is estimated to have a SAF demand of 85 TWh.

Figure 10 Global demand for HVO in 2030.
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It is important to note that the demand projections are based on existing estimates from various studies
and not on PRIMES modelling.
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1.3 Policy and Regulation

Policies and regulations shape the HVO market by establishing sustainability criteria, mandating
renewable fuel usage, and creating incentives or constraints that directly influence HVO production
capacity, pricing, and overall market demand. This section outlines the key policies and regulations
impacting the supply and demand dynamics of HVO across Ireland, the EU and the UK. Table 2 highlights
the policies impacting the supply of HVO, whilst Table 3 presents those impacting the demand of HVO,
both of which include any penalties for non-compliance. These tables provide an insight into current market
behaviour, as well as the constraints and opportunities arising from the evolving HVO regulatory
landscape.

Table 2 Policies and regulations impacting the supply of HVO in Ireland, the EU and the UK.

Penalties for non-

Information compliance

Region

Sets binding targets for the share of renewable energy in
final energy consumption, including transport, heating, and
electricity sectors.

Future outlook: The Directive sets a target of at least 29%
by 2030 share of renewable energy in final consumption
of all energy used in transport or a minimum of 14.5%

reduction in GHG compared to emissions that would have
Penalties/

Renewable
Energy
Directive
(RED Ill)

EU

been created by fossil fuel use instead. Moreover, it
requires a combined target share of at least 5.5% by 2030
of advanced biofuel and renewable fuels of non-biological
origin. The target for renewable fuels of non-biological
origin (RFNBO) is required to be at least 1% by 2030.

Indicative goal of at least 1.2% of energy used in maritime
transport to come from RFNBOs in 2030.

Use of biofuels and biogas from UCO and animal fats is
limited to 1.7 % in final consumption for all energy used in
transport. There is also a 7% cap on food- and feed-based
biofuels.

enforcement at a
Member State level
for not meeting
national targets.

Renewable
Transport
Fuel
Obligation
(RTFO)

Ireland

Only suppliers of petroleum products are subject to the
obligation. However, biofuel producers can be RTFO
account holders and generate RTFO certificates, which
are traded with obligated parties.

Delivers on RED targets.

Obligation on suppliers of mineral oil to ensure 25% by
energy content of motor fuel (gasoline and motor diesel)
on the market is renewable by 2025. The obligation rate
increased to 32% in 2026, incorporating double counting
and additional certs and representing a modelled physical
blend of 10% ethanol in petrol and more than 12% biofuel
in diesel.

Buy-out price:
0.05 EUR/MJ,

0.08 EUR/MJ
(advanced)
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Revised targets year-on-year to increase the percentage
of renewables.

It sets nearer term targets, such as increasing the
renewable fuel obligation from 21% by energy to 25% by
energy, as well as increases the advanced biofuel
obligation from 1% to 1.5% by energy. Moreover, the crop
cap raised to 2.4% by energy® (effective from 1st January
2025) and amends the high ILUC risk cap to 75% of the
total disposals of biofuel and biogas produced from high
ILUC feedstock as supplied during the 2019 obligation
period by an RTFO Account Holder.

Delivers GHG emissions savings by encouraging the
supply of renewable fuels for use in UK transport. Buy-out price:

Suppliers of relevant transport fuel e.g. petrol, diesel, gas | 50p per standard
oil, renewable fuel are required to meet an annual | certificate (~0.16
UK obligation through tradable certificates which are awarded | gyRr/MJ), 80p per
for the supply of sustainable fuel. development fuel

The 2024, the obligation was set at 11.8% as a share of | certificate (~0.16
total liquid fuel by volume, and is set to increase to 12.15% EUR/MJ).
in 2025 and 14.6% by 2032.

Renewable
Transport
Fuels
Obligation

Currently, the Renewable Energy Directive (RED lll) as well as the Irish and UK Renewable Transport
Fuels Obligations (RTFO) are set to have the strongest influence on the supply of HVO by establishing
targets and obligations to suppliers of fossil fuels, encouraging the use of renewable fuels. Member States
are responsible for implementation of the RED lll, and therefore penalties for non-compliance is enforced
at a Member State level. The Irish and UK RTFOs set statutory obligations on suppliers of road transport
fossil fuels. If a supplier does not meet their obligation, they will be charged a buy-out price which is set at
0.05 - 0.08 EUR/MJ in Ireland, and ~0.16 EUR/MJ in the UK.

Table 3 Policies and regulations impacting the demand of HVO in Ireland, EU and the UK.

Penalties for non-
compliance

Information

Policy aims to support the Climate Action Plan targets and
RED by setting out 19 specific actions to be implemented

Renewable between 2025 and 2027, with a focus on increasing the
Transport Ireland use of renewable fuels and reducing emissions across the N/A
Fuel Policy transport sector.

The policy sets out plans to require use of biofuels and
renewable fuels of non-biological origin.

5 This figure relates to how the RES-T is calculated, including the use of multipliers, but the RTFO crop cap is consistently 2% of overall energy share in transport.
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RTF Policy trajectories are modelled to meet EU RED
targets and CAP biofuel targets. The indicative trajectories
of annual obligation rates increase up to 2030 are included
in the published policy.

Future outlook: RTFO rises from about 21% in 2024 to
54% by 2030, with expanding scope to rail and renewable
electricity and strict caps on crop (2%) and Annex IX Part B
(1.7%) biofuels. To meet RED III's 24% RES-T target, the
increase will rely heavily on advanced biofuels and
RFNBOs, with HVO remaining the dominant compliance
fuel.

Carbon market that requires polluters to pay for their GHG
emissions.

The ETS cap is expressed in emission allowances, which
is reduced every year.

Operators must
purchase enough
allowances to
cover their
emissions. If they

The UK government has announced the 15t July 2026 as
the date for launching the UK ETS maritime regime, which
will cover all domestic shipping journeys. Moreover, the
waste sector will be included in the ETS from 2028.

EU ETS | EU Required sectors must surrender allowances equivalent to .
their emissions. fail to do so, they
face a EUR100
Encourages polluters to reduce their emissions. penalty per tonne
Aopli . . . of excess CO2
pplies to power-generation and energy-intensive e
. : . . emissions.
industries such as cement, glass, iron and aluminium.
From 2027, EU ETS Il will be implemented and will cover
fuel distribution for road transport, buildings, and additional
industrial sectors.
EU ETS I Target is to reduce emissions by 42% by 2030 (compared
to 2005 levels).
To be
implemented To align with the scope of ETS I, carbon tax relief will be
in parallel to limited to biofuels and biogas that meet the sustainability
ETS |in EU and GHG emissions savings criteria under the RED. This Not disclosed yet.
2027, with requirement is linked to Ireland’s application for derogation,
plans to under Article 30e(3) of Directive (EU) 2023/959, from
merge in surrendering ETS Il allowances from 2027 to 2030. When
early 2030s. the implementing legislation takes effect (no earlier than
01/01/2027), carbon tax relief will apply only to biofuels
and biogas verified as RED-compliant, in accordance with
procedures established by NORA under Regulation 4(1) of
S| 33/2012 for the purpose of the RTFO.
Separate emissions trading system that replaced UK’s Operators must
participation in the EU scheme in 2021. Shares similarities purchase enough
to EU ETS |, including cap-and-trade design and coverage | gjowances to
UK ETS UK of key sectors such as energy, industry and aviation. cover their

emissions. If they
fail to do so, they
face a £100

penalty per tonne

Final Report for Department of Transport

Page | 28




Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE

Member of WSP

of excess COz2
emissions.
Renewable To be implemented in 2026.
Heat Buyout price not
Obligation Ireland The policy supports the decarbonisation of the heat sector. | yet publicly
(RHO) Requires fossil fuel suppliers to incorporate a growing specified.
percentage of renewable fuels into their heat supply.
Promotes the use of renewable, low-carbon fuels and
clean energy technologies for ships.
Aims to increase the use of low-carbon fuels by
establishing GHG intensity limits for energy used on ships
by 2% in 2025 up to 80% in 2050.
Mandatory quota for renewable fuels of non-biological Financial penalties
origin. Specifically incentivises RFNBOs; RFNBOs use for non-
Fuel EU . :
" benefits from a double-counting multiplier until 2033, with a | compliance with
Maritime EU :
; 2% sub-target from 2034 if their market share is below 1% | GHG savings
Regulation .
by 2031. requirement or
targets.
Future outlook: From 2025, FuelEU Maritime starts the
GHG-intensity reduction trajectory for ship energy (-2% in
2025; -6% in 2030), while ETS phase-in for shipping
continues. Irish bunkering is small, but new marine
demand for biofuels (incl. HYO/FAME) can tighten regional
supply that Ireland draws from.
Failing to comply
with the minimum
Aims to decarbonise the aviation sector by increasing the shares of SAF
mandatory use of Sustainable Aviation Fuel (SAF) and means fuel
restricting tinkering practices (when an aircraft carries extra | gyppliers are liable
i\elil:al:ie;n EU fuel to avoid refuelling at a more expensive location). to pay a fine of at
Regulation Progressive blending targets for SAF (includes biofuels, least twice the
synthetic fuels, e-fuels), rising from 2% in 2025 to 70% by d|ﬁergnce between
2050 in all EU airports. Separate sub-mandate for e-fuels the price of
begins in 2030 at 1.2%, rising to 35% by 2050. conventional
aviation fuel and
SAF in that year.

There are numerous policies and regulations that influence the demand for HVO in Ireland, such as the
Renewable Transport Fuel Policy, which aims to support the Climate Action Plan and RED targets by
setting out plans to require the use of biofuels and RFNBOs. Other policies, such as the UK ETS and the
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EU ETS (I and Il) have the potential to stimulate the demand for HVO by requiring large CO. emitters to
reduce their emissions; the decarbonisation strategy which some sectors may adopt include fuel switching
to HVO.

The ReFuel Aviation Regulation has been included in Table 3 despite HVO not being compatible for use
within the aviation sector. Sustainable Aviation Fuel (SAF)/ Hydrotreated Esters and Fatty Acids (HEFA)
production utilises the same feedstocks and hydrotreatment process as that for HVO, consequently
creating competition and potentially impacting demand as well as feedstock price. It is important to note
that producing HEFA from lipids will always also produce a portion of HVO.

Looking forward, the Renewable Heat Obligation (RHO) is expected to come into force in 2026 to support
decarbonisation within the heat sector. In addition to introduction of the RHO, there are other policy
changes expected in the near future. The first being that SAF supplied for ReFuelEU will earn RTFO
certificates and count to RED IlI/RTFO compliance. The minimum share starts at 2% (energy) in 20254.
HVO refineries that can switch to HEFA-SAF will do so when margins/mandates favour aviation, competing
with HVO supply for road.

Moreover, the Union Database (UDB) is expected to rollout, and once fully implemented, operators must enter
sustainability and transactional data (feedstock, fuel production country, volumes, buyer/seller, etc.). This raises
compliance and should influence which HVO feedstocks are acceptable and available*.

1.4 Market Outlook

1.4.1 HVO Price Trends
Price and trends in Europe

Europe is seeing increasing demand for drop-in renewable fuels as blending mandates rise, whilst
simultaneously facing constraints in feedstock and competition from other regions.

e European HVO market remains tight®
¢ Limiting factors such as import dependence on waste oils and feedstock availability

HVO continues to command a significantly higher price than traditional biodiesel (FAME).HVO costs differ
by “Class”, i.e. feedstock type, associated GHG savings, and regulatory eligibility. Under Article 27 of the
RED, biofuels (HVO) produced from waste feedstocks listed in Annex IX may have higher energy value in
the calculation of RES-T compared to crop-based feedstocks. Moreover, HVO has a higher GHG savings
and in many countries, biofuels produced from wastes are ‘double counted’ i.e. regarded twice as many
certificates so have an inherently higher value.

Figure 11 shows how different biofuel prices in Europe change over time from November 2024 to February
2025. It compares several biofuel products such as RED HVO fob ARA (Amsterdam/Rotterdam/Antwerp)
(Class 1), RED HVO fob ARA (Class IlI), SAF fob ARA (Class Il), RED FAME 0C CCPP fob ARA, UCO cif
ARA. HVO (Class I), UCO-based HVO (Class Il) are crop based. Ireland’s limited domestic production
means it will rely on imports (from ARA region suppliers). Therefore, Irish HVO pricing will closely track
European FOB ARA levels, plus logistics costs. Figure 9 shows that SAF fob ARA prices remain the
highest, along with RED HVO fob ARA (Class II), whilst UCO cif ARA is priced significantly lower.

8 Argus Biofuel Outlook 2025 — https://view.argusmedia.com/rs/584-BUW-606/images/BlO-Sample-Report-Argus%20Biofuels%200utlook%20%282025-01-
10%29.pdf?version=0
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Figure 11 Price of different biofuels in Europe®.
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Comparison of biofuel prices shows SAF and RED HVO (Class Il) as the costliest per tonne, with UCO and
FAME trending at lower prices. The ARA region is consistently used as a benchmark for European HVO spot /
forward pricing (e.g., “HVO fob ARA range (Class Il)”).

Short term European HVO price trends

HVO prices declined in December, led by an 11% drop in UCO-based HVO (Class Il) following a sharp
November spike that had lifted prices 25% month-on-month. Despite the fall, December values remained well
above most 2024 levels (Figure 12). Crop-based (Class |) and tallow-based (Class Ill) HVO saw smaller
corrections, down 3.6% and 0.9%, respectively, after more modest November gains. The price easing reflects
resumed HVO production, which alleviated the supply crunch that fuelled November’s surge. However, demand
remains firm as Dutch obligated parties continue buying double-counting HVO to meet 2024 targets.

With overall HYO demand expected to rise in 2025, prices are likely to stay supported above 2024 lows, aligning
with stronger fundamentals across key markets. Currently, there are a small number of HVO suppliers, meaning
that any change such as decrease of suppliers of capacity would cause a price shock. However, as the number
of suppliers increase, along with capacity, future price shocks will become less often and less drastic.

Figure 12 HVO prices in Europe in 2023, 2024 and 2025.
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Push and pull from alternatives

The demand and supply of HVO are influenced by complementary and competing biofuels and from
policies that regulate biofuels in Ireland. The interplay between HVO and other biofuels manifests both in
the demand for HVO and the supply of feedstock for HVO production. It is important to explore that
interplay to better understand the hierarchy of HVO use in Ireland.

Biodiesel (FAME)

FAME competes with HVO for diesel-side renewable energy up to B7, i.e. FAME and HVO are in direct
competition as blended products in diesel. Beyond B7, FAME’s specification ceiling structurally pushes
demand toward HVO to achieve B20/B30. Feedstock competition with HVO is direct as both draw on the
same Annex IX Part B wastes (notably UCO and tallow); Ireland’s HVO supply has historically relied on
these lipids.

Biomethane

Biomethane is an alternative to HVO for meeting targets for advanced biofuels under renewable energy
obligations. Biomethane production and use in Ireland remains nascent. However, biomethane feedstocks
in Ireland are significant, therefore indigenous biomethane production in Ireland is possible. A biomethane
strategy has been developed to help achieve a policy target of 5.7 TWh per annum by 2030 of indigenously
produced biomethane.

Biomethane contributes to sub-targets for advanced biofuels and can pull on the accounting need for HVO
under RED. Biomethane is a competitor for the traded RTFO certificates market because the RTFO
certificates for biomethane can be counted against the obligation and the advanced biofuel obligation. In
practice, Ireland’s small natural gas vehicles (NGV) fleet and limited refuelling constrain near-term
volumes, so the effect on HVO is modest this decade. Feedstocks are different (biogas substrates), so
there is little direct competition for UCO/tallow; the interaction is primarily via targets.

Consumption of biomethane in the Ireland is very small, in the order of tens of GWh per year (shown in
Figure 13). However, the national target, per the Gas Networks Ireland and government policy, is to reach
up to 5.7 TWh per annum by 2030 of indigenously produced biomethane. The global outlook by the IEA
says biomethane and biogas demand are among the fastest-growing bioenergy sectors in Europe.

Figure 13 Biomethane demand and target use in Ireland.
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Over 95% of biomethane in Europe (and all in Ireland) is currently made using Anaerobic Digestions (AD).
In the 2024 Europe had around 1,678 biomethane plants, ~6.4 billion m3/yr installed capacity, and 81% of
that was in EU-27 countries, with Germany being the largest producer, while France, ltaly, UK, and
Denmark among the top five (EBA, 2024).

Figure 14 Possible feedstocks that can be utilised for biomethane production.
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Biomethane is generally produced from local feedstock. Its feedstocks are low-value, bulky, often
perishable organic materials, and are uneconomic to import over long distances (Figure 14). The main
feedstocks utilised across Europe for AD are agricultural feedstocks (64%), organic wastes (11%) and
industrial wastes (11%). While food waste may be considered the optimal feedstock for AD, there is
insufficient resource available to meet the required scale. However, Ireland is recognised as having one
of the largest potentials for biomethane production in Europe per capita, due to Ireland’s substantial
agricultural sector.

Bioethanol

The interaction with HVO is mainly through targets and caps. On the compliance side, ethanol increases
the renewable share in the petrol pool and can reduce the amount of diesel-side renewable energy needed
for RED accounting. This can pull on the accounting need for HVO, but it does not displace the physical
need for paraffinic diesel to exceed B7. On the other hand, Ireland’s crop-based biofuel cap is 2% (by
energy), so petrol-side ethanol cannot rise indefinitely for compliance. That cap forces more of the
compliance load onto non-crop, waste-based fuels like HVO/CHVO to hit renewable fuels targets.
Feedstocks are largely distinct (sugars/starches for ethanol vs. waste lipids for HVO), so direct feedstock
competition with HVO is limited.

Biogas oil

Near-term decarbonisation in NRMM and maritime can rely on drop-in paraffinic diesel, typically HVO,
which pushes regional HYO demand by competing for the same supply that serves road B20/B30. Over
the longer term, shifts to methanol and ammonia for shipping, or hydrogen, could pull demand away from
HVO; however, in the current decade, readily deployable drop-ins are limited. Beyond B7, HVO remains
the enabling molecule. FAME caps mean that any diesel-blend ambition (B20/B30) structurally channels
demand to HVO/CHVO regardless of RES-T accounting dynamics. Part B lipids are the pinch-point.
UCOftallow are finite, globally traded, and already stretched by EU transport (and rising SAF demand).
Competition from FAME for these same lipids tightens HVO supply.
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1.5 Security of HVO Supply

1.5.1 Risk Assessment Framework

The purpose of this section is to evaluate the security and resilience of Ireland’s HVO supply. It identifies
where and how HVO is currently used or projected to grow (transport, heating, backup generation,
industry). And it finds out the magnitude and justification of risks that could affect RTFO / RHO compliance
and Ireland’s wider decarbonisation objectives.

For this analysis, we examined a comprehensive range of risk types that could influence the security,
reliability, and sustainability of Ireland’s HVO supply:

e Supply-side risks including import dependency, source concentration and potential export curbs.

e Logistics risks including such as shipping lanes, ports, workforce/strikes and extreme weather.

o Policy/Regulatory risks including RTFO/RHO compliance, buy-out exposure and impacts from
evolving EU regulations.

e Market risks including feedstock tightness, price volatility and credit/certificate swings.

e Sustainability risks including verification/fraud (UCO/POME) and gaps in Union Database coverage
or traceability.

A structured approach was applied to conduct the risk assessment. An evidence-based risk matrix was
developed to bring together supply, logistics, regulatory, market, and sustainability risks. In this
assessment, each risk is evaluated using three dimensions — Likelihood, Severity, and Timeframe.
Together, they provide a structured way to compare and prioritise risks. Finally, RAG ratings were assigned
to indicate relative priority.

Likelihood reflects the probability that a risk will occur within the planning horizon, ranging from unlikely
(low) to plausible or occasional (medium) and currently occurring or recurring (high). Severity captures the
scale of impact on supply volumes, costs, or regulatory compliance, with low severity indicating impacts
that can be absorbed, medium indicating noticeable operational or financial consequences, and high
indicating material shortfalls or significant cost or compliance penalties. Timeframe describes when the
risk is expected to materialise either currently, emerging within the next one to five years, or unpredictable
due to shock-type or unforeseen events. Each risk is analysed by multiplying these three dimensions:

Risk Score = Likelihood x Severity x Timeframe

For example, a high likelihood with high severity and current timeframe indicates an immediate,
high-priority risk. A low likelihood with low severity and long-term timeframe signals a lower-priority risk.
The combined scoring helps decide where action, mitigation, or monitoring is most needed. Finally, the
assessment incorporated relevant policy, market, and technical insights drawn from both national and
EU-level sources to ensure accuracy and alignment with current developments.

1.5.2 Risks Assessed

This section presents detailed findings for each of the key risk categories assessed in the study. It provides
a comprehensive explanation of the risk factors, their sectoral impacts, and mitigation measures.
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Supply Concentration And Dependency

Description

Ireland’s supply of HYO and FAME remains largely import-dependent, but supply chain characteristics
differ by product. HVO is almost entirely imported as finished fuel from a small number of producer
countries, often based on globally sourced waste oils. By contrast, NORA Annual Report data indicate that
FAME supply chains tend to be shorter, with most feedstocks originating in Ireland, the wider EU and the
UK*. Domestic FAME output from used cooking oil (UCO) and animal tallow remains limited relative to
demand, and Ireland has only modest HVO co-processing capacity at the Whitegate Refinery with no
dedicated large-scale HVO unit. Overall, reliance on external certification and logistics chains - particularly
for HVO - exposes Ireland to trade and transport disruptions and may raise compliance costs.

Table 4 Risk dimensions for supply concentration and dependency.

Dimension | Description

High and increasing. Ireland’s structural reliance on imported renewable diesel and
biodiesel will continue in the short to medium term. The Renewable Transport Fuel
Obligation increased in 2025, adding further pressure on limited global waste-based
fuel supply.

Immediate and ongoing. The risk is already significant and will persist until domestic
refining or more diverse sourcing is developed. Further tightening of renewable content
requirements by 2030 and beyond will maintain demand pressure.

High. Any disruption to imports could cause supply shortfalls, increased buy-out costs,
or a temporary return to fossil fuels. Price spikes linked to tariffs, export limits, or
shipping delays would affect all users and compliance costs.

Context

In 2024 about 471 million litres of renewable fuel were supplied to the Irish market; this figure covers all
renewable fuels, with around 85% of the renewable diesel pool made up of HVO and FAME. For HVO
specifically, RTFO data indicate that the top five feedstock supply countries - Indonesia (38%), China
(23%), Malaysia (13%), the United Kingdom (8%) and Vietnam (5%) - together accounted for about 86%
of total HVO imports. Domestic renewable diesel/biodiesel production (predominantly FAME) was about
59 million litres in 2023. Across HVO and FAME combined, feedstock dependence is high, with around
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81% of biodiesel produced from UCO and 18% from animal tallow, much of it imported. Taken together,
these data indicate limited resilience and sustained vulnerability in Ireland’s renewable fuel supply chain.

Sector exposure

Transport fuel suppliers have the highest exposure, as they must secure renewable diesel or biodiesel to
meet blending obligations. Non-road machinery, rail, marine, and heating users are also affected. Some
industrial and standby power operators depend on imported renewable diesel and therefore would face
continuity risks (e.g. Amazon Web Services has begun transitioning its Irish data-centre back-up
generators from conventional diesel to HVO in partnership with Certa Ireland). Sectors where substitution
options are limited, and advanced renewable fuels are not yet available at scale.

Mitigation measures
The following mitigation measures can help reduce the identified risks:

¢ Increase collection and recovery of UCO and animal fats to improve feedstock availability,
although the local supply is limited (it is already relatively well utilised for FAME production).

¢ Maximise local HVO co-processing and production capacity where feasible, building on existing
infrastructure such as the Whitegate Refinery.

o Diversify supply contracts and regions to reduce dependence on Asia.

¢ Expand storage and include renewable diesel in Ireland’s strategic fuel reserves. Coordinate with
the United Kingdom and European partners on shared biofuel security and emergency planning

e Maintain compliance with EU-wide sustainability frameworks while ensuring flexibility in
operational fuel management to prioritise continuity of essential services during severe
disruption.

Transport and logistics disruption

Description

HVO must be imported into Ireland by sea and then distributed by road. As an island nation, Ireland’s
renewable fuel supply chain depends entirely on maritime transport, port operations, and inland
distribution. This creates exposure to disruptions such as storms, canal blockages, shipping route conflicts,
port closures, or industrial strikes. Long international routes from Asia or North America increase the risk
of delay or interruption. However, it is to be noted that typically any impact on the HVO supply chain are
applicable to other fuel types including fossil fuel imports.
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Table 5 Risk dimensions for transport and logistics disruption.

Dimension | Description

Medium. Routine logistics are generally reliable, but disruptions occur from time to
time. Severe weather, labour disputes, or regional instability can interrupt transport
Likelihood | without warning. Ireland’s dependence on shipping means even low probability events
can have serious effects.

Ongoing background risk. Disruptions can occur at any time. As renewable diesel

Timeframe | || mes increase and are sourced from more distant suppliers, exposure will rise.

Moderate to high. Short-term HVO supply interruptions can usually be managed
through commercial inventories and by adjusting blend rates between months;
because compliance is assessed over the obligation period, supplying more fossil
diesel in one month and compensating with higher HVO blends later in the year should
not in itself create compliance or supply issues. However, a prolonged or repeated
disruption to HVO availability over several months would limit the scope to “catch up”
blending, increase reliance on fossil diesel, raise buy-out or certificate costs, and could
ultimately require policy flexibility or derogations to avoid widespread non-compliance.

Severity

Context

Around 78% of Ireland’s energy is imported by ship or pipeline, and 90% of all trade by volume moves by
sea. Disruption to a key maritime route or port could quickly impact fuel supplies. The National Risk
Assessment warns that closure of Dublin Port would cause immediate oil supply problems. HVO uses the
same terminals and shipping infrastructure as fossil fuels, but its risk exposure may be higher because
feedstocks and finished product are sourced from fewer regions and suppliers. Events such as the 2021
Suez Canal blockage and Red Sea conflicts demonstrate how global logistics disruptions can delay energy
shipments. Longer routes from Asia or the United States increase exposure and reduce flexibility.

Sector exposure

The transport sector is most exposed, as it relies on continuous deliveries to filling stations and fleet
operators. Non-road sectors such as agriculture, construction, and marine would also face disruption.
Heating users could be affected during winter if deliveries are delayed. Critical services including hospitals
and data centres may face refuelling difficulties and would need to switch to stored diesel in emergencies.

Mitigation measures

The following mitigation measures can help reduce the identified risks:
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e Use multiple import ports (e.g. Dublin, Cork, Foynes) to reduce port dependence.

¢ Require suppliers to maintain contingency plans for rerouting shipments and to hold adequate
storage at depots.

¢ Maintain higher stock levels at the Cork terminal to buffer short-term disruptions. Improve
coordination with the United Kingdom and European partners for emergency supply sharing.

e Engage with port and transport unions to prevent strike-related stoppages and establish
emergency protocols to prioritise fuel deliveries.

e Use real-time shipping and weather intelligence to anticipate risks and divert or replace cargoes
early.

¢ Allow temporary adjustment of renewable fuel blend levels to extend available supply during
severe disruption, while managing the associated compliance and emissions implications.

Market and price volatility

Description

HVO prices fluctuate sharply due to changes in global feedstock markets, fossil fuel benchmarks, and
biofuel policy. Key feedstocks such as used cooking oil, tallow, and palm residues are internationally traded
commodities whose costs vary with agricultural trends, energy prices, and trade policy. In 2024 and 2025,
prices swung widely in response to anti-dumping duties, geopolitical tensions, and refinery outages. This
volatility increases compliance costs and reduces predictability for suppliers. Depending on the relative
movement of fossil fuel and HVO prices, it can weaken HVO’s competitiveness against fossil diesel in
some periods but may also improve HVO'’s relative cost position in others.

Table 6 Risk dimensions for market and price volatility.

Dimension | Description

High and persistent. Although diesel prices also fluctuate with crude oil and geopolitical
events, renewable fuels are exposed to additional pressures that make them more
unstable. HYO and FAME depend on limited and competing feedstocks, are affected
by changing sustainability and trade rules, and rely on certification and subsidy
frameworks that can shift suddenly. As a result, their prices respond to a wider range of
factors than diesel, leading to sharper and more frequent swings even under similar
market conditions.

Immediate and continuing throughout the decade. Volatility will intensify from 2025 to
2030 as renewable mandates expand and competition for feedstocks grows.
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Dimension | Description

High. Sharp price movements affect suppliers, distributors, and consumers by raising
procurement and compliance costs. Sustained high prices can discourage use, delay
decarbonisation, and prompt short-term reversion to fossil fuels.

Context

In 2024, UCO in north-west Europe traded at 920 to 1,175 €/t, while HVO averaged about 1,450 €/t, giving
a spread of roughly 270 to 530 €/t. Early in 2025, HVO rose from around 1,680 €/t to nearly 1,980 €/t after
refinery and geopolitical disruptions, then settled near 1,890 €/t. In the UK, HVO at 1.37 to 1.49 €/L costs
about 0.8 €/L more than diesel. The European Union imposed anti-dumping duties of up to 36.4 percent
on Chinese FAME, while China removed export rebates on UCO, both tightening supplies. The market
showed backwardation, where near-term prices are higher than future ones, signalling short-term scarcity
and weak confidence in long-term stability. These spreads and rapid price swings illustrate the structural
volatility of HYO markets driven by feedstock costs, policy shifts and geopolitical risks.

Sector exposure

All sectors are affected financially. Transport fuel suppliers face direct compliance and margin risks. Fleet
operators and hauliers experience higher operating costs. Heating users may see increased prices once
renewable heat obligations begin. Industrial and backup power users face unpredictable running costs.
Policymakers are exposed to public pressure if price spikes reduce affordability or threaten targets.

Mitigation measures
The following mitigation measures can help reduce the identified risks:

e Encourage long-term supply contracts and forward pricing to reduce short-term shocks.

¢ Consider flexible blending mandates or temporary relief if prices exceed set thresholds. Improve
market transparency with regular publication of feedstock and compliance credit prices.

¢ Expand local production and storage capacity to reduce exposure to imported price swings.

e Promote electrification and advanced renewable fuels to reduce long-term demand (and
competition) for HVO.

1.5.2.1 Sustainability and compliance

Description

Ireland’s renewable diesel supply depends heavily on imported waste oils such as used cooking oil, animal
fats, and POME. Much of this is processed into imported HVO, while indigenous tallow-based FAME and
other biofuels from domestic or EU/UK wastes provide a smaller but strategically important share of supply.
These feedstocks must meet sustainability and traceability rules under the Renewable Energy Directive
and national renewable fuel obligations. Weak auditing and self-reporting in global supply chains create
opportunities for mislabelling virgin oils as waste oils to qualify for incentives. Steps have been taken to
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disincentivise HVO produced from POME by removing it from being eligible for additional certificates. If
fraudulent or unsustainable feedstocks are discovered, the affected fuel cannot count toward national
renewable targets, leading to penalties, certificate losses, and reputational damage for suppliers and
regulators.

Table 7 Risk dimensions for sustainability and compliance.

Dimension Description

Medium to high. Investigations across Asia and Europe have exposed
fraudulent certification and unrealistic waste oil export volumes. Certification
Likelihood systems still rely mainly on self-declaration and limited physical audits. As
renewable targets rise and competition for waste-based feedstock grows, the
incentive for fraud remains strong.

Immediate and ongoing. Fraud risks are already present and will persist until
the EU’s strengthened Union Database, digital traceability systems, and on-site
audits are fully implemented. However realistically even then, some residual
risk is likely to remain due to the complexity and global nature of waste-oil
markets.

High. Fraudulent feedstocks can invalidate compliance, distort greenhouse gas
reporting, and damage public confidence in renewable fuels. Suppliers could
face buy-out penalties of about €1.75 per liter for shortfalls, legal exposure for
misreporting, and withdrawal of certificates. Large-scale fraud would undermine
Ireland’s climate integrity and delay renewable energy targets.

Context

Reports from the NGO Transport and Environment found that over one-third of European biofuel
consumption now comes from used cooking oil, with 91% of Asian collection points unaudited and most
relying on self-declaration. Certified volumes often exceed physically recoverable waste oil quantities,
indicating possible over-certification. The European Commission and national regulators have launched
investigations into false sustainability claims. The 2025 inquiry into Chinese biodiesel imports found
certification weaknesses and prompted the European Commission and national regulators to respond with
strengthened traceability and auditing rules and targeted investigations into high-risk supply chains. from
additional renewable certificates. Within Ireland, the Biofuel Sustainability Working Group was established
in 2023 to address recommendations from the Biofuel Study 2022. The Working Group’s role is to assess
vulnerabilities, residual risks and potential improvements in the biofuel sustainability system. These actions
confirm that sustainability and compliance risks are current, material, and central to the credibility of
Ireland’s renewable fuel transition.
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Sector exposure

Transport fuel suppliers have the highest exposure under the Renewable Transport Fuel Obligation, as
they are directly responsible for verifying sustainability. Heating oil suppliers will face similar obligations
under the Renewable Heat Obligation from 2026. Industrial users and data centres using HVO for
emissions reduction risk loss of carbon credits if fuels are later deemed non-compliant. Regulators face
scrutiny if oversight fails, and public trust in renewable fuels could fall sharply if fraud scandals emerge.

Mitigation measures
The following mitigation measures can help reduce the identified risks:

¢ Prioritise verification of UCO and animal-fat consignments, and remaining POME imports, using
risk-based sampling.

e Strengthen cooperation with EU certification bodies and authorities to share intelligence on high-
risk supply chains.

¢ Incentivise domestic collection of used cooking oil and animal fats to reduce reliance on imports
where verification may be more difficult and weaker

e Increase utilisation of indigenous supply of tallow FAME and biofuels from domestic wastes as
these benefit from shorter, more transparent supply chains, supporting both sustainability
assurance and security of supply for the road transport sector (particularly HDVs).

Final Report for Department of Transport Page | 41



Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE IR

Member of WSP

1.5.3 Summary of Risk Assessment

The key findings from risk assessment of eight key categories are:

Table 8 Likelihood, timeframe, severity and overall RAG rating for risk categories.

Risk Category Description Likelihood Timeframe Severity
Ireland is currently almost entirely reliant on imported
Import . . .
HVO. A continued reliance on imports from a small number
dependency and . . , .
. of supplier countries would increase vulnerability to
concentration . .
disruptions
Tra_ns.port and Shlpplng route dlsruptlo.ns, port closures, labour strikes or Medium - episodic Ongoing - episodic High - can halt
logistics conflict along trade corridors could delay or block ) . .
. . L o ) port/route issues weather/ strikes deliveries
disruption deliveries. Longer shipping routes raise exposure.
Export Supplier countries may curb exports to prioritise meeting | Medium - Emerging 1-5 yrs - Medlum-l-!lgh :
. . e . . e : . volume/price
restrictions domestic targets / fulfilling domestic demand policy/tariff risk tightening trade shocks
Geopolitical Trade disputes, sanctions, or political instability in supplier | Medium - event- Unpredictable - shock
instability countries could restrict supply driven risk anytime
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Risk Category Description Likelihood Timeframe

Medium -
amplifies other
risks

Ireland has limited HVO-specific storage. Low reserve

Storage capacity capacity reduces buffer against disruptions.

Market and price [HVO prices may fluctuate due to global feedstock

volatility competition and policy developments,
Sustainabilit Fraudulent feedstock or weak verification could undermine| Medium-High -
. y sustainability. Non-compliant HVO cannot count towards | documented fraud
risks L . L .
obligations, increasing risk of compliance shortfalls. cases
If HVO volumes do not meet sustainability checks, they
Regula_ltory won't count u'nder RTFQ (transport), RHO (heatlng, post . N Rising 2025-2030 and
penalties / 2026). Suppliers could risk not complying with obligated Medium - rising
. . : . onwards - RTFO/RHO
compliance volumes and face penalties. Companies operating under | quotas ram
shortfalls ETS schemes looking to use HVO to reduce emissions P
may also face penalties.
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1.6 Insights into HVO Use

Sustainable feedstocks for HVO and FAME are limited, requiring targeted use where they deliver greatest
decarbonisation benefit. Literature and policy analyses consistently emphasise a hierarchical approach -
prioritising harder-to-electrify sectors while accelerating electrification elsewhere. Key insights from
literature on hierarchy of use of HVO are:

¢ Finite sustainable bioenergy supply: Global and domestic production of renewable fuels is limited,
so efficient allocation is essential. Previous studies highlight directing HVO and FAME use towards
sectors that are hardest to decarbonise.

e Priority sectors: Heavy-duty road transport, aviation and maritime are consistently identified as
priority users of renewable liquid fuels, where electrification is less feasible economically and
technically

e Lower priority sectors: Passenger vehicles, heating and power generation are better suited to direct
electrification or heat pumps, rather than biofuel substitution.

e FAME limitations: FAME is more limited in blend levels under EN590 diesel standards due to cold
flow and storage issues but remains a transitional option for fleets and local supply chains.

e RED Il and RED lll keep the 7% cap on food/feed-based biofuels and point Member States towards
waste, residues and tall-oil HVO - so, by design, the available sustainable volumes are finite and
should be used where they matter most.

e Feedstock constraints: Both HYO and FAME rely on waste oils, animal fats and residues, which
are in finite supply. Expanding advanced feedstocks (e.g. lignocellulosic or algal) is a research
priority.

¢ Policies and research emphasise advanced biofuels (from wastes, residues, or non-food crops) to
avoid land-use conflicts. Conventional crop-based biofuels are capped (the EU limits food-crop
biofuel to ~7% of transport energy by 2030) due to indirect emissions and sustainability concerns

¢ Meeting future demand will require diversifying feedstocks (e.g. agricultural/forest residues, algae)
and new conversion tech (e.g. cellulosic ethanol, biomass-to-liquids via gasification-FT), to unlock
more sustainable biofuel supply.

Across studies, a clear hierarchy of use emerges, indicating that HYO and FAME should be prioritised for
heavy transport, aviation, and marine applications, while electrification should be accelerated in light-duty
and heating sectors, and robust feedstock traceability and sustainability must be ensured.

1.7 Key Takeaways

Ireland’s HVO use is dominated by road transport (87%), with limited domestic production and heavy
reliance on imports. Feedstocks mainly come from UCO and POME sourced from Asia. Demand is
projected to reach 4 TWh by 2030 to meet B20 blending targets, then fall as electrification expands.
Policies under RED IIl, RHO, and FuelEU Maritime are expected to drive demand while tightening
sustainability rules. HYO competes with alternative biofuels on renewable energy obligations as well as
feedstock supply in some cases. Biomethane production and use in Ireland remains nascent, however,
biomethane feedstocks in Ireland are significant, therefore indigenous biomethane production in Ireland is
possible. Moreover, there are orders of magnitude more biomethane suppliers in Europe then there are
HVO suppliers.
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Ireland’s HVO supply is almost entirely import-dependent, with only limited local waste-oil feedstocks and
no domestic refining capacity. This places Ireland in direct competition with other European buyers on a
tight global market where availability is shaped by feedstock supply, seasonal variation and policy changes
in exporting regions. Rising demand for HVO continues to drive price volatility and occasional supply
tightness. As a result, the main supply risks for Ireland stem from global market conditions, limited
production capacity and reliance on overseas suppliers, meaning any scale-up would require more
diversified sourcing and additional storage infrastructure (either development of new storage or conversion
of diesel storage to HVO storage).
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2. Infrastructure Compatibility
2.1 Overview of Infrastructure Requirements

The deployment of HVO across different end use sectors is determined by not only technical and policy
factors, but also the practicality of supply, distribution, and compatibility of HVO with existing end uses in
different sectors. Existing fuel infrastructure, including storage terminals, pipelines, depots and bunkering
facilities, in addition to end use infrastructure such as boilers and engines, plays a critical role in shaping
where and how HVO can be adopted In Ireland.

Whilst HYO can be used as a drop-in replacement for diesel engines, variations in end uses and
distribution infrastructure such as storage, handling or distribution systems may be required for other fuel
systems. Ensuring existing fuel distribution infrastructure compatibility with HVO is important for a smooth
and swift transition to low-carbon fuels. Incorrect compatibility assumptions of HVO against other fuel
systems can impact performance, safety and fuel quality (blending). Assessing and upgrading
infrastructure where required assists in preventing contamination, ensures reliable performance, and
maximises the benefits of HVO adoption. This section provides information on existing HVO-related
infrastructure in Ireland and internationally, assessing the compatibility of HYO with current systems and
identifying additional infrastructure requirements.

2.2 HVO Distribution Systems

2.2.1 HVO Compatibility With Existing Infrastructure

HVO is a renewable diesel (paraffinic hydrocarbon fuel) that closely resembles fossil diesel in both
chemical composition and performance characteristics. Because HVO meets the EN 15940 standard for
paraffinic diesel fuels, it is fully compatible with existing diesel infrastructure without the need for
modification. HVO has a similar density, viscosity, and energy content to fossil diesel, which enables a
seamless integration into existing storage, distribution, and refuelling systems.

Although HVO is a drop-in replacement for conventional diesel, sectoral differences in fuel logistics, scale
of demand, and supply chain integration result in slight variations to infrastructure requirements and
readiness in different sectors. Table 9 provides overview of HVO distribution systems and readiness of the
existing fuel infrastructure to support HVO.

Table 9 HVO compatibility with existing diesel infrastructure across various end use sectors.

Key HVO Distribution infrastructure

readiness and compatibility

Sector Distribution stages distribution
equipment

National terminals — HVO can be supplied from existing
Industry depots — industrial Elilrf dsi:;rzgztfn:zs’ diesel terminals for industrial use.
tanks y However, additional storage tanks
sized for continuous supply are
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Key HVO
distribution
equipment

Member of WSP

Distribution infrastructure
readiness and compatibility

required as large quantities are
needed.

National terminals —

HVO is a “drop-in” fuel compatible
with existing logistics systems. It
can be stored, transported, and

consumer storage
tanks

consumer storage
tanks

Road depots — filling Bulk storage tanks, dispensed through the existing
Transport stations — vehicle blending systems diesel infrastructure (refineries,
tanks pipelines, fuel depots, and
forecourts) with little to no
modification.
The HVO distribution network for
_ Nat.ional terminals — Bulk storage tanks, rgil network.is expgnqing to support
Rail regional depots — . wider adoption. Existing storage
. blending systems .
locomotive tanks infrastructure can accommodate
HVO (pure & blends).
Bunkering Most marine terminals retrofit
National terminals — | infrastructure at ports, | existing diesel bunkering
Marine bunkering — ship storage tanks, infrastructure to supply HVO.
fuel tanks pipelines, refuelling Bunkering systems must be verified
station. as compatible with HVO.
National terminals — Large scale use for power
Power bulk storage — Bulk storage tanks, generation requires dedicated HVO
Generation | regional depots blending systems storage and continuous supply
—power plant tanks systems.
HVO for heating application is
National terminals — distributed through the same
e Bulk storage tanks, . . .
bulk distribution delivery tankers infrastructure used for heating oll,
Heating —tanker delivery — ' typically via tanker trucks to storage

facilities. Additional dedicated HVO
storage tanks are needed to for
expansion.
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Key HVO Distribution infrastructure

readiness and compatibility

Distribution stages distribution
equipment

HVO is a drop-in diesel alternative
Bulk storage tanks, for airside vehicles, therefore,
airside fuel bowsers, airports can integrate HVO into
telemetry-enabled fuel | existing diesel logistics for ground
management systems | support equipment with little to no
for grounds support modification. Multiple airports
equipment fleets. already receive and dispense HVO
through established supply chains.

National terminals —
airport fuel farms/
airside depots —
Aviation Ground support
equipment refuelling
points — vehicle
tanks

2.2.2 International Ports HVO Distribution Systems

The current global production capacity of HVO exceeds 20 million tonnes per year with the highest
concentration in North America. Additionally, new HVO production facilities scheduled to begin operations
in next two to three years are expected to add over 11 million tonnes per year to global capacity.

One of the largest HVO distribution system in the world is operated by Neste in Rotterdam Cluster. Neste
produces around 950,000 tonnes of HVO per year. There is integration of refinery, blending terminals,
pipelines, inland depots, and bunkering capabilities at Rotterdam terminal for HVO. The pipelines are
operated by Vopak where HVO is transported alongside other petroleum products. This terminal has
64,000 m® of HVO storage capacity.

Typically, the distribution and storage infrastructure at ports includes dedicated on-site storage comprising
of carbon steel tanks, loading terminals for product export. For aviation use, this also involves blending
with SAF, using dedicated storage and pipelines, while maritime and road transport rely on conventional
tank and transport logistics adapted for handling HVO. Table below provides overview of ports
internationally that handle renewable fuels and their respective capacities.

Table 10 International ports handling renewable fuels including SAF and HVO.

Facility Operator Country Capacity (tonnes)

Rotterdam

Renewable Hub Neste, Vopak Netherlands SAF 500,000

Singapore Terminals |Neste, Vopak Singapore SAF, HVO 2,600,000

Port Arthur Diamond Green | ;o\ HVO 1.423,160
Diesel
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Facility Operator Country Capacity (tonnes)

Gothenburg Terminal |Preem AB 60,000

In addition to this, Shoreham Port in the United Kingdom have successfully integrated HVO into their
operation with dedicated bulk storage tanks and modified fuelling system to enable HVO dispensing for
onward distribution. The port has formed a partnership with Local Fuels” to create a dedicated HVO supply
chain for the southeast of England, aimed at providing a consistent and cost-effective renewable fuel
supply. Montrose Port in Scotland uses HVO for marine sector operations including pilot boats that run on
HVO. This deployment makes renewable HVO fuel available quayside for port users at Montrose and is
described as possibly the first quayside HVO availability for marine operations in Scotland?®.

2.2.2.1 HVO Distribution and Storage Systems in Ireland

Ireland has developed a network of distribution points, domestic production capabilities, and import
infrastructure for use of HVO in the transport sector as a drop-in fuel and in the agriculture sector for farm
machinery. Key players involved in different stages of the HVO supply chain include:

* HVO production and blending: The Whitegate refinery run by Irving Oil produces HVO. It blends
more than half of the country's biofuels into petrol and diesel for domestic distribution. Blends
generally range between 10% to 30% HVO in diesel aligned with Renewable Transport Fuel
Obligation (RTFO) targets.

*  HVO imports: Ireland’s total biodiesel consumption in 2021 was around 200 million litres. Green
Biofuels has created Ireland’s first large-scale renewable fuel import and blending facility specifically
for HVO at Cork Harbour.

* HVO bulk storage: Ireland has bulk storage for HVO at Cork terminal managed by Green Biofuels.
This facility has repurposed an old bulk liquid storage terminal to provide substantial HVO import
and blending capacity. It has been operational since 2023 with an initial capacity of 38 million litres,
expandable to 54 million litres.

* HVO distribution and supply: HVO is transported from bulk storage terminals to local depots and
retail forecourts primarily by road tankers. Companies such as Certa and Circle K have expanded
their networks of HVO refuelling sites. Creta has number of HVO fuel stations across multiple
counties.

Notable companies involved in the HVO supply chain include fuel retailers, blending facilities, and
importers. The table below highlights their presence across Ireland.

7 https://www.shoreham-port.co.uk/need-to-know/news/shoreham-port-and-local-fuels-launch-innovative-partnership-to-drive-sustainable-fuel-adoption/

8 https://www.britishports.org.uk/hvo-deployed-at-montrose-port-as-alternative-for-marine-diesel-users/
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Table 11 HVO distribution companies in Ireland.

Fuel Supplier

(0£:1{-To [o]3

Locations

HVO end

Member of WSP

Infrastructure available

Standard diesel tanks at retail

Circle K F uel station & Nationwide Road forecourts and HVO fuel
importer transport .
stations
. Bulk storage depots, HVO
Certa Ireland Fuel Station & |\ ionwide | 0ad distribution fleet and HVO fuel
Distributor transport .
stations
Distributor & Sto.r.a.ge tanks, blending
Inver Energy Foynes Transport facilities, bulk road transport
Importer o
and distribution depot
Production, , .
Irving Oil Refining & Whitegate Blending Refinery blendl.ng, storgge
. tanks and loading terminals
Blending
L Northern Storage depot and HVO
LCC Group Distributor Ireland Transport distribution fleet
Maxol Fuel Station Nationwide Road HVO retail station and bulk
transport depot tanks
Naas Oil Distributor Regional Backup Stqrage depot and HVO truck
power delivery
Northern Storage depot, road tanker and
Nicholl Fuel Oils Distributor Ireland Transport integration with diesel supply
infrastructure
Top Oil (formally . .
Tedcastles QOil Fl.JeI_Statlon & Nationwide Transport Stqrgge depot and blending
Distributor facility
Products)
Import terminal, storage tanks,
Valero Energy Impqder & Dublin port Transport loading arms and tank
Ireland Distributor

distribution

Many fuel companies have HVO fuelling station across Ireland is shown in Figure 15. Northern Ireland has
dense cluster of fuel stations around Londonderry, Ballymena and Belfast region. East of Ireland has
stations along the Drogheda, Dundalk, Dublin region, Bray and Naas areas. There is also availability in
Galway, Cork and along major national roads.
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Figure 15 Fuel station offering HVO in Ireland®
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2.2.3 HVO Infrastructure Readiness to Meet the Demand of Additional

Sectors

Current Status of HVO Storage Infrastructure in Ireland

HVO use compared to conventional fuel use volume in Ireland is very low. Most HVO is imported in its
pure form and terminals currently use existing diesel infrastructure for storage with retrofitted infrastructure.
Ports that handle diesel can also handle HVO by retrofitting existing infrastructure. However, this approach
limits the storage volume available for higher HVO uptake. Fuel distributors blend HVO at depot level, but
only a fraction of the national diesel storage capacity is currently HVO compatible. Current capability,

import dependence and storage gaps in Ireland are:

e Ireland’s current HVO supply, and distribution system is functional but not scaled to meet cross-
sectoral demand if HVO uptake expands significantly. Moreover, the country has limited domestic

feedstock availability for HVO production.

e HVO is imported at 100% purity through Cork, Dublin and Foynes terminals and is subsequently
blended downstream at bulk distribution centres to meet customer specifications.
e NORA in Ireland manages Ireland’s 90-day oil stockholding obligation. While terminals in Ireland
have a combined storage capacity of over 1,600 million litres, only 2.3% is being used for HVO
storage. There are no dedicated buffer reserves for HVO, so any disruption in HVO supply could

significantly affect its uptake.

9 Irelabd HVO Map — https://www.sustainabletourismnetwork.ie/hvo-map-ireland/
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Table 12 presents the oil terminals in Ireland along with their respective storage capacities. These terminals
have the potential to accommodate additional HVO or to replace some of the fuels currently stored with
HVO. In addition, there is some storage capacity available at Irving Refinery.

Table 12 Oil terminals in Ireland with potential to handle HVO.

Terminal Operator Fuels handled Storage size (m?)
Bantry Bay'° Sunoco Gasoline, Diesel, Jet fuel |1,400,000
Cork Harbour" Certa HVO 38,000
. Valero, Circle K, Irish Gasoline, Ethanol, Jet
Dublin Port Rail, Tedcastles A1, Diesel, HVO 267,670

Diesel, Ethanol, FAME,

Atlantic Fuel Supply Gas Oil. Jet Fuel 84,000

Foynes Harbour

Company Gasoline, Petrol, HYO
Galway Harbour Circle K Diesel and kerosene 50,995
Shannon Foynes Port Chemifloc Oil products and ethanol (14,235

HVO End Use Sectors

HVO has the potential to be utilised across multiple sectors and applications, however there are
differences in the equipment categories and current fuels that are currently used by these end use
sectors, influencing the compatibility of HVO.

Figure 16 presents the sector and specific end user that can use HVO. The main applications of HYO
are found in the road transport, rail, and power-generation sectors, with additional use in industry,
marine, and heating sectors.

Although HVO has the potential to be utilised across multiple sectors and applications (Figure 16), there
are varying levels of compatibility. HVO is widely considered a drop-in replacement for conventional diesel,
meaning it can be used in most diesel-powered engines, burners, and machinery without modification
(detailed in Table 13). However, specific compatibility factors vary across sectors depending on engine
technology, regulatory certification, and operational demands. This in turn influences the potential
prospects of alternative fuels in supporting decarbonisation of different sectors.

'° This terminal is not on-island but is a strategic reserve.

" This terminal is currently closed and is in the process of being acquired by Certa.
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Figure 16 Potential end use sectors and associated equipment that can use HVO.

POWER
GENERATION

INDUSTRY MARINE

End Users

Construction « Backup generators . Freight and
machinery « Off-grid power Passenger
Agricultural systems locomotives
equipment

Inland Boats
Coastal Boats
Workboats
Auxiliary engines

Equipment Category

Engine * Engine Marine Engine

CHP » Locomotive
Generator

Current Fuels

» Marine gasoil
Heavy Fuel Oil
» Diesel

Diesel * Diesel
Natural Gas

* Diesel
» Natural Gas
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Table 13 Compatibility of HVO with end use sectors and equipment.

Sector

HVO compatibility

Operational considerations

Moderate to High

Most modern pressure jet and
vaporising oil burners (used for
heating or industrial process heat)

Existing fuel storage and delivery
systems are typically compatible.
Seals and gaskets should be

Industry can run on HVO as a direct diesel checked for material compatibility.
substitute. No maijor infrastructure changes
» For older burners, minor adjustments required when switching from fossil
may be needed due to HVO's slightly gasoil or diesel.
lower density and viscosity.
HVO can be blended in any ratio
with fossil diesel.
High Up to 30% HVO can be added to
. . EN 590 diesel while still meeting EN
* Most modern diesel vehicles (Euro .
590 specifications.
Road 5/6 and beyond) are approved for use Suppliers must verify compliance
with 100% HVO (meeting EN 15940 .
Transport with EN 15940 and ensure
standard). o .
- Highest compatibility with heavy-duty sustainability certification under
and fleet vehicles. ISCC EU or equivalent schemes.
Fleet operators to confirm OEM
approval and sustainability
certification prior to use.
High
« HVO is a drop-in replacement for No engine modifications generally
Rail diesel in most modern rail engines, required, though manufacturer
fully compatible at 100% (EN 15940 approval should be verified.
standard) without modifications.
HVO can substitute or blend with
marine gas oil (MGO) up to 100%,
Moderate to High depending on engine certification.
« Compatibility depends on vessel type OEM approval recommended,
Marine and engine. particularly for older or high-load
« Some marine engines can operate on marine engines.
high HVO blends or neat HVO with Infrastructure generally compatible,
OEM approval. though onboard filtration and
treatment systems may need
adjustment.
High
» Diesel and gas oil fired generators, HVO can replace fossil diesel in
Power turt_)ines, and CHP sys_tems are standby.gen_erators, tur.b.ine.s, and
Generation typically compatible with neat HVO. CHP units without modification.

Drop-in replacement fuel with high
compatibility, particularly for back-up
and off-grid generation.

Blend flexibility up to 100%.
Fuel quality should meet EN 15940.
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HVO compatibility Operational considerations

* Domestic and commercial boilers
using oil burners can operate on
HVO with little or no modification.

* Some older burners may need minor
adjustments to optimise combustion.

» Storage tanks and fuel lines can
remain unchanged.

* HVO can be used as a 100%
substitute for heating oil, offering
improved efficiency and lower
emissions.

2.3 Low-Carbon Alternatives to HVO

When determining realistic decarbonisation pathways, it is important to also understand the potential
infrastructure compatibility of alternative fuel decarbonisation options to HVO in distribution and storage
infrastructure and end use systems. In contrast to HVO, alternative fuels, such as biomethane in CNG,
FAME and hydrogen, may require some vehicle or process modifications and changes to distribution
systems.

Moderate to High

» Heating systems, especially those
using modern condensing or pressure
jet boilers, are largely HVO
compatible.

+ Older burners may require
modifications e.g. nozzle changes to
optimise performance.

Heating

Multiple decarbonisation strategies can be deployed across all sectors with the potential to utilise HVO,
including electrification, CCS, fuel switching, fuel substitution, etc; the suitability of each approach depends
on the existing energy sources, technologies, and processes used within the industry or sector. In the
context of alternative fuels, options can be broken down into fuel substitution and fuel switching:

* Fuel substitution: The new fuel can directly replace the existing fuel in current equipment without
major modifications.
* Fuel switching: The new fuel results in significant changes being required to current equipment.

Table 14 below compares different alternative fuels with the fossil fuels they can replace. Some fuels like
HVO, FAME, biomethane, and e-fuels can act as “drop-in” substitutes that work with existing engines or
at certain blend levels. Others such as hydrogen, green ammonia, and e-methanol require new or modified
equipment and infrastructure.

Table 14 Alternative fuels categories for fuel substitution and fuel switching.

Alternative Fuel ‘ Fossil fuel ‘ Infrastructure implications
Fuel substitution
H (0]
HVO Diesel Direct replacement (up to 30% blend to meet EN
590 standard).
FAME Direct replacement up to 10% blends (under the
(biodiesel) Diesel Fuel Quality Directive) (or 30% blend to meet EN
590 standard), after which modifications required
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Alternative Fuel

Fossil fuel

Member of WSP

Infrastructure implications

Biomethane/

biogas Natural gas Direct replacement
Bio CNG/ Bio CNG/ LNG Direct replacement
LNG

Bioethanol

Gasoil, Petrol

Direct replacement up to 10-15% blends

E-kerosene, e-
gasoline, e-
diesel (E-fuels)

Gasoline, Diesel, Jet Fuel

Direct replacement (depends on fuel synthesis
route/ fuel specifications)

Fuel switching

Hydrogen

Natural gas, Diesel, LPG

Requires new equipment/ infrastructure

E-methanol (E-
fuel)

Methanol, Marine diesel,
Natural gas

Requires modification to equipment/ infrastructure

Green
Ammonia

HFO, Marine Diesel,
Natural Gas

Requires new equipment/ infrastructure

2.3.1 End Use Infrastructure Compatibility of Alternative Options

We have assessed various renewable fuel alternative fuels in terms of compatibility for using in various
sector including industry, road, rail, marine, power generation and heat generation. These were evaluated
against the categories to provide a comprehensive view of their feasibility and competitiveness based on
scoring metrics outlined in Table 15.

Table 15 Scoring criteria used to rate compatibility of alternative fuel options.

Explanation

Ease of

substitution into
existing end-use

Direct substitute/ drop-
in alternative.

No modifications
required to distribution
infrastructure or end
uses.

Scoring Categories

Moderate Difficult

Not directly compatible
with natural gas or diesel
infrastructure.

Requires purpose-built
infrastructure and
adapted end uses.

Blending required.
Requires minor
modifications to
infrastructure and/or
end uses.
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Supply chain for

fuel

Member of WSP

Commercial production
and supply chain exist.

Commercial production
and supply chain in
development.

Commercial production
and supply chain in
infancy/ still to be
developed.

The assessment is based on the potential for fuel substitution and fuel switching as outlined in the previous
section. It aims to capture the current state of play for alternative decarbonisation strategies, highlighting
opportunities and barriers to large-scale adoption (Table 16 and Table 17). It also helps identify where
future competition between low-carbon fuels may emerge as well as which alternatives may be technically

or economically preferred over HVO.

Table 16 Infrastructure available for fuel switching.

Alternative Fuel

Sectors

Industry, Road,

Rail, Marine,
HVO Power

Generation and

Heat

Road, Power
::I:}gldEiesel) Generation and

Heat

Biomethane/

Industry, Road,
Power

biogas Generation and
Heat

Bio CNG/ Bio Road and

LNG Marine

E-kerosene, e-
gasoline, e-
diesel (E-fuels)

Industry, Road,
Rail, Marine,
Power
Generation and
Heat

Ease of substitution into existing
end- use

100% drop-in alternative to white

and red diesel in transport as it
meets EN 15940 standards and
Fuel Quality Directive 2009/30/EC
Annex Il. Or up to 30% drop-in
alternative for compliance within EN
590 diesel standard.

Can be blended into gas oil and
kerosene for heating up to about
30%. After this minor modification
to oil boilers required

Can be blended with fossil diesel up
to 7% (B7) under EN 590 without
modification. Higher blends (B20 -
B100) possible with engine or fuel
system adjustments. Not a full drop-
in fuel.

Direct substitute for natural gas.
Can be injected into the natural gas
grid.

Direct substitute and can be used in
existing CNG/LNG vehicles without
technical conversion.

Compatible with existing engines
with little or no modification. Can be
blended up to 100% (drop-in
capability depends on fuel type and
standard compliance).

Supply chain for fuel

Commercial production
and supply chain exist.

Commercial production
and supply chain exist.

Commercial production
and supply chain exist.

Commercial production
and supply chain exist.

Commercial production
and supply chain in
infancy/ still to be
developed.
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Ease of substitution into existing

Alternative Fuel Sectors
end- use

Supply chain for fuel

Can be blended with petrol (E10 Commercial production
Industry, Road, and E85, which refers to petrol and supply chain exist
Power mixed with 10% and up to 85% of for E10. Supply chain
ELHETEHTEOI  Dioethanol by volume, respectively) | for E85 does not
Heat with E10 for use in conventional currently exist in

petrol engines. Ireland.

Bioethanol

Table 17 Infrastructure available for fuel substitution.

Alternative Ease of substitution into existing end- Supply chain for
Fuel use fuel

Industry, Road, Not a direct drop-in — complete switch Commercial

Rail, Marine, required. Blending up to 20% by volume production and
Hydrogen Power into natural gas network possible in some supply chain in
CENEIE ol systems and 100% in dedicated infancy/ still to be
Heat applications. developed.

E-methanol is compatible with existing

methanol storage and distribution Commercial

infrastructure and can be used in production and
E-methanol . . . ..
(E-fuel) Marine methanol-ready engines and turbines. supply chain in

However, it is not compatible with diesel or = infancy/ still to be

fuel oil infrastructure and requires engine developed.

modifications for use in such vessels.

Not a direct drop-in. No blending standard Commgrmal
Green . . D . production and

. Marine established; typically used neat in e

Ammonia supply chain in

dedicated systems.

development.

2.3.2 Current Capacity and Infrastructure Requirements of Alternative Fuels

Certain fuels, such as HVO and biomethane/biogas can leverage existing fossil fuel infrastructure, albeit
to varying degrees, thus making use of the largely developed and expansive diesel and natural gas
infrastructure in Ireland. Other fuels, however, require purpose-built distribution infrastructure, such as
hydrogen, in which the distribution infrastructure is still nascent and requires significant expansion.

Ireland’s current infrastructure for alternative renewable fuels varies significantly in maturity and scalability.
Electrification is the most advanced and scalable option. Biofuel substitution options, such as HVO,
biomethane, and FAME, offer high near-term scalability by leveraging existing diesel and gas
infrastructure, though all face limitations from constrained global or domestic feedstocks. In contrast,
e-fuels, e-methanol, green ammonia, and green hydrogen remain at early stages of development in
Ireland, requiring substantial new infrastructure. Table 18 and Table 19 provide summary of infrastructure
required for distribution of alternative fuels.
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Table 18 Current capacity of infrastructure in Ireland for alternative renewable fuels for switching.

Distribution

Decarbonisation Infrastructure

approach

Modification
Requirements

COg supply chain,

Current Capacity
in Ireland

Low
Early stage in

Relative
Scalability

Benefits and Risks of
Scaling

Fast and cost-effective
deployment as can

public and private
charge points,
smart charging,
grid flexibility and
storage.

capacity. Electrical
grid widely
expansive across
Ireland, although
there are still grid
constrained areas.

although there
are limitations
and grid
constrained
areas.

port logistics for . Medium I
. Europe and limited leverage existing
export/import, , . Can leverage .
Irish capacity. L methanol infrastructure.
E-methanol storage tanks and |.. .. . existing
Distribution
lS);]Jink?rr]lng or similar (early) stage infrastructure. requ?rements and CO,
PPINg. of development. requirements
Fast and cost-effective
Storage/port Low deployment as can
bunkering for Early stage in Medium leverage existing
(Green) shipping, dedicated|lreland and Europe.| Can leverage | gmmonia infrastructure.
Ammonia handling and Distribution existing — : :
safety systems, |infrastructure ata | ammonia TQX'C'ty ?”d handling risk,
pipelines for similar (early) stage| infrastructure. | high gapltal costs for
industrial offtake. |of development. containment
requirements
New infrastructure
Low (in required (high cost).
Large new development) Potential to establish
infrastructure: Pilot projects and _ shared hubs to reduce
hydrogen storage, ~2 GW electrolysis Low/Medium | redundancy and costs.
(Green) compression, taraet by 2030s Requires : :
Hydrogen dedicated pipelines Disgtribu’ﬁon ' major new High capital costs for
or trucked nfrastructure at an | Mrastructure. infrastructure
cylinders, refuelling ] development,
stations. early stage o safety/regulatory hurdle,
development. renewable electricity
demand.
Electricity grid Medlu.mlngh . . Levergges eystmg
(growing) Medium/High | electricity grid and
upgrades . L L
S Rapid EV and Uses existing | renewable electricity
(distribution and L .
. charger rollout grid with production to scale
transmission), fast- . .
charging underway. potential to nationally.
Electrification |infrastructure, Expansion of grid scale up,

Grid congestion, material
supply chain risks, grid
reinforcement
requirement.

Final Report for Department of Transport | Issue 5709082 | 19 May 2025

Page | 59




Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE

Member of WSP

Table 19 Current capacity of infrastructure in Ireland for alternative renewable fuels for substitution.

General Distribution

DecarbonisationInfrastructure and

approach

Modification
Requirements

Current
Capacity in
Ireland

Low/Medium

Relative
Scalability

Benefits and Risks of
Scaling

Fast deployment using

Import Hiah existing assets, drop-in
dependent with g fuel with long shelf life
L Uses same . .
I , limited local . and minimal vehicle
Existing diesel infrastructure e
: feedstocks. . modification.
infrastructure. Some : as diesel
. Diesel
HVO quality management distribution however
(cold-flow additives, |, o\ | limited by Global feedstock
monitoring). global constraints, import
can be feedstock dependence, high price
Ie\{eraged supply. volatility, indirect land-use
(widely change risks.
expansive).
Low (growing) Fast and cost-effective
~75 GWh/yr deployment as can
grid injection leverage existing gas
Injection stations and Wlth several new High grid.
. . projects
grid-connection Can scale
planned. Natural| .
. upgrades, via gas
Biomethane/ measurement/metering, o network if i
Biogas . : Yinfrastructure | Lo Limited feedstocks,
grid capacity distribution |nJect|9n methane leakage
maqagement and infrastructure capacity risks/management,
trading arrangements. can be expands. uneven regional access,
leveraged grid upgrade costs.
(widely
expansive).
Fast and cost-effective
. Medium deployment as can
CNGI/LNG refuelling Scalable at leverage existing gas grid
stations, cryogenic : (where biomethane is
Bio-CNG/ bio-  ftanks for LNG, vehicle |~y (o oWing) | flee’ depois | o0 )
LNG conversions (CNG/LNG stations ublic : :
engines), logistics for ' Eetwork High capital costs for
truck/fleet refuelling. infrastructure (cryogenic),
growth. limited biomethane
supply.
. Medium Quick to scale modestly
. Medium . .
Blending tanks, Blendin Uses same as can utilise existing
FAME compatibly rated g infrastructure | distribution infrastructure.
. . (B7/B10) as .
(biodiesel) storage/pipework, cold- allowed under as diesel ._..
flow management. : however Compatibility issues for
Fuel Quality limited by older materials and cold
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General Distribution

Decarbonisation Infrastructure and g:”:;: in Relative Benefits and Risks of
approach Modification pacity Scalability Scaling
. Ireland
Requirements
Directive is global climates, storage issues
established feedstock (microbial growth).
supply.

Leverages existing liquid
fuel logistics and

Low

CO:2 supply chain, Pilot projects in

storage and distribution development Medium infrastructure if
via existing liquid fuel Limited doméstic Technically specification match.
E-kerosene, e- |terminals (if spec capacity but highly : :
gasoline, e- matched). mport potential scalable but | High capital costs,
diesel (E-fuels) [Same infrastructure as |10 . = | electricity renewable electricity and
fossil fuels if produced i frastructure at and cost CO. reqwremen.t.s
to identical an early stage of intensive. creating competition,
specifications. risks of assuming
development. compatibility prematurely.

2.4 Key Takeaways

HVO can be blended with diesel or used as a drop-in or near drop-in for most diesel infrastructure (tanks,
pumps, pipelines). Thus, current distribution networks handling diesel can transition to HYO with minimal
modifications. Some international terminals have integrated HVO by retrofitting their existing infrastructure.
In Ireland, HVO is already used in the transport, heating and agriculture, with distribution supported by
multiple companies. However, expanding into new sectors may require additional storage capacity to
mitigate any supply disruptions. This is because domestic production depends on limited feedstock with
limited dedicated HVO production plants and country has high reliance on imports. Alternative fuels have
varying levels of infrastructure compatibility, with some being a direct replacement/ can be blended to
certain percentage, whilst others require purpose-built infrastructure.
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3. Air Quality Assessment
3.1 Overview

Air quality is one of the most serious public health issues for Ireland, with an estimated 870 deaths due to
air pollution every year. Air pollution also affects nature conservation, mainly due to emissions of ammonia
from agriculture. Combustion of fuels for transportation or domestic heating is a key contributor to a range
of air pollutants. A transition to HVO will result in changes in air quality that could be adverse or beneficial.

These impacts relate to:

* The change in pollutant emissions from HVO use compared to the fuels replaced

* The location of new HVO users relative to sensitive locations (e.g., population centres and
designated habitat sites)

+ “Location”, which includes distance and height difference between source and receptor, as well as
dispersion characteristics, e.g., wind direction

The method to assess these impacts were to research and evaluate the nature and magnitude of changes
in emissions from the baseline. Then, a qualitative risk assessment was conducted using a matrix
approach to characterise the potential effects. Finally, recommendations were presented for taking the
opportunity presented by HVO transition to deliver air quality improvements and minimise adverse air
quality impacts, including consideration of uncertainty.

3.2 Scenarios

The scenarios of the AQ assessment examined the effects of using HVO in biofuel blends on PM.s and
NOXx emissions within the road transport and domestic combustion sectors. The following scenarios were
considered:

* Abaseline 2030 scenario with non-HVO biodiesel B10 blended with diesel fuel

* Scenario 1a: Use of HVO to supply biofuel component of B20 diesel fuel

* Scenario 1b: Use of HVO to supply biofuel component of B30 or higher diesel fuel

* Scenario 2: Replacement of 100% mineral domestic heating oil with 30% HVO biofuel / 70%
mineral oil

3.3 Air quality evidence base

As there is no information in standard emissions inventories on HVO, a literature review was conducted to
gather evidence on the effects of HVO biofuel blends on PM and NOx emissions within the road transport
and domestic combustion sectors.

3.3.1 Road transport

For the road transport sector, McCaffery et al. (2022)'? found lower NOx emissions with HVO and higher
NOx emissions with biodiesel compared to diesel fuel. These differences were statistically significant for

2 McCaffery, C., et al., 2022. Effects of hydrogenated vegetable oil (HVO) and HVO/biodiesel blends on the physicochemical and toxicological properties of
emissions from an off-road heavy-duty diesel engine, Fuel, 323.
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100% HVO fuel but not biodiesel blends. Bohl (2016)"® found significant differences for lower NOx
emissions at higher HVO proportion blends than biodiesel blends, but there was no significant difference
at B20. Similarly, Jiang et al. (2016)' found improvement compared to diesel at higher HVO blends but
no significant difference at B20.

Findings for PM2 5 emissions for HVO blends at B20 were similar to NOx. Both Bohl (2016) and Jiang et
al. (2016) found that PM2s emissions from HVO at B20 and other proportions were similar to biodiesel
B10. McCaffery et al. (2022) found larger reductions in PM2s emissions with biodiesel blends than 100%
HVO compared to diesel. As there is limited evidence, there is no systematic difference in PM emissions
for HVO blends at B20.

3.3.2 Domestic combustion

There was limited air quality evidence for effects of using HVO fuels in the domestic combustion sector. A
study by OFTEC'® concluded that there was very little difference between using 100% HVO and 100%
kerosene, both in boiler performance and NOx emissions. Vermeulen (2025)'® found insignificant changes
in emissions for most 100% HVO fuel types in diesel generators, however, one comparison showed lower
NOx and PM emissions from small generators than diesel. Wu et al. (2017)"” found a mixed pattern in PM
emissions from a generator at a range of operating conditions running on 100% HVO compared with diesel.

3.3.3 Summary of literature review

Overall, there was limited research on emissions of air pollutants from HVO in biofuel blends, and there
was variation in results based on test methods, fuel blend proportions, and biodiesel sources.

The main findings of the literature review were:
Road transport:

* There were no significant or systematic change in NOx emissions from use of HVO in B20 biofuel

» The use of HVO in higher biofuel blend proportions may result in lower emissions of NOx

+ There were no significant or systematic change in PM2s emissions from use of HVO in B20
biofuel

Domestic combustion:

+ There was no evidence for significant or systematic effect on air pollution emissions from using
HVO in domestic heating.

'3 Bohl, T., 2016. Investigation of biofuel led combustion and their performance optimisation strategies for internal combustion engines. [Doctoral dissertation,
Newcastle University]

4 Jiang, Y., et al., 2016, Emissions and Fuel Economy Evaluation from Two Current Technology Heavy-Duty Trucks Operated on HVO and FAME Blends. SAE
International Journal of Fuels and Lubricants, 9, 177-190

S OFTEC, 2021, HVO Handbook Guidance on industry conversion to Hydrotreated Vegetable Oil.
'6 Vermeulen, R.J., et al., 2025. Effects of HVO on pollutant emissions of Stage V non-road diesel engines.

7Wu, Y., et al., 2017. Investigation of Combustion and Emission Performance of Hydrogenated Vegetable Oil (HVO) Diesel. SAE International Journal of Fuels and
Lubricants.

Final Report for Department of Transport | Issue 5709082 | 19 May 2025 Page | 63



Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE

3.4 Summary of Results

Member of WSP

Across the three use cases examined, B20 HVO in road transport, higher HVO blends (B30) in road
transport, and HVO used in domestic heating, there is no evidence of significant adverse air-quality
impacts, although the level of national relevance differs by sector.

Road transport is a major contributor to national NOx and PM. s emissions, meaning any fuel changes in
this sector have high potential importance. Domestic heating is particularly significant for PM2s. For B20
HVO and for HVO in heating fuels, studies indicate no significant change in NOx or PM2.s emissions relative
to current fuels. For higher HVO blends, evidence suggests a potential reduction in NOx emissions
compared with biodiesel, with PM2.s impacts similar to those of lower blends. Urban areas near roads are
the most likely locations for exposure in transport applications, while rural homes are more affected for
heating fuel use. Overall, the risk ratings are largely neutral, with a slight potential benefit for NOx reduction
at higher HVO blends. Further research is recommended in all cases particularly for higher-blend HVO in
transport and for HVO in heating fuel. Table 20 provides the key results from risk assessment.

Table 20 Risk matrix for three scenarios.

National
significance
of this
source of
NOx

Effect on

[\ [0)'4
emissions
National
significance
of this
source of
PM:s

Effect on

PM;s
emissions

Likely
proximity to
residential
areas

Likely
proximity to
designated
habitat sites
Influence of
meteorology

Use of B20 HVO
compared to other
biofuels in diesel fuel
blends for road vehicles

Road transport is the
largest source of NOx
emissions in Ireland (38%)

Use of HVO in B30 or
higher blend fuels
compared to other

biofuels for road vehicles

Road transport is the largest
source of NOx emissions in
Ireland (38%)

Use of HVO compared
to mineral oil in

domestic heating fuel

Domestic combustion
contributes 8% to total
NOx emissions in Ireland

No significant effect

Reduction of NOx emissions
in HVO at higher blends
compared to biodiesel

No significant effect

Road transport contributes
15% to total PMas
emissions in Ireland

Road transport contributes
15% to total PMas
emissions in Ireland

Domestic combustion is
the largest source of
PM2.s emissions in
Ireland (48%)

No significant effect

PM2.5 emissions likely
similar to B20 HVO and B10
biodiesel

No significant effect

More likely to affect
residential properties in
urban areas with close
proximity to a road

More likely to affect
residential properties in
urban areas with close
proximity to a road

More likely to affect
residential properties in
rural areas

Limited to urban areas with
close proximity to a road

Limited to urban areas with
close proximity to a road

Limited by proximity to
affected rural properties

Possibly limited dispersion
in built-up urban areas

Possibly limited dispersion
in built-up urban areas

More of an effect
downwind of source
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depending on wind speed
and direction

depending on wind speed
and direction

Overall risk
rating

Neutral for NOx and PM. s

Slight benefit for NOx
Neutral for PM2s

Neutral for NOx and
PM2s

No evidence of significant
differences in air quality for
B20 HVO, but more
research is recommended

Overall
conclusion

Recommend further
research into the impact of
higher HVO blends on air
emissions. If supported by
the evidence, recommend
moving forward to higher
HVO blends to reduce NOx
emissions

Recommend research
into the impact of HVO in
heating fuel on air
quality, in view of the
importance of this sector
for PM2s emissions

3.5 Key Takeaways

As there was limited evidence on using HVO blends on air pollutant emissions, we have concluded that
there is currently no significant or systematic effect on air pollutant emissions. For road transport, there is
currently no evidence of HVO in B20 having a significant impact on air quality. Emissions from HVO in
B20 for both NOx and PM2s were not significantly different from biodiesel in B10, therefore, impacts on
air quality are neither beneficial nor adverse. However, the effect of HYO may become beneficial at
higher HVO blends. Some of the studies in the literature review observed lower NOx emissions from
HVO blends higher than B20. For domestic combustion, no significant or systematic effect on air
pollutant emissions was observed for HVO compared to other fuels used for heating. However, the
evidence base was very limited. Overall, more research is needed on the effects of HVO blends on
pollutant emissions, especially in domestic heating oil.

Final Report for Department of Transport | Issue 5709082 | 19 May 2025

Page | 65




Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE IR

Member of WSP

Part-2: Energy System Modelling and Scenario
Analysis

This section presents the quantitative modelling analysis of HVO deployment across Ireland’s energy
system under different scenarios.

B | e | <& | £ \EE,
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4. |Introduction

The decarbonisation of the energy system is a central pillar of the European Union’s (EU) climate and
energy policy framework. Through the revised Renewable Energy Directive (RED Ill) (EU, 2023), the EU
establishes a binding EU-wide target for the share of renewable energy in gross final consumption by
2030, while Member States are required to define their national contributions through their respective
National Energy and Climate Plans (NECPs). In addition to the overall renewable energy target, RED Il
introduces several other binding obligations. In the transport sector, Member States must either ensure a
minimum 29% (24% in the case of Ireland)'® share of renewable energy in final energy consumption in
transport (RES-T) or achieve a 14.5% reduction in greenhouse gas (GHG) intensity by 2030. RED Ill also
mandates a combined binding target of 5.5% for advanced biofuels and renewable fuels of non-biological
origin (RFNBOSs), including a minimum of 1% RFNBOs supplied to the transport sector by 2030. These
requirements form part of the EU’s broader climate ambition to reduce greenhouse gas (GHG) emissions
and transition away from fossil fuels, while ensuring security of energy supply and economic efficiency.

In response to these obligations, Ireland has developed a suite of national policies aimed at increasing the
uptake of renewable energy in transport and other end-use sectors. Ireland’s Renewable Transport Fuel
(RTF) Policy 2025-2027 (DoT, 2025) provides a framework for ongoing consultation, analysis, and review
to support compliance with EU obligations concerning the share of renewable energy in the transport
sector’s total energy consumption (i.e., RES-T). A key instrument underpinning this policy is the Renewable
Transport Fuel Obligation (RTFO) (NORA, 2007), which requires fuel suppliers to ensure that a certain
share of the transport fuel blends supplied in the market, is derived from renewable sources. In parallel,
Ireland is preparing to implement the Renewable Heat Obligation (RHO) (DCEE, 2025) planned to
commence in 2026, which will require suppliers of fuels used for heating to ensure that a proportion of the
energy supplied also originates from renewable sources.

Within this policy context, biofuels represent a promising fuel option in supporting short- and medium-term
decarbonisation objectives. Certain biofuels can currently be used as drop-in substitutes for conventional
fossil fuels - with others limited to maximum blend ratios - and can be integrated to existing transport and
fuel supply systems with minimal modifications. Importantly, biofuels can complement and reinforce longer-
term electrification efforts by contributing to emission reduction targets during the transition period,
particularly in segments where the uptake of electricity progresses more slowly. Future technological
developments could further expand the availability of drop-in biofuels, enhancing their role in the
decarbonisation pathway.

Hydrogenated Vegetable Oil (HVO) is a renewable diesel, which is produced through the hydrotreatment
of waste materials and vegetable oils. HVO can directly substitute for conventional diesel in a wide range
of applications across transport and non-transport sectors. However, the availability of sustainable
bioenergy resources for HVO production in Ireland is constrained and the country relies on global supply.
While supply may increase over time, potentially competing demands across sectors and sustainability
considerations imply that bioenergy cannot be relied upon as a universal solution for decarbonisation. This
raises important questions regarding the role that limited biofuel resources, and particularly HVO, should
play across different transport and non-transport sectors, given the need to use them strategically within
the wider energy system to support climate policy objectives. In this context, it is essential to assess how
HVO contributes under varying conditions and decarbonisation trajectories, and how its use compares

"®Member States may reduce their overall RES-T obligation by an amount equivalent to the gap between their actual share of food- and feed-based biofuels and the
allowed maximum of 7% of transport energy demand. Since Ireland currently consumes approximately 2% food-based biofuels — significantly below the 7% cap —
and is projected to remain at this level, the country is eligible to lower its RES-T obligation by around 5 percentage points.
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with alternative renewable energy options, such as other biofuels, electrification, renewable gases like
biomethane, and renewable fuels of non-biological origin (RFNBOs).

The scope of Part-2 of this report is to assess the impact of HVO deployment in Ireland’s energy system,
with a particular focus on the transport sector and heating and cooling processes. The objective is
extracting insights that will be used to prioritize the environmental, economic, and policy-compliance
benefits arising from its use in the medium term and beyond. The deployment of HVO across these sectors
is evaluated under several scenarios, each differentiated by storyline dimensions that include level of effort
to decarbonise the energy system, policy implementation frameworks, and the security of HVO supply.
Each scenario represents an alternative projection within which the contribution of HVO to Ireland’s energy
system is analysed.

The comparison of these scenarios — developed with an HVO-oriented focus — provides insights into the
future hierarchy of HVO use needed to maximise system-wide benefits. It also supports with
recommendations for national policy implementation to enable and reinforce the contribution of HVO in
Ireland’s energy and climate targets.

The selection of the scenarios developed was informed by continuous consultation with Ireland’s
Department of Transport (DoT), and Ireland’s Department of Climate, Energy and Environment (DCEE),
as well as engagement with stakeholders through a questionnaire and open discussion held during an
online workshop organised on 15 January 2026 by Ricardo, with support from the DoT.

The core analytical component of the study is the use of the PRIMES energy system model to carry out a
temporal assessment of HVO demand and use in Ireland. The modelling conducted updates and refined
underlying data and assumptions to reflect the current and prospective situation regarding HVO supply,
and competing energy sources. The modelling and the analysis incorporate Ireland’s core and recent
energy, transport, and climate policies, while also being informed by the objectives and measures set out
in Ireland’s submitted NECP in 2024 (DECC, 2024) and mid-term trajectory updates included in the latest
Ireland’s National Energy Projections (NEP 2025) (SEAI, 2025) . A Baseline scenario and a set of
alternative scenarios are developed to explore different conditions related to supply constraints, demand
growth, and the uptake of alternative fuels and technologies. The modelling framework enables a
consistent comparison of HVO deployment across sectors under different policy and market conditions,
considering interactions between fuel supply, demand, and prices as laid out in the different scenarios. By
embedding HVO demand within a wider energy system context, the analysis captures feedback effects
across sectors and highlights potential unintended consequences of policy-driven fuel reallocation. This
approach supports evidence-based decision-making by identifying robust outcomes across scenarios, as
well as key sensitivities and trade-offs.

Key outputs of the modelling exercise include detailed projections of energy demand and fuel use across
transport and the heating and cooling sector (H&C). They cover the deployment of HVO and other biofuels,
RFNBOs, electricity, and fossil fuels, as well as emissions of CO, and system costs. The results allow for
an assessment of how overall HVO demand — and the demand for different HVO categories (i.e., Annex
IX Part A and Part B) - is projected to evolve across sectors, how its use compares with renewable and
fossil alternatives, and which sectors are most likely to rely on HVO in comparison to other decarbonisation
options. The analysis also quantifies the contribution of different alternative and renewable fuels to key
policy indicators, including Ireland’s RES-T and RES-H&C targets.

The remainder of this report is structured as follows. Section 5 describes the PRIMES modelling framework
and the overall methodological approach, including the representation of HYO supply and demand and
the integration of alternative fuel options. Section 6 presents the modelling results for the Baseline and
alternative scenarios, focusing on sectoral HYO demand, fuel substitution behaviour, system costs effects,
and emissions impacts. Section 7 concludes with a synthesis of the key findings, discussing policy and
regulatory implications, while also providing a proposed hierarchy scheme for HVO allocation.
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5. Methodological Approach
5.1 PRIMES modelling framework

To quantify the impacts of HVO deployment in the Irish energy system, the study applies the PRIMES
(Price-Induced Market Equilibrium System) (E3M-Lab NTUA, 2018) modelling suite, a detailed energy
systems model widely used in EU policy assessments. PRIMES projects the development of the energy
system of EU Member States individually and dynamically over time, producing projections from 2020 to
2070 in five-year steps. Its main outputs include energy balances, CO, and other GHG emissions,
technology deployment, energy prices, system costs, and investments across all sectors, both supply and
demand. The model captures the behaviours of transport segments, households, industries, and utilities,
which respond to energy prices, technology availability, and policy signals. It includes market imperfections
and behavioural aspects, making it suitable for analysis of policy design and evaluation.

PRIMES comprises sectorial sub-models, that represent the corresponding sector specificities. The
supply-side modelling is integral to PRIMES. It simulates fuel production pathways, including liquid fossil
fuels (e.g. diesel, gasoline, fuel oil), hydrogen, synthetic methane, ammonia, and biofuels, as well as CO,
capture, reuse, and storage. The model accounts for bioenergy supply potentials, energy imports, and
infrastructure constraints, ensuring realistic projections of alternative fuel availability and costs. It links
demand with endogenous fuel supply and allocates energy resources across sectors based on market
competition and technical feasibility. Fuel prices across all segments are endogenously determined,
reflecting production costs, taxes, and carbon pricing. The model also considers various regulatory
instruments, like blending mandates, ReFuelEU Aviation and FuelEU Maritime regulations.

The demand-side modelling of PRIMES covers all transport sectors such as road, rail, national and
international aviation and maritime transport considering available fuels and technologies. The model
includes infrastructure refueling and recharging development (e.g. for alternative fuels or for electric
vehicles). It also covers non-transport sectors such as residential and commercial buildings and industry.
Figure 17 presents schematically the PRIMES energy system model and its modular structure.
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Figure 17: Schematic representation of the PRIMES modelling suite

Source: PRIMES
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Within the PRIMES framework, the analysis of HVYO demand in this project relies on three main sectoral
modules: PRIMES-TREMOVE for transport, PRIMES BuiMo for buildings, and PRIMES Industry for
industrial energy demand. The combined use of these modules enables a comprehensive and internally
consistent assessment of HVYO deployment across transport and non-transport sectors in Ireland.

5.1.1 PRIMES-TREMOVE

PRIMES-TREMOVE is an economic-engineering model designed to project the long-term evolution of the
transport system and to assess the impacts of transport-related policies. Within the PRIMES modelling
suite, it provides a detailed and internally consistent representation of passenger and freight transport
activity, fleet evolution, energy consumption by fuel, and associated greenhouse gas and air pollutant
emissions. The model covers all major transport modes, including road, rail, aviation, inland navigation,
and national maritime transport, with transport activity represented at a disaggregated level by mode,
vehicle or vessel type, transport purpose, trip distance, and geographic context.

The model captures transport demand and supply dynamics through an explicit representation of vehicle
and vessel stocks and their turnover over time. Fleet vintages are tracked, allowing the analysis of
technology uptake, energy efficiency improvements, and fuel switching as new vehicles enter the stock
and older vintages are retired. Decision-making reflects cost-minimising behaviour by heterogeneous
transport agents, subject to technical, policy, and behavioural constraints, with choices influenced by
investment and operating costs, energy prices, infrastructure availability, and non-cost factors such as risk
aversion and inertia.

PRIMES-TREMOVE represents a wide range of conventional and alternative energy carriers, including
fossil fuels, biofuels, electricity, hydrogen, biogas and biomethane, and synthetic fuels. Energy
consumption and emissions are calculated based on technology-specific performance parameters and
activity levels. The model estimates Tank-to-Wheel (TTW) and Well-to-Tank (WTT) emissions, enabling a
full Well-to-Wheel (WTW) assessment of greenhouse gas emissions and selected air pollutants, including
CO,, NOy, and PM.

Transport-related policies are represented by translating regulatory and market-based measures into
constraints, cost signals, and compliance mechanisms within the model. Requirements affecting the
composition or greenhouse gas intensity of transport energy use are implemented as constraints on the
fuel mix, introducing implicit compliance costs that alter the relative competitiveness of fuels. Price-based
measures are reflected through fuel prices and carbon cost components, while infrastructure availability is
represented as an enabling or constraining factor for alternative fuels and powertrains.

In this study, PRIMES-TREMOVE is used to assess the evolution of transport energy demand and fuel
use under alternative HVO deployment scenarios, and to evaluate interactions between HVO and other
decarbonisation options across transport modes. The model produces projections of transport activity, fleet
composition, final energy demand by fuel, and associated emissions, which are used in the integrated
assessment of HYO demand and its interaction with the wider energy system. Detailed descriptions of
PRIMES-TREMOVE modelling mechanisms, policy representation, calibration procedures, and output
indicators are provided in Appendix A.

5.1.2 PRIMES-BuiMo

PRIMES-BuiMo is a hybrid economic-engineering model designed to project energy demand, energy
efficiency improvements, and fuel mix developments in the buildings sector of EU Member States. Within
the PRIMES modelling suite, it provides a detailed and internally consistent representation of energy
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consumption in residential and commercial buildings, capturing heterogeneity across building stock
categories and consumer behaviour. The model covers energy demand for key building energy services,
including space heating and cooling, water heating, cooking, and electrical uses.

The model represents energy demand, renovation choices, and technology adoption through a
disaggregated representation of the building stock, segmented by building type, construction period,
location, and socio-economic characteristics. Decisions on renovation, heating and cooling technologies,
and appliances are modelled dynamically as cost-minimising choices by heterogeneous agents, subject
to technical, economic, policy, and behavioural constraints. Energy efficiency improvements arise from
both building envelope renovation and the gradual replacement of energy-using equipment and
appliances.

PRIMES-BuiMo represents competition between a wide range of energy carriers used in buildings,
including liquid fuels, electricity, renewable gases, and district heat. Final energy consumption evolves in
response to energy prices, technology costs and performance, building characteristics, and behavioural
factors affecting investment decisions. The model captures fuel switching and energy efficiency responses
over time, allowing the assessment of the role of alternative fuels and technologies in meeting thermal and
electrical energy demand in buildings.

Policies affecting the buildings sector are represented by translating regulatory, economic, and
informational measures into constraints, cost adjustments, and behavioural parameters within the model.
Regulatory measures, such as minimum energy performance standards, constrain feasible renovation and
technology options, while economic instruments, including carbon pricing and subsidies, affect investment
and operating costs. Institutional and information-based measures are reflected through adjustments to
perceived costs and barriers influencing renovation and technology uptake.

In this study, PRIMES-BuiMo is used to assess the potential role of HYO and competing energy carriers
in meeting thermal energy demand in residential and services buildings under alternative policy and market
conditions. The model produces projections of final energy consumption by end-use and fuel, renovation
rates and depth, technology stocks, energy savings, and direct CO, emissions, which are used in the
assessment of fuel substitution and energy efficiency outcomes in the buildings sector. Detailed
descriptions of PRIMES-BuiMo modelling mechanisms, policy representation, calibration procedures, and
output indicators are provided in Appendix A.

5.1.3 PRIMES-Industry

PRIMES-Industry is an economic-engineering model designed to project energy demand, fuel use, and
associated CO, emissions in the industrial sectors of EU Member States. Within the PRIMES modelling
suite, it provides a detailed and internally consistent representation of industrial energy use across a wide
range of sectors, linking sectoral economic activity to process-level energy requirements and technology
choices. The model captures industrial energy demand across energy uses, allowing substitution between
fuels and technologies in response to relative costs, policy drivers, and technological progress.

Industrial energy demand is represented at a high level of disaggregation by sector, sub-sector, and energy
use. For each sector, useful energy requirements are determined based on exogenous projections of
economic activity and are subsequently allocated across processes and technologies. Primary and
secondary production routes are distinguished where relevant, enabling the representation of recycling
and circular-economy developments. Technology choice and fuel substitution evolve dynamically over
time, reflecting inter-temporal cost-minimising behaviour subject to technical, economic, policy, and
behavioural constraints.
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PRIMES-Industry represents a broad range of energy carriers used in industry, including fossil fuels,
electricity, steam, biofuels, hydrogen, and synthetic fuels. The model captures electrification, energy
efficiency improvements, heat recovery, and the uptake of alternative low-carbon fuels as part of industrial
decarbonisation pathways. Energy consumption and emissions are calculated consistently with energy
balances, allowing the estimation of both energy-related and process-related CO, emissions.

Policies affecting industrial energy use and emissions are represented by translating regulatory and
market-based instruments into constraints and cost signals within the model. These include carbon pricing
mechanisms, technology and emissions performance standards, and renewable energy and energy
efficiency targets. Policy parameters are defined exogenously within scenarios, while their impacts on
energy demand, fuel mix, technology uptake, and emissions outcomes are determined endogenously.

In this study, PRIMES-Industry is used to assess the role of HVO and competing fuels in meeting industrial
energy demand and to examine interactions with other decarbonisation options under alternative
scenarios. The model produces projections of industrial activity levels, final energy consumption by fuel
and process, technology deployment, and associated CO, emissions, which are used in the integrated
assessment of industrial decarbonisation pathways. Detailed descriptions of PRIMES-Industry modelling
mechanisms, policy representation, calibration procedures, and output indicators are provided in Appendix
A.

5.1.4 PRIMES Supply

PRIMES Supply is an economic-engineering model designed to project the long-term evolution of energy
supply systems and to assess the impacts of energy and climate policies across Europe. Within the
PRIMES modelling suite, it provides a detailed and internally consistent representation of electricity,
distributed heat, and industrial steam production, as well as their integration with hydrogen, synthetic fuels,
and CO, capture, reuse, and storage. The model covers the EU27 (plus the UK), neighbouring countries,
and selected extra-EU regions, and represents cross-border trade, interconnection capacities, and market
coupling under physical and network constraints.

The model captures energy supply dynamics through an explicit representation of capacity stocks, system
operation, and investment decisions over time. Existing and new generation, storage, and conversion
technologies are tracked by vintage, allowing the analysis of capacity expansion, retrofitting, lifetime
extension, and retirement under alternative policy and market conditions. Decision-making reflects cost-
minimising behaviour by energy system agents within an inter-temporal optimisation framework, subject
to technical, resource, network, and reliability constraints, with operational and investment choices
determined across representative time slices to capture seasonal and daily variability.

PRIMES Supply represents a wide range of energy supply and conversion technologies, including fossil-
based plants with and without carbon capture, nuclear, renewable energy technologies, combined heat
and power, storage systems, and power-to-X options. Energy production, storage operation, and cross-
border electricity trade are modelled consistently across energy carriers, enabling the assessment of
system flexibility and sectoral interactions. Fuel use, emissions, and system costs are calculated based
on technology-specific performance parameters and activity levels, with explicit accounting of CO, and
selected air pollutant emissions from power and heat generation.

Energy and climate policies are represented by translating regulatory, market-based, and support
measures into constraints, cost adjustments, and performance requirements within the optimisation
framework. Renewable energy policies are reflected through resource constraints and support
mechanisms, while emissions-related policies, including CO, pricing and emissions caps, are

Final Report for Department of Transport | Issue 5709082 | 19 May 2025 Page | 73



Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE IR

Member of WSP

implemented through explicit emissions accounting and constraints. Security-of-supply and reliability
requirements are represented through reserve margin and ancillary service constraints, and grid tariffs and
levies are incorporated into end-user prices to ensure recovery of network and policy-related costs.

In this study, PRIMES Supply is used to assess the evolution of electricity and fuel supply, system
operation, costs, and prices under alternative decarbonisation pathways, with particular emphasis on
interactions between electricity, hydrogen, synthetic fuels, and CO, infrastructure. The model produces
projections of capacity deployment, energy production, fuel use, storage operation, cross-border trade,
emissions, and prices over the modelling horizon. These outputs are used in the integrated assessment
of energy system transformation and its interaction with sectoral energy demand. Detailed descriptions of
PRIMES Supply modelling mechanisms, policy representation, calibration procedures, and output
indicators are provided in Appendix A.

5.1.5 PRIMES Biomass Supply

The PRIMES Biomass Supply model is an economic-engineering model that projects the optimal use of
biomass and waste resources through utilizing transformation pathways to meet a specific demand of
bioenergy products provided by the modules of PRIMES energy system model. The model solves a
minimization problem for long-term supply costs, subject to equilibrium constraints stemming from biomass
feedstock cost-supply curves and cost structures of conversion technologies. The problem is solved for all
EU Member States and the entire time horizon, up to 2070 in a 5-year timestep. It assumes perfect
participation of, and competition among, all market actors, namely, the biomass producers and consumers.
The market equilibrium is formulated by Member State requiring for each bioenergy commodity to be met
through domestic production and/or imports from intra-EU and extra-EU countries in each period.

The supply of primary feedstocks is simulated through time-dependent cost-supply curves that are specific
to each EU Member State. The available biomass feedstocks in the model can be produced from crops,
forest logging, and wastes from various urban, agricultural, and industrial activities. The biomass supply
potential is described through feedstock and MS-specific cost-supply curves. The supply potential refers
only to biomass available for bioenergy production, excluding competitive uses of biomass (e.g.,
biomaterials).

PRIMES biomass supply model incorporates 35 biomass-to-bioenergy conversion pathways, producing
liquid biofuels, gaseous, and solid bioenergy commodities. The transformation processes include
technologies of high maturity (e.g., biogas production via anaerobic digestion, hydrotreatment of oils to
HVO, sugar/starch fermentation to ethanol, etc.) and novel processes generating advanced biofuels (e.g.,
gasification of lignocellulosic biomass). The development level of the conversion technologies in terms of
capacity is expressed in the form of accumulated investments at every period.

In this study PRIMES Biomass Supply model will provide insights regarding primary feedstock supply
associated with the deployment of biomass- derived renewable fuels (i.e., HYO, FAME, bioethanol and
biomethane).

5.1.6 Limitations of the Modelling Framework

While the PRIMES modelling framework provides a detailed, internally consistent, and policy-relevant
representation of the European and Ireland’s energy system, some limitations should be considered when
interpreting the results of this study.
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Across all demand-side modules, decision-making is represented at an aggregated level (e.g. transport
segments, building classes, industrial processes) rather than at the level of individual firms, households,
or sites. Although behavioural heterogeneity is captured through segmentation and calibrated parameters,
real-world diversity in preferences, contractual arrangements, financing conditions, and strategic
behaviour may not be fully reflected. Behavioural parameters are calibrated to historical observations and
stylised representations of risk aversion and inertia and may not fully capture future structural changes in
preferences, business models, or social norms.

Technology cost reductions, performance improvements, and resource potentials are generally based on
exogenous assumptions applied consistently across scenarios. While technology uptake, fuel switching,
and energy efficiency improvements evolve endogenously, learning-by-doing, spillovers, and scale effects
are not modelled explicitly. Similarly, supply chain constraints, labour availability, permitting processes,
and social acceptance issues are represented only indirectly. Infrastructure deployment is modelled in a
stylised manner and may not capture local bottlenecks, spatial heterogeneity, or distribution-level
constraints that could affect real-world implementation.

Fuel supply chains and renewable fuel markets are represented using aggregated cost and availability
assumptions. Feedstock availability, sustainability constraints, and blending requirements are
implemented through simplified constraints and cost-potential relationships, which may underestimate
short-term market volatility or strategic behaviour by suppliers. While demand for HVO is explicitly
represented across transport, buildings, and industry, the use of HVO on the energy supply side (e.g. in
power generation or small-scale engines) is not modelled in detail, and interactions between demand-side
and supply-side uses may therefore be only partially captured.

On the supply side, the optimisation framework assumes economically rational behaviour and varying
degrees of foresight in investment decisions. Short-term market imperfections, strategic bidding, and non-
cost-based investment decisions are not explicitly modelled. While the framework is formulated as a
system-wide cost-minimisation problem, producer margins are not endogenously determined and are
instead represented implicitly through fixed cost components rather than dynamic pricing or profit
formation. Network representations are spatially aggregated and largely deterministic, which may not fully
reflect congestion, distribution-level constraints, or stochastic variability in renewable generation and
demand. Finally, the sectoral coverage of the study reflects the scope of the modelling framework. Certain
activities, such as non-road mobile machinery (NRMM), are outside the scope of the transport module and
are therefore not included in the analysis'®. More generally, the framework is designed for long-term
scenario analysis rather than short-term forecasting, and results should be interpreted as internally
consistent scenario outcomes rather than precise predictions.

Despite these limitations, the PRIMES framework is well suited for both medium- and long-term, scenario-
based assessments of energy system transformation, fuel substitution, and policy impacts. It provides a
robust analytical basis for evaluating the role of HVO within integrated decarbonisation pathways and for
assessing interactions across sectors and energy carriers under alternative policy and market
assumptions.

' Energy consumption attributed to NRMM, while not represented explicitly in the PRIMES modelling framework, it is accounted in the respected sectors where the
NRMM consumption occurs.
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5.1.7 Fuel Mix Module and Fuel Choice

Fuel choice in PRIMES is determined through a dedicated fuel mix module, which models the behaviour
of fuel suppliers and their interactions with costs, prices, and regulatory constraints. Suppliers are
represented as aggregated agents making decisions based on production costs, expected market prices,
regulatory targets, feedstock availability, and technical blending limits. Detailed contractual arrangements
or strategic behaviour are not explicitly modelled.

Fuel mix choices are represented through a structured three-level nested choice framework. At the first
level, the model allocates energy demand across broad fuel categories (fossil fuels, biofuels, and synthetic
fuels). At subsequent levels, the model differentiates between specific fuel pathways within each category,
with increasing technological detail for biofuels. This structure allows the model to capture substitution
possibilities while maintaining consistency with observed historical fuel shares. An illustration of the
transport sector’s fuel mix module structure is provided in Figure 18. The respective module for the heating
and cooling sector is presented in Figure 19. The fuel mix module is calibrated to historical fuel
consumption and price data, ensuring that base-year fuel shares are reproduced before projections are
generated. For projection years, an optimization process identifies the lowest-cost combination of fuels
that satisfies all applicable constraints. Market conditions such as access/availability to feedstock are
reflected in the resulting fuel allocation. The constraints include renewable energy targets, regulatory caps,
minimum sub-targets for specific fuel categories, and technical blending limits. Policy-driven cost
adjustments, such as implicit penalties or incentives, are applied to steer fuel choices where required to
meet regulatory objectives. Specifically, the fuel mix model includes specific targets for renewable fuels
arising from either National policies such as the Renewable Transport Fuel Obligation (RTFO) and the
Renewable Heat Obligation (RHO), or EU targets (e.g., RES-T and RES-H&C). Specific blending
mandates aligned with Ireland’s 2024 Climate Action Plan (CAP 2024) (DCEE, 2024), are applied for diesel
and gasoline blends, regulating the share of biofuels in the blend (i.e., B20, E10), while simultaneously
respecting blending constraints arising from technical limitation (i.e., 7 % cap on the share of FAME in
diesel blend and 30% cap on the share of HVO in heating kerosene blend). The model incorporates also
a 2% cap on biofuels produced from food/feed crops.

Outputs from the fuel mix module include the allocation of fuels across sectors, resulting fuel costs, and
compliance with renewable energy targets. For the transport sector, fuel demand from PRIMES-
TREMOVE is fed into the fuel mix module, ensuring consistency between sectoral demand, fuel supply,
and scenario assumptions.

As a module limitation, representation of feedstock availability and blending constraints in a simplified form
may underestimate short-term market volatility in renewable fuel markets. In addition, the aggregated
representation of fuel suppliers does not capture individual strategic behaviour, margin optimisation
strategies, or contractual complexities.
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The Fuel Mix model is calibrated on detailed national data on biofuel consumption, obtained from the
annual RTFO reports published by the National Oil Reserves Agency (NORA) during the
2020-2024 period®. Calibration concerned feedstocks share in bioenergy production, with specific
attention given to specific feedstocks treated explicitly by policy indicators (e.g., Category 2 Tallow and
Palm Oil Mill Effluent). Following the trend reported for the 2020-2024 period, consumption of biofuels
produced from food/feed crops is permitted only for bioethanol. The share of Annex IX — Part A and Part
B biofuels is calibrated based on historical data, specific to each type of biofuel. Furthermore, regarding
diesel blends in Ireland’s maritime sector only HVO is allowed as FAME is not supplied in Ireland’s ports.

In the Fuel Mix Module, biofuels at the lowest level that are produced from different feedstocks are treated
as having identical properties and usage profiles. This modelling approach reflects the mixing process
taking place in the distribution centres where no feedstock-based segregation takes place. Consequently,
no differentiation is applied to the characteristics or modal allocation of biofuels based on feedstock of
production.

5.2 Scenarios quantification

This section describes the common assumptions applied across all scenarios in Sections 5.2.1 to 5.2.2
and defines the Baseline and Scenario used to assess the impacts of different sets and conditions in HVO
demand in the Irish energy system in Section 5.4.

5.2.1 Exogenous inputs

The modelling of the Baseline and alternative scenarios in the present study relies on a set of exogenous
assumptions and their evolution over time that define the macro-economic, demographic, technological,
and international energy market context within which the PRIMES modelling suite operates. These inputs
are applied consistently across all scenarios and are aligned with the Climate Target Plan 2040
(EC, 2024) assumptions, including recent updates. Exogenous inputs are not influenced by the model
outcomes but instead provide the external boundary conditions for the projection of the energy system.

5.2.1.1 Macro-economic growth

Economic activity is represented through projections of Gross Domestic Product (GDP), which drive
energy service demand across sectors, including transport, buildings, and industry. GDP projections are
based on the Ageing Report 2024 (DG-ECFIN, 2024) for the long-term outlook and DG ECFIN’s Spring
Forecast 2024 (DG-ECFIN, 2024b) for the short-term evolution. These projections provide a consistent
macro-economic framework aligned with EU-wide modelling exercises (Figure 20).

20 NORA published annual reports 2020-2024 (NORA, 2021); (NORA, 2022); (NORA, 2023); (NORA, 2024); (NORA, 2025)
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Figure 20 GDP growth projection incorporated in PRIMES. Source: DG-ECFIN
5.2.1.2 Population growth

Demographic developments are based on Eurostats EUROPOP2023 (Eurostat, 2023) population
projections. Population trends influence transport activity, residential energy demand, and service sector
growth, and are applied consistently across all scenarios (Figure 21).
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Figure 21 Population growth projections incorporated in PRIMES
Source: EUROPOP2023

5.2.1.3 International fuel prices

International fossil fuel price trajectories are aligned with Climate Target Plan 2040 assumptions and are
derived from POLES model projections, including recent updates. These prices provide the basis for the
formation of domestic fuel prices within the PRIMES energy system, in combination with taxes, carbon
pricing, and other policy instruments (Figure 22).
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Figure 22International fuel price projections incorporated in PRIMES

Source: POLES model

5.2.1.1 Technology assumptions

Technology performance, cost, and availability assumptions are aligned with the Climate Target Plan 2040
(EC, 2024) framework and its recent updates. These assumptions cover vehicle technologies, alternative
fuels, heating systems, industrial processes, and supporting infrastructure. Technology cost reductions
and efficiency improvements over time are implemented exogenously, reflecting expected learning effects,
innovation progress, and market maturation.

5.2.2 Data

The Baseline and the scenarios developed in this study are based on the most recent officially available
statistical data to ensure that near-term projections reflect observed trends and the current structure of the
Irish energy system. The model calibration draws on a wide range of data sources, including:

Eurostat’'s Energy Balances?' (latest available data for 2023) (Eurostat, 2025) for the supply,
transformation, trade, and consumption of all energy products by sector.

Ireland’s National Energy Balances (data for 2024) (SEAI, 2025).

EUROSTAT’s transport statistics and DG MOVE’s Statistical Pocketbook 2025 (latest data for
2023) (Eurostat, 2025), for detailed transport-related statistics for all major transport modes.
European Alternative Fuel Observatory (EAFO; latest data for 2023) (EAFO, 2023), for detailed
statistics specifically covering alternative fuel vehicles.

EUROSTAT'’s Electricity production capacities for renewables and wastes (latest data for 2024)
(Eurostat, 2025).

EUROSTAT’s Gross and net production of electricity and derived heat by type of plant and
operator (latest data for 2023) (Eurostat, 2025).

United Nations Convention on Climate Change (UNFCCC) / European Environment Agency
(EEA) Greenhouse Gas (GHG) emissions inventory (latest data for 2021) (EEA, 2024).

EU Oil Bulletin for consumer prices of petroleum products (latest data for 2024), on natural gas
and electricity prices (latest data for 2022) (DG ENER, 2025) (Eurostat, 2025); (Eurostat, 2025).
DG TAXUD database on taxation by type and fuel (DG TAXUD, 2025).

21 Eurostat’s energy balances are compiled from data submitted by national authorities. As a result, they are consistent with the energy balances published for
Ireland by the Sustainable Energy Authority of Ireland (SEAI).
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e Other databases, such as DG MOVE’s New Mobility Patterns study, PRODCOM Eurostat, US
Geological Survey, British Geological Survey, World Steel Association, Eurostat Household
Statistics, Income classes, Living Conditions, EU Building Stock Observatory, ODYSSEE Mure
database, to further curate and harmonise data (DG MOVE, 2022); (USGS, 2024); (Idoine, et al.,
2025); (WSA, 2024); (Eurostat, 2024); (DG ENER, 2025b); (JRC, 2024).

The modelling also incorporates relevant information and data collected in the first deliverable (D1) of the
present study. Calibration ensures consistency between model outputs and observed energy balances,
transport activity, fleet composition, fuel use, and emissions prior to projecting future developments.

5.3 Policies and measures

While policies and measures are explicitly represented in the modelling framework, their design
parameters are specified exogenously as scenario inputs. These include taxes, subsidies, standards,
renewable energy targets, emissions trading rules, and regulatory caps. Scenario design determines the
presence, stringency, and evolution of these policy instruments over time.

5.4 Definition of the Baseline and Alternative Scenarios

This section describes the Baseline scenario developed in this study, along with the various quantified
Alternative Scenarios (Table 21). The five alternative scenarios quantified in this study include the:

e Target compliance scenario which assesses HVO'’s role in scenario trajectory bound to Ireland’s
renewable energy obligations attainment,

e Scenario 1 which assesses the impact of changes within the RTFO in the attainment of
transport’s renewable energy obligation and HVO’s deployment,

e Scenario 2, which investigates the implications of more flexible EU regulatory environment where
Annex IX Part B bioenergy commaodities are allowed to a higher contribution towards RES-T
attainment,

e Scenario 3, which evaluates the consequences of constrained supply of sustainable Part A HVO
within a RED Ill compliance context,

e Scenario 4, assessing how constraints on sustainable supply of Part A HVO are going to affect
Ireland’s transport sector under a scenario trajectory built upon the Baseline (i.e., no target
attainment).

Table 21 Scenario definitions along with their main contribution in assessing the optimal allocation
pathway for HVO in Ireland

Scenarios Description

Baseline scenario: “Based on current trends Examines HVO deployment under current trends not constrained by policy-driven
scenario quantified upon the NECP 2021-2030 obligation attainment.

With Existing Measures (WEM) scenario and

updated with specific elements of the NEP

2025 WEM scenario

Target compliance scenario: RED lll Provides insights regarding the contribution of HVO in a framework aligned with projections

renewable obligations attainment of the NECP 2021-2030 scenario, enhanced with targets included in Ireland’s 2024 CAP,
the incorporation of the National Biomethane Strategy, bounded to EU renewable energy
obligations attainment in transport and H&C sector

Scenario 1: Removal of additional RTFO certs Assesses the impact of aligning the RTFO certs award scheme with the RED |lI
multipliers approach used in the RES-T calculation. This scenario provides insights on
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Scenarios Description

the impact of achieving the RES-T obligation through a less incentivising national
supporting scheme

Scenario 2: Higher cap on Part B contribution Focuses on how the transport sector’s fuel mix evolves under a more flexible EU policy
within RED lll RES-T obligation framework, specifically one with a higher cap on Annex IX Part B biofuels and the
impacts on HVO supply.

Scenario 3: Limitation on sustainable HVO Provides insights into the optimal allocation of HVO from both an environmental and EU
supply with a renewable energy obligation policy-attainment perspective under conditions of constrained supply sustainable Part A
attainment framework HVO supply

Scenario 4: Disruption on sustainable HVO This scenario provides insights in deviations from the current trend’s trajectory caused

supply under Baseline scenario assumptions due to disturbances on sustainable Part A HVO supply

5.4.1 Baseline scenario

The Baseline scenario is quantified using as starting point the NECP 2021-2030 With Existing Measures
(WEM) scenario (DECC, 2024) that provides detailed projections of transport activity, evolution of energy
demand, renewable energy supply, renewable and energy targets. The Baseline scenario differentiates
from the NECP 2021-2030 WEM scenario by further incorporating updates based on specific elements of
the NEP 2025 WEM scenario (SEAI, 2025), demonstrating a continuation of current trend concerning the
development of Ireland’s transport and H&C sector leading in undershoot of their renewable obligations
under RED llI. Alignment with the NEP 2025 WEM scenario concerns the under-performance against the
RED Il targets (EU, 2023) in 2030 (i.e., 16% rate for both RES-T and RES-H&C), the evolution of electric
and plug-in hybrid vehicles in road transport stock by 2030, (i.e., approximately 600,000 vehicles), and
indigenous biomethane supply in 2030 (i.e., 1 TWh), with all CNG used in the transport sector by 2030
being of biomass origin. The Baseline scenario, while excluding additional energy-related regulations
outside the scope of RED lll, remains compliant with the ReFuelEU Aviation Regulation (EU, 2023). This
is because the aviation sector’s blending mandate-specifically the requirement for sustainable aviation
fuels (SAF) to reach a 6% share of the sector’s fuel mix by 2030-is already consistent with the projections
of the NEP 2025 WEM scenario (SEAI, 2025). While the Baseline scenario includes the CAP 2024 (DCEE,
2024) blending mandates for 2025 (i.e., E10/B12), no targets are set for the blending rates of gasoline and
diesel blend in 2030.

In the medium- to longer-term (i.e. post-2030), while remaining consistent with the policy architecture
defined under the NECP framework, the Baseline scenario gradually converges towards an energy system
trajectory aligned with EU Green Deal (EC, 2019) objectives and Ireland’s long-term climate commitments.

5.4.2 Target compliance scenario

The Target compliance scenario projects the evolution of Ireland’s energy system under a set of framework
conditions reflecting intensification of current trends and attainment of policies at national and EU level.
The Target compliance scenario quantifies the intensification of business-as-usual practices and
technology evolution trends, so as to achieve certain policy targets in 2030. In the present analysis, the
Target compliance scenario serves as the benchmark for evaluating the impacts of alternative assumptions
on policy implementation frameworks and supply security risks on compliance with national and EU
renewable energy obligations. The scenario reflects:

¢ In the short-term, the trajectory of the scenario With Existing Measures scenario of the National
Energy and Climate Policy 2021-2030 (DECC, 2024), which includes policies and measures in
place by the end of 2022.
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e In addition, the Target compliance scenario incorporates selected updates based on Ireland’s
CAP 2024 (DCEE, 2024) and on the NEP 2025 WEM scenario (SEAI, 2025), notably with respect
to electric vehicle stock projections for HGVs.

5.4.21 Key policy inputs

The Target compliance scenario incorporates a comprehensive set of national and EU-level policies
affecting energy demand, fuel choice, and emissions across all sectors. The key national policies
incorporated in the Target compliance scenario are listed below.

Renewable Transport Fuel (RTF) Policy 2025-2027

The Renewable Transport Fuel Obligation (RTFO), known previously as the Biofuel Obligation Scheme
(BOS) is national policy instrument designed to support the use of renewable energy in Ireland’s transport
sector. Within the RTF Policy, fuel suppliers are awarded certificates (certs) at the rate of one certificate
for each megajoule of renewable fuel they place on the market. For certain renewable fuels (i.e., RED II
Annex IX biofuels & biogas) two certificates are awarded. Starting from the 2023 obligation period,
additional certs were awarded under the National Oil Reserves Agency Act 2007 (Additional Certificates
for Renewable Transport Fuel) Regulations 2023 (SI 143/2023) (NORA, 2023). Specifically, HVO
consumed in road and rail transport is eligible to receive additional 0.25 (not Annex 1X) and 0.5 (Annex
IX), depending on its RED Il Annex IX classification. Category 1 Tallow FAME consumed in road transport
is eligible to receive 0.5 additional certificates. Biomethane consumed in road and rail transport is eligible
to receive 1.4 additional certificates if produced from Annex IX feedstocks, otherwise it is awarded 0.7
additional certs. All renewable fuels consumed in the aviation and maritime sector are awarded 0.4 (if
Annex IX) and 0.2 (not Annex IX) additional certs. RFNBOs consumed in road and rail transport are
awarded 3 additional certs. Each fuel supplier will be obligated to surrender a certain number of certificates
based on the fuel they supplied in the market.

The RTFO framework is further aligned with the policy updates introduced by DoT in the RTF Policy 2025-
2027 (DoT, 2025) (i.e., renewable electricity at public charging points to be awarded 4 certificates and
extension of the obligation scope to include fuels supplied in rail transport starting from the 2026 obligation
period). The RTFO implementation framework is also aligned with the National Oil Reserves Agency Act
2007 (Additional Certificates for Renewable Transport Fuel) (Amendment) Regulations 2025 (S1247/2023)
(NORA, 2025) under which biofuels produced from Palm Oil Mill Effluent (POME) are excluded from the
scope of Sl 143/2023 (NORA, 2023). Finally, no limits are imposed on the RTFO rate contribution by Part
B biofuels and biogas.

The Target compliance scenario incorporates the indicative RTF Policy 2025-2027 (DoT, 2025) targets set
for the RTFO rate of 2025 and 2030 (i.e., 28% and 54% respectively). Furthermore, the scenario
incorporates the indicative obligation rates for advanced biofuels (i.e., 6% in 2025 and 21.5% in 2030) and
RFNBOs (i.e., 2.5% in 2030).

Renewable Heat Obligation (RHO)

The RHO is implemented based on the framework described in the DCEE’s, RHO phase 2 report (Ricardo
and Byrne O Cléirigh Consulting, 2025) and ongoing consultation with Department of Climate, Energy
Environment (DCEE). Under the RHO implementation scheme adopted in the Target compliance scenario,
fuel suppliers of fossil fuels are obligated to ensure that a specific share of the energy they supply for
heating purposes is renewable. The RHO is based on a system of tradable certificates for eligible fuels of
biomass and synthetic origin. Fuels eligible to participate in the RHO scheme are presented in Table 22.
Each unit of eligible fuel sold as heating fuel will be eligible to earn one certificate. Each fuel supplier will
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be required to surrender a certain number of certificates based on the fuel they have supplied at the end
of each obligation period. In contrast to the RTFO, the RHO includes a 50% cap on certificates trading
between suppliers of liquid and gaseous fuels, to ensure that the RHO will be met through the contribution
of all eligible fuel types. Suppliers of solid fuels used in heating are not permitted to meet their obligation
by submitting certificates obtained through trading. This policy parameter is simulated in the modelling by
imposing specific sub-targets in the context of the RHO. Specifically, a minimum RHO rate is imposed on
liquid and gaseous fuels separately (i.e., 7.5% or 50% of the RHO rate). In the RHO policy framework, an
additional 0.5 certificate per energy unit is attributed to biomethane produced domestically and consumed
in the heating sector. The RHO rate set for 2030 in the Target compliance scenario is set at 15%. The rate
is decided through consultation with the DCEE.

Ireland’s Climate Action Plan (CAP) 2024 blending mandates

The Target compliance scenario incorporates the blending mandates set for diesel and gasoline blends in
2025 and 2030 under Ireland’s CAP 2024 (DCEE, 2024). Specifically, the renewable share of the diesel
blend is set at 12% on a volume basis (B12) in 2025 further increasing at 20% (B20) of total diesel blend
in 2030. Respectively the share of bioethanol in the gasoline blend is set to reach 10% (E10) of total
gasoline blend in 2030.

National Biomethane strategy

In addtion to the CAP2024 blending mandates, the Target compliance scenario includes Ireland’s National
Biomethane Strategy (DECC, 2024) of 5.7 TWh indigenous biomethane production by 2030. The Target
compliance assumes increasing uptake of biomethane across end-use sectors and power supply, following
the prioritization scheme described in the NEP 2025 CAP scenario (SEAI, 2025), prioritising biomethane
demand in transport, households and services sector with the remaining ammount used in power supply
sector. Furthermore, at national level, Ireland’s carbon tax trajectory — applied in both ETS1 and ETS2
sectors — is reaching 100 Euro/tCO2 over the 2030-2050 period following the trajectory presented in
Ireland’s NECP 2021-2030.

Table 22: Certificate eligible fuels?> under the RTFO and RHO policy
Fuel type Eligible fuels Fossil substitute

Renewable Transport Fuel Obligation

Liquid HVO Diesel
FAME Diesel
E-diesel Diesel
Bioethanol Gasoline
E-gasoline Gasoline
BioCNG (i.e., biomethane) Natural Gas
E-gas Natural Gas

2 Eligible fuels in the scope of RHO include also BioLPG and liquid RFNBOs. BioLPG is excluded from the scope of this analysis as it is not explicitly represented in
the modelling. Liquid RFNBOs are not projected to have significant penetration in the heating sector until 2050.
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Fuel type Eligible fuels Fossil substitute
BioLPG LPG
Renewable Heating Obligation (RHO)

Solid Bio-solids Solid fossil fuels
Liquid HVO Heating kerosene

FAME Gasoil
Gaseous Biomethane Natural gas

E-gas Natural gas

At the EU level, the Target compliance scenario includes the implementation of key legislative instruments,
such as:

e EUETS1andEUETS 2 (EU, 2023),

e Renewable Energy Directive (RED lll) (EC, 2023),

¢ Alternative Fuels Infrastructure Regulation (AFIR) (EU, 2023),

e ReFuelEU Aviation (EU, 2023) and FuelEU Maritime (EU, 2023),

¢ Energy Efficiency Directive (EED) (EU, 2023),

e Energy Performance of Buildings Directive (EU, 2024),

¢ Proposed amendment to the Energy Taxation Directive (EC, 2021) , applied consistently across
fuels and sectors.

Certain policies, such as CO, emission performance standards for light-duty (EU, 2019) and heavy-duty
(EU, 2019) vehicles, are not explicitly implemented in the Target compliance scenario. Instead, vehicle
stock evolution follows national projections consistent with the NECP WEM scenario and SEAI National
Energy Projections.

5.4.3 Scenario 1: Removal of additional RTFO certificates

Scenario 1 is quantified based on the Target compliance scenario, differentiated by adopting a more
conservative certification award framework within the RTFO. Certificates under Scenario 1 are aligned
with the RES-T multipliers and renewable fuel categories defined under RED 1113, hence, no extra
certificates are granted to biomethane, HVO and Cat 1 Tallow FAME and RFNBOs consumed in road &
rail transport. The aim of Scenario 1 is to provide inputs to the DoT on the ongoing review of additional
certificates awarded to specific fuel categories. The RTFO certificate scheme used in Scenario 1 is
presented in Appendix B.

5.4.4 Scenario 2: Increased cap on Annex IX Part B within RED IlIl RES-T

Under the current RED Il RES-T framework, the contribution of Part B biofuels toward the RES-T target
is capped at 1.7% of the transport sector’'s energy consumption. Built upon the Target compliance
scenario, Scenario 2 examines whether and how the transport sector’s fuel mix (including HVO) would

2 The RTFO certificates award framework implemented in Scenario1 differentiates with the multipliers scheme of RED Il concerning renewable electricity in rail
transport, as no certificates are awarded to renewable electricity consumed in rail transport within the RTFO framework
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change if the cap on biofuels produced from Annex IX Part B feedstocks were increased to 4%, thereby
reducing reliance on Part A biofuels to achieving transport renewable energy obligations.

5.4.5 Scenario 3: Disturbances on the supply of Part A HVO compliant with
sustainability criteria in a target attainment framework

This scenario analyses the impact of potential disturbances in the supply of sustainable Part A HVO in
Ireland’s energy system, focusing on the transport sector. Potential disruptions in the HVO market primarily
relate to risks associated with the origin and certification of HVO produced from Annex IX Part A HVO. As
the majority of HVO supplied to Ireland is imported from third countries, there is a possibility that suppliers
may be unable to demonstrate full compliance with sustainability and traceability requirements for biofuel
feedstocks. Such verification gaps could result in a reduction in the volume of specifically Part A HVO
certified as sustainable. When combined with increasing demand from other countries, this constraint may
lead to supply shortages and heightened competition for certified sustainable HVO in international
markets.

Scenario 3 is quantified based on the Target compliance scenario (i.e., bound to renewable energy targets
attainment and inclusion of policies additional to NEP 2025 WEM) differentiated by imposing limitation on
Part A HVO supply. This is modelled using an increased cost-to-scale supply curve for Part A HVO,; this
also impacts the market price of its Part B counterpart, owing to increased competitiveness as demand
increases (Figure 23). This scenario provides insights on both the possible allocation of available HVO
under limited supply and the economic impact possible market disturbances on Ireland’s energy system.

5.4.6 Scenario 4: Disturbances on the supply of Part A HVO compliant with
sustainability criteria in the Baseline scenario trajectory

This scenario is quantified based on the Baseline scenario, with similar limitation on sustainable Part A
HVO supply as in Scenario 3. The purpose of this scenario is to analyse possible impacts of limited HVO
supply under Baseline scenario conditions. Scenario 4 aim is to examine Ireland’s energy system
sensitivity on HVO supply disruptions under Baseline assumptions.
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Figure 23 Relative price increase by additional ktoe of Part A (Left) and Part B (Right) supplied in
Irelands energy system in Scenario 3 and Scenario 4
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6. Modelling Results

This section begins by presenting projections of the Baseline scenario for energy use, emissions, and
system-cost indicators in Ireland’s transport and heating & cooling sectors. It then proceeds to compare
the modelling results of the alternative scenarios. Finally, the scenario-synthesis sub-section 6.3 integrates
these findings to draw conclusions regarding the prioritisation of HVO supply between Ireland’s transport
and H&C sectors.

6.1 Baseline scenario

6.1.1 Overview of energy system projection for 2030

This section presents the main characteristics of the evolution of Ireland’s energy system under the
Baseline scenario in 2030, compared to latest statistical data for the year 2023 as well as projections of
the NEP 2025 WEM scenario, providing the system-wide context within which HYO demand and sectoral
allocation emerge under the continuation of current trends. The Baseline scenario is aligned with the NEP
2025 WEM scenario in terms of renewable energy shares trajectory in the transport and H&C sector and
thus undershoots both sectoral renewable energy obligations under RED IIlI.

As shown in Figure 24, Final Energy Consumption (FEC)* in 2030 in the Baseline scenario reaches
approximately 12.4 Mtoe, increasing by 3% compared to 2023. According to the NEP 2025 WEM
projections, final energy consumption in 2030 increases by 1.6 Mtoe (around 13%) (SEAI, 2025), relative
to 2023. At such levels, Ireland’s Energy Efficiency Directive (EED) target falls short by 3.1 Mtoe (i.e.,
30%). The lower increase of FEC in 2030 in the Baseline (relative to the NEP 2025 WEM projections)
reflects the combined effect of efficiency improvements, electrification, and structural changes across
sectors.

The transport sector is responsible for 42% of total FEC, followed by the residential, tertiary and industrial
sectors representing similar shares in the range of 17%-22% of total FEC. While total demand is similar in
2030 in the Baseline compared to 2023, there are differences in the fuel mix. The share of oil products in
the Baseline declines from 56% in 2023 to 49% in 2030, while electricity increases from 22% to 24%,
demonstrating the continuation of the current trend in electrification. The share of renewables remains at
a similar level to today (i.e., 6%) (Figure 25).

2 Includes energy consumed in industry, residential & tertiary sector and energy consumed in the transport sector (including international aviation, excluding
bunkers).
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Figure 24: Final energy consumption by sector in 2023 and projections for 2030 for the NECP WEM, the
NEP 2025 WEM and the Baseline scenario

Note: Transport: including international aviation, excluding bunkers
Source: Eurostat, PRIMES
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Figure 25: Final energy consumption by fuel in 2023 and projections for 2030 for the NECP WEM, the
NEP2025 and the Baseline scenario

Note: Transport: including international aviation, excluding bunkers
Source: Eurostat, PRIMES

6.1.2 Transport Sector
6.1.2.1 Activity

Transport activity projections in the Baseline scenario are generally well aligned with the NECP WEM
scenario, with some small differences, in years before 2030 reflecting updated assumptions on behavioural
change, modal shift, and efficiency.

As shown in Figure 26 road transport, passenger car activity grows at compound annual growth rate of
0.6% between 2022 and 2030, slightly lower than the rate of 0.86% in the NECP WEM scenario. For
lorries, activity grows at 2.3% annually in the Baseline, similarly to the WEM.
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Passenger cars and vans account for almost 80% of passenger-kilometres in 2023, with their share slightly
declining to 76% by 2030 as a result of increased use of public road transport and rail (Figure 26Figure
28). Freight transport grows over the same period, but modal shares remain relatively stable. International
aviation and international maritime transport are projected to grow strongly. Passenger aviation activity
recovers to pre-COVID levels before 2025 and is approximately 16.5% higher in 2030 than in 2019.
International maritime freight activity increases by about 25% in 2030 compared to 2022, driven by trade
growth.
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Figure 26: Transport activity - Passenger cars and lorries from 2015 to 2030
Note: 2024 data are based on interpolation
Source: DG MOVE statistical pocketbook, PRIMES
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Figure 27 Transport activity — aviation and maritime from 2015 to 2030

Note: 2024 data are based on interpolation
Source: DG MOVE statistical pocketbook, PRIMES
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Figure 28: Passenger transport activity in 2023 and Baseline projections for 2030
Source: DG MOVE statistical pocketbook, PRIMES

6.1.2.2 Vehicle stock

Stock projections indicate a relative constant fleet of passenger cars in 2030 (i.e., less than 1% increase
compared to 2023). This projection also reflects occupancy rates, modal shifts towards public transport,
and the accelerated retirement of older vehicles, with approximately 30% of the current passenger car fleet
being older than ten years. Electrification of the vehicle stock progresses notably. By 2030, the Baseline
projects almost 244,000 battery electric vehicles (BEVs) and around 266,000 plug-in hybrid electric
vehicles (PHEVs), largely replacing diesel internal combustion engine (ICE) passenger cars, while
gasoline ICE vehicles broadly retain their share. Zero-emission vehicles (ZEVs) account for around 11%
of the passenger car fleet in 2030, compared to about 2% in 2023. BEVs dominate this share, while fuel-
cell electric vehicles (FCEVs) remain marginal as shown in Figure 29. These projections are aligned with
the NEP 2025 WEM scenarios that project approximately 530,000 BEV and Plug-in hybrid vehicles in
2030, with BEVs representing 11% of total passenger cars fleet in the same year. Electrification presents
a significantly lower penetration rate in freight road transport with almost 200 projected HGVs in 2030, with
the segment projecting the highest share of ICE gas engines (compared to other road transport modes).
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Figure 29: Stock (thousand vehicles) in road transport per vehicle category in 2023 and Baseline
projections for 2030

Note: Other includes LPG, CNG, E85
Source: Eurostat, DG MOVE Statistical Pocketbook, PRIMES

6.1.2.3 Energy consumption

Road transport and aviation together account for nearly 95% (or 5.1 Mtoe) of the total transport energy
consumption in both 2023 and 2030 (Figure 30). Despite continued growth in passenger and freight
activity, the share of road transport in total transport energy demand declines slightly from 73% in 2023 to
72% in 2030, reflecting increased electrification and modal shift towards public transport.

Aviation’s share increases from 21% in 2023 (still affected by the COVID-19 recovery) to 23% in 2030,
driven by strong activity growth. Energy demand in rail, inland navigation, and international maritime
transport remains broadly stable over the period.
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Figure 30: Final energy consumption in transport by segment in 2023 and Baseline projections for 2030
Note: Including international aviation and bunkers
Source: Eurostat, PRIMES

Within road transport (Figure 31), passenger cars consume approximately 2.2 Mtoe in 2030,
corresponding to around 56% of road transport energy use. Lorries consume about 0.9 Mtoe (24%), and
vans around 0.5 Mtoe (12%). These three segments together account for approximately two-thirds of total
transport energy demand. Given their scale and contribution in the transport sector, road transport and
aviation are also the primary recipients of HYO and HEFA supply, respectively, in the Baseline scenario.
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Figure 31: Final energy consumption in road transport by segment Baseline projections for 2030
Source: PRIMES

6.1.2.4 Fuel mix

As shown in Figure 32, fossil fuels remain the dominant energy carrier in transport, retaining the majority
share of final energy consumption despite a marked decline compared to historical levels. The share og
fossil fuel decreases by 6% relative to 2020, reflecting efficiency improvements, electrification, and
increasing substitution by renewable fuels, but continues to account for the largest share of transport
energy demand, including aviation and bunkers.
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Biofuels and biomethane increase in the Baseline scenario, reaching approximately 0.5 Mtoe by 2030,
corresponding to around 10% of total transport energy consumption, compared to about 0.17 Mtoe in
2020. This growth is driven primarily by increased use of biodiesel and other biofuel oils in road transport,
alongside the initial deployment of biokerosene in aviation in response to emerging policy drivers.
Specifically, the biodiesel blending® rate reaches almost 13% of total diesel blend and bioethanol blending
rate is projected at 10% of total gasoline blend (E10). Biokerosene consumption is projected at 0.06 Mtoe,
representing 4.8% of total aviation’s energy demand.

By 2030, biodiesel (i.e., FAME and HVO) and biokerosene together represent approximately 8% of
transport energy use. Biodiesel accounts for the majority of biofuel consumption in the short term, while
biokerosene remains limited but begins to emerge as a compliance option for aviation fuel suppliers.

Electrification reaches 1.7% of transport final energy demand by 2030 (approximately 0.1 Mtoe), reflecting
the growing penetration of battery electric vehicles, particularly in passenger cars and vans. Renewable
fuels of non-biological origin (RFNBOs) remain marginal in 2030, approximately 22 ktoe, and are primarily
deployed in the form of e-kerosene in aviation, accounting for 1.2% of the sector’s energy demand, driven
by the ReFuelEU aviation mandate.

Looking beyond 2030, the Baseline trajectory to 2050 shows a pronounced transformation of the transport
fuel mix. Total transport energy demand declines to around half of 2023 levels, driven by a combination of
efficiency gains, widespread electrification, increasing hydrogen uptake, and a shift towards more energy-
efficient transport modes in both passenger and freight transport.

Biofuels retain broadly similar absolute volumes to 2030 in the long term (i.e., 2050); however, their
sectoral allocation changes markedly. Demand increasingly concentrates in aviation in the form of
biokerosene, driven by ReFuelEU Aviation sub-targets, while biodiesel use in road transport declines by
approximately 85% compared to 2030 as electrification and alternative technologies expand. At the same
time, synthetic liquid fuels (e-fuels) increase considerably by 2050, particularly in hard-to-abate segments
such as aviation and maritime transport. Fossil fuel consumption declines to around 1.7 Mtoe, remaining
primarily in aviation and maritime applications and accounting for the residual CO, emissions from the
transport sector.

25 Blending rates are calculated in volumetric basis.
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Figure 32: Energy mix in transport in 2020 and Baseline projections until 2050

Note: Biofuels represented at aggregated biofuel types. Other: E85, B100, DME, LPG, including bunkers

Source: PRIMES

When looking into the fuel mix across the different transport segments in 2030 (Figure 33), fossil fuels
continue to dominate energy demand in most modes. Passenger cars remain largely reliant on diesel and
gasoline (almost 88% of total demand, with diesel at 46% and gasoline at 42%). Biofuels, and particularly
biodiesel and biogasoline, play a noticeable complementary role (around 8%), while electricity represents
a relatively small but emerging share (around 3%), reflecting the higher uptake of battery electric vehicles
and existing electrified infrastructure, alongside only marginal contributions from hydrogen.

A similar pattern is observed in passenger and freight vans, buses and coaches, and lorries, with diesel
being the dominant fuel. Fossil fuels account for roughly 85% of energy demand in vans, 84% in buses
and coaches, and 86% in lorries, with biofuels (specifically biodiesel) contributing most of the remaining
share of demand. Electrification and hydrogen uptake in these road transport modes remain limited and
largely confined to niche applications, each accounting for well below 5% of total energy demand.
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Electrification is most pronounced in rail transport, where electricity represents nearly half of total energy
demand (around 47%), reflecting the presence of established electrified infrastructure, although diesel still
accounts for a substantial share (just over 50%). Two-wheelers remain almost entirely fossil-fuel-based,
with gasoline accounting for about 86% of energy demand, with smaller contributions from biogasoline,
followed by electricity.

In aviation, energy demand is dominated by conventional kerosene (around 94%), with alternative fuels
such as biokerosene and e-kerosene together accounting for only about 6%. Specifically, biokerosene
represents 4.8% of the aviation’s energy demand and e-kerosene 1.2%, fully compliant with the blending
mandates set by the ReFuelEU Aviation regulation. Maritime transport also remains heavily fossil-fuel-
dependent, with diesel accounting for roughly 83% of total energy demand, although it displays a more
diverse mix than others, including natural gas, biofuels, and small shares of electricity and e-diesel.

Overall, the 2030 fuel mix illustrates a transport sector still strongly reliant on fossil fuels, with biofuels
acting as the primary transitional option and low-carbon fuels such as electricity, hydrogen, and e-fuels
confined to specific modes and niche applications.
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Figure 33 Fuel mix by transport segment Baseline projections for 2030
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6.1.2.5 Alternative fuels and HVO consumption in transport

As shown in Figure 34, total alternative fuel consumption (including renewable electricity) in transport
reaches approximately 624 ktoe in 2030, corresponding to about 12% of total transport energy
consumption. Road transport accounts for the majority of alternative fuel use, consuming 79.7%
(approximately 500 ktoe), followed by aviation (about 12%), maritime (around 4.5%), and rail (3.8%).

Biofuels dominate alternative fuel consumption, representing around 77% (almost 480 koe) of total
alternative fuels in 2030. Electricity contributes around 15%, primarily in road and rail transport, followed
by biomethane contributing by almost 5%. E-fuels, mainly e-kerosene in aviation, account for around 4%
(22 ktoe). Hydrogen plays a negligible role by 2030, with a consumption slightly higher than 1 ktoe mainly
used in road transport.

Annex IX Part A feedstocks account for around 29% of total biofuels (140 ktoe), while Annex IX Part B
account for around 62% (approximately 297 ktoe). The remainder is food-based biofuels, limited to about
9% (around 41 ktoe), reflecting Ireland’s 2% cap on food and feed-based biofuels which allows for the
reduced RES-T obligation (i.e., 24% instead of 29% under RED IIl). Biomethane, classified as Annex IX
Part A, is consumed by 68% in road transport and by 32% maritime, reflecting limited uptake options in
other segments.
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Figure 34 Alternative fuels consumption in transport Baseline projections for 2030
Source: PRIMES

HVO consumption in transport reaches 169 ktoe in 2030, representing around 27% of total alternative fuel
consumption. In addition, around 60 ktoe of HEFA is consumed, mainly in aviation as sustainable aviation
fuel (SAF), driven by the ReFuelEU Aviation mandate. Combined HVO and HEFA demand increases
significantly relative to 2023 levels, reflecting the increasing role of drop-in biofuels in meeting RES-T
target. The fuel mix is dominated by Part B feedstocks, which represent 60% of HVO supply and 83% of
FAME supply in the transport sector in 2030, in the Baseline scenario.

Diesel blends account for almost two-thirds of total alternative fuel consumption, amounting to
approximately 354 ktoe. Within these blends, HVO represents around 48%, while FAME accounts for
about 52%. FAME consumption remains broadly stable over time, constrained by blend wall limits in
conventional diesel engines and its uptake is driven primarily by its lower costs compared to other options.
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Bioethanol plays a smaller role, reaching around 67 ktoe in 2030 (11% of biofuel consumption), exclusively
in road transport in gasoline ICE, with food crop-based bioethanol constrained by the 2% cap.

HEFA is a key fuel for the aviation sector, as in 2030, other biokerosene production pathways (e.g. alcohol-
to-jet, gasification) are not expected to contribute to the sector’s energy demand, as production at scale
may either come at notably higher costs or at a later point in time. The distribution between Part A and
Part B HEFA is driven by production costs, with Part B HEFA representing 70% of total HEFA consumption
in 2030, owing to its lower cost compared to Part A HEFA.

6.1.3 Heating and Cooling Sector
6.1.3.1 Activity

Heating and cooling (H&C) is a cross-sectoral demand of the residential, the tertiary, agriculture and the
industrial sector. The H&C sector follows the same definition used in the RHO phase |l report (Ricardo and
Byrne O Cléirigh Consulting, 2025), by considering that the energy used for H&C equals the energy use
of the H&C sub-sectors, including ambient heat from heat pumps, while excluding electricity consumption.

Activity projections in each of the heating and cooling sectors are mainly driven as follows. In the residential
sector, energy demand is primarily linked to energy demand per square metre, reflecting the building stock
characteristics (e.g. building age, building type), renovation rates, and efficiency improvements of heating
and cooling equipment. In the services and industrial sectors, activity is driven by sectoral value added
and GDP growth as described in Section 5.1.2.

In the Baseline scenario, activity developments in the residential sector affecting energy consumed for
heating and cooling concern strong efficiency improvements and increased electrification. As a result,
despite population and economic growth, overall heating demand in residential buildings declines by 2030.
In contrast, energy demand in industry increases, driven by increasing levels of industrial activity, while
demand in the tertiary sector remains broadly stable.

Figures of the activity evolution of the heating and cooling sector are presented in Appendix C.
6.1.3.2 Energy consumption

The heating and cooling sector in Ireland relies heavily on fossil fuels, including coal, oil products, and
natural gas. In the Baseline scenario this continues through 2030, although gradual changes are projected
in the fuel mix across the sector as shown in Figure 35. Final energy consumption for the H&C sector
increases by almost 0.5 Mtoe (12%) compared to 2023, reaching almost 4.8 Mtoe in 2030.

The fossil fraction of the fuel mix increases by 2% (or 0.07 Mtoe). In the absence of an imposed RHO rate
in the Baseline, biomass derived energy (i.e., solid biomass, biomethane and liquid biofuels), is projected
at 0.19 Mtoe experiencing a 15% reduction compared to 2023. Ambient heat via heat pumps is projected
to reach 0.5 Mtoe, representing 11% of total energy consumption used for heating and cooling processes.
The increased take up of heat pumps in 2030 (relative to 2023) is driven by the sector’s effort to reach its
renewable energy target and its contribution towards Ireland’s overall RES share. Furthermore, compared
to bioenergy, heat pump deployment improves the H&C sector’s energy efficiency thus reducing more final
energy consumption, considering incremental increase of historical electrification growth rates, as driven
by the direction that the system takes in meeting the EED targets. Solar energy consumption in the H&C
is projected at 0.04 Mtoe in 2030, in the Baseline scenario. Consumption of non-renewable waste is
remaining stable during the 2023-2030 period at roughly 0.08 Mtoe.
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Figure 35: Final energy consumption for H&C in the Baseline scenario by fuel type (in 2023 and Baseline
projections for 2030

Source: PRIMES
6.1.3.3 Fuel mix

As shown in Figure 36 gaseous fuels dominate the fuel mix of the H&C sector representing 41% of total
energy consumed in 2023. Biomethane consumption at almost 0.01 Mtoe accounts for 0.7% of the gas
blend. Gasoil and kerosene blend consumption are approximately 0.9 Mtoe each, with no contribution from
biofuels in 2023. Solid energy contributes 0.6 Mtoe to total H&C energy demand in 2023 (i.e., 14%), with
0.15 Mtoe met by biosolids and 0.06 Mtoe met through utilisation of waste biomass (i.e., Municipal Solid
Waste). Solar energy, ambient heat and non-renewable industrial waste contribute 4% to final energy
consumption of the H&C sector in 2023.

In 2030, despite an increase in the consumption of solid fuels for H&C, in the absence of an imposed RHO
rate in the Baseline scenario, biomass consumption (biosolids and waste biomass) is projected to reduce
by 0.04 Mtoe (15%).The share of gaseous fuels in the sector’s energy demand is also projected to reduce
by 5% in 2030 (compared to 2023), however, gas blend remains the main contributor to the H&C sector
energy demand, with biomethane consumption remaining stable relative to 2023 levels. Consumption of
heating kerosene blend is reduced by 0.5 Mtoe (compared to 2023), with no significant contribution from
HVO in the blend in 2030. Gasoil blend consumption increases by 0.3 Mtoe in 2030 (compared to 2023),
with the share of FAME in the blend projected below 1%.
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Figure 36 Final energy consumption for H&C by fuel type in 2023 and Baseline projections for 2030
Source: PRIMES

6.1.3.4 Alternative fuel consumption in heating and cooling sector

This section presents the Baseline results on the alternative fuels consumption in the H&C sector focusing
mainly on bioenergy consumption. Ambient heat (via heat pumps) represents 70% of total alternative fuels
demand in the H&C sector in 2030, followed by bioenergy representing 24%, and solar energy
representing 6%. Figure 37 presents bioenergy consumption in the H&C sector, by bioenergy type and
feedstock origin.

Bioenergy consumption decreases by about 0.4 Mtoe in 2030 (compared to 2023). In 2023, bioenergy
consumption consists of biosolids (69%), biomass of waste origin (26%) and biomethane (6%). No liquid
biofuel consumption is reported in the sector for 2023.

In 2030, bioenergy consumption is projected to reduce by almost 0.04 Mtoe, due to reductions in the
consumption of biosolids and waste biomass (0.02 Mtoe reduction each). Biomethane consumption in the
sector is projected to remain stable relative to 2023 (i.e., 0.012 Mtoe). In 2030, biofuels (mainly FAME) are
introduced in the sector’s fuel mix, with a projected consumption slightly lower than 0.01 Mtoe. Biosolids
are still projected to represent the majority of bioenergy consumed in the H&C sector (i.e., 67%), followed
by waste biomass (i.e., 21%) and biomethane (i.e., 7%). Biofuels are representing 5% of total bioenergy
consumed in the H&C sector, with 70% of total biofuel supply attributed to Part B FAME.
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Figure 37 Final bioenergy consumption for H&C by bioenergy commodity type in 2023 and Baseline
projections for 2030
Source: PRIMES

6.1.4 COz2emissions

In the Baseline, transport related CO; emissions are projected to reduce by 5% (i.e., 0.7 MtCO) in 2030
compared to 2023, while CO; emissions from the H&C sector increase by 5% (i.e., 0.5 MtCO,) in the same
period, driven by the H&C sector’s increasing energy demand (Figure 38). Despite the increase, the CO;
intensity?® of the H&C sector is projected to reduce by 6% in 2030 (relative to 2023), owning to the growing
share of renewable energy (mainly ambient heat) in the sector’s fuel mix.

30

2023 Baseline

M Transport m H&C

Figure 38 CO, emissions of transport and H&C sector in 2023 and Baseline projections for 2030

2 t CO2 per ktoe of energy consumed in the H&C sector.
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Note: Transport sector (Including international aviation excluding bunkers)
Source: EEA, PRIMES

As shown in Figure 39 the reduction in transport related emissions is driven by a reduction in CO;
emissions from road transport (0.8 MtCO,). Decarbonisation in road transport is driven mainly by the
blending of biodiesel (FAME and HVO) into diesel and bioethanol into gasoline which results in B13 and
E10 blends in 2030 and by the penetration of electric vehicles in the stock. CO, emissions attributed to the
aviation sector are projected to increase by 3% (approximately by 0.1 MtCO3) in 2030, driven by an
increase in the sector’s activity. CO, emissions associated with railway transport are expected to reduce
by 40% in 2030 (compared to 2023), driven by the increased electricity consumption in the sector at the
expense of diesel blend. Emissions associated with inland navigation are projected to remain stable in
2030 (relative to 2023).
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Figure 39 CO,emissions of transport sector by segment in 2023 and Baseline projections for 2030
Source: EEA and PRIMES

6.1.5 Policy indicators

This section presents the renewable energy share targets in the transport and in the H&C sector in the
Baseline scenario and compares it with the NEP 2025 WEM projections. The Baseline scenario is aligned
with the NEP 2025 WEM scenarios in terms of renewable energy outcomes in the transport and H&C
sector in 2030.

The RES-T attainment in the Baseline is projected at 16% in 2030, while the national RTFO rate is
projected at 39% (Table 23). The Baseline scenario undershoots its RES-T target (based on RED Ill) and
the RTFO obligations by 8 p.p. and 15 p.p. respectively in 2030. The undershoot of the RES-T target in
2030 can be attributed to the to the lower rate of biodiesel blending, which is 13% (i.e. 7% lower than the
target in Ireland’s CAP 2024).

The RES-H&C rate in 2030 under RED IlI for Ireland should be at least 16.1%. In the Baseline, the heating
and cooling sector practically complies with target, owing mainly, as presented earlier (Figure 35), to the
increased deployment of heat pumps, with bioenergy not projected to contribute significantly.
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The performance of the Baseline scenario, regarding both EU and national renewable energy policy
obligations, is presented in Table 23.

The RED Ill RES-T target is undershot by 8% in the Baseline scenario. The absolute contribution of
advanced biofuel and RFNBOs in the sector’s energy demand is projected at 3.2% and 0.4% respectively.
When applying the mandated multipliers for the sub-target calculation, these contributions increase to
6.4% for Part A biofuels and 0.8% for RFNBOs. The Baseline scenario is also underperforming against the
national renewable energy obligation for the transport sector (i.e., RTFO) in 2030, with the main obligation
being undershot by 15 p.p. and the national indicative sub-targets for advanced biofuels and RFNBOs
being undershot by 10.2 p.p. and 0.6 p.p. respectively.

Blending rates for biofuels in the diesel and gasoline blend on a volumetric basis are projected at 13% and
10%, respectively. As mentioned, the diesel blending rate is lower than the B20 target set in Ireland’s CAP
2024. The gasoline blend, however, reaches the E10 mandate driven by the progress over the previous
period (i.e., E9 in 2024 (DoT, 2025)).

In the Baseline scenario the aviation sector achieves the SAF blending mandates of the ReFuelEU
Aviation, i.e. 6% SAF with at least 1.2% RFNBOs. This trajectory is aligned with the trajectory of the
NEP2025 WEM scenario projecting 6% renewable energy share in the sector by 2030.

The obligation of the heating sector under RED Il is roughly achieved in the Baseline scenario. The
Baseline scenario does not include any national renewable energy obligation for the heating and cooling
sector.

Table 23 Performance of the Baseline scenario on EU and national renewable energy policy obligations
in 2030

Sector Obligation pesr;::r'::::ce In:iai::ga;itve

RED Il Transport RES-T 16% 24%

Part A sub-mandate 6.4% 4.5%

RFNBOs sub-mandate 0.8% 1%
Heating and Cooling RES-H&C 16% 16.1%

ReFuelEU Aviation Aviation SAF in aviation 6% 6%
RFNBOs in aviation 1.2% 1.2%

RTF Policy 2025-2027 Transport RTFO 38.5% 54%
Part A sub-target 11.3% 21.5%

RFNBOs sub-target 1.9% 2.5%

Renewable Heat Obligation Bill 2025 Heating and Cooling RHO - -

RHO biofuels target - -

RHO biomethane target - -

RHO biosolids target - -
CAP2024 Transport Gasoline blend - bioethanol (%v/v) 10% 10%
Diesel blend — biodiesel (%V/v) 13% 20 %

Source: PRIMES

Final Report for Department of Transport | Issue 5709082 | 19 May 2025 Page | 103



Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE IR

Member of WSP

6.2 Scenario comparison

6.2.1 Energy demand
6.2.1.1 Transport sector

The Target Compliance scenario describes how Ireland’s energy system is projected to evolve under a set
of framework conditions that assume an intensification of current trends and full achievement of national
and EU energy and climate policies. In this analysis, it serves as a benchmark scenario, providing a
reference point against which the alternative scenarios (those bound to target attainment) are assessed.

In the Target compliance scenario in 2030, total transport energy demand reduces by 0.5% (compared to
2023) indicating a slight improvement in the sector’s energy efficiency. Similar to the Baseline, fossil fuels
continue to dominate the fuel mix representing almost 85% (i.e., 4.5 Mtoe) of the sector’s energy demand,
followed by bioenergy commodities contributing by 13% (0.7 Mtoe), and electricity representing 1.8%
(0.095 Mtoe) of total transport energy demand (Figure 40). In energy terms, the deployment of RFNBOs
in 2030 is projected to contribute less than 1% to the sector’s energy demand?’. Including multipliers as
per the
RES-T sub-mandate calculation in RED lll, the share of RFNBOs reaches 1%, attaining the RED Ill sub-
mandate.

Biodiesel consumption in 2030 increases by 53% in the Target compliance scenario (compared to the
Baseline), with its share in the diesel blend being the main decarbonisation driver of the sector. The diesel
blending in the Target compliance scenario reaches 20% share (B20%%) in 2030, as set by the blending
mandate in Ireland’s CAP2024. Compared to the Baseline (in which the share is 13% in 2030), B20 is
achieved through significant increase of HYO. HVO contributes 13% to the blend, with the remainder being
FAME, which reaches its technical blending wall of 7%. HVO consumption is 0.36 Mtoe in 2030 (Table 24)
while FAME consumption remains at levels similar to the Baseline in 2030 (i.e., 0.18 Mtoe). Bioethanol
reaches its designated technical limit of 10% for conventional ICE engines, in both the Baseline and Target
compliance scenario in 2030. The Target compliance scenario is characterised by slightly higher
penetration of electricity in 2030 (almost 4% increase), compared to the Baseline, thus slightly improving
the sector’s overall efficiency performance and contributing on the sector’'s RES-T. Biokerosene demand
is met mainly by HEFA (i.e., 0.06 Mtoe), indicating the fuel’s significant role in attaining the aviation sectors
renewable energy obligations (i.e., ReFuelEU aviation mandates). Consumption of RFNBOs is projected
at 25 ktoe and mainly occurs in the aviation sector.

The aim of Scenario 1 is to examine the impact of adopting a more conservative RTFO certification award
scheme on the sector’s performance regarding its renewable energy obligations. As shown in Figure 40
the removal of additional RTFO certificates is not projected to significantly impact transport’s fuel mix in
this level of analysis, with the main impact observed in the origin of biofuels consumed (i.e., Annex IX Part
A & Part B) as displayed in Figure 412°. As shown in Table 24, Scenario 1 shows a slight increase (i.e.,

27 The contribution of RFNBO’s is calculated based on absolute energy consumption without including multipliers for RFNBOs. This share does to refer to the
RFNBO'’s sub-mandate of RES-T under RED IIl.

28 The B20 and E10 blending mandates is refer to the volumetric share of bioenergy in the diesel and gasoline blend respectively. When converted In energy terms
the B20 blend refers to a 18.9%-19.1% share of biodiesel in diesel blend (depending on the respective shares of FAME and HVO) and the E10 blend to 6.8% share
of bioethanol in the gasoline blend.

2% The modelling approach used in this analysis is based upon the concept of one pump for the diesel blend. The modelling does not make distinction between the
overall diesel blend (i.e., fossil & biodiesel) and the supply and separate HVO supply. Due to the “one pump” approach the model does not capture the direct
implications of deincentivising HVO (i.e., Scenario 1) on specific road transport modes supplied with 100% HVO.
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0.05 Mtoe) in biodiesel consumption in 2030 (relative to the Target compliance), driven by the maritime
sector. Fossil fuels, bioenergy, RFNBQO’s and electricity represent similar shares of the sector’s energy
demand as in the Target compliance scenario.

In Scenario 2, the increase in the cap on Part B biofuels contribution to RES-T to 4% of the transport sector
energy demand (current 1.7%), is not projected to have a noticeable impact on the fuel mix of the transport
sector in 2030 (compared to the Target compliance scenario). This is because in road transport HVO
consumption is driven by the achievement of the B20 mandate. Further incentivising Part B HVO by
increasing the cap does not affect the share of HVO in the diesel blend, as a higher HVO share in the
blend (i.e., >13%) would result in reduced FAME consumption, leading to a more expensive biodiesel
blend for the sector.

The Limited HVO scenarios are designed to evaluate how disruptions in the availability of HVO could affect
Ireland’s energy system?°. They explore the implications of constrained and higher-cost Part A HVO supply,
driven by increasing scarcity of certified sustainable Part AHVO on the global market. The impact of limited
HVO supply is examined in two scenarios. Scenario 3 assesses the impact of limited sustainable Part A
HVO supply in a target compliance framework, where the RED |Ill obligations
(i.e., RES-T and RES-H&C) are met in 2030. On the other hand, Scenario 4 examines the impact of the
same supply security disruptions in a scenario based on the Baseline scenario, i.e. without attainment of
renewable energy targets. Scenario 3 and Scenario 4 aim to provide insights on the
mid-term sensitivity of Ireland’s energy system - specifically of the transport sector - to disruptions in the
available supply of HVO, both within a target attainment framework and under a scenario trajectory aligned
with current trends.

Disturbances in sustainable Part A HVO supply are simulated through an increased cost-supply curve of
Part A HVO, which also leads to changes in the price of Part B HVO (Figure 23). The increased HVO price
in Scenario 3 creates a more cost-competitive environment for electrification, leading to a rise in electricity
consumption in transport of 0.06 Mtoe (60%) in 2030, relative to the Target compliance scenario.

The projected increase in electricity consumption occurs at the expense of the diesel blend which reduces
by 11% in 2030 (compared to the Target compliance). The B20 blending mandate is still met, with the lower
overall demand for diesel blend resulting in a 8% reduction in biodiesel consumption in 2030 (compared
to the Target compliance scenario). The shift from diesel to electrification improves energy efficiency in the
transport sector, reducing total transport energy demand by 7% in 2030, relative to the Target Compliance
scenario. The results of Scenario 3 indicate that, in a context where HVO is significantly disincentivised,
electrification emerges as the primary alternative for the attainment of the RES-T obligation. Bioethanol
use reaches its technical blending limit (E10), with no cost-competitive drop-in biogasoline alternatives
being available by 2030. Similarly, the supply of RFNBOs in 2030 is not increased, as this would lead to
higher system costs, due both to fuel prices and the need for deployment of advanced end-use
technologies — such as Fuel-Cell Engine Vehicle (FCEVs) in the case of hydrogen. The increased
electricity uptake of Scenario 3 (compared to the Target compliance scenario), is achieved though
increased share of electric vehicles in the new vehicles registrations in 2030 (relative to Target
compliance), without increasing the overall road transport stock replacement rate (compared to the Target
compliance). The feasibility of such uptake would thus be reliant more on infrastructure considerations and
other related effects that come in play (network upgrade, sufficient rollout of alternative fuels infrastucture,
etc.).

%0 Due to the “one pump” modelling approach, the implications of limited HVO supply in Scenario 3 and Scenario 4 on specific road transport modes supplied with
100% HVO is not quantified in this analysis.
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Table 24 Ireland’s transport alternative fuels demand projections in the Baseline and alternative
scenarios, in 2030

Alternative fuels (Mtoe) Baseline Target compliance  Scenario 1 Scenario 2 Scenario 3 Scenario 4

HVO 170 360 407 362 340 166
FAME 184 180 180 181 159 180
HEFA 59 59 59 59 58 59
non-HEFA biokerosene 1 1 1 1 2 1
Bioethanol 65 66 66 66 60 66
Biomethane 32 37 38 38 35 37
RFNBOs 23 25 23 23 26 23
Electricity®' 92 95 95 95 152 94
RES-T 16% 24% 24 % 24% 24 % 16%

Source: PRIMES
Note: Including Internation aviation and bunkers

In Scenario 4, the potential disturbances in HVO supply are projected to reduce the consumption of the
overall diesel blend by 2% (or 0.05 Mtoe) in 2030, compared to the Baseline. This reduction is
compensated by a 2% (or 0.02 Mtoe) increase in gasoline blend demand and by a
0.01 Mtoe increase in biomethane consumption. The bioenergy shares of the diesel and gasoline blend in
Scenario 4 remain at the same rate as in the Baseline in 2030, B13 and E10 respectively. Scenario 4 is
built on the basis that additional effort is needed to reach policy targets (which however are not achieved),
unlike the Baseline, in which current trends lead the pathway to 2030. Because of this, Scenario 4 includes
some structural changes in the vehicle fleet most notably a stronger uptake of gasoline PHEVs, which
increases gasoline demand relative to diesel. The limited availability of sustainable HVO in Scenario 4
further constrains the diesel pathway. These supply limitations reduce the achievable diesel blend volumes
compared to the Baseline. As a result, part of the energy demand shifts toward gasoline. With a larger
PHEV stock, both gasoline and biogasoline consumption increase, even though the biofuel shares in the
blends (B13 and E10) remain unchanged relative to the Baseline.

3 While the table presents the overall electricity consumption, in the calculation of the RES-T rate only the renewable electricity fraction was included. The RES-E
share in the target attainment scenarios in 2030 is projected at almost 70%. For the calculation of the RTFO rate only electricity consumed in public charging points
is considered. In the Fuel Mix module, it is assumed that electricity consumed by road transport modes through public charging points amounts at approximately
60% of total electricity consumed in road transport.
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Figure 40 Ireland’s transport sector’s energy demand by fuel in 2023 and projections for the Baseline

and alternative scenarios in 2030
Source: PRIMES
Note: Including Internation aviation and bunkers

Based on the projections, to achieve the RES-T target (and the RTFO indicative rate) in the
Target compliance scenario in 2030 requires almost tripling the consumption of Annex IX part A biofuels,
while the consumption of Part B biofuels is reduced by 8%, compared to the Baseline. Specifically, the
share of Part A feedstocks in total bioenergy consumption is projected to reach 55%, followed by Part B
feedstocks representing 39% and food-based biofuels representing 6% of total bioenergy consumption.
As shown in Figure 41 this shift from Annex IX Part B towards Part A feedstocks in the Target compliance
scenario is projected only for HYO and FAME, as biomethane and bioethanol can be produced only from
Annex IX Part A feedstocks.

From the feedstock perspective, Annex IX Part A feedstocks play a more prominent role in HVO (i.e., 80%
of total HVO) than in FAME (i.e., 11% of total FAME). This is driven by the RES-T target, as Part B biofuels
contribution towards the RES-T obligation is capped at 1.7% of the sector’s energy demand. FAME —
particularly Part B FAME — is introduced in the fuel mix up to its technical blending limit, given that it
remains the lower-cost biodiesel option. HVYO demand is driven by both the B20 blending mandate and
the RES-T obligation. While higher volumes of Part B HVO could be used to satisfy the B20 mandate, their
contribution to the RES-T target is restricted due to the cap. As a result, the share of Part A HVO is
considerably larger than that of Part B HVO within the transport fuel mix. The feedstock split of bioethanol
in the Target compliance scenario is similar to the Baseline in 2030, with advanced bioethanol representing
37% of bioethanol consumption and food-based bioethanol representing 63% of total bioethanol
consumption. No differentiation is projected regarding HEFA consumption and feedstock shares in 2030
in the Target compliance scenario compared to the Baseline.

The removal of additional RTFO certificates primarily rebalances the sourcing between Part A and Part B
rather than influencing total renewables volumes required to meet the RES-T and E10/B20 mandates.
More specifically, in the Target compliance scenario, Part B FAME suppliers receive extra incentives due
to the additional certificates derived from the use of Cat 1 Tallow, making it a more cost-efficient option to
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meet the targets when compared to Part AFAME. In Scenario 1 the removal of additional certificates from
Cat 1 Tallow influences the relative cost-competitiveness, slightly shifting FAME supply (approximately
0.07 Mtoe) from Part B towards Part A (compared to the Target compliance scenario). As mentioned,
because FAME saturates first the maximum blend (7% v/v), lower supply of Part AHVO is required to meet
the RED Ill RES-T obligation of 24% (owing to the multiplier on advanced biofuels under RED Ill when
counting towards RES-T), as this is partly covered by the additional Part A FAME supply. Correspondingly,
Part B HVO increases by 0.13 Mtoe in Scenario 1, compared to the Target compliance scenario in 2030.

In a framework that allows increased contribution of Part B feedstocks to the RES-T obligation
(Scenario 2), Part B biofuels are projected to increase their share in transport sector’s energy demand by
3% compared to the Target compliance scenario in 2030. Biofuels produced from Part B feedstocks
represent 47% of total alternative fuel consumption in transport in Scenario 2 (14% increase compared to
their respective share in the Target compliance scenario).

Limited HVO availability in a renewable energy target bound scenario leads to a 36% reduction in the
supply of Part A biofuels in 2030, compared to the Target Compliance scenario. The reduction is attributed
to the shift of 0.16 Mtoe Part A HVO towards Part B HVO as projected in Scenario 3. Part A FAME
consumption in Scenario 3 increases by 0.06 Mtoe, compared to the Target compliance scenario in 2030.
Part B bioenergy commodities represent 43% of total alternative fuels consumption in
Scenario 3, followed by Part A (i.e., 31%), electricity (i.e., 18%), food-based biofuels representing 5% and
RFNBOs representing 3% of total alternative fuel supply.

Limited sustainable Part A HVO supply under Baseline trajectory leads to a shift in HYO and FAME
consumption from Part A biofuels towards Part B. The share of Part A HVO in total HYO consumption in
2030 is lower by 8% in Scenario 4, compared to the Baseline. This shift is driven by the increased cost of
Part A HVO in Scenario 4, compared to the Baseline due availability issues. The feedstock split of other
bioenergy commaodities remains similar to the Baseline in 2030.

No significant changes in the distribution of energy types across transport segments were observed in the
scenarios analysed. Overall, road transport remains the dominant consumer of alternative fuels,
accounting for around 80% of total use. This is followed by the aviation sector, which represents
approximately 12%, while both maritime and rail transport each accounting for nearly 4% of alternative
fuel consumption.
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Figure 41 Ireland’s transport sector’s alternative fuel demand projections for the Baseline and alternative

scenarios in 2030
Source: PRIMES
Note: Including Internation aviation and bunkers

6.2.1.2 Heating and cooling (H&C) sector

The findings across scenarios for the heating and cooling sector show similar trends, following the
comparison of the Target compliance scenario compared to the Baseline. For this reason, the analysis will
focus on the Target compliance scenario.

The RHO obligation is projected to support the achievement of the RES-H&C target. Specifically,
consumption of fossil fuels in the sector is projected to decrease by 10% (or 0.38 Mtoe) in the Target
compliance scenario, compared to the Baseline (Figure 42). The highest reduction is projected for natural
gas (0.25 Mtoe), followed by oil products (0.1 Mtoe) and fossil solid fuels (0.03 Mtoe). The reduction in
fossil energy is compensated for by an increase of biomethane consumption (compared to the Baseline),
which is projected to reach 0.26 Mtoe in 2030. The increased penetration of biomethane in the Target
compliance scenario is driven by the incorporation of the National Biomethane Strategy in the scenario
(i.e., 5.7 TWh of indigenous biomethane production). The Target compliance scenario is also projected to
see a 0.10 Mtoe increase of biofuels consumption in the H&C sector in 2030 (relative to Baseline), which
is driven by the RHO policy. Specifically, the certificates trade cap imposed between liquid and gaseous
fuels ensures the contribution of all bioenergy types when achieving the RHO. However, the contribution
of liquid biofuels is significantly lower, compared to the contribution of biomethane. HVO represents almost
90% of liquid biofuels consumption in the H&C sector.
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Figure 42 Ireland’s H&C sector energy demand by fuel in 2023 and projections for the Baseline and the

Target compliance scenario in 2030
Source: PRIMES

In the heating and cooling sector, only Part B HVO is consumed as it represents a more cost-competitive
option (compared to Part A) and no incentives are provided under both the RED Ill and the RHO framework
to Part A biofuels. In the Target compliance scenario, consumption of ambient heat (via heat pumps) and
solar energy are projected to remain at the levels of the Baseline scenario as these energy carriers are
not affected by the attainment of the 15% RHO rate.

As shown in Figure 43, while consumption of biosolids increases in the Target compliance scenario
(compared to the Baseline), the consumption of waste biomass is lower by 0.026 Mtoe relative to the
Baseline. This trend is attributed to the exclusion of waste biomass from the eligible fuels scheme under
the RHO. Despite their inclusion as an eligible fuel in the RHO, no RFNBOs consumption is projected in
H&C sector by 2030 in the Target compliance scenario.
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Figure 43 Ireland’s H&C sector’s bioenergy consumption by fuel type in 2023 and projections for the
Baseline and the Target compliance scenario in 2030
Source: PRIMES

6.2.2 CO2 emissions

As shown in Figure 44, in the Target compliance scenario CO2 emissions in 2030 are projected to decrease
by 1.7 Mt CO. compared to the Baseline scenario, reflecting a 7% reduction in total*> CO, emissions in
2030 (relative to 2023). The reduction in transport related emissions in the Target compliance scenario
(compared to the Baseline) is mainly driven by the increased biodiesel and electricity consumption in road
transport, with the segment reducing its CO2 emissions by 0.7 MtCOz in 2030 (i.e., 98% of total CO2
emissions reduction in the transport sector) (Figure 45). In the heating and cooling sector, lower CO,
emissions relative to the Baseline are driven by a higher projected uptake of bioenergy in 2030. An
additional 0.38 Mtoe of biomass-derived fuels in the sector’s energy mix results in a 1.0 Mt CO, reduction
in 2030.

Removing additional RTFO certificates is projected to reduce transport related CO, emissions by
0.14 MtCO-in Scenario 1, driven by the projected increase of biodiesel consumption in the maritime sector.
The remaining transport segments do not display any deviation from the Target compliance scenario
concerning their CO2 emissions.

Increasing the contribution of Part B biofuels to the RES-T obligation under RED Il is not projected to
affect significantly CO2 emissions associated with transport activity in Scenario 2, compared to the Target
compliance scenario.

In Scenario 3, transport related CO, emissions are projected to reduce by almost 9% compared to the
Target compliance scenario in 2030, reflecting an 18% reduction in transport related CO,emissions relative
to 2023. The reduction of CO, emissions is driven by the reduction in the use of diesel blends, and in
consequence fossil diesel, in the fuel mix (i.e., lower by 12% compared to the Target compliance scenario),

32 CO2 emissions of the transport sector in this analysis include only Tank-to-Wake (TtW) emissions, generated during the combustion of fossil fuels in Internal
Combustion Engine technologies. CO2 emissions attributed to the heating and colling sector concert emissions generated during the combustion of fossil fuels (solid,
liquid and gaseous) used for heat generation in both residential and industrial boiler.
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combined with the higher penetration of electricity in transport (i.e., 60% compared to the Target
compliance scenario).

In Scenario 4, the potential limited availability of the sustainable supply of HVO under Baseline conditions
(i.e., no attainment of renewable energy obligation of the transport sector), leads to a slight reduction of
road transport related CO, emissions (by approximately 0.1 MtCO,), driven by the projected shift of energy
demand from diesel blend consumption towards gasoline and biomethane, as presented in Section
6.2.1.1.(Scenario 4). Fossil gasoline combustion generates by approximately 14% less CO, emissions
compared to diesel.
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Figure 44 CO; emissions projections for the Baseline and alternative scenarios in 2030
Source: PRIMES

Final Report for Department of Transport | Issue 5709082 | 19 May 2025 Page | 112



Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE IR

Member of WSP

16
14 0.06 0.06 0.06
' mmm 02 m 03

12 0.2
8 8
=

6

4

2

: ss]  fos]  [ss]

Baseline Target Scenario 1 Scenario 2 Scenario 3 Scenario 4

compliance

m Road mAviation mInland navigation m Rail

Figure 45 Ireland’s transport sector’s direct CO2 emissions projections for the Baseline and alternative
scenarios in 2030, compared to 2023 data

Source: PRIMES, EEA
Note: Including Internation aviation excluding bunkers

6.2.3 Costs

This section focuses on the impact of the alternative scenarios on the system costs of the transport sector
as no significant impact was observed in the system costs of the H&C sector in the different scenarios.
The attainment of the RTFO and RES-T obligations in the Target compliance scenario is projected to
increase the system costs of the transport sector by 0.2 Bln Euro in 2030, compared to the Baseline
scenario. The attainment of the renewable energy targets affects mainly the costs of the road transport
segment. Almost 21% (0.05 BIn Euro) of the projected cost increase is associated with fuels costs, while
the rest 0.18 BIn Euro are associated with new stock deployment and an increase in operational costs.
The increased electricity consumption in 2030 in the Target compliance scenario, requires more
investment (CAPEX-related) expenditures on electric vehicles in the road transport sector, compared to
the Baseline.

Removal of additional incentives within the RTFO certificates award framework (Scenario 1) leads to a
reduction of fuel costs in 2030 by 0.03 BIn Euro compared to the Target compliance scenario. The
reduction is attributed to the shift in HVO feedstocks from Annex IX Part A towards Part B. Biodiesel blends
(i.e., HVO and FAME) are more cost-competitive when produced from Part B feedstocks. This is because
Part A feedstocks for HYO and FAME are scarcer and more challenging to collect in volume than Part B
feedstocks (Cat 1-3 animal tallow and Used Cooking Qil), which have a more developed and centralized
supply infrastructure.

The increased contribution of Part B biofuels towards RED |ll RES-T as projected in Scenario 2 is expected
to reduce road transport fuel costs by 0.04 Bin Euros, driven by the increased share of Part B biofuels,
which constitute a more cost-effective option compared to their Part A counterparts.

Limited sustainable HVO supply is projected to significantly increase transport related system costs, which
rise by 7.1% (i.e., by almost 3.8 Bln Euro) in Scenario 3, compared to the Target compliance scenario.
This increase is attributed to road transport and is driven by the increase in investment expenditures
associated with higher deployment of electric vehicles in road transport. As shown in Table 25, the
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reduction of HYO consumption in Scenario 3 in favour of electrification results in lower fuel costs in 2030,
compared to the Target compliance scenario.

The limited sustainable Part A HVO supply in Scenario 4, leads to an increase in road transport system
costs of 0.08 BIn Euro compared to the Baseline. As in Scenario 3, this is due to the to higher penetration
of electric vehicles in the stock, compared to the Baseline scenario, which leads to higher investment
costs.

Table 25 Ireland’s transport sector’s system costs in Bln Euro in 2023 by segment and Baseline and
alternative scenario projections in 2030

Segment 2023 Baseline Target compliance Scenario1 Scenario 2 Scenario 3 Scenario 4
Road 2553 28.54 28.76 28.70 28.68 3253 28.61
Rail

0.58 0.87 0.87 0.87 0.87 0.87 0.87
Inland navigation 2,58 375 375 375 375 377 375
Aviation 17.80 20.06 20.06 20.06 20.06 20.06 20.06
Total 46.49 53.21 53.44 53.38 53.36 57.23 53.29

Source: PRIMES
Note: Including Internation aviation, excluding bunkers

Table 26 Ireland’s transport sector’s fuel costs in 2023 by segment and Baseline and alternative scenario
projections in 2030

Segment 2023 Baseline Target compliance Scenario 1 Scenario2 Scenario3 Scenario 4
Road 8.33 7.93 7.97 7.94 7.93 7.47 7.88
R 0.10 0.12 0.12 0.12 0.12 0.13 0.12
[ErI R g qq 0.12 0.12 0.12 0.12 0.14 0.12
AERT 1.40 1.86 1.86 1.86 1.86 1.86 1.86
Lo 9.94  10.03 10.08 10.05 10.04 9.60 9.98

Source: PRIMES
Note: Including Internation aviation, excluding bunkers

6.2.4 Scenario performance towards Renewable Energy obligations

This section evaluates the performance of the scenarios against the renewable energy obligations of the
transport and the heating and cooling sectors. The analysis focuses on the scenarios complying with the
renewable energy obligations and examines the impact of the alternative scenarios in the attainment of
the targets.
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6.2.4.1 Transport sector

This section analyses the performance of the alternative scenarios against the renewable energy
obligations of the transport sector. The analysis is focused on the comparison between the scenarios that
achieve the renewable energy targets (i.e., Target compliance, Scenario 1, Scenario 2 and Scenario 3).

Contributions to RTFO rate

The Baseline scenario provides the indicative trajectory of transport sector under current trends, aligned
with the NEP 2025 WEM scenario. The RTFO rate of the Baseline scenario in 2030 is projected at 38.5%,
resulting in an RES-T obligation rate of 16%, which is also the renewable energy share target achieved in
the NEP2025 WEM scenario. The Target compliance scenario achieves the RES-T target of RED Il in
2030 (i.e., 24%), while at the same time reaching an RTFO rate of 54%, fully aligned with the indicative
rate set out in the RTF Policy 2027-2027 (DoT, 2025). The results presented in Table 27 indicate that the
RTFO rate is primarily achieved through the increase of HVO use, that in turn is driven by the achievement
of the B20 blending mandate in 2030. The contribution of HVO to the RTFO rate is projected at 24.6% of
the total 54% rate. In other words, about half of the total RTFO rate is expected to be met by HVO alone.

Table 27 Projections of contribution to RTFO rate by renewable fuel type and scenario in 2030

Renewable Baseline Target Scenario 1 Scenario 2 Scenario 3 Scenario 4
fuel compliance

HVO-Part A 4.1% 19.0% 13.3% 10.5% 7.4% 3.3%
HVO-Part B 7.5% 5.6% 12.5% 15.9% 21.4% 8.3%
FAME-Part A 1.9% 1.2% 5.9% 2.1% 5.9% 1.8%
FAME-Part B 10.4% 11.7% 5.5% 10.7% 6.3% 10.3%
Bioethanol-Part A 1.4% 1.5% 1.5% 1.5% 1.5% 1.4%
Bioethanol-Food & Other 1.2% 1.3% 1.3% 1.3% 1.3% 1.2%
HEFA-Part A 1.0% 1.1% 1.1% 1.1% 1.2% 1.0%
HEFA-Part B 3.0% 3.2% 2.7% 3.2% 3.6% 3.0%
non HEFA-Part A 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
Biomethane-Part A 2.9% 3.7% 2.5% 3.7% 3.9% 3.5%
RFNBOs 1.9% 2.1% 2.0% 2.1% 2.8% 1.9%
Electricity 3.2% 3.6% 3.6% 3.6% 7.5% 3.4%
RTFO rate 38.5% 54.1% 52.0% 55.8% 63.0% 39.3%
Target compliance

Contrary to the Baseline, in the Target compliance scenario the contribution of Part A HVO to the RTFO
rate is higher than the contribution of Part B. This higher contribution is not driven by national incentives
on Part A feedstocks, but rather by the requirement to meet the RES-T target. Specifically, within the RTFO
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certs, Pat B HVO is more incentivised compared to Part A HVO, as most of
Part A HVO is produced from POME3?, which is excluded from receiving additional certs. Thus, in the
Baseline scenario, Part B HVO is being awarded more certificates compared to Part AHVO. However, the
contribution of Part B biofuels to the attainment of the RES-T target is capped at 1.7% of the sector’s
energy demand, incentivising this way the supply of bioenergy commodities produced from Annex IX
Part A feedstocks. As a result, while Part B HVO is incentivised more (compared to Part A) within the RTFO
scheme, the obligation rate is reached mainly due to increased use of Part AHVO in the Target compliance
scenario (i.e.,19% of the total 24.6% HVO contribution to the RTFO rate).

FAME contribution to the RTFO rate in 2030, is projected at 13% in the Target compliance scenario, with
a significant contribution from Part B feedstocks (i.e., 11.7% out of the 13%). This is in agreement with the
RTFO implementation scheme, which provides incentives in the form of additional certificates to FAME
produced from Category 1 tallow which it classifies as an Annex IX Part B feedstock. In the Target
compliance scenario Part A and Part B FAME follow the same deployment projections as in the Baseline
scenario, as the attainment of the RES-T is mainly attributed to the increase HVO supply.

Sustainable Aviation Fuels (SAF) of biomass origin are projected to contribute 4.4% points to the RTFO
rate, exclusively driven by the ReFuelEU aviation regulation. HEFA is projected to be the main contributor
as advanced biokerosene pathways (i.e., Alcohol to Jet, Fischer—Tropsch) present limited deployment in
2030, owing to lower maturity levels and high production costs.

Biomethane makes a larger contribution to the RTFO rate, by almost 1%. in the Target compliance scenario
(compared to the Baseline), while electricity and RFNBOs are projected to increase their respective shares
by 0.2%-0.4%

Scenario 1

Scenario 1 analyses the impact of removing the award of additional certificates within the RTFO via
alignment of the certification award framework with the multipliers suggested within the RED IIl RES-T
calculation framework. Removing additional incentives from Category 1 tallow FAME is projected to shift
FAME supply from Part B towards Part A feedstocks, rebalancing their contribution to the RTFO rate with
each FAME type contributing to the national target by 5.5%-5.9%. The increased supply of Part A FAME
compared to the Target compliance scenario, allows a lower contribution of Part A HVO to the RES-T
target, shifting HVO consumption towards Part B feedstocks. While Part A HVO remains the main
contributor to the RTFO rate, Part B HVO increases its contribution in 2030 by 6.9% compared to the
Target compliance scenario. Removal of additional certificates also affects biomethane, which is projected
to reduce its contribution to the obligation rate by 1.2% (compared to Target compliance scenario). HEFA
and non-HEFA biokerosene experience a decrease of 0.4% in their RTFO contribution due to the removal
of incentives from their Part B supply segment. The indicative target for the RTFO rate projected in 2030
is 52% (2.0% reduced compared to the Target compliance scenario).

The implementation of the RTF policy 2025-2027 within the modelling framework functions as the primary
national mechanism supporting Ireland’s transport sector in meeting the RES-T target. The Target
Compliance Scenario presents projections of the sector’s fuel mix based on full implementation of the
RTFO, illustrating how the policy drives renewable fuel deployment. In contrast, Scenario 1 assesses how
modifying elements of the RTFO implementation framework influences the resulting fuel mix, offering
insights into policy sensitivity and sectoral response.

33 The is based on the statistical data shared by NORA in the RTFO Annual report for the 2024 obligation period, on which the Fuel Mix model is calibrated.
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Scenario 2 and 3

Scenario 2 and Scenario 3 explore impacts that arise outside the RTF policy design, leading to RTFO
rates of 56% and 63% respectively in 2030. While this behaviour represents an overshoot of the indicative
RTFO rate it should be inconsistent to associate the RTFO rate of Scenario 2 and Scenario 3 with the
indicative RTFO rate of the RTF policy 2025-2027. In the case of Scenario 2, the overshoot occurs due to
the increased cap on Part B biofuels under RED IlI, which is not reflected within the RTFO certificates
award framework, since it is designed based on the 1.7% cap on Part B biofuels. In the case of Scenario
3, the limitation on HVO supply leads to a higher penetration of electricity in road transport, which is
significantly incentivised within the implemented RTFO scheme (i.e., 4 certs for electricity consumption in
public charging points). This level of incentivization of electricity use in road transport is decided based on
the current electrification rate of the segment, without considering limitations on biodiesel blends (i.e., Part
A HVO) that would significantly impact the electrification rate of road transport in a target attainment
framework

Contributions to RES-T

Table 28 presents the contribution of each renewable fuel to the RES-T obligation, in each scenario.
RES-T achievement in the Baseline scenario in 2030 is aligned with the NEP 2025 WEM scenario,
undershooting the RED Il target by 8%. Limitations on sustainable Part A HVO are not projected to affect
the Baseline scenario concerning its renewable energy share trajectory (Scenario 4).

Table 28 Projections of contribution to RES-T (RED Ill) by renewable fuel type and scenario in 2030

Renewable Baseline Target Scenario 1 Scenario 2 Scenario 3 Scenario 4
fuel compliance
HVO-Part A
a 2.7% 11.1% 8.3% 6.2% 4.3% 2.1%
HVO-Part B
a 1.3% 1.0% 2.3% 4.5% 2.5% 1.4%
FAME-Part A
a 1.2% 0.7% 3.5% 1.3% 3.4% 1.2%
FAME-Part B
a 2.0% 2.3% 1.0% 3.3% 0.8% 1.9%
Bioethanol-Part A
foethanol-ra 0.9% 0.9% 0.9% 0.9% 0.9% 1.0%
Bioethanol-Food & Other
0.8% 0.8% 0.8% 0.8% 0.8% 0.8%
HEFA-Part A
a 0.2% 0.2% 0.2% 0.2% 0.2% 0.2%
HEFA-Part B
a 0.1% 0.2% 0.1% 0.2% 0.1% 0.1%
Biomethane-Part A
fomethane-a 1.3% 1.5% 1.5% 1.5% 1.5% 1.6%
RFNB
Os 0.6% 0.6% 0.5% 0.6% 0.7% 0.6%
R ble electricit
enewable electricily 4.7% 4.8% 4.8% 4.8% 8.8% 4.9%
RES-T 16% 24% 24% 24% 24% 16%

Source: PRIMES
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Target compliance

Meeting RES-T in the Target compliance scenario is due to the projected increase in the use of HVO
(mainly in road transport). Compared to Baseline, the contribution of HVO towards the RES-T almost triples
in the Target compliance scenario, reaching 12%. FAME'’s contribution is projected at 3% (out of the 24%
of RES-T), constrained by the 7% wall in diesel blend.

While the National Biomethane strategy significantly increases the consumption of biomethane in Ireland’s
energy system in the Target compliance scenario (relative to the Baseline), its contribution in transport is
constrained by the sector’s vehicle technology uptake. Biomethane is responsible for 1.5% of the RES-T
target (0.2% increase compared to Baseline). The contribution of bioethanol is the same between Target
compliance and the Baseline as in both scenarios the E10 blending target is already achieved before 2030.
HEFA consumption is driven mainly by the ReFuelEU aviation regulation and contributes 0.4%. to the
RES-T obligation in the Target compliance scenario. RFNBOs present the lowest contribution in RES-T
(i.e., 0.6%). Renewable electricity contribution is projected at 4.8%, making electricity the second higher
contributor to RES-T obligation after HVO.

Scenario 1

The alignment of the RTFO certificates award scheme with RED Il RES-T multipliers mainly affects FAME,
and HVO supply as described in Section 6.2.1.1. Removing additional RTFO certs from FAME produced
from Cat 1 Tallow leads to a shift in FAME consumption from Part B towards Part A feedstocks. This shift
leads to an increase in FAME contribution towards meeting the RES-T by 1.6% in Scenario 1 (compared
to Target compliance scenario), as Part A biofuels are incentivized more under RED Ill. Due to higher
supply of Part AFAME, the RES-T target in Scenario 1 can be attained by a lower Part AHVO contribution.
This leads to a shift of HVO supply towards Part B feedstocks in Scenario 1, increasing the contribution of
Part B HVO towards the attainment of RES-T by 1.3% (compared to Target compliance scenario).

Scenario 2

In Scenario 2, the shift of HYO consumption towards Part B HVO increases its contribution by 3.5% in
2030, compared to the Target compliance scenario. A similar trajectory is projected for Part B FAME,
increasing its part in the RES-T rate by 1.0%. Although decreasing, Part A HVO remains the primary
contributor to RES-T attainment, accounting for 6.2% of the total 24% RES-T. No significant impact is
projected for other renewable fuels in 2030, compared to the Target compliance scenario.

Scenario 3

In Scenario 3, Part B feedstocks are expected to dominate Ireland’s HVO supply in 2030, reducing almost
by half HVO’s contribution to the attainment of the RES-T obligation, compared to the Target compliance
scenario. Scenario 3 projections indicate that if sustainable supply of Part A HVO is not secured, the
attainment of transport’s renewable energy obligation would need to rely mainly on the penetration level
of electricity in the fuel mix. Renewable Electricity is projected to increase its share in the RES-T rate by
4.0% in 2030, in Scenario 3 (compared to Target compliance scenario). FAME part in the RES-T rate is
projected to increase by 1.2% compared to the Target compliance scenario due to higher supply of Part A
FAME.

Table 29 indicates that Part A biofuels are the most important renewable energy source in the attainment
of transports renewable energy obligations. This is confirmed by the overshoot of their minimum
contribution under RES-T (i.e., 4.5%) in all target attainment scenarios. The reduced contribution towards
RES-T attainment in Scenario 2, driven by the increased cap on the contribution of Part B biofuels under
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RED III still leads an overshoot by 4.5% of the minimum target. Similar results are projected in Scenario 3
where limits are imposed on Part A HVO. These results indicate that in order for RES-T attainment to be
achieved with a minimum contribution of Part A biofuels in 2030, the electrification rate for transport and
especially for road transport would need to be further intensified during the 2026-2030 period.

Table 29 Projections of scenario performance against transport renewable energy obligation by scenario
in 2030

Obligation Baseline Target compliance Scenario 1 Scenario 2 \ Scenario 3 Scenario 4
RES-T 16% 24% 24% 24% 24% 16%
Part A biofuels contribution 3.2% 7.2% 7.2% 5.1% 5.2% 3.1%
RFNBO's contribution®® 0.4% 0.5% 0.4% 0.4% 0.5% 0.4%
SAF share 6% 6% 6% 6% 6% 6%
RFNBO's share 1.2% 1.2% 1.2% 1.2% 1.2% 1.2%
RTFO 38.5% 54.1% 52.0% 55.8% 63.0% 39.3%
Part A obligation 11.3% 26.6% 24.5% 19.1% 20.2% 11.1%
RFNBOs obligation 1.9% 21% 2.0% 21% 2.8% 1.9%

Source: PRIMES
6.2.4.2 Heating and cooling sector

In the Target compliance scenario, the heating and cooling sector outperforms its national renewable
energy obligation, by a small margin. The projected RHO rate in 2030 is 0.3 p.p. higher from the obligation
target (i.e., 15%), while the RES-H&C performance is projected to overshoot its target by approximately
8%. As shown in Table 30, technologies and fuels other than biomass (i.e., ambient heat and solar energy)
are projected to contribute almost 12% to the RES-H&C target, covering half of the obligation. Eligible
fuels under the RHO framework contribute by 11.6% to Ireland’s RES-H&C target, with a minor contribution
projected from biomass of waste origin.

While HVO is projected have a significant role in the attainment of transport related renewable energy
obligations, its contribution to both EU and national policy obligations in the H&C sector is minor. Biofuels
are projected to contribute 2.5% to the RHO, with almost all of this coming from HVO (Table 30). Similar
shares are projected concerning the RES-H&C obligation with HVO contributing by 2.1%. More than half
of the RHO obligation is covered by biomethane (i.e., 9.3% out of the 16% RHO rate). Biomethane use in
the sector is incentivized in the RHO against other bioenergy commodities through the award of an
additional half certificate (1.5 certs per energy unit consumed in the heating sector), compared to other
eligible fuels. Biomethane is projected to contribute almost 5.5% points to the RES-H&C target with
biosolids contributing 3.8% points.

34 Absolute contribution of Part A biofuels in the energy demand of the transport sector, in energy terms calculated without the use of multipliers.

35 Absolute contribution of RFNBOs in the energy demand of the transport sector, in energy terms calculated without the use of multipliers.
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Table 30 Projections of scenario performance against H&C renewable energy obligation in the Baseline
and Target compliance scenario in 2030

Obligation RHO RES-H&C
Renewable Fuel Baseline Target compliance Baseline Target compliance
HVO-Part A 0.0% 0.0% 0.00% 0.0%
HVO-Part B 0.0% 2.4% 0.00% 2.1%
FAME-Part A 0.1% 0.1% 0.06% 0.1%
FAME-Part B 0.2% 0.2% 0.14% 0.2%
Biomethane-Part A 0.4% 9.3% 0.26% 5.5%
Biosolids-Part A 3.0% 4.4% 2.62% 3.8%
Waste Biomass - - 0.80% 0.2%
Ambient Heat - - 11.21% 11.2%
Solar - - 0.90% 0.9%
Total 3.6% 16.3% 16.0% 24.0%

Source: PRIMES
6.3 Synthesis of results

6.3.1 Hierarchy of HVO

As shown in Table 31, HVO is projected to have the highest relative contribution towards RES-T attainment
in all scenarios that achieve the RES-T target, with the exception of Scenario 3 where electricity takes the
lead, owing to limits on available HVO supply. These results along with the modest contribution of HVO in
the achievement of the RES-H&C target indicate that the transport sector should have the highest priority
in consumption of HVO supplied to the Irish market.

Among the different transport segments, HEFA supply is expected to initially meet aviation’s demand for
SAF of biomass origin as HEFA is projected to be the main alternative biofuel available for Ireland’s aviation
sector in 2030, as advanced biokerosene pathways are not presenting significant deployment until 2030.
In 2030 HEFA demand in all scenarios is projected at almost 60 ktoe.

When the demand in biokerosene is met, then HVO is expected to be supplied to road transport. The main
difference between the Baseline and the target attainment scenarios is that the latter considers the B20
blending rate in road transport fuels as a prerequisite. The B20 blending rate is achieved even in
Scenario 3, which is characterised by limited HVO supply.

Prioritization of HVO between different road transport segments is based on each segment’s consumption
of diesel blend. Specifically, the decarbonisation pathway of freight road transport (i.e., trucks) and
passenger HDVs (i.e., buses & coaches), is characterised by a lower electrification rate compared to
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passenger cars (Figure 29). The decarbonisation efforts of these vehicle categories is mainly based on
biodiesel and CNG blends in 2030.

When the B20 blending mandate is achieved then HVO can be allocated towards the maritime sector, and
finally rail transport.

Liquid biofuels are projected to have a limited role in the attainment of the RES-H&C obligation.
Biomethane deployment is supported by the National Biomethane Strategy and further incentivised within
the RHO policy framework, and is projected to be the main bioenergy contributor in the sector’s renewable
energy obligations.

Table 31 Relative contribution of HYO and HEFA to renewable energy obligations of the transport and
H&C sector

Obligation Baseline Target Scenario1 Scenario2 Scenario3  Scenario 4
compliance
HVO RES-T 25% 50% 44% 44% 28% 22%
RES-H&C 0% 9% 9% 9% 9% 9%

ReFuelEU aviation

HEFA RES-T 2% 1% 1% 2% 1% 2%
RES-H&C
ReFuelEU aviation 80% 80% 80% 80% 80% 80%

Source: PRIMES

In Scenario 3 under limited HVO supply conditions, electrification is the only alternative to decarbonize the
segment while simultaneously complying with RES-T attainment. Scenario 3 is characterised by the
highest reduction in transport related CO, emissions compared to the Baseline and by the higher additional
transport related system costs compared to the Baseline in 2030 (Table 33). Transport related CO»
emissions in Scenario 3 reduce by 1.9 MtCO;, (relative to Baseline), which is around double the reduction
presented in the Target compliance scenario (i.e., 0.72 MtCO;) and Scenario 2
(i.e., 0.86 MtCO2). However, the additional abatement effort of Scenario 3 (relative to the Target
compliance and Scenario 2) comes with a significant increase in the sector’s system costs. Transport
related system costs in Scenario 3 increase by approximately 4 Bin Euro in 2030 (relative to the Baseline),
while the respective increase for the other alternative scenarios is lower than 1 Bln Euro.

Scenario 1 and Scenario 2 present the lowest average abatement costs (Table 34), owing to increased
Part B feedstocks penetration in the fuel mix of the transport sector (compared to the Target compliance).
The highest average abatement costs are projected for Scenario 3, driven by the significant increase in
the transport related system costs that are needed to achieve the RES-T target in an environment with
limited HVO supply. The increase presented in Scenario 3 (relative to the alternative scenarios) is
attributed to higher investment expenditures associated with the higher penetration of ZEV in the road
transport stock.

While an HVO-based decarbonisation pathway during 2026-2030 is projected to be more cost-effective
compared to a pathway based on higher electrification rate, pathways based on HVO all have a higher
import dependency than Scenario 3 (Limited HVO supply).
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Table 32 CO, emissions reduction in MtCO; achieved by scenario in 2030, compared to the Baseline

Segment Target compliance Scenario 1 Scenario 2 Scenario3  Scenario 4
Road -0.71 -0.71 -0.70 -1.83 -0.09
Rail -0.01 -0.01 -0.01 -0.01 0.00
Inland navigation 0.00 -0.14 0.00 -0.07 0.00
Aviation 0.00 0.00 0.00 0.00 0.00
Total -0.72 -0.86 -0.71 -1.91 -0.09

Source: PRIMES

Table 33 Additional transport related system costs in Bln Euro by scenario in 2030, compared to the
Baseline

Segment Target compliance Scenario 1 Scenario 2 Scenario 3 Scenario 4
Road 0.22 0.16 0.15 3.99 0.08
Rail 0.00 0.00 0.00 0.01 0.00
Inland navigation 0.00 0.00 0.00 0.02 0.00
Aviation 0.00 0.00 0.00 0.00 0.00
Total 0.23 0.17 0.15 4.02 0.08

Source: PRIMES

Table 34 Average abatement cost in Bin Euro per MtCO; by scenario in 2030

Segment Target compliance Scenario 1 Scenario 2 Scenario 3 Scenario 4
Road 0.3 0.2 0.2 2.2 0.8
Rail 0.4 0.4 0.3 0.5 0.3
Inland navigation 0.0 0.0 0.0 0.3 0.1
Aviation 0.0 0.2 0.0 0.0 0.0
Total 0.32 0.19 0.21 2.1 0.85

Source: PRIMES

An additional indicator that can provide supporting insights on the hierarchy of HVO across different
transport segments is the marginal substitution cost of HVO in each segment. This indicator reflects the
increase in system costs resulting from the loss of one additional unit of HVO in each segment and its
replacement by technology alternatives and/or fuels in the segment so as to meet the targets. The marginal
substitution cost of HVO by transport segment is estimated for the Target compliance scenario.
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As shown in Figure 46, road transport exhibits the highest marginal substitution costs
(3.3 million EUR/ktoe), primarily due to the additional system expenditures owing to upfront capital costs
associated with higher ZEV penetration in the vehicle stock and the required extensions to road
transport-related electrification infrastructure. Aviation follows with a marginal HVO substitution cost of
3.1 million EUR/ktoe, driven by the higher price and lower availability of other biokerosene production
pathways compared to HEFA that is expected in 2030. Maritime transport ranks next, with a marginal HYO
cost of 2.9 million EUR/ktoe, largely due to the lack of alternative biodiesel blends available for Ireland’s
maritime sector in 2030. Finally, rail transport is characterised by the lowest marginal HVO substitution
cost, reflecting its comparatively low energy demand as well as its already high rate of electrification.

Although road transport appears to be prioritised over aviation based on substitution cost alone, the
requirements of the ReFuelEU Aviation Regulation, combined with the sector’s comparatively lower HYO
demand, ultimately place aviation first in terms of allocation priority.
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Figure 46 Marginal system cost increase associated with the loss of HVO by each transport segment
Source: PRIMES

/. Conclusions and Key Takeaways

This report examined Ireland’s projected progress towards its 2030 renewable energy objectives under
RED Ill, by integrating elements of the NEP 2025 WEM projections and additional national policy
instruments (i.e., National Biomethane Strategy, CAP 2024 blending mandates, RTFO and RHO). The
analysis focused on the impact of HVO in Ireland’s transport and heating and cooling sector under different
scenario trajectories, providing insights on the prioritization of HYO among Ireland’s transport and heating
and cooling sector.

Collectively, the results indicate that the implementation of the CAP2024 blending mandates
(i.e., E10/B20) can secure Ireland’s transport sector RED Il compliance, while the implementation of the
National Biomethane Strategy, along with the incentivisation of biomethane within the RHO, is projected
impact positively the attainment of the RES-H&C target in 2030.

Final Report for Department of Transport | Issue 5709082 | 19 May 2025 Page | 123



Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE IR

Member of WSP

HVO plays a pivotal role in Ireland’s compliance with the RED Il targets of the transport sector. Limitation
of sustainable HVO supply is projected to lead to a significant increase in the costs of attaining RES-T.
The compliance of the heating and cooling sector with its RED IlI obligations, while mainly met through
the consumption of non-biomass-derived renewable energy, is strongly linked with the implementation of
the National Biomethane Strategy along with the RHO, which will allow the increased consumption of
biomethane in the sector. The impact of biofuels (including HVO) in the sector’s renewable targets
attainment is less significant, compared to their contribution in the renewable energy obligations of the
transport sector.

Scenario 1 and Scenario 2 show that adjustments to the RTFO certificate award structure or the Part B
cap under RED III do not fundamentally reshape HVO’s contribution, but they do influence its feedstock
composition. Removing additional RTFO certificates (Scenario 1) or increasing the Part B cap under
RED Il (Scenario 2) mainly induces shifts between Part A and Part B HVO, without altering total HVO
volumes significantly. The modelling consistently indicates that HYO consumption in road transport is
driven by the B20 obligation, rather than the RTF policy 2025-2027 incentive structure. It is important to
note that B20, as a target in CAP 2024 is integrated as a mandated requirement in all scenarios.
Consequently, the total volume of HVO required to meet the blending mandate leaves limited flexibility on
the supply side. Even when Part B HVO becomes more cost-competitive, HYO demand is structurally
constrained by fuel blending behaviour and the minimum quantity of Part A HVO needed for RES-T
attainment.

Scenario 3 demonstrates that significant HVO supply constraints, produce a structural shift away from
diesel pathways, with electrification rising by 60% relative to the Target Compliance scenario. This shift
allows RES-T to be reached but results in higher system costs (almost 4 Bln Euro additional), driven by
accelerated uptake of electric vehicles.

Limited HVO availability (Scenario 4) under Baseline conditions, in which renewable energy target
compliance is not achieved, reduces diesel consumption. Limited HVO supply simply causes a modest
shift toward gasoline and biomethane, demonstrating that HVO scarcity only becomes structurally
disruptive when the sector is required to meet the legally binding renewable energy shares.

Although HVO contributes meaningfully to the decarbonisation of transport, its role in the heating and
cooling sector is much smaller. Only Part B HVO is used in heating due to cost considerations and the lack
of RED Il or RHO incentives for Part A biofuels. As a result, HVO contributes 2.4% to the RHO and 2.1%
to the RES-H&C obligation. Biomethane and biosolids remain the dominant contributors in heating,
indicating that HVO is not expected to become a major heating fuel by 2030.

A complementary analysis of marginal HVO substitution costs in transport highlights clear differences in
how transport segments respond to limited HVO availability. Road transport shows the highest substitution
cost due to the system impacts of increased ZEV uptake and expanded electrification infrastructure,
followed by aviation and maritime, which face higher alternative fuel costs and more limited biofuel options.
Rail presents the lowest substitution cost, reflecting its lower energy needs and high electrification levels.
While road transport appears to warrant priority based on substitution costs, considering the ReFuelEU
Aviation mandate and the lower volume required by the sector (i.e., 14% of total HEFA/HVO supply in the
Target compliance scenario), aviation is ultimately placed at the top of the allocation hierarchy.

The main conclusions of this report corning sectoral implication are presented below.
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7.1 Priority Use of HVO by sector

Based on technical feasibility, policy obligations, and fuel availability and model projections across a range
of scenarios, an allocation hierarchy scheme is proposed for HVO supply in Ireland’s energy system. The
proposed scheme aims at the attainment of the RED IIl obligations of the transport and heating and heating
and cooling sector in 2030.

1. Aviation (HEFA)

The aviation sector receives priority access to biokerosene to fulfil mandates.
HEFA supply is projected at almost 60 ktoe in all scenarios and is the key biomass-based
SAF available before 2030 due to limited maturity, significantly higher production costs of
more advanced biokerosene pathways, or absence of mature technical alternatives (e.g.
hydrogen aircrafts).

o Once SAF requirements are met, no further HYO/HEFA is allocated to aviation.

2. Road Transport — HDVs first ( trucks, buses & coaches), then LDVs

o After aviation SAF needs are met, HVO is directed to road transport.

o Freight (lorries), along with buses & coaches receive priority, because their electrification
potential is lower than that of passenger cars, making biodiesel and HVO essential.

o LDVs and passenger diesel cars receive the remaining share.

3. Maritime sector

o The exclusion of FAME from the sector’s biodiesel consumption along with the higher
marginal system cost increase associated with HVO substitution in the sector (compared
to rail transport), prioritises maritime against rail transport in terms of HVO allocation.

4. Rail transport
o The higher electrification compared to the maritime sector along with its lower marginal

HVO substitution cost put the sector in the bottom concerning the prioritisation of HVO
consumption.

o

Heating and Cooling (H&C) — Lowest priority

o HVO plays only a minor supporting role in the H&C sector, accounting for about 2.4% of
the RHO and 2.1% of the RES-H&C target.

o Biomethane dominates renewable heat contributions, followed by biosolids and ambient
heat.

This sectoral hierarchy reflects a principled allocation of scarce HVO resources toward the sectors with
the fewest alternatives to liquid renewable fuels.
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Transport sector

The transport sector remains a challenging sector for decarbonisation and continues to rely heavily on
renewable liquid fuels to meet policy obligations.

By 2030, the uptake of electric vehicles significantly reduces demand for fossil gasoline and
diesel in conventional internal combustion engines, improving overall energy efficiency and
lowering fossil fuel consumption. However, this electrification alone is insufficient to meet the
RED Il RES-T target of 24% for Ireland, making liquid alternative fuels essential under both
scenarios.

The RED IIl RES-T target and the CAP 2024 B20 diesel blending mandate consistently
determine the minimum volume of renewable fuels required, regardless of changes in incentive
structures.

FAME is used up to its technical blend-wall limit (7% by volume), reflecting its cost-effectiveness
and technical maturity. Approximately two-thirds of FAME is produced from Annex IX Part B
feedstocks and the remainder from Annex IX Part A,

HVO, as the main drop-in fuel option in 2030, is used to supply the remaining renewable diesel
levels required once the FAME blend-wall is reached, making HVO a central component of the
transport decarbonisation pathway.

In a framework where the supply of HVO is not secured the attainment of the RES-T target will
lead in an 8% (i.e., 4 Bln Euros) increase in the sector’s system costs.

Increased contribution of Part B feedstocks in the attainment of the sector’s RED lll targets
through the increase of the 1.7% cap, is projected to reduce the demand for Part A biofuels along
with the sector’s fuel costs by 2030.

Removal of additional incentives within the RTFO scheme is not projected to affect significantly
the sector’s pathway towards RED Il RES-T attainment.

Contributions from renewable electricity, RFNBOs (including hydrogen), and biomethane remain
relatively small in absolute terms across scenarios, reflecting limited end-use demand within the
2030 horizon, owing to lower maturities and higher prices, compared to other alternative fuel
options.

Gasoline demand is consistently decarbonised through a combination of conventional food-based
ethanol and advanced bioethanol, in line with national blending caps and E10 blend requirements
respectively.

Heating and Cooling sector

In this sector, electrification through heat pump deployment, combined with efficiency improvements such
as building renovations, delivers substantial reductions in fossil fuel consumption. These measures are
central to achieving the RES-H&C target under RED IIl and the Renewable Heat Obligation.

Nevertheless, the sector continues to rely on liquid and gaseous renewable fuels to fully meet its renewable
energy obligations. Biofuels and biogas play a complementary role alongside electrification, particularly in
applications where full electrification is not feasible by 2030.
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7.2 Policy implications
The results highlight several policy-relevant insights as per below.

e Binding targets and blending mandates are the dominant drivers of renewable fuel uptake, while
certificate design primarily influences the feedstock allocation of fuels rather than total volumes.

¢ Increased electrification in transport through policy implementation measures (e.g., CO>
standards) could increase the availability of feedstocks for HEFA production, potentially
influencing future fuel hierarchies, but at a significant increase in the sector system costs
associated with the electrification of the stock in the short-term.

e Increasing the cap on Part B feedstocks within the RED Ill RES-T framework leads in reduction
of Part A feedstocks described by higher scarcity and increased sustainability risks.

¢ While biofuels play a critical role to 2030, further growth in renewable electricity, RFNBOs, and
advanced fuels will be required beyond 2030 to reduce reliance on HVO-based fuels.

e CNG/bio-CNG plays a complementary role in freight decarbonisation by supporting heavy-duty
vehicles with limited electrification potential, although HVO remains the primary renewable fuel
pathway to 2030.

The scenario analysis demonstrates that overall outcomes are robust to changes in policy design and
incentive structures, though such changes influence the composition of renewable fuel use. These findings
underline the importance of maintaining clear, binding targets while allowing flexibility in how compliance
is achieved.
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Appendix

Appendix A Model Descriptions
A1 PRIMES-TREMOVE

PRIMES-TREMOVE is an economic-engineering model designed to project the long-term evolution of the
transport system and to assess the impacts of transport-related policies. Within the PRIMES modelling
suite, it provides a detailed and internally consistent representation of passenger and freight transport
activity, fleet evolution, energy consumption by fuel, and associated greenhouse gas and air pollutant
emissions.

The model represents all major transport modes, including road, rail, aviation, inland navigation, and
national maritime transport. Transport activity is represented at a disaggregated level by mode, vehicle or
vessel type, transport purpose, trip distance, and geographic context, enabling the analysis of
heterogeneous user behaviour across transport segments. Fleet stocks are tracked over time, allowing for
the assessment of technology uptake and fuel switching under alternative policy and market conditions.

PRIMES-TREMOVE represents a wide range of conventional and alternative energy carriers, including
fossil fuels, biofuels, electricity, hydrogen, biogas and biomethane, and synthetic fuels. It is fully integrated
within the PRIMES energy system model, ensuring consistency between transport fuel demand, upstream
fuel supply, energy prices, and emissions outcomes.

In this study, PRIMES-TREMOVE is used to assess the evolution of transport energy demand and fuel
use under different HVYO deployment scenarios, and to evaluate the interaction between HVO and
alternative decarbonisation options across transport modes. The modelling mechanisms, policy
representation, limitations, calibration procedures, and output indicators of PRIMES-TREMOVE are
described in detail in Sections A.1.1 to A.1.5.

A.1.1  Modelling mechanisms and decision making

PRIMES-TREMOVE dynamically solves for the balance between transport activity demand and supply
over time using a detailed stock-flow representation of vehicle and vessel fleets. Fleet vintages are
modelled explicitly, and capital turnover plays a central role in determining the pace at which new vehicle
technologies and fuels penetrate the transport system.

Decision-making in PRIMES-TREMOVE reflects cost-minimising behaviour by heterogeneous transport
agents under policy, technical, and behavioural constraints. Agents simultaneously decide on vehicle or
vessel technology choice, fuel choice, and usage patterns in response to relative fuel prices, investment
and operating costs, infrastructure availability, and regulatory signals. These decisions are influenced not
only by direct monetary costs, but also by non-cost factors and behavioural parameters that capture
imperfect information, risk aversion, and inertia.

Fleet composition is represented by technology and fuel type across road and non-road transport modes.
Energy efficiency improvements arise endogenously through both technological progress in new vehicles
and gradual fleet renewal. Operational aspects, such as utilisation rates and driving patterns, are
differentiated by transport mode, vehicle class, trip purpose, and geographic context (urban and inter-
urban).
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Energy consumption and emissions are calculated based on technology-specific performance parameters
and activity levels. PRIMES-TREMOVE estimates both Tank-to-Wheel (TTW) and Well-to-Tank (WTT)
emissions, allowing for a full Well-to-Wheel (WTW) assessment of greenhouse gas emissions and air
pollutants, including CO,, NOx, PM, CO, and SO,.

A.1.2 Key EU policy representation

PRIMES-TREMOVE represents transport-related policies by translating regulatory and market-based
measures into constraints, cost signals, and compliance mechanisms within the model. These
interventions influence vehicle choice, fuel demand, and emissions outcomes by affecting relative costs,
fuel availability, and technology attractiveness.

Requirements affecting the composition or greenhouse gas intensity of transport energy use are
implemented as constraints on the fuel mix, introducing implicit compliance costs that alter the relative
competitiveness of fuels, including HVO. Price-based measures are reflected through fuel prices and,
where applicable, explicit carbon cost components, ensuring consistency with economy-wide energy
system assumptions.

Infrastructure availability and development are represented as enabling or constraining factors for
alternative fuels and powertrains, allowing the model to capture interactions between policy ambition,
infrastructure readiness, and behavioural response in shaping transport decarbonisation pathways. The
specific policies and measures applied in this study are described in detail in Section 5.4.

A1.3 Limitations

While PRIMES-TREMOVE provides a detailed and internally consistent representation of the transport
sector, several limitations should be considered when interpreting the results.

Transport demand and supply are represented at an aggregated level and do not capture company-level
or individual-level decision-making. Infrastructure deployment is modelled in a stylised manner and does
not reflect local bottlenecks or spatial constraints that may affect the real-world rollout of alternative fuels.
Technology cost reductions and performance improvements are based on exogenous assumptions rather
than emerging endogenously from learning-by-doing or scale effects within the transport sector.
Behavioural parameters are calibrated to historical patterns and may not fully capture structural changes
in preferences or travel behaviour over the long term.

In addition, fuel suppliers are represented in an aggregated way, and detailed contractual arrangements
or strategic behaviour are not modelled explicitly. Feedstock availability and blending constraints are
implemented in a simplified form, which may underestimate short-term volatility in renewable fuel markets.

A.1.4 Model calibration and projections

PRIMES-TREMOVE is calibrated to historical transport activity, fleet composition, energy consumption,
and emissions data up to the most recent available year. This ensures consistency with national energy
balances and transport statistics, including observed passenger and freight transport volumes, fuel use by
mode, and vehicle stock characteristics.

Beyond the historical period, projections are driven by a coherent set of exogenous assumptions on macro-
economic development, demographics, international fuel prices, and technology performance. These
assumptions are applied uniformly across all scenarios and are described in detail in Section 5.2.1.
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Policies and measures are specified exogenously as scenario inputs. Once calibrated, the model projects
transport activity, fleet evolution, energy demand, fuel use, and emissions in five-year steps to 2070, with
scenario comparisons used to assess the impacts of alternative assumptions on HVO deployment and
competition with other fuels.

Calibration of the fuel mix module ensures consistency between observed historical fuel consumption,
prices, and regulatory conditions. Calibration parameters include relative fuel costs, technology maturity
factors, and implicit cost modifiers associated with policy compliance. These parameters are projected
forward and applied consistently across all scenarios, ensuring that differences in results reflect scenario-
specific assumptions rather than recalibration effects.

A.1.5 Indicators

The key indicators derived from PRIMES-TREMOVE describe the evolution of the transport sector under
the analysed scenarios. These indicators include:

. Passenger and freight transport activity by mode and subsector.

. Fleet composition by vehicle or vessel type, fuel, and technology, including vintage structure.

. Final energy demand by transport mode and fuel type, including HVO and other biofuels.

. Well-to-Tank, Tank-to-Wheel, and Well-to-Wheel GHG emissions, as well as selected air
pollutant emissions (e.g. NOx and PM).

. Fuel and carbon cost components affecting transport energy use.

. Contributions of renewable fuels to policy indicators, including the renewable energy share in
transport.

. Renewable fuel supply by pathway, including differentiation between conventional biofuels,
advanced biofuels, RFNBOs, and other synthetic fuels.

. Compliance indicators related to renewable energy and greenhouse gas intensity targets in
transport.

All indicators are projected over the modelling horizon and reported at a level of disaggregation consistent
with the transport sector representation of PRIMES-TREMOVE. Where relevant, results are further
disaggregated by transport mode, vehicle class, and fuel type to support the assessment of HYO demand
and its interaction with alternative decarbonisation options.

A2 PRIMES-BuiMo

PRIMES-BuiMo is a hybrid economic-engineering model designed to project energy demand, energy
efficiency improvements, and fuel mix developments in the buildings sector of EU Member States. Within
the PRIMES modelling suite, it provides a detailed and internally consistent representation of energy
consumption in residential and commercial buildings, capturing the heterogeneity of consumer/agent
behaviours across different building stock categories. Decisions by agents in the model are based on a
micro-economic foundation while respecting engineering and technical constraints.

The model covers energy demand for key building energy services, including space heating and cooling,
water heating, cooking, and electrical uses (appliances and lighting). Energy consumption trends are
shaped by building-level characteristics, technology availability and costs, fuel prices and supply
potentials, as well as by policy measures and behavioural factors affecting investment decisions related
to building envelope renovation and the adoption of new energy-using equipment and appliances.
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In this study, PRIMES-BuiMo is used to assess the uptake of HYO and competing energy carriers in
meeting thermal energy demand in residential and services buildings under alternative policy and market
conditions and energy system developments. The model captures competition between liquid fuels,
electricity, renewable gases, and other low-carbon options, allowing an assessment of fuel substitution
and energy efficiency responses over time. The modelling mechanisms, policy representation, limitations,
calibration procedures, and output indicators of PRIMES-BuiMo are described in detail in Sections A.2.1
to A.2.5.

A.2.1 Modelling mechanisms and decision making

PRIMES-BuiMo represents energy demand, renovation choices, and technology adoption in buildings
through a disaggregated representation of the building stock and energy end-use technologies. Buildings
are segmented by construction age, type (single and multi-family households, service-sector sub-sectors),
location (urban, semi-urban, and rural for households), and income class, reflecting structural and socio-
economic factors that influence energy-related behaviours. The modelling also captures behavioural
heterogeneity within each building class by portraying agents with idiosyncratic preferences.

The mathematical framework of PRIMES-BuiMo combines discrete choice theory with dynamic
programming to simulate the evolution of the building stock and the penetration of heating and cooling
equipment, and electrical appliances. Useful energy demand for each end-use is first determined by
macro-economic, demographic, and other exogenous variables including the unit cost of energy. A share
of useful energy for thermal uses (space heating and cooling) is met through building insulation, while the
remainder is supplied by energy-using technologies. Decisions on renovation, heating and cooling
technologies, and appliances are modelled dynamically as economically rational choices subject to
engineering constraints, idiosyncratic preferences and a range of market and non-market barriers. These
decisions respond to investment and operating costs, energy prices, hidden costs, and perceived barriers
to adoption.

Renovation strategies with different timing and depth are explicitly represented in PRIMES-BuiMo,
affecting building thermal performance and therefore energy demand for heating and cooling. Energy
efficiency improvements arise both from improvements to the building envelope and from the gradual
replacement of existing equipment and electrical appliances. Behavioural aspects such as imperfect or
asymmetric information and risk aversion are captured through model parameters that influence the pace
and extent of technology uptake.

A.2.2 Key EU policy representation

PRIMES-BuiMo represents a wide range of policies affecting the buildings sector, including regulatory
measures (e.g. minimum energy performance standards), economic instruments (e.g. carbon pricing and
subsidies), and institutional or information-based measures. These policies are either directly monetised
or translated into model inputs that reduce perceived costs and barriers thereby facilitating energy
efficiency investments and fuel switching. Regulatory measures, such as minimum energy performance
standards or building codes, constrain the set of feasible renovation and technology upgrade options.
Financial incentives and support schemes are represented through adjustments to investment or operating
costs, while institutional and informational policies influence behavioural parameters governing decision-
making. Policy parameters are defined exogenously according to scenario definitions, while their impacts
on renovation rates and depth, technology choice and fuel switching are determined endogenously by the
model. The specific policies and measures applied in this study are described in detail in Section 5.4.
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A.2.3 Limitations

While PRIMES-BuiMo provides a detailed representation of buildings energy demand, some limitations
should be considered when interpreting the results. First, although heterogeneous household and service-
sector agents are represented, the model may not fully capture the full diversity of real-world individual or
firm-level behaviours beyond the defined segmentation.

Second, the representation of renovation processes and technology choices may not fully reflect practical
constraints related to supply chains, workforce availability, financing conditions, or administrative barriers.
Third, behavioural parameters are calibrated to historical observations and may not fully capture future
changes in preferences or social norms.

Finally, technology cost and performance improvements, and infrastructure availability are based on
exogenous assumptions, while learning effects within the buildings sector are not modelled explicitly.

A.2.4 Model calibration and projections

PRIMES-BuiMo is calibrated to historical statistical data on building stock, final energy consumption by
fuel and end-use, and technology shares to ensure consistency with Eurostat national energy balances
and building statistics. Calibration aligns model outputs with observed energy demand, as well as with the
existing stock of heating, cooling, and other energy-using equipment and appliances.

Future model-based projections are driven by a consistent set of exogenous assumptions on macro-
economic development (e.g., population, household income growth, gross value added of services),
energy prices, and technology techno-economic characteristics. These assumptions are applied uniformly
across all scenarios and are described in detail in Section 5.2.1.

Once calibrated, the model projects energy demand, renovation choices, technology uptake, fuel use, and
associated costs in five-year steps to the 2070 modelling horizon. Scenario comparisons are used to
assess the impacts of alternative assumptions and policy settings on fuel substitution and energy efficiency
outcomes.

A.2.5 Indicators

The outputs of PRIMES-BuiMo provide a comprehensive set of indicators describing the evolution of
energy use, fuel mix and efficiency in the residential and services sectors of EU Member States. Key
indicators include:

¢ Final energy consumption by sector, end-use (space and water heating, space cooling, cooking
and electric uses), and fuel type (fuel, electricity, heat).

e Direct CO, emissions.

¢ Renovation rates and depth by building class.

e Stock and turnover of energy-using equipment and electrical appliances.

e Energy savings relative to baseline developments.

¢ Investment costs operating expenses, and total energy system costs in buildings.

e Policy assessment indicators including affordability and energy poverty metrics.

Indicators are reported over the modelling horizon at a level of disaggregation consistent with the model
structure, supporting the assessment of fuel substitution and the role of renewable fuels such as HVO in
buildings.
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A.3  PRIMES-Industry

PRIMES-Industry is an economic-engineering model designed to project energy demand, fuel use, and
associated CO2 emissions in the industrial sectors of EU Member States. As part of the PRIMES modelling
suite, it provides a detailed representation of industrial energy use across a wide range of sectors, linking
sectoral economic activity to process-level energy requirements and to the choice and operation of
industrial technologies and on-site steam supply systems.

Industrial energy demand is modelled at the level of energy uses, allowing substitution between fuels and
technologies in response to relative costs and energy prices, policy targets, and technological progress.
The model captures electrification, energy efficiency improvements, and the uptake of alternative low-
carbon fuels, including biofuels and synthetic fuels, especially hydrogen.

In this project, PRIMES-Industry is used to assess the potential role of HYO and competing fuels in meeting
industrial energy demand and to examine interactions with alternative decarbonisation pathways under
different scenarios. The model also supports the analysis of energy-related and process-related CO2
emissions in Industry. The modelling mechanisms, policy representation, limitations, calibration
procedures, and output indicators of PRIMES-Industry are described in detail in Sections A.3.1 to A.3.5.

A.3.1 Modelling mechanisms and decision making

PRIMES-Industry represents industrial energy demand at a high level of disaggregation, covering 10
industrial sectors, further split into 31 sub-sectors and more than 200 distinct energy uses, and includes a
broad range of energy carriers. For each sector, the model first determines demand for useful energy
requirements based on exogenous projections of macro-economic drivers, such as sectoral value added
and activity levels, and is then allocated across processes and technologies. Primary and secondary
production routes are distinguished explicitly where relevant (e.g., steel, aluminium, paper, cement)
enabling the representation of recycling and circular-economy developments.

The model then determines inter-temporally how energy demand is met across a range of technologies
and equipment, allowing substitution in response to relative costs, technical constraints, and policy signals.
Heat recovery and other horizontal energy efficiency measures are considered simultaneously and can
reduce overall energy demand.

Technology choice and fuel substitution are modelled through a nested logit formulation that captures
substitution possibilities (perfect or imperfect) and complementarities across technologies and fuels. The
penetration of new technologies, electrification, energy efficiency improvements, and the uptake of
alternative fuels, including biofuels and hydrogen, evolve dynamically over time, in response to
technological progress, energy prices, standards, and policy targets.

Decision-making reflects inter-temporal cost-minimisation subject to technical and behavioural constraints,
with perceived costs, risk factors, and uncertainty influencing technology adoption. These behavioural
aspects can vary across scenarios, allowing alternative investment behaviour and technology diffusion
trajectories to be explored.

A.3.2 Key EU policy representation

PRIMES-Industry represents EU and national policies affecting industrial energy use and associated
emissions by translating regulatory and market-based instruments into model constraints and cost signals.
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These policies influence technology choice, fuel substitution, energy efficiency improvements, and
emissions outcomes.

Policy drivers include carbon pricing instruments (e.g. EU ETS), technology and emissions performance
standards, such as best available technology (BAT) requirements, and renewable energy and energy
efficiency targets. Technology and fuel choices respond to policy targets, regulatory requirements, and
economic measures through their impact on relative costs and substitution probabilities. The deployment
of renewable energy fuels in industry (e.g. biomass, biogas, waste) is constrained by cost-potential curves,
reflecting technical, economic and resource limitations.

Policy parameters are specified exogenously within scenarios, while their impacts on energy demand, fuel
mix, technology deployment, and associated CO2 emissions are determined endogenously.

A.3.3 Limitations

While PRIMES-Industry provides a detailed representation of industrial energy demand and fuel use, some
limitations should be considered when interpreting the results.

First, decision-making is represented at the level of energy uses/processes, rather than at firm or site-
specific level. Sectoral and sub sectoral structures define activity levels, while technology and fuel choices
are optimised at the energy-use level subject to technical, economic, policy and behavioural constraints.
As a result, firm specific strategies and site-specific constraints are not captured explicitly.

Second, the representation of recycling and circular economy developments through activity-related
projections relies on exogenous scenario-based assumptions, which may not fully capture future structural
changes in material use and availability, or supply chains. Third, behavioural parameters related to
perceived costs, uncertainty, and risk are stylised and calibrated to historical patterns, which may not fully
reflect future investment behaviour.

Finally, technology cost reductions and performance improvements are based on exogenous assumptions,
while learning effects within specific industrial processes are not modelled explicitly.

A.3.4 Model calibration and projections

PRIMES-Industry is calibrated to historical data on industrial production, energy consumption, fuel use,
and emissions to ensure consistency with Eurostat national energy balances and industrial statistics.
Calibration aligns model outputs with observed energy use by sector and energy carrier, as well as with
historical process-related CO; emissions.

Future projections of the model are driven by a consistent set of exogenous assumptions on macro-
economic development (e.g. sectoral value added), sectoral activity levels, international energy prices,
and technology techno-economic characteristics. These assumptions are applied uniformly across all
scenarios and are described in detail in Section 5.2.1.

Once calibrated, the model projects industrial energy demand, fuel use, technology uptake, and CO.
emissions in five-year time steps up to the 2070 modelling horizon. Scenario comparisons are used to
assess the impacts of alternative assumptions and policy targets on fuel substitution, electrification, and
the role of low-carbon fuels such as HVO in industrial decarbonisation pathways.
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A.3.5 Indicators

The outputs of PRIMES-Industry provide a comprehensive set of indicators describing the evolution of
energy use and CO2 emissions in the industrial sectors of EU Member States. Key indicators include:

e Industrial activity levels by sector and sub-sector.

¢ Final energy consumption by sector, process class, and fuel type (fossil fuels, electricity, steam,
biofuels, hydrogen, etc.).

e Deployment of low-carbon and energy-efficient technologies.

e Energy-related and process-related CO, emissions, reported in line with UNFCCC categories.

o Energy savings relative to baseline developments.

e Investments and operating costs associated with industrial energy use.

Indicators are reported over the modelling horizon at a level of disaggregation consistent with the sectoral
structure of PRIMES-Industry, supporting the assessment of alternative decarbonisation pathways and the
role of HVO relative to other low-carbon options.

A4  PRIMES Supply

PRIMES Supply is an economic-engineering model that projects energy production, system operation,
and investment in electricity, distributed heat, and related energy carriers across Europe. It captures the
technical, economic, and operational characteristics of the energy system, including generation
technologies, storage options, and sectoral integration with hydrogen, synthetic fuels, and CO, capture,
reuse, and storage.

The model operates at a pan-European level, representing the EU27 (plus the UK), neighbouring
countries, and additional extra-EU regions relevant for trade in electricity, hydrogen, and synthetic fuels. It
accounts for cross-border trade, interconnection constraints, and market coupling, while respecting
physical laws such as Kirchhoff’s laws for electricity flows.

PRIMES Supply considers technical and operational constraints, including plant capacities, vintage
tracking, ancillary services, and reserve requirements. Supply and demand are modelled across multiple
time slices, synchronising electricity, heat, steam, hydrogen, and synthetic fuels to reflect sectoral
interactions and flexibility needs. Investment and operational decisions, including storage deployment, are
determined endogenously based on technology costs, system requirements, and market conditions.

In this study, PRIMES Supply is used to assess the evolution of electricity and fuel supply, system costs,
and prices under alternative decarbonisation pathways, with particular emphasis on interactions between
electricity, hydrogen, synthetic fuels, and CO, infrastructure. The modelling mechanisms, policy
representation, limitations, calibration procedures, and output indicators of PRIMES Supply are described
in detail in Sections A.4.1 to A.4.5.

A.41 Modelling mechanisms and decision making

PRIMES Supply as an optimization model determines investment, dispatch, and pricing of electricity, heat,
and steam over the modelling horizon. Decisions are made through inter-temporal cost minimization
subject to technical, network, and policy constraints, assuming alternative degrees of intertemporal
foresight in investment decisions, ranging from limited to full anticipation of future developments. Electricity,
heat, steam, and synthetic fuel supply are jointly determined over the year using a set of representative
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time periods to reflect seasonal and daily variations in demand and production and adequately capture
interactions between carriers.

The model provides a detailed techno-economic representation of electricity, heat, steam and synthetic
fuel supply technologies, covering the full range of options; from fossil-based plants with and without
carbon capture to nuclear, renewable, CHP, storage, and other flexible technologies such as heat pumps,
batteries, and power-to-X systems. This representation allows endogenous capacity expansion decisions,
which include investments in new plants, lifetime extensions of existing units, and deployment of auxiliary
technologies such as carbon capture and storage. Technology choice reflects relative costs, technical
feasibility, resource availability, technical and policy constraints. Non-linear cost-potential curves are used
to represent increasing difficulty and costs as resource potentials are progressively exploited. Electricity
trade across countries is simulated through a DC power flow representation that respects network
capacities and market coupling rules. Storage and power-to-X technology deployment offers endogenous
flexibility options, while also considering constraints such as additionality requirements.

The outcomes of system operation and investment decisions are translated into final energy prices for
each carrier, capturing marginal production costs under typical operating conditions while ensuring full
recovery of investment and operating expenses. Electricity tariffs are designed to mimic annual bilateral
contracts between producers and consumers, with remaining fixed costs allocated across customer groups
according to their price sensitivity. Regulated grid tariffs and levies are added to cover network costs and
policy-related expenditures. Prices for district heat and industrial steam are based on full cost recovery,
with heat from CHP treated as a by-product and industrial steam priced according to opportunity or
production costs.

A.4.2 Key EU policy representation

PRIMES Supply represents EU energy and climate policies by translating regulatory, market-based, and
support measures into constraints, cost adjustments, and performance requirements within the
optimization framework. Policies affect outcomes by influencing investment decisions, technology
availability, operating conditions, and relative costs.

Renewable energy policies are represented through a combination of resource availability constraints,
support mechanisms, and shadow values that reflect non-identified enabling measures such as simplified
permitting, grid access, and infrastructure development. Feed-in tariffs and equivalent support schemes
are modelled as contractual arrangements ensuring offtake of renewable generation.

Environmental and emissions-related policies, including CO, pricing, emissions caps, and air pollutant
regulations, are implemented through explicit emissions accounting and constraints. CCS deployment is
endogenously determined based on capture costs, storage availability, and policy incentives.

Reliability and security-of-supply policies are reflected through reserve margin requirements, operational
reserve constraints, and ancillary service obligations. Policies affecting fuel use, such as minimum
blending shares for renewable or low-carbon fuels, are implemented as fuel consumption constraints. Grid
tariffs and levies are explicitly represented in the pricing framework to recover the costs of network
infrastructure, renewable support schemes, capacity mechanisms, and other system charges through end-
user prices. The specific policies and measures applied in this study are described in detail in Section 5.4.
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A.4.3 Limitations

While PRIMES Supply provides a highly detailed representation of energy supply systems, several
limitations should be considered when interpreting results. The optimization framework assumes
economically rational behavior under perfect foresight and does not fully capture short-term market
imperfections, strategic behavior, or non-cost-based investment decisions. Network representation is
stylized and spatially aggregated, which may not fully reflect local grid constraints, congestion, or
distribution-level bottlenecks. Intermittent renewable generation is represented through deterministic
equivalents rather than a full stochastic treatment of variability and uncertainty.

Technology costs, performance, and resource potentials are set exogenously and may not capture
unexpected technological breakthroughs, supply chain limitations, or social acceptance issues. Similarly,
behavioral and institutional barriers affecting project development are only represented indirectly through
constraints and cost-potential assumptions.

A.4.4 Model calibration and projections

PRIMES Supply is calibrated using detailed historical data on electricity, heat, and steam production,
installed generation and storage capacities, fuel consumption, cross-border energy trade, and prices. This
calibration ensures consistency with national energy balances, system statistics, and reported operational
patterns. The process produces a comprehensive inventory of existing power plants, district heating
systems, and industrial steam facilities, capturing their technical characteristics (such as capacity,
efficiency, ramp rates, and minimum load), operational behavior, and interactions within the network. The
network representation accounts for regional interconnections, transmission capacities, and typical
dispatch patterns, providing a realistic baseline for system operation and investment. Calibration also
aligns the model with historical policy settings, market arrangements, and support mechanisms, ensuring
that simulated costs, generation mixes, and utilization rates reflect observed behavior. These assumptions
are applied uniformly across all scenarios and are described in detail in Section 5.2.1.

Once calibrated, PRIMES Supply projects the evolution of the energy system over five-year intervals up
to 2070. The model endogenously determines capacity expansion, plant dispatch, fuel consumption, CO,
and pollutant emissions, storage deployment, and end-user prices. A series of integrated routines link
investment decisions, operational scheduling, and pricing, enabling the consistent simulation of system
dynamics under alternative assumptions and policy scenarios. The framework allows detailed comparison
of scenarios, highlighting the implications of different technology pathways, policy interventions, and
demand developments on system costs, flexibility needs, reliability, and emissions trajectories.

A.4.5 Indicators

The outputs of PRIMES Supply provide a comprehensive set of indicators describing the evolution of
energy supply systems and their interaction with demand sectors. Key indicators include:

e Installed capacity and generation by technology, fuel, and country.

o Electricity, heat, and steam production and consumption by temporal slice.

o Fuel use by energy carrier, including fossil fuels, biofuels, hydrogen, and synthetic fuels.

o Deployment and operation of storage technologies and flexible conversion options (e.g.,
Power-to-X systems).

o Cross-border electricity trade and interconnector utilisation.

e Investment, operating costs, and total system costs.
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¢ Wholesale and end-user electricity, heat, and steam prices by sector.
¢ Greenhouse gas (GHG) and air pollutant emissions from power and heat generation, including
sectoral and technology-specific breakdowns.

Indicators are reported over the entire modelling horizon, typically in five-year time steps, and at a level of
disaggregation consistent with the PRIMES Supply structure. This includes country-level resolution,
detailed representation of demand sectors (e.g., residential, commercial, industrial, transport), technology-
specific data for power, heat, and fuel production, as well as temporal slices capturing daily and seasonal
variations in supply and demand. Indicators cover system operation, investment, fuel consumption, and
the deployment of storage and flexible conversion technologies, as well as electricity, heat, and steam
prices. They also include detailed accounting of GHG emissions, air pollutants, and other environmental
impacts by sector, fuel, and technology. Such granularity allows the assessment of energy system
transformation pathways, integration of intermittent renewables, decarbonisation trajectories, and
interactions between supply and sectoral demand developments under different policy, economic, and
technological scenarios.
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Appendix B Certificates

Fuel type

Category

Transport End Use

Baseline scenario
(No change based

on RED Il & CAP)

Scenario 1

Member of WSP

(RED Il only-
no additional RTFO certificates)

FAME" Annex IX Road & Rail 2 2
Cat 1 Tallow™ Road & Rail 25 2
Not Annex IX Road & Rail 1 1
HVO? Annex IX Road & Rail 25 2
Not Annex IX Road & Rail 1.25 1
Biogasoline Annex IX Road & Rail 2 2
Not Annex IX Road & Rail 1 1
SAF Annex IX — Part A Aviation 24 2.4
Annex IX — Part B Aviation 24 2
Not Annex IX Aviation 1.2 1
Marine fuels Annex IX — Part A Maritime 24 2.4
Annex IX — Part B Maritime 24 2
Not Annex IX Maritime 1.2 1
Biogas/Biomethane Annex IX Road & Rail 3.4 2
Not Annex IX Road & Rail 1.7 1
RFNBO Not applicable Road & Rail 4 2
Not applicable Aviation® 3 3
Not applicable Maritime - 3
Renewable Electricity | Not applicable Road4 4 4

Notes:

1a. No award of additional certs for POME-Biofuels (the share of POME-FAME in 2025 and 2030 is assumed the same as in
2024, i.e., 2.4% of total FAME consumption - NORA RTFO annual report 2024).

1b. The share of Cat 1 Tallow - FAME in 2025 and 2030 is assumed the same as in 2024 (i.e., 58% of total FAME consumption
— NORA RTFO Annual Report 2024).

2. No award of additional certs for POME-Biofuels, the share of POME-HVO in 2025 and 2030 is assumed the same as in 2024

(i.e., 36.1% of total HVO consumption - NORA RTFO annual report 2024).
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3. Award of x4 certificates to RFNBOs consumed in aviation in 2030, based on modelling assumptions presented in the
Renewable Transport Fuel Policy 2025-2027 published by the DOT in June 2025:

e  “Continued award of RTFO certificates for SAF, including mandated supply under the ReFuelEU Aviation Regulation
from 1 January 2025.”

e  “SAF continues to be awarded RTFO certificates, and the steep increase in the rate from 2029 to 2030 accommodates
the step up from 2% SAF mandate infroduced in 2025 to a 5.3% SAF mandate in 2030.”

4. Award of RTFO certificates for renewable electricity at public charge points, and a multiplier of x4 reflecting RED Il counting
under RES-T, to further incentivize electrification of the transport sector in 2030. Certs were awarded to 60% of renewable
electricity consumed in road transport to resemble only public charging points.

All scenarios assume:

¢ No limit on supply of Annex IX part B feedstocks within the RTFO,

e 2% CAP on crop-based biofuel supply,

o RES-T of 24% by 2030 is achieved, including a minimum of 5.5% by 2030 combined
advanced biofuel and RFNBO supply, with 1% by 2030 being RFNBO supply,

o Award of certificates for renewable electricity in road transport at public charge points is
established in 2026.

Final Report for Department of Transport | Issue 5709082 | 19 May 2025 Page | 140



Hierarchy of Use of HVO Across Transport and Other Sectors | Classification: NONE

Member of WSP

Appendix C Heating and cooling sector activity
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Figure 47 Useful energy intensity - Residential Buildings Baseline projections until 2050
Source: PRIMES
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Figure 48 Sectoral Value Added - Industry Baseline projections until 2050
Source: PRIMES
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Figure 49 Sectoral Value Added - Tertiary Baseline projections until 2070
Source: PRIMES
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