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Good morning everyone, and thank you for joining. 
I am pleased to share our findings from the study titled “Securing Ireland’s Net-Zero Transition under Cross-Border Risks”.
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Ireland’s energy system is highly dependent on imported fossil fuels, such as natural gas, oil, and electricity.�Following historical trends, we observe that when there are unstable global conditions, the trade of energy commodities is affected. For instance, oil prices faced a shock after the Ukraine war and more recently during tensions in the Middle East.
So, this high import dependency on fossil fuels threatens Ireland’s energy security as well as its long-term decarbonization targets.
To address this, Ireland is following a rapid expansion of low-carbon technologies, including:�• Wind power�• Battery electric vehicles (BEVs)�• Solar PV
However, these technologies rely heavily on critical minerals, which are geographically concentrated in a small number of countries, and their trade dynamics are also affected by geopolitical conditions.
As a result, geopolitical tensions such as conflicts, pandemics, or trade restrictions can affect the price and availability of:�• Conventional energy commodities�• Critical minerals for clean technologies



Scope and Focus
Cost optimal configuration 

Energy Service
Demands

Other sectors
• Mobility (passenger)
• Mobility (Freight)
• Space heating
• Hot water
• Lighting
• Electricity
• Cooking
• Refrigeration
• Industries
• Agriculture
• Services
• Others

End-use
Technologies

• Electric car

• Electric truck

• Electric bus
• Heat pump

• Boiler

• Motor

• Electric heater

• Appliance

Demand-side

Resources
• Fossil fuel
• Renewable

Power
Generation

Onshore Wind

Offshore Wind

Fossil-based

Hydropower

Solar PV

Imports
• Electricity
• Oil products
• Biofuels
• Natural gas

Fuel Supply
Module

Biogas

Oil products
Natural gas

Liquid Biofuels
Electrolyser

Distribution

• Power grid
• Oil products
• Biofuels
• Natural gas

Fossil+CCS

Supply-side

Legend Energy imports Domestic energy flow   Emission flow

Carbon Budget
CO2 Constraint

Emission Control

Direct Air Carbon
Capture & Storage

CO2 Removal 

Storage
• Battery
• Hydrogen

Fuel cell

Irish Energy System

BECCS

Geopolitics
• Supply disruptions
• Energy price volatility

Cross-border Risks

International energy trade

Disruptions to Critical 
Materials Supply

• Batteries
• Clean technologies

Availability and costs of clean technologies

Key technologies
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The TIMES-Ireland model allows us to analyse these risks. 
It includes a supply module with different fuels and power generation technologies, a demand module representing energy requirements and related technologie, and an emissions module that tracks emissions to ensure they remain within the carbon budget. 
This model identifies the cost-optimal system configuration. 
We can then introduce different risks into the model to assess how the system responds.



Historical price variations 

Methodology: Uncertain shocks

https://kilowatt.ie/wholesale-electricity-prices-ireland/ 
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We classified geopolitical risks into two categories:
Price spikes affecting conventional energy carriers or low-carbon technologies, and 
Supply chain disruptions affecting their availability. 
Since the time horizon of our study is 2026 to 2050, and the future is uncertain, we need methods to assess these uncertainties.
For energy commodity price shocks, we analyzed historical price data over the last 20 years for Ireland. We observe a consistent pattern:�• Sudden price increases during shocks�• Followed by correction phases�• And relatively stable periods between shocks
Based on this behavior, we developed:�• 1000 Monte Carlo simulations to simulate the cost of each energy commodity in upcoming years�• From these 1000 simulations, the 10th, 50th, and 90th percentiles were selected as representative low, medium, and high shock magnitudes. This was done to keep the number of scenarios manageable




Methodology: Uncertainty in timing 

Uncertainty in: 
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We also introduce uncertainty in:�• Timing of shocks, because we do not know in which year a shock might happen. For this, the period 2026–2050 is divided into five-year intervals, with randomly assigned shock years�• Frequency of shocks: we considered up to five shocks, based on historical observations. The years in which they occur were generated through combinations of randomly selected years.
In this figures you see examples of the cases that we have, 1, 2, 3, 4, or 5 shocks in different years.
In this table, you can see all timing scenarios.
This results in 75 scenarios, capturing uncertainty in the magnitude, timing, and frequency of price spikes in energy commodities.




Methodology: TIM 
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All these scenarios are implemented in the TIMES-Ireland model to quantify the impact of potential future shocks on Ireland’s energy system.
For the next two categories of risks, the methodology is similar, so I will move to the last one, which is related to mineral supply disruptions.
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No additional riskBase line scenario
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Before switching to the results, let me mention that all risk scenarios are evaluated against a baseline scenario with a 300 Mt carbon budget constraint.
This baseline scenario represents a case with no additional risks, where we observe the phase-out of natural gas, dominance of wind power capacity, and widespread adoption of BEVs.
Now, lets see if we can makes these after considering the risks or not. 




Results: Power generation capacity variations  
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This red line represents the installed biomass power generation capacity under the base scenario.
The shaded areas show the uncertainty ranges under different geopolitical risk categories. 
For example, the pink area reflects the impact of energy commodity price spikes.
As you can see, in some years biomass capacity decreases because higher costs reduce its competitiveness. Biomass is not affected as strongly by renewable technology price spikes, but its capacity increases under disruption scenarios, especially under mineral supply disruptions, shown by the blue area. 
In these cases, constraints on renewable technologies lead the system to rely more on biomass as an alternative option.
For natural gas and hydrogen, the response is somewhat similar. 
However, hydrogen is much more sensitive to the type of risks. 
Under energy commodity price spikes, the model selects a faster transition toward hydrogen, using it as an option to mitigate fossil fuel price risks.
However, we need to be careful, because under some mineral supply disruption scenarios, we may lose almost the entire projected hydrogen capacity. 
This happens because those disruptions also affect renewable technologies, reducing the availability of renewable electricity needed for green hydrogen production.
As you can see, these technologies show a wide blue uncertainty range, indicating high sensitivity to mineral supply disruptions.
In contrast, renewable technologies generally show narrower uncertainty ranges, and mineral disruptions create
reductions in their capacity expansion.
Overall, this figure demonstrates that different power generation technologies respond very differently to geopolitical risks, depending on both their fuel dependence and their reliance on critical materials.




Results: Variations in transportation options  
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In the transportation sector, the two most impactful geopolitical risk categories are energy commodity price spikes and mineral supply disruptions.
As you can see, these transportation options are highly sensitive to mineral disruptions, although they respond in different ways. 
When the stock of BEVs decreases because these technologies strongly depend on critical minerals for battery production.
In response, we need to rely on other transportation technologies to enable the required transport services.
Of course, these variations are driven by complex interactions and assumptions within the model. 
For example, the capacity HEVs, initially increases under mineral disruption scenarios, but later starts to decrease. 
One possible explanation is that, after a certain point, the model assumes fuel cell vehicles become more competitive and replace part of the HEV market.
So again, the key message from this figure is that the transportation sector is highly vulnerable to mineral supply disruptions and we might face a delay in electrification of this sector. 
With that in mind, let us now look in more detail at some of the critical minerals driving these results.




Results: Variations caused by minerals
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Among the minerals included in our study, graphite causes the most significant variations.�It is one of the key materials used in batteries.
In this figure, the solid lines represent the baseline scenario for each technology, while the dashed lines represent the scenario where only graphite shortage impacts are considered.
As you can see, we observe a significant reduction in BEVs, and in response, the stock of ICEVs and FCVs increases.
Due to these changes in the transport sector, the power sector also adapts through increased use of natural gas — despite its expected phase-out in the baseline scenario — as well as higher shares of hydrogen and biomass.
The second most impactful mineral is lithium, which is also used in batteries and causes similar system-level changes.
The third most impactful category is rare earth elements, which are required for wind turbines. 
Due to shortages of these materials, we observe a reduction in electricity generation from wind power.
This time, because the original disruption occurs in the power sector, the transport sector adapts by reducing the stock of BEVs.
Mineral shortages do not only affect “clean technologies” individually. They reshape the entire energy system configuration.





Results: Variations caused by minerals  
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Results: Variations caused by minerals
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Results: Reduced electricity generation 
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The reason why these capacity variations are important for us is that electricity generation is directly affected by them.
In this figure, the red line represents the electricity generation under the baseline scenario. 
The boxes present the results across uncertainty scenarios for each risk category.
For instance, when we have price spikes in energy commodities — shown by the pink boxes — electricity generation aslightly increases. This is because wind power becomes more competitive under these conditions, allowing larger wind capacities to be installed.
As expected, mineral disruptions — shown by the blue boxes — decrease electricity generation. The worst case occurs when all these risks are combined, where we may lose up to 30% of our targeted domestic electricity generation.
The key point is that when we compare the combined risk scenario with the baseline scenario (the red line), the two are very close in the early years. However, as we move closer to 2050, the gap between them becomes much larger. This is because, over time, the system might face an increasing number of potential shocks. This highlights how much more complex and challenging the energy transition can become if it is delayed to later years.



Conclusions 
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- Accelerate decarbonisation

- Public transport system (demand side management)

- Diversify technological baskets (power, transport)

- Recycling of minerals

- Industrial policy (graphite, lithium, rare earth elements)
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Finally, as an attempt to discuss cost variations, we present this figure.
As expected, among the single risk categories, mineral supply disruptions have the strongest impact, increasing total system cost by about 188%. Under combined risk conditions, costs can rise to almost nine times the baseline scenario.
However, these cost estimates are strongly affected by the backstop option, which is assumed at 2000 $/ton of emissions. Therefore, the cost results should be interpreted as an indicator of system stress rather than exact monetary values.
 
 
To conclude, this study shows that including geopolitical and supply chain risks in scenario design is essential to provide more reliable insights for energy transition planning.
One key message is that we should not over-emphasize a single power generation option. Instead, a more diversified energy mix is necessary.
This includes not only green hydrogen, but also potentially blue hydrogen based on natural gas, as well as greater attention to biomass and natural gas storage options.
 
In the transport sector, we observe a clear lock-in effect driven by climate conditions and urban structure in Ireland. This highlights the importance of:�• encouraging lifestyle changes�• improving both the quality and capacity of public transportation�• and accelerating BEV adoption early, before strong competition for critical minerals emerges
 
For the industrial sector, it is important to explore alternative fuels, increase fuel storage capacity, and strengthen industrial transformation partnerships. At the same time, expanding domestic mining capacity, investing in international mining partnerships, and improving recycling of critical minerals will become increasingly important.
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