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Opinion on the Long-term Sustainability of the GG

o INTRODUCTION

The analysis of the impact of climate change developed in Section 6 of the
"Opinion on the Long-term Sustainability of General Government" uses as a
starting point the climate scenarios designed by the independent economic
consultancy Oxford Economics (OE). These scenarios are constructed from
OE's Global Economic Model (GEM), which models global and regional
economic activity. It covers 85 countries in detail, plus the euro area as a
whole, and six frading blocs covering the rest of the world economy, which
are interconnected through global assumptions on trade volumes, capital
flows, interest and exchange rates. It thus provides a robust and
comprehensive framework for forecasting and scenario building on a wide
range of economic issues. Based on GEM, OE has developed the climate
module, which includes the energy and climate evolution of the countries in
the model, and generates different climate scenarios that quantify the
combined impact of climate change risks: transition risks, arising from
mitigation policies’ and adaptation to a new low-carbon economic model,
and physical risks, arising from climate change. This allows us to understand
the implications of mitigation policies, as well as the trade-offs that stem from
them.

The data obtained from the OE climate module come from the most recent
data window available at the time of preparing this analysis, published in the
last four months of 2024 and updated on December 16, 2024. For the analysis
of the variables related to sustainability (inflation, interest rates, growth and
primary balance), instead of showing the OE results, we start from the baseline

! Transition risks not only stem from mitigation policies, aimed at reducing emissions to
slow climate change, but also from adaptation policies, aimed at increasing resilience
fo climate change and alleviating its effects. However, in the OE climate module, for
the sake of simplicity, only mitigation policies are considered, in the form of carbon

pricing.
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scenario developed by AlReF for those variables, into which the differences
between the OE estimates for each scenario and its baseline scenario are
incorporated. In this way, the evolution of these variables captured in the OE
scenarios is transferred to the projections prepared by AIReF. The differences
in the average between 2025 and 2050 in the AIReF and OE base scenarios
are zero for inflation (in both cases it is 2%) and small for long-term interest rates
(which are on average 0.1% higher in the AIReF scenario). Furthermore, the
evolution of real and nominal growth is somewhat more optimistic in the case
of AIReF (0.4 points higher on average), while the evolution of the primary
balance is somewhat more pessimistic (0.9 points of GDP lower on average).

Seven scenarios are used to quantify the economic impact of climate change,
in which it is assumed that climate policies with different degrees of ambition
and different effects are implemented. The policies considered mainly consist
of carbon pricing, which increases the price of fossil fuels and decreases their
demand, redirecting both production and consumption towards low-carbon
alternatives.

The starting point is a "Baseline" scenario that only contains the climate
commitments already made by governments at this time, as reflected in their
Nationally Determined Contributions2 (NDCs), which are backed up by
concrete and sufficiently detailed measures. This would slow temperature
increases, but not sufficiently, whereby the risk of extireme weather events
would remain moderate.

The transition scenarios assume that more ambitious carbon pricing policies
are implemented, and focus on analysing the transition risks this would entail.
Four such scenarios are presented, analysing the implications of various
circumstances under which the transition could occur. In "Net Zero Emissions",
sufficient climate policies are implemented to achieve net zero CO2 emissions
by 2050, whereby the impact on the economy is moderate, as increased
investment helps reduce the negative effects of carbon taxes. In "Net Zero
Emissions with Economic Transformation", the same policies are applied, but it
is assumed that, in addition, the fransition eliminates all inefficiencies and
market failures and the economy reaches a new level of growth in equilibrium.
In "Delayed Transition", climate policies are implemented late, requiring higher

2 NDCs are the national targets to reduce emissions that countries that are Partfies to
the Paris Agreement agree to report every five years to the United Natfions Framework
Convention on Climate Change. On the basis of these NDCs, countries commit fo put
in place domestic policies and measures to achieve these targets.

March 31th, 2025 5



Opinion on the Long-term Sustainability of the GG

carbon prices to achieve the same targets, resulting in higher economic
impacts. In "Low Demand", physical risks are assumed to be higher than
estimated and stricter policies are required to curb them. However, supply
tfransformation is not achieved and energy demand must be reduced,
leading to a structural change in the economy where production is lower.

The physical risk scenarios assume that, although the same climate
commitments are adopted as in the "Baseline" scenario, governments fail to
meet them and the energy transition slows, leaving the economy exposed to
higher physical risks. In "Climate Catastrophe”, governments fail to meet their
commitments and both greenhouse gas concentrations in the atmosphere
and temperatures continue torise. This causes severe physical damage, which
has a very negatfive impact on productivity, creates large inflationary
pressures and causes an economic catastrophe. "Climate Distress" is a
moderate variant of this same narrative, in which fossil fuel use is assumed to
be lower, so that temperature increases are slightly lower and physical
damage is less severe.

FIGURE 1. PROFILE OF CLIMATE SCENARIOS
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e DESCRIPTION OF MODEL

2.1. Main channels of economic impact

The main channel through which climate change affects the economy is
greenhouse gas emissions into the atmosphere, as they cause an increase in
global temperature which, among other things, has a negative impact on
productivity. The central element of the model is therefore the carbon price,
to which different shocks will be applied, the magnitude, timing and effects of
which vary from scenario to scenario.

Increasing the price of carbon emissions will increase the price of fossil fuels
(coal, oil and gas) and decrease their demand. The model assumes that
supply matches demand, whereby producers with higher marginal costs
leave the market, redirecting both production and consumption towards low-
carbon alternatives. This reduces the level of emissions and the temperature
anomaly they cause, slowing the negative impact of rising temperatures on
productivity.

In addition to the impact on the economy through the emission-reducing
effect, carbon pricing and the increase in energy prices it causes will lead to
higher headline inflation. Higher inflation lowers the real income of households
and businesses, putting downward pressure on GDP. However, as the
productive capacity of renewable sectors increases through investment in less
carbon-intensive alternatives, the real costs of energy production fall and
prices eventually drop at a rate and to an extent that depends on the
assumptions made in each scenario.

Different assumptions are made in each scenario about the level of
investment, what percentage of investment is financed by the public sector,
and whether this public financing comes from revenue from a carbon tax or
not, as well as the effects of this increased investment on productivity.

Carbon pricing policies generate revenue for governments, which has a
positive impact on the fiscal balance.

March 31th, 2025 7
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Finally, different assumptions are also considered in relation to the level of
innovation, which can play a decisive role in reducing emissions. For example,
by making it possible to introduce technological developments that remove
CO2 from the atmosphere, improving the energy efficiency of the different
sectors to reduce the demand for energy and, therefore, fossil fuels, or
increasing the capacity for energy production from renewable sources, so
that these can progressively supply a greater part of the demand.

Based on this model, six scenarios are obtained that can be grouped info two
types: fransition scenarios and physical risk scenarios. In the transition scenarios
("Net Zero Emissions", "Net Zero Emissions with Economic Transformation",
"Delayed Transition" and "Low Demand"), various carbon price shocks are
assumed, with different magnitudes and timing of implementation, which
allow the ftransition from fossil fuels to low-carbon energy sources to be
initiated and emissions to be reduced with varying degrees of success. In
contrast, the physical risk scenarios ('Climate Catastrophe" and "Climate
Distress") assume that, although carbon emissions are priced at the same level
as in the "Baseline" scenario, an expanding demand for fossil fuels and the
failure of governments to meet their NDC commitments lead to an increase in
emissions above those in the “baseline” scenario. This triggers a significant rise
in temperatures and severe economic losses of varying magnitudes
depending on the scenario.

OE constructs this narrative and carries out this exercise at a global level, as
well as presenting it in a disaggregated form by country. However, this analysis
focuses on Spain, and specifically on trying to derive the fiscal consequences
of the interaction of the different channels described above in each scenario.
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Source: Oxford Economics

2.2. Methodology

2.2.1. Carbon pricing

The model assumes that carbon is priced through a tax measured in US$ per
tonne of COs. To calculate the carbon price, policies that have a direct
impact on the carbon price, such as taxes or emissions frading schemes, are
taken into account. To account for differences in carbon price coverage
between countries, an emissions-weighted average price is used.

As not all carbon prices generate revenue for the government, pricing policies
are divided into those that generate revenue and those that do not, with the
tax being the sum of the two, weighted by the proportion of total emissions
covered by each type of policy.

This carbon price will be taken into account in calculating the after-tax price
of fossil fuels facing domestic demand for such fuels, based on the pre-tax
prices and carbon intensity of each. In addition, the carbon price will increase
the fuel component of inflation.

To calculate the revenue from the tax received by the government,
projections for after-tax fossil fuel demand are translated into after-tax carbon
emissions and multiplied by the tax from policies that generate public
revenue.

Historical carbon pricing data depend on the policies implemented to date,
and are obtained from the World Bank Carbon Pricing Dashboard. The
projections follow the price frajectory pre-set in national legislation in the
"Baseline" scenario and in the two physical risk scenarios. In the "Net Zero
Emissions" scenario, the projections of the "Net Zero 2050" scenario of the
Network of Central Banks and Supervisors for the Greening of the Financial
System (NGFS) are taken intfo account. For the rest of the fransition scenarios,
these projections are scaled according to each scenario's narrative.

2.2.2. Fossil fuel supply and demand

Demand for each type of fossil fuel is constructed through the following
variables:

March 31th, 2025 9
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Level of economic activity: the greater the economic activity, the more
fuels are in demand. For each type of fuel and sector, a different
economic activity indicatoris used (e.g. for gas demand in industry, the
level of production in that industry is used).

e Fuel price. An increase in the price of the fuel in question decreases its
demand. This price is affected by the producer price level (determined
at the regional level endogenously in the model), and national factors
such as labour costs and taxes, including the carbon tax modelled
above.

e Price of other fuels. Demand for a type of fuel increases if there is an
increase in the prices of other fuels.

e Level of energy efficiency. In the transition scenarios, it is assumed that
the degree of non-renewable energy intensity of the different sectors
will progressively decrease, reducing the demand for fossil fuels and the
demand for energy in general. These negative shocks in energy
intensity are applied in proportion to the degree of carbon intensity of
each fossil fuel, modelling larger shocks for the most carbon-intensive.
In the physical risk scenarios, it is assumed that this degree of intensity
will increase, applying positive shocks.

On the supply side, a distinction should be made between coal supply and oil
and gas supply. Coal supply is determined endogenously, according to:

e Price elasticity. The higher the price of fuel, the more is produced,
although it is assumed that most producers operate close to their
maximum capacity, so there is not much scope for an increase in
production in this regard. The price of coal is endogenously
determined by production costs and market power.

¢ Investment. Cumulative investment determines production capacity;
the lower it is, the less can be produced.

Oil and gas supply, in turn, is calculated taking into account the results of an
equilibrium cost analysis. Domestic oil or gas production is divided into
representative production units, which are ordered according to their cost,
and determined to be produced up to the unit at which global demand
equals global supply. Thus, the equilibrium cost of the marginal unit of
production is set as the producer price at the global level. This price
determines the level of domestic production, as production units with higher
equilibrium costs are forced to stop producing, and domestic supply is
calculated as the sum of the output of each unit that is maintained in the
market.
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The energy price level is calculated as an average of the prices of each type
of fuel weighted by the demand for each type of fuel. This price level then
feeds into the calculation of total inflation, using a weighting that reflects each
country's energy dependence.

2.2.3. Electricity sector

Electricity demand is estimated at the sectoral level (households, industry,
services, road transport and other transport), and depends on four variables:

The producer price of electricity. This is determined on the basis of the
prices of the inputs needed to produce it. The price of renewable
energy and nuclear energy inputs is obtained by calculating a supply-
weighted average of the levelised cost of energy (LCOE), a measure
of the total cost of producing electricity with a specific technology
during its useful life. Non-renewable energy input prices are calculated
using a supply-weighted average of the after-tax prices of each type
of fuel. This captures the effect of the carbon price on the electricity
price. The prices of both types of energy are aggregated into a price
index, weighted by the share of electricity supply from renewables,
which is determined endogenously in each scenario, so that the effect
of the carbon tax on electricity prices is consistent with each country's
electricity mix.

The level of electrification. This represents the percentage of total
energy demand that corresponds to electricity demand. It is an
exogenous variable, as it depends on the policies implemented in this
regard. In the transition scenarios, it is subject to positive shocks of
varying intensity, reflecting the increased demand for electricity
relative to fossil fuels due to higher carbon prices. If electricity demand
increases due to increased electrification, fossil fuel demand is
assumed to decrease by the same amount, such that total energy
demand remains unchanged.

The degree of electricity intensity. This is defined as the ratfio of
electricity demand to sectoral gross value added (or per capita
electricity demand for the household sector). It depends on the price
of electricity and the degree of electrification of the sector. In the
fransition scenarios, positive shocks are applied to reflect the fransition
from fossil fuels to electricity.

Sectoral gross value added. This is another variable affected by the
increase in carbon prices. It influences electricity demand because the

March 31th, 2025 11
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more a sector produces, the higher its electricity demand will be. As
household demand is less cyclical than that of industrial sectors and
commercial markets, population growth is used as an explanatory
variable instead of gross value added.

The model assumes that the electricity market is demand-driven: individuals
and businesses decide how much energy to use and the supply generates the
necessary amount of electricity to meet that demand. To calculate supply, it
is thus assumed to equal demand after taking into account distribution losses.
Energy sources are ranked from least carbon intensive to most carbon
intensive (renewables, nuclear, gas, oil and coal), with the least carbon
intensive assumed to be the first fo be used to meet demand. When
renewable sources are insufficient to meet total demand, the excess is
covered by non-renewable energy sources, which impacts on the model's
fossil fuel demand equations described above. Thus, the cleaner the
electricity mix, the cleaner the energy mix.

However, to obtain a more accurate reflection of the markets, a hybrid
between this hierarchy of sources and a set of behavioural equations is used,
whereby the model allows supply to come from oil and coal, even though the
gas supply has not reached its maximum productive capacity. This allows the
mix of sources used to produce electricity to be sensitive to rising fuel prices.

To model the effect of rising emissions prices on the electricity market, positive
shocks are imposed on the supply of renewable energy sources that capture
the shift in demand towards these sources as an input to electricity production,
and the supply of fossil fuels for electricity production falls in the order
described above.

2.2.4. Emissions, temperature and productivity

Following the Intergovernmental Panel on Climate Change (IPCC) Guidelines
for Greenhouse Gas Inventories, the model takes into account emissions of
three greenhouse gases (carbon dioxide, methane and nitrogen oxide),
which stem from five sources (energy, agriculture, forestry and other land use,
industrial processes, waste and other).

The degree of emission intensity of each greenhouse gas from each source is
measured taking into account historical emissions and a driving variable for
each, which are:

e Industrial production for the industrial processes sector.

March 31th, 2025 12
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e Gross value added for the agriculture, viticulture and other land use
sector.

e Population for the waste sector.

e For methane (CH4) and nitrous oxide (N20), gas supply and refined oil
demand, respectively, for the energy sector.

e For the “other” sector, no intensity variable is calculated, but emissions
are held constant in line with what is observed in the historical data.

These calculations show that coal is the most emissions-intensive fuel, while
natural gas is the least intensive, which explains the higher resilience of gas
demand to a carbon tax.

The intensity variable thus calculated is used, together with the driving
variable, to calculate future emissions. This allows the impact of higher
emission prices to be more relevant for those sectors that emit the most
carbon.

CO2 emissions from energy are measured differently, based on the demand
for fossil fuels, which are the main contributors to CO2 emissions in the energy
sector. Thus, instead of following the methodology described above, the
annual forecasts for the demand for each type of fuel are translated into four-
quarterly CO2emissions, taking into account the carbon intensity of each type
of fuel, which is calculated on the basis of data from the US Energy Information
Administration.

The emissions of each sector are then aggregated at a global level, resulting
in fotal emissions of each greenhouse gas, and the total emissions of CHsand
NO2 are converted to CO2 equivalent (CO:2E) - a unit of measurement that
indicates their warming potential - taking info account their potency and
lifetime in the atmosphere. This is calculated using the Global Warming
Potential (GWP) contents, designed to measure the warming potential of any
gas in relation to CO2. Accordingly, an aggregated emissions figure can be
obtained both by country and globally.

The globally aggregated emissions flow, measured in CO2E, is then translated
info a temperature anomaly using a linear climate response function. This
anomaly is defined as the increase in degrees Celsius of the global mean
annual temperature compared with pre-industrial values.

The relationship between emissions and global temperature is given as 0.45°C
for every 1,000 gigatons of CO2 emitted, as established in IPCC Assessment

March 31th, 2025 13
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Report 6 (AR64)3, which is also consistent with historical observations. To
calculate this anomaly, a measure of CO2E reduction is subtracted from the
aggregate emissions flow, a variable that reflects technological
developments to capture carbon and eliminate it from the atmosphere or
policies to reduce existing carbon levels such as reforestation, the value of
which varies from scenario to scenario. The assumptions on the level of carbon
capture in each scenario are based on what the IPCC considers possible in
Chapter 2 of its 1.5°C Special Report4 . Lastly, this global temperature anomaly
is franslated to each country using propagation coefficients derived from the
RCP 6.0 scenario of the IPCC's Assessment Report 5 (ARS)>.

To calculate the impact of temperature increase on productivity, a climate
damage functioné is used in the “baseline” scenario that includes the
relationship between the two variables and thus allows the economic impact
of climate change to be quantified. This function identifies a non-linear
relationship between productivity and temperature in the form of an inverted
"U", according to which GDP per capita growth increases with temperature
until an average annual temperature of 15°C is reached, after which it begins
to fall. This thus means that GDP growth in cold countries, with average
temperatures below 15°C, rises with increasing temperatures. However, with
average temperatures above 15°C (a point already exceeded by Spain in
2023), GDP per capita growth may be adversely affected by rising
temperatures.

In the rest of the scenarios, an improved climate damage function is used,
which includes the effects of climate change through two channels. On the
one hand, through an immediate channel, which includes the effects of
global warming resulting from temperature moving away from its historical
trend and negatively affecting productivity. This approach is more
appropriate than focusing exclusively on average temperature evolution,
which may not adequately capture the impact of climate change, as
temperatures have remained relatively stable over the last 10,000 years and
countries that have always had average temperatures above 15°C have
been able to adapt. On the other hand, through an indirect channel, which

3 Technical Summary

4SR15 Chapter 2 LR.pdf

SWGIARS TS FINAL.pdf

¢ This climate damage function is based on that developed in Burke, Hsiang & Miguel
(2015).
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includes the effects of climate change associated with increased
temperature volatility and the increased likelihood of extreme weather
events.

This function projects significant costs associated with climate change and
hence significant benefits associated with the transition, which is expected to
avoid these costs. However, the model does not take into account
adaptation measures to the new, more extreme climate that could reduce
these costs. Therefore, to avoid overestimating them, the estimated physical
damages are halved in both the physical risk and transition scenarios.
Furthermore, in the transition scenarios, damages are halved a second time,
since the "Baseline" scenario uses a more basic climate damage function and
the physical damages taken into account, which are those expected to be
avoided by the transition, are limited. Thus, this second reduction is intended
not to overestimate the benefits of the transition.

2.2.5. Investment

The investment required to meet the demand shift from fossil fuels to less
carbon-intensive energy sources comes from both the public and private
sectors. The shock to the public component of investment is imposed on the
variable including public investment, which is exogenous. The level of private
investment in the model is determined endogenously, hence the shock is
imposed ex ante, to allow the variable to remain endogenous and to capture
second-round effects.

March 31th, 2025 15
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e CLIMATE SCENARIOS

3.1. Description and key assumptions

3.1.1. “"Baseline" scenario

The "Baseline" scenario only includes the climate commitments made by
governments in their NDCs, which are backed by concrete and sufficiently
detailed measures. On this basis, it is assumed that climate policies will
continue to be implemented in the future, but in line with those implemented
to date, with a conservative approach and no desire to implement radical
changes that would accelerate the transition. Therefore, it is a scenario of
declared policies contained in the respective NDCs, which shows the
implications that current policies would have.

BOX RE_1.1. CLIMATE CHANGE LEGISLATION AND COMMITMENTS INTERNATIONALLY AND IN SPAIN

Spain has subscribed to commitments focused on the fight against climate
change, actively participating in infernational agreements and developing
national legislation in line with these commitments.

International commitments:

e Paris Agreement. Adopted in 2015 by 196 Parties, it is a legally binding
internatfional treaty covering all aspects of the fight against climate
change. In particular, it includes for the first fime the target of limiting the
increase in the global average temperature to below 2°C above pre-
industrial levels, as well as the commitment to make further cutbacks to
limit this increase to 1.5°C, and the need to achieve zero net greenhouse
gas emissions (so-called climate neutrality) in the second half of the
century. As a State Party, Spain must submit its Nationally Determined
Contributions (NDCs) document with its targets to reduce emissions every
five years.

e European Union. As a Member State, Spain collaborates in achieving the
EU's climate targets, established as binding in the European Climate Law,
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Opinion on the Long-term Sustainability of the GG

which include achieving climate neutrality by 2050, as well as the
infermediate milestone of achieving a reduction of at least 55% in net
greenhouse gas emissions by 2030 compared with 1990 levels. To achieve
this, Spain and the rest of the Member States are making progress in
adopting measures in different areas: boosting renewable energies,
energy efficiency, extending emissions trading, etc.

National measures:

Law 7/2021 of May 20, on climate change and energy fransition. This
law establishes the framework to facilitate the compliance of our reality
with the requirements that regulate climate action, including the targets
of the Paris Agreement and those derived from European regulations, as
well as to guide the decarbonisation of the Spanish economy up fo 2050.
Among its targets, the following stand out:

- To reduce greenhouse gas emissions in the Spanish economy by at
least 23% by 2030 compared with 1990, and to achieve climate
neutrality by 2050 at the latest.

- To achieve that at least 42% of final energy consumption comes from
renewable energy sources by 2030.

- To achieve an electricity system with at least 74% generation from
renewable energy sources by 2030, and 100% by 2050.

- To improve energy efficiency by reducing primary energy
consumption by at least 39.5% compared with the baseline in
accordance with EU regulations.

Intfegrated National Energy and Climate Plan (PNIEC). This Plan is the
natfional strategic planning tool that integrates energy and climate
policy to 2030, and defines the targefs and strategies to achieve the
goals in ferms of reducing emissions, renewable energy penetration and
energy efficiency, among others, as well as the strategy and measures
to achieve them.

In September 2024, the Government of Spain updated the PNIEC, which
was originally published in 2020 for the period 2021-2030, adopting more
ambitious commitments than those considered in Law 7/2021 and which
were those contained in ifs previous version: the target for reducing
emissions was raised to 32% compared with 1990 by the year 2030, the
target for final consumption of renewable energy to 48%, the target for
renewable energy in electricity generation to 81%, and the target for
energy efficiency to 43%.

Green Paper on Sustainable Finance. In November 2024, the Council of
Ministers of Spain approved the Green Paper on Sustainable Finance, a
document that seeks to promote and guide the adaptatfion of the
private sector to the sustainable finance framework. To this end, it
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proposes eight actions, with a special emphasis on SMEs. Among these,
it proposes the creation of the Sustainable Finance Council, which will
serve as a public-private coordination forum in which to address the
challenges of the transition, identify the opportunities offered by
sustainable finance and consider the monitoring of the actions
contfained in the Green Paper.

The transition under this scenario is smooth, as mitigation policies are
implemented gradually and, as noted above, no aggressive measures are
taken to revert carbon emissions. Taking info account the climate policies
considered in current commitments, the model results in a global temperature
increase of 1.9°C above pre-industrial levels by 2050, and a 2.9°C increase
over pre-industrial levels by 2100, which deviates from the Paris Agreement.
These projections may even be overly optimistic, as recent reports point to
temperature increases of up to 3.1°C by 2100 under the current NDCs' stated
policy scenario’. At any event, by failing to achieve temperature increases
below 2°C above pre-industrial levels, the economy would be exposed to
physical risks in this scenario, albeit with a lower probability than in the more
extreme scenarios.

It is assumed that investment is not financed by government debt, but that
revenue from carbon taxation is sufficient to cover the costs of the transition.
Itis also assumed that the degree of innovation is low and that the technology
to capture carbon and eliminate it from the atmosphere is not available.

3.1.2. "Net Zero Emissions" and "Net Zero Emissions with Economic
Transformation" scenarios

These scenarios assume that governments implement stringent measures to
slow global warming, reaching net zero CO2emissions by 2050 and achieving
a global average temperature of 1.6°C above pre-industrial levels by 2050
and 1.5°C by 2100. By achieving temperature increases below 2°C, the
likelihood of the economy being exposed to physical risks is low in this scenario.
However, the two differ in the assumed effects of this climate tfransition on the
economy.

In the "Net Zero Emissions" scenario, the aggressive increase in the carbon
price resulting from stricter climate policies leads to significant inflationary

7 Emissions Gap Report 2024 | UNEP - UN Environment Programme
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pressures, which reduce corporate profits and household income, although
the boost to investment and the positive effect of lower temperatures on
productivity help reduce the long-term economic impact. Moreover, it is
assumed that transition-driven investment replaces carbon-intensive capital
without increasing the economy's capital infrastructure stocks, as the rate of
depreciation also increases due to the depreciation of carbon-intensive
capital, while the productive capacity of the economy remains unchanged.
It is also assumed that the transition is fully financed by carbon tax revenue.

The "Net Zero Emissions with Economic Transformation" scenario assumes that
the climate transition leads to a structural fransformation of the economy that
eliminates all market failures and inefficiencies. The transition is financed
enfirely by government debt, and it is assumed that climate fransition
measures and the provision of fiscal support create greater incentives for the
private sector to invest in low-carbon technologies. Thus, although the
investment shock modelled in this scenario is the same as in the previous one,
a higher equilibrium level of investment is reached that expands supply,
whereby aggregate demand increases with less pressure on prices. This leads
the economy to reach a new equiliorium growth rate, which reverses the
stagnation observed in recent years. Higher returns from innovation are also
assumed. In particular, it is assumed that 50% of the investment required in the
energy sector has a positive impact on the economy, as it develops new
techniques and ideas that increase overall productivity through knowledge
diffusion and imitation. Due to higher returns on investment and innovation,
the cost-effectiveness of measures to reduce emissions improves over fime.
This allows areduction in the carbon price required for a given level of emission
reductions to be considered, which would amount to half of the level required
in the "Net Zero Emissions" scenario, while mitigating fransition risks, as well as a
reduction in inflation during the first few years of the climate transition.

Both scenarios assume an average availability of carbon capture
technologies, as achieving net zero CO2 emissions by reducing fossil fuel
demand alone is unrealistic.

3.1.3. “Delayed Transition" scenario

This scenario assumes that governments do not implement transition policies
aimed at slowing climate change until 2030. Accordingly, more stringent
policies are required to reach the same temperature target in 2050 as in the
"Net Zero Emissions" scenario, resulting in a higher economic impact, albeit
materialising at a later point in time, as the fransition starts later. Carbon taxes
are higher, leading to higher inflation, financial instability and stranded assets,
and difficulties in redirecting production and consumption to renewable
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sources require greater energy efficiency. The global average temperature is
assumed to be 1.7°C above pre-industrial levels in 2050 and to remain so untfil
2100, so the likelihood of the economy being exposed to physical risks in this
scenario is low.

It is assumed that revenue from carbon taxes is sufficient to cover the costs of
the climate transition, and it is assumed that green investment replaces
carbon-intensive capital without expanding the capital stock or improving
productivity, and that there is an average availability of carbon capture
technologies. Moreover, having started the fransition later, the depreciation
rate is higher, as the natural investment cycle cannot be used to replace
capital gradually.

3.1.4. "Low Demand" Scenario

In this scenario, it is assumed that physical risks begin to grow, reaching points
of no return that lead to greater losses than expected, to reflect the fact that,
as we face unprecedented temperature rises, relying on historical
relationships between temperature and other climate variables may lead us
to underestimate the magnitude of the climate damage to be mitigated. As
a result, governments are forced to impose stricter measures to reduce
emissions, but fail to develop an action plan to ensure that the necessary
infrastructure and materials are in place to complete the transition, which
hampers the growth of the clean energy supply. Therefore, in order to meet
the climate commitments adopted, energy demand must necessarily be
reduced through regulations and bans. This limits the temperature increase to
1.6°C above pre-industrial levels by 2050, which is maintained through to 2100,
but leads to a decline in consumption and investment and thus in the
economy's capital infrastructure stocks. Moreover, the decline in output has
negative effects on unemployment.

It is also assumed that carbon capture technology is not available, since by
the time it is developed, the decline in energy demand imposed by
governments has been sufficient to reduce emissions to the extent necessary,
and the transition is assumed o be fully financed by carbon tax revenue.

3.1.5. “Climate Catastrophe" and "Climate Distress" scenarios

The "Climate Catastrophe" scenario assumes that governments do not
implement additional transition measures beyond those adopted to date,
and that they fail to achieve the targets set in their NDCs, such that fossil fuel
demand does not decrease sufficiently and greenhouse gas emissions
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contfinue to grow, reaching temperature levels of 2.3°C above pre-industrial
levels by 2050 and 4.8°C by 2100. These higher levels of global warming, more
volatile temperatures and more frequent extreme events lead to severe
physical damage, the occurrence of which is accelerating over time. This
negatively affects productivity, collapsing supply and generating inflationary
pressures.

The "Climate Distress" scenario is a more moderate variant of the "Climate
Catastrophe' scenario. As in the latter case, it assumes that the transition is not
completed, but less severe climate effects are considered. It is assumed that
the intensity of fossil fuel use increases by half as much as in the "Climate
Catasfrophe" scenario, and the share of renewable energy sources is higher
than in this scenario, as the share of renewable energy sources is not allowed
to stagnate. Thus, a slightly lower temperature increase of 2.1°C by 2050 and
3.7°C by 2100 is reached, which also causes severe physical damage that
accelerates over time, albeit less severe, as are the economic effects.

In both scenarios, it is assumed that investment in clean energy sources and
technology associated with the transition is low, as is the degree of innovation,
and that technologies to capture carbon and eliminate it from the
atmosphere are not available.

3.2. Dynamics

3.2.1. Fossil fuels

The degree of ambition of the climate policies implemented in each scenario
is reflected in the carbon price. In the "Baseline" scenario, the carbon price
only increases moderately, as the policies adopted are not stringent. In the
"Climate Catastrophe" and "Climate Distress" scenarios, the carbon price is
maintained at the same levels, as it is assumed that no additional measures
are implemented beyond those already adopted. In the "Zero Net Emissions"
scenario, prices are considerably higher, as a result of the greater ambition to
complete the climate fransition. In the "Zero Net Emissions with Economic
Transformation" scenario, they have the same profile, but are lower, as, due to
increased investment and innovation, the prices required to reach the
emissions target are lower. The "Low Demand" scenario has the highest carbon
prices, as stricter policies are required to cope with increasing physical risks.
Finally, the prices in the "Delayed Transition" scenario reflect the delay in
implementing transition measures that characterises this scenario.
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FIGURE 1. EVOLUTION OF CARBON FIGURE 2. OIL PRICE (AFTER TAX, PER
PRICE (US$ PER TONNE OF co2) TONNE OIL EQUIVALENT)
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In the fransition scenarios, this rise in carbon prices leads to higher fossil fuel
prices and thus higher energy prices. However, price increases in the energy
sector ease as the transition is completed, since investment in the renewable
energy sector drives production costs down and demand shifts to renewable
energy sources. In contrast, in the physical risk scenarios, energy prices do not
increase sharply at the start of the period, but rise steadily until they spiral out
of confrolin 2050, due to the progressive deterioration in supply caused by the
negative effect of higher temperatures on productivity. Rising prices force the
demand for fossil fuels down, the most affected being coal, which will
practically disappear as of 2028, since it is the most carbon-intensive fuel and
therefore the most sensitive to its price.
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FIGURE 3. ENERGY PRICE INDEX
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3.2.2. Electricity sector
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In the fransition scenarios, the price of electricity rises as a result of the increase
in the price of fossil fuels used as inputs in its production. However, as electricity
production shifts to renewable inputs, electricity prices normalise, similar to
what happens with energy prices. Furthermore, in the physical risk scenarios
the electricity price increases progressively until 2050.

FIGURE 5. ELECTRICITY PRICE INDEX
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This shift in demand from fossil fuels to renewable inputs for electricity
production is reflected in the electricity mix, which becomes progressively
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cleaner, to be dominated by renewable inputs by 2050 in all scenarios. In the
transition scenarios, the share of fossil fuels is similar and very low, while in the
physical risk scenarios, in the absence of adequate measures to complete the
transition, fossil fuels, and especially gas, retain a share of around 20%, above
the "Baseline" scenario.

FIGURE 7. POWER GENERATION MIX
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Rising fossil fuel prices shift energy demand towards electricity. In the "Net Zero
Emissions with Economic Transformation" scenario, electricity consumption
rises the most, due to the increased economic activity resulting from its
assumptions, while in the "Low Demand" scenario, the rise is smaller due to the
imposed decrease in overall energy demand. In the physical risk scenarios,
because climate policies do not create incentives to shift demand to
electricity and because electricity prices rise in the inflationary context
characteristic of these scenarios, demand for electricity starts to fall at the end
of the period.

3.2.3. Energy mix, emissions and temperature

In the transition scenarios, thanks to stricter pricing policies that shift energy
demand from fossil fuels to electricity, the energy mix becomes progressively
cleaner, and is dominated by electricity in all four scenarios by 2050. In the
physical risk scenarios, as the transition measures adopted are not sufficient,

March 31th, 2025 24

E6 Climate
distress



©

Opinion on the Long-term Sustainability of the GG

fossil fuels, although reducing their share, still dominate the energy mix, with a
greater presence than in the "Baseline" scenario.
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Energy consumption is also seen to decline, as reflected in the decline in
energy intensity, defined as total energy consumption over GDP, although this
is already on a historical downward path associated with a shift from industry
to the service sector and the intfroduction of technological developments that
improve energy efficiency. In the transition scenarios, the largest decline is due
to lower demand for fossil fuels more than offsetting higher electricity demand,
as well as improvements in energy efficiency resulting from innovation. The
largest decrease is seen in the "Low Demand" scenario, where regulations are
imposed that force a reduction in energy demand. In the physical risk
scenarios, the decrease in energy intensity is smaller, as demand for fossil fuels
does not decrease as much and innovation is lower, with the historical trend

reversing in the "Climate Catastrophe" scenario at the end of the period.
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FIGURE 9. ENERGY INTENSITY (2019=100)
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In the fransition scenarios, due to decreasing demand for fossil fuels and
energy intensity, emissions are reduced, which manages to slow the upward
tfrend of the annual average temperature. In the physical risk scenarios, higher
energy demand and lower use of renewable energy sources have the
opposite effect, increasing emissions and accelerating temperature increases
compared with the "Baseline" scenario.
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3.2.4. Prices, inferest rates, investment and growth

In the transition scenarios, inflation increases in the first half of the period due
to higher fossil fuel prices and theirimpact on electricity prices. In the "Net Zero
Emissions" scenario, it rises at the start of the period, coinciding with the early
infroduction of carbon taxes, but returns to levels close to those of the
“Baseline” scenario as fossil fuel use drops. The "Net Zero Emissions with
Economic Transformation™ scenario follows a similar dynamic, although prices
do not rise as much as in the “Baseline” scenario due to lower carbon prices,
and peak inflation is reached somewhat later. In the "Delayed Transition" and
"Low Demand" scenarios, on the other hand, price increases are higher, as
higher carbon prices are set. However, this effect fades when the transition is
completed, and inflation returns to values close to those of the "Baseline"
scenario. In the "Delayed Transition" scenario, inflation is slightly higher at the
end of the period, as the fransition to renewables is still being completed due
to the later implementation of climate measures. In the physical risk scenarios,
inflation rises gradually until it spins out of control at the end of the period, due
to a collapse in supply that ends up being unable to meet demand. As for
monetary policy, it is assumed to remain unchanged in the fransition
scenarios. Given that inflation is the result of identifiable weather policies, the
impact of which will be temporary, the ECB manages inflation expectations
through communication, without raising interest rates. In the physical risk
scenarios, it is assumed that the ECB responds to inflationary pressures and
raises inferest rates. In all scenarios, short-term interest rates follow the
evolution of those set by the ECB.
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Furthermore, in the transition scenarios, 10-year interest rates rise at the start of
the period due to inflation and return to normal following its evolution, since,
as the transition is not financed with debt, there is no additional risk derived
from public expenditure, but only from poorer economic performance
caused by the reduction in real income. The exception is the "Zero Net
Emissions with Economic Transformation" scenario, where the increase is larger
and longer lasting, as the transition is fully debt-financed. In the physical risk
scenarios, the rise in these rates is higher and continues until the end of the
period, due to the effect of monetary policy, higher inflation and high risk
premiums linked to the physical impacts of climate change.

In the transition scenarios, investment is higher than in the "Baseline" scenario,
as completing the transition requires significant levels of investment in low-
carbon alternatives. The "Net Zero Emissions with Economic Transformation"
scenario presents the highest level of investment, as, although the investment
required for the transition is the same, a higher level of breakeven investment
is reached in this scenario. The "Net Zero Emissions" and "Delayed Transition"
scenarios have similar levels, although in the latter the increase in investment
starts later as the transition is implemented with a delay. The "Low Demand"
scenario presents the lowest level of investment, as it is assumed that the
technology and infrastructure development is not sufficiently boosted. The
physical risk scenarios show much lower levels of investment than the
"Baseline" scenario, as there is no investment in technology associated with
the climate transition, and as extreme weather events occur, capital
deteriorates.
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FIGURE 14. INTEREST RATES, 10-YEAR FIGURE 15. TOTAL FIXED CAPITAL
BOND INVESTMENT (% GDP)
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As for GDP growth, all the transition scenarios show positive rates over the
period. However, in the "Zero Net Emissions" scenario it deteriorates at the start
of the period due to inflation, but it eventually recovers, surpassing the levels
of the "Baseline" scenario, when inflation decreases and the positive impact
of lower temperatures and higher investment on productivity starts to show.
The "Zero Net Emissions with Economic Transformation™ scenario presents similar
dynamics, although the deterioration in growth is not as great initially due to
lower inflation, and higher levels are reached at the end of the period thanks
to the higher productivity that characterises this scenario. In the "Delayed
Transition" scenario, growth suffers more than in the previous scenarios due to
higher inflation and takes longer to recover because the benefits of the
transition take longer to materialise as the rate of capital depreciation is
higher. In the "Low Demand" scenario, growth also experiences a larger
decline due to higher inflation, and maintains levels close to those of the
"Baseline" scenario due to the imposed reduction in demand and because
physical damages are larger. In the physical risk scenarios, growth deteriorates
steadily and even becomes negative for the rest of the period after a certain
point, due to higher inflation, more severe physical damage and the negative
effects of higher temperatures on productivity.
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FIGURE 16. REAL GDP (ANNUAL % FIGURE 17. NOMINAL GDP (ANNUAL
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The population remains at the levels of the "Baseline" scenario in all scenarios.
As for the unemployment rate, in the transition scenarios it ends up slightly
below the values of the "Baseline" scenario, which is associated with the better
economic performance achieved in these scenarios once the fransition has
been completed. The "Zero Net Emissions with Economic Transformation"
scenario presents the best data, as it is the scenario with the highest
productivity gains. The exception is the "Low Demand" scenario, where
unemployment remains higher than in the "Baseline” scenario, as less is
produced and consumed after the transition. In the physical risk scenarios, on
the other hand, unemployment rises progressively over the period because of
the significant negative impact on growth of the consequences of climate
change.

3.2.5. Revenue, expenditure and public debt

In the transition scenarios, the fiscal balance improves from the “Baseline”
scenario levels, as revenue from the carbon tax is significant given the large
share of the energy mix dominated by fossil fuels at the start of the transition.
This additional revenue is used to finance public expenditure, in particular
public investment and income support. Over time, public revenue exceeds
expenditure as economic prospects improve. Productivity gains from slower
global warming, innovation and improved energy efficiency will reduce
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welfare spending and increase tax collection. Economies become less
vulnerable to carbon prices as the energy mix becomes cleaner, and the
private sector takes on the lion's share of clean energy investment towards the
end of the projection horizon, reducing the burden on the State. In contrast,
in the physical risk scenarios, the public fiscal balance deteriorates.
Productivity falls due to the failure to slow climate change, reducing public
revenue from corporate income tax and profits, while increasing pressure on
welfare spending.

FIGURE 18. CARBON TAX REVENUE FIGURE 19. PUBLIC INVESTMENT (%
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In the fransition scenarios, the public investment required for the transition is
concenfrated at the start of the period, and is focused on measures such as
infrastructure improvements, research and development, energy efficiency
measures and new fechnologies. The exception is the "Delayed Transition"
scenario, where public investment takes longer to increase as the transition
starts later. Over time, carbon taxes and other government measures such as
tax credits and co-financing provide incentives for the private sector to take
on the lion's share of green investment, decreasing public investment. In "Net
Zero Emissions with Economic Transformation", the deployment of private
investment is higher due to the increased benefits derived from private
investment, so in this scenario public investment is withdrawn earlier than in the
other scenarios. In the physical risk scenarios, as no real fransition is initiated,
no additional public investment is required at the start of the period, but public
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investment increases as time passes and the effects of climate change start
to impact negatively on the economy, requiring higher public expenditure.

FIGURE 20. PRIMARY BALANCE (% FIGURE 21. DEBT (% GDP)
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In the transition scenarios, the public debt ratio declines as a result of improved
evolution of the primary balance. In the "Zero Net Emissions" scenarios, the ratio
is steadily declining at an average rate of 1 percentage point of GDP, with
the pace being somewhat higher in the first and last years of the time horizon.
In the "Low Demand" scenario, the debft ratio stabilises at around 87% of GDP,
while in the "Delayed Transition" scenario it will remain in a range between 90-
95%, again with a very constant profile. This containment of debt will allow the
debt burden as a percentage of GDP to drop, even with somewhat higher
emissions rates. In contrast, in the physical risk scenarios the debt ratio rises
steadily, with a somewhat exponential profile in line with the deterioration of
the fiscal balance. Rising interest rates together with growing debt will raise
the financial burden very significantly.
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BOX_RE 1.2. CLIMATE IMPACT EVALUATION OF THE INDEPENDENT FISCAL INSTITUTIONS IN IRELAND AND
THE UNITED KINGDOM IN THE TRANSITION SCENARIOS

Ireland: Irish Fiscal Advisory Council

What-climate-change-means-for-lrelands-public-finances-Casey-and-Carroll-
2023-Irish-Fiscal-Advisory-Council.pdf (2023, chapter 4)

This document only analyses the impact of the transition on public revenue and
expendifure, without providing results in ferms of prices, interest rates, growth or
the fiscal balance and debf.

A number of scenarios are presented in which it is assumed that national climate
targets are met while minimising costs. All of them project a considerable
reduction in revenue, which ends up being structurally lower in 2040 than at the
start of the period. This is due to declining tax collection for fuel, energy and
vehicle emissions as the transition is completed, which are not offset by the
implementation of a carbon tax. Accordingly, in this analysis revenue from the
carbon tax does not offset the decrease in revenue from other taxes. Furthermore,
on the expenditure side, it is noted that the projections are subject to considerable
uncertainty as they will depend on the type of policies that policymakers
implement. At any event, the fransition is projected to require exfra public
expenditure in all scenarios. Therefore, the fiscal impact of the transition would be
negative.

Inits conclusions, the Irish Fiscal Council highlights the potentially significant impact
of fransition risks. Even so, it stresses the need to adopt the necessary policies to
meet climate targets, as the costs of inaction may be much higher, since the
likelihood of extreme weather events rises as temperature rises. It also stresses the
need to improve the accuracy of the analyses carried out.

Results:

e Meeting Ireland's climate targets could reduce tax revenue by 0.9% of GDP
(€2.5bn) per annum until 2030, and by up to 1.6% of GDP (€4.4bn) per annum
in the long term (2031-2050).

e Depending on the degree of private sector involvement, it is estimated that
the Government could face costs of between 0.6 and 1.1 % of GDP (between
€1.6 and €3bn) per annum over the period 2026-2030. These costs would end
up averaging between 0.4 % and 0.7 % of GDP in the long term (2031-2050).

United Kingdom: Office for Budget Responsibility (OBR)

CP 1142 - Office for Budget Responsibility Fiscal risks and sustainability (2024,
Chapter 2)
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This document only analyses physical damages, with a range of scenarios up to
2074. The physical risk scenarios they present assume that the UK and most other
countries continue orimprove their climate commitments. The costs of the physical
risks estimated in these scenarios should therefore be considered additional fo the
fransition costs. They do not add the two costs together, but argue that, assuming
the mitigation cost estimates up to 2050 are correct (and then held constant until
2074), the total cost of physical risks could increase by about 60%.

Fiscal risks report (2021, Chapter 3)

This report considers four channels through which the fransition may produce fiscal
effects:

e Direct cost of mitigation, to be borne by the Government to drive the
fransition in various sectors.

e Double impact on revenue. On the one hand, a reduction in revenue is
considered due to lower tax collection from fossil fuels and emissions as
decarbonisation proceeds. On the other hand, revenue is considered to
increase due to higher carbon taxes.

e Indirect fiscal effects of the transition, stemming from its impact on the wider
economy.

An "early action" scenario, similar to the "Net Zero Emissions" scenario, is taken as
the starting point, the results of which are presented as differences to a
hypothetical baseline scenario in which there is no additional global warming,
with no fransition costs incurred to achieve this.

Results:

e GDP falls and ends up 1.4% lower than in the baseline scenario.

e Revenue increases until 2035-2036, when the loss of revenue from existing fuel
and emissions taxes is compounded by lower carbon tax collection, which at
the start of the period brought in significant revenue. By 2050-51, revenue as
a share of GDP is 1.1% of GDP lower than in the baseline scenario.

e Public expenditure as a share of GDP remains above the baseline scenario
throughout the period. By 2050-51, it is 0.5% of GDP higher.

e Although in some years the fiscal balance improves as carbon tax revenue
exceeds ftransition costs, when revenue starts to decline it deteriorates
progressively to 2.3% of GDP lower than in the baseline scenario by 2050-2051.

e The debt ratio remains at values close to the baseline scenario in the first half
of the period, but then follows an upward trajectory to stand at 21% of GDP
higher by 2050-2051. The main drivers of this difference are higher public
expendifure and a net drop in revenue.

In absolute terms, this scenario projects negative fiscal results. The fiscal balance
deteriorates to a deficit of 5% of GDP by 2050, and debft rises to over 115% of GDP
by 2050. This is mainly due to two factors. On the one hand, an increase in public
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expenditure to boost decarbonisafion, and on the other, losses from lower tax
collection from certain emissions-related taxes, which are not offset by the
implementation of an all-encompassing carbon tax, such that revenue starts to
fall as from 2035, reaching a drop of 1.1% of GDP by 2050. Accordingly, in its
comparable "Net Zero Emissions" scenario, the transition does not "finance itself",
but entails costs that are not offset by its positive effects, and would not have a
positive impact on growth and debt in the long term.

They also consider several alternative scenarios that vary some of the assumptions
of the previous scenario:

A climate inaction scenario, in which no climate policies are adopted
beyond those already implemented until 2021. There is a five-fold decline in
growth compared with the early action scenario and a significant increase in
debt.

A late action scenario similar to "Delayed Transition". Growth ends up 3.2%
lower than in the early action scenario, and debt 23% higher.

Two productivity scenarios - optimistic and pessimistic - in which the fransition
is assumed to have positive and negative effects on productivity,
respectively. The early action scenario assumes a moderate impact on
productivity, with 0.1 pp lower growth per annum during the first decade only.
In these productivity scenarios, growth is varied by +0.1 pp per annum
compared with the early action scenario, extending the effect to 2050-2051.
In the optimistic scenario, real GDP ends up 1.6% higher than in the baseline
scenario and debt 11% lower than in the early action scenario. In the
pessimistic scenario, growth is 4.4% lower and debt 11% higher. Accordingly,
in this analysis the transition only has positive effects in terms of growth in an
optimistic scenario where this assumption is explicitly taken into account.

Two scenarios with different levels of public sector participation in the
financing of the fransition costs, one with high and another with low
participation. In the former, debt would be 5.9% higher than in the early
action scenario by 2050-2051, and in the latter, it would be 5.2% lower, but still
above the levels of the baseline scenario.

A scenario that assumes that the investment needed for the fransition is
financed by existing items in the budget rather than additional expenditure.
The primary balance would remain slightly higher than in the baseline
scenario, but below the early action scenario, at 2.8% of GDP. Debt would be
8.4% of GDP lower by 2050-2051 than in that scenario, but sfill slightly higher
than in the baseline scenario.

A scenario in which a vehicle tax is levied to maintain the revenue lost from
lower tax collection. Public debt would be 24% of GDP lower than in the early
action scenario. This would offset the net impact of the transition on debtf,
leaving the debt ratio below the baseline scenario. This result shows that the
additional carbon tax revenue in the early action scenario is only sufficient to
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finance the transition and its economic consequences, if the pre-existing
fiscal burden is maintained through additional taxes.

The conclusions underline that the economic impact of the transition would be
significant, but not exceptional, as, for example, the expected increase in debt
resulting from mitigation policies is somewhat lower than that expected to result
from the pandemic, as of the date of publication of the report. Furthermore, it is
stressed that the costs of not slowing climate change would be much higher, such
that in this context, the net benefits of an effective global transition would be
enormous.
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TABLES OF THE EVOLUTION OF VARIABLES, AVERAGES AND DIFFERENCES FROM THE BASELINE
SCENARIO.

Global greenhouse gas emissions (million tonnes of

CO2E)
"B line" Average  Average 2025- Average 2031- Average 2041-
aseline 2000-2024 2030 2040 2050
scenario 43.348,0 50.864.8 49.422,3 46.799.1
£% 8 Net zero emissions (Net0) . -7.885,9 -22.403,6 t28.062,2
o . .
£ % g Net0 + economic transformation . -6.671,0 -20.096,7 24.210,0
§ g8 Delayed transition . 84,5 -13.022,9 27.140,1
g i Low demand . -13.379.6 -29.301,9 31.266,2
£ Climate catastrophe . 8.526,1 25.870,4 43.820,1
Climate distress . 4.209.0 13.702,1 121.753,2
Source: Oxford Economics
Carbon prices (US$2010/1CO2)
"B line" Average  Average 2025- Average 2031-  Average
aseline 2000-2024 2030 2040 2041-2050
scenario 7.9 36,6 49,5 62,4
£ 8 Net zero emissions (Net0) . 203,1 489,4 859,6
o . .
= = g Net0 + economic transformation . 11,4 323,0 465,4
(%]
§ 38 Delayed fransition . 3.2 420,7 967.4
g Low demand . 387.7 837.3 1.164,0
£ Climate catastrophe . 0.0 0,0 0.0
Climate distress . 0.0 0,0 0.0
Source: Oxford Economics
Qil prices (US$ TOE)
"B line" Average  Average 2025- Average 2031-  Average
aseline 2000-2024 2030 2040 2041-2050
scenario 1.164,3 1.412,8 1.571,6 1.715,0
£ 2 Net zero emissions (Net0) . 729.7 2.170,1 4.781,3
o c . .
=3 % Net0 + economic transformation . 356,9 1.350,3 2.299,9
(%]
§ 38 Delayed fransition . 7.8 1.979.0 5.589,1
g Low demand . 1.432,6 3.899.8 6.772,6
£ Climate catastrophe . 36,2 1453 252,3
Climate distress . 15,0 82,9 159.3

Source: Oxford Economics
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Energy price index (2019=100)

"Baseline” Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario 97,5 139,9 145,0 159,9
£ 2 Net zero emissions (Net0) 80.8 133,2 130,6
% % % Net0 + economic transformation 40,1 81,6 61,9
§ 3 9 Delayed transition 0.9 146,6 186,8
g Low demand 148,3 219.,3 173,0
£ Climate catastrophe 5.4 18,0 42,3
Climate distress 2,7 10,0 23,4
Source: Oxford Economics
Fossil fuel demand (MTOE)
"Baseline” Average  Average 2025- Average 2031- Average 2041-
2000-2024 2030 2040 2050
scenario 109.5 ‘ 84,3 ) 65,8 50,6
£% 2 Net zero emissions (Net0) 13,8 33,6 ;L35,7
% % g Net0 + economic fransformation 1 1,0 5»33,1 §34,6
g 39 Delayed fransition 0,1 17,4 32,5
g i Low demand 22,9 44,1 §39,3
£ Climate catastrophe {60 i15.3 i19.8
Climate distress | 28 P75 [ 9.6
Source: Oxford Economics
Electricity price index (2019=100)
"Baseline" Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario 96,6 102,5 93,7 91,4
£ 2 Net zero emissions (Net0) 20,3 20,4 15,4
-% % ?, Net0 + economic transformation 9.1 11,6 3,9
§ 3 9 Delayed transition 0.2 23,8 19,0
g Low demand 37,6 36,3 20,1
£ Climate catastrophe 53 1.1 20,7
Climate distress 2.8 58 10,2
Source: Oxford Economics
Total electricity consumption (GWH)
"Baseline" Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario 251.276,5 2737322  307.011,4  355.094,2
£ 2 Net zero emissions (Net0) 6.853,1 65.080,6 ;181.972,0
% % % Net0 + economic transformation 16.055,0 82.498,9 E228.036,6
§ 3 9 Delayed transition 743,5 35.097,2 E]63.909,0
g Low demand -8.749,1 : 12.145,1 : 79.615,7
£ Climate catastrophe -3.109.7 |} -15.1555 | -53.687,0
Climate distress 16569 | 9.0633 | -34.947.2
Source: Oxford Economics
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Energy intensity (2019=100)

"Baseline” Average  Average 2025- Average 2031- Average 2041-
2000-2024 2030 2040 2050
scenario 108,2 73,3 54,0 39.0
£% 8 Net zero emissions (Net0) -11,6 26,3 -24,0
«E % g Net0 + economic fransformation -10,2 26,5 -23,2
g 3 9 Delayed transition 0,1 12,6 21,0
g Low demand -19.6 -35,4 27,2
= Climate catastrophe 39 15,2 ‘ 27.8
Climate distress 1,8 7.4 { 140
Source: Oxford Economics
Total emissions (thousand tonnes of CO2E)
"Baseline” Average  Average 2025- Average 2031- Average 2041-
2000-2024 2030 2040 2050
scenario 351.539.5 252.069.3 218.137.4 187.700,0
£ 2 Net zero emissions (Net0) £36.621,2 -85.777,7 -B5.683,6
-g % g Net0 + economic transformation }26.309,8 2»78.366,6 -72.277,2
§ 29 Delayed transition | -195,4 £48.571,2 B5.099,8
g- Low demand }62.1 12,0 -118.841,3  -100.638,9
£ Climate catastrophe 130.010,8 £92.870,2 189.266,6
Climate distress ; 14.493,2 544.972,9 5.345,6
Source: Oxford Economics
Evolution of average annual temperature (°C)
"Baseline” Average  Average 2025- Average 2031- Average 2041-
2000-2024 2030 2040 2050
scenario 14,3 15,5 15,8 16,1
£ 2 Net zero emissions (Net0) [ 00 0,1 | 03
-g % % Net0 + economic transformation i 0,0 0,1 E 0,3
§ 39 Delayed transition {00 0,0 0,2
g Low demand ; 0,0 0,1 0,3
E Climate catastrophe [ 00 0.1 0.3
Climate distress E 0,0 0,0 i 0.1
Source: Oxford Economics
Nominal GDP (annual % change)
"Baseline” Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario 4,1 3,9 . 3,1 ) 3.2
£ 8 Net zero emissions (Net0) 0.6 ; 07 | 0.5
% % g Net0 + economic fransformation 1,1 0.9 0.8
§ § ) Delayed transition 0,1 0.6 0,7
g Low demand 09 i 0,6 0.1
E Climate catastrophe 01 i 05 | 05
Climate distress o1 03 | 04
Source: AlIReF and Oxford Economics
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Real GDP (annual % change)

"Baseline" Average  Average 2025- Average 2031- Average
2000-2024 2030 2040 2041-2050
scendario 1.8 1,7 1.1 1.2
g .% Net zero emissions (Net0) 0,3 0,2 @),4
= £ Net0+economic fransformation 0.1 0.2 @),6
§ _8 Delayed transition 0.0 0,3 .4
g2 Low demand 0,7 0.1 0.0
£ g Climate catastrophe 0,2 0,8 22
@ Climate distress 0.1 0,5 1.6
Source: AlReF and Oxford Economics
Inflation (annual % change)
"Baseline" Average  Average 2025- Average 2031- Average
2000-2024 2030 2040 2041-2050
scenario 2,3 2,2 2,0 2,0
£ 8 Net zero emissions (Net0) 0.9 0,5 0.0
-] . .
£ '?’ < Net0 + economic transformation 1,0 0,7 0.2
§ ,g 3 Delayed transition 0,0 0.9 0.3
% Low demand 1.6 0,5 0.1
£ Climate catastrophe 0.1 03 1.8
Climate distress 0.1 0,2 1,2
Source: AlReF and Oxford Economics
Primary balance (% GDP)
"Baseline" Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario -1.7 0,0 0.4 1.9
£ 2 Net zero emissions (Net0) ! 0.8 0,9 2,9
% % g Net0 + economic transformation ! 0.6 0.8 3.4
§ 2 9 Delayed transition ] 0,0 {06 1,7
g Low demand 0.9 i 02 1.8
E Climate catastrophe ] 0.0 i -1.0 | -5.2
Climate distress ) P06 {35
Source: AlIReF and Oxford Economics
Interest (%GDP)
"Baseline” Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario 2.4 . 2,7 33 4,2
] Net zero emissions (Net0) ; 0.1 04 -1,3
% % g Net0 + economic transformation 0,1 0.2 -1,2
§ _§ ) Delayed transition 0,0 0,0 0,6
g Low demand 0.0 02 i 0,9
E Climate catastrophe 0.0 o5 G4
Climate distress 0,0 0.3 2,1
Source: AlIReF and Oxford Economics
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Interest rates on new issues (%)

"Baseline” Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario 2,4 31 3,6 3,8
E% 2 Net zero emissions (Net0) 02 | 01| 0,0
OLfoso . . 1 !
u‘: S g Net0 + economic transformation 0.2 E 0,6 | 0.3
§ 3 9 Delayed transition 0,0 0,4 0.1
g Low demand 0.5 0,1 0,1
£ Climate catastrophe 01 | 04| 1,6
Climate distress 0.1 0.2 1.0
Source: AlIReF and Oxford Economics
Implicit interest rate of the debt (%)
"Baseline” Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario 36 2,8 35 38
£ 8 Net zero emissions (Net0) i 0.0 0,1 0.0
% % g Net0 + economic transformation 0.0 0.4 0.3
§ 2 ] Delayed transition 0,0 0,2 0,1
g Low demand 0,1 0.2} 0,0
£ Climate catastrophe 0.0 02 1.2
Climate distress 0.0 01 0.7
Source: AlIReF and Oxford Economics
PUBLIC BALANCE (% GDP)
"Baseline” Average  Average 2025- Average 2031-  Average
2000-2024 2030 2040 2041-2050
scenario -4,1 2,7 -3,7 -6,0
£ 2 Net zero emissions (Net0) P o9 1.3 142
oOcopo . . : i
-‘; 'g £ Net0 + economic fransformation 0,7 ! 1,0 4,6
§ 2 3 Delayed transition | 00 ! 0,6 2,3
o Low demand P09 ! 0,4 127
£ Climate catastrophe P 0,1 1.4 18,8
Climate distress i 00 ’ 0,9 {-5.5
Source: AlIReF and Oxford Economics
Debt (% GDP)
"Baseline" Average  Average 2025- Average 2031- Average
2000-2024 2030 2040 2041-2050
scenario 77.8 98,7 99,4 116,7
£ 2 Net zero emissions (Net0) 47 145 | -383
% % g Net0 + economic transformation -5.0 -15,5 ’ -41,5
§,g 3 Delayed transition 0,0 -5,9 ' 20,2
% Low demand -5.5 -11,4 | 257
£ Climate catastrophe 0.5 7.6 ! 52,8
Climate distress 0.2 § 4,5 337
Source: AlReF and Oxford Economics
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Public investment (% GDP)

"B line" Average  Average 2025- Average 2031-  Average
aseline 2000-2024 2030 2040 2041-2050
scenario 31 2,9 22 2,2
£ 2 Net zero emissions (Net0) 0.3 0.4} 0.2
=] . R ]
=% £ Net0 + economic transformation 0.1 0.1 0.0
(%] 1
§ 38 Delayed transition 0.0 04! 0,5
g Low demand 0.6 08 | 0.3
£ Climate catastrophe 0,0 01} 0,4
Climate distress 0.0 01} 0.3
Source: AlIReF and Oxford Economics
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