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Time of uncertainty

Geopolitical tensions and wars

Technological (paradigm) change

Trade wars (Impact on prices)

Supply chains disruptions (and reconfigurations)
Multilateral architecture (crisis)
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Energy demand
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Renewables include modern bioenergy and renewable waste.

+ 7 O o/ Notes: CPS = Current Policies Scenario; STEPS = Stated Policies Scenario; NZE = Net Zero Emissions by 2050 Scenario.
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Energy new centrality

As source of economic power (cost competitiveness)
as Kkey driver of social stability (cost of living crisis)
as the frontier of technological/industrial innovation
as driver of industrial investment and their location
As coercion mechanism (energy weaponisation)

as key to address climate change

...conflicting claims and multiple risks
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The risks (and costs) of inaction

Political backtracking and postponements

Policy Incoherence and reqgulatory uncertainty

Insufficient/delayed investments (further lock-in)
L eaving It to the market alone...

Climate tipping points (and unsustainable costs)

-INding ourselves on the ‘wrong cost curves'...
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Call for acting now to limit overshoot

Energy investment in the NZE Scenario increases to around USD 4.8 trillion
per year over the next decade, from USD 3.3 trillion today.
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The Current Policies Scenario Peaks and valleys of the Stated Policies Scenario
Where the energy system reaches new highs and where it falls away
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Green ambitions ... without sufficient investments

EU emissions pathway to 2050 and its components
Net targets, projected gross emissions, removals and international credits permitted to offset domestic emissions

GHG emissions 1990
(Mt CO,e/year) Emissions reported for 1990

5,000 -
’ 2030 2035 2040 2050
4,608 net emissions Politically set Up to 5% of emission Any remaining
4,000 - net emissions reductions compared emissions are
target to 1990 levels may be counterbalanced
Gross emissions achieved through inter by CO, removal
3,000 - national credits (Art. 6)
counting towards the target
2,000 - 22,074 up to 5%
Estimated gross emissions i from 1,555 R Al credits
to1l, 267
1,000 - Based on model runs
m Residual emissions
2 l “ CO, removal
-500 - -
Land Use, Land Use Change s\ Additional carbon sink capacity,
and Forestry which does not count towards

the overall target

Sources: LULUCF Regulation and European Climate Law; European Commission, Impact Assessment on the 2040 climate target;
European Environment Agency for historical data: www.eea.europa.eu Stiftung Wissenschaft und Politik (SWP), 2026 | @@® CC BY 4.0
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Gas and retail price gap for industry

Industrial retail power prices Industrial gas prices
The future FUR/MWH FUR/MWH
of European o 140 - an -
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Source: European Commission, 2024, Based on Euwrastat (EU), EIA (US) and CEIC (China), 2024
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World Energy
Outlook

L
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China has driven
growth in investment
(from 25% in 2015 to
almost 30% in 2025)

Can Europe
compete and
leverage?

Figure 2.4 = Global energy-related investment, 2015-2024

Trillion USD (2024, MER)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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Shifting from crisis management
to sustained investments

 Technological and industrial innovation
* |ndustrial Ecosystem Transtormation
 Policy orchestration (and experimentation)
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Shifting from crisis management
to sustained investments

 Technological and industrial innovation
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Figure 2.2 Global average clean energy technology price trends, 2015-2025e
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IEA. CC BY 4.0.

Note: Heat pumps are residential only.
Sources: |IEA analysis based on BNEF (2025); InfoLink (2025); and S&P Global Mobility (2025).

The prices of most clean energy technologies have fallen sharply since 2015, especially solar
PV modules, lithium-ion batteries and wind turbines.
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Installed cost
expected decline to
2035

Onshore wind

Solar PV

Utility-scale
battery storage

Figure 2.14 = Installed costs of onshore wind, solar PV and battery storage
by scenario and region/country, 2024 and 2035
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Regaining a competitive edge in technological and industrial
iInnovation for PV deployment in Europe

3SUN Gigafactory

Catania's "Sun Factory,” where high-efficiency solar cells and modules are
made, is Europe's largest center for the production of next-generation
photovoltaic modules.

o
"‘P' _— ___ﬁ.”
“ha

g

€1 billion

S8 E A i annual production capacity target of about total investment (Capex, Opex + €190 million
15,000 PV modules per day. from the European Innovation Fund and the
national 'Development Contract' scheme).

— quﬁ —]
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The frontier of learning gains:
Battery techs for mobility and energy storage (baseload)

Global benchmark levelised cost of electricity (Constant 2025 $ per MWh) Global energy storage additions by market (GW)
200 B China WM Europe CUS EMSub-5aharan Africa Bl India 0 Mena B South-east Asia 1 Other
Forecast
150 300
100 LCoT 200
Offshore wind
Coal
Battery storage
50 Tracking PV 100
Onshore wind
Fixed-axis PV i ﬁ
0 | - - 1 . - | o
2020 2021 2022 2023 2024 2025 2026
2020 2025 2030 2035
FINANCIAL TIMES Source: BloombergNEF » 2026=estimate; CLGT=combined-cycle gas turbine FINANCIAL TIMES Source: BloombergNEF » excludes pumped hydro plants

CATL's fastest-growing business line today is the production of cells for large-scale energy storage systems
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Shifting from crisis management
to sustained investments

* |ndustrial Ecosystem Transtormation
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EMI Industries The Hydrogen Ladder
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Industrial decarbonisation and green hydrogen:
No viable investments without offtakes

Figure 1.7 Government targets for low-emissions hydrogen production and demand
globally and selected individual targets for production, 2030

ied oo Jo = § o BERUICHONGT 30 Netherlands

Austria
25 United Kingdom
Germany
GIO.baI HYd rOgen 20 European Union
Review 2026 Paraguay
Portugal
15 France
United Arab Emirates
N : India
< 10 Denmark
N\ Egypt
5 Namibia
| Uruguay
' 0 0% 20% 40% 60% 80% 100% 120%

Mtpa H;

i

International
Energy Agency

Demand Supply Share of maximum production target (%)

mTargets @Implemented policies O Operational B Almost certain O Strong potential

IEA. CC BY 4.0.

Note: China is excluded from the chart to avoid distorting the scale and because its 2030 target is 300 ktpa while its project
pipeline with all projects up to strong potential equals more than six times this target.

Only China and the Netherlands are on track to meet their announced targets for
production of low-emissions hydrogen by 2030.
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Conflict in the Middle-East and ‘Green Premium’:
Impact on urea, ammonia and methanol made from hydrogen

Figure 3.22 Production cost of renewable ammonia, methanol and synthetic
kerosene in the Stated Policies Scenario, 2025 and 2030, compared with

cost ranges of fossil-based equivalents in 2022, 2025 and Q1 2026 High energy prices can reduce the
cost gap for renewable hydrogen
6 000
5 oRenewable ammonia and hydrogen-based products
% 5 000 B Renewable methanol
=4
ﬁ 4000 B Synthetic kerosene
s | | Some low-emissions hydrogen-
o Range for fossil product in 2025
> 3000 based products could become
Range for fossil product in 2026 Q1 " ;
cost-competitive in the near term
2000 Range for fossil product in 2022
1000 BN 1 Reducing fossil fuel dependency
2025 2030 2025 2030 2025 2030 L] Hedge OgOihSt price shocks

Renewable ammonia | Renewable methanol | Renewable kerosene
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New sources of demand: Data Centres

Across all countries, majority large scale (>200 MW)

Figure 1.16 > Electricity consumption in data centres by server type, and
global and regional electricity demand in the STEPS, 2024-2030

Electricity demand growth
by region, 2024-2030

Global growth in electricity
demand, 2024-2030 (TWh)

Data centre electricity
consumption (TWh)

1000  ccoveeeeeeeeiieeein
Non-EIT

Appliances

Electric transport :

Space cooling 50%
Data centres [N E E

Heating*

EIT

2024 2030 750 1500 5 <
Conventional servers

m Al-optimised servers

China
EMDE

W Data centres Other sectors

IEA. CC BY 4.0.

Figure 1.17 = Characteristics of data centre capacity in the pipeline

Region United States

Cluster Large cluster Small cluster

Capacity Bl 200 MW -1 GW

Location

Close to large cities

25% 50% 75% 100%
IEA. CC BY 4.0.



Beyond 2030: Transforming to Lead

Global energy savings potential from Al

Figure 1.18 = Global energy savings potential from Al in selected end-uses in
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Shifting from crisis management
to sustained investments

* Policy orchestration (and experimentation)

Industrial policy

-nerqgy/Infrastructure Policy

—nergy Markets Regulation and Competition Policy
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The return of industrial policy?
Many measures, more need for orchestration

30000 i " |
1 I |
| I |
1 1 | 10000
| I |
| I
7} | 1 (7]
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S | ! | § ] GVC Resilience
§ | ! | = 6000 - I National Sec / Geopolitical
= 1 I | o .| Climate Mitigation
g | I | o 1 . .
; 10000 - } : : g 4000 Strategic Competitiveness
1 I | 2
| " | 2000 -
Implementation time-lag (China) : :
| US and EU slow reactions I | O ]
0 | T ] ]4 g I] I T | | I |
Jan-2010 Jan-2015 Jan-2020 Jan-2024 Jan-2010 Jan-2015 Jan-2020 Jan-2024
Implementation Date Implementation Date

Source: Data from GTA (Evenett et al, 2025)



Beyond 2030: Transforming to Lead

EU: green as normative, requlatory fragmentation and
reactive policy mode

ENERGY SHOCK: Feb 2022 -
Green industrial policy acceleration

One Year post REPower Europe: 2022-2023
May 2022 — REPowerEU Plan launched
European Climate siodiversity Strategy Barsatson Wi Offshore Renewable Energy Europesn Bevhous Nov 2022 - Circular Economy Packaging Regulation
Law Strategy Nov 2022 — Proposal new Euro 7 standards
A A Feb 2023 — Green Deal Industrial Plan
J March 2023 — Net-Zero Industry Act
Circular Hydrogen Methane Strategy March 2023 — Critical Raw Materials Act
ECC”O‘:‘Y Action Strategy Sustainable and Smart Sustainable Blue REPower April 2023 — Fit for 55 Council adopts key pieces of legislation
" Mobility Strategy Economy Europe April 2023 - ReFuelEU Aviation proposal political agreement
N 2 &
Dec. 2019 May. 2020 Sept. 2020 Jan. 2021 | Jun.2021 |
O :
Mar. 2020 Jul. 2020 Oct. 2020 May. 2021 Mar, 2022
i Aug 2022: NGEU disbursement: S A F E
T _— Farm to Form . , Up to 385.8 Billion in Loans .
Strategy 2030 Climate Target Plan Eurcpean Climate Pact Zero Pollution Action Plan Up to 338 Billion in Grants
peal pc | Regulation
Six Pillars, four central central to the single market:
¢ * Green transition
Y = = Y : « Digital Transformation
Europ:;njndus’.na: Energy System Integration Chemicals Strategy for European Battdry Alliance Fit for 55 - Smart, Sustainable and inclusive growth -
ategy Strategy Sustainability = — . N at I o n a I
» Social and Territorial cohesion
« Health and economic, social and institutional resilience
» Policies for the next generation Esca pe

Clause

PANDEMIC SHOCK: Feb - July 2021: Recovery and Resilience Facility

Source: Andreoni et al. 2025
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Energy investments is a ‘better deal’ than re-armament
but It needs multi-level policy orchestration

At the national level

Most countries deploy IP instruments without strategies

Most countries face an enerqgy infrastructure gap (HV Grid)
Most governments give away carrots without sticks

At the EU level

Reloading the Green Deal towards green competitive
advantage and economic resilience (Industrial Accelerator Act)

Energy market integration fit for a new energy technology mix

Energy infrastructure integration to support green tech
diffusion
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At the Global level

Ongoing ETS reforms (greater flexibilities) and better
integration with industrial policy

Waking-up to China and its sources of competitive advantage:
EU catching up / learning from global leader in renewable
energy technologies, business models and public finance

Forging equal partnerships: EU Global gateway for mutually
beneficial industrial partnerships in energy and critical
minerals




5 EL:CPOR

Obrigado.

Email: aals55@soas.ac.uk
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