
Samuel Furfari · Professor of Energy Geopolitics

VKG
Tallinn · 9/9/2026

Lessons learned from EU`s major 
decarbonisation projects and 

technologies



This presentation is the exclusive property of Samuel Furfari and may 
not be published, copied or distributed, in whole or in part, without 
his prior written consent.

All data is in the public domain — mainly Eurostat, the European 
Commission, the European Court of Auditors, the Energy Institute 
(Statistical Review of World Energy ), or the chemistry and physics 
involved.

Disclaimer



European Union medal
20 years of European public service — Samuele 

Furfari, 1982-2002

Université libre de Bruxelles 
medal

Tribute to Professor Samuel Furfari, 1978-2018

Samuel Furfari



Samuel Furfari



The world and the EU 
energy situation
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Growing primary energy demand for all energies

Data: Energy Institute, 2025, Samuel Furfari SAMUEL FURFARI  
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World and EU energy consumption, 2025
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Data: Energy Institute, SRWE 2026 for 2025. © S. Furfari 
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Fossil-fuel dominance
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Fossil fuels
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The EU does not produce enough energy



Each dossier is tested in the same way — the promised mandate is compared 
with what the Commission’s own evidence now shows
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Seven case studies, a consistent pattern
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Energy transition
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Change in primary energy consumption 2015–2025 (EJ). Energy Institute — SRWE 2026; calculations S. Furfari.

Primary energy portfolio of main actors

Careful  with  final energy !!
Samuel Furfari



The rest of the world: +81 EJ — fossil fuels added four times as much as wind and solar; the EU alone 
shrank by 4.6 EJ

Change in primary energy consumption 2015–2025 (EJ). Energy Institute — SRWE 2026; calculations S. Furfari.

Energy added since the Paris Agreement, 2015–2025
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Change in primary energy consumption 2015–2025 (EJ). Energy Institute — SRWE 2026; calculations S. Furfari.

Decarbonisation since the Paris Agreement, 2015–2025
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Across the world, energy is the nerve of 
sovereignty — not a moral variable.
China, India and the United States add coal, oil, gas and nuclear to fuel growth and 
power. New sources are piled on the old — they do not replace them.

The EU decarbonises alone, at the cost of its competitiveness — a reduction 
swallowed almost instantly by the rest of the world.

Addition, not transition
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“EU companies still face electricity prices 2 to 3 times higher than in the 
United States and natural gas prices 4 to 5 times higher.”

If Europe cannot become more productive, we will be forced to choose. 
We will not be able to become a leader in new technologies, a beacon of 
climate responsibility and an independent player on the world stage at 
the same time. We will not be able to finance our social model. We will 
have to scale back some, if not all, of our ambitions. ”

“We have reached the point where, if we do not act, we will have to 
compromise our well-being, our environment or our freedom.”

Mario Draghi

A challenge for the EU industry
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Biofuels since 2009
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10% minimum → 7% cap, non-binding → capped again, advanced sub-targets crawling to 3.5% by 2030

Source: Directives 2009/28/EC, (EU) 2015/1513, (EU) 2018/2001

The target, rewritten twice
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https://energy.ec.europa.eu/data-and-analysis/eu-energy-statistical-pocketbook-and-country-datasheets_en

Target: 10% by 2020. Reality, 2024: 5.7%
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CCS & CCU
Hiding the CO2
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The EEPR funded six demonstration projects in 2009–2010 — €1 billion was on the table.

Source: European Commission, EEPR programme, 2009–2010

Hatfield, UK
900 MW, pre-
combustion

Compostilla, ES
323 MW, oxyfuel

Porto Tolle, IT
250 MW, post-combustion

Jänschwalde, DE
300 MW,

post-combustion & 
oxyfuel, lignite

Bełchatów, PL
250 MW,

post-combustion, 
lignite

Rotterdam, 
NL

250 MW,
post-

combustion

CCS & CCUS: the promise
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The Court of Auditors closed the file in 2018: the 
intended progress had not been achieved.

Source: European Court of Auditors, Special Report 24/2018

CCS: the judgment of the Court of 
Auditors

CCS in the EU is gaining 
momentum on paper — 
with a handful of storage 
sites entering operation in 
2026 and dozens more 
announced — but it 
remains a heavily 
subsidized, early-stage 
market still far short of the 
50 Mt CO₂ target for 2030 .

EC Report link

Samuel Furfari

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX%3A52026DC0252


FuelHigh chemical energy

CO₂ + H₂OLow chemical energy

O₂
Combustion
releases energy

(ΔG < 0)

Fuel or chemical

CO₂ (captured)

CCU
must re-inject the
same energy (ΔG > 0)

ΔGₘₐₖₑ(CCU) = −ΔG(combustion) 
and real processes always need more

Gibbs’ law: the thermodynamic wall of CCUS

Samuel Furfari
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CCS?
• expensive
• green opposition
• lack of adequation between 

emission sites and appropriate 
geological plays
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The EU’s hydrogen quest 
since 1960
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Very inefficient H₂ storage!

SAMUEL FURFARI  

66 %



Hydrogen, the key molecule of chemical 
and petrochemical industry

SAMUEL FURFARI

Cannibalisation

Chemistry
Ammonia — nitrogen fertilizers
Methanol — solvents and resins
Hydrochloric acid — industrial acid

Petrochemical refining
Hydrocracking — heavy oil into 

fuels
Hydrotreating — sulfur removal
Isomerization — octane boost

Metallurgy & materials
Direct ore reduction — iron sponge
Tungsten, molybdenum — pure 

metals
Float glass — protective 

atmosphere

Food & other industries
Fat hardening — margarine, 

shortening
Silicon purification —

semiconductors
Vitamin synthesis —

pharmaceuticals



Why H₂ is produced with hydrocarbons?

Samuel Furfari

CH4 + 2 H₂0 → 4 H₂ + CO2 ΔH = - 164.7 kJ

H₂0 (l) → H₂ + ½ O2 ΔH = -285.8 kJ

4 𝑥𝑥 285.8
164.7

 = 6.9 
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Link

« 98% of the 142 GW 
project pipeline remains at the 
concept or feasibility stage

Projects Place

H2UB Boxberg Boxberg, Saxe

FlagshipONE Örnsköldsvik, Ørsted

Neste, Porvoo Porvoo

Repsol Cartagena

H2Sines.Rdam (Shell & Engie) From Sines to Roterdal

Lhyfe France

Plug Power Antwerpen

ArcelorMittal Dunkerque

HyScale100 Heide

Samuel Furfari

https://www.ey.com/content/dam/ey-unified-site/ey-com/fr-fr/insights/climate-change-sustainability-services/documents/ey-hyvolution-ey-european-hydrogen-20250214.pdf


« It is a fantasy to believe Europe's steel industry can fully 
decarbonise by 2033 without affordable clean electricity and 
hydrogen.

„Yet the biggest question remains unanswered: 
where will the affordable electricity and hydrogen 
come from? Companies are still being asked to 
invest billions without knowing whether the electricity 
and hydrogen infrastructure will be ready, whether 
sufficient clean electricity will be available, or 
whether they will be delivered across the EU at 
prices that keep European steel and its downstream 
value chains globally competitive.“

Axel Eggert 
DG of EUROFER
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ETS

SAMUEL FURFARI



Legal form versus economic substance

Emitter / fuel supplier Buys allowances Public revenue Policy spending

€38.8 bn
2024 revenue

> €245 bn
since 2013

ETS2
fully auctioned fuels

• Fiscal substance → unanimity argument

3

TAX OR MARKET?
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CONSTITUTIONAL

Energy-mix
sovereignty

ECONOMIC

Competitiveness
penalty

EMPIRICAL

Negligible
global impact

SOCIAL

Heating &
mobility burden

AFFORDABLE • ABUNDANT • SECURE ENERGY

6

Four reasons to withdraw
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«
This also applies to the ETS benchmarks 
update for 2026-2030. For the chemical 
industry, the results are largely excessive, 
unrealistic, and do not reflect the 
seriousness of  the situation our industry is 
facing. These updates are a substantial 
setback to European industry’s 
competitiveness.

Markus Kamieth



“The EU Emissions Trading System, in its present form, 
has ceased to be an efficient environmental 
instrument and has become an additional tax on 
Europe’s energy-intensive industries. By raising 
electricity and production costs, it weakens the 
competitiveness of Italian and European firms against 
competitors in China and the United States, where 
comparable carbon constraints do not apply. Italy 
therefore calls for the ETS to be suspended pending a 
thorough reform that restores technological 
neutrality, protects industrial employment and 
prevents decarbonisation policy from becoming a 
mechanism for deindustrialising Europe.”

Adolfo Urso

SAMUEL FURFARI
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e-SAF
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The mandate advances faster than supply

2025
2% SAF

2030
6% SAF

1.2% e-SAF

2035
20% SAF

2050
70% SAF

35% e-SAF

A4E:
2030 target 

“not tenable”

Projects with 
FID:

0.71% of EU 
2030 need

Global SAF 
2026:

~0.8% of 
aviation fuel

2

RefuelEU: MANDATE VS INDUSTRIAL REALITY
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Patented in 1925; used industrially today in South Africa (coal) and Qatar (gas)

CO + 2 H₂  →  ( –CH₂– ) + H₂O      –165 kJ/mol (exothermic)
General:  (2n+1) H₂ + n CO  →  CₙH₂ₙ₊₂ + n H₂O

• Anderson-Schulz-Flory distribution 
• 20–25% straight-run Jet-A1 yield by weight
• 40–45% with hydrocracking — at large extra cost

Source: Samuel Furfari, “SAF: Science, Climate and Energy”

The chemistry: Fischer-Tropsch
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Europe imposes mandates; most competitors do not

EU

Mandatory SAF / e-SAF
Rising incorporation 

targets

UNITED STATES

No comparable federal 
mandate

More voluntary incentives

ASIA • AFRICA • LATAM
MIDDLE EAST

No comparable e-SAF 
mandate

EU AIRLINES
higher structural fuel costs

7

A GEOPOLITICAL COMPETITIVENESS PROBLEM

Travelers will be paying more without any advantages
Samuel Furfari



7

Wind and solar
The tolerated energy sources
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From RED (2009) to RED II (2018) and RED III (2023) — binding EU renewable energy targets

2009

RED

Directive 2009/28/EC

Target year: 2020

Overall RES share (EU)

20%
Transport

10%
First EU-wide binding renewable 
energy target for Member States
and a binding transport target

2018

RED II

Directive (EU) 2018/2001

Target year: 2030

Overall RES share (EU)

32%
Transport

14%

Binding EU-level target; no 
longer binding per member state

2023

RED III

Directive (EU) 2023/2413

Target year: 2030

Overall RES share (EU)

42.5%
45% aspirational target

Transport

29%
or −14.5% GHG intensity

Adopted as part of the Fit for 55 / REPowerEU 
package

Source: Directives 2009/28/EC, (EU) 2018/2001 and (EU) 2023/2413; European Commission.

Evolution of the EU Renewable Energy Directive

Samuel Furfari



Households vs industry, EU average, 2008–2024 (c€/kWh)

Data: Eurostat (nrg_pc_204, nrg_pc_205); ACER (CHEST, Fig. 9).
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164% of the 2010 price

168% of the 2010 price

© S. Furfari

Evolution of EU electricity prices



Conclusions
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Variable renewable energy, the linchpin
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Biofuels

e-SAF

H2

CCU

ETS
Transition

REN



Seven case studies, one root cause

Command and control, not a 
common market

Technologies may be 
technically feasible, but not 
economically viable

Freedom of enterprise and 
choice are the casualties

The illusion of 
decarbonisation

A national competence, 
overridden

A strong EU is not a statist EU

Not a technology failure — a governance failure

Samuel Furfari



The way forward is not more mandates — it is the EU of the 
common market: prosperity and liberty,

…as before Maastricht.

Returning to Maastricht

Commission Council + Parliament Commission

proposes legislates implements

European Commission Council of the EU European Parliament

Samuel Furfari



Thank you for your attention.
sfurfari@escp.eu samuel.furfari@ulb.be
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