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Financing	includes	cash	and	deliverables

Host	Countries	Sweden	and	Denmark	

Construction 47.5% Cash	Investment ~	97%
Operations 15%

Non	Host	Member	Countries

Construction 52.5% In-kind	Deliverables ~	70%
Operations 85%
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Higgs boson was the last piece of 20th century particle physics
- approach based on mathematical consistency and naturalness

LHC has found nothing else - but many key questions remain to be 
answered
- Dark matter, dark energy…

need experimental input

• higher precision – FCC electron-positron collider

• higher energy – FCC proton-proton collider



January 2020
Drafting Session
Bad Honnef, 
Germany

March 2020
Presented to 
CERN Council

May 2020
Approved by 
CERN Council

February 2018
Call for Scientific input

December 2018
Closing date for
Scientific input

FCC conceptual
design

You
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here
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What drives the costs?  💷

• Electron-positron collider
- 11.6 Billion Swiss Francs (BCHF)🇨🇭plus the experimental apparatus

• of which civil engineering 5.45 BCHF – predominantly the cost of tunneling
• save 1.1 BCHF if collision energy limited to Higgs threshold

• Proton-proton collider
- an additional 17.0 BCHF plus the experimental apparatus

• of which 10.9 BCHF for superconducting magnets

• Whole FCC programme
- 28.6 BCHF 

• 24.0 BCHF if skip the e+e- collider and build the proton-proton collider 
immediately



FCC 
100km circumference

LHC 

CERN 🇨
🇭

🇫🇷



Tunnelling
Expensive, challenging engineering
but well understood



Gotthard Base Tunnel
2 × 57km tunnels
12.2 BCHF



Technical R&D - Catch 22

Your project needs to deliver transformative science

But ideally without too much reliance on untested 
technology - avoid cost, schedule and performance 
risks

Number of risky new technical innovations should be 
of order one

ESS neutron production target



Key technology for proton-proton collider: 
Very high field magnets

FCC requires bending magnets with field ≳ 16 T
• Engineering challenge and cost challenge 
- Magnets need to be 3-5 x more cost effective than LHC

• Nb3Sn – very hard to work with

• HTS may be needed; ongoing R&D, too costly?

FCC



• Modern environmental expectations – e.g. for ESS

- BREEAM certification

- Green construction site

- Purchase all electrical power from renewable 
sources

- Waste heat recovery into Lund district heating 
system

• Modern data handling expectations

- Support for full computing, software and analysis 
chain

- Open data model, European Open Science cloud

Need to meet current best practices
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Project management plan ✅

Follow best practice

e.g. US DOE Office of Project Management
energy.gov/projectmanagement/project-
management

• Resource Loaded schedule

• Sufficient contingency

• Change control process

• …
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• International fusion reactor project ITER

• Roughly $20B

• ITER organisation + 7 national agencies
- EU, US, CN, KR, IN, RU, JP

- EU is 45% of value as host (F4E), others 9% each

• Challenges
- Huge components to handle, with precision 

tolerances, integration, managing in-kind collaboration

- Has suffered reputational issues around management 
and decision making, cost control, and schedule… 

• Copy the good points, learn from the less good

Not so many examples, at scale, 
of what we’d like to do



Could we afford a 28BCHF project at CERN?

• Existing level of CERN budget could cover about half

- 15 BCHF via CERN - 500MCHF/year 
repaid over 30 years

• Switzerland and France pay additionally as hosts

- 4 BCHF to the cost of the tunnel

• Six other partners contributing 1.5 BCHF each

- US, Japan, China, Russia, India, 
Korea/Brazil/Canada/South Africa

- most of their work done locally (in kind)

• A new overarching governance framework to assure these partners



“All politics is local” – US House Speaker Tip O’Neill



In-kind contributions

• Significant technical workpackages
procured or constructed in partner 
countries rather than centrally

- partner holds and manages the risk

• A project management challenge… but a political necessity

- Helps avoid situation where the host region benefits greatly and 
the others just pay cash 

- ESS – 70% for non-hosts, 35% overall, just about manageable

- ITER – 90% in kind, close to unmanageable
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“Those who ignore history are 
condemned to repeat it”

Waxahachie, 1993



Why do big projects fail to get started?

• In 2016 The European Strategy Forum for 
Research Infrastructures reviewed 
implementation progress of the projects on 
its roadmap

• Found inadequate stakeholder engagement 
and lack of a credible funding plan to be the 
biggest barriers

- much more so than any weakness of the 
science case



Stakeholders include

• The General Public

• Media, opinion formers

• Students

• Educators 
(STEM skills pipeline)

• University bosses

• Other science areas

• Members of Parliament

• Science Ministers

• Finance Ministers

• Opposition political parties

• Local and regional politicians 

• Civil Servants

• Economists 

× n partner countries, each with their own science strengths, 
industrial profile, media and decision making culture
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Compelling business case ✅

• Don’t be frightened by the word ‘business’ – ‘business case’ just means 
the case for investment

• Basically: why is this a good way to invest tax money?

International projects need a core case which can then be tailored to meet 
the expectations and profile of each partner country



Jobs 
Innovation 

Startup companies

Spinoffs

Education

Public 
outreach

Openness

Cultural value

International
Collaboration

Science drives 
economic 

growth

Science for peace

Makes the country 
worth defending

Democracy

Prosperity

Normative values Market valuesshift in emphasis since 
the end of the Cold War



Why do governments support basic research?

Technological 
innovation, skills

Science

Understanding 
of the Universe

Government



Elmer Wheeler



The biggest economic challenges of our time

1. Globalisation

2. Together with automation and 
new technologies

3. Leading to Fewer good jobs 

4. Leading to low growth, stagnant wages

- No one really has the answer

- General consensus that scientific innovation and STEM skills are key
- at least economies and people that have these skills will be better positioned

So what is our project going to do to help?



• Big projects like particle physics and astronomy are not a luxury

• They are key to future economic competitiveness in a globalising, 
knowledge based economy

Why?

• Because

- they drive transformative technological innovation

- they attract young people into science and train them for the 
21st century

The message needs to be



Driving technological innovation





Superconducting magnets

• Tevatron accelerator was the first installation of 
superconducting magnets on an industrial scale

• Placed large orders for SC conductor to stimulate 
industry

• SC magnet market 
- $2.0B p.a. (2014)

• MRI machines
- $6B p.a.



Design the project to maximise the impact (1)

If a major impact is intended to be technology transfer we need to 
build this in

- Involve industry partners in key R&D packages

- Develop the laboratory site as a science and innovation 
campus accessible to companies from the member states



Harwell Campus

STFC’s two Campuses at Harwell and Daresbury host 230 enterprises and 5,500 jobs 



!

Attracting young people into science



“The achingly glamorous world of big science”

George Osborne
UK Finance Minister







Design the project to maximise the impact (2)

• If a major impact is intended to be on STEM education we need 
to build this in from the start
- Suppose we set aside 1% of the FCC budget:

£12M over 10 years in UK alone

• Let’s aim high…
- What would it take to double the 

number of girls studying physics?

- What would it take to double the 
number of engineering apprentices? 

Girls and boys taking 
physics A-levels
2011 and 2016
Institute of Physics
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Now we know what we have to do

No one said it would be easy…

And a message for us:

We need to understand what Werner 
von Braun had to do to convince JFK to 
give this speech and make this 
commitment


