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About me

• (Particle) Physicist by training at DESY, FNAL and CERN

> 20 years experience in research management and in political

communication / advocacy

• Work at research center DESY in Germany

• National lab in Germany, ~2800 employees

• Design, build and operate large-scale research infrastructures in particle / 

astroparticle physics, photon science, lasers/plasma and data science 

• Future project: PETRA IV – the ultimate 4D x-ray microscope

• impact study finished

• successful campaigning phase, political advocacy

• engaged also at SESAME since 2011

• OPEN SESAME, BEATS, HESEB, SUNSTONE

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Profile

Campus in Hamburg

SCRF cavities
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Introduction

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Table of Content

• A look back in history

• Why excellent science is key, but not enough today

• Basics in socioeconomics & impacts

• What is input-output-outcome-impact?

• „If we can‘t measure it yet, we can at least tell the story!“

• The various impact areas and examples

• The need for impact assessment in different settings

• Q & A‘s
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An early Scientist 
(and early research infrastructure)

• Tycho Brahe (1546-1601)

• Danish astronomer with its own observatory on the 

island Hven (called Uraniborg)

• Most famous for his accurate and comprehensive

observations

• Stakeholder dimension = 1

• one decision-maker (= King of Denmark)

• one funding agency (= King of Denmark)

• one customer (= King of Denmark)

• communication to on person (= King of Denmark)

• Justification of investment: ~easy (?)

• (however: new King Christian IV forced Tycho Brahe to 

leave Denmark!)

King Frederick II
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Scientists today

• Scientists at DESY/European XFEL observe x-ray lasing (May 2017)

• Stakeholder dimension: high (multi-national project)

• Justification of investment (1,5bn€): complex
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Justications for large-scale Research Infrastructures RIs

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Expectations & Arguments have changed over time

„Big science“

„S&T driven“

„Grand 
challenges“ “grand societal challenges“:

• climate crisis

• health

• aging society

• SDGs

also industrial requirements

must be addressed

NOW: 

• “Technology Sovereignty”

• “Economic Competitiveness”

top-down agendas related to 

national security and national 

ambitions:

e.g. U.S. Manhattan Project, the French 

Nuclear Program, 

the Apollo Program

1940s/50s/60s

also big labs, e.g. CERN

Scientific benefits

Curiosity-driven

Diffusion of Technology

1970s/80s/90s 2000/2010+
Time

Research Infrastructures need major long-term investments 

(Tycho Brahe)
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The changing rules

• Political goals are aligned with “societal challenges”, SDGs, 

sustainable transformation, digitalization, technology sovereignty 

etc.

• “Rules of the game” are changing: 

• Excellent science is still a key, but not enough …

• Governments & funding agencies are requesting more and more proof 

of evidences of returns for (large) science investments

• Narratives on “success stories” nice, but less and less going….in times 

of financial restrictions…. 

• Have to proof impacts and need to evolve to quantifying/documenting 

evidences wherever possible

Socio-economic impacts:

• Measure social, environmental, economic and financial impacts of a 

investment in a quantitative (monetary unit) or qualitative way.

• An important part of policy-making processes (ESFRI policy brief 2023)

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Importance of socio-economic impacts

ESFRI Policy Brief 2023

https://zenodo.org/records/8091633
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Socio-economic Impacts

• Science has profound impact on 

economy

• Well documented relation beween

R&D expenses and GDP growth

• Study „G7 Large Research 

Infrastructures. Synergies and impact 

on science and society”

• TEHA Think Tank, Italy, October 2024

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

What we know

https://www.ambrosetti.eu/en/innotech-hub/g7-large-research-infrastructures/
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Socio-economic Impacts

• Science has profound impact on society

• Socio-economic impacts of the public research sector has been

documented extensively

• Increasing the stock of useful knowledge

• Training skilled graduates

• Creating new scientific instrumentation and methodologies

• Forming networks and stimulating social interaction

• Increasing the capacity for scientific and technological problem-solving

• Creating new firms/Spin-offs

• Direct technology stimulus for product development

• There is a vast literature on that, a classical one is:

• Salter, A. J., & Martin, B. R. (2001). The economic benefits of publicly 

funded basic research: a critical review. Research policy, 30(3), 509-

532. (cited in ~800 other articles)

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

What we know

Major Innovation cycles

Joseph Schumpeter (1883-1950)
“business cycles operate 

under long waves of innovation”
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A vast amount of literature and studies
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PETRA III/ IV socio-economic study

• Authors: Fraunhofer Institute for

Systems and Innovation Research 

ISI

• ex-post analysis of PETRA III, ~12 

years of operation of 3rd generation

hard x-ray SR-source

• Ex-ante analysis of PETRA IV, 4th 

generation ultimate low emittance

SR-source

• Needed it for politics => it is in 

German 

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Published recently

https://www.isi.fraunhofer.de/de/competence-

center/innovations-wissensoekonomie/projekte/Impact-

DESY.html

https://www.isi.fraunhofer.de/de/competence-center/innovations-wissensoekonomie/projekte/Impact-DESY.html


Page 14

Socio-Economic Impacts

In principle measurement of an impact needs to measure the 

world with and without (investment) input / intervention

Challenges:

• Causality: What is the relationship between inputs, outputs 

and impacts? Is there a direct or unidirectional relationship? 

Is there a non-linearity?

• Attribution: What portion of the effect should be attributed to 

the initial input and not to other inputs?

• Definition of appropriate indicators / proxys?

• Time scale: At what time should we measure the impacts?

• Ex-ante vs. ex-post evaluation:

• Ex-ante: forecast, justification for investment decisions, difficulty to

predict

• Ex-post: reporting and accountability, search for improvements, is all 

information available?

Basic understanding

impact

time t

Effect

Investment input

or intervention

t0

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |
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Socio-Economic Impacts

• Excellence and high quality scientific results remain the most important 

strategic goal of all RIs. 

• But RIs have socio-economic impact – and this is much broader and has 

many dimensions with financial, economical, educational and societal 

ramifications.

• Impacts studies have task to assess these effects – exact design and 

approach depends on the purpose which stakeholders to address

• E.g. RI management wishing to monitor the impact of their facility or 

• external stakeholders interested in evaluating RI impact for a variety of objectives 

• Methods: need to develop standardized methodologial tools & guidelines to be

adapted to each particular objective. Need conceptualization of all 

types/dimensions of impacts

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Basic understanding
Is our research

making an 

impact?
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Socio-Economic Impacts

• H2020 Project RI-Paths: „Charting Impact 

Pathways of Investment in Research 

Infrastructures”

• Partners:

• Lead: European Future Innovation System 

(EFIS) Center

• RIs: CERN, ALBA, DESY

• Project duration: 2018-2020

• developed a conceptual framework on socio-

economic impact of RIs

• Pathways to impacts

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

RI-PATHS Project

https://ri-paths-tool.eu/en

Interactive Impact Assessment Toolkit
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The Model: from activities to outputs, outcomes & impacts

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

The five different stages on the pathway to impact

Source: https://www.ucd.ie/impacttoolkit/plan/impactjourney/

Outcomes: People becoming 

aware of, and using, these products. 

They generally occur in the short-

to medium-term.

Impacts: Changes in society 

that result from outputs and 

outcomes. Typically, 

impacts occur in the longer-term.
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Socio-Economic Impacts

• Indicators capture the activity and output of a RI and can be used as 

estimators of the impact 

• Useful indicators need to be

• easy to measure or easy to collect, user-friendly

• reliable and meaningful

• Comparable data should ideally be collected over several years in a consistent 

manner in order to compare progress over time

• Quantitative versus Qualitative Indicators

• Economic impacts indicators are practical and selected from among 

commonly recognised indicators (induced turnover, innovation, start-ups, 

direct and indirect employment, etc.). 

• Social/societal impact indicators are more difficult to design and to 

interpret and require more in-depth validation or coupling with narratives. 

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Indicators

A Practical Guide: Assessment of 

Socio-Economic Impacts of Research Infrastructures

ResInfra@DR project c/o Centre for 

Social Innovation

Linke Wienzeile 246, A-1150 Wien

institute@zsi.at
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Socio-Economic Impacts

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Indicators

RI-PATHS provides a 

set of indicators for

all four impact

dimensions
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Socio-Economic Impacts

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

The four areas of impacts (from RI-PATHS Guidelines)

https://ri-paths-tool.eu/en

1
2

3
4
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Socio-Economic Impacts

• “Human Capital”

• Effects on the career development of scientific, 

technical and non-scientific personnel

• RIs as “magnets” for best researchers

• Key questions:

• How did the interaction with RI change and enhance new 

competences and skills?

• What were the effects on capacity building through 

training and learning at RIs?

• Crucial: cooperation with research-performing and 

higher-education institutions/universities 

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Human Resources

DORIS study

(unpublished)

DORIS was a SR source at DESY in operation

from 1974-2013 – pioneering facility

1
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Socio-Economic Impacts

• All monetary and fiscal effects induced 

through demand and supply effects of RIs 

on the economy

• Commonly used are Input-output (I/O) 

analysis

• a form of macroeconomic analysis based on 

the interdependencies between different 

economic sectors or industries

• Investigation of the economic “chain reaction” 

of further spending, production, income and 

employment of the initial budget

• How much $ is generated in economy if 1$ 

is invested in science?

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Economy and Innovation

Ex-ante, ex-post 

Input-Output studies

W. Pfähler, Economic effects of Basic Research 

Econometrics

Long-term ex-post studies

Case studies

2
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Socio-Economic Impacts

PETRA III 2010-2022

• Initial invest & 12 years operation: 815M€ 

• Generates total of up to 2,25 bn€ 

TRIUMF

• TRIUMF expenditures totaled $622.4 million 

over the last ten years 

• Generates ~1 bn $ total GDP distributed 

among British Columbia (80%) and the rest 

of Canada (20%). 

Argonne National Lab FY 2010

• ~700M$ Economic Output

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Some I/O Examples

TRIUMF

https://www.triumf.ca/sites/default/files/HAL-ReturnOnInvestmentStudy-May-2013.pdf

Argonne

PETRA III
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G7 Study / look at impacts of 57 RIs in G7 
countries: 

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Analyze 57 RIs in G7 countries

The total capital & operational costs invested in the 57 identified RIs totaled 539.5 billion USD, 

with the estimated economic impact ranging from 647.4 billion USD to 2.4 trillion USD, based on 

various output multipliers derived from literature
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Socio-Economic Impacts

• Recent (2021): Diamond 

lightsource study

• “(…) so far (2007-2020) had a 

cumulative monetized impact of 

at least £1.8 billion, based on the 

evidence captured at this 

relatively early stage of the 

facility’s operations“.

• “(…) compares very favourably

with the £1.2 billion investment in 

the facility (…)”. 

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Diamond Lightsource study

Challenge: monetize various impact areas
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Socio-Economic Impacts

• Refers to the effects on society as a whole and how well 

societal challenges are addressed

• Contributions to solving “Grand societal challenges”

• Direct: through research contribution (sustainability, health, 

climate, biodiversity, mobility)

• Indirect: through new knowledge leading to innovation and with

benefits for society in different domains

• Communication, Public awareness, outreach and 

engagement

• Social/cultural inclusion, diversity

• Environmental impact

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Impacts to Society 3
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Publication output of PETRA III 

classified according to SDG

Using web of science/Clarivate

Research for more SustainabilityPETRA III

WoS/clarivate:

Category-to-category mapping where

Sustainable Development Goals are

mapped to sets of related Micro Citation

Topics. The first mapping to Micro Citation
Topic was in January 2022.
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Impacts to Society

• SR labs decided quickly to open dedicated fast track access mode for 

beamtime from the very first moment, compatible with each country’s 

pandemic conditions

• Good exchange among the labs - sharing experiences, best practice and 

solutions 

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Response to pandemics and impact on fighting COVID-19



Page 30

Socio-Economic Impacts

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

DESY’s role in the scientific response to the Covid-19 pandemic

Science 372, 642–646 (2021) 7 May 2021
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Socio-Economic Impacts

(e.g. DESY, all pre-Corona):

Visitor Tours: 

• 10‘000 visitors per year, 60% school classes

School lab:

• About 8000 pupils per year, schools from Northern Germany

Public Day: 

• every two years, 20‘000 guests

„Science on tap“:

• Informal get-together in pubs, talk about science

„Science meets art“

• Art exhibitions at DESY; attracts visitors who normally do not 

come

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Impacts to Society- Outreach, public engagement

STFC impact report 2010/2011
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Socio-Economic Impacts

Citizen Science

• Citizen science projects are collaborative initiatives in which 

members of the public are invited to engage in the process of 

scientific research and investigation: asking questions, 

collecting data, and/or interpreting results

• Break down barriers to engagement in science 

• Increase scientific knowledge

• Increase scientific literacy

• inspire, motivate and enhance lives It is a rapidly growing field, 

particularly within the natural sciences, with over 700 peer-

reviewed papers published to date. There is growing 

evidence that people want to get actively involved in such 

contributory science 

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Impacts to Society

Graham Higley & John Tweddle, Natural History Museum London

https://eu-citizen.science/

Online platform for sharing knowledge, tools, 

training and resources for citizen science.
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Socio-Economic Impacts

• Effects and changes in policy-related domains

• Improving science / policy interface – evidence-based decision making

• Provide scientific support to public policies 

• Expert advice in support of public policies 

• Production of resources in support of public policies 

• Regulations, standardization 

• Science diplomacy, trust building 

• building bridges between communities, societies, and nations through 

scientific cooperation

• Examples:

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Impact on Policy

Amy K. Flatten, Director APS international affairs

http://www.sciencediplomacy.org/

editorial/2018/global-research-infrastructures-decade-science-diplomacy

4
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Impact on Policy

• Science matters and has a 

central role in public debates on 

policy => e.g. COVID 

pandemics 

• Pandemics highlighted 

significant challenges around 

the use and communication of 

science in policymaking, 

• Decreased trust in science will

lead to negative consequences 

and harm society, e.g. in health 

related issues

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Confidence / Trust in Science

https://www.pewresearch.org/wp-

content/uploads/sites/20/2024/11/PS_2024.11.14_trust-in-science_REPORT.pdf



Page 36

Socio-Economic Impacts

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Quick Summary / Take Home 

Human Resources Economy / Innovation 

Policy Society 

RI

Impact
Which impact area do you

consider as most important? 

https://ri-paths-tool.eu/en
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Take Home Message

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Know your Stakeholders

So, what are your stakeholders?

What is for them relevant?
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Also helpful is best practice

• ERIC Forum of 24 ERICs in Europe

• Share best practice, identifying common grounds and 

challenges, help build a common framework that could 

help other ERICs to identify and measure socio-

economic impacts

• https://www.eric-forum.eu/2022/05/04/overview-eric-

forum-policy-seminar-socio-economic-impact-of-erics/

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

ERIC Forum Policy Brief

https://www.eric-forum.eu/2022/05/04/overview-eric-forum-policy-seminar-socio-economic-impact-of-erics/
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Workshop on SESAME in 2018

• H2020 project „OPEN-

SESAME“ 

• two workshops with

young scientists from the 

SESAME member states

• Formulated a set of 

recommendations and 

guidelines that help to 

assess/report/monitor 

SESAME-specific impacts

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Maximizing Socio-economic impacts

CyI, Cyprus, May 2018

Izmir, Turkey, October 2018
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Socio-Economic Impacts

• Research infrastructures (RIs) such as synchrotron radiation labs have a critical scientific 

mass and generate strong impacts on science, human and social capital, economy and 

society

• The analysis (and demonstration of) of socio-economic impacts of RIs is nowadays a 

must – although it is challenging, time-consuming and needs a well-defined and clean 

conceptual framework

• There is a permanent challenge of scarce, incomplete or ill-defined data/metrics. An impact-

oriented monitoring needs to be designed and implemented from the beginning with carefully 

selected, credible  and easy to collect impact indicators    

• The true nature of research infrastructures and their entire impacts are difficult to 

assess by quantifiable indicators solely. It needs also the underpinning with good case

studies.

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Conclusions
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Literature

• RI-PATHS

• https://ri-paths-tool.eu/en

• The Economics of Big Science

• Essays by leading scientists and policymakers

• Editors: Hans Peter Beck and Panagiotis Charitos

• Springer 2019, ISBN 978-3-030-52390-9 ISBN 978-

3-030-52391-6 (eBook)

• https://doi.org/10.1007/978-3-030-52391-6 

• Technopolis Study on Diamond Lightsource

• May 2021

• Econmic imoacts and 28 case-studies from plastic

degrading enzymes to new synthetic vaccines

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

https://www.ukri.org/news/uks-national-synchrotron-generates-impact-worth-1-8-billion/

https://ri-paths-tool.eu/en
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PETRA III/ IV socio-economic study

• Authors: Fraunhofer Institute for

Systems and Innovation Research 

ISI

• ex-post analysis of PETRA III, ~12 

years of operation of 3rd generation

hard x-ray SR-source

• Ex-ante analysis of PETRA IV, 4th 

generation ultimate low emittance

SR-source

| Socio-Economic Impact | Frank Lehner, DESY | 15 January 2025 |

Published recently

https://www.isi.fraunhofer.de/de/competence-

center/innovations-wissensoekonomie/projekte/Impact-

DESY.html

https://www.isi.fraunhofer.de/de/competence-center/innovations-wissensoekonomie/projekte/Impact-DESY.html


Thank you


