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Lezione 3.1
CBA model for RI



THE USEFULNESS OF USELESS KNOWLEDGE

“From a practical point of view,
intellectual and spiritual life is, on
the surface, a wuseless form of
activity... I shall concern myself with
the question of the extent to
which the pursuit of these useless
satisfactions proves unexpectedly
the source from which undreamed

of utility is derived”

Abraham Flexner

Founding Director,
Institute for Advanced Study, Princeton

The Usefulness of Useless Knowledge
1939
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Courtesy of @InstituteforAdvancedStudy



THE COSTS & BENEFITS OF SCIENCE

Costs: $315 billion per year = $250 per capita taxes (OECD)
Benefits: Wide - To be measured

Charities Who pays... | ...to do What Basic
2%

Development
62%

Government
28%

Firms
70%

research
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Applied

| research
21%




LITTLE SCIENCE, BIG SCIENCE... AND BEYOND
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Courtesy of @TodaymSCIenceHlstory

The 1962 Brookhaven National Laboratory Lectures by
Derek De Solla Price, physicist and historian of science



LITTLE SCIENCE: SMALL COSTS AND HUGE BENEFITS

Galileo Galilei
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No CBA needed

Isaac Newton
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https://www.museogalileo.it/

BIG SCIENCE FOR THE MILITARY: HUGE COSTS, UNCERTAIN BENEFITS

Top-down

Military-industrial
complex

National
ownership

Rigid mission and
governance

Political loyalty
and secrecy

The Manhattan Pro;ect
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Gadget, the world's first atomic bomb

CBA impossible



A NEW PARADIGM: RESEARCH INFRASTRUCTURES

+ Bottom-up '\ wA‘\v/ﬁf

» Scientific communities @ "\ mmmm

B ” | A1\

D II

Mt « Open science

ESFRI * International coalitions
Roadmap

* Multiple users and
shared governance

« Cosmopolitan
ecosystem

Courtesy of @Airbnb ‘
The European Molecular Biology

CBA feasible and hEIprI Laboratory (EMBL) Heidelberg



THE COST BENEFIT ANALYSIS MODEL

The expected net present value of the RI

over the time horizon

Guide to Cost-Benefit Analysis
of Investment Projects

Is defined as the difference between expected Sl

Jor Cohesion Policy 2014-2020

benefits

iIncluding the citizens’ willingness to pay for
knowledge

and social costs
valued at shadow prices

discounted at the social discount rate




MEASURING THE MEASURABLE

For example:
J T i
ijl t=0 St " 1

\| BENEFITS COSTS
» Technological spillovers * Economic value of capital
* Scientific publications * Labor cost of scientists
 Human capital » Other staff costs
» Benefits of innovation * Other operating costs
* Cultural benefits * Environmental impact
* Public good value




THE NET BENEFITS OF HIGH LUMINOSITY LHC TO 2038

Public good value
11%

Cultural benefits
6%

Technological
spillovers
38%

Publications
6%

Human capital

39%

Net Present Value

2.2

Benefit cost ratio

1.8

Counterfactual: LHC without HL

Courtesy of @CERN
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LEARNING HUBS FOR FIRMS

187
16%
14%
12%
10%
8%
6%
4%
2%
0%

The procurement activity of CERN 1995-2015

4,204 suppliers
47 countries
33, 414 orders
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TECHNOLOGICAL SPILLOVERS

Value = change of firms’ economic performance

Procurement event

~

s~
R&D

==

Innovations

<=

Productivity
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Sales
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Patents per firm
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TECHNOLOGICAL SPILLOVERS FROM BIG DATA

Value = research time saved

80

70

60

Number of requests per day (Million)
NS
=

Jan-12

70 million requests per day
3.2 million unique IP addresses every month
43 thousands genomes of different species
2.2 million gene expression assays

/1 million protein sequences

125 thousands macromolecular structures

Jan-13 Jan-14 Jan-15 Jan-16 Jan-17 Jan-18 Jan-19

Year

* Source: Courtesy of ©EMBL-EBI

EMBL - European Bioinformatics Institute
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BENEFITS FROM INNOVATION: AN EXAMPLE

Value = statistical lives saved

Tumor and other diseas treated:

J 0 &

BRAIN STEM AND

CHONDROSARCOMAS SOFT TISSUES BONE SARCOMAS INTRACRANICAL

AND CHORDOMAS OF SEINALCOND SARCOMAS INCLUDNG MENINGIOMAS IN

Synchrotron THE SKULL BASE AND e OSTEOSARCOMAS & CRITICAL SEATS
COLUMN CHONDROSARCOMAS

(O &,

g:::;:;:l’:?. ADENOID CYSTIC PEDIATRIC SOLID TUMORS IN PATIENTS RETREATMENT OF
CARCINOMA OF TUMORS AFFECTED BY ALREADY RADIO
MORS INCLUDING

SALIVARY GLANDS GENETIC SYNDROMES TREATED AREAS

&

-~ OCULAR MELANOMA

Transfer
Lines

PANCREATIC TUMORS

(Pre-op HIGH RISK PROSTATE  REIRRADIATION OF  SINONASAL TUMORS BRAIN TUMORS
Treatment treatment/locally CANCER RECURRENCES OF
advanced incperable RECTAL TUMORS

Rooms

tumors treatment)



CULTURAL BENEFITS

Value = travel cost method

1.5 million visitors
per year

ey

The NASA Kennedy Space Center

Courtesy of @KennedySpaceCenter
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Value = opportunity cost of time

INVADER ID
HUBBLE ASTEROID HUNTER

Help us track changes in

coastal environments by Help us find asteroids in

identifying marine images from the Hubble Space

invertebrates. Telescope!

Zooniverse




PUBLIC GOOD VALUE
 Value = Contingent Valuation Experiment

CV experiments about CERN future accelerators :
. o s, A Ethics Swiss Federal
Representative samples of citizens Committee || Act on Data
. . kit A Protection
France: 1000 interviews

Switzerland: 1000 interviews S ] H_

Willingness-to-Pay CHF 54 > implicit taxation CHF 6

0.12
UNESCO 03.0
0.1 0.03 NASA 92.5
S 008 s VH 825
; - e
2 02 2
2 0.06 L FS
Zz g EMPA
& 0o &
0.01
0.02 FAD
Pl
0 0
40 50 60 70 80 90 100 110 120 C5Cs
WTP ESRF
« DBDC-CV SBDC -CV None of them
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SUMMING UP: BENEFITS AND COSTS

Stochastic Net Present Value of LHC + High Luminosity LHC

Benefits basel I o 25.6 2500 Net Pres:ent Valu‘e - Monte CEarIo Probab?lity Density‘Function
Scientific publications 0.6 2000 i
Human capital 84 : i I _MEZE :::z + Std. Dev.
Technological spillovers | 10.2 "§15°° .
c 4
Cultural benefits 3.3 §_1000 y s
o HRER: |
Public good value 3.1 - h
Costs baseline 22.3 - M{(ﬂ ﬂmwm
Net Present Value baseline | 3.3 o . | ; - - - -

Source: Bastianin, Florio (2018); Florio, Forte, Sirtori (2016)




CONCLUSIONS

A new paradigm of science production
Are Social Benefits > Costs?
B>C possible, even for basic research
Measurable benefits:
Technological Spillovers
Human Capital
Cultural Goods
Unmeasurable benefits: “Useless” Knowledge
A gift from the current to the future generations
We invest today in science
They will discover tomorrow its use and value




