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Abstract

Governments, funding agencies and policy makers have high expectations on research, development andstnmmivadi®im(RDI) infra
the context of science and innovation policies aimed at sustaining economic growth in the long term. Thehdtadieselssticiated wi
and evaluation are therefore high.

Costbenefit analysis of RDI infrastructures is a nehefiglthngible nature of some benefits and the uncertainty associated to the
achievement of research results have often discouraged the use of a proper CBA for RDI infrastructures. Retteddyekipne attemp

a CBA theoretical framework for REitucftaes have been made in the context of the use of Structural Funds by the Czech governmer
and JASPERS. Moreover, the new Guide for the CBA of investment projects in the context of Cohesion Polcthadoamntly adopted
pean Commission (20tdyides guidelines to appraise RDI projects, but also ddinistehigtick of experience and best practices

further steps are needed to improve the evaluation framework.

This paper presents the results and the lessons learned on hovarie &iplyfex major RDI infrastructures by a team of economists
and scientists at the University of Milan and CSIL duryepariésearch project supported by a EIBURS grant of the Eutopean Inves
ment Bank Institute. Albeit the comprehensive coanospitakfpresented in the paper builds on principles firmly rooted in CBA tradition,
their application to the RDI sector is still in itsSafeancyhe models been applied on two cases in physics involving partele acceler
tors (the Large Hadrofli@er (LHC) at CERN and the National Centre for Oncological TreatmentYCNAO) in Italy)

In a nutshell, the model presented break down benefits into two broad classes: i) use benefits, held by different dategaories r u c t
users such as sdists, firms, students and general public visitors, arskiberwefits, denoting the social value for the discovery pote

tial of the RDI infrastructure regardless of its actual or future use. We argue that the social value ofiniaedweith camtiegesit

valuation techniques. Another significant feature of our approach is the stochastic nature of the CBA madt, timtemadieel to deal

tainty and risk gftionism bias in the estimates.

Key wordsResearch infrastructures,-sffit analysis, Public good, Knowledge

JELcodes:D61, D81, 123, 032




Acknowledgments The paper has been pr od CeséBenefit Analysik ia thd Researeh, o f
Devel opment angpondoredcby tha ElBiversity R&searth Spodsorship programme (EIBURIS), whose f
nancial support is gratefully acknowledged. Further details on this research project can be found at: www.eiburs.unimi.it.

The authors are grateful for specific inputs to other membens BfBRERBilBeam including particularly Giuseppe Batti

toni, Chiara Del Bo, Stefano Carrazza, Gelsomina Catalano, Donatella Cheri, Mario Genco, Lucio Rossi, Silvia Salini,
specific comments on earlier drafts to Gianni Carbonaro, Andres FajiffeiOlgy Botrmnsson, Mark Mawhinaey, D

vide Sartori, and Alessandro Sterlacchini. Also, the authors are thankful for feedbacks and suggestionsatom the partici
the EIBURBNIMI Workshop hosted by DG ResEaropean Commission Brussels, NovE3n2015.

Disclaimer This Working Paper should not be reported as representing the views of the EIB. Any errors remain those
authors. The finds, interpretations and conclusions presented in this article are entirely those of the author(s) and shoul
be attributed in any manner the EIB or other institutions.

Photocredits 1) The Large Hadron Collider, CMS detector. Source: AlgHarsye@Hakron Collider. Source: Authors.
3) The Large Hadron Collider, CMS detector. Source: Authors. 4) The CNAO synchrotron. Source: Authors. 5) The
treatment room, Source: CNAO Foundation.

European
Investment

Bank - Institute



Table of contents

TABLE OF CONTENTS
ABBREVIATIONS
MAIN NOTATION
FOREWORD

1.

EXECUTIVE SUMMARY

1.1 Introduction

1.2 A CBA el for RDI projects

1.3 Social Costs

1.4 Social benefits

1.5 Sociddenefits to firms

1.6 Social Benefits to researchers and human capital formation
1.7 Social benefits to consumers of services produced by the RDI project
1.8 Notuse benefits and thefayers: discovery as a public good
1.9 The probability distribution of the economic net present value
1.10 Conclusions

. MOTIVATION AND PRRNLES

2.1Increasing need for accountability

2.2 The perspective of sociabeasfit analysis
2.3 Key features of RDI infrastructures

2.4 Categories of potential beneficiaries

2.5 The model

. FINANCIALMALYSIS IN THE RIHLD

3.1Unit of analysis, project borders, and cost apportionment
3.2 Typology of costs and revenues

3.3Dealing with inflows from research contracts and grants
3.4 Financial profitability

3.5 Financial sustainability

. FORECASTING AND VINGWSOCIAL COSTS AHENEFITS

4.1 Shadow prices and main approaches for their estimation
4.2 Conversion factors for inputs othiabthan
4.3 Conversion factors for labour

. SOCIAL BENEFITS

5.1 Development of new/improved products, servamds)@odies
5.2 Patents

5.3 Statips and spivffs

5.4 Knowledge spillovers

5.5 LearniAdgy-doing benefits for the supply chain

5.6 Human capital formation

5.7 Knowledge outputs and their impact

5.8 Provision of services

5.9 Social benefits of RDI services for target groups of consumers
5.10 Recreational benefits for the general public

5.11 Nomse benefits: new knowledge asi@ g

. THE NET BENEFIT TEST

6.1 Estimating the probability distribution of the economic net present value
6.2 Time horizon
6.3 The sadidiscount rate

© O©WOWowowoow~N O 01w




6.4 Uncertainty of the social impact of research: the role of risk analysis
6.5 How to present the CBA results of RDI infrastructures
6.6 Wider economic impacts

7. CONCLUDING REMARKS
LIST OF REFERENCES

67
71
72

74
75




Abbreviations

CBA
CERN
CNAO
DG Regio
EBITDA
EC

EIB
EIRR
ENPV
ESA
ESF
ESFRI
EU
EUR
EXV
FIRR
FNPV
GHG
HEATCO
ICT
LHC
LRMSC
NACE
NASA
NOAA
OECD
PDF
Pr
QoVv
QUALY
RDI
TCM
VOSL
WTP

Costhenefit analysis

European Organization for Nuclear Research

National Hadrontherapy Centre for Cancer Treatment
Directorate GeneraRegional and Urban Policy

Earnings before interest, taxes, depreciation and amortisation
European Commission

European Investment Bank

Economic Internal Rate of Return

Economic Net Present Value

European Space Agency

European Science Foundation

European Strategy Forum on Research Infrastructures
European Union

Euro

Existence Vale

Financial Internal Rate of Return

Financial Net Present Value

Greenhouse gas

Harmoniseduropean Approaches for Transport Costing and Project Assessment
Information and Communications Technology

Large Hadron Collider

Long Run Marginal Social Cost

Statistical Classification of Economic Activities in theCumopeiaity
National Aeronautics and Space Administration

National Oceanographic and Atmosphere Administration
Organization for Economic Cooperation and Development
Probability Distribution Function

Probability

QuasOptiorvalue

QualitAdjusted Life Year

Research, Development, Innovation

Travel Cost Method

Value of Statistical Life

Willingneste-pay



Main notation

Market equilibrium
Nonruse benefits
Usebenefits
UseCosts
Demand curve
Market distortion
Expected value

Externality of patent
Value of knowledge spillover

p’g.'o-o-o.ooo

8‘

Variation
Project demand
Value of human capital formation
Index of goods/entities/individuals ranging from 1 to |
Multiplier of impact for knowledge output
Marginal social value of patents
Index for neuse values
Value of knowledge outputs
Social value of patents

Supply price
Private value of patent

c:
T80 5<S
8‘

D NE . A

Demand price
Value afecreational benefits

Social discount rate
Average number of references included in patents

c-

00
Supply demand

"y
Discount factor
0 Index for years, ranging frord 0 to
Yo Utility function
0 Index for use values
o0i Q Average rat#f usage of granted patents
Shadow price
Vector of project inputs, ranging from x to X

Willingnest®-pay for a visit
Social cost of producing knowledge outputs
Value of developing new/improved products, services and technologies

Set of multiplicative parameters representing the characteristics of the scientific commu

|
Profit

Parameter determining the shape of the curve that change according to the papers weig
distinguishing between excellent and mediasre pape



Foreword

This paper summarises the main findings and lessons learned on hovbéemefiphnabysis (CBA) for research, deve
opment, and innovation (RDI) infrastructures drawing from a research project carried out by the Uraversity of Milan in
ship with the CSIL Centre for Industrial Studies. The study was supported by an ElBninstititie Resetfch iSpo

sorship ProgramimEIBURSAnd involved more than twenty researchers from a broad range of &cientific fields

After thregears of research, the team developed a conceptual framework and applied it to two selected cases (i.e. the
Hadron Collider (LHC) at CBRdNthe National Centre for Oncological Treatment (CNAO)3nt®axi@di€)metioad

logical challengesnd f urt her potenti al applications. A speci al
Ch a A 3 expected to be published in 2016 with articles by economists, physicists and other experts fnem several EU
tries and from China.

In disilling and communicating the main lessons learned during the three years of research, it is important to stress frc
beginning that this terrain is mostly uncharted. Although the conceptual model builds on principles firntipmpoted in CBA t
its application to the RDI sector is still in its infancy. Hence, the approach adopted in this discussion gaper is explorat
heuristic.

The concepts presented in the paper would benefit from further applications and testing beyond what has been possible
the specific framework of this research project. Future versions of this paper will take into account as best as possit
comments or new findings.

The structure of the paper is as follows. After presenting the rationale for using CBA and the main sasirificities of RDI int
tures in the CBA perspective (Section 1), suggestions on how to perform the financiRDdnalyigistefatha prielim

nary step (Section 2) and the-scaimmic analysis (Section 3) are given (Section 4). Then, section 5 provides suggestion
on how to perform a proper risk analysis and indications on how to effectively preseptdhalyssulisecilisenco

munication of results is important in a new field) and concludes.

1The full list of researchers is available on the project website at www.eiburs.unimi.it
2See Floriet al (2015).

3See Pancott al (2015).
4www.journals.elsevier.com/techndlogicaktingndsociathange



1. Executive Summary

1.1 Introduction

Governments, funding agencies and policy makers have high expectations on research, development and innovation (
frastrucnes in the context of science and innovation policies aimed at sustaining economic growth in the-long term. Th
struction and operation of these often large and complex RDI facilities is increasingly costly and therehikccompetition fc
support. wvide range of approaches and methods are used in different institutional settings for the selection and prioritisa
such infrastructures. These include peer review of the scientific case, the development of national, international or <
roadmps, and a number of egadintitative indicators of results. Yet, a consensus on the most appropriate methodology
assess the so@oonomic lodgrm impact of major RDI projects is still missing. The objective of this discussion paper is
explore thapplicability of the 4mmstefit analysis (CBA) approach to this issue.

CBA is grounded in welfare economics, and its application to traditional infrastructures, such as transfortlywater, energy
established, as revealed for example by aueanof OECD countries (OECD, 2015). More recently CBA have also been
successfully applied to environment, education, cultural investment. Until now, however, the use of CB#&-to evaluate Rl
structures has often been hindered by the intanglded#teruncertainty associated to the achievement oéresearch r
sults.

Recently, some attempts to develop a CBA theoretical framework for RDI infrastructures have been made in the conte:
use of Structural Funds by the Czech government argbM@B&Rr, for the first time after its previous four editions, the
new Guide for the CBA of investment projects in the context of Cohesion Policy, recently adopted by the European Corr
(2014) provides guidelines to appraise RDI projectadmitsatbdtdue to lack of experience and best priafiitiesr

steps are needed to improve the evaluation framework.

This discussion paper presents the results and the lessons learned on hanteoCipblfoexnajor RDI infrastructures

by a tam of economists and scientists at the University of Milan and CSIL-glaengeadhrele project supported by a
EIBURS grant of the European Investment Bank Institute. Albeit the comprehensive conceptual framewark presented in
per builds orripciples firmly rooted in CBA tradition, their application to the RDI sector is still in its infancy. The model
been applied on two cases in physics involving particle accelerators (the Large Hadron CollidlandLtH€}at CERN
tional Centre foncological Treatment (CNAO) if), ltaly)Xurther applications and testing are needed to finextune and e
pand the proposed appraisal techniques as well as to contribute to building a larger information base.

1.2 A CBA model for RDI projects

The corefdCBA is an evaluationa@e or epost) of the project intertemporalesociomic benefits and costsx-all e

pressed in units of a welfareerairusually money in present value terms). The net effect on society is finally computed b
a quantitavperformance indicator (the net present value, or the internal rate of return, or a benefit/cost ratio). In line wi
general CBA fundamentals, a CBA model of RDI should make use of: 1) shadow prices to capture socia-costs and ben
yond the miegt or other observable values; 2) a counterfactual scenario to ensure that all costs and benefits are estimat
increment al terms relative to a o6without pr oe¢egaiet 6 wor |
lent; ad 4) a consistent framework to identify social benefits by looking at the different categories of agents (producers
sumers, employees;gayers).

For the purpose of RDI project evaluation, it is convenient to divide social intertempar&rbadefigses. On the

one hand there arge benefiteiccruing to different categories of direct and indirect users of the infrastructure services, su
as e.g. scientists (insiders and outsiders), students starting their career within the facility, firms logheditpg of technol
overs, consumeriefitting of innovative services and products, and general public visitors of the facility ot-those enjoying
reach activities. The identification-loénesiciaries is project specific and must carefully avoid omissions or double counting
of impact©n the other hand, therenareise benefitseflecting the social value of the discovery potential of &he RDI infr
structure, regardless itarme predictable actual use. This is a measure of the social preference for pure discovery, akin

5See Czech Ministry of Educataih ¥nd Sport and JASPERS (2009) and JASPER (2013).
6 See Floriet al (2015).
7See Pancodtt al (2015).



social mferences for culture, or environment prpggci®mhe sum of these use aneluserbenefits is then compared
with costs. Whenever possible, the risks of forecasting errors should be taken into account by attachinglprobabilities to
ues of edccritical variable entering the model.

A significant feature of a CBA approach to RDI is the stochastic nature of the model. Consistently witfidbést practice in t
the project performance is assessed in probabilistic terms using a Molati@ € dinlat sipproximates the probadility di

tribution functions of the socio economic net present value (or other indicators), their cumulative dis&ikution functions,
pected value, etc.

In a nutshell, the CBA model presented in this papedisometict soeiconomic benefits and costs of RDI projects in
measurable form. While the model includes the measurable forecasting errors, it deliberately leaves agyde what is intr
nonmeasurable. The model should be seen as a complemensubstitute, of the scientific case evaluation, financial

and budgetary issues, managerial and strategic considerations, or political dimensions of investment iniRDI, which are
viously important. A preliminary financial analysis of thdqmggrot casflow terms is helpful, but should nat-be co

fused with the social CBA.

1.3 Social Costs

As for projects in other fields, the main categories of costs associated to RDI infrastructure relate toddygitatesent value of
labour costn@luding the labour cost of scientific personnel and the labour costs of other administrative and technical ¢
other operating costs, such as materials, energy, communication, maintenance, etc., negative externalities, like air poll
noise durg construction and operations, and decommissioning.

However, when the infrastructure is designed to perform a range of different experiments and activitietsarfthe project col
several inteelated but relatively-selhding components, delgritie project borders and, in turn, its costs is challenging.

If the analysis focuses on assessing a single experimental facility part of a larger complex, the costs lteat are shared k
experiments out of the scope of the analysis should betidmgdappthe infrastructure under examination. Sunk costs
should not be included in the computation of costs.

1.4 Social benefits

Traditionally, in economics, agents are classified according to their roles: firm owners, consumegrayemiployees, tax
These classifications are flexible, as in some cases producers of goods are also consumers (e.g. small farmers), employ
also tayayers, shareholders are also firm managers, and so on. In CBA it is crucial to identify the beneficiaries in a wa
sistent with first principles of welfare economics.

Having identified the main beneficiaries of an RDI infrastructure, a list of typical benefits can be attaBleed to each grot
pending on the projectdés nat unttpes o target groods. Alsd) thes ietendityeaf e f i
each benefit may be highly variable across the different typologies of RDI infrastructures. Hence, only eacase by case st
design the appropriate research strategy.

1.5 Social benefits to firms

The 6llowing benefits to firms can often be identified and evaluation methods applied in relation to RDI infrastructure proj

1 Thedevelopment of new/improved products, services or tebhs@@giei®conomic value measurable by the
expected incremanshadow profiise. after using shadow prices when needed for inputs and outputs) expected
from their sale as compared to the ‘Witqmoject scenario;

1 Thegrant of a patdms a marginal social value taking into account both the prieatheafaleei from tlae p
tent holder point of view,and the externality, i.e. the knowledge spillover brought about by patenss in generating
cade of innovation;

1 The creation stiartups and spirffs or (and) an increase in their survivilleranomic value of this benefit is
valued as thexpected shadow pgdihed by the created business during its overall expected lifetime compared
with the withellieproject scenario. Whereas, if the RDI infrastructure contributes to increasdingtéhef surviv
startups, then the benefit is valued asctieenental expected shadow gitaiited by businesses that survive
longer than in the withbeproject scenario



The occurrencekoiowledge spillovers from the RDI projecptrtibgdusnesses, professionals, publiciergan

sations), can be valued using alternative approaches (or a combination of them provided that deuble counting is
fully avoided) depending on the category of beneficiaries (i.e. incremental shadow psofitillagriedd-cost

pay (WTP) for time saving);

Thelearningpy-doing benefibr firms in the supply chain of a major RDI infrastructure, is valued treough the incr
mental shadow profit expected by supplier companies thanks to the fact they Havighctiiaboiatdific and
technical staff of the infrastructure and, in turn, have acquired new knowledge and technological skills;

1.6 Social Benefits to researchers and human capital formation

In general, employment is a social cost (except when there is very large unemployrierghcicdrefmfi, ahe
ployment has to be taken into adpoextlusively using shadow wages, i.e. by considering that the opportumity cost of e
ploying @erson in the project under assessment is lotheat tir@amsing the same person for any alternative use.

However, RDI infrastructure projects have the mostly unique peculiarity that some producers of serviceis are also their
ciariesNamely:

1

Swudents and young scientists who will spend a period working within a major RDI infrastructune- will earn highe
man capital relative to their peers. Thecsommic value of this benefit is expressed as theirmxeectedal
lifelong salaearned Yo such individuals over their entire careers compared withthisproidcigcenario;

Scientists at the RDI facility produce knowledge, but are also users of such knowledge. The process is emboc
the production of knowledge outputs (iieateelports, preprints, working papers, articles in scientific journals and
research monographs) and their degree of influence on the scientific community in form of citations. The s
economic benefit related to the production of scientific dogpusdueanusing thearginal production cost,

which is common practice in CBA for certain types of services, when market prices are not relevant and when V
not the appropriate empirical approach. Instead, the degree of influence of sftdctmapatthes number of

people that would cite it and valued throagpattenity cost of tiengployed by a scientists to download, read

and understand someone el sebs output and dseati de 1t
their marginal cost, which is mainly labour cost, is that to a certain extent scientific work pays for itself (an anal
selfemployment in subsistence farming where the benefit of the. Olatpditnet of other costs, is exactly the

vale of the labour input). It is important to avoid the confusion, however, between the vatugpft&knowledge
(publications) and the value@ivledge per smbodied in such publications. The former is usually predictable,
while the latter is ofteneasurable (the social value of producing and selling a book is unrelated to the social valu
of understanding its content and elaborating on it by the readers).

1.7 Social benefits to consumers of services produced by the RDI project

Benefits to consumars highly project specific.

1

They may derive from the use of the infresdanaructur
users(e.g. industries, governmental bodies and other research teams). In this essmdhecsoerefit is

valued by either using ong Irun marginal cokthe services provided or estimatergall s er s 6 WTP f or
serviceAlternatively, whmarket prices are available and are supposed tdidiertesh i.e. they refleot ec

nomic prices, theminal (market) mican be used.

Also, benefits to consumers may derive from the practical application of a research effort (e.gamelduction of GH
air pollutant emissions; improved energy efficiency; reduction of vulnerability and exposure tonnatural hazard
proved health conditions, or simply lower production cost and sale price, etc.). The methods to quantify and

these benefits dep@amdthe types of new services or products made available by the infrastructure. However, the:
methods are generally based on the willingness to pay or avoided cost approaches, and are often well establis
CBA.

Other use benefits include the ceffacas enjoyed by botisitmand virtual visitors of the RDI project because of
outreach activities. The expected marginal social value of this benefit is valued using the visitors' implicit willing
topay for a visit. Concernifgeiaon visitd)e standard way to estimate the WTP is using the travel cost method,

10



while a broadly used method to attach a monetary val&rketrgoods such as virtual visits is contingent va
uation;

1.8 Noruse benefits and the t@ayers: discovery as a publoagl

There are other social benefits to be considered, more elusive but nevertheless importanseTbesefidse \Wbile

for applied research, development and innovation most benefits accrue to direct and indirect users (firmk; consumers, re
ers and students) for fundamental research it is usually impossible to identify who will be the ultimatesdmneficiaries of a
ery.

1 If there is a potential but largely unknown fubergefisethis can be defingdasoption valuend while it is
conceptually important to acknowledge its role, CBA methods are often unable to quantitatively determine it, €
research on the topic is ongoing. It is suggested to conservatively set to zero such value, except when the evalu
confident of beiale to make predictions on the economic value of applications of fundamental research.

1 As the tapayers ultimately foot the bill of some govsupperéed research infrastructures, it is appropriate to
know their willingness to pay for their gigaigatial. This is a-nea value of a public good, similar @ the n
tion of existence value in environmental CBA. In principle, the social preference foppuse kegavididgs
the fact that it might find some use in the future, idyetegtainal by stated preference techniques. Similarly to
what is done in environmental or cultural economics for estimating the economic value of endargered species
tion, preservation of natural resources, or conservation of cultural hetftagertisgent valuation mdthodo
ogy can be exploited to elicit the taxpayersd WTP

1.9 The probability distribution of the economic net present value

Once the soeswonomic benefits I(iIding both use and-nea benefits) and costs associated with an RDI infrastructure
have been identified, valued in monetary terms and discounted using a social discount rate, the effeatam society is fina
puted by a quantitative performance&in@feanet present value, or the internal rate of return, or a benefit/cost ratio).

Whenever possible, the risks of forecasting errors should be taken into account by attaching probabiliieh to the values
critical variable entering the modek,Hemsistently with best practice in the field, the project performance is assessed ir
probabilistic terms using a Monte Carlo simulation that approximates the probability distribution functioas of the Econo
Present Value (or other indicat@is);umulative distribution functions, the expected value, etc.

1.10 Conclusions

The CBA model presented in the discussion paper provides a comprehensive fearteeassdeamert of major RDI
infrastructures, consistent with the general afatedapalomics fundamentals, but innovating the field in several ways.

The model is also novel and heuristic because it intends to apply principles firmly rooted in the CBA tradition into a n
charted field. The application of the model on twe pilatlieasin physics involving particle accelerators, respectively in
pure science and medical research, has contributed to explore its empirics. Therefore, this discussion paper is intendec
the seed of further applications and testing todime éxpand the currently methodologies and techniques.

Experience in other fields of CBA, such as environmental and cultural economics, suggests that severat-years of practi
ing are needed before new ideas are embodied in an accepted pactitigmersy Ipis hence needed to be experimen
ed in different RDI domains, with their specificities, the empirical analysis.

11



2.Motivation and Principles

2.1Increasing need for accountability

Policy makers have growing expectations that RDI infrastresseatial components of technological and seientific pr
gress (EC, 2010; ESFRI, 2010; Technopolis, 2011; ESF, 2013). Hence, the stakes associated with the selection and ev
of such infrastructures are high.

Traditionally, the selection and agp s a | process of RDI projects relies on
and the policy context. Typically, these mechani sms i
compl ement ed by naiderations selatecets the -socmaEMic dmpact (Felleg 2013). Althougit this a
proach is usually efficient and fair, it is not suitable for appropriately assessimgotinéc sftéats of a project. The sc

entific or business cases are complgneai@aation tools but are not necessarily correlated tedbr@oaampact of

a project. For this reason, specific evaluation tools and methods are needed.

Recently, a more strategic approach to RDI investments has been promoted fmaatieenatitntie development of
roadmap exercises to prioritise RDI infrastructures at the national or European level (ESFRI, 2008; OECD, 2008; Re
Council UK, 2010). Typically, roadmaps assess RDI infrastructures according-tiansiivef gitaliia ranging from

scientific and technological excellence-xeoocimic impact indicators and governance and financial aspects. In some ca
es, the approach also includes the consideration of risk factors. However, no consensyiseegisthiation nmbdel;

instead, a variety of different experiences exist ah@dtl4). This lack of consensus hinders the possibility to syste
atically compare the impact of different projects that may compete for scarce funding;amtey omoipareaad ex

post evaluations, as suggested by the best international practice for project appraisals of major infrastructures. Al
roadmaps are relevant strategic and planning tools, they are not designed to pomidenia sogaevaluation

framework, consistent with applied welfare economics principles.

Against the demand for credible methodologies to assess RDI infrastraoifieanabsis (CBA) is considered-a pro

ising candidate. CBA emerged from more than edeybargiof intellectual history (Dupuit, 1844 and 1853; Pigou, 1920;
Little and Mirrlees, 1974) and is now a recognised evaluation technique (Florio, 2014). Currently, CBA s widely adopte
ternational institutions and governments to assessebensocio profitability of investment projects in m&Ay-fields.

hough already advocated by some international and national organisations, even with a number of caveats and possible
tions (ESA, 2012; EIB, 2013; OECD, 2015), up to nhow CBAmaystetratically adopted on a broad scale in the RDI
sector.

Until recent years, the development of CBA in the RDI field was hindered by the perception of the unpgedictability of tt
term benefits of knowledge (Martin and Tang, 2007). Acaiaty,ahlenowledge credtibe typical output of RDY pr

jectsi is such that the effects of a discovery may appear in the very distant future, long after the decommissioning of tf
infrastructure. The uncertain impacts of the RDI infrastsociatenvetfare, combined with the difficulties in measuring
them, have probably slowed down the diffusion of CBA in the RDI sector. However, a renewed interest is observable i
years because the stakes associated with RDI infrastructuredselectierappraisal have incréased

Earlier attempts to develop a CBA theoretical framework in the field of RDIs was initiated by the Czech gbvernment in 2
further expanded by the JASPERS team at the European Inveédt®enthdzasis of thexperience gathered in the
20072013 programming period, JASPERS produced a staff working paper as preliminary guidance for the application
CBA approach into practice in the RDiLsantither recent contribution is provided by the EuropegarSyd@012),

which proposed a -preud hd dtod ogyt atkall il =k téISe€CBiAmpact of spac
combination of social cost benefit analysis amilemaltinalysis. A recent survey by the OECD (OECD, 201%gtshowe

some governments are using CBA in the RDI field.

8See, for instance, Adler (1987); Atiiredd2006); EEIB (2005); EC (2007); Economics and Development Resource Center €18D7)9Pégrce
WHO (2006); and Asian Development Bank (2013).

9For example, in the UK, the Science and Technology Facilities Council is committed to mobilising a methddbédlydecisiomakevehere to
di scontinue f Ulatda slgd i hudgetont EBx¢chmdpal i6bs, 2013) .

10Czech Ministry of Education, Youth and Sport and JASPERS (2009). Background methodology for prepasrenéasibiilysesrdfde&a-infr
structure projects in Czech Republic, supported by th&@uhasidithe European Regional Development Furg0ik82007

11JASPERS (2013). Project Preparation and CBA of RDI Infrastructure Project, Staff Working Papers, JASPERS HkowleggpiAismromy an
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The approach proposed in this discussion paper draws from and further develops the mentioned premious work and
sistent with the general methods suggested in the updated EC Giideofoea®B2ommission, 2014). Hence, the paper
takes advantage of the substantial experience gained by researchers and practitioners worldwide on thacevaluation of in
tures in a range of sectors and tries to apply the lessons learned irs dtht#recopéeific challenges posed by &DI infr
structures. The proposed approach should be intended to complement and not substitute for other evatisation methods
ing peer review assessments, road mapping, qualitative evaluatoonofrsodiapt and monitoring of performance
indicators.

2.2 The perspective of social eoshefit analysis

Social CBA is grounded in welfare economics, according to which the welfare of a society depends on the aggregate in
utility of all of its members.la wel f are economic frame CBA arises as t|
the constrained optimisation of a social welfare function (Dréze and Stern, 1990; Florio, 2014).

CBA theory and application have evolved over time anddune diffdeent phases of experimentation, consolidation, and
diffusion in a variety of institutional settings and sectoral traditions. Yet, a number of key features agagatinciples offer
framework for a solid and systematic approach to RPppaigactad selectionparticular, these features and princ

ples are as follows.

I Social CBA is a tool aimed at informing decision making on the economic viability of investmentadecisions by qu
tively expressing all of the costs and benefitstyo Boe net economic benefit to society is used as the perfo
mance criterion. Costs and benefits are expressed through a monetary metric,rwmherairareippeopr
ate accounting unit also works. Against the existing evaluation apdrpemjedis; RBA offers a tookto sy
tematically compare both costs and benefits on a unique accounting basis.

1 Alongun timeframe is adopted to assess the social welfare change attributable to it, implying the identification
proper time horizon #relconsideration of {@rgn sustainability.

i CBA makes a clear distinction between social welfare effects and financial effects. The formercare expressed
counting prices that convey the soci al opportuni t)
the latter are prices adopted and observed on the market. CBA makes use of shadow prices and uses market
only to assess the fingndability of a project (see below).

I Costs and benefits are considered incrementally, which requires a systematic comparison between the project
and a proper counterfactual Boxdwi t hd and oéwithout t

1 Thekeystreigt of CBA is that it produces informa®eion on
sised into simple indicators, such as net present value. This approach leads to the possibility ofreomparing seve
vestment options or past exmeatith actual outcomes.
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Box 1. Choosing a proper counterfactual scenario

The incremental approach requires that the costs and benefits of the proposed project are estimated in incastoentald@zrms with

tual scenario (withthéproject). Thismetho s er ves t o grasp the 6netd changea|i.e. t
lysed. The choice of the counterfactual scenario requires a careful examination and implies defining whaabgaudehapiben in the
project. leph discussions with science specialists involved in the project design and with independent professionals|capable of pro
sufficiently disinterested judgments are fundamental to choosing a proper counterfactual scenario. The faiosairegaveal-broad op

ble.

®» For a completely new-+thkparcdjlda aty s(odegmr adrairsoe fiiiose Isutsiunaal rli yio eal Wénz dord ahn

ment al scenari othepobnectdésswenhrtbe oOowith
®» For investments aimed at imprawvialjeady existing RDI facility, the counterfactual should include the costs and benefits to operat
and maintain it at a | evel that keeps sWobtbpegébl ex=x|(ehea s

tion investmes that were programmed to occur anywayirfdon).

Examples of green field RDI facilities are the National Hadrontherapy Centre for Cancer Treatment (CNAQ)Ibaséaranfiavia, the
Reactor (JHR) built on the Cadarache site in France.dExaengesntal RDI facilities are the High Luminosity Large Hadrgn Collider at
CERN and the upgrade of the European Synchrotron Radiation Facility in Grenoble.

2.3 Key features of RDI infrastructures

Given the wide variety of facilities that are gefaraltlto in this field, no established and agreed definitioa-of RDI infr
structures exists in the literature and in policy déchimestser, a number of constituent features of typical RBI infrastru
tures exist that lend themselves particultolpevatisessed using CBwse features are as follows.

1 Based on tangible asséte assets can be either sditgdy mobile or distributed. Most RDI infrastructures, such
as particle accelerators, telescopes, and technological platformsitealel.singlenique facility or a combined
set of infrastructures and equipment located in a single physical location, as defined by ESFRI¢2008). Howeve
bild3and geographically distributed facilities also exist. The latter includes forcamfartoey gydtems or
seismographic stations consisting of a network of infrastructures located in different areas but with a strong fun
relationship among all of theirlpaitglly, some RDI infrastructures provide their services in etgci@nic fo
through storage, transmission, and elaboration of coded information. High pbdsadaachr@dgies can
be essential for an RDI infrastructure to making particularly complex computations and simulations, thus actual
ducing new knodde and, for this reason, are to be distinguished by traditional ICT ¥nfrastructure.

9 Highcapital intensity facilit@spital expenditufes/ercome operating costs, i.e. they represent a large share of
the total present value of the project cost. diffaent from RDI programmes, once the financing decisions are
made, discontinuing such facilities before the full materialisation of their benefits betbmes expensive.

1 Maijor facilitieShey require substantial capital investments in infr&strigctaneple, in the field of EU cohesion
policy, a major project is conventionally defined as requiring a total investment cost in excesg of EUR 50 million

1 Longdlasting facilite¥he economic life of RDI infrastructures is not different frarethttnofand infrastru
tures. Generally, these facilities remain operational for more than two decades after their construction. In somr
mains, research infrastructures only develop their full scientific potetetial dedd@®yies can be geebra

12See, for instance, ESFRI (2008); Horlangs Mersleijen, A. (2008):1RS(2002)Research Council UK (2010); and Technopolis (2011)

13An example is provided by research vessels.

14 Conversely, a network of muitnddigendent RDI infrastructures, each providing its service without depending on the service provided by another facilit
the same network, is not accounted for as a single distributed RDI facility but instedsmsEt@dhnfrastructures.

15Examples are supercomputers and grid computing, which consists of computer resources specifically devel@padd@mdcesohiguda for

scientific use. On the contrary, it can be argued whettagivedi@banfrastructures where large volume of algorithms-foockssimge statistical

analysis and annotation are integrated and chained to build ad hoc workflows for users, qualify as RDI.itfaswottu@simegsgtioraof d

tasets can be a component or an output of a RDI infrastructure. The collaborative aspect can be importargfiadersince gplloves an easier

exchange of research and innovation outputs among the scientific communities; dhéheotiaimeraitive, nature of different RDI infrastructures could

pose some challenges in terms of benefits appropriation, since the boundaries of research and innovatioredwpdtthbecometsbip difficult

to be clearly attributable.

16They include both fixed capital and initial human capital formation expenditures.

17As a general remark, in the paper we consider the investmesfitoaslecisien but in practice decision makers face options of expanding, deferring or
abandoning the @éstment. RDI infrastructure projects are actually embedded in a sequential process with multigtostsgassacihi@idevith

certain risk. Along a decision tree risks vary according to the likelihood of achieving different ead psksténtaldngotingt involves mandging di

ferent discount factors. The theory of option prices provides a solution to manage this situation by means afa@ jrick dasedimg each st at
in accordance wi t ttor.tdr @disbussions d thinissuetsee &IB (2018), Jagte ¢1099)t Luehranan (1998), Courtney et al. (1997).

18 As per article 100 of Regulation (EU) No 1303/2013.

14



and recorded (Wissenschaftsrat, 2013). The adoption of a long time horizon is necessary for a eemprehensive
ciation of their performance.

Facilities with the objective of producing social benefits through a generation of new knowdadge and innovati
variety of users: RDI infrastructures are realised with the main purposes of acquiring new knowledge in a given
tific or technological field and/or using the stock of new knowledge to devise new applications or produce inno\
A typicalistinction is made between the following infrastructures.

(o]

Infrastructures for fundamental research, such as a large telescope, are meant to support basic resesc
i.e. undertaking theoretical or experimental work primarily to acquire new knondedgingriche
dations of phenomena and observable facits, wit
tydri veno) .

Infrastructures for applied research and technological development are meant to support the acquisitic
new knowleddor a potentially waintified practical purpose, i.e. the development of new products, pr
cesses, or services (e.g. quantum computing or human genomics).

Innovation infrastructures, such as a laboratory within a pharmaceutical firm comsokinoghfof a
firms, aim to combine new knowledge and technology for the future commercial exploitdtion of newly dt
oped applications.

Potentially supporting multiple experiments pirteltrigDI sector, some facilities are destined to remain uniq

at a regional, national, or even global level because a second facility is too expensive or because the number of
is not large enough. In these cases, the preferred setting usually entails arrangements for different teams of us
the same iafstructure and exploiting its features to perform different experiments or tests, either over time or at
same time.

Although such features distinguish RDI Infrastructures from traditional RDI programmes and initiatives,etiey are instead
by tradional infrastructures in other sectors (e.g. environment and transport). For this reason, the use of a CBA fram
seems particularly approptiate

19For the same reason, examples of research infrastructures for which the jG8#idedimewdek is less robust are the construction or modernisation
of buildings with primarily educational purposes; Koeseédgeources such as collections, archives, or surveys, for which the serviceethey provide
the collection and elalonadf datper sd is usually more labour than capital intensive; and relatively small RDI projects with capital casts of millions of E

ros.
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Figure 1. Examples of major RDI infrastructures

Fundamental eSynchrotrons, such as the Large Hardon Collider (LHC) operated by CERN in Geneva;

research

infrastructures Observatory in Arizona; and,

Applied research
and development
infrastructures

Innovation
infrastructures

elinear particle accelerators, such as the Stanford Linear Accelerator Center (SLAC) operated \
by Stanford University in the United States;

*Telescopes, such as the 4.3-meter Discovery Channel Telescope operated by the Lowell

eSatellite and aircraft observation facilities, such as the Hubble Space Telescope operated by
' | Space Telescope Science Institute. /

| eClean rooms for the study and development of new materials or nano-electronics, such as
those operated by the Fraunhofer Institute for Photonic Microsystems IPMS in Dresden;
#Syncrotrons for hadrontherapy, such as the National Center for Oncological Hadron
Therapy (CNAO) in Pavia; and,
eUniversity laboratories for applied research and testing, such as the Laboratory of Applied
_ | Mechanics & Vibrations of University of Patras.

AN

| *Technology parks, such as the BioTechPark Freiburgin Germany;
eScience parks, such as the AREA Science Parkin Trieste;

*Business incubation centres, such as the ESA’s Business Incubation Centres across European
countries; and,

e|nnovation centres, such as the IdE Institute decentralized Energy Technologies in Germany. )

Source: Authors

2.4 Categories of potential beneficiaries

In economics,

agents are traditionally classified according to their roles: firm owners, consumisyers1plityses, tax
classifications are flexible, as in some cases producers of goods are also consumers (e.g. small farmers), employees

taxpayers, shareholders are also firm managers, and so on.

From the CBA perspective, it is crucial to identify the potential beneficiaries (or losers) of a projedtsQmirsstently with f
ples of welfare economics and because of the varidijecfguuies delivered by major RDI infrastructures, at least six

groups of social agents exist whose welfare is potentially affected by a RDI project.

Table 1.Classification of potential beneficiaries of an RDI infrastructure

Type of agent

Description

Businesgs

Businessesaclude spioffs and stamps, small and medium enterprises, and large enterprises that directly enjoy
provided by the project and/or benefit from indirect spillover effects, particularly through procuremeatriaing st
effects.

Employees

Scientistand researchgsoduce knowledge, but are also are direct users of the RDI facility. They encompass
and outsiders, who are the rest of the research community, including those working in other fields that may
provided by the experimenpsoduce further knowledge and innovations.

Young professionals, junior researchers, andwhadetitspend a period working within the RDI infrastructure. ~
clude, for example, plisttoral researchers, early career researchers whdusaciligy B carry out their own stu
ies/tests, and students, usually at graduate level, involved in training or the preparation of their disssrtatssn |
to the facility through a training programme.

Consumers

Consumers of goodsavices produced by RDI projéwtyg may include, for example, patients associated with n
treatment provided at a health research infrastructure and residents of a region in which major risks sakksys
and fires are better nooed/forecasted because of the research developed by observatories, stations, or satel
others.

The general public involved in oytvdgch includes onsite visitors to the facility and virtual visitors on websites
networks; medigp®sure is also the effect of outreach activities and people derive utility from being informed
and technological progress;

Taxpayers

Nonuse beneficiarjesich as most tax payers who fund RDI infrastructures without directly using it and peoplt
to visit (personally or virtually) the infrastructure. Such individuals may derive some utility from theppezeiée
that scieffii discoveries and technological progress are possible because of the infrastructure; these potenti
knowledge create a global public good with an intisesicahos.

Source: Authors

The conceptual model developed stems ftonsitheration that the recognition and proper identification of actual and p
tential beneficiaries is an essential ingredient of the assessment. Indeed, different categories of target groups are ass
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with different types of benefits and extertialgiestimating the present and future demand for the infrastrueture. The infr
structureds outputs for each of the identifitleedstgr oups
mation technique chosen, the underbimgpéiens (parameters, coefficients, and values) that show that a critical mass of
users (and narsers) exists need to be stated transparently and tested in the risk assessment.

In most cases, the previous list of six groups (see Table 1) likelymiseess of potential beneficiaries of RDI projects.
The | ist is based on the consideration that tpleg 6édema
sided is correlated with s ¢markatéd, sontesanfsion Bay exsuosee thenagents R
and determinants of supply and demand. However, these mechanisms are built in any project. In a CBAframework, the
ness to pay for the service by agents ultimately determines its socielavadue, armdlf t he si x groups
standingd6 in the project from this perspectivoang fir ms
researchers because of the reputational effects and human capital ficeimieficarnes because of the avoided costs
and/or better quality of life; and the general public because of the direct cultural effects or the willipghbss to pay for ¢
good. Instead, employment, procurement, use of land, and otherstlagecibstrsid® In the rest of this paper, we focus

on the main items that enter into an evaluation, even though additional impacts may need to be considsred in specific pr

2.5 The model

The model on which the rest of the paper is built takesfthaesfmple yet comprehensive equation (for slighthy more tec
nical details see Florio and Sirtori, 2014):

MOGO® MOOw MODdw MOlw

In this frame, the social CBA exercise consists of forecasting, in imisgtienéadpected economic net present value of

the RDI infrastructure project® § 0 »)), defined as the sum of the expected net present value of economiic benefits a
sociated with any actual or predictable practical use of the infragtesir® 8ed ) and the additional expected

value of discovery (new knowledge) for which a possible use is notWedidéntifigc(t for which a social value can

be empirically estimated-gsenvalue), minus the expected net present value of the costs. In other words, our approac
breaks down intertemporal benefits into two broad etessesl nemse benefits and compasethese benefits with

costs, taking into account the probability density functions attached to the determinants of each critio&b viaeiable entering
model.

In our framework, both fundamental and applied research in principle can be Husressse, vdttefit being often
negligible for the more applied innovation projects at one extreme, and significant benefitausemalgerattheon
other extreme of fundamental research.

Three distinct concepts are included in our approach:
1 theexpectatiomperator implies that all critical variables are treated as stochastic;

I economic valuedicates that our valuation uses shadow prices to capture social benefits beyond-their market ot
nancial value; and,

1 thenet present operaitoplies thiany past or future value is converted into its present equivalent and costs are
treated as negative benefits

Different from prior literature, one contribution of the present approach is the consistent identificatifits of the social bene
RDI ifrastructure and the provision of a comprehensive framework to evaluate and combine them to obtain a synthetic
tative measure of social benefit. In a CBA frame,idanéfyllyg different types of beneficiaries is necessaryre apply co
cepts andmpirical methods appropriate for each of such types and to avoid double counting the benefits.

Another advantage of relying on a CBA framework to assess RDI infrastructure is that, when focusing on social bene
analysis is often developednstdrdm a preliminary financial analysis (European Commission, 2014). The financial analysis
a useful management tool for verifying tieenfofigancial sustainability of the project.

As mentioned, the proposed CBA model suggests that atlabi@isare expressed in terms of expected values. This
suggestion implies conjecturing on the probability distribution functions of quantities and accountingppages (i.e. empirica
of unknown shadow prices) rather than using their purgiiesk’nedties. Given the large risks implicit in RDI projects,
framing ENPV in terms of probabilities draws from the consideration that risk is measurable, whereas ratlical uncertain
(common sense often confuses the two concepts). Fronparispedttie, a bold but useful step is to set to zero the value

of what is radically uncertain.
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The presentation of the approach consists of providing a structured discussion around thie€BAilttiagriploeks
pirical approaches, and examplissprBEisentation structure ensures a balance of conceptualisation and practical shortcut
(purely illustrative) when presenting an experimental framework.

The following sections describe in detail the steps of a CBA for RDI infrastruceferendéhisughade to the BG R
GIO Guide (European Commission, 2014) for the standard approach to CBA, the aim of this paper is to illustrate how in
steps need to be adjusted to account for the specificities of RDI infrastructures.
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3.Financial analys in the RDI field

A clear difference exists between thecmoimic impact of an RDI project and its financial performance. The latter is ca
ried out from the point of view of the fjyrFnpaneia pefgpr o mot
mance i s preparatory to the economic appraisalupy- which
try, and regional levels as appropriate). More specifically, the financial analysis is usbictistieteniniaeenues (if

any) arising from the project over the reference period and to verify whether the projected cash flow ensomes adequate o
of the infrastructure and its financial sustainability in the long term.

In this section, after byridiscussing the proper unit of anhlggigmital cash inflows and outflows to be considered for RDI
projects are presented. In closing, the financial performance and the sustainability criteria are considered.

3.1Unit of analysis, project bordesisd cost apportionment

A useful step before carrying out the financial (and economic) analyses of a RDI infrastructure is to ithentify the objec
analysis. In principle, the appraisal should focus on all of the components that are lotpctily attainected of the

intended objecti¥edn the appraisal phase, the unit of analysis is typically related to the financing decision; however, in s
cases, a mismatch may occur between funding and project identification (for exampéebreken flowinop different
decisions over time or across parts of a project). Delimiting the borders of a RDI infrastructure projectlie challenging w
infrastructure is designed to perform a range of different experiments and activipiegemnt whesisteof several inter

related but relatively-selhding components. For example, the LHC is a combination of an accelerator ystem (itself cc
posed of several accelerators) and detectors, each managed by international collabistait@mus|abg@sory staff in

various combinations.

Depending on the specific nature of the infrastructure and the scope of the analysisedrDhdécilities, the project

analyst could either focus on assessing the costs and bendétexgeaxisiegtal facility or take into account the costs and
benefits related to both the hosting infrastructure and all hosted experiments. If the former approach isetdopted (as in |
al 2015), the costs related to the common facilities anshdr@dany other experiments out of the scope of the analysis
should be duly apportioned to the infrastructure under examination. Similarly, for distributed faciliti¢shthelgbroject analys
ascertain whether synergies and functional relatioosyitiseafacility components are such that they justifysthe asses
ment of the entire infrastructure as a single unit . aDdigsigise, each project component should be apgraised ind
pendently.

3.2 Typology of costs and revenues

Costs are defined aslt ouflows directly paid to build, operate, maintain, upgrade the RDI Aiddtstouctureosts
disaggregation is pregpetcific, common categories of financial costs, including investment and operatingrcosts that are g
erally related to RDastructures, are presentéav/egstment and operating .cobs typical spending profile andsost di

tribution over time of different categories of the RDI infrastructure show a double peakluessrdbivetrafeohding-pr

file and cost distribution over time of asisgtgRDI infrastructure

20For a further discussion on the issue, see Belli et al. (2001); European Commission (2014); EuBapkaR0ag¢steekins et al. (2011); and

Florio (2014).

21See OECD (2014a) to further explore the topic of internationally distributed research infrastructures.

22|n line with the economic theory, every factor of production (capital, labor, larowssdgegtbdsost. More specifically, in accounting terms, each
resource used in a project, enterprise, etc. is associated with a monetary value. This monetary marketo@lae iis tiadimamciaanalysis. |

stead, in economic terms, essghurce has an opportunity cost, which is the value of the next best economic alternative foregone due to the chosen us
determined resource. The opportunity cost of resources is considered in the economic analysis.
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Box 2. Investment and operating costs

Investment costs Operating costs

®» Planning and design Scientific, technical, and administrative personnel
®» Land acquisition Ordinaryaintenance

®»  Construction of buildings and plant Material for the operation and repair of assets

® Construction of plant anchimacy Utilities consumption

®» Machinery and equipment purchase Services purchased from third parties

®  Utilities consumed during the construction phase (e.g Rental of machinery

and waste disposal)
Stardup costs
Licenses acquisition
Replacement costs

Quality control

Environmental protection measures

General management and administration

Property rights

Promotiom@ampaigns and other outreach expenditurg
Decommissioning

LR 2R £
L2 20 20 2% 2K 2B 2R 2R 2B 2K 2B

The design phase of a RDI infrastructure can bez¥drydddgion, new facilities are sometimes developed in the same
location as that of previous infrastructures and experiments, to some extent taking stock of the existingdssets. Costs i
before the start of the appraisal period, such as easikilftr $tudies undertaken at an earlier date or construction costs
already sustained for a previous projaetilastand excluded from the investment costs-eméa @oject analysis.
Similarlyinrkind contributignse. goods, servicesd ataff provided in kind by external parties for the construetion or oper
tion of the project, are not considered in thet financ
actual cash flows. However, in some cases, ath§iokecial analysis across different funding or management bodies
may be helpful.

Box 3. lllustrative spending profile and cost distribution over time of a-sitegleRDI infrastructure

The overall spending pattern shows a relatively large investmient p@adtrdiction, a gflasspending period during operit'iﬁc‘j—\, and
followed by a new peak for decommissioning. For a major upgrade during operation, another investment peaklevoLid have been vis
distribution of costs during construction sth@ivél #ngineering and technical hardware costs represent the vast majority-of spending du

ing the investment phase. Salaries, consumables, and utilities are the main expenditures during the operation period.

100,000
20,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

Decommissioning

Consumables
Utilities

= Maintenance and repair

u Salaries

m Technology and pland machinery

® Building and construction

= Planning and design

1 2 3 4 5 6 7 8 2 1011 12 13 14 15

Source: Authors based on RAMIRI ohlmelbook (http://www.rarditog.eu/)

Revenues are defined as cafibmia directly paid by project users for the services from which they benefit. Revenues ca
vary significantly from one project to another in relation to the specific typévefrsdriicéisedmfrastructossible
revenues are listedEmore. L'origine riferimento non e stata trovata.

2For instance, the Future Circalkde study at CERN started in 20Mwgefec.web.cern).&@r an infrastructure proposed to follow the LHC around
2040.
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Box 4. Revenues

®» Sales of material, products, and equipment

®» Sales of consultancy services

®» Licence revenues gained fiaent commercialisation

®» Revenues from industrial research contractscandn@eial procurement contracts

®» Research grants involving a transfer of ownership of a specific research output

®» Entry fees to the laboratory and to use research equipméntrebaageiers and businesses

®» Rent of space

®»  Spiroff equity return to investor

®»  Student/Master/PhD fees

®» Revenues from individuals using the research outputs (e.g. patients receiving innovative treatment)
®» Revenues from outreach activities to the brdeder.guookshop sales, entrance tickets)

The prediction of costs and revenues is an impbrtant

ity to generate the desired-sacoomic effects. For instance, a technology waikhfforecasted operating revenues are
inadequate to recover the initial investment and cover the expected operating costs, may risk haltingeits activities at
moment. Unless other sources of financing are found, such a stoppage wbeldiésiphdtbtiects on local businesses

in terms of knowledge and technological progress will not materialise.

3.3Dealing with inflows from research contracts and grants

Different from development and innovation activities that are expectie€irtankexsiogents through future prudits

ticularly if carried out by businéseésstructure and experiments in fundamental research are typically swpported by go
ernment funds or donations. This broad dualism involves different appraatingsfoo ficancial inflows. In particular,
whether a financial inflow, particularly if granted by a public institution or agency, represents a soumtiridinancing or oj
revenue for the project should be carefully assessed.

According to the DG iB€guide (EC 2014, Chapter 7), public research contracts or contributions grantedrirough either c
petitive or narompetitive arrangements should be considered operating revenues only if they are payments against a se
directly rendered by the grpjeenoter. Typically, this condition is verified when the ownership of the expetted research o
put is transferred to the contracting public entity and does not remain with the RDI institution. Otherwise, these fin
sources should be consideredrafdrs from state or regional budgets. As such, they should not be included as revenues b
should account for the verification of the prétognect os
of financial performance indicat®e the next section.

Box 5. Operating revenues vs financing sources

Examples of flows considered operating revenues fordhe Examples of flows to be considered financing sources fa
ject project
® grant awarded by a national/regional public agency t¢ ® grants from European/national/regional research
research body, but in fact directeddeviglepment/delive frameworks (e.g. Horizon, 2020);
of a new product/service commissioned by the agency ™ loans from banks or financial institutions acting as fint
® contributions paid by technbaggd companies involver ies of public bodies;
codevelopment of equipment, software, and service ® regulaor exceptional donations from state agencies; a
able to use them asahihebox products in the future. ® donations from charitable entities and philanthropie
tions or individuals.
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3.4 Financial profitability

An investmentds financi al profitability is tlofgheabi l it
sources of financing (loans, private equity, or grants).

The financial return on an investment is calculated usieg@imaiee indicators, the financial net present value (FNPV),
and the financial internal rate of return (FIRR). The former is expressed in monetary terms and is the distounted sum o
financial flows for the entire time horizon. The latest &sdkérfinancial discourfthtg produces a zero FNPV.

A project wittositive financial performénegsociated with a positive FNPV, meaning that the total discourted inflows e
ceed the total discounted outflows. Under certain techoits}, @RtRR higher that the reference financial discount rate
provides the same information. Conversely, a proggativihfinancial performanassociated with a negative FNPV

(and usually with a FIRR lower than the reference discount rate).

Frequently, financial indicators are used to set the correct volume of public support to be cofimnpittedntp gvelfare

jects (Florio, 2014), which require the contribution of public funds. For example, the European Commission allows
financing thugh grants only if the proposed major project is not financiéflyi.prafimBRPV is negative and the FIRR

is lower than the discount rate used for the?alatpses L'origine riferimento non é stata troyasents in angn

mous form the financial performance indicators of a sample of RDI infrastrucfirengeajeloystite Europeam-Co

mission.

Table 2. Examples of financial performance indicators of a sample of major profatanazd by the European
Comnission during 20@2013

Reference per

Country Field FIRR FNPV od
Germany Innovation business Incubator centr -63.0 -16,171,681 15
Poland Materials and biomaterials 3.9 -2,800,501 15
Czech Republic Laser infrastructure -45.1 -171,530,005 22
CzechRepublic Biotechnology and biomedicine -30.0 -124,941,750 15
Poland Biological and chemical sciences -3.9 -12,349,562 15
Lithuania Physical and technological sciences -12.5 -29,878,183 15
France Advanced engineering materials -33.0 -102,161,236 15

Note: The reference financial discount rate adopted is 5% for all projects except for the Lithuanian project, whithaieed an 8
Source: Authors based on EC Major Project databag2@DB7Data extraction concerns a selected category of invegieRBI infrastructure
and centres of competence in a specific technology), as per annex IV of EC regulation 1023 (2006).

RDI projects with potential profitability are regularly assessed by ventd@laafyitadjste difference between CBA
andthe role of venture capital project analysis is useful (see

Venture capital)distsd investment deci sion

24This rate reflects the opportunity cost of capital from the perspective of financial investor(s) and isrused ta discourtfmavs t o est i mat
profitability indicators. The financial discount is valued as the loss of iraiteneafreeimrestment with a similar risk profile and is estimated by consi

ering the return on an appropriate portfolio of financial assets lost from the best alternative investmegipibmreahtdiomis) or thetéong

real interest eabn commercial loans.

25The condition is that the net benefits do not change sign during the life of the project (e.g. because ofghigistdecOtheriassenimore than one

interest rate value may make the NPV equal to zero. AddiftiRaiynrtbele calculated whewvdiryieg discount rates are used.

26\We do not consider the case of financial instruments.

27|n contrast, economic performance should be positive (see section 5.1).

28|t must be acknowledged that, in some cases, fresRiitimes are involved in a transitioning process from the public sector to the private one or the
venture capital arena.
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Box6.Venture capitalistsd investment decisions

To screen investment opportunities, venture capitalists use a braadowamgeand raccounting information. Examplesro
mation sources are business proposal, contracts with other venture capitalists, interviews with the entreitiignatentiate
vestors, and statistical information servicesgiseand/iRobbie, 1996; Manigart et al., 1997). The collection and analysis o
the due diligence prodeissneeded to gain a thorough understanding of all business aspects.

The principal aspects considered by venture capitalists wieerptoakisigg investments irfélude
viability of the product or service;

potential for sustained growth of the company;

efficient management team for efficient control and operation of the company;

a balance between risk and expected profits;

and judiication of venture capital investment and investment criteria.

Additionally, the screening activity involves a variety of valuation techniques to determine the profitability bf venture
ranging from standard valuation methadl®basscounted cash flow analysis (e.g. Brigham et al., 1999; Brealey and Mye|
earnings multiple and the value of a companyds Sepmang
Laamenen, 2001). Theratith respect to more traditional methods seems to better handle uncertainty. For a review, §
(2000), which examined the valuation methods used by venture capitals in five dffferent countries

A B B

info
views
f information

ap i nves
rs, 2000) or the
s, to
see Manigart e

3.5 Financial sustainability

A project iBnancially sustainable when the financial sources (including both operating revenues and ani other sources
nancing) are able to cover the expenditures (including investment costs, operating costs, reimbursements and intere
loans, taxes, anth@t disbursements) yegyear. Hence, if the cumulated net cash is negative even for one year, the project
is not financially sustainable. In this case, the project promoter is expected to demonstrate the capadity to raise ad

sources of financtogcover the costs in each year of the time horizon.

In the RDI context, a number of factors influetecesnlengtainability, which is only partially related to a sustainable funding
profile. In particular, attracting scientific talent or oefetidgy@&ining scientific relevance is usually the underpinning for
longterm sustainability. Thus, financial sustainability should be considered together with other sustainaldel criteria, as dis

inLongterm sustainability of the RDI infrastructure

Box 7. Longterm sustainability of the RDI infrastructure

According to EIROforum (2015), the following five criteria are key to entemimgtisaiaagility of RDI infrastructures.

B An infrastructure must be relevant to iticsci@nmunity and able to generate scientific excellence. Hence, before estz
RDI infrastructure, clearly defining its added value to the scientific community and its complementariggyvitkistisged
cilities is regardedeassential.

The governance model and | egal framework shoul d b-¢g
grammes/projects are implemented to rapidly respond to the needs and ambitions of all member states/fulidesie
tation of the research results.

The funding model should be sustainable. The neegssayynmestments needed for optimal operation should be gu
ensure that the infrastructure can continuously carry outdtgectesegiactivities.

»

ablishing a new
t to alre

h

sust a
nd to enable

aranteed to

The infrastructure must attract scientific talent and develop a critical mass of scientific expertise. it ratbélity tedeatteaict

researchers, which in turn builds scientific excellence and allows the infrastruchigh tetanagiatds, is closely related
potential of the infrastructure to enableecigiéirsgience.

to the

The infrastructure must drive majoesoc@mic changes and must play a crucial role in the development of society

The expected

longterm changded by a RDI infrastructure may concern two different levels: society as a whole and the immediatq local environn

29See www.capitalestment.co.uk
30 Specifically, the United States, Great Britain, France, Belgium, and the Netherlands.
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4.Forecasting and valuing social costs and benefits

Although financial analysis uses observed prices, for economic asgh@iyfumesly with secionomic impact, i.e.

welfare analysis), such flows must be converted into shadow prices. In addition, the CBA needs to accadint for the posi
negative additional effects that are relevant to society but that havesi¢rbdeinocorihe financial perspédaive (

costs or benefits that spill over from the project towards other parties without monet&ty compensation)

Externalities are particularly relevant for RDI infrastructure projects given the impdnielstthegriogterate. By defin

tion, knowledge creation is characterised by the fattthatfexmation is imperfect because users literally only know that
some probabilities are associated with different research outcomes when they eméametnrguadykngwn. Mdore

ver, knowledger sas an intangible public good and has a number of special features, namely:

9 It isnonrival a discovered fact does not prevent anyone else from potentially using the same knowledge; in ot
words, the bengfiterived from knowledge may extend to mankind in general; and,

I To a certain extent, knowledge nmragnbgcludablbecause some knowledge cannot be patented or otherwise
protected; thus, knowledge created by RDI projects is often a public gated, auiiatketdaiRire

After illustrating the concept of shadow prices and their use, this section provides a detailed discussifits of the social |
associated with RDI infrastructure projects.

4.1 Shadow prices and main approaches for their estimati

The projectds wel fare impact is assessed by coemparing
than their observed market prices. Markets are typicatadididahiesl market prices are not signals of thdssdail va

goods and are driven by different economic or political factors (Florio, 2014). Therefore, correcting faatigese distortions
identifying the marginal social (or shadow) value of goods, i.e. their opportunity cost to society aohgpngdowng or cons

or less of any good (Ee®re.L'origine riferimento non & stata trovata.

31 Accading to standard practice, economic analysis involves three steps. First, financial costs are transforniessingirgcsailabilgqomversion

factors. Second, direct benefits to users are converted by replacing financial revanaes witb an estiif user sdé WTP fmr proj ec
ply costs. Third, the monetary valuation of externalities is added (EC, 2014).

32In economics, a market failure implies that the quantity of public goods demanded by consumers doestitptsequuitdtbg suppliers. This

imbalance creates a case for public intervention.

33Distortions refer to taxes, domestic and international constraints on capital and labour flows, monoposttorgolgdymgtirpalcdistribution of

asset@nd income, and information asymmetries.
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Box 8. Shadow price of experimental equipment

Consider a major RDI project that uses as input x special experimental equipment purchasedhicthp imaheesupply
(marginal cost) of the equipment and g = p+d is the demand price before the project, where d is the distertoeaéthe.in

rice
p

an import duty. The new project is funded by a public sector grant ead fits séfen as a shock affecting the previous equilibrium. The

figure below shows the market for x. The supply curve S exhibits the quantity supplied at various supply raticesye
shows the quantity demanded at various demarRy mdaiag the distortion d to the original supply curve, a new supply
obtained.

Price

q
90

P1
Po

D+ GG

o

Gxp  Gxg

Market equilibrium occurs in A, olitking the supply price asttiegdemand price fgtd). If the new RDI project purchas
amount qgrBarkétrthe oemand eurve shifts right (recall that the new demand is supported by a public sector tr

the dema
curve S+d is

RS an
ansfer), causin

demand and supply prices to risamnad @, respectively. Therefore, the promjagct dem
i ncrease s)i nansdu pppalryt i(aghxl y f o) loyrthe etheruseds wfdhie eqoipment becadse of éha kighd) ppige. This
change in the previous equilibrium caused by the project is associated with an opportunitgidesth@re tiseaorniacrease pf isu

pliersdé costs since they shhéswomorttndy cgstcandbe approxenaigro@ipthe btheo sida | amo

there is the reduction of u spevhitsdan be eppreximatédsyyoilneesunt obtheseheo
fects gives the shadow prjoef the equipmenised in the project:

Yy Yy

v —_— —

Yy Yy
This equation shows thatdifferent from both p and g, as it is a linear combination%pf bdih;Tae same formula holds ifah
ject outputs displace the market supply and induce market demand. Finally, two special cases exist, namely:
®  when the demand price is constant (i.e. the demand is infinitely elastic), the shaddwapdce is q = p+
B  when the supply price is constant (i.e. the elasticity of supply is infinite), the shadow price is p.
These simple examples ignore general equilibrium effects, i.e. consequences to other markets.

ef orego

e pr

Source: Authors based on Boadway (2006).

Shadow prices can be empirically estimated using several approachete(raldeyv8bardmaet al, 2006; Bren

tl

2006; De Rus, 2010; Florio, 2014; Potts, 2002; and Potts, 2012a). In this section, two main approachesdor their estima

mentia e d : user s o -topay (VIrA) and therdaund) harginad soaakcest of production (LRMSC).

1 The concept of (marginal) WTP refers to the maximum amount of money that the consumer is wi
an additional unit of a §ddhisoncept i s primary wused for the

lling to pay tc
empiri

those related to the use of the goods or services rendered by the project, and for externalities. lewever, in som
cific cases, WTP can also be used to proxypthetoppni t y cost of a projectds ir
project leads to an adjustment in the net demand of other consumers of that good. The importance to using W
particularly evident for estimating externalities for which no npmETetatipicaspaid.

The concept of the LRMSC of a good refers to the increase in the total cost to society as a whole, i.e. private
plus external costs, required to increase the production of the good by one unit, keeping constant the productic
els of all other goods. Typically, the LRMSC measures the economictralablefimauts, for whichan i

crease in demand results in increased production. However, when the WTP approach is not possible or releval
LRMSC can be used to evalmteutput of some projects.

The example Box &hows that, in some cases, the combination of WTP and LRMSC is a proxy for the shad

ow price. Hov

er, the following sections treat cases in which either one or the other is appropriate, leeomgittesl isstimaftion to

specific applications.

34|In a CBA framework, a good stands for a benefit or avoided costs. Hence, the WTP refers to the amount dirgdogyapeopajaseaienefit

or to avoid a cost (Boadway, 2006).
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4.2 Conversion factors for inputs other than labour

A simplified operational approach for expressing the costs of RDI infrastructures in shadow prices conBlsts of applying
conversion factors to th@mast items considered in the financial analysis (e.g. materials, land, building conistruction, elect
ity) possibly retrieved from already existing benchmarks developed by the national public authorities for CBA in other fiel

A conversion factor é$irted as the ratio between shadow prices and market prices. Thus, it represents the factor by wt
market prices have to be multiplied to obtain the sh#dow price

Different approaches exist to calculate conversion factors. In general, ifableugmads ttzatder prices arétused

garding nemadable goods (i.e. procured domestically), a different approach is used depending on whether they are mir
major project items. For minor items, the standard conversion factdrksrachgpiteims (e.g. land, civil works, m

chinery, equipmeat],ho@ssumptions should be made depending on the specific hypotheses adopted for market conditior

For instance, consider land used for RDI infrastructures. As long as the real estate unddetapeetitse dond

tions and no distortions occur, the financial cost of land can be assumed to be a reasonable proxy for ts economic cos
ever, in some RDI projects, land is provided free of cost by universities, donors, or psblidtkeatin antiireancial

cost is included as part of the investment cost, corrections are needed to reflect the opportunity cosgfittict is the net be
from the best possible alternative use of that land.

4.3 Conversion factors for labour

Speciaattention should be given to the opportunity cost of labour, measured using the shadow wage. The shadow wage
the social opportunity cost of labour and may differ from the observed wage because of distortions relatad to labour (e.c
ployment, igration, taxes, minimum wages) and in the product markets. Following the opportunity cost concept, the sh
wage should reflect the social benefit of employing a person in a region/country and sectarectanalcteoas by

ket conditionsthar than in oth&rs

The applicationab§hadow wage tteelabour cost is particularly impbeaatisé is the recommended way to capture

p r o jeféects o smployment (European Commission, 2014; Del Bo et al., 2011). Against tigecemigfiniainal a
lyreferred to by politicians and project mathegjels created aaalirect benefit of an infrastructure project (with the co
sequences that salaries of newly employed scientists are sometimes added as such to othe}, aherssuimobanefits
reasoning points to the consideration that wages are rather a share of the total costs of the thegectalliemefire,

of employment has to be taken into dnpexgitisively using shadow wages, i.e. by considerirgpgwatuhiy cost of
employing a person in the project under assessment istloatdrahusing the same person for any alternative use (i
cluding, possibly, unemployment).

According to the DG Regio Guide (European Commission, 2014), thecdrabevassageed:

1 equal to or typically not less than the value of unemployment benefits (or other proxies when unemployment be
do not exist) for unskilled workers previously employed in similar activities (in principle, if unemployment benef
high, the shadow wage can be lower);

1 equal to the value of the output forgone in previous informal activities for unskilled workers drawn to the projec
such activities; and,

1 equal or close to the market wage for skilled workers previouslysamifalogethiities.

351f the conversifactor for a good is higher than one, the opportunity cost of that good is higher than that captured by thefrtteekedn@onversel

sion factor is lower than one, then the observed price is higher than the shadow price. For insfaota, af Cobvensi@s that the shadow price is

10% below the market price or that the market price is 11.1% higher than the shadow price (1/0.9 = 1.1t haikehdstegionstiwat add to the
marginal social value of a good and detdrigivez emarket price.

6Empirically, FOB (free on board, before insurance and freight charges) prices are retained through the loesicguedas of #vepecma outputs,

whereas that of imported inputs is captured by CIF (cost, insweightepeaoes This approach relies on Little and Mirrlees (1974).

37Following Little and Mirrlees (1974), the standard conversion factor is a proxy of the average distance &edwirnestdgpcessThe formula

is SCF = (M+X)/(M+X+TM)eviltés the total value of imports at shadow prices, i.e. CIF prices; X is the total value of exports at@Bapldw prices, i.e. F
es; and TM is the total value of duties on import.

38The CBA literature offers different shadow wage formulae ohtheedifisierat hypothesis on labour and product market conditions. Recent theoretical
contributions include Potts (2002); Londero (2003); de Rus (2010); and Potts (2012b). Recent empirical-ambtibntir89B)cISaéeh (2004);
Picazeradeo ad Reigviartinez (2005); and Del Bo et al. (2011). The latter presents a new, simple framework for the empiricaicovagetation of shado
at the regional level and empirical estimations for EU regions.
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As a result, the conversion factor should generally be computed for unskilled workers, whereas no convirsion factor is |
needed for scientists assuming an internatidigibrted labour market in their case. Howeveshahge of a skilled

workforce exists in a country, a suitable conversion factor must be computed even for such workers. This anomaly may
a conversion factor higher than 1.

In some cases, migrant workers are employed by RDI facilities. cTbestodiioeni labour should reflect the opportunity

cost from the country of origin, not from the country in which the project is located, unless wages are thie-same in the tw
tries. When wages are higher in the country in which the infréstaietlithds in the country of origin, the appropriate
conversion factor for labour is equal to the sum of the opportunity cost in the country of origin and theechigyation costs di
the project wage (Asian Development Bank, 2013).

1. Shadow wages

Theappraisal of a greenfield materials science and engineering laboratory of national relevance includesaseteipg st
alternative sites. Region ALFA is affected by high unemployment of unskilled workers, but not off béhé&ababounddreeas |
gion BETA is under full employment. The laboratory will hire twenty senior rebeargheng; fesgarchers; thirty unskilled w
The real market wage forecasted is EUR 50,000 per year for senior researdlefsr Ful@dgsearcher, and EUR 24,080
skilled workers and is the same in both regions.

The shadow wages have been previously estimated by a national authority in compliance with government CBA guidel

B equal to market wage for thefif@tpung researchers since their labor market is assumed to be open to interira
tion, with easy mobility across countries. Hence, the cumulated annual shadow labor cost for young resedrc
lion in both regions;

B 25% higher than nearlwage for the twenty senior researchers as their reference labour market is not fully cor
them the international mobility is hindered by linguistic barriers and high relocation costs. Hence, the cuwhe
bor cost for senresearchers is (EUR 50,000 * 1.25 * 20) = EUR 1.25 million;

B 25% lower than market wage for the thirty unskilled workers due to high unemployment in region ALFA, but
in region BETA. Hence, the cumulated annual shadow lalsléibst f@orkers in region ALFA is (EUR 24,000 * O.
EUR 540,000, while it is 720,000 in region BETA. As a consequence, ceteris paribus, the Net Present Vdlee
higher by EUR 180,000 in region ALFA

The laboratory is expetbeetcur to some local enterprises as suppliers of the infrastructure during the construction phas
increase the number of unskilled employees in both regions, but only in region ALFA this fact will decreaseTlbisahde
tional effect on regional employment is already captured through the adoption of the different shadow waghle iadkthitidv
benefit calculations are needed. Other employment effects are expected as the result of adoptionatérintobgti@mange
industries in the country. However, as the laboratory is of national relevance, such impact is not relevdne ilotadi@electio
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5.Social benefits

Once the main beneficiaries (either usersisemsdif an RDfrastructure have been identified (see section 1.4), a list of
typical benefits can be attached to each groupa- Depen
get groups. For instance, the value of patents as a @uédintiahy accrue to large businesses, SMEs, academics, or i
ventors outside academia.

This section
them an economic value.

reviews the possible approaches forec

viny
The intensitf each benefit may be highly variable across the different typologies of RDI infrastructures.d-or instance, tf
cial benefit of human capital formation is highly relevant for basic or applied research infrastructures thramegh which stud
often imolved in research activities. However, this benefit is less relevant for technological developmerd-and innovatior
structures. Only a chgease appraisal can determine the category of benefit that is more or less importamt-for a specific
ject.

Table 3.Navigator table of typical benefits associated with RDI infrastructure projects

Beneficiary target

Benefit Marginal social value Estimation method Page
group(s)
Deve]opment o Incremental shadow Survey of business; statistical inference .
new/improved products, rofits company data Businesses 29
services and technologies P pany
Inventors' survey; statistical inference
Marginal Social value data on decision to renew patents ar-or  Businesses, Academics
Patents . . . 31
patents nomic terms of patent transactions; stec Researchers
ketvaluation of market patent portfoli
Establishment of morein Survey of starps and spiifs; statistical
merous or more loAyed Incrementlal shadow inference from staps andpinroffs data; Starups and spiiffs 34
; profits :
startups and spirffs benefit transfer
Survey of businesses; avoided cost fo
_ Incremental shadov production or purchase technology; aoi _ _
Knowledge spillovers (not  profits; avoided cost  gq cost thanks to the exploitation of a Bus_l_nessgs; Professione 36
protected by patents) willingnesw-pay for technology Citizens; Organisations
time saving )
Benefit transfer
Learningoy-doing benefits  Incremental shadow Survey of businesstistical inference fro ;
. o - - . RDI suppliers 38
for the supply chain profits; avoided cost: company data; Benefit transfer
Human capital formation Incremental lifelong Survey to former students; Benefit trar Young profgssmnaﬂs, " n
salary searcher; Students
i i Gross salary of scientists;
anvyledge outputs and Marginal productior e [P A
their impact cost Value of time
- . Longunmarglna_l €05 Cost incurred by the infrastructure to me Busmgssgs; Ffrofessmne
Provision of services (or observed price) ¢ services availablgntingent valuation Organisations; Governm: 48
WTP for the service 9 Third research teams
Avoided economic cost of emissions: C
tunity cost of avoided ensogyces; Avoide
Social benefits of RDIrse  Avoided costs, WgHtin  damage of capital stocks; Travel cost M Businesses; Target grou 49
vices for target groups nesstopay Opportunity cost of land; Contingent val of population
Cost of illness; revealed preference app
human capital approach; Benefit trans
R ional benefits { Travel cost method,
ecreationa ene its for Willingnes®-pay Contingent valuation; Choice modelli General public 54
the general public ;
Benefit transfer
MRV S o 2k Willingnes®-pay Contingent valuation; Benefit transfe Taxpayers 56

knowledges a public good
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5.1 Development of new/improved products, services, and technologies

The development of new/improved products, services, or tecthlegpestisd direct benefit of innovation énfrastru

tures. These developments may accrue to either the RDI infrastructure itself (e.g. the research centre afja large manuf
company that directly sells the new products on the market) orextegalsess of a technological park or incubators).

In minor cases, they may be side effects of fundamental or applied research infrastructures.

When a project entails the development of innovative products, services, and technologiesf thessgabdslise

expressed using theremental shadow prefksspect ed from their sale. |In particu
from the sale of new/improved products, services, and technologies generated by the project wittsthe mafitgare
in the withothep r oj ect scenari o; and, 6shadowb6é means that mar

shadow profit is higher than the gross financial profit if the infrastructure is located in ampl@anatiigh une

Given théafs the number of innovations (products, services, and technologiesy over rapeesentthe expected
incremental profitsectly imputable to these innovationsrepiésents the discount factor. Then, ¢otedxpresent
value of developing new/improved products, services, and t&ghsexgiesded as:

M&d B B> i A
Empirics
The exante estimation of these benefits involves the following calculations.

1 The benefits must dpgantified by forecasting the demand for new/improved products/services/technologies ove
ti me. This forecast depends on the projectds obje
simlar RDI infrastructures and interviews with iexpe considered sector;

1 The marginal value of new/improved products/services/technologies should be estimated. However, if the exp
profit from the new/i mproved products/ serve-ces/te
nwes (i.e. when the new/improved products/service/technology is directly sold by the infrastructise), the econom
timation of their value should not be included in the economic analysis, provided that a suitable conversion fa
used to convert tmaficial flows from direct commercial exploitation of innovations.

The following different possible approaches exist to predicting expected profits.

1 Information on profitability, average costs, and sales can be retrieved from databases in dhenayttie domain
granted by data providers. Typically, earnings before interest, taxes, depreciation, and amortisation (EBITDA) ¢
used to proxy companies6 profits because interest
is inconstent with the discounted cash flow approach that supports the computation of the NPV. For instance,
Amadeus Database, maintained by the consultancy BuréguwachQijbvides balance sheet data reported to
national registries and statistizasoffy European companies, has been used ey &I(#@i5) to calculate

average sectspecific values for profitability up to tiigitoNACE level.

1 Benchmarking with similar RDI infrastructures in other contexts could also offefosensesiimgutisttoe fpro
its, and access to systematic project datasets at national or supranational levels may be helpful.

1 Interviews with experts in the sector can assist in conjecturing on the possible changes in the pssfitability of bus
es under @#frent scenarios.

For the purpose of exemplification, eatesverage EBITDA margins associated with companies whose primary activity
falls within a selected list of NACEG@aegresented in Table 4 and are broken down by country (Itabrntaance, G

and the United Kingdom). Data were gat her etthndfrefeotmm t h e
sectors often involved in the procurement of major RDI infrastructures.

39The database is available at www.bvdinfegbdinofee.

40Manufacture of basic metals (24), manufacture of computer, electronic, and optical products (26), mangfsipimend{Zigctriaauécture of
machinery and equipment n.e.c. (28), telecommunications (61), computer progearoyiagd cetatad activities (62).

41The ORBIS database is maintained by the consultancy Bureau van Dijk.
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Table 4.Tenyear (2082 0 1 3) aver age oBBITBAmaia (fb) by sebtor and counayn

NACE United Kig-

Industry (NACE sector) Code Italy France Germany dom
Manufacture of basic metals 24 7.6 15.3 7.1 35.0
lI\J/Icettguf. of computer, electronic and opdical | 26 11.2 8.3 11.7 14.4
Manuf. of electrieguipment 27 10.3 16.4 11.7 11.2
Manuf. of machinery and equipment n.e.c. 28 131 10.3 9.8 17.6
Telecommunications 61 40.1 13.8 11.3 10.0
Computer programming, consultancy and r

activities 62 11.3 15.3 8.0 8.3

Source: Aut hbasesl 6n ORBISdatabaset i on s

2. Shadow profits of high tech firms

A technology park in country GAMMA is expected to support 45 new enterprises in the red biotechnology dielil Héest
from the use of testing and prototyping sharedédsbafrétie infrastructure. These activities will eventually lead to the develc
marketable products. The time horizon of the project is 15 years. According to sector analyses availabter thesrtte Himiec
ing features:

® youngsmalcap biotech companies may have low or negative earnings for extended periods because they fa
throughout the lengthy process of bringing their first product to market;
B the expected annual shadow profit is highly variable. Indiéetechoanéerprises have no hopes of ever making mo
others which have products already established in the marketplace are quite profitable.
The baseline forecast is that:
the yearly average amount of revenues per company is zero foydadistdwhen real EUR 5 million;
the yearly salaries for unskilled workers amount to EUR 0.5 million, while those for skilled workers amount to |
the conversion factor for unskilled labour is estimated at 0.8 due to unemploygmewtiirettieategr skilled laboui-is
mated equal to 1;
the yearly average cost of rents and utilities is EUR 0.3 million and EUR 0.2 million, respectively;
the yearly average production cost is EUR 1 million;
the conversion factors for rents sudifitigoroduction costs is assumed equal to one.

595 843

The baseline annual shadow profit per each company since year 3 is then:

Revenues Labour costs for unskilled and skilled workers Other costs mm | Annual shadow profit
EUR 5million [ [(EURO.5 million * 0.8) + (EUR0.6 million * 1) + EURO0.3 million + EUR 0.2 S
., L EUR 2.5million
‘ million + EUR1million
Y
Conversion factor for Conversion factor for Conversion factor for Conversion factors for
revenues isequal to1 unskilled labour skilled labour these costs are equal to 1

Given the high uncertainty about the shadow profit, the project promoter (based on previous cases) assunoéis rimyetke
any value between EUR 1.5 million and EUR 3.5 million per year. Thus, a rectangular distribution is hyipotioesigidde@di
to the Montecarlo simulation of the ENPV.

Annual shadow profit
min = EUR 1.5 million, max = EUR 3.5 million

0.3

0.2

0.1

30



5.2 Patents

When a patent is registered, it prodpdeate return to the inventor and potential knowledge spillover to society. Indeed, a
public document is issued containing information on various aspects of the invention, including citations to existing
When approved this document grantsttierian exclusive right for the commercial use of the patented invention for a pre
determined period and serves to delimit the scope of the property right granted to the patent owner. Thes, the cited pate
resent the previously existing knowledbebithe citing patent builds, and over which the citing patent cannot have a claim
(Jaffe, Trajtenberg, and Henderson, 1993; Deng, 2005).

The fact that patent citations reveal Opr i &mowlelget 6 t h e
spillovers from past inventions to the current invention. In other words, citations of a patent by many sgbsequent pater
gest that the patent generated significant technological spillovers because numerous developments buhldton the knowle
it embodies. Thus, patent citations have become a broadly used proxy for estimating the social value of patented techr
(see, for instance, Trajtenberg et al., 1997; Caballero and Jaffe, 1993; and Jaffe and Trajtenberg, 1999).

In a CBA framekpboth the private returns and the knowledge spillovers brought about by patents graated by a RDI ir
structure represent a benefit that should be considered. Therafgiraltheciehlue of the patent generated by a RDI
infrastructughould béorecasted, provided that double counting from the change in the expected profit frem the sale of in
vative products is avoided (i.e. when they are appropriated directly by tH@&Di. iisivdrer of patents over time t,

0  asthe patent marginal social valué, asdhe discount factor, the expected present value of thisxbenefit is e

pressed as:
M0 B B i M0Yo 5

where the marginal social vali¥)includesdoth the private valge ( and the externalify @ , i.e. the knowledge
spillover brought about by patents granted by a RDI infrastructure.

Empirics
The exante estimation of this benefit involves the following activities.

1 The number of patents that will be redistéhedRDI project over time is forecasted. This activity involves either
using a promoterds track record on patenting or r
available. Alternatively, considering shortcuts may ineludefglthe correlation between the existing statistics
on the number of patents granted and the number of R&D personnel in a given area/industry/domain.

1 The average rate of usage of granted pniey®s forecasted. This activity involves githainiising a pramo
erds history on patenting or referring to observat
field or in similar infrastructures, if available. The average rate of patent usage, proxied bythue liedian numb
time forward citatitiyger patent, is important to understanding the actual rate of exploitation and, in turn, the
knowledge spillovers resulting from patents granted by a RDI infrastructure.

1 The average number of referenc@sQe. backavd citatioAsto existing patents, is forecasted, which is typically
included in patents issued in the relevant technological field.

1 The marginal private value of patents is estimated, and double counting given the change in expected profits frc
sak of innovations (if they are directly appropriated by the RI) is carefully avoided. In fact, depetiding on the es
ing method used, the value of a patent may or may not already include the market value of the patented invent
principle, the pateatue should be based on the discounted sum of the yearly profits that the patent holder expe«
to earn because of the patent, net of the equivalent discount stream of profits without the paterg-(European Co
sion, 2006).

1 The externality of patentadnetary terms is estimated. As mentioned, patent citations mirror thentechnological i
portance of a patent for the development of subsequent technologiest(8gai@t&ritm other words,aa cit
tion is a measure of the knowledge spillovgrastranventions to the current invention. However, simply counting

2To understand the relationship between 06bac kmwaberdoftiméstapatentbardubs( i . e .
quently been cited), consider the following example. If Patent A (2005) is cited1by thaterRaBe(R0A is a backward citation of Patent B, whereas
Patent B is a forward citation of Patent A. Most search databases allow both backward and forward citation searching.

43|bid.
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citations does not provide information on a paten
stream of citations produced by a patent, the following formula can be used

MQo B B 6ix—
whered i iQthe average rate of usage of granted pafeife average number of references included in patents issued
in the relevant technological fielgpansthe private value of patents granted in the relevant technological field.

Figure 2. The social value of patents

| Itis a forward citration | Itisa forward citration |

| Itis a backward with respect to Patent 0 with respect to Patent 1 Itisa forward citration

| citration with respect to | and a backward | and a backward 5

3 Patent 1 citation with respect to | citation with respect to with respect to Patent 2
| Patent 2 Patent 3 |

[ Patent 0 } [ Patent 1 } [ Patent 2 } [ Patent 3 }

v

[anate value of patent } + [ patent
- N

[ Social value of patent }

Externality value of }

Source: Authors

A range of possible information and statistics (including patents and citations counts) useful for forecasiing the numbel
ject ptents can be retrieved from several repésitdoi@sver, importantly, note that only patents granted by patent offices
generate both a private value and knowledge spillovel
granted d&ve a private value of zero, while their externalities could be positive. When patents granted statistics are not ¢
ble, an assumption is made about the number of patents that eventually are registered.

Concerning the estimation of the privatd pateats, different empirical approaches can be discussed (see
Measurement of patent private value: overview of different)approaches

Box 9. Measurement of patent private value: overview of different approaches

The concept of priveatue takes into account only the value added of the patent for its holder. Thus, private value can be defined as
depreciated sum of the expected cash flows of the owning entity from the patent. The following three mbeelnied ofdgrk have
researchers to estimate or infer the private economic value of patents.
B Estimates based on a pdteluter's behaviour include methods that analyse either the decisions to renew (or not) patents and pay t

related fees (see Pakes, 1986; Schankadrakes, 1986; Schankerman, 1998; Lanjouw, 1998; and Bessen, 2008} or the econo

ic terms of actual patent transactions (see Serrano, 2008; Sneed and Johnson, 2009; Leone and Oriani, 20@8).and Sakakibara, 2
B Estimates based on inventors' survdye ifivectly asking the inventor to provide an estimate of the value of his/her |patents on the

basis of the price at which he/she would be willing to sell the patent (see Harhoff et al., 1999; Harhafff et all., 20034; Harh

and Gambardellzad, 2008).
B Estimates based on external investors' valuations include methods either based on stock market valuat®osmitgaient portfolio

ly listed companies (see Griliches, 1981; Cockburn and Griliches, 1988; Hall et al., 20080@nddralaletatibns made by

venture capital firms of intellectual pbasedystattp companies (see Lerner, 1994 and Hsu and Ziedonis; 2008).

At the European level, a reference study was published by the European ConimiBsearial§iebes on a gsie
tionnaire survey of almost 10,000 inventors in eight Europen Ratantiseselonging to different technology classes
were considered. To obtain a measure of patent value, inventors were asked to provide their besteesfithafe of the val

44For instance, the EPO Worldwide Patent StatisticaliCdsakaean as EPO PATSTATh e Eur ost at statistiles avail a
nol ogy 6 st at roperation websitd, whech pforvides$ statisécs feon the BPO, JPO, and USPTO dating back to 1996 in the annual Trilateral
tistical Repts; the reports provide an overview of worldwide patenting activities. The WIPO website provides patenantréatiestafistperati

the OECD's patent indicators reflect trends in innovative activity across a broad range-OEQEGID@n@s1onith six main sections: EPO, USPTO,

and JPO patent families; patenting at the national, regional, and international level; patenting in selectpdtézdtbrinyloggtitmeéasal sectar; inte

national eoperation in patenting; andpoEaroand international patent citations.

45See European Commission (2006).

46The considered countries are Denmark, France, Germany, Hungary, ltaly, the Netherlands, Spain, and the United Kingdom
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patents on the basis of the price at which he/she would be willing to sell his/her patent. This study foHnd-that the value
pean patents is typically between EUR 100,000 and EUR 300,000, with a small share of patents yigfding economic
higher than EUR 3 million and an even smaller share valued at more than EUR 10 million. Thus, on average a paten
considered E®Jcountries is worth approximately EUR 3 million. However, because the distribution of patent values is
skewedthe median patent is worth EUR 300,000.

Table 5.Average patent values by country and technological area

Average patent Median patent Average patent  Median patent
Country value (EUR value (EUR Technological area value (EUR the value (E/R tha-
thousands) thousands) sands) sands)
Denmark 2,947 300 Pharmaceuticals, cosme! 5,260 605
Germany 2958 305 Macromolecular chemist 3.980 449
polymers

Spain 3,029 307 Space technology weapc 3,854 414
France 2,922 293 Environmental technolog 3,250 354
Hungary 3,647 408 Biotechnology 3,134 336
Italy 3,007 297 Semiconductor 2,555 284
The Netherland 2,788 285 Telecommunications 2,331 247

United Kingdom Electrical devices, engine

3,355 332 .
ing, energy

1,938 211

Source: European Commission (2006).

Because patevalues are acknowledged to vary significantly across sectors, technological fields, and gegraphic areas,
sidering country/region, sector, and tecBpelofiy statistics when available is useful.
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3. Estimating the social value of patents

Region DELTi$&\a hub of specialty and fine chemicals industry. According to regional statistics, one European pateni-fc
ers was granted every year in the past decade. A consortium of two universities and of five companiesthasidyaited adés
research infrastructure in molecular chemistry. The infrastructure is envisaged to employ 150 researcheheriapthel e
baseline forecast of the annual average number of patents expected is 3, conservativast tras&derotidrpthe region.
According to data retrieved from @anadysis carried out by the academics of the two universities, the median market va
the field of molecular chemistry is EUR 400,000. Moreover, accordirontpagatistications retrieved from databases main
similar facilities, the median number of backward and forward citations in the molecular chemistry fileddsl e shestiner
that the externalities are linear in the numhigsre, ¢ha new patent benefits from ten previous discoveries, and will benef
ones. Hence, the yearly social value of patents would be EUR 3 million, as follows:

Annual average

b § Externality value of patents Median private value Annual social value
nergonpatents of patents of patents
b4 15 * (EUR 400,000/10) =

3 | EUR 400,000 EUR 3million

Median number of Median private Median number of
forward citations value backward citations

Since the number and the value of patents are highly uaoéstgiroekility distributions are considered instead of punctu
The annual number of patents according to interviewed experts can have a discrete probability distribusiam fkivigledh
value of a patent can have a normal distviithtimean EUR 400,000 and standard deviation of EW/RALS0,0@)ratio betwe
cited and citing patents is uncertain, and a triangular distribution (minimum value = 0.5; modal value = L& =22 nisser
sumed. Using a Monte Carlolation technique these distribution assumptions can be combined and the conditional exp
of patents estimated.

Annual average number of patents Private value of patents Ratio between cited and citing patents

1 03 1
09 /\ /\
0.8 024 0.8
/\ /\
0.6 018 0.6
/7 \ 7/ \
04 o8 04

B R R /A L —\

5.3 Startps and spiroffs

The establishment of stpstand spiwffs can be one of the intended objectivesatibmimdvastructures, as it is for inc

bator centres. However, this establishment can also be a side effect of fundamental and applied researbh infrastructure
as university laboratories. Whatever their origin, the objealipe afidtspinffs is ultimately to develop and conimercia

ise new products, services, and technologies.

The benefits produced by a RDI infrastructuraps atattspinffs can be related to either the establishment of new firms

or (and) an increase in the suat®alfrthe RDI infrastructure contributes to the establishmeyt ahdtapiffs, the

economic value of this benefit is valuedeapebted shadow prgdihed by the created business during its xverall e
pected lifetime compared withitheutheproject scenario. Whereas the equity return to investors (e.g. business incubator)
and the operating revenues from the sale of consultancy services leading to the establishment ofjder anxeample, start
considered among inflows in #reitih analysis, they do not enter in the economic analysis to avoid doublercounting the co
sidered benefit.

When the RDI infrastructure contributes to increasing the survivalpatetafrstag benefit is valued as the incremental
expected shad@rofit attained by businesses that survive longer than inttiepmithctiacenario.

Empirics
The exante estimation of this benefit involves:

1 Forecasting tmembeof startips and/or spirfifs expected to be created by the infrastructure during fhe entire re
erence period;

471t is worth noting that, in general, we suggest to relay on median values instead of average ones when ghb@srig the Hasainmistd-mo
el. However, in a probabilistic model, probability distributions should be considenetuaistahe o harefore, a probability distribution (characterized
by its typical parameters, e.g. mean and standard deviation for normal distribution) should be guessed amund this median val
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1 Establishing tlexpected lifetime and survivabfamrtips and spioffs (when the infrastructure contributes to
increasing the life extpacy of staups, the expected increase in their survival rate must be estimated); and,

1 Estimating the expegieafigenerated by stapt and spioffs created by the RDI infrastructure.

The median number of-asf@stand/or spirfifs created by Rbfrastructures in specific countries and sectors, and their e
pected lifetimes and survival rates, can be proxied by looking at similar infrastructures in other contedfficial retrieved fron
statistical database or the liteféture.

Figure 3. Example of avage survival rates in differe
countries for all sectors of industry, construction,
services except insurance activities of holding eer

Table 6.Example of surval rates of university spir
offs in various countries and two universities

nies (*). :
Country Survival Years Source
rate
188 o R — Netherlands ~ 83% 9 Shane, 2004
— 80 \ France 84% 4 Mustar, 1997
S 70 \\ taly Sweden 87% 34  Shane, 2004
T 60 L “‘.”*
‘_E o0 ~ - Netherlands N. Ireland 94% 12 Shane, 2004
2 R TT YT 0 Lawtorsmith
b ~. S eeeeUnited UKeOxford — 81% 9 and Ho, 2006
S Kingdom
20 -— ; 0 Oskarsson and
10 = < Lithuania ETHO Zurich 88% 10 Schlapfer, 200¢
1 2 3 4 5

) Source: Authors adapted from Oskarsson and Schiépfer (200
Years after foundation

(*rodes: BS_X_K642) retrieved from Eurostat business demography stz
(2012)

Concerning the expected profit, the considerations presented in section 4.1 remain valid.

48Some possible sources of information include Eurestatdemsography statistics (2012); Innovation Union Competitiveness report (2011 and 2013);
and the European investment Bank (2013).
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4. The social value of st@dsupported by an incubator

A specialised incubation park in the electronics engineering industry is aimed at supporting-teelcstatips.of iégbroject tir
horizon is 15 years, under a regional development policy instrument. According to the thytial feasibility stu

® the park is expected to support on average 5 new enterprises per year and on average each firm

3 years, meaning:

Year 14

15

umulate number of start ups 5 10 15 15 15 é 15

15

® based on statistics in simdatexts, the average survival rate is 70% after 5 years,
years and 0% after 20 years in both tfamdvithithodihe project scenarios;

40% after 10 years

® the average shadow profit of the assisted firms for the first three yearsthikiénzeeases to EUR 6.

lion per year;
Hence, the curve of the cumulated profit takes the following form.

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

In a deterministic model, the total discounted social benefit is the sum of the shadow profits gained byealietth¢hamiesgas
incubation park during the firms overall expected lifetime provided that the survival rateris 40% after A§gaars, 10% aft

years and 0% after 20 years.

Cobhorts of

Years 6-10 5 start-ups

Years 1-5 Years 11-15 Years 16-20 Discounting

effect over
34 years
|

+ + + 3

54(00%2)+5*(M 0 0.5 *3) (5*0.7)*(M 0 0.5*5 ) (5*0.4)%(M 0 0.5 *5) (5%0.1)*(M 0 0.5 *5)

15

- social value
L

Total discounted

EUR218 million

J

Social Discount
Rate = 0.03

/ \

Amount of Amount of
profit years 1-3 profits years
45

LN

Number of Amount of
start-ups profits
survived

LN

Number of  Amount of
start-ups profits
survived

LN

Number of Amount of
start-ups profits
survived

5.4 Knowledge spillovers

The RDI infrastructure can produce knowledge“8illthietparties (businesses, citizens, professionals, pusédic organis
tions). For instance, open aaas®pen data practices empower everyone to accese afide@f charge, results and

data from publicly funded research. When the RDI infrastructure produces new knowledge or develops new technolc
products and releases them for free (@nat@v nominal price) and without any form of intellectual property protection, the
benefit gained by third parties can be valued using alternative approaches (or a combination of them provided that

couring is carefully avoided) dependingaateery of beneficiaries.

f

Users are likely to accumidatemental shadow pfrafit exploiting the knowledge or employing the technology.

Giveritas the number of entities benefitting from knowledge spilloversiover tameahigir expectence-

mental profitirectly imputable to the spillover effeictaarttie discount factor, the
technological externaliti€® is expressed as:

MO B B> i I

expected present value of

Users avoid certaimstsgiven the ebgitation/application of the new knowledge/technology made available for free

by the RDI infrastructure. Indeed, in some cases, estimating the costs that no longer need to be sustained for
something instead of the incremental shadow profit coalgrbetical. For instance, an innovative combustion
technology developed by a research infrastructure offering open access to its research results s considered. T

49For a theoretical discussion on knowledge spillover, see Mansfield et al. (1977); Griliches (1979))and Hall et al. (2009
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novation can be exploited by businesses to improve their own productionrphycegg@ficaindly reducing
their energy costs. These avoided costs represent the value of knowledge spillover for businesses.

Usersavoidproductionosts (or the market cgstn the transferred knowledge made available by the RDI infr
structure. Thikhenomenon refers to the costs that no longer need to be sustained to produce the knowledge that
been made available for free (or at a very low price) by the RDI infrastructure (or to purchase the same knowlec
the market). For instance, com@tenumerical simulation software developed within a research infrastructure and
made available free of charge to other research institutes. These institutes can freely use the software instead ¢
ducing it or purchasing it (or similar software)akehehereby creating cost savings.

A group of beneficiaries, such as citizens or professionals, are likely to beitlefd iesw-gey for timsav-
inggiven that the technologies or products are releas®dAsrdreexample of thiedadree online software
that makes a type of data storage or transmission for professionals easier and more powerful.

Empirics

One way to forecast the possible size of knowledge spillovers of the RDI infrastructure under assessmeyt is to take an
existing similar facility as a benchmark and rely, as far as possible, on the opinion and expectationslafigxperts of the sim
dissimilarity of technological patterns.

More specifically, depending on the approach followadltetlestenatiof this benefit involves different forecasts. If the
incremental shadow profit approach is chosen, the methodology presented in the previous sections applies here as we
versely, if the avoided costs approach is preferregii¢hestimation o$thenefit requires:

f

Forecasting the number of potential beneficiaries affected by the new knowledge or the new/improved techn
over time. It should be acknowledged that sometimes innovative products and services are produced for existil
unsatiséid demand (latent demand). In other cases, only potential demand exists. Clearly, the potential demand
good which does not yet exist should rely on appropriate forecasting methods which may consider among othe
potential target users, exigtgsgihnovative substitute products or services, similar experiences;

Estimating the overall cost associated with the production/development of the knowledge/technology and (if rel
the overall costs avoided given the exploitation/application teCtmology made available for free by the RDI
infrastructure (provided that the incremental shadow profit for the same benefit has not been alveady included).
vative products (by definition) have no existing market price, however, in soneeqaseshterio determine

likely prices by looking at the price of competing, although less innovative, products.

Finally, if the willingntegsay approach is considered more suitablerteeestimation of the benefit requires:

f
f

Forecasting the dilsaving from the new new/improved technology/products; and,

Estimating the economic value of time saved; a large body of literature exists on this point.

S0For time savings, see Hensher (1997); Bates and Whelan (2001); Hensher and Goodwin (2004); Antoniou and IMatimulEs¢A061¢sand

(2013).
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5. Benefits from knowledge spillover-uattied

After three years since its openimiyexsity research centre in life sciences (taking 3 years to be constructed) is expectec
data multivariate analysis software called ETA as part of a broader scientific program. The centre will hednhdeanbgia
vided thiathe software will be released open source. The potential beneficiaries in the scientific domain are ambntthere
are also other 10,000 professional users, most of which private companies in different ineestriesnidémesiocissociated
this software is estimated as the avoided cost for the purchase of an equivalent commercial software. Aniablg the e
market, there are "Tool 1", available at an annual licence of EUR 11,000 per conjuteritatne Bo&@UR 5,000 per individt
commercial users, but needing adaptation costing 4,000. It is expected that each software is going to beaosnd lodSb¢
counted total benefit is then:

Number of Average annual avoided cost per user for the Total number Di i Total discounted social value
usage years purchase of an equivalent commercial software of users comnung of software ETA
x x effect over =
10 years -
5 [(EUR 11,000 + EUR 9,000) / 2] / 5 = EUR 2,000 25,000 EUR197.5 million
/ l \x |
Market price of Market price of Number of Social Discount
Tool 1 Tool 2 usage years Rate = 0.03

We assume that the displacemenf@ffinet private sector business is negligible (otherwise it should be considered thd-n
tive and negative externalities of the open source release).

Another software ZETA will be developed by the research centre at a total coibaf(EaleuRlechias cumulated and disc
time of researchers) after 6 years since its opening. ZETA will be made freely available to the referenge ldowetitc, cortil
the previous tool, no equivalent commercial software iava@ilailleben the market. In this case, the benefit associated to 1
can be estimated as the avoided cost foregititiesrfor developing a new software, equivalent to that made available for fr
benchmarking exercise, the muhbestitutes, agencies and companies willing to use the software (and with the capacity -
lar one in the counterfactual scenario) is 30. The discounted total benefit is then:

Avoided cost for developing the Total number Total discounted social
software ZETA of user-entities Discounting effect -— value of ZETA
x x over 9 years [
EUR 20 million 30 \ EUR460 million
Social Discount
Rate = 0.03

Given the uncertainty associated to forecast, disulmhibtigsrneed to be assigned to each variable. In particular:

®  For software ETA, the average annual avoided cost per users for the purchase of an equivalent commercidl sp
experts having a triangular probability with mode egualG00Eher year, lower bound of EUR 1,000 and upper bou
3,000.

®  For software ZETA the variable 'numberestitissrinterested in using the free software' is hypothesised having a unifi
ranging between a minimum of 50 and amakit20.

5.5 Learningpy-doing benefits for the supply chain

Hightech suppliers involved in the design, construction, or operation of infrastructures at the forefront ofyscience or tech
can enjoy spillovers from working with/foritifeaRtRIcture Indeed, the firms involved in the supply chain ofea RDI infr
structure typically face the challenge of providifitpesirelf industrial solutions to a number of complex technological
questions. On the one hand, this situatidinrgé/éise opportunity to collaborate with the scientific and technical staff of the
infrastructure and, in turn, to acquire new knowledge and technological skills. On the other hand, the iseppliers are ince
to expand beyond their current stammédge. The learAiygloing benefit of suppliers can yield to different g/pes of d
velopments, ranging from improvements to already existing equipment or manufacturing processes to the invention of n
that may find applications in other ase&noé, services, or industry.

The first attempts to estimate the economic benefit to firms producing equipment for a RDI infrastructurdowere probably |
the European Organisation for Nuclear Researci (@@iRNEr, these studies, which tyfpicadlyon estimating gquant
tatively t he a3toesuppligrdirms enplioitty assume that tha vhlue tdijedming increased sales

51To explore the social returns to R&D, see Bernstein and Nadiri (1991); David efeld (1998); HedHall (2009).

52See Schmied (1975); Schmied (1982); aneSBiaimetial. (1984). Also in the seventies, first attempts to measure the benefits from the NASA R&D pr
grams were performed (e.g. Midwest Research Institute, 1971)ebtowatentes usually estimated the productivity changes in the national economy and
were not based on production function or cost benefit approaches.

53Economic utility was defined as the sum of the increased turnover and cost savingoarigiegcdingetty, fout excluding the value of the contract

itself.
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and decreased costs. In a CBA framework, the net benefits should be consideredsandreeenhissrezust be-co
sidered net of production costs (i.e. profits) and from an incremental perspective.

The social value of learhirdping should be evaluated througictbmental shadow pesfitected by supplier camp

nies4 In principle, shincrease in profits should be assessed against a counterfactual group of companies operating in
same sector and sharing other characteristics with the companies that actually worked for the infrastru¢ture. A practica
value ex ante the incnerhea | increase in profits & explsiingthesresuts ofan®ex ng
post survey of companies within and outside the supply chain of similar infrastructures. Alternatively, ltredbenefit can be
as thecost avoidegiven the application of the new knowledge and experience obtained for free as a spillver of the proc
ment contract (for this concept, refer to the previous section).

Empirics
Following the incremental shadow profit approaamt¢hestinationtbé benefit involves the activities described below.

1 The volume of procurement contracts that is likely to generate technological externalities are forecasted. Lee
benefits are expected to occur when the procurement contract is for thequastisitirabEatisfy nevi-tec
nical requirements, usually customised for the infrastructure purpose. Therefore, ordbecetgaglieg off
products, i.e. items produced for the market and that do not need substantial adaptation for éeiatj used, do not
any spillover effect to supphiessn an ex ante point of view, determining the technological opportunities opened uy
by working for the RDI for further profitable investments is a difficult endeavour. Indeed, the popential exploitati
porturties deriving from the development of a new technology might not be evident at the beginning; therefore
mediately identifying all of the technological externalities that might appear in the next years or decades is reast
impossible. To avoid rigkistimism bias, forecasting the possible size of thieyidaimingenefit by relying, as
much as possible, on already existing similar RDI infrastructures as a benchmark and on the opinion and expec
of independent experts is helpful.

1 A sales oitiplier is estimated to elaborate on the procurement likely to gendrgtiileguipergfits as i
creased turnover (or decreased costs). For instance, using a multiplier of 3 (as sugg#staten aBianchi
1984) indicates that, for eveny i a procurement contract, a supplier company receive 3 Euros imthe form of i
creased turnover or cost savings. The following table presents the results of different studies aimed at estimati

6economic utilityé ratio in the field of RDI
Table 7.Economi ¢ uti lityd ratios in the |literature
Average values Organisation Method Source
3 CERN Survey of firms Schmied (1975);
1.2 CERN Survey Schmied (1982);
3 CERN Survey Bianch&treit et al. (1984)
3 ESA Survey of firms Brendle et al. (1980) and Baalh(@988)
1.51.6 ESA Survey Schmied (1982);
4.5 ESA Survey Danish Agency for Science (2008)
2.1 NASA Space Programme InpuOutput model Bezdek and Wendling (1992)
22.7 INFN InpuOutput model Salina (2006)
3.03 John Innes Centre InpuOutput model DTZ (2009)

Source: authors based on cited sources.

54 According to Florio (2014), we maintain that the change in sales does not need to be considered, but insteatpthdichagngéit)nat shadow

prices.

55The benefit transipproach refers to the process of extrapolating the results of existing primary studies (i.e. $wveymtyset)aaratitransfe

ring them to different populations and contexts. In other words, when a parameter has been predaisijiagiroptedica different context (e.g.

different country, different region), it can be used in another analysis after proper adjustment to takealntnci@mmartéchgaographic, and

temporal specificities of the project uridati@vaOn the benefit transfer method, see for instance Pearce et al. (2006), the Asian Development Bank (201
and Florio (2014).
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1 A profitability measure (e.g. the EBITDA margin) is estimated to multiply the turnover previously calculated. Thi
is key because it allows for the consideration of increased profits rather than simply increased sales or decre
costs as a benedit supplier firms.

6. Social value of learrggloing

Thirty supplier firms are involved in the provision of custeetseitehighfor the construction of a research space satellite 1
governmental body. These firms are pobamtedibiaries of technological and knowledge spillovers because the itdesgniid
with the client. Based on forecasted production cost and according to a benchmark analysis to similar iefréstriciioreir
hypotheses holds:

® eah firm will be involved in the procurement for 1 year and, on avetesjgntbé lighch items will take 500 wor
hours. Specifically, the breakdown of suppl i ethefiré
year, ten firms respectively the second and the third years, and five firms in the fourth year.
each firm's volume of procurement potentially associated viykd@agbenefit has a uniform probability distrilyati
ing from EUR 2 miltmEUR 4 million (the baseline value is EUR 3 million);
the sales multiplier has a uniform probability distribution ranging from 1 to 3 (the baseline value is 2);
the incremental expected profit registered on average by the supplier firms céeddeyappiargodar probability alis
tion ranging from 1% to 10% with a modal value of 7%. This PDF is the result of a profitability forecastiegrasa
sectors (spacecraft component; propulsion; lander, rover and probe; osigacenrdfhapplications) based on date
|l ast ten years, future market trends and intervie

In a deterministic model, the total discounteebgdanimggbenefit to suppliers is then:

A 4

Number of firms potentially Volume of high tech Sales Average profit Social value of

beneficiary from knowledge spillover x procurement x multiplier x margin x g:ifgcg?g f— learning -by -doing
-_—
30 EUR 3million 2 7% ye\ars EUR 11.2million
N J ¢

~

. Social Discount
Supplier turnover

Rate = 0.05

In a probabilistic model, the watign of the benefit's expected present value requires a Monte Carlo simulation conditilen
ity distribution functions of critical variables such as the profit margin and the sales multiplier.
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5.6 Human capital formation

Typically, aRDI infrastructure employs four broad groups of staff: a) scientific personnel, b) technical personnel (techni
and engineers), ¢) administrative and support personnel, and d) PhD students, postdoctoral researchers; and visiting yc
ademics and ethshorterm users.

For students, postdoctoral researchers, and visiting young scientists who enjoy the possibility of spending time working
maj or RDI infrastructure, the main ex merestlteftomthedeqf i t i
sition of human capital, i.e. new capacity and skills, from experience \®ith the project

The ment i on e thcretnpntaklifalbng sefmmnédsby dtudemts and young scientists over their entire careers
compared with the withlogproject scenario. Conceptually, two slightly different effects contribute to the formation of th
'‘premium’ salary. On the one hand, the premium reflaogintdesalary incregamed by a former studérd spent

time at the RDI project relative saldrg that would have been earned anyway, i.e. without the experience ffered by the i
frastructureéOn the other hand, the increase is the restdicothihe people having spent a training period at the infrastru

ture tend to increase their chances of being hired in labour markets that offer higher average wages.

Figure 4. Example of effects determining the salary premium

Labour market with yearly median salary =100

Plannual salary =105 P2 annual salary =100

Person 1 Labour market with yearly median salary =90 Person 2
who has

Plannual salary =95 P2 annual salary =90 who has NOT
spent a spent a

training/ working
period within the
infrastructure

training/ working
period within the
infrastructure

Labour market with yearly median wage =80

Pl annual salary =85 P2 annual salary =80

Labour market with yearly median wage =70

Plannual salary =75 P2 annual salary =70

5% salary difference due tothe experience inthe infrastracture
Prstands for probability , P1 and P2 stand for Person 1 and Person 2

Note: Pr = probability, P1 = PerspR2 = Person 2. Source: Authors

The expected present value of human capital accumulatidn®ewetfithe defined as the sum of the expected increa
ing earningd, O , gained by RDI students and young scientists and commonlyQfrdexekdebsnoment (at e
they leave the RDI infrastructure.

MO B B i 0
Empirics
In principle, assessing the effect produced by the RDI infrastructure on students and young scientists requires a
experiment perspectivehSaiperspective implies tracking the careers of cohorts of students in the long rua-and matching

ta on the careers of young people with experience in the RDI infrastructure with those who lack such eyperience. Altert
the effect could be estithateu si ng an econometric model, e.g. %based on

56 Similarly, some capacities and skills can also be acquired by scientists, engineers, and technicaRifdfinfragtiugtateh©nce they leave the
facility, the increase in earnings they receive compared with what they would have received without theD leixferstumtuat fseaRpremium’
similar to that enjoyed by young researchers. Thenemiuaach presented for young scientists holds for former employees as well.

57Jacob Mincer (1974) was the first to derive an empirical formulation of earnings over the lifecycle. In &7 héatetieldtiba, naturat log
rithm of earnim@s a function of years of schooling and years of labour market experience. The most broadly used versicapaéMiasgrighiuman
functioni$: TaC 1 TaC 1 YT & T &, wherey is earningsis the level of earnings of an indivithualo education and no experience, S is
years of schooling, and X is the years of potential labour market experience.
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Box 10.The marginal return to human capital

The estimation of the return to human capital, for both the individual (or private return) and society abe fobteoheatisgen

erable debate in the economics literature. In particular, the private return is defined as the extra saldrgfearrindrease fasul

human capital, typically proxied by years of schooling. The benchmark modeldstimat@npifitia returns to education ia-the rel

tionship derived by Mincer (1974), which inetbdgbdraining and experience beyond schooling. However, the literature pn the impact
of education on earnings reveals a broad range of empacgbaisafume factor vs multiple factors model; homogeneous s heterogen

ous returns model; OLS regression; the instrumental variable method; the control function method; the methedlistaithing; and
method) that have been adopted to estimetierthend an equally broad range of estimates (see Psacharopoulos, 1994; Rsacharopoulos
and Patrinos, 2004; Psacharopoulos, 1995; and Heckman et al., 2005 for a review).

As an example, Table 8 presents the results of a small sample of empihicil btwdiesttempted to yield comparable results| by using
crosscountry data sources.

Table 8.Average return to education

Blondal et al. (2002) -
Harmon et al. (2003) Boarini and Strauss (2007)

Countr Private internal rates of retur . .
Y Returns to education, 1885 to tertiary educatior1999 Prlvat(;;?teégﬁlcgss ozforgéurn o te
20039 y '

Austria 6.8 - 6.4
Denmark 5.6 11.3 9.1
Finland 8.7 - 7.8
France 7.8 14.8 9.0
Germany 8.8 8.7 6.3
Ireland 11.3 - 13.1
Italy 6.9 6.5 5.1
Netherland 5.7 12.3 6.2
Portugal 9.7 - 12.2
Spain 7.8 - 5.7
UK 10.4 16.1 12.0

Source: Authors adapted from different sources.

However, from anae perspective, the estimation of a future premium on salary may require benefit transfer approac
from othesontexts, interviews, and expert opinions by specialists such as recruiters in the labour market of interest. Mort
the marginal increase in earnings ascribable to the RDI infrastructure needs to be carefully tested in the risk analysis.

A benchmarkthvia similar infrastructure is also needed to forecast the number of students and young scientists spending
within the infrastructure and then entering different labour markets. According to the RAMIRY thdipersandebok

needed during tbesign, construction, operatiori, finallyi decommissioning or upgrade/reorientation of aa-RDI infr
structure have a very different composition of skills, attitudes, age, an&taibl@Elitiyser during the lifecycle ¢f a faci

ity).

The personnel statistics of similar infrastructures are the main source of information for forecasting théfgtream of flows
ent incoming students, i.e. undergraduates, PhD students, fellows, and postdoctoral reseantteetianl igsteszsia the

nual salary associated with the different | abreeur mar Kk

58|n this study the rate of return to education is based on multivariate (OLS) analysis from the Internatiogedu8owed SRyvey garticular, in

this table we report OLS estimates using potential experience (age minus education leaving age).

59|n this study the private internal rate of return is defined as the discount rate that equalises the realunbgtshef pelimdtairstudy to the real

gains from education thereafter. For more details on methodology adopted see Blondal et al. (2002):19.

60|n this study private return are calculated follows the approach developed in De la Fuente and Jiingrb¢206&)ucomigithod and theestim

tion of Mincerian wage premia and other labour market premidefrendatécréor more details on methodology adopted see Boarini and Strauss
(2007):8 et seq..

61See www.ramitpg.eu.
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can be derived from national or European statistics (e.g. the European Community StatisticsmanQooalitierisd Livi
EUSILC).

Figure 5. Staff evolution during the lifecycle of a facility

Operation

Construction Operation at full capacity Decommissioning

| Scientific staff

® Technical staff

Men/year
=
S
o

= Administrative staff

® PhDs, post-docs, visiting
young academics

1 2 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26
Years

Source: Authors based on RAMIRI project handbook.

In practice, the following operational steps can be applied to estimate the human capital benefit:

1 Forecast the number obrining young researchers by category (e.g. Master students, PhD studertts, fellows, pos

doctoral researchers);

1 Assume the possible professional sectors in which students leaving the infrastructure are expected to find a job

as in other research cenirethe academia, and in different industry sectors;

1 Assume the probability distribution of different categories of students who find a job in the previsusly identified

sional sectors;

1 Estimate the median gross annual salary for each of the identified professional sectors at different career levels

level, midareer, experienced, late career);

1 Use an appropriate (e.g. logarithmic) function to estimate the continuouts&ach quofessional sector;
and,

1 Estimate the 'premium' salary associated with having spent a training period at the considered RDI infrastructul

the incremental earnings compared with the average salary curve previously described.
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7. Social valud buman capital formation

A public sector supported research laboratory in the green biotechnology field is one of the top Europeaireysiitaties.it
project of enlarging it has been proposed, and it is based inter alia oaskarfgtowisg

® the project time horizon is 15 years ;
® it will host additional 15 PhD students every year for a training period of two years;
®  and will host 10 Rdsts every year for a contract period of three years;
® after their training period, stueedtpostiocs are expected to immediately enter the labour markets. In particular
supposed to enter four possible professional sectors with the following probabilities:
Professional sector PhD students Postdoc students
Academia 20% 40%
Other research centre in biotechnology 30% 30%
Biotechnology industry 30% 20%
S;:wﬁrdigsttrjis:g (including of chemical, medical and phar 20% 10%

® the salary curve associated with the four possible future professional capreseatedlingke graph below;

80,000

70,000

60,000 /

50000 /
% = Industry

40,000

/./ —_—

® Research centres

EUR

30,000

20,000 y
7 Academia

10,000

0

o] 5 10 15 20 25 30 35 40
Years of career
® based on statistical information, a salary premium of 5 % over the total future salary is expected for sautr@inisg
period at the considered laboratory as compared to their peers who have satrengymetitree;
®  awork career of 40 years.
The expected total discounted human capital benefit, estimated as the present value of the total annualagyogainectdye
students trained during the project time horizon over tleek eateernis EUR 15.5 million. The following formula applies:

T I Number of Incremental Discountin
students salary 9 f— Social value of human
b 4 | effectover — S
. 57 years capital fromation
t i N; Salary;,
\ \l/ 1
Where i identify the The incremental salary depends Social Discount
four professional on both the professional sector Rate = 0.03
sector considered and the career level, which in turn

depends on time

5.7 Knowledge outputs and their impact

For scientists and researchers, particularly academics, one of the main benefits to working at a RDI ipfoastructure is the
tunity to access gmbcess new experimental data, to contribute to the creation of new kriouwiedgie jata po-

duce scientific output that may take the form of technical reports, proceedings, preprints or working eafies, articles in <
journals, and resela monographs.

The peculiarity of the RDI infrastructure is that the demand for the knowledge creation function of a R¥éproject is driver
entists and researchers in a given field(s) who are often simultaneously users and produceris dadtnionyikege. Th

that when scientists and researchers spend time on a project, they have an opportunity cost from not werking on an alt
project. I f this opportunity cost i s assuraxgathevglueal t o
of scientific output is its marginal scientific cost. This marginal scientific cost represents the timespentbygtscientists t
research and produce knowledge outputs valued at appropriate shadow wages. Hence, tlatesbtiaihecmefiiire

tion of scientific publications can be valued usiggdimair production cost
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Clearly, not all scientific output has the same value for the relevant community. For this reason, weichigg the influence
per by multiplying trsdue of the scientific publicatipasmultiplier of imgacidvisable and entails the social talue a

tributed to the degree of influence of that piece of knowledge on the scientific community. In other wptdseghe multiplier ¢
the additionallue attributable to citations that the outputs receive. However, it does not include the indirect social benef
knowledge that are either accounted for under other items or completely uncertain and set to zero.

GiverM @ as the expected soc@stmf producing knowledge outputs atitime the discount factor (shadow cost of
production), aMda as the expected multiplier of impact, the expected present value of this benefit is expressed as:

b
M0 i D Ma 8
Empircs

The exante estimation of this benefit involves two operations. The first operation is the estimation of the secial value of
ing new knowledge as embodied in technical reports, proceedings, preprints or working papers, arti@dés in scientific jc
and research monographe second operation is the estimation of the multiplier of impact, i.e. a synthetic multiplicative fa
capturing the social value attributed to the degree of influence of that piece of knowledge on the.streg#ditaammunity
operations can be synthesised using an appropriate function of time. For example, among differexpdoentak double
model is described by the formula (see Bacchiocchi and Montobbio, 2009):

6 & AgB > o p A@GB > o

25,000,000
20,000,000
15,000,000
10,000,000

5,000,000

2 25 8 2 8§ &8 383 8 8858838838838 &5 88 ¢
& 8 8 8 8 R 8 R 8 R R R B R V8 R R KR KR KRR K

whee the expected value of knowledge outputs produced by a RDI infrastructure depends on:
@, thesocial cost of producing knowledge output

D, the total number of years for which the number of papers is estimated;

0, the number of remaining years from a given year to the end of the simulation period;

| , a combination of a set of multiplicative parameters representing the characteristics of the scientific community (nur
authors, summary measure of theirtptigdund others); and,

I and ,two parameters that determine the shape of the curve that changes according to the papers weights, distingu
between excellent and mediocre papers.

To fit the equation parameters, bibli@teetniciques anadlyg the patterns of the scientific literature generated over time
around a similar RDI infrastructure or its experiments can be conveniently exploited to associate a megasure of scientifi
to the RDI infrastructutdowever, note that althougtséhefibibliometric techniques is-esteddlished approach ¢s pr

vide a quantitative characterisation of scientific activity, relying on publication records available imagliradépositories
bias when the dominant mode of production fit &sipeatific domain is not the journal article. The limited coxerage of pa
ticular scientific fields by reference databaseskemvweadsue in some specific disciplines, such as social sciences and
humanities (see Hicks, 2004 and Nederhofa&D@8é)] tomputer science in whictepiesved conferences are a major

form of communication. This issue must be carefully taken into account when dealing with the evaluation-of the considel
efit and, if necessary, bibliometric analysis needsfudmeented by a detailed analysis of unpublished scientific outputs.
Also, attention should be paid to not double counting articles. Actually, in some scientific field suchsagxpeoretical physic

62Bjblometrics is the ihiee dealing with citation data and the statistics derived from them.
83These techniques are discussed in Catralz2913).
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imental physics, materials, engineering the sknie @ftttn produced in several different versions (same contents, different
titles, and different publication channels).

Box 11The diffusion of knowledge outputs

According to the literature, curves describing the dynamics of knowledge diffusidrequextedeusary citation curves. C|
patterns can vary significantly depending on the document studied. Some articles may never be cited, whtagassoin
years immediately after publication and before becoming obsolgty, sattii articles may remain rarely cited in the year
their publication, but then become recogni s e that(eteivatia
citations in the first subsequent ytarpudflication, then peaks, but subsequently is gradually less cited (Sun et al., 201
2008). In some cases, lognormal functions best fit typical citation curves (Egghe and Rao, 1992). Most seufifesthatab
useofte | iterature declines exponentially with age+ idmr
ton and Kebler, 1960). However, some argue that an exponential increase in citations is sometimes rexpgnisdpth
leading to an exponential function (Li and Ye, 2014).

An operational shortcut to estimate the social value of knowledge outputs consists of a series of stepseds concisely pr
inFigure 6In what follows, the data and computatjoined for each step are discussed.

Figure 6. Social value of scientific output

bl

M(0) = (ioDM(dy) M(4))

R

. Social value attributed to the degree of
Value of producing . N
influence of that piece of knowledge on
knowledge outputs  per se I .
the scientific community

Reference #1

Number of Unit production Value of P1a
scientists (t) cost per paper / (U4 0.25

40 | 3 | % 5,0000
=(1/10)=0.1
P .
Avg yearly
productivity

Reference #1
600,0000 * [ (1+0.55) J = [ 930,0000 J

Note: (*) The benefit is valued through the ti me dewhether@woottenti sts t
cite it, which is assumed to beechour. (**) The number of papers, P1, citing parent one is forecasted by reviewing the median number of citations
of scientists involved in the infrastructure.

Source: Authors.

First, forecasting the knowledge production capacity of the irdrasgdetuend involves:
I Forecasting the number of scientists working at the infrastructure over the time horizon; and

f Forecasting scientistsd yearly average productivit
Clearly, predictitige number of knowledge outputs produced within the RDI infrastructure can be influenced by t
standards of the personnel expected to be recruit
productivity and the average numbénasauer paper may largely differ from one discipline to another due to di
ferent practices in use. In case of multiple authorships, the main difficulty when estimating &yerdge productivity
definition of the individual contridtdian article.

The second step consists of estimating the value of a scientific output in money terms. In applied welfare-economics usi
ginal costs to estimate the output value is well established, and even in the international acconr@bdP quuiention
sector costs are used to estimate the contribution of government to the product of a country. The unit production c

For a review of the |literature on scientistsd research producti vit
At tention should be paid to two opposed situadutomsr | IExtped,i me.nd. cp
not directly contribute to the contents of the article. Conversely, in other casedyasigiesl e the persons who wrote the article, although many

more persons contributed to the work. I n b ot hpriately seftested intthke ealcudation.h or s 6
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knowledge output may be estimated using the ratio of the gross salary of the author over the numigsrpef scientific outp
duced per year. Clearly, only the salary amount for the time dedicated to research within the infrastrudture should be
ered.

Data on scientistsd salari es accor epenfy ortworldaddatdbfises: ent s

Table 9 provides illustrative benchmarks for different scientific fields and countries.

Table9Ex ampl es of scientistsd annual sal ary

Country Scientific fijeé(éraegd experienc Benchmark values (EUI Re;ignce Source

Austria All field$ senior researcher Median 66,038 2010 Ates and Brechelmacher (201<

Finland All field$ senior researcher Median 48,387 2008 Ates and Brechelmacher (2011

France All field Average 49,332 2011 Altbach et al. (2012)

Germany All fieIdsEntr_)d_eyeResearch Median 48,677 2015 PayScale (2015)
Scientist

Poland All fieldssenior at university Median 32,078 2010 Ates and Brechelmacher (201<

United States Biotechnology Median 64,932 2015 PayScale (2015)

United States Material science Median 74,744 2015 PayScale (2015)

United States Clinical research Median 59,504 2015 PayScale (2015)

Source: Authors based on cited sources.

The third step consists of forecasting the median number of citations per $éiEméifroexigouizalue is considered a
more accurate indicators instead of the average number of citations. Also, an analysis of the-nddiaofiadigidual h
tists involved in the infrastructure, which captunesntier of articles that have egcatveast citations, could be useful
(see Hindex vs individuaindeX.57

As revealed by Table 10, the citation statistics show high variability in different s@iertifcvdoatzilitg results from

different factofsor instance, the chance of being cited is related to the number of publications (and the number of scientis
the field (Moed et al., 1985); thus, small fields attract fewer citations than more general fields (Kingibli®87). Therefore
metric coparisons should be conducted only within a field unless a normalising factor is applied.

Box 12.Hindex vs individual4hdex

The Hndex was proposed by Hirsch (2005) with the aim to provide a-mbubesimgigic of an academic's impact by cq
guality with quantity. A scientist hamdaxhequal to n if n of his or her papers have at least n citations each and the othe
more than n citations each. Hence, a scientistwitbxaoft20 has produced 20 articles with atcieaspr2deach.

A number of studies addressed the attempts to comelebtiier the number eduahors (see, for instance, Batista et al. (200
alternative provided by the Publish or Perish software program), the scientifindtalitésdglesias and Pecharroman, 200
dicchi et al., 2008); and Malesios and Psarakis, 2012), and the recentness (see, for instance, Sidiropoulos et al., 200€
In particular, if thandex is corrected for the numbeaoftews, the resultimgtric is called the individiraléx. According to the
erature, the two indexes shows differences between disciplines. As an example, Table 10 presents the analgg2Qiroyi

Table 10Metrics comparisons across disciplines

Scientific field Average Hhdex Average number of authors Individual Hndex

Cell biology 24 3.90 15
Computer science 34 2.57 22
Mathematics 15 2.95 8

66|t should be acknowletiiat estimation of scientific outputs based on citations is somehow problematic in some fields such asrtretdedtical and expe
physics, material and engineering for two main reasons: 1) the science does not work with referencinglptthee papexs diegjlimitations; and 2)

the same article is often produced in several different versions (same contents, different titles, differels) publication chan

67Moreover, theifidex is considered a conservative measure that avoidsnirouamasimation of benefits. Indeed, the proposed framework assumes
that an article has been accessed and read before being cited, but this may not be true. In some casesrsitatdhelatdenttoonvkich the sc

entific literature hasreensulted. In fact, an author may cite from the abstract of an article or simply copy a reference fromnaanthBppaper (Simki
chowdhury, 2007; Broadus, 1983).

8Ci tationsd skewness was identified Price

early on by (1965) .
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Pharmacology 39 3.08 23
Physics 30 2.66 18

Source: Authors based on analyses presented in Harzing (2010).

Thefourth step consists of assigning a monetary value to citations by deriving the value from the time snientists need to
|l oad, read someone e Wherestimatingahte value af andartiote €R1)i thatecite$ aoscientific oritpuit |
(PO) produced by a scientist within the considered RDI infrastructure, that other articles beyond PO hgwe-contributed to
duction of P1 should be considered. This consideration is reflected in the number of references includagkin P1. Thus, tt
of P1 attributable to PO, i.e. the time needed to read and cite PO, must be divided by the number of refetences containec

8. Social value of publications

A new integrated network of ten marine biological stations in different coastal locations will be construtttestatedapi
equipment. On average ten scientists will be employed in each facility for the entire operationadbvemoithélfelcaanyl the ti
record of existing similar infrastructures in other countries:

® the expected average yearly productivity of scientists within the infrastructure is 3 articles;

B the average time devoted to research is 60% (the remisiniengotietsto teaching and administrative issues);

® the average gross yearly salary of scientists using the infrastructure is EUR 40,000;

The marginal cost of an article produced by scientists working in the RDI infrastructure is then:

Average gross yearly

| i Share of time devoted to Average yearly Marginal cost of an
SEIR) @F SEEES research activities o | productivity of scientists | mmm article
x — -
EUR 40,000 60% 3 EUR 8,000

Moreover, accoglito bibliometric analysis and field experts' opinions, the following information holds:

B  the median number of citations of scientists expected to work in the infrastructure is 10;
® the average number of references in the scientific field is 40 per paper;
B the time needed to evaluate someone el seb6s paper a

As a result, the total-d@eounted social value of publications is:

Annual total number Multiplier of impact, capturing the

of articles produced 2 1 I degree of influence of an article % DI

effect over 20
years

an article

value of publications

Marginal cost of

Total discounted ~social

EUR 8,000 100 * 3 = 300 10 * (1/40) = 0.25 | EUR 26.7million
|
\ ~ J VN \
. . Median number Time Average number Social Discount
Social value of producing new knowledge ] R —— Rate = 0.05

as embodied in  publications

5.8 Provision of services

Some RDI infrastructures provide services to external users, including industries, governmental bodies, and other re
teams. These users may pay a fee for accessingheand us:
faciity for research or technological development and testing purposes.

Services provided by RDI infrastructures may include, among others, machine time, computing resouraes, software, da
munication, sample preparation, access to archives or, ealemditors and training, expert support, and angelytical se
vicesSome examples are provided in Table 11.

Table 1Examples of services offered to external users by RDI infrastructures

Infrastructure What does it offer?

NASA Glenn Research Center It provides ground test facilities for/needing: Acoustics; Engine Corguatheiagmdl Testing; Flig
(https://facilities.grc.nasa.gov/us research; Icing research; Microgravity research; Space power and propulsions; Witidtuanels
g.html) range of test consultation services are offered.

It provides synchrotron light and techniques (e.g. of imaging, microtomography, topography,
European Synchrotron Radiatior and FTIRiicroscopy ) which have many industrial applications. For instance, pharmaceutical

Facility companies use synchrotron techniques to help develop new products at all stages of regearc
(http://www.esrf.eu/Industry/app sign and formulation tecpnécal phases. Automatisrestries use synchrotron techniques to obtair
ations) efficient catalytic exhaust converters. The synchrotron techniques are also commonly used fi

inclusions in surfaces or identification of a defect on silicon wafers used to praztace semiconc
High Magnetic Field Laboratory Access to the facility is given to all researchers which have their research proposal for acces

89For simplicity, thetime e ded t o downl oad, read someone el seb6s paper, and deci de
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The Netherlands external review committee. Accesssnalwse of the installation, the use of all available apxili
(http://www.ru.nl/hfml/facility/acc ment and (if necessary) support of the local staff.

ss_to_the)

The 20 laboratories under the Consortium offer acedasitii¢isefior European research teams. A
LaserlakEurope is provided: to wegldss laser research facilities, to a large varietyistfiptieary research, including
(http:/Avwwlaserlab sciences, free of charge, including travel and accommodation. Access i® frasisied ssiehtific

europenettransnationahcces$ excellence of the proposal, reviewed by an external and independent Selection Panel. Priorit
users. A typical access project has a duration of 2 to 6 weeks.

Source: Authors based on information retrievedffranc i | i ti esd websites.

Typically, customers contact the facility manager and, after reviewing the requests, the infrastructure maalager provides
users with a cost estimate for a time shift on the machine or the service required. In sehestiasa®, byetlte RDI
infrastructure reflects market prices. In othérntygisadly when the external users are resédattuhdegs charged only

cover the costs incurred by the facility to make the service available.

The preferred way to valgebtimefit is by either usindptigrun marginal cadtthe services providegstimating exte
nal \WEPdar theédserviddternatively, when market prices are available and are supposdisttrted,rian they
reflect economic pricesntimainal (market) pricas be used.

Empirics
The exante evaluation of this benefit involves the following activities.

1 The rang of services to be provided by the infrastructure or the amount of time dedicated to cormenercial uses is
casted. Benchmarks with similar infrastructures are helpful. As an example, the share of time dedicated to comn
purposes in five Europeantsgitron radiation facilities is provided in Marks (2007).

T The number of potenti al external users that may b«
is forecasted. Typically, during the design phase of a RDI infragiraototerghievestigate external users' i
terests through surveys. The data collected can be exploited for the forecast.

1 The economic value of the services offered is estimateduiT Inealayigal cost of the services can be proxied by
the costsincurredy t he i nfrastructure to make the services
vices can be estimated using contingent valuation methods. When market prices exist for similar services offere
similar infrastructure, they cowgd@ited, provided they are not distorted.

9. Benefit from services provided to third parties

A new laser facility is planned and will be operational for 15 years. Among others, the laboratory willaofemfrieteaaves
ultrafast lasers and experimerigbséor higimtensity lasematter interaction. According to preliimieeagt performed by the pri
promoters, the following holds:

B based on estimated economic production cost, the beam time costs is EUR 2,000/hour;

B the total hours of beam activity is 3,780 per year;

B the yearly share of beam time dedicateepmtigsrdccess is 10%.

In a deterministic model, the total discounted benefit for the laser prepasi@s tvahietl at the marginal cost, is then:

Total hours of Share of beam time Economic production BSEEHTTG Total discounted
beam activity x dedicated to free access x cost of beam x effectover 20 |== benefit
3,780 10% EUR 2,000 ye\ars EUR?7.8 million
Social Discount
Rate = 0.03

5.9 Social benefits of RDI services for target groups of consumers

Infrastructures for applesarch and development are expected to use new knowledge to deliver innovative services a
products addressing specific societal needs, e.g. tackling climate change, finding new ways to ensure energy security :
ciency, reducing environmentdigulimitigating the risk of natural disasters, improving health conditions. Therefore, benefi
arise to users who are better off by the delivery of the innovative service or product.
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This category of benefits refers only to applications thahfalhivabktructure mission since its funding decision. Situations

in which the practical use of a good can be, in principle, expected but is still unknown (in the techniaibgnse, that a pre
distribution function is unknown) and cannot be ¢damsldetéais category of benefits because forecasting and estimating
ex ante are not possible. In the | atter -a@mtsieqgn t\vhael bedh
ther elaboration on this issue is provided in theenext © AU soen béemoeoerf | t s 6 .

The methods to quantify and value the set of benefits derived from the practical application of a reseahzh effort depenc
type of innovative service or products made available by the infrastructure. Howalegrihgsaenallifdased on the
willingness to pay or avoided cost approaches and may refer to the more traditional CBA approaches developed for
sectors. Table 12 preseatsillustrative examplé®e evaluation methods referring to typiditd bettee environmental,

energy, and health seéfors

It is worth noting that the most challenging aspect in the estimation of such benefits is not the translagon in monetary
which usually draws uponrkweln and established methodologitschnidjues, but the quantification of the amount of
benefits. Indeed, given the innovative nature of the supplied service/product, the reach, magnitude andaxtent of the ac
terialisation of benefits is highly uncertain. Hence, what is claltnagitiggshe probabilities of success and the different
levels of effectiveness associated to the innovation implemented. In this context, diffetdetstenaripsssimistic

and one carefully optiniistiiould be forecasted, and eacknofitdeds to be carefully tested through a risk assessment.

70This list is not intended to be exhaustive.
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Table 1Examples of social benefitsrived from the practical application of a research

Benefit Evaluation methods References
1 IMPACT study (European Commission, 2008), which lists unit cost valuesefor 1
' . - vant air pollutants (in Euros per ton) on the basis oRBIEACEPE CBAeports;
V@ ESITEIS _the exter_na_llty ci gree_nh_ouse gas (Eai) 2ine poIIutanﬂm_msem_ﬁm; 1 NEEDS Integrated Prgjeghich provides unit damage fwstir pollutants from gme
Reduction of GHG PICEEN consstsqnlantlfymg in2 EMISsions OEEY _because c_)f HisEr elin k_g pet ing electricity generation technologies. NEEDS also provides reliable cost fact
and air pollutant tonne of wastajd valumg them with a unit gcononﬁmated in Euro per kg .emlssml tem and biodiversity damage from air pollution:
emEsions Howevc_er, wh_en a newfaeadly Fechnology is develgped and sold to _enterprlses, for . " vl Aol -
the selling price could already incorporate the environmental benefit. In such a ¢as T _ExterrE studyprovides the unit values of air pollutants produced by energy infr
ty should not be estimatedda double counting. in EU member states.
T Tei chmann, D. and Schempp, C. (2013
ment Projectsd. JASPERS Staff Wor ki
The improved energy efficiency benefit is valued thttecigiasiesin energy costsether
incurred by the energy producer, distributor, or final user. The cost reduction is not f  European Commission (2014) chapter 5 on Energy sector.
market p”‘?eS' but by considégngpportunity C(ﬂ‘aﬁ’w priceyf the avoided energy 1 EIB (2013) contains a chapter on Energy Efficiency and District Heating.
sourceswhich should be calculated as theitomgrginal cost of production and (if rele! . ) i )
: 1 ENTSOE (2015) Guideline for Cost Benefit Analysis of GnidrD&vejepts.
Improved energy transportation. o o e _
efficiency Note that producing electricity from a renewable source could be, at least initially, r T World Health Organisation (2006). Guidelines for conduetiafiaslysis of Fsus
than frm other sources. In fact, emerging renewable technologies are typically not ¢ hold energy and health interventions, by Hutton G. and Rehfuess E., WHO Pu
with fossil fuel alternatives (HM Treasury, 2006). Thus, the project would produce ¢ f Clinch, J.P. an dBendfi AnklysisofBosit Dc E2@0 ¢
benefit. However, this cost would be (partly or fully) comparisgtest benefits frem r Energy Policg9(2): 11824.
duced GHG and pollutant emissions.
When a RDI infrastructure project is aimed at developing tools and disaster manag 1 The Word Bank (2003) Building Safer Cities The Future of Disaster Risk conte
to facilitate disaster resilience and risk prevention and management for natural risk on Natural Disaster Risk andBeostfit Analysis.
Reduction in Vu avoided damage to capital and naturalsstoglected 1 GuhaSapir, D. and Santos, |. (ZDA8)Economic Impacts of N&tisadterdNew York,
nerability and exp  The cost of the avoided damages is estimated using information and data containe NY: Oxford University Press.
sure to natural 8 hazard maps and modelling. A shortcut consists of adopting the market insurance | 1 MMC (2005). Natural Hazard Mitigation Saves: An Independent Study to Asse
ards able for different typologies of risks to proxy the valuededitamage to the capital stc Savings from Mitigation Activities. Veltoty Documentation. Washington DC: v
Instead, for assets for which an insurance market does not exist, averaged calculal hazard Mitigation Council.
basis of the avoided costs of the public administration for civil protection activities, 1 Benso€. and Twigg, J. (2004). 6Measur

71Examples of pollutants are nitrogen oxides (NOx), sulphurdipaidie (&@ matter (PM10Pai5), neamethane volatile organic compounds (NMVOC) as a precursao) ohed@menionia GNH
72European Commission (2004).

73Clean Air for Europe (CAFE) Programme, at: http://ec.europa.eu/environment/archives/cafe/activitieshi@fécptd. cba_externa

7“New Energy Externalities Development for Sustainability-prejecieeds

swww.externe.info.

76This do not hold true for project within the HUnESE®Nns Trading System.

7"The estimation of this benefit involves two main sbifiv@ied. First, predicting when an actual disaster will occur and at what intensity is not always peffsitilee Sexontltleanvestments is estimated through vulnerability assessmer
that include a degree of uncertainty. Thérefaveided damages are probabilistic, at best.
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Improved health
conditions

paid to citizens, relima of buildings, and other activities should be carried out and ai
economic analysis (European Commi ssi @
the vulnerability and exposure to a natural hazard could be estimated.

Finally, vém the project addresses natural assets, additional effects should be evalt
of increased use or-nge values. Regarding use values, the typical additional effeets
sidered are increased recreational value (typically valued TrreedlCibst Method) and
preservation of productive land (typically valued through its opportunity costyuBege
value, the preservation of a natural asset in good condition must be estimated ky e
ence value (typically thra@oagiingent valuation or benefit trégnsfer)

Changes in human mortalitynambiidity rates can be triggered by a RDI infrestititture
different aims, such as improving the health conditions of the people affected by a
by producing a new drug or an innovative treatment technology; improving the hea
people (or a group of people), such as throughtfandpet remediating a pollutéd eny
ronment, e.g. a radioactive dump or a site contaminated by chemical waste; and m
of natural disasters.

I n such cases, the projectds margirmal
proved health conditions. Following the literature, these reductions can be valued t
of Statistical Life (VOSL), defined as the value that society deems economically eff
on avoiding the death of an undefined individua&lifhAdjusted Life Year (QALY) ma
be used, which measures the value of a change in both life expectancy and quadity
ferred approach to value changes in health outcomes is to calculate #togpayilofgaes:
ple affected Hyet project. This calculation can be done using the stated preference r
(surveys) or revealed preference methods (hedonic wage method). However, iR pri
man capital approach (for mortality) or the cost of illness approach (fononerfioedjtyens
ly used. Each method has benefits and drawbacks.

hazard risks and the net benefits of miijatiesnc opi ng st udy od-
eration of Red Cross and Red Crescent societies / ProVention Consortium.
Kunrether, H. and MicKe¢ r j a n , E. (2014) . 6Eco-no
a n c éHandboak of the Economics of Risk and Undaéstaimty 1, MJ Machina an
WKViscusi (Eds), Elsevier.

On Value of Statistical Life, see for instance: Landefeld and Seskin (1982); Vis
(2003); Abelson (2008 and 2010), Sund (2010); and Viscusi (2014).

On Value of a Life Year, seéediance: Johannesson and Johansson (1996), Chil
(2004) and Desaigues et al. (2011).

For a major megaalysis of Value of Statistical Life estimates, derived from surv
asked people around the world about their willingness to badfatiemah mortalit
risks, see OECD (2012) or Lindhjem et al. (2011).

For a metanalysis of Value of Statistical Life estimates, derived from revealed
studies, see Mrozek and Taylor (2001).

On human capital approach see for instaredeld amd Seskin (1982) and Brent (2
chapter 11.

On the cost of iliness approach see for instance Rice (1967) and Rice at al. (1!
Byford et al. (2000).

World Health Organisation (2006), Guidelines for condoetiafit@slysis of leus
hdd energy and health interventions, by Hutton G. and Rehfuess E., WHO Pul

Source: Authors.

8Some examples of existence values retrieved from the literature are provided in Table 13.
790r project is carried out within the RDI infrastructure.
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10. Benefit of CO2 reduction

A researchased biotechnological company in collaboration with daboirssifywarto develop an innovative enzyme to er
energy efficiency in detergent industries. In particular, thevemzirdastrial processes is expected to reduce the carborsdi
sions frorB00kg tca range of 4&Dkg every tonnémroduct produgdadseline value = 50 kg/tonne)

Assume there &@cosmetic plants interested in using the new(emgimeill become obsolete in 10 3eatsiat each of theot |
duce 100 tons of products per year. If the shadow pric&ORCER2tisne, the total benefit for reduction in CO 2nesnilestEnmmi
istic modés then:

ottt | ||| oz emssionssaved g ||| g 1o e
y x P! x x effect over 16 —
” 0.3130.05=0.25 tons 100 tons EUR 35tonne e EUR125,018
CO2 emissions Baseline value of CO2 Social Discount
without the project emissions with the project Rate = 0.03

In a pessimistic scenario, the carbon dioxide emissions are 80 kg/tonne of product produced, thus the toEdistddoed
Instead, in aptimistic scenario, the emissions are 40 kg/tonne and the total discounted benefit is EUR 130.019. Taki
lower and upper bounds of a triangular probability with modal value equal to 50 kg/tonne, the expected beefib @ic@ld2
lated through a Monte Carlo simulation.

11. Social value of energy saving new technology

A laboratory meant to develop a new tectmadbiggllows redueetbrgyconsumption costs to keep the temperatureighside

peratures process usdtiénprimary metals indwttiie same level as in the witheitojecscenario. It is assumed that an enet
of EUR 10000 is annually paid bynteaufacturing plants potentially interested in the new teltichatogyesponds tsteadyem-

perature of 2500 K. Aftendvetechnololys | mp | e ment at i o n manufactering pheimsregses ardfthisiisasfl
ed in a decrease of annual energy c&ifR(#5,00@hat is required to maintain thersgmeetemperate.

In the economic analytkisppportunity cost of energy should be considered, by applying a conversion factor tBiweedost
border prices approach, the conversiois éstimatetb bel 1.

Shadow cost of energy

bill with h . Shadow cost of energy Social value of annual
Al weideniE e et bill with the project — energy savings
= EUR75,000 *1.1 EUR27,500
Energy bill at Conversion Energy bill at Conversion
market price factor of energy market price factor of energy
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12. Benefit from increaseckfgectancy

An applied research infrastructure specialised in hadrontherapy, an advanced oncological treatment showiag chinnpere
to traditional radiotherapy and exploiting accelerator technology, is planned. The fawigighwiileanoddes to patients affect
some other fatal types of solid cancer, for whom gains in terms of longer or better lives are expected asicactpalrsiduata
where they are treated with conventional therapies. Health isnmiatednenpatients affected by chordomas and chondros:
the skull base are considered. According to forecasts made by project promoters, the following holds:

® during routine operation nearly 300 patients affected by chordomas and chohthesskatirhase will be treated
year. In particular, 60 patients per year are expected under six classes of age with median age corresp@naitt
90 years.

® no alternative treatments are available for patients affectedasyactioctiondrosarcomas of the skull base;

® the marginal percentage of patients who fully recover compared to the counterfactual situation is 70%. Thisah
treated patients thanks to hadrontherapy gains the same life expectangg btléhsveopulation (80 years);

® following the human capital approach, the VOLY values for each of the six classes of age identified has teen

Age class VOLY
10 (320) 29,000
30 (2140) 28,000
50 (4360) 27,000
70 (6380) 26,000
90 (81100) 25,000

In a deterministic model, the total discounted benefit for each age class is calculated in the following way:

Number of patients Share of patients who gain Number of years VOLY for the age Discounting Health benefit for patients
of age class 21-40 additional years of life of life gained class 21-40 effect over 25 = of age class 21-40
x compared to the counterfactual x x o —
60 70% 80630 =50 EUR28,000 y | EUR574.1 million

Life expectancy of Median age of Social Discount
the average the class 21-40 Rate = 0.05
healthy population

Aggregating the discounted health benefits related to all the age classes, the total discounted benefinBtstroghgdrsi:
culated.

5.10 Recreational benefits for the general public

Some RDI infrastructures, in particular but not slgléaoges, have an outreach strategy to attract the interest of the genera
public, such as througtotiganisation of permanent or temporary exhibitions, open days, oii dyjdedallyoimsfree or at a

modest price. For instance, large research infrastructures follow such a strategy, including the DaresbuignSynchrotron
Source in CheshitéK), the Kennedy Space Center (KSC) Visitor Complex in Florida, the CERN in Geneva, the Max Planc
tute for Plasma Physics in Greifswald (DE), the High Magnetic Field Laboratory in Nijmegen (NL), and thelizuropean Sol
servatory in the Atacaraselt of northern Chile.

The ultimate beneficiaries of outreach activities are visitors to the infrastructure. In line with standardneBAlappioaches in
economics sed®rtthe expected marginal social value of this benefit is the erp&dtagliaiitvillingnespay for a visit.
Hence, the following formula applies:

MY i M w

wheréWis the userenefit of general public individdalgfg "®for visiting the RDI infrastructure.

In addition to{erson visit participating in activities on social media, in television audiences, and through websites are furtf
dicators of the size of the cultural impact produced by the infrastructure. When relevant, the cultural berafitis enjoyed by
tors shouldle considered as well.

80See, for instance, Clawson and Knetsch (1966)e€allkifg6); Cuccia and Signorello (2000); and Bedate et al. (2004).
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Empirics
The exante estimation of the benefit enjoyed by personal onsite visits involves:
1 Forecasting the number of visitors over the time horizon; and,

1 Estimating the willingregsy for a visit. As with recreational sitgsntterd way to estimate the WTP is us

ing the

travel cost method (see box below) or the benefit transfék &ptireastonomic analysis, that the WTP replaces any

possible revenues from visitors included in the financial analysis is worth noting.

Box 13The travel cost method

The travel cost method (TCM) was suggested by Hotelling (1947) and developed by Clawson and Knetsch (166&)dnvasséss the valu

mental resources and recreation&t SiteM has also gained popularity in cultural ecomimitzs]ypeegarding cultural héftade

method attempts to place a value ommeanork et good by drawing inferences from|expen
trip (e.g. fuel, train, or airplane ticket), the opportofiiipeagient travelling, entry fesge@xpenditures, and accommodation cosis.
In particular, two types of TCMs exist: the ©6i nl@95vThellatarlis de ma

the simplest and leagbensive approach and is applied by collecting information on the number of visits to the site from déf
information is used to construct the demand function and to estimate the economic benefits for the recheatitendhstyaitet)
individual demand approach uses survey data from individual visitors in the statistical analysis rather tmemn data from each z
Although widely adopted, the TCM is affected by a major limitation that should be carefullynédtiossiset|Jtee to the apportior
issue arising whenever it is reasonable to assume that a trip is made for differentpegsmses ttgo)rautid not to visit a specificdR[]
structure. Actually, disentangling the willingnesswisifiag &r a given infrastructure when more than one attraction is locate

erent distanc
of t

nment
DI infr
d in the sam

site or in the same area could be arduous.

The exante estimation of the benefits enjoyed by virtual visitors involves the following activities.

f

The number of vittusitors is forecasted over the time horizon. First, the possible communication mediums people
use to virtually approach the infrastructure, i.e. social media, website, television, and radio, are estaialished. Secor
visitors per type of misaforecasted through proper techniques commonly used by marketing specialists, such as b
ing the number of O6tweetsd or followers in Twitter,
nel or number of views of a video,tedtimianber of people watching an event on television, number ofblog convers

tions, volume of web traffic, registrations on the official website, and so on.

The willingnesspay for a virtual visit is estifffatedroadly used method to attach a maadtie to nenarket

goods is contingent valuation. Contingent valuation consists of asking people to state the maximum amount they
willing to pay to obtain a good or would accept as compensation to give away a good, contingeribon a given s
However, empirical studies show that when consumers are accustomed to receiving an online service or content
their willingness to pay is very low or nil (see, for instance, Chyi, 2005). Difficulties in obtaining walpey of willingne
through contingent valuation have also been experienced in the cultural sector (Snowball, 2008). In this context, tt
experiment or conjoint analysis methods are considered more useful than traditional contingent valuations. Still &
stated piferences, these techniques imply asking a sample population to choose or rank different cbmbinations o
utes of the same good (e.g. a museum, an archaeological site), for which the price is included as an attribute. Thi
enables the uncoveohgreferences in terms of willingness to pay for each attribute and the entire set-to be more e
tive. The same techniques could be usefully exploited to attempt to value public interest for the RDI infrastructure.

810n WTP of recreational sites/activities, see Sorg and Loomis (1984); Pearce (1993); Loomis and Walsh (198¥8nead2@6&yes and P
82F0r a review, see, for instance, @addillis (2001); Hanley and Barbier (2009); and Tietenberg and Lewis (2008).

83See, for instance, Alberini and Longo (2005); Bedate et al. (2004); Poor and Smith (2004); and Ruijgrok (2006).

840n WTP for social media, see Westland (2010); Han ari@0&/Indand Vock et al. (2013).
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13. Cultural effects ofsite visits

A research facility hosting a particle accelerator is expected40 guigketigeurs per years for general public. The tours &
chargeThe project promoters have forethatedewverag@umber of visitors per tous peisons. No revenue from the visitars
orded in the financi ahopaymeedty lseiaccountdd intthe éconemicvanadysist téifvettiteg! cos
method to estimate the WTP for a visit, the following inéexinatioa collected:

® Breakdown of visitors by ofiginrding to a sample of experts, 80% of visitors are expected to come fromearade
us distancef200 km and the remaining 20% fomgeatlistance.

® Breakdown of visitors by transpoie used. Assume that all the visitors coming from an area with raxfi2@0tistaare
expected to travel by car, while the other visitors are expedigthts(@a¥ebr plan€60%)

B Estimate the cost of travel by transport mode.ditiveckm of fuel, tolls and other operating costs if travelling oy
wise it includes the cost of ticket.

B Estimate the value of time spent in travelling. HEATCO reference values ¢anlbsusettip

B Estimate the cost of meals andskibleocost of accommaodation for the share of visitors coming from larger dista

Summing up:

o . ost of meals and
e sport mode | of total visitorpst of travel (A/R)  |me (hour) Mue of time e
200 Km Car 80% EUR 140 5 21 EUR 15
Bus 8% EUR 90 9 5 EUR 20
200 Km
Plane 12% EUR 180 6 31 EUR 100

The average WTP for different classes of visitors, i.e. coming from different origins and by different teanspoiiphectesit
share of expected numbeisdbrs per year in order to obtain a valuation of the economia lbletefihinistic model, the teta
counted value of visits is obtained in the following way:

Number of
visitors coming
by plane

Number of
visitors coming
by bus

Number  of
visitors coming
by car

Total discounted

Total value of trip Total value of trip Total value of trip Discounting

effect over
25 years

+ +

x R 015046+ 031+ 0100=0 466
600 * 8% = 48 600 *12% =72 |

R STV N TN N Y

Value of meal and H Value of meal and Value of meal and  Social Discount
aocomodation Cost of travel ~ Hours  Value of time accomodation Cost of travel ~ Hours ~ Value of time accomodation et

R | 0100+5+021)+ 215 = 0260 090+(9* 015)+ (120 = 0245

EUR 15,536million

600 * 80% = 480

Cost of travel ~ Hours  Value of time

5.11 Nowse benefits: new knowledge as a public good

In most cases, for appléestarch and innovation infrastructures, the estimatimmefits§g) should probably be sufficient

to justify the worthiness of the infrastructure in CBA terms, i.e. the (ENPV)>0. However, for a basic reseaadidinfrastructur
tional impaoh social welfare may be related to its discovery potential. The unpredictable and maverick nature of discover
estimations of the results possible only in probabilistic terms and only to some extent. Basic research egpediments are «
with abroad set of all possible outcomes, usually called the sample space, and each outcome has a probability of occur

Figure 7.

85|n this context, it is worth mentioning that when research hypotheses are not confirmed or designed distbesdessidtaatrecoerertheless, val

able and lead to at least the production of knowletigsweh as publications.
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Figure 7. lllustrative example showing probabilities (Pr) associated with different research outcomes

Discovering only what

Discovering exactly what it it was expected

was designed to discover
(the 6k nown umRkno
NB: in some cases, it entails
discovering nothing because the
experiment falsifies a previous theory

Discovering what it was
expected and something
unexpected

Research
outomes Discovering something
unexpected

(the dunknown wunk

NOT discovering what it was
designed to discover Discovering nothing because
the experiment was not well

designed and did not work

Note: Pr = probability. Soa: Authors

Although the value of publications stemming from such discoveries crudely reflects, in statistical tertusstientistsal benefit
of advancing knowledge within their community, the discovery itself could have an imtramglccsotiabrinfia number of
further improvements to human wellbeing that have not been accounted for until now. These additional beagfits are defin
use benefits and are captured by a residuélténrthé present framework. This appnoaehnainology is borrowed by env
ronmental economics, for which any good or natural resource can be assigned a totéi teebnionticnjatae be dheco

posed into the following two general classes.

1 Theuse valueefers to the direct or indirewflie arising from #ttual usef an asset or its potentiaption u$é
which indicates the value attached to the future, based on known opportunities.

1 Thenonuse valuélenotes the social value for simply preserving a natural resource lcaroparegeming.it
Nonuse value includebequest valubat arises from the desire to preserve certain resources for the benefit of futur
generatiof%and arexistence valuelated to knowing that a good simply exists even if it has namotebliseg!
for anyone and is independent of any altruisti®®.motdsstion, situations could also exist in which the practical use
of a good can be expected in principle but is still unknown. In these cases, its value is determinety by what is ¢
¢ a | quassimptiotvalud .

86See Daily (1997); OECD (1999); Turner (1999); antd€2006).

87The concept of option use value was first introduced by Weisbrod (1964).

88The concept of Aege value was first noted by Krutilla (1967).

890n 6ébequest valued, see, feal(2008)st ance, Walsh et al. (1984) and Scht
¥0n 6éexistence valued, see, for instance, Boyle and Bishop (1987) ar
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Box146 Opti on v alpue'onvsyvalqueadsiin the | iterature

The concept of option value originated in Weisbrod et al. (1964), where he responded to Friedman's (1962padwestagyloiva
national park if tr@mmercial value of lumber or minerals exceeded the willingness to pay for the recreational use. Weisbtb

that the WTP by recreation users of the park understates its value to society because many individualstarpack drey waylo/isé

willing to pay for an option that guarantees their future access. Therefore, option value becomes sign#icdntnoeste tynditia)
ing future demand and/or supply, but when a potential use is identified.

In OECD (200@&)¢e option value is formulated as the difference between the option price, i.e. the maximum WTP expresse
uncertain in the future, and the expected
equal t-opthenodgabhseed, which is confusing (Reiling andr
certain conditions, they are built on slightly different assumptions, in particntarfar tveatreversibility condition of the invesi
sion.

The conceptioh dquaseid was introduced by Arrow and Fi sih
ties could be irreversibly detrimentaké¢oefurironmental preservation. This concept describes the impact of a development in
period on the expected costs and benefits in the next, i.e. the expected net benefits in future periodsthhicareatioaditienaifit
the present period. Elaborating on this concept, Conrad (1980) highlighted theoptitinrvaluguasibeing equivalent to the expe
ue of information. The value of lost and new options allowed by an investment project implemeeetttbdalyéstased on wha
might learn. The same interpretation is found in Atkinson et al. (2006: 21), who defmedithe quasv al ue as t h
benefits of making an optimal decision and one that is not optirnarimeeaube gains that may be made by delaying a decisier
ing during the period of del ayo. I n t he «cont e xctcurbyfdelagiBgA
same deci sion. dssoi pntgi otnh ev acl ounecde potrsi gaofnaddw concei ved f on
categories of goods is not an entirely new concept. Arrow and Fisher (1974: 319) concedgtibihagthe uagieneral notion thg
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be gplied outside environmental economics because it is linked to uncertainty, information, and irreversibitigcissues tian
general.

ﬂﬁie

Retaining this terminology, thedejm.¢. the value of unknowruservalue effectsdetermined through the sum offtwo di

ferent components: the epatsdn value (QOV) and the existence value (EXV), while if there is an option value f
benefit, this should be included as a use value.

or some sp

More specifically, a RDI infrastrotiiyrereate a quagiion value in the sense that it could generate discoveries that produce

positive impacts that, however, cannot be estimated when the funding dééisitre isrevadsibility aspect is that
something is known, destroyimgkswevledge and going back to the previous state of the world is virtually imposs
welfare effect in principle is the opposite of tiéshAereffect, which claims thataptasi value leads to similar risk av

once
ible. Hence
ersion

results. In the REbntext, as information is created, the effect is similar to risk seeking, i.e. it increases the ealue of a proj

cause it has the chance to discover something.

Figure 8. Preferences to risk

U U Ux)

o O

o~
ot O
o O
o~

Risk aversion Risk neutrality Risk seeking

Note: First and second derivatives of a utility function retegedd x determine the shape of utility and express preferencettkingk
Source: Authors.

In general, we expect that QOV is to be considered a benefit. However, in certain cases, the social prefkrewece may be n
something, as reflectelggislation that forbids certain types of research on humans, for either ethical reasonsier as a preca
ary principle. Given the fact that, in general, the PDF of QOV is unknown, we suggest conservatively setfirgd this compone
zero. This assyption may be considered excessively prudent but also is consistent with the first principles of CBA. For e

91QOV usually remains completely unknown for a long tirpeséven ex
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building a new highway may hareatdring broader effects in the future because the highway may create new opportunitie
connect distapeople. From this fact, new cultural and economic circumstances may arise. However, our present knowledg
concept is too uncertain and usually it is not included in the CBA of a highway, i.e. it is implicitly etsjporenaty even if t
structures in the long run will literally change the world over many dimensions.

In contrast, axistence valwan be attributed to the discoveries of an RDI infrastructure, reflecting a social preference for
knowledgger seln other terms, EXférgto the intrinsic value of knowing the object of the discovery, regardless of the fact th
might find some use sooner or later. Contrary to the QOV which is unknown, preferences for the existencénvalue of disc
principle can be detectedrge. In practice, wi@é 0 & T, the net present value of theisibenefits, proxied by the EXV

of discoveries, should be greater than the net costs for the infrastructure to be deemed%ocially beneficial

Box156 Exi st enc e -optohwaledd ivns odugru afsria me wor Kk

Quasbption value and existence value are two distinct concepts with the following main differences.

® |n principle, the quaiion value could be either positive or negative, producing either an increase or a decreasedmeweil welfare
we assume that advancing knowledge has at least a zero value and, in general, a positive one, unless farvelicersadituations i
knowledge has potentially detrimental uses for society. In fact, the irreversible effect issetfwSeattndethge component to| zero
represents taking a neutral attitude about unknown uses of new knowledge. Instead, existence value can ahtrysidtelyegarded as
positive or at least nil: people can be expected to be better off oinddfepetety a discovery, just for the pure value| of such
knowledge.

B  The two concepts have an empirical dimension.-6péaqueaiue for the unknown effects of a discovery is usually completely uncertair
ex ante and, thus, no preferences cgubedito it as long as the effects remain unknown. However, ex post, the value will be revealed
new information. Instead, people could have-aom@terences about knowing that something is discovered; they are uplikely to hav
preferencesifthe do not know or understand the issue at stakgeg. Ho w
will arise that allow them to choose between two states of the world is reasonable, i.e. one state in wtrhwlerly)em;mieaﬁir di

one state in which it does not. Indifference is also possible. In the latter case, the existence value is also zero.

Empirics

The standard method for estimating@amlues for which no observable price system exists is to recurf¢éoesizted pre
techniquéd In particular, the use of a contingent valuation methodology has found widespread applicationda environmer
nomics for estimating the economic value of species and natutallnedtuszase vein, one could attempt tthgréspP

of taxpayers having preferences for having a discovery, regardless of its actual or potential use.

There are two possible objections to contingenfvdihatiost objection concerns the cost required to perform arproper conti
gent valuation exercise. Although this consideration is important, the typical cost pefesigitadot@ntiretjent valuation is
often a modest fraction of the overall cost of the infrastructure in the first place, particularly for the large ones.

A second objection is that asking individuals their WTP for the mere existence of any good may not be easulegd may bias
in a number of individual, cultural, andcmmic circumstances (Carson and Groves, 2007; Carson, 2012).e8e address th
issues, the evaluator should take into account a number of recommendations developed since the earlyhoseeties, particulal
followed by a panel of distinguished economists for the US National Oceanographic and Atmosphere Adm)jstration (NOA
including indications about the modalities and structure of the interviews. In

NOAA paneligelines adapted to the RDI infrastructure evaluatiowestiggstty adapt the NOAA panel guidelinesto our co
text.

92This statement holds true under the reasonable assumption that the EXV is always positive.

93Stated preference techniques involve soliciting responses to hypothetical questions regarding the valuegthad ebples piaeg are baseaho

swers given by a representative sample of the Wibipthdchdsiofcstatedgpfeferennet er e ¢
methods, two main alternative groups of techniques exist: choice modellingvahsationtiidentatter seeks measures of willingness to pay through direct
qguestions such as, O6What are you willing to pang®daltenatiesfaomrwhichyMiRicawi | | |
be inferred (Beman et al., 2002).

94Empirical studies that used contingent valuation include, for example, Vasely (2007); Togridou et al. (2006); €attoon €1298); Walsh et al.

(1984); and Greenley et al. (1981).

95 The literature on contingentti@iuzas debated numerous issues. Reviews of these debates can be found in Carson et al. (2001), Portney (1994), and |
and Carson (1989).

59



Box 16NOAA panel dgdelines adapted to the RDI infrastructure evaluation context

The target population should be identified, and could be the entire population of the country (or regidnjciurehs ottzeddi
a defined group of people in a referen@pbmadgarea (world, nation, region). Because new knowledge can be a global
some cases all of humankind is the potential beneficiary,-payerdyfasome countries would in fact support the project.

The sample type and size sheuttehtified, which should be the closest practicable approximation to the target populatig

s
public good,

n and might

sist of, for example, all taxpayers in a region, all students from certain universities, and all subscriliees té\pprapnatmgaz
plirg is essential. This selection process involves the use of a randomised procedure.
Careful pretesting should be done because t hetofacetinemwiewse wer s
are used to elicit prefeesn To avoid the bias that certain things may be broadly viewed as something positive, pretesting for the inti
effect should be done. Pretesting is also essential to verify whether respondents understand and accepirtlzdaheegsidescripti

tions.
The purpose of the questionnaire should be stated and an accurate description of the RDI infrastructureaitshnpisatipbnd res
should be provided, which ensures that respondents understand the context, are motivatedate ebtpeogteytisigate iman i
formed manner. The use of pictures could help.
The payment vehicle, i.e. the manner in which the respondent is (hypothetically) expected to pay for sostainingethie nfrastrel s e
activity/mission should be dedcrib
The elicitation format, for whichemglewl, bidding game, payment card, andaingdlked or doubleunded dichotomous choices are

the most broadly wused formats, shdulkd 6be vcadthacailow fotuncersaiggyse d toer
by including a 6dondét knowé option are recommended by the
Followup questions should be inserted, which are essential to understanding the motives behind the answers taoWsTP elicitation que
Questions allowifog cros¢abulations should be inserted, including a variety of other questions that assist in interpreting the respons
the primary valuation questions. For example, income, education level, prior knowledge of the infrastiuttiisspeicandierest

titude towards RDI are items that would be helpful in interpreting the responses.
Both sample nogsponse and item -nesponse should be minimised. A reasonable response rate should be combined with a high but
forbidding standarchédrimation.
The conservative approach should be preferred: when the analysis of the responses is ambiguous, the optiestithatgends to und
WTP is preferred. Similarly, the reliability of the estimate should be increased by eliminaditigaoctieriaptausibly biasshe e

timated values.

A 2 4

Alternatively, to overcome the difficulty of explicitly stating a willingness to pay, in some circumstancebasgalliation method
the revealed preference can be conveniently employed. Thesssmethtids the existence value can be determined through
the observation of economic behaviour in a related market, such as voluntary contributions to organisaésesedevoted to the
tion of a public good. For instance, in the RDI context imis@seseveral scientific institutions are supported by taxpayers
who can name a charity or a research body to which a percentage of their taxable income is donated (Flokiddand Sirtori, 2
tionally, universities regularly receive donatisaarfdr fieom firms and individuals.

A third approach, not necessarily an alternative to the previous approaches, is to recur to benefit tramsferta In this case
analysis of contingent valuation studies on the existence value of goods @opgjedtbysatbed to establish a benchmark
median value or a range of values. If the project is well within the range or in the median to lower bognesg the range, th
made that the project is as beneficial as other goods for which ksipiatahamestence value is available (Florio and Sirtori,
2014).

Box 17The Environmental Valuation Reference Inventory

The Environmental Valuation Reference Inventory (EVRI) is a searchable storehouse of empirical studies ai¢heirconena value
benefits and human health effects. The EVRI was developed in the 1990s by Environment Canada ( a goveromaéntaliitbag) in collab
number of international experts and organisations as a tool to help policy analysts nesesfiredpgnefithtto estimate economi¢ values

for changes in environmental goods and services or human health. Currently, the database makes availablatinarsttityred,000 valu
ords contained in more than 30 fields. The main categories @étend E\RIde study reference, study area and population, environmental
focus, study met hods, a table of estimated val uehelpsthenosger an a
identify studies with the potentialnfsfietravhereas the Screening Module helps the user assess the suitability of the studias identified ir
search according to criteria outlined in the benefits transfer literature. The EVRI can be visited at www.evri.ca.

As a final remark, attention ét@ugiven to the fact that some research projects are much more appealing orhin vogue than
ers, even if less promising in terms of the probability of achieving the designed results. This interessisneaiteofed in the

their existence valug eer dl ess of the approach foll owed. For instan
and discovering exoplanets are appealing issues that could be attached to higher value relative to otheragsearch ques
dress less knownuss, have less visibility, and have a weaker impact on the general public. This possible bias needs to be
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into account when estimating the existence value of discovery, and the information setting of the contindent valuation -
carefully desigd® These examples also suggest that, in fact, WTP as elicited by a CV approach will usually- be a blend
ceived QOV and of pure EXV. Thiefass not disturbing, provided that the design and interpretation of the survey results a
careful. Wile there is wide experience of these methods in other fields, experimenting them in the RDI domaif will need se
aptations and a learning by doing process. Against a relative modest cost, the advantage of this appeyach [Hd¢o elicit tax
erences in quantitate terms, and the correlations with individual and social fegteresmdoctans information inia sc

ence policy perspective.

9% The information and the questions provided in the questionnaire should not have emotionally charged effect.
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14. Existence value

A new terrestrial exoplanet research institute equipped with a Large Binocular Telescope Interferometerlid\glBDAedtinv
be entirely supported by the national government budget. It has a mission to explore terrestrialitibei exstehseedf @oter
life beyond the confines of our own solar system. The net-paéisef tiss governr@mbed research infrastructure is negativi
740 million discounted.

There are however a number of people in the genémégnest#id in discovery of exoplanets, as suggested by website and
data. In order to elicit people willingness to pay for the potential discoveries the project promoters desigtirayeshcaatyati
survey. Specifically, theesuwas performed in N@Arel referendum format on a random of 600 taxpayers of country LAME
a population of 5 million taxpayers) drawn using a simple random selection method in such a way as to lee pepuéstan
Thanks tde facdoface interaction, the survey showed a quite high response rate of 80%.

First, respondents have been inquired about their personal and household incomes with the aim to measiseatitepdasiol
contribution to support theutestiThen, their previous knowledge and interest for the topic of research infrastructure has
before going to the specific case of exoplanet research institute on which a summary information, inclisdyigevisEalatifage
willing to contribute to support the potential discoveries of the institute is elicited.

In Iline with NOAAamswermmemnptaitd m nwmby quastednsfiviledlde aien doremilfy expldinat
choice. The answearghiese follewp Qquesti ons suggest individual s6 r-amngw
were not considered in the calculation of the average WTP. The survey results take the following form:

Classes (EUR per yeg Average EUper year| Relative frequenc
0 0 10%
0.1-0.5 0.3 10%
0.61 1.0 0.8 45%
1.1-1.5 1.3 20%
1.6-2.0 1.8 15%

As an example, summaries oftatmsiations of willingness to pays and on how important is for the respondent is investicg
ture is presented in the following table.

Response category % with WTP (% with WTP 0.y % with WTP 0.§ % with WTP 1.] % with WTP 1.
Not important at all 85% 60% 40% 30% 15%
Slightly important 5% 10% 10% 15% 10%
Moderately important 5% 10% 20% 30% 15%
Very important 0% 10% 15% 15% 30%
Extremely important 0% 5% 12% 8% 25%
Dondt know 5% 5% 3% 2% 5%
Statistical inference from the sample to the pOoygard, thettat

discounted existence value for the discoveries of the exoplanetary research institute is then:

Number of . 5 Total number of Total discounted
Average annual WTP Relative frequencies .
x years x x taxpayers - existence value
L0308 13 06+ 1004 V4 DEVA-
EUR 0; 0.3;0.8; 1.3;1.8 20 10%; 10%,; 45%; 25%; 15% 5 million EUR92 million
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Table 1Examples of existence value retrieved from the literature

Average WTP (EUF
per person, per year

Category Good Country Source

Royal Theatre of Copenhagen Denmark Hansen (1997)

Wilderness areas, Portugal Portugal 16.64 Nunes (1999)

Desert protection in California USA 45.31 Richer (1995)

Protection of the Kakadu Camser
EnvironmentHa- tion Zone and national park
itats

Australia 29.25 Carson et al. (1994)

Colorado Wilderness USA 18.40 Pearce (1993)

Preserve the Rakaia river in its e
ing state

Australia 9.21 Sharp and Kerr (2005)

Whooping Crane Pearce (1993

Stevens et al. (1991)

GrayWhale Loomis and Larson (1994

Endangered species in Westdse
ny

Germany 66.64 Hampicke et al. (1991)

EnvironmentVa-
ious species

All endangered species in Victor Australia 46.58 Jakobsson and Dragun (19¢

Source: Authors based on cited sources.
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6.The net benefit test

6.1 Estimating the probability distribution of the economic net present value

Once the inflows and outflows (financial and economic) associated with the infrastructure have been iddiméied and thei
values have been valued in monetary terms, the usual financial and economic performance indicators of the project are co

f Similar to financi al performance (see sectiom 2.4,
formance can be calculated using the following indicators:

1 the economic net present value (ENPV), expressed in monethishtésrdefined as the difference between the di
counted total social benéfits (6 ) and costs;

91 the economic internal rate of return (EIRR), which is the specific social discount rate value that produces an ENP\
zero; and,

91 the benefidost (B/C) ratio, i.e. the ratio between the discounted benefits and costs.

In particular, a project with positive performance, i.e. a project that shows a positive return to societihedeaksotigted wit
results:

1 The ENPV is higher thaniz#ére higher the ENPV the larger the social benefits achieved, net of costsxand negative
ternalities.

1 The EIRR is higher than the adopted social discount rate.
9 The B/C has a value higher th&fti one.

However, from anamie perspective, the probabilily efror related to each forecast and estimate included in the analysis
should be considered to be high. To address this istesgedfgliantitative risk assessment is ¥&aqnéading that costs

and benefits become part of a probabiliststisjociodel instead of a deterministic one. The baseline ENPV is calculated as tt
discounted sum of a set of 'most likely' (or 'best guess') values, subjectively assumed by the project previtbtéran accordan
empirical evidence and given hisitnetedge about the specificities of the infrastructure. Instead, the probabilistic model reqt
assigning each critical variable a specific probability distribution. As a result, the probability distributiontefetie ioeitcom
ENPV or EIRR considered to assess project performance instead of punctual performance indicators based on baseline v

The steps necessary to perform a risk assessment and, in turn, to estimate the probability distribution ssttiENPV are di
sectiob.4,'Unertainty of the social impacts of research: the
RDI infrastructures', the distribution functions of the CBA result indicators and the simple statisticskemuidtiysjSrara the
presented.

6.2 Time horizon

Some of the benefits produced by the RDI infrastructures last and even materialise beyond the operatiorigi.phase of the |
after it useful technical or economic life) and, in some cases, are permanent. In principle, this phenanarnioneimplies sett
horizon for the analysis that is |l onger than the infra

For instance, when a major telescope detects a new phenomenon in the sky, an accelerator observes a new type of pa
therapy toure a cancer pathology is discovered, such knowledge exists forever and is transmitted generation after gene

97 A B/C ratio that exceeds one indicates that the project has a positive ENPV. Indeed, the B/C ratio usesabe¢henBldRMdmtatiesents it in & sligh

ly different manner. However, the B/C ratio can be misleading when rankinggreojactsialifniekclusive alternatives because they do not account for the
scale of the project (Boadway, 2006). Conversely, the NPV is also an appropriate criterion for choosing fralohespgoegisoficdhipaase, the-obje

tive is to selecetproject that maximises the NPV (de Rus, 2010).

9%8The need to adopt formabeskd approaches to address an uncertain future is widely recognised by the literature (Pouliquen, 197@rikeutlinger, 1970;
and Low, 1993; and Savvides, 1994).
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future researchers without any clear endpoint. Thus, the accumulation of knowledgpdsathly laimgest infiiiitéme

horizorthan the period of operation of the infrastridtuvever, an infinite time horizon leads to a paradoxical result because
any large investment cost spread throughout a finite range of years is less than the sum of any small bariiiie spread over
time horizon, whatever thestr@rily positive social discount rate.

Another reason for the adoption of a finite reference period is related to the obsolescence process of bothdéhe equipmel
value of knowledge over time. For exampleplbssatce is observable in the trend of citations of both scientific publication:
and patents. In retrospect, indeed, we know that past discoveries and inventions have lost some of th&akeauéfic/technolc
and have been surpassed by curremétge and technology.

As a result, for the RDI infrastructure to be able to demonstrate a positive economic return, assuming feolianbut finite tin
seems reasonable, such as one that ranges from 20 to 30 years depending on the nat@Gerartily diogeend year can

be set by considering the useful life of the main equipment. Specifically, the following criterion appligsmalren extraordina
nance of the main equipment or machine became so frequent and expensive thavitbpt@eingniteeis more convenient,

the equipment/machine has arrived at the end of its life. Additionally, considerations in terms of advanifierfieltts in the sci
and subsequent possible obsolescence of the technology used should be considered.

To &ke into account the fact that some assets and benefits from the end of the period of analysis still hava en expected v
sidual value should be computed. Similar to the residual value of a fixed asset whose economic life is aobtgell completely e
which reflects the remaining service pétetiialproject effects that last beyond the reference time horizon should be include
in the last year of the analysis as a residual value.

Box 18Residual value

The residual value of a project reflectndiging value of the investment at the end of its project lifetime. Since an investmeit involves m
fixed assets, the residual value should be calculated through its asset components, i.e. by calculating@actesithastvetiugeorem
andthen summing them (Jones et al. 2013). The following different calculation methods exist.
The European Commission (2014) recommends calculating residual value as the residual market value ofctétloapial as if the
sold at the end of the tiorezan, in other words, the discounted value of all net future revenues.
In practice, the residual value of fixed assets is frequently calculated as the present value of expected)ribe gaesdrslofvehduri
economic life outside the referenioel p.e. the considered time horizon, if the economic life exceeds the project lifetime period.
Another method consists of estimating the amount that an entity would currently obtain from the disposalestithatedsaistnet th
of disposal.
B A simple and commonly used method is thdisealgpteciation method, in which the residual value is equallépréwateh
amount of the asset, and the concept of remaining service life (RSL) is exploited. The formula is: t¢githladeraioe EHEIRSN
tial capital cost].

A4

¥

I'n the RDI context, in which some benefits mayllocesortfimsapgd af t e
human capital effects on former students and young nedbkarcalerdation of the residual value should not only rely on the remaining value
of the fixed capital but also on the di scoun suehdkffeetadcauredeypnti t he

t he CB A aos, theyihave beén@enerated as a result of the infrastructure.

6.3 The social discount rate

The long time span of effects influences the decision over the most appropriate sdéiab didoptitd dsEount economic

flows to reflect the sod@lvon how benefits and costs are to be valued against present ones. In most CBA practices, a col
soci al di scount rate is used, which i mplies atsocetx ponen
ring far in the frguare discounted more than the costs of investments that, instead, typically occur in the initial years of t
horizon. This greater discounting could lead to negative project performance indicators and to the decisigritef not implen
projectdisregarding the concept that the same project may bring significant benefits to the welfare of future generations.

9 Pgssile similarities can be found in environmental economics and, in particular, the economics of climate chamgéred yesch adeinequently
considered to evaluate the impact of a policy intervention. For example, the Stern Reviegw)(EN Jreasuy,t s a ti me hori zon of
example is suggested by Boardman et al. (2006). The latter, to stress that the benefits of some projectsfroayroaninyeats #ven if the project is

finished from an engineerinagromistrative perspective, mentions the case of roads originally laid down by the Romans more than eightéeat centuries ago
are still the basis of contemporary motorways.

100The residual value should not be taken into account unless the asset is actually liquidated in the last year of the analysis.

101The social discount rate reflects tHemmperal opportunity cost of capital for the entire society and is usethin #reabsis to discount flows. Different
approaches exist in the literature to estimate the social discount rate. The most popular approaches atartherspcightatewdstments and the social

rate of time preferences.

65



One possible way to address the issue raised by a constant rate is to adopt a sufficiently low discount natdheOne exampl

SternReview on the Economics of Climate Change (HM TreastegT2@08)cial discount rate in the Stern Review of Cl
mate Change

Box 19The social discount rate in the Stern Review of Climate Change

The Stern Review adopts the SocialfRaee Preference (SRTP) approach and assumesra pege time preference (equal to 0.1%),
representing the possibility of extinction of the human race. The elasticity of the marginal utility of cbrswhibtcexjesetdaate of
futureper capita growth is assumed equal to 1.3% per annum, in accordance with historical data. When these véhgeSRFé¢entered into
formul®? they result in a rate of 1.4% in real terms. However, the social discount rate estimated by thé&tarnrRieised foa being
too low. In fact, it does not consider the impatience component, which implies that a greater weight be ratpahadtionh&prese

ver, to be consistent with the saving rates, the elasticity of the mafrgovaswrtilittyon should be higher (Nordhaus, 2007; Weitzman, 2007,
Dasgupta, 2007 and 2008).

Another possibility suggested in the literature is to use a declining discount rate, following a hyperholic(dsbsonting funct
1977) and characterisgdeatively high discount rates in the short term and relatively low rates over long horizens. Figure 9
its some declining social discount rate patterns proposed in the economic literature.

Figure 9. Some declining social discount rates
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Source: Authors basegh cited sources.

With respect to empirical estimation, significant variations in the social discount rate adopted by diffesedegesternments exi
ing on the estimation method used and the specific underlying parameters (see Table 14sstmsienethevREianfr
structure, a further aspect that should be considered when choosing the most suitable social discounhstdmdigshat, in most

the rate cannot be country specific because the project benefits spread relativebpajlyicktr arstagice, consider the
technological spillovers and knowledge outputs.

102The SRTPformul i s based on a formula obtained from the Rams e glastyityofthe h mod e
marginal utility of consumption, and g is the expected growth rate of per capita consumption.
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Table 14Social discount rate adopted in selected countries

Country Social discount rate Estimation approach Source
0 o L . .

Australia 8%, with sensitivity test over the ran Souatate_ of return ori-pi Harrison (2010)
10% vate investments

Canada 8%, with sensitivity test over the rani Social rate of return an|  Treasury Board Secretar
10% vate investments Canada (2007)

. For short and medium term projects: :
China Weighted average Zhuang et al. (2007)

European Union

France

Germany

Italy

Netherland

Slovak republic

UK

USA (office of management a
budget)

For long terprojects: 8%

3% for cohesion countries and 5% fol
member states

4% (declining after 30 years)

3%

5%

4%

5%

3.5% (declining after 30 years)

7%

Social Rate of Time Rrel
ence

Social Rate of Time Rrel
ence

Social Rate of Time Rrel
ence

Social Rate of Time Rrel
ence

Social rate of return on |
vate investments

Social Rate of Time Rrei
ence

Social Rate of Time Rrel
ence

Social rate of return a@n |
vate investments

European Commission (20

Quinet (2007)

Florio (2006)

Florio (2006)

Florio (2006)

OEC2007)

HM Treasury (2003)

Zhuang et al. (2007)

Source: Authors adapted from Florio (2014).

6.4Uncertainty of the social impact of research: the role of risk analysis

To account for the uncertainty and risk that characterises the future, the risk assessment is generallptemoirdueas the last
pr o] eante apmaisal {dater aliZebe and Dively, 1994; de Rus, 2010; Florio, 2014).

In general, deviations from predictions can be related to a number of different causes. A broad distinctidogexists betwee
nous (e.g. errors incurred ex ante or during project implementatiem)e(eaxochanges to the project context caused by

an unpredictable event) sources of risks (Florio, 2014). Whereas the latter is hardly predictable and, tiolsf tgside the col
project manager and evaluator, the former can be identifimsadcermante. According to Flyebgr(?003), three broad
categories of explanations exist for endogenous errors: technical, psychologiedpaochigdliical available is the i

trinsic uncertainty associated with the forecasttofrfdturall of these factors can potentially affect the appraisal exercise to
provide the decision maker with a more or less biased outlook of the expected project outcomes (Flyvbjeegp2013). Even
the mentioned causes of deviation from psedigtio as accidents, are unpredictable, the sources of uncertainty can at least |
identified to enable the parties to be ready to react and able to manage them if they appear. Instead, witeti@probability
function reflecting the degreskafam be assigned to an event, doing so can be embedded in a risk assessment.

However, for the RDI infrastructure, the uncertainty of the CBA results can be even greater than thanfoasttber traditional
tures. This result is affected by tvariglirange of factors.

1 Frequently, RDI infrastructures are designed to be unique and breakthrough compared with the past; therefore,
ences are available or suitable enough to forecast future trends.

103Technical expkgions refer to errors and pitfalls in forecasting techniques; psychological explanations refer to planisng liédis.¢yearideoteivde
cy ex ante to overestimate benefits and underestimate costs and timing for apgactyiprfitarztions refer to the fact that project promoters may d
liberately overestimate benefits and underestimate costs when forecasting project outcomes.
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1 The experiments and tests are subject taaoabdity of success or failure (see Figure 6). Actually, redearch, deve
opment, and innovation involve the generation of new knowledge, and the probability of success depends on man
not all of which ar e upnothetars ot aheeasylto bedoetasteadont r ol of REL

1 Experiments and tests could generate discoveries that produce positive impacts that cannot be estimated when
ing decision is made.

1 Only some experiments and tests are planned from the beginning afdarvieessatd possible uses of the RDI
infrastructure could arise during the RDI life cycle. This potentiality makes a RDI infrastructure imtrimsically differe
standard infrastructure that, at least to a certain extent, is designedrinamy tbedeéger a relativelydefétied
set of services.

The two latter points describe inherently unpredictable effects. Theyoptioa aajuagisBexes 15 and)i®owevergeb

cause forecasting the probability of occurrence and magsiguiesigtion value is usually impossible, the convekient wor

ing hypothesis is simply to assume that their valuesegeginerand skip them. Conversely, the uncertainty characterising the
first situation can be defined as measurable beaause @ntbedded into a stochastic model through probability distributions
and, thus, tested using a risk assessment.

The set of procedures for overall risk assessment is traditionally split into three steps.

The first step is a sensitivity analysisipuot of each variable entering the analysis on the predefined outcome measure (suct
as ENPV or the EIRR) is assessed by changing eaeh d&bes
Having then set the criterion for dediditiger the variation in the output is sufficiently large, the most critical variables for the
CBA can be identified. The European Commission (2014) suggested focusing on a neighbourhood of 1% around the 'best
other words, a 1% change in the ofathe independent inputs of the CBA is assessed, and the variables leading to a greater t
1% change in the outcome measure are considered critical. However, a good practice is to consider a rangansf percentage
around the best estimata continuum scale ranging froni18%.to +10% (Florio, 2014). This practice allows detecting the
nonlinear and neaymmetric effects of the variables on the project outE@mes(90A specific category of the sensitivity

test is the scenaaimalysis (see

1  Scenario analysis this matter).

Figure 10. Sensitivity analysis plot
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Box 20.Scenario analysis

Scenari o anal ydibs,analysical(lVosdeowlR&t08) , inﬂuenaeofseachindepfemdeatJ/farb rm o
ble on project performance is tested separately under standard sensitivity analysis, scenario analysis stydiesdheaterabirsddds
assumed by the critical varidbles | n parti culmirst icodnba matd perss iorhi Htoipdd valjues of
extreme scenarios and calculate the extreme limit of the project performance indicators. To define the eptirisi@end, presemi
treme values defined byeac r i t i cal variableds distributional probabill ity s

1 Second, a range of variations and a specific probability distribution function are assigned to each idientified critical
Probability distributions are highly dependent onithiympediproject under evaluation and may be determined from
various sources of information, including experimental data, distributions found in the literature and adopted in
simlar to the one under assessment, asetitieseor other typesisforical data (Vose, 2008). When insufficient data
exist to construct probability distributions, the range and likelihood of possible values rest on projeca-promoter ant
tor judgments. Some exemplificative probability distributions arEigtoeiddd in

Figure 11. Example of probability distributions
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Source: Authors

T Third, the projectos riskiness 105whicheabowsestimations of &éimg t |
gral correspondittgthe probability distribution function of the project performance indicator of interest (e.g. ENPV
extracting one value of each critical variable from the respective cumulative distribution function and plugging it
CBA model, the assodid#V is computed. This process, if repeated over a large number of iterations, leads to
probability distribution of the project ENPV. In other words, through the law of large numbers, which implies the
gence of the ENPV empirical distributiondgo 6t r ued counterparts, the CBA r
and the minimum, maximum, mean, and standard deviation values of the NPV can be computed.

Table 15 contains a list of typical risks affecting RDI projects and ttiebtetativat e likely to be critical and should be
tested in the sensitivity analysis. As a final remark, it is worth mentioning that, in addition to the rigkinbsssattstehed to

ing the social CBA on either the cost or the benefitesdéstbiethe CBA model for RDI infrastructures could beustrongly infl
enced by two important parameters: the time horizon of the analysis and the social discount rate. Our ititBcagion is to asse

104Defined as critical through the standard sensitivity analysis.
105For a review, see, for instancerRotrl Casella (2004) and Balcombe and Smith (2011).
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iation in the CBA results also subject to dgframnitions on the length of the time horizon and of the chosen discount rate ar

discounting function (exponential, hyperbolic, or others).

Table 15Typical risks and critical variables in RDI infrastructure projects

Stage Risk Critical variables
1 Inadequate site selection
1 Inadequate design cost estimates
Besta 1  Project cost overruns 1  Number of years necessary for the construction o
construction f  Delays in completing the project desi frastrature
construction/during installation pf eqt 1 Investment costs
ment
§ Accidents
1  Expected incremental shadow profit;
1 Number of patents expected to be registered avel
ject time horizon;
1 Ewmnomic value of patents;
9 Survival rate of spifs/stasips;
1 Number of stakeholders benefitting from technolo
1 Delays in making the equipment fully spﬂlovers;l . .
reliably running 1  Expected incremental profit earned by suppliers;
1 Unexpected environmental external 1 Number of s.ci.entific publications expected to be
ties/accidents over the projeane horizon;
1 Insufficient production of research re: T Estimate of the unit economic value of scientfic p
. M Lack of academic staff/researchers tions; L . N
Operation 1 Average number of citations received by scientfic
1 Demand of students/yaesgarchers tions:
different than predicted !
¢ Demand of industrial users different ¢ 1 Number of young researchers an'd students bene
oredicted from hume.m capital developm.ent,
f  Interest in general public different tha 1 Expected |ncremes§ibw obtained by student; as
) result of human capital development over tkeir pri
predicted sional career;
9  Size of targeted population;
9 Avoided cost or WTP for reduced environmental ¢
risk;
1  Forecast of the success rate of the project;
9  Estimated WTPviditors;
1  Value of environmental impacts.
1 Inadequate estimate of operating cos 9 Operating costs
1 Inadequate estimate of financial reve 9 Licence revenues gained from patents' commerci
Financial 9 Insufficient success in obtaining rese 1 Revenues from services sold to third parties
funding 1 Revenues from target population using the reseai
1 Loss of existing clients/users dumto ¢ puts
petition from another RDI infrastructu 1 Revenues from outreach activities

Source: Authors adapted from European Commission (2014).
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6.5 How to present the CBA results of RDI infrastructures

As noted, project performance may be assessed in probabilistic terms using a Monte Carlo simulation thaba&pproximates
bility distsution functions of the ENPV and the EIRR and their cumulative distribution functions, whose shapes are reporte
21. Whereas the probability distribution function summarises the likelihood of occurrence of all outcomeagtddes randomly
duriig the Monte Carlo simulation, the cumulative distribution function returns the probability that the outcaitex is equal to
than any given value in the range of the variation in the considered perforifaiteimndieatatter can be dieqgtlpited

to observe the cumulated probability that corresponds to some feasitiiyrtbiyeshold.

il

When considering the ENPV, the interest is on the probability (Pr) that the ENPV is equal to or smaller than zero.
Pr { ENPV O pfbjectcn b@ judgédras socially mesirable.

When considering the EIRR, the interest is on the probability that the EIRR on the probability is smaller than the
social discount rate (r). Henc associalfydeBimblel El RR O r} &

Additional relevant information on the project performance is provided by various summary statistics of tihe estimated PDF
come values, i.e. the ENPV and thdiEfRRicular:

f

The range of variations consists of thevwindaluésfrom minimum to maxirfiwmithin which the ENPV and the
EIRR vary. The range of variations provides g pict.
of variability in its performance indicators is@edteblparibus

The mean value is the estimate of the expected value of the ENPV and the EIRR, and is interpretgd as the outc
pected to occur over a large number of potential project realisations. Thus, the expected mean valuies provide an
ately readable synthesis of the indicators of the most likely discounted social vaik$é of the project.

The standard deviation consists of the variation around the mean values of the ENPV and the EIRRx4n general, n
ists for interpreting the stardkandtion as 'high' or 'low' in absolute terms. However, this synthesis indicator can prov
useful information if compared with those of similar typ® projects.

All of these elements form the CBA results of the RDI infrastructures and ar¢hesiesdéstindges social worthiness and
riskiness, along with other criteria.

106To further explore this topic, see chapter 9 in De Rus (2010) and chapter 8 in Florio (2014).

107The ENPV calculated in a deterministic model, i.e. as the outcomes of the best guess,\@durodfevaddiglesincide with the expected value of the
ENPV, i.e. the mean ENPV resulting from a Monte Carlo simulation process.

108A useful synthetic ratio is the coefficient of variation, i.e. the ratio of standard deviation to the nezmionésshnisrabeimand thus compagable b
tween projects.
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Box 21Probability distributions of the ENPV and synthesis statistics

Probability distribution of the ENPV ENPV cumulated distribution function

Estimated parameters of the ENPV probability distribution

Finally, for communication purposes, presenting CBA results in a disaggregated manner could be useful, suoh as by bree
each discounted benefit, by distinguishing between theaupexftade and ame benefits, or according to a grougof ben
ficiaries (firms, students, the general public). The use of pie charts could assist in presenting the varitefidesakdown of be
ing from the infrastructure in a remtelly maen

Figure 12. Example of distributions of the discounted benefits for two hypothetical research infrastructures

Source: Authors based on analysis of case studies.

6.6 Wider economic impacts

RDI infrastructure investments are often financed within bydabléevetapment strategies (regional or national). As a matter
of fact, RDI facilities may become a crucial element in the development path of a territory, as withesseidhagaxperiences o
clusters developed also thanks to the relationgspandth facilities located in the saméSfeicguch caseglevant ee

nomic impacts in the form of employment or technological spillover effect on existing or newly created SiMiétslin the region
ed in the CBA as described in the previouns.sédtidgional wider benefits, for example in terms of contribution to regional GDI
arenot accounted in quantitative terms within the CBA modwllasidheivithin the sedonomic assessment is still subject

to a lot of discussiéh.

Typicallyhese impacts include agglomeration economies, multipllab@ifestgply impadtapact on competition, or
changes in the value of land or houses. In a RDI context, there may be demonstration effects on the gendealypopulation, |

109See for example OECD (2009).
110The discussion on wider economic impacts is particularly devéiapsgbirt #eetor. See inter alia Venables (2007), Betancor et al. (2013).
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