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This paper presents a brief overview of the theosied practices of assessment methodologies
within the landscape of assessing the impact ofregtructures. The rationale and importance
of doing such an assessment is a very relevanwailidl topic, as now in a context of limited
resources, the impacts associated to this finarreiqgires careful assessment to be certain that
the concrete goals set by the EU for the e-Infuattires domain are achieved, if and how the
financed initiatives contribute to these goals.

There are different constraints that are being akede through some of the more recent
initiatives, whom share the same concerns, for @kathere is very little information available

to evaluate the achieved impact in comparison & @kpected impact. These more recent
projects have attempted to address the differamtaros related to assessment, with the aim of
preparing a widespread culture of impact assessimetite Research Infrastructures domain.
This paper provides an overview of the work (metlogy and results) carried out by these
projects and an outlook on the next steps.
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1. Introduction

A major goal of e-Infrastructures is to facilitageientific discoveries and technological
developments, attracting excellent researchersndrdlie world, building and enhancing the
bridges between national research communitiesni$iotedisciplines, research institutions and
industries. These collaborations guarantee thdioreaf new ideas and knowledge, which then
turns into innovation, ultimately supporting theation of new jobs. As the goals and impact of
e-Infrastructures is of great importance, the Eeamp Commission (EC) gives considerable
support to sustain and evolve them. Therefore, goaable to assess the impact of e-
Infrastructures is a very relevant and valid togarticularly nowadays during an economic
crisis imposes a careful spending review of Eurodgaion (EU) budget.

Since 2009, the European Commission has financeetyaone e-Infrastructure projects and

there is very little information is available toadwate the achieved impact in comparison to the
expected impact. In a context of limited resourdésg, impact associated to this financing

requires careful assessment to be certain thatdherete goals set by the EU for the e-
Infrastructures domain are achieved, if and how fthanced initiatives contribute to these

goals.

During the last years some initiatives attemptecddress how to measure the impact of e-
Infrastructures through different actions and apphes, focusing on general purpose
approaches - ERINA+ (Socio-Economic Impact Assessnfier e-Infrastructures Research
Projects - www.erinaplus.eu) and RI-Impact (Develept of Impact Measures for e-
Infrastructures - www.ri-impact.eu) - focusing gesific aspects - e-FISCAL (Financial Study
for Sustainable Computing e-Infrastructures — wviiacal.eu), OSIRIS (Towards an Open and
Sustainable ICT Research Infrastructure Strategywav.osiris-online.eu), and eNventory
creating easy-to-use source of information (Europead Infrastructures Observatory -
www.enventory.eu). The aforementioned actions guts) are co-funded by the EC with the
aim to study how to develop a comprehensive metloggiofor a quali-quantitative impact
assessment of the varied e-Infrastructures landseadpthese projects have openly discussed
about their findings related to the impact of edistructures, supporting mutual understanding
and suggesting areas of collaboration. They haesemted the results of their surveys to
representatives of e-Infrastructures projects dhdreentities involved in the European research
landscape.

2. Importance and Rationale

Most of the ability of Europe's research to renatithe forefront of all scientific disciplines and
technology relies on the support that they recéiyestate-of-the-art research infrastructures,
including e-Infrastructures. The support of EU be te-Infrastructures, therefore, is aimed at
fostering e-Science, furthermore aiming at enablimg online circulation of knowledge in
Europe, in order to assure the constitution oflial §uropean Research Area.
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The importance of assessing the impact of e-Infregires and its goals are tied to the very
same importance of e-Infrastructures themselvesirTpositive impact is paramount and
measuring it is essential to continue supportingmththrough suitable and opportune
investments. The e-Infrastructures ecosystem neelle kept healthy, also in this context of
conscientious spending, as measuring and creagilugible information about the impact of e-
Infrastructures, produces knowledge from the eepees and improves further decision
making.

It is widely accepted that determining the impdatesearch advances is not so straightforward.
The main reasons are essentially lack of raw aatetanalysed and the temporal gap from the
initial investment and the creation of a concretgact. Moreover a fits-for-all methodology is
not yet available, while a set of equally valid aygzhes can be adopted depending on the type
of investment, type of Research Infrastructure argbmetimes — type of scientific discipline
and expected impact.

More and more, the EC and all the actors and stdétets involved are understanding that is
not only possible to gain knowledge about the douation that e-Infrastructures have on society
through initiatives such as the ones mentioned @bbut that it is an essential exercise to
measure to be able to confidently move forward.

Theoriesand Modelsfor M easuring I mpacts
The majority of the approaches to the impact mesmseant focus’ on the input, output,
outcomes and impact model where:
= Inputs are the investments made in, or the ressuamguired to, produce a product or
develop/undertake an activity;
= Qutputs are the products or services provided (eigiber of grids/networks created,
papers published, events held, etc.);
= Qutcomes are the immediate changes resulting fromactivity — these can be
intentional or unintentional, positive or negatie.g. employment, increased
connectivity, etc.);
= Impacts are the net difference made by an actafigr the outputs interact with society
and the economy (e.g. transformational researchletay the project which would
otherwise would not have occurred or occurred asdaabling EC funded researchers
to be world-leading).

In the economic literature we can distinguish betwe) general studies focusing on the relation
between growth, competitiveness, science and téagmoand ii) studies aimed at better

understanding such relationship with referenceparéicular infrastructure. In the latter, we can
distinguish impact assessment studies aiming atifgieng expected impacts (ex-ante studies)
and studies that measure and evaluate real impaoigdor after the end of a project or

programme (monitoring and ex-post studies).
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An ex-ante evaluation focuses on on-going and Heus initiatives. The methodologies
employed in ex-ante evaluation of programs andstment policies include:
= Foresight studies: this structured consensus Ingjldnethodology based on experts
judgements permits to anticipate social, econonmid &chnological development
opportunities in policy planning. These include:

Case studies for an in-depth analysis of real casestigating for the expected
results;

Broad surveys: asking a large number of expern@xng an issue in less detalil;
Data collection methods: analysis of documentsriews, questionnaires, peer
reviews, focus groups, expert panels can be appliede evaluation of economic
as well as social impacts;

= Modelling and simulation through the use of Econtiimenodelling at micro (network
analysis, statistical based model) and macro (Ioptgut tables, Social Accountability
Matrices and General Equilibrium) level;

= Cost-efficiency techniques: this judgement methodgl quantifies the costs and
benefits associated with the policy intervention;

= Cost-benefit techniques: this judgement methodologypares in monetary terms all
social and private costs and benefits of a progrartorestablish whether the benefits
exceed the costs. The technique can be adapteddigporate uncertainty and risk.

An ex-post evaluation focus’ on: i) determining #féiciency and efficacy of the intervention;
e.g. productivity studies), ii) providing a quaative estimation of the impact of the
intervention (e.g. microeconomic evaluation stugi@3 quantifying the various dimensions in
which returns should be considered within a defifrathework, iv) assessing environmental
sustainability and wealth issues (e.g. cost-berafilysis), organisational impact (e.g. case
studies, network analysis, innovation studiesgtsgic impact (e.g. foresight).

The methodologies employed in this approach tousalrf include:
= Statistical data analysis:

Innovation Surveys provide basic data to describe tnnovation process,
summarised using descriptive statistics.

Benchmarking allows to perform comparisons based oglevant set of indicators
across entities providing a reasoned explanatidghesf values.

= Modelling methodologies:

Macro-econometric modelling and simulation appreachllows to estimate the
broader socio-economic impact of policy intervensio

Micro-econometric modelling permits to study théeefs of policy intervention at
the level of individuals or firms. There are medBsars to control for the
counterfactual by specifying a model which allowestimate the effects on the
participant outcome comparing this with the sitoiatin which the programme does
not take place.

2 Fahrenkroget al. (2002)
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Productivity analysis permits to assess the impAR&D on productivity growth at

different levels of data aggregation. This is matarly relevant to analyse the
broader effects of R&D on the economy.

Control group approaches allow to capture the effafc the programme on
participants using statistically sophisticated teghes.

= Qualitative and semi-quantitative methodologies:

Interviews and case studies use direct observafioraturally occurring events to
investigate behaviours in their indigenous soci#irsg.

Cost-benefit analysis allows to establish whethepragramme or project is
economically efficient by appraising all its econonmand social effects. The
approaches to quantify the socio-economic gaina @blicy instrument include
contingent valuation studies, simulating the existée of a market for a non-
marketed good, such as for example the capacipydduce a genome mapping in
less time. These studies generally adopt questi@mimcorporating willingness to
pay schemes to try to infer the price a certainlipugood is worth to the
respondent. Other approaches include the use afahjeint analysis in surveys to
determine the price users place on the attributeeaiures of goods and quality
adjusted hedonic pricing for new or improved goods.

Expert Panels/Peer Review: measures scientificubuglying on the perception
scientists have of the scientific contributions még other peers. Peer review is the
most widely used method for the evaluation of thgpot of scientific research.
Network Analysis: allows to analyse the structure@operation relationships and
the consequences for individual's decisions’ orioast providing explanations for
the observed behaviours by analysing their sociahections into networks.
Foresight/ Technology Assessment: used to idemtifiential mismatches in the
strategic efficiency of projects and programmes.

3. Work Done and Current Results

In the past Research Infrastructures and e-Infretstres chose two distinct initiatives aiming at
an initial exploration of the methodologies and eisdsuitable for their respective domains.

The former DG-INFSO — F3 Unit, promoted the ERINAstudy (e-Infrastructure Research
Impacts in key ICT Areas) aiming at developing aitial qualitative methodology to enable the
evaluation of the positive impact brought by thimfastructures in eGovernment, eHealth and
elLearning research fields.

ESFRf , in the light of constant attention to impactesssnent, promoted RI-Elthat resulting
in developing the FenRIAM (Foresight enriched RIpant Assessment Methodology)
framework.

3 http://www.erinastudy.eu
4 http://ec.europa.eu/research/infrastructures/indexcfm?pg=impact_studies
® http://ww.rifi-project.eu/
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While the cited studies provided the needed cone¢ptameworks to support the assessment
exercise they also revealed a set of barrierscihaltd hinder the effective impact evaluation in
the majority of cases.

The main concerns are the following:

= lack of impact assessment culture: often a sinipligtialitative impact analysis was
performed with lack of concrete and measurablegaitand targets;

= un-ability to collect valuable data for subsequemilysis and reasoning;

= absence of any incentive in the Grant Agreementdedicated competences and effort
in the project plans;

= unclear clustering of Research Infrastructures exhafrastructures supporting the re-
use of best practices and lessons learned.

Some of the more recent initiatives exactly addrétbese aspects, with the aim of preparing a
widespread culture of impact assessment in theaRasénfrastructures domain.

3.1 ERINA+

ERINA+, based on the previous experience of theN#Rbktudy, has enhanced a quail-

gquantitative methodology to evaluate the socio-entin impact of e-Infrastructures projects,

allowing for projects to perform a self-evaluatittmough a set of tools. The final assessment
will consider both the efficiency (usage of timeaffort with respect to the intended purpose)
and effectiveness (capability of producing an dffec competitiveness and excellence of
research; innovativeness of research; cohesioectsp

The purpose of the e-Infrastructures’ impact assessexercise is threefold:

= To cultivate an ecosystem and assessment mentalitgentify what is the impact of
any given project, any given program and any givevestment in the context
surrounding the e-Infrastructure ecosystem.

= To amplify the benefits of each single initiatiiettze widest possible level.

= To mitigate costs for carrying on research.

With above mentioned objectives, the ERINA+ projeas explored the different dimensions of
e-Infrastructure ecosystems and assessed thecasddlitialue produced by the e-Infrastructure
projects and initiatives, as well as the benefitat te-Infrastructures bring to the general
economy and social welfare. This analysis reveatedmbiguous use of the term project and e-
Infrastructure that led to inconsistencies in thelgsis; in fact while a project, an initiative

based on a temporary contract needs to be anatgsesitiering both the contractual obligations
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and the short lifetime, an e-Infrastructure — dmed by ERINA - has a wider aim stated in a
constituency statute, possibly evolving objectigad a long-term strategy.

Starting from analysing projects and developingag@ping among projects and e-Infrastructures
ERINA+ has being able to enable the self-evaluatibthe impact of e-Infrastructures projects
and to evaluate the socio-economic impact of eabtfuctures and related projects.

All the tools for the impact assessment of e-Iniftagures and projects will be embedded in the
ERINA+ platfornd. The ERINA+ platform will provide a dashboard fmogram managers and
e-Infrastructure stakeholders.

3.2 Ri-Impact

The Ri-Impact project aims at developing a framdwfor evaluating and assessing the impact
of e-Infrastructures. Through the projects goalgT¢ analyse the broader socio-economic
impact of e-Infrastructures, (2) to identify thentwbution of e-Infrastructure to ERA , (3) to
identify the contribution of e-Infrastructure tcethealisation of the EU policy aims, Ri-Impact
performs the assessment of the e-Infrastructuregrano looking at its characteristics
(accessible, efficient, sustainable, innovativensformative).

The project provides the outline of a framework dealuation of e-Infrastructure interventions
and also a recommendation of a set of concreterecto be taken at the European and Member
States level to implement a robust monitoring awdlwation system. This is built upon an
analysis of the socioeconomic impact of e-Infradtrces.

RI-Impact has analysed 21 of the 29 contacted pi®jgathering info on their accessibility,
efficiency, innovation, sustainability and transfative character. Composite indicators have
been built and have identified precise impact areasearch and innovation, human capital,
economy, public authorities and international ieted. As for the evaluation of projects, it is
quite clear that, since there is no benchmark fer t® in this field, it's difficult to judge the
quality — and even to compare projects among thémt,-numbers collected form a baseline
further for analysis and can be interpreted to lmvalea of the overall behaviour of a project.

3.3eFISCAL

The e-FISCAL project analyses the costs and cosctsres of the European High-
Throughput and High-Performance Computing (HTC &RLC) e-Infrastructures. e-FISCAL
will compare their costs and cost structures withilar commercially leased or on-demand
offerings, hamely cloud computing ones.

6 A widely accepted definition is not yet availabd¢:a first glance the difference among projecesétbping or
supporting an e-Infrastructure) are short-term @ntractually based initiatives, while e-Infrastires are long-
term and entity based initiatives,

" http://platform.erinaplus.eu
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Understanding the overall costs of these Europeaearch services is a prerequisite in
planning their long-term sustainability. A quartiita analysis of the cost factors involved will
help service providers and user communities totifyeareas where the overall cost efficiency
of ICT-enabled research can be optimised. The suiliiylso analyse qualitative differences in
service between HTC and HPC e-Infrastructures laeid tlosest commercial counterparts.

In assessing costs across the e-Infrastructureemnarknethod based on estimated capital
and operational costs from e-Infrastructure cenwes chosen to ease data collection and
reasonably ask participants to gather it througbstionnaires. After which, a simulation of
annualised infrastructure costs is done to thamat# the annual Cost of Ownership and come
up with metrics such as cost per core hour, CAPEER ratio, cost per FTE, etc.

The main findings of the project up to summer 204&2e been the following [7]:

- State-of-the-art review: There is a lot of reckerature on the costs of individual “in-
house” developed HPC or HTC centres and their cosgra with commercial “on-demand”
cloud services, and in particular the Amazon Eta§&tlompute Cloud (Amazon EC2). The
majority of these studies use a price for core/hebich ranges from around 0.015 Euros
(Magellan report) to around 0.040 Euros (UniversitywWashington) in the US; around 0.075
Euros in the UK (Hawtin et al. 2012 for JISC) arrduad 0.09 Euros for a sample of EGI
centres in Europe (e-IRGSP2 small scale study @®R0

- The sample for the e-FISCAL findings was reldiivgood; 26 answers from 14
countries. However, high-end HPC centres (such@®RACE Tier-0s) or other high-end HTC
centres (such as the WLCG Tier-1s participating@l) are not included. This was mostly due
to confidentiality reasons, particularly specifiemdisclosure agreements between the vendors
and those centres that do not allow for the putitineof detailed cost information.

- The e-FISCAL median values for cost per core rareraround 0.05€/core in 2010 and
0.03€/core in 2011. This shows that the e-FISCAIltiah findings for the related e-
Infrastructure are in-line with studies reporteseglhere.

- The breakdown between CAPEX and OPEX in 2011uinaalculations is around 30%-
70% (median) to 32%-68% (average). Around of 50%t costs is dedicated to personnel.

- The average utilization rate used to calculageaterage and median cost per core hour
for the above results for 2011 is 62% and 74% esmdy. This refers to a mixture of EGI,
PRACE and other sites not integrated in these mdtructures. As an example, for 2011, EGI
reports an utilisation rate of 71.3%.

- Other interesting findings are the high numbdrslepreciation rates for the hardware
(average 5 years), the quite good rates of PURM@ind 1.5 median value) and the percentage
of electricity cost (around 15% median value ofcalts).

The information gathered about costs and businesdel®m of e-Infrastructure and
commercial computing services will be used in orttergenerate information of interest to
infrastructure providers and users in planningrtbsage and service provision.

Key project outputs that will be further producedlude: an evaluation of the overall cost of the
entire European HTC and HPC infrastructures andpemison with the closest commercial on-
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demand offerings and the development of a genestrmodel and related business models and
sustainability outlook contributions.

3408 RIS

The field of ICT Research Infrastructures (RIs)cnsiderable and diversified, with
widely varying collaboration models. In some cate=e are functional similarities between
them, but there are also significant differencdsoAthe maturity of collaboration models is not
comparable between different RIs, as in some dosn#iere are already production-level
infrastructures operational with well-defined gawamnce (e.g., networks, DCIs), whilst in some
other domains the picture is more fragmented (daja infrastructures) or even still not defined
(Future Internet). Economic sustainability and asged business models are still to be clearly
identified for the majority of ICT Rls.

The main aim of the OSIRIS project initiative is pioovide structured information and
models for decision makers (European Commissiommbée States, and Associated Countries)
who develop cross border public-public partnershipgd who establish a coordinated approach
to future large scale investments in transnatidaopean ICT research infrastructures. This
will lead to complementary or common planning ofdéstments and investment policies in
order to obtain sustainable European ICT reseandtastructures and it will allow the
development of procedures, rules and managementanesens for coordinated investments in
large scale transnational ICT research infrastrestin Europe.

The ICT RIs considered by OSIRIS are:
= |CT infrastructures for research, i.e. grid / clptlfPC, network, data RIs, as commonly
understood, but also,
= infrastructures for ICT research, i.e. micro & naglectronics facilities and Future
Internet / FIRE testbeds.

In the course of the project, the OSIRIS consortham built up a wide set of information on
ICT Research Infrastructures, most notably:
= an inventory of the existing cooperation betweebligutAuthorities and ICT Research
Infrastructures across seven main domains (netwgiéd/cloud, HPC, micro & nano
technology, data RIs, ICT for Instruments, Futurateinet) and several
subdomains/cases: the analysis is based on tethtucaments and 40+ European
reports on ICT RIs have been used;
= a report of the interviews with key people headingICT RIs: DANTE, EGI, IMEC,
LETI, Lifewatch, and PRACE; several high-level statnts regarding ICT RIs have
been extracted;
= a qualified, hierarchical list of all non-techniadpects of ICT RIs, in order to better
identify the business model behind them. The folhgnkey areas have been explored:
governance, sustainability, access policy and dijpeia principles;
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= alarge map comparing about 180 aspects of 25tedléCT RIs. The detailed mapping
process has resulted in a quali-quantitative spteset-based approach to easily
navigate across the different flavours of ICT RIs.
This information has been structured and made ablailfor people in Public Authorities and
existing and emerging Research Infrastructureganforms:
= as document deliverables (D3.2, D3.3, D4.1, D3speetively) in the OSIRIS project
web site www.osiris-online.eu, where a final reg@4.2) will also be available;
= as a set of specialised interactive interfaceshto data collected on the web site
www.ictresearchinfrastructures.eu. This is the oute of the EP-hosted workshop that
has been organised by the OSIRIS consortium on rtle of ICT Research
Infrastructures in Horizon 2020.

3.5 eNventory

The eNventory project targeted the formation of Hugopean e-Infrastructures Observatory, a
single-entry-point, one-stop-shop data warehousgalile of representing e-Infrastructure
benchmarks and exhibiting European e-Infrastrustu@chievements for networking,
supercomputing and grids, while being expandablesrn@erging e-Infrastructures, through
intuitive, interactive and user-friendly visualiget interfacedo allow for progress monitoring
and impact assessment of e-Infrastructures at mabind national level across the European
Union and beyond.

eNventory’s aim is to carry out a design study theit set the grounds towards a European e-
Infrastructures Observatory to monitor the status g@nd evolution over time of electronic
infrastructures, assessing their impact at regiandl national level across the European Union
and beyond. The European e-Infrastructures Obsewahrough the collection and utilisation
of appropriate indicators, will be able to monite-Infrastructures development and
communicate all findings to related stakeholdersdiso to the public-at-large, in a seamless
and impatrtial way.

The project will (a) identify of a core set of béntarking indicators for the European e-
Infrastructures Observatory that will be the baselifor monitoring e-Infrastructures
development progress, (b) collect e-Infrastructstakeholders’ feedback and consensus on the
proposed structure and functionality of the Europeainfrastructures Observatory, (c)
European e-Infrastructures Observatory functiopalémonstration through a prototype web
platform that will be available to all e-Infrasttuce communities and to the public at large.

4, Final Conclusions

Amongst the projects above described, there isastieneral difficulty in gathering data for the
analysis of e-Infrastructure domain as expressdieas well as the difficulty of concluding a
fits-for-all set of indicators. This implies thahya guideline to assess the impact from the
numbers collected need to be heavily tailored ¢ocitntext of each project before being able to

10
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interpret them; this difficulty even increases whaealing with the evaluation of indirect
impacts of e-Infrastructures.

About the data collection perspective, three aspae relevant:

= Structuring and evaluating the costs for runningeamfrastructure. This is the aim
eFiscal. The involvement of major stakeholders aeijuced not avoided the issues in
collecting a complete set of information.

= Monitoring the usage of an e-Infrastructure. eNegnfocused on usage data, starting
from the already available information from the Wetking environment. Again, they
revealed the lack of proper recording methods tlecoand transmit relevant data.

= Evaluating the performance of an e-Infrastructl@RINA+ developed a set of tools
enabling the data collection from different sour¢psoject owners, users, relevant
stakeholders); this promising approach is undelueti@n and results of the viability of
the approach will be available late in 2012.

In regards to the best methodological approacth Bdtimpact and ERINA+ confirmed the
suitability of the analysis of the gap between éxeante scenario (absence of or alternative
investments) and the ex-post scenario (successfulementation of the initiative). However it
is still to be validated how the micro analysigpadject or initiative level may provide useful
information at program or infrastructure level. BRKF and RI-Impact partners will work on
this aspect during the coming months.

In general, it seems of paramount importance bothrieed for creating a culture of impact
assessment in the Community of the Research Infidgtes and e-Infrastructures, as well as
the need to conceive usable tools to monitor, asdegelopments, results and impact of the
result EU funding in this domain. This needs todoee in a coordinated way and at a single
project, e-Infrastructure and Program level.

Consensus amongst the projects is the idea to kidai®oa long term strategy for defining the
impact of e-Infrastructures, which could put togetthe major results of the work carried out
by the projects - namely the framework from RI-lropahe mapping from OSIRIS, ERINA+
and the eNventory tools, along with the findingsnireFiscal. This could be very interesting
since many of the actors and stakeholders, ECdedusee the value in knowing what happens
with its funding, and the e-Infrastructures andjgebthemselves are interested in assessing
their impact either during their preparation ph&aepriori analysis), during their life-time
(continuously monitoring) and at the eradgosteriorianalysis).

These initiatives highlight both the importance #mgl challenges in assessing the impact of the
EC investments in the e-Infrastructures landsc&pperiences, know-how and best practices
provide the right direction. It's the right time teet-up a comprehensive and coherent
framework for enabling actual impact assessmeaaeth level.

11
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