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Abbreviatiors

ANACc Autorita Nazionale Anti CorruzionéNational antiCorruption Authority FormerlyAVCR; Autorita per la

Vigilanza sui Contratti Pubbligiuthority for the Supervision of Public Procurement.
AS(¢ Alta SorveglianzaProject High Supervision function
Cd(C Corte dei ContiCourt of Auditors

CIPE¢ Comitato Interministeriale per la Pragmmazione Economicalnterministerial Commitee for the

Coordination of Economic policies.

CSLR Consiglio Superiore dei Lavori Pubhl8uperior Council faPublic Works

DL¢ Direzione Lavoriwork supervision

EU¢ European Union

EFRDFESR European Fund for Regional DeveleopméRbndo Europeo di Sviluppo Regionale
MIBACT¢ Ministero per i Beni e le Attivita CulturalMinistry of Culture and Heritage

MIMS ¢ Ministero della Mobilita SostenibileMinistry of Sustainable Mobility

MIT ¢ Ministero delle Infrastrutture e dei TrasportMinistry of Transport and Infrastructure.
PDc Progetto Definitivo.Final Desigor Developed Bsign (RIBA)

PEC Progetto EsecutivoDetailed Engineerindesign

PFTE, Progetto di Fattibilita Economica FinanziariaEconomic and Technical feasibilitypjct.
RFR; Request for Proposals

R.U.P¢ Respondabile Unico del Proediment@hiefProject Manager

V.I.A ¢ Valutazione di Impatto AmbientaleEnvironmental Impact Review.

V.A.S¢ Valutazione Ambientale Strategic&nvironmental Strategic Review
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Introduction

In this indepth case study of Italian rail rapid transit projects, iweestigatehow Italian construction costs
have changedver timeand distill lessons learned tmderstand how design, procurement, and policy drive costs.
We begin withan analysis of a systematic countigvel database encompassif®p% oftransit projects as
measured by total kilometetsuilt and expected to be comeledin Italybetweenthe postwar yearshrough the
end of the 2020sThe firstsectionillustratesthe overall institutional framework, theariousplanning and delivery
practicesof transit projectsand their evolution over time, as well as the toolstthave been put in place to curb
construction costs and improve procurement practicestablysince the 199QsThe second sectioof the report
focuses on four city-level casesTurin, Milan,Rome, and NaplesThanks to the analytic studyf the history,
politics, contextdelivery,and design choices, the cases highlight important factors that contribute to the variation
of construction costs among the different casEmally, he different takeaways derived from thiswlti-levelin-
depth analysi®of the Italian case has beensummarizedn ten main lessonsdentifying the fundamentalsf a

costsensitive approach to building urban rail infrastructure

Thedata collected in theyeneral TansitCosts databaseituate Italy asa mediumto-low cost country for
metro rail constructiory with an average cost of $159 million per kilometer compared to an overall average of
$280 million per kilometeglobally® The Italy-specificdatabaseencompasss 50 metro rail projectsaccounting
for 307 km or93% of metro rail mileage built in Italy since the4D8, currently under constructioror entirely
funded and to be completetly the end of the 2020sThe analysis of thiexpanded countrfocuseddatabase
highlighsa generally lower averge value ($120 million/kmand ahigh variability between projectand cities

as well aover time from as little as22million/km 2 NJ a AVIR &t-gr&ld suburban extensiduilt in the eary

1 This data is déved from our own database that can be retrieved at transitcosts.com



2000s, a cost on par with mainlingouble trackrail, up tothe $645million/kmforb I LJX S&aQa f gmed m OS
the most expensive section of metro ever built in 1t8lis variabilitywhichwill be analysed in greater detail in

section2, is the result of both historic trendslifferencesin local @pacity,andL (i | f @ Q& dzy A lj dzS dzNDH |

Section 3 examindfe institutionalplanningframework, funding, procuring and deliverio@transit projects
that contribute to an averageconstruction cosigenerally lower tharour global averages, especiglin North
America albeit with some notable exceptioriBhe evolution of thétalian projectdeliveryframework offers a few
fascinating lessongoth positive and negative ones, for countries that wants to tackle the upward spiral of transit
capitalcosts. A growing concern for cost control since the 1990s facilitated the implementation of mechanisms,
tools and institutionslesigned taurb waste and aoidmismanagement and corruptieprone practices in public
works deliveryIn the aftermath of these reformshree main innovations revamped transit project delivery in
Italy. First, a new antiorruption authority (ANAC) was established to clean up ipuirocurement practices.
Second, Italy adoptedfficial reference unit-price lists (Prezziari delle Opere Pubblichto determine the
benchmark cost of procurement and the bid ceilifidnird,the bidding process was overhauled to incorporate
technical scoes when assessing a higther than focusing exclusively on cas@®n the other handit is worth
noting that, despitea planning and approval procesnanaged bythe civil serviceand less prone toexternal
lawsuits andNYMBYinduced designthe Iltalianinstitutional frameworksuffers from important veto pointsand
political meddling than can increase the cost of delivering infrastructure in particular contetebly historic

city centers subject to strict heritage protectian

Thefour in-depth casespresentedin the second part of this repodxaminemetro projects built inTurin,
Milan, Rome, and Naplesver the last twenty yeardVe rely on mterviews with public officials, engineeand
experts ? the analysis of official documents and datavided by transit agencieas well as reports from national
supervising authorities andrticles from the specializetansportationpressto reconstructthe keyfactors that
drove costs in specific projectEach city offers insight into thieenefits and challenges of differedelivery
methods, differences idocal capacityurban contextsanddiversefinancingstructures What is clear across all of
these cases, however, tise importance of building and maintaining-frouse technical capiyg to procure and
manage projects effectivelfrurthermore, the casefiustrate howenvironmentalconstraints, such as the unique
urban and geological conditions of aldddense city centers, antbntextualfactors, such as politicfickleness

bureaucatic veto points and uncertainties over funding arsthedulescanresult inoverdesign, trigger costly

2 A total of 24 interviews has been conducted between November 2020 and April 2022.
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design choiceand scope changes, and promgieorly conceivedielivery schemeghat hinder publicoversight

capacity.
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Part |¢ Building urban rail in Italy






Urban rail constructiom ltaly: a general overview

2.1 A latecometo urban rail construction

Unlike other European countries that began building urban rail in the 19th and early 20th Cenltaig
opened its first lineafter World War 1l Despite severaattemptsin the interwar periodto developmetro rail
networksin Rome, Milan, Genoa and Napléise first proper metro lineopenedonly in the mid 1950sMetro
constructionfinally gainedmomentum duringthe postwar yearscharacterized by fast urbanizatiamddramatic
economiagrowth, but was hindered by the lack of a natiotrahsitpolicy, which finallyemergead in the late 1980s
and by an essentially cariented transportpolicy. Below we identify three critical periods the history of rai

based urban transin Italy:

A 1950s- 1970s For at least three decadedter the war Rome and Milamvere the only cities building
heavy urban rail infrastructurdcRome, after the opeing of the first section of line B 1955,initiated
the construction of line A in the 19608hose were the only urban transit projecisancially supported
by central government funds, as a 1920s law identified transit infrastructure in the Capaahaster
of national relevance, while considering it a local government responsibility elsewhehe 1930s,
the city of Milanhad alreadydevelogda plan for athree-line radial networkbut the implementation
was delayed by thenset of WWIland the cityonly started construction on the first two lines in the
mid 1950s.Unlike Rome, the metros werauilt with localfunds in the form of municipally granted
bonds and were deliveredthroughd a SGNRB L2 A {0 | y I a municipalfySvaes specidda a 0 =
purposeconcessionairdn the mid1970s, Naplewasthe third Italian city tadevelopa modern metro

system, initially with municipal funds only
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A 1980sc early 1990s The period starting in the 1980aw growing central governmentnvolvement in
the planning and financingf mass transit infrastructuran large citiesThis was a response to growing
congestion and the untenable challenges createdrdyyid urbanization andh dramatic increase in
motorizationduringthe previousthree decadesLegislative and governmental efforts triéol address
growing congestioin major urban aregswhile planrerspopularizeal the idea ofdron Therapg cuta
del ferrg to highlight the need to develop frequent and reliable-tzaled transiin the largest urban
areasto otheak cities from chroni@utomobile congestion and pollutionThis resulted in a boost for
transit projects in Rome, Naples and Milan, and in the tentative development of light metros in Genoa
and Catania. Overathese efbrtsg S NB y Q (i cohdreNtliatioRafpolicy,andthe projects initiated
during thisperiod are characterized by these ofnon-competitiveprocurementformulas, such as the
privatelynegotiatedéconcessio® ¥ &2 f S Oszhéadisbidindaples, ¢hda and Romewvhere
metro development wasawardedto private consortiawithout a competitive tenderThese opaque
delivery schemes were at the epicenter of thast web of systemic corruptioaround public
procurementthat emerged in thefar-reachingscandals of the late 1980snown collectively as
Tangentopoli(Bribeburg). The sweeping investigation anithe following trial, dubbed Mani Pulite
(Aean Hands) prompted a period ofpolitical turmoil during the earlyl990sand, ultimately, he

collapse of the major parties that dominated the government during most of the postwar period.

A Late19905-2020s The1990s and thearly2000s are characterized by a slowdown in metro openings
as a consequence &éwer projectstartsin the yeardollowing Tangentopoliand because ofusterity
measuregprompted bythe 1992public debtcrisisandeffortsto curbthe RS FA OA G A G KA Y (K
treaty limits 2 Later, Italy experienced a dramatic surge in the navban rail starts especiallyin the
2010sand 2020s New dedicated national grantior transit constructionin 1992,2001, 2016 help
explain this recent resurgence in transit projeds the same timethe adoption of cheaper automated
light metro technologieand unattended automated operationthat has become the de facto standard
for the newer linespened since the early 2000made metro technology viable in smaller metro areas
and lower demand corridor§ oday, thesevenmetro systems operatingcrosshe country total222.7

kmandsupportan estimated 2.74 million unlinked daily trips

3 The Maastricht treaty(1993) that institutes the single currency, required that the Etlintries that wanted to join the
monetary union needed to have a public deficit lower than 3% of their GDP and a shrinking public debt tending to 60% of
GDP or lower. In 1993, the deficit/GDP ratio was 10% and the debt/GDP one at 115%

4 Spinosa (2019)processing data from transit agcies for 2019
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figure 1. New kilometers of metro rail opened Italyby decade and city-or the decade 202020290nly the projects
currently under constructiqror fully fundedand havinga completion date set before 2029 are included.

2.2 Average costs andafterns in he historicvariation of constructionsosts

figure 2shows the actualized cost per km alimostall urban rail projects built in Italy since the 503,
except for a few metro extensiarof linesM1 andM2 built in Milan from the latel970s to the 1980and the
AYAGALFT &S O0A 2afit wasimpbsiitile-to/rétriev@ &ustWdtifjglRson these projectsData have
been collected from several official sources and, in three cases where official data were not availabpgefem
releases or other source$ NominalCost figuresRS NA 3SR FNRBY 2FFA OA Il f havebérdzY Sy ( :
F OldzZ £ AT SRK SIRPOSF2MNI/K NBEFSNNBR (2 | & uding2hé mjéfedr of 3 £ dzS
construction as the base yeandthen converted to US dollar PPP values using a 1.3 coeffiédrmumbers in
the report expressed yollarQ sinllified agi$e are in 2020 PPBSD dollareal terms.However, it is important
to point out that for projects built during the inflationad970-80s, characterized by double diggaroveryear

inflation, even a minor shift in the identification of the myear of construction migHead toa notable difference

5 For older projects in Milan, data come from the 199970, and 1975 budgetgpublished byMetropolitanaMilanese For
Rome&) & f AayidSMB data come from several approption laws(1145/1959, 285/1968, 82/1970, 396/1971, 374/1974,
19/1978, and 19/1978that have financed the early developments. Costs for projects realffediae mid-1990s are mostly
derived from theHouse of Deputiesfficial database of infrastructurprojects(SILOS, 2021andthe official reportof the
Court of Auditors (Corte dei ComtiCdC}racingthe spending linked to the 211/92 transit fund I§@dC, 2017b)
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in the actualization coefficieniVith those caveatsin mind, we identified a revealing pattern in the variation of

construction cost over time.

Thecost ofmost metro projectsfalls within the $50-200 million per kilometemrange, with a few outliers,
mostly located in Naples, Milan and Rorit of the 332 oute-km collectedin the database, 248m (72 %) are
tunneled while the renainder are at gradeor elevated.The averag@ominalcost per kilometeiof projects with
more than 50% of the alignment tunneledésmmp YAttt A2y obmndgd YALEAZ2Y0Z 4K
tunneledthe average cosse H @ Y A f £ A 2,y¥eefiywwerdy InterestinglyAtiZes€ is not a direct correlation
between the length of platforms and the average costs: the 201.3kmouwie (66% tunneledjhat are classified
as heavy metros (platforms @fL0 or 150m) have an average cost of $122 million per kilometer, while the 72.3km
of new generationautomated light metros (platforms of 4®5m) have an average cost of $118llion per
kilometer.It is worth noting that this might be related to the fatiat the lightmetro trackagehas a much higher
percentage of routekm tunneled compared to heavy metro. The less expensive typologpenkilometerbasis
at $88 million, ighe first generation of light metros with 80#ong platform modelled afterLRTand Stadtbahn
systemsand initiated in the 1980s in Naplesire 6), Genoag and Catania/ I G YAl Q& @SNE f 25

million/km), due to particuldy favorablelocalsoil conditions, contributes to driving the overall average down.

Historically we see aspike in construction costs from the late 1970s through the nrii90s anda
reductionin costs after albeit with two notable exceptionsAlmost all thehigh-cost projects othe 1970s1990s
era> adzOK | & aA gmenytQ aw 2aYoS Qhay Aal. A | S E (aB8tha inigalsectiod obwl SLotASDHONE |
1, were connected to the corruption scandals Tdngentopolf The reduction in costs observed from the late

1990s ignost likelydue to a combination of factors:

A A major reform of thePublic Works Code in 1994, the Merloni law (1094), the first of a series of
measures gradually implemented and refined over the following decedesntain costs, improve the
transparency of the procurement processrough measureslike referenceunit costs, unitprice
contracts andthe technical scoring of bidsandgreatercompetition withEuropearwide procurement
(see sectiorB.4).

A Thewidespreadadoption of new automationtechnologies allowd for highcapacity rail transit with
narrowerandshortertrains running mordrequenty, whichresulted inanew generation of automated
light metros withlower upfront capital in fixedinfrastructure, built in Turin, Brescia, and Milatarting

inthe early 2000s (sefigure 4.

6 Seeamong othersCalise (2021)
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figure 2.
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Actualized onstruction costén Euros and USD PR year of constiction (middle year of the construction
period) and city.
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