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Preface

These 10 volumes (LNCS volumes 12949–12958) consist of the peer-reviewed papers
from the 21st International Conference on Computational Science and Its Applications
(ICCSA 2021) which took place during September 13–16, 2021. By virtue of the
vaccination campaign conducted in various countries around the world, we decided to
try a hybrid conference, with some of the delegates attending in person at the
University of Cagliari and others attending in virtual mode, reproducing the infras-
tructure established last year.

This year’s edition was a successful continuation of the ICCSA conference series,
which was also held as a virtual event in 2020, and previously held in Saint Petersburg,
Russia (2019), Melbourne, Australia (2018), Trieste, Italy (2017), Beijing. China
(2016), Banff, Canada (2015), Guimaraes, Portugal (2014), Ho Chi Minh City, Viet-
nam (2013), Salvador, Brazil (2012), Santander, Spain (2011), Fukuoka, Japan (2010),
Suwon, South Korea (2009), Perugia, Italy (2008), Kuala Lumpur, Malaysia (2007),
Glasgow, UK (2006), Singapore (2005), Assisi, Italy (2004), Montreal, Canada (2003),
and (as ICCS) Amsterdam, The Netherlands (2002) and San Francisco, USA (2001).

Computational science is the main pillar of most of the present research on
understanding and solving complex problems. It plays a unique role in exploiting
innovative ICT technologies and in the development of industrial and commercial
applications. The ICCSA conference series provides a venue for researchers and
industry practitioners to discuss new ideas, to share complex problems and their
solutions, and to shape new trends in computational science.

Apart from the six main conference tracks, ICCSA 2021 also included 52 work-
shops in various areas of computational sciences, ranging from computational science
technologies to specific areas of computational sciences, such as software engineering,
security, machine learning and artificial intelligence, blockchain technologies, and
applications in many fields. In total, we accepted 494 papers, giving an acceptance rate
of 30%, of which 18 papers were short papers and 6 were published open access. We
would like to express our appreciation for the workshop chairs and co-chairs for their
hard work and dedication.

The success of the ICCSA conference series in general, and of ICCSA 2021 in
particular, vitally depends on the support of many people: authors, presenters, partic-
ipants, keynote speakers, workshop chairs, session chairs, organizing committee
members, student volunteers, Program Committee members, advisory committee
members, international liaison chairs, reviewers, and others in various roles. We take
this opportunity to wholehartedly thank them all.

We also wish to thank Springer for publishing the proceedings, for sponsoring some
of the best paper awards, and for their kind assistance and cooperation during the
editing process.



We cordially invite you to visit the ICCSA website https://iccsa.org where you can
find all the relevant information about this interesting and exciting event.

September 2021 Osvaldo Gervasi
Beniamino Murgante

Sanjay Misra
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Welcome Message from the Organizers

COVID-19 has continued to alter our plans for organizing the ICCSA 2021 conference,
so although vaccination plans are progressing worldwide, the spread of virus variants
still forces us into a period of profound uncertainty. Only a very limited number of
participants were able to enjoy the beauty of Sardinia and Cagliari in particular,
rediscovering the immense pleasure of meeting again, albeit safely spaced out. The
social events, in which we rediscovered the ancient values that abound on this won-
derful island and in this city, gave us even more strength and hope for the future. For
the management of the virtual part of the conference, we consolidated the methods,
organization, and infrastructure of ICCSA 2020.

The technological infrastructure was based on open source software, with the
addition of the streaming channels on YouTube. In particular, we used Jitsi (jitsi.org)
for videoconferencing, Riot (riot.im) together with Matrix (matrix.org) for chat and
ansynchronous communication, and Jibri (github.com/jitsi/jibri) for streaming live
sessions to YouTube.

Seven Jitsi servers were set up, one for each parallel session. The participants of the
sessions were helped and assisted by eight student volunteers (from the universities of
Cagliari, Florence, Perugia, and Bari), who provided technical support and ensured
smooth running of the conference proceedings.

The implementation of the software infrastructure and the technical coordination
of the volunteers were carried out by Damiano Perri and Marco Simonetti.

Our warmest thanks go to all the student volunteers, to the technical coordinators,
and to the development communities of Jitsi, Jibri, Riot, and Matrix, who made their
terrific platforms available as open source software.

A big thank you goes to all of the 450 speakers, many of whom showed an enor-
mous collaborative spirit, sometimes participating and presenting at almost prohibitive
times of the day, given that the participants of this year’s conference came from 58
countries scattered over many time zones of the globe.

Finally, we would like to thank Google for letting us stream all the live events via
YouTube. In addition to lightening the load of our Jitsi servers, this allowed us to
record the event and to be able to review the most exciting moments of the conference.

Ivan Blečić
Chiara Garau

https://jitsi.org/
https://riot.im/app/
https://matrix.org/
https://github.com/jitsi/jibri
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Workshop on Advanced and Computational Methods for Earth Science
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Sponsoring Organizations

ICCSA 2021 would not have been possible without the tremendous support of many
organizations and institutions, for which all organizers and participants of ICCSA 2021
express their sincere gratitude:

Springer International Publishing AG, Germany
(https://www.springer.com)

Computers Open Access Journal
(https://www.mdpi.com/journal/computers)

IEEE Italy Section, Italy
(https://italy.ieeer8.org/)

Centre-North Italy Chapter IEEE GRSS, Italy
(https://cispio.diet.uniroma1.it/marzano/ieee-grs/
index.html)

Italy Section of the Computer Society, Italy
(https://site.ieee.org/italy-cs/)

University of Perugia, Italy
(https://www.unipg.it)

University of Cagliari, Italy
(https://unica.it/)
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University of Basilicata, Italy
(http://www.unibas.it)

Monash University, Australia
(https://www.monash.edu/)

Kyushu Sangyo University, Japan
(https://www.kyusan-u.ac.jp/)

University of Minho, Portugal
(https://www.uminho.pt/)

Scientific Association Transport Infrastructures,
Italy
(https://www.stradeeautostrade.it/associazioni-e-
organizzazioni/asit-associazione-scientifica-
infrastrutture-trasporto/)

Regione Sardegna, Italy
(https://regione.sardegna.it/)

Comune di Cagliari, Italy
(https://www.comune.cagliari.it/)

Città Metropolitana di Cagliari

Cagliari Accessibility Lab (CAL)
(https://www.unica.it/unica/it/cagliari_
accessibility_lab.page/)
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Abstract. In the present research the risks matrix related to a transformation
intervention to be carried out through the Project Financing (PF) operational tool,
has been developed. With reference to the expansion and management of the
cemetery of a small town located in Southern Italy, the identification and allocation
of the risks among the parties involved – private investor andPublicAdministration
– have been implemented. Furthermore, the verification of the feasibility by the
Public Administration in the use of the PF operational tool has been performed, by
analyzing the results obtained by the project proposer subject in financial terms.
The risk assessment constitutes a support tool for the public Administration in the
decision-making processes aimed to evaluate the PF proposals by the proposer
subject in order to ensure an appropriate and detailed investigation on the Public
Private Partnershipsmechanism and to avoid complications and contingencies that
could lead to initiative failure. In this sense, the present analysis allows to evaluate
the advantages for public and private subjects to use the PFmechanism in bridging
the existing gulf between the scarce public resources and the investment demand
of expansion and/or redevelopment of urban cemeteries.

Keywords: Public-Private Partnership · Project Financing · Expansion
intervention ·Municipal cemeteries · New realization project · Small town ·
Risks matrix · Business plan

1 Introduction

In the context of the Public Private Partnerships (PPP), the Project Financing (PF) con-
stitutes an increasingly being used operational tool for regions and municipalities able
to bridge the gap between the available financial resources and the investment needs for
the realization and/or redevelopment of infrastructures and collective services [1–3, 11].
Moreover, the PF allows to channel the efficiency and the qualitative standard of the
private sector in the renovation of public interest properties and abandoned areas located
on urban territory.
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In general terms, the PF represents a complex procedure in which different fields are
involved – legislative, economic and financial –. The Public Administration may use it in
order to carry out projects with great technical difficulties and high capital requirement.
The PF, in fact, is a contractual tool intended to ensure the cooperation between public
entities and private investors in the context of initiative for the territorial development
[16].

The satisfaction of the public interest deriving from the realization of the infrastruc-
ture is verified without direct public financial burdens. Thus, the central feature of the
PF mechanism concerns the financial backing of the planned investments by the private
investor, i.e. the design phase and the realization, in exchange for the project direct or
indirect management.

Therefore, the financing procedure is not adaptable to all initiatives that require high
investments, but only to those able of generating profits, in order to ensure the positive
financial balance for the private investor in terms of profit deriving from the cash flows
related to the intervention higher than the zero value.

In general, in PPP procedures the public subject has to assess not exclusively the
public interest related to the proposal, but to verify its financial feasibility to include the
project in the interventions to be realized planning [14].

In the context of the cemetery construction, the PF has over time become a procedural
tool implemented by Public Administration for realization andmanagement of cemetery
areas, especially due to the convenience in financial and risks terms [8, 17].

The progressive involvement of private sector in projects related to cemetery spaces
attests the growing interest in the PF able to allow also the small towns’ public entities,
unable to bear the required costs for the renovate or expansion of cemeteries, to outsource
the redevelopment and management of these.

In the Italian context, the dimensions reached by PF market in the cemetery sector
in terms of number of started interventions and activated investments are significant -
i.e. among the most relevant are mentioned the projects realized in the cities of Foligno
(2003),Avellino (2005), Taranto (2004),CastelMaggiore (2005), Sassari (2007), Pescara
(2007), Messina (2008), Latina (2007), Potenza (2009), Venosa (2009), etc. [5].

Through the PF contractual mechanism, the public subjects could obtain a savings
in economic and administrative terms. During the concession period, in fact, the Public
Administrationmonitors the agreement performance, as it does not be directly concerned
with the niches construction and management. Furthermore, the long-term duration of
the public private cooperation allows the Public Administration to avoid the congestion
risk of cemeteries and, consequently, to prevent sanitary criticality associated to it. From
the private point of view, the interest in PF projects regards the low construction and
management costs, the certainty of market demand stability, the competitor absence,
operating in a monopoly regime with no other economic operators.

2 Aim

The present research concerns the framework outlined. The paper concerns the appli-
cation of the PF procedure to a case study related to the expansion of the municipal
cemetery of a small town located in Southern Italy.
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The work aims to analyze the procedure for the identification and allocation of the
risks associated to the realization and management of PF project among the parties
involved – Public Administration and private investor. Furthermore, with reference to
the mentioned transformation project, the work intends to verify the feasibility by the
Public Administration in the use of the PF operational tool by analyzing the assessment
carried out by the proposer subject. The present study has been developed by the authors
and commissioned by Public Administration for assessing the effectiveness in the use
of PF procedure for the initiative considered.

In this sense, the results of the research could be a support tool for the Public Admin-
istration in the decision-making processes aimed to evaluate the PF proposal by the
proposer subject in order to ensure an appropriate and detailed investigation on the PPP
mechanism. An effective study on the construction, profitability and demand risks of the
initiative and a proper description of the economic and financial balance risk represent
central phases in the PF convenience assessment.

The paper is structured as follows. In Sect. 3 the different risk typologies connected
to a PPP realization and/or renovation project according to Italian legislative references
have been illustrated. In Sect. 4 the case study, related to the expansion and the manage-
ment of the cemetery of a small town located in Southern Italy to be carried out through
the PF procedure, has been described. In Sect. 5, the matrix of the main risks associated
to the project realization and management considered has been developed to validate the
PF initiative. Finally in Sect. 6 the conclusions of the work have been reported.

3 The Risks Assessment

In the existing literature concerning the PPP operational tools for urban redevelopment
interventions analysis, several contributions are aimed to define the risks for the parties
involved in the transformation initiative – public subjects and private investors [4, 9,
12]. In the Italian context of the PPP operational tools, the National Anti-Corruption
Authority (ANAC) Guidelines No. 9 indicate the distribution and allocation of initiative
risks between the parties involved on the basis of their respective risk management com-
petences [15]. In particular, the ANAC Guidelines No. 9 point out that the contracting
authorities have to identify and assess the specific construction and management risks
by allocating them to the subjects with the highest control capacities of them. This is
confirmed in the reference literature aimed at analyzing the risks components of a PPP
projects: for example, Iyer and Sagheer [10] have pointed out that the initiative success
depends on the efficient risks transfer to the sector that can best manage them or Grim-
sey and Lewis [7] have analyzed the risks of PPP arrangements from the perspectives
of the various parties, by explaining the contractual relations between the subjects in
infrastructure projects and the most performing mechanisms of distributing risks during
different phases of the project.

Furthermore, in order to assess the subject ability tomanage each risk, the verification
of the possibility to adopt suitable measures for the reduction of likely negative effects,
i.e. insurance policies, shall be carried out.

The Guidelines include the risks matrix among the PPP contract documents, aimed
at regulating ex-ante modalities and limits for the project financial economic conditions
review.
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The risks analysis provides to the public administrations a greater awareness of the
critical issues that could be arise during the concession period and helps to strengthen
the bargaining among the subjects involved – private and public –. In this sense, the
risks matrix is part of the made up of contest documents for the tenders evaluation aimed
to support the decision processes for the transformation investment implementation.
Furthermore, during the execution phase, this document allows the public subject for an
adequate monitor on the risks transfer and retention.

In the Italian legislative context, the arts. 3 par. 1 and 180 par. 3 of Legislative Decree
No. 50/2016 [13] highlight that in PPP contracts the risk transfer to the private sector
implies the allocation to this subject to the construction, availability and demand risks
for the entire procedure period. These risk typologies are included in operative risk, i.e.
associated to the management of works or services from the demand or the supply side
or both points of view.

Moreover, the construction risk, as defined in art. 3 par. 1 of Legislative Decree
No. 50/16, is related to delay in delivery times, non-compliance with project standards,
increased costs, technical problems and failure to finish the planned work. With regards
to this risk category, the ANAC Guidelines No. 9 include the specific risks connected
to i) the design phase, for the occurrence of necessary project variations, resulting from
design errors or omissions, such as to significantly affect the time and costs of carrying
out the work; ii) an project execution that does not conform to the initial project, linked
to failure to comply with the fixed standards; iii) an increase in the cost of production
factors or inadequacy or unavailability of those planned in the project; iv) a wrong
costs and construction times assessment; v) the contractual breaches by suppliers and
subcontractors; vi) the unreliability and inadequacy of the technology used.

The availability risk, as defined in art. 3 par. 1 of Legislative Decree No. 50/16, is
associated to the ability, on the part of the concessionaire, to provide the agreed con-
tractual services, both in terms of volume and expected quality standards. The ANAC
Guidelines include the risk items related to i) an extraordinary and not foreseen main-
tenance, deriving from inadequate design or construction, with a consequent increase
in costs; ii) a non-compliance with the performance indicators of the structure or the
services provided; iii) the total or partial unavailability of the asset and/or of the services
to be provided.

In cases of profitable activities, the risk of demand for the services provided for, is
associated to the lack of users and, therefore, of cash flows to be obtained in operational
phase. The specific risks included in this risks typology concerns i) the contraction
in market demand in terms of a reduction in overall demand for this service; ii) the
contraction in specific demand, linked to the occurrence in the reference market of a
competitive supply from other operators that negatively affects the current demand.

The attainment of the economic-financial balance (arts. 180, par. 7 and 165 pars. 3,
4, 5 of Legislative Decree 50/2016) represents the fundamental condition for the correct
allocation of construction, availability and demand risks in PPP procures. Defined as
the simultaneous presence of economic convenience and financial sustainability con-
ditions - art. 3, par. 1 of Legislative Decree 50/2016 -, the economic-financial balance
allows to ensure the project capacity to create value during the contract period and to
generate an adequate profitability level for the invested capital (economic convenience)
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and to generate sufficient cash flows to guarantee the initial capital repayment (financial
sustainability).

The ANACGuidelines report the main performance indicators for the verification of
the economic-financial balance of the initiative - Net Present Value (NPV), Internal Rate
of Return (IRR), Revenues and Costs Ratio (R/C), Debt Service Cover Ratio (DSCR)
and Long Life Cover Ratio (LLCR).

The initiative bankability strongly affects the risks connected to an economic-
financial imbalance: the resources availability to cover costs on the financial market
in fixed time, the sustainability of these resources and the reasonable return on invested
capital constitute the funding risk.

With reference to the financial risk, i.e. the risk of an increase in interest rates
and/or failure to repay one or more loan installments, with a consequent costs rise or the
impossibility of continuing the operation, the analysis of this risk component provides
for the assumption of different progressively increasing interest rates to assess effects
the main on the economic-financial balance, in terms of performance indicators results.

The whole PPP intervention risks assessment includes the risks connected to the
obtaining permits (opinions, licenses, authorizations, etc.) from public and private enti-
ties. In this risk category, the commissioning risk is the likelihood that the work will
not have approval, from other public subjects or from the community (stakeholders with
regard to the intervention to be carried out), with consequent i) delays in the realization,
ii) occurrence of controversies, or in extreme cases, iii) failure of the of the awarding or
the entire PPP procedure.

The administrative risk is connected to the considerable delay or refusal in the grant-
ing of authorizations by competent public and private entities, or also to the granting of
authorizations with additional requirements, by causing delays in the realization phases.

Furthermore, the expropriation risk concerns delays deriving from expropriation
operations or higher costs of expropriation due to wrong planning and/or estimation.

In the same risk category, the environmental and/or archaeological risk is linked
to the soil characteristics, to the possible reclamation due to soil contamination and to
archaeological finds, thereby delays in the project realization and increases in costs
for environmental remediation or archaeological protection. Finally, the legislative-
political-regulatory risk derives from variations in the normative framework and from
programmatic policy decisions that cannot be contractually foreseen, by causing increase
in costs for adaptation.

The summary of the risks system related to the transformation and management
projects carried out through the PF operation tool is rounded off by the default risk
– i.e. the likelihood that users are unable to pay the price of the services offered -, the
residual value risk – associated to the return of the asset characterized by a lower market
value compared to that expected at the end of contractual relationship -, the technical
obsoleteness risk – i.e. linked to the faster obsoleteness of plants, by determining higher
maintenance costs -, the above and below service interference risk – connected to the
different typologies services in the part interested by the intervention (electricity, cables,
fiber optics, etc.).

In Table 1 a synthetic overview of the main risk categories illustrated is reported.
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Table 1. The main risk categories in PPP projects

Operative risk

Construction risk Design risk

Risk of project execution

Risk of increase in production factors cost

Risk of wrong costs and construction times assessment

Risk of contractual breaches by suppliers and subcontractors

Risk of unreliability and inadequacy of the technology used

Availability risk Risk of extraordinary and not foreseen maintenance

Performance risk

Risks of the asset total or partial unavailability

Risk of demand Risk of contraction in market demand

Risk of contraction in specific demand

Risk of economic-financial imbalance

Funding risk

Financial risk

Residual value risk

Commissioning risk

Administrative risk

Expropriation risk

Environmental and/or archaeological risk

Legislative-political-regulatory risk

Default risk

Technical obsoleteness risk

Interference risk

4 Case Study

The case study concerns a hypothesis of project financing for the construction of niches
and the management for a period of twenty years of the municipal cemetery of a small
town located in Southern Italy. The town covers an area of about 40 km2, with a
population just over 25,000 inhabitants.

4.1 Description of the Cemetery Expansion and Management Project

The project proposed provides for the construction of cemetery niches in the area estab-
lished for the expansion of the municipal cemetery and their subsequent management.
The initiative plays a strategic role for the small town due to the current needs, equal to
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476 niches, and to the centrality of this service for the community, as confirmed by the
inclusion of the intervention in the Municipal 2017–2019 public works Programming
Document.

In particular, the project concerns the realization of 3,968 niches divided into five
lots – lot A composed by 812 niches to be built in the first year of the management
period, lot B of 2,176 in the second year of the management period, lot C of 140 niches
in the fourteenth year of the management period, lot D1 constituted by 448 niches to be
realized in the fifteenth year of the entire period considered equal to twenty years and
lot D2 of 392 niches in the seventeenth year.

The niches will be built with reinforced concrete walls on a continuous foundation
consisting of a reinforced concrete slab. The external shell and the tombstones will be
built by using of local materials and the roof will be protected by two layers of water-
proofing membrane. The project also provides for the modernization of the pedestrian
viability through a paving in pressed bricks, such as to those already existing in other
cemetery areas. The trees in the area intended to the niches in lot D will be explanted
and replanted in a suitable cemetery spaces.

The project envisages different measures aimed at optimizing management costs,
such as the inclusion of votive LED lights, and at allowing the accessibility to the people
with low modality, thanks to the absence of architectural barriers and to the presence of
an electric vehicle to facilitate the users’ movement.

4.2 The PF Procedure

The hypothesis assumed is that the Public Administration and a private investor conclude
an onerous and written agreement for a fixed time period - equal to twenty years -, in
order to expand and manage the municipal cemetery. The PF procedure provides that the
new construction interventions are carried out by the private investor, in exchange for
the temporary use of the new portion of cemetery for the fixed time period. In particular,
under this assumption the private investor bears the realization costs and manages the
new cemetery portion for the entire twenty-year concession period. The revenue items
for the private investor will derive from the niches concession, whereas for the Public
Administration a royalty equal to 250 e for each niche has been defined to be paid.

The verification of the effective use of PF in terms of financial feasibility from the
private investor point of view related to intervention is carried out through the cash flows
analysis.

With reference to the case study analyzed, the cash flow analysis has been devel-
oped by proposer subject and it shall be validated by the authors to verify the outputs
obtained in terms of intervention profitability and risks. Starting from themarket demand
description, by considering the resident population trend and the National Institute of
Statistics (ISTAT) mortality and birth rates [18] (Fig. 1), in the cash flows analysis, for
each concession year, the costs (investment and management) and the revenues have
been assessed and the performance indicators have been determined.

Finally, for the assessment of the risk linked to the economic-financial balance, a
cash flows analysis, named new analysis, has been developed. It should be observed that
some hypothesis have been borrowed from the proposer subject analysis, as considered
valid: if a different hypothesis has been introduced in the Manuscript it is highlighted.
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Fig. 1. Number of deaths detected and estimated

Thus, with reference to the case study, the main assumptions of the new analysis can
be summarized as follows:

• the period of the analysis is equal to twenty years;
• the construction costs are assessed by considering the unitary costs reported in
Regional Price List of Public Works of the year 2019. In the absence of the uni-
tary price, the new realization costs are assessed by price lists of public and private
works, currently used in the Region and by the data reported in the “Building typol-
ogy prices” list [6], and are validated by consulting local operators and construction
companies. Moreover, the unitary construction cost related to the case study cemetery
project niches is consistent with the parametric unitary costs related to other similar
Italian cemetery projects, recently built. In the proposer subject cash flows analysis
the total construction cost was assessed equal to 3,500,000e, whereas in the new cash
flows analysis the total construction cost assessed is 3,700,000 e, by determining a
percentage variation equal to ±6%. In particular, in the new analysis the estimated
amounts for the different project components are higher compared those calculated
by the proposer subject, with increases that vary from +4% to +14%, by depending
on the lots (Fig. 2). This variation is in line with the difference in spending capacity
between an ordinary investor, i.e. the cost assessment related to the reference price
lists, and the specific investor, i.e. the proposer subject.

• the 36% of the investment costs related to the niches realizations intervention are
borrowed from a credit institution, through a 20-year mortgage to be returned through
constant annual down payments with an interest rate equal to 5.00%;
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Fig. 2. Comparison between costs estimated by the proposer subject and costs assessed through
the price lists

• the technical costs – for the definitive plan, a draft convention, the economic-financial
plan, the specification of the service characteristic and of the management – are
assessed equal to 60,000 e;

• the general expanses – including the fees for specialized technicians and professionals,
the costs of the insurance for the construction phase, etc. – are assessed equal to
100,000 e;

• the management costs include the expenses for equipment, the ordinary mainte-
nance costs, the personnel and insurance costs, the expenses for utilities. These costs
are assessed by considering those currently borne by Public Administration for the
existing cemetery portion;

• the revenue items concern the niches concession and the services as burial, bones-
washing, votive lights, etc. The revenues are determined following the demand curve
assessed. The market demand depends on two main factors: i) the number of deaths
expected during the concession period, by deducting the burials, cremations or dead to
be placed in private chapels ii) the previousmarket demand (476 niches). Therefore, on
the basis of the estimations carried out, the annual deaths number has been estimated
equal to 162, i.e. the annual expected average deaths number - equal to 190 – reduced
by 15% by considering the potential cremations, burials and dead to be placed in
private chapels. The amount estimated is different from the proposer subject analysis
(180 niches/year) and represents a prudential initial data for the cash flow assessment.
With regards to the tariffs implemented by the proposer subject in his analysis for
the niches concession and for installation of slabs and accessories are equal to 2,500
– 2,600 e/niche. This amount is consistent with the current ordinarily tariffs charged
in the specific reference context by Public Administration and, therefore, they are
retained in the new analysis;

• for each niche, a royalty equal to 250 e has been defined to be paid to the Public
Administration: this monetary amount is include in the tariff paid for the niches
concession;
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• the discounting rate is fixed equal to 7% (in proposer subject analysis it was set equal
to 5%). This amount has been determined taking into account the risks of similar
initiatives in the reference market.

Finally, the comparison between the performance indicators – NPV, IRR and R/C-
assessed in the new analysis and those determined by proposer subject has been per-
formed, in order to verify the financial feasibility of the initiative in stressed situations
(with more prudential assumptions).

In Table 2, the NPV, IRR and R/C obtained in the new analysis and in the proposer
subject analysis are reported.

Table 2. Performance indicators determined in proposer subject analysis and in the new analysis.

Indicator Proposer subject analysis New analysis

NPV (e) 2,100,000 1,200,000

IRR 36.2% 32.4%

R/C 1.5 1.2

It should be observed that the economic-financial balance is ensure in the stressed sit-
uation assumed in the new analysis. However, the likelihood that the economic-financial
balance is not ensured is high, by considering a possible variation of the taxes and duties
system, of regulatory framework, the longer time for the granting of authorizations and
unforeseen geological or geotechnical characteristics.

5 The Risks Matrix

In order to assess the different risk categories related to the expansion and management
project of the cemetery considered in the present analysis, the matrix risks has been
developed.

The Table 3 reports a framework of the main risk typologies connected to the project.
The investigation allows to carry out an exhaustive analysis of the risks transfer to the
various subjects involved in the initiative – private and public sectors -, by explaining
the likely root causes, the specific strategic measures aimed at avoiding or, at least, at
reducing the effects of negative phenomenon.With reference to each risk item illustrated
in Sect. 3 of the present paper, in the Table 2 a qualitative indication of the likelihood
that it occurs, the economic effects deriving from its occurrence and the subject to whom
the risk is transferred are shown. In particular, the likelihood of each risk occurring has
been evaluated by using a verbal scale, as such indicated by ANAC Guidelines No. 9
– nil, minimum, low, medium and high. The assessment process by which the likelihood
of risk has been measured, is included in the Table through a synthetic description of the
specific aspect of the intervention: thus, the each intervention critical issue and weakness
is explored in order to identify and manage the most complex and risky elements of the
PF initiative considered.
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Table 3. Risks matrix related to the cemetery expansion and management project.

Risk typology Likelihood of risk occurring Economic
effects assessed

Subject to
whom the
risk is
transferred

Project design and execution
risks

Low
The standardized building typology,
associated to specific construction
indications, makes it unlikely
dissimilarities between the project
planned and the work completed

+8% of the
construction
costs

Private

Risk of increase in production
factors cost and risk of wrong
costs and construction times
assessment

Medium-low
The technical specifications of the
project detect a low level of
technical-realization complexity.
However, in a concession period of
twenty years a costs increase is
plausible

+6% of the
assessed costs

Private

Risk of the contractual
breaches by suppliers and
sub-contractors

Not estimated Private

Risks of unreliability and
inadequacy of the technology
used

Nil
The construction technologies are
easy to implement and the plant
component is limited, consolidated
and widespread

Risk of an extraordinary and
not foreseen maintenance

High
In the PF proposal carried out by
proposer subject there is no explicit
reference to extraordinary
maintenance. However, in the
ordinary maintenance, to be borne by
the private investor, only the
interventions aimed at contrasting the
ordinary usury of structures and
plant, the equipment and cleaning
materials costs are included

+1% of the
assessed costs

Public

Performance and asset total or
partial unavailability risks

Low
The construction complexity is
limited and the proposer subject is
suitable for the project realization
both in terms of quantity and
expected quality standards. The
management model is consistent with
similar activities carried out in
nearby towns by the proposer subject

Private

(continued)
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Table 3. (continued)

Risk typology Likelihood of risk occurring Economic
effects assessed

Subject to
whom the
risk is
transferred

Risk of contraction in market
demand

Medium-low
As a precaution, in the assessment
the widespread phenomenon of
requesting a concession for niches
before actual use has not been
considered

In the proposer
subject analysis
(180
niches/year) at
the last
concession
period 414
unallocated
niches will be,
i.e. a foregone
revenues of
about 870,000
e for the
private investor
and a loss of
royalty of about
100,000 e for
the Public
Administration

Private
and public

Risk of contraction in specific
demand

Nil
There are no possible competitors:
the regime provided is unilateral
monopoly characterized by a single
supplier (i.e. the Public
Administration through the private
investor) and numerous applicants
(i.e. the relatives of the deceaseds)

Risk of economic-financial
imbalance

High
The likelihood that the
economic-financial balance is not
determined is high, by considering a
possible variation of the taxes and
duties system, of regulatory
framework, the longer time for the
granting of authorisations and
unforeseen geological or
geotechnical characteristics

NPV: −1
million e TIR:
−4%

Public

Funding risk Medium
The credit institution shall declare its
interest and availability to finance the
initiative, by specifying the monetary
amount

+1.4 million e Private

Financial risk Low
The possibility related to an increase
of interest taxes is remote, as it is
connected to macroeconomic
conditions variations

+100,000 e of
interests for
increasing of
interest rate of
50 bps

Private

(continued)
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Table 3. (continued)

Risk typology Likelihood of risk occurring Economic
effects assessed

Subject to
whom the
risk is
transferred

Residual value risk Medium-low
Assuming i)162 niches/year granted,
ii) 500 e/niches for the tariff for the
renewal of the concession contract
after the period of 99 years, iii) 7%
for the discounting rate fixed, at the
end of the concession the residual
value is equal about to 4,795 e, to
which correspond a present value of
1,240 (1 January 2021). At the end of
concession period, the management
and maintenence costs will not bear
to Public Administration but they
will bear to another private subject.
In the residual value assessment,
possible niches not granted for which
the full concession tariffs, in addition
to the royalty equal to 250 e for the
Public Administration, have not been
considered

At the end of
the concession,
the proposer
subject assumes
that all niches
will be granted.
The residual
value is
constituted
exclusively by
the discounted
value deriving
from the
renewal of the
concession for a
further 99 years,
in compliance
with the
provisions of
Presidential
Decree
285/1990

Commissioning risk Low
There are no public entities that can
hinder the project implementation
and the community has informally
expressed a positive opinion on the
initiative, given the existing
unsatisfied demand

Public

Administrative risk Low
The intended use of the property laid
down in land-use plan is consistent
with the function planned in the
intervention

Public

Expropriation risk Almost nil
It is not necessary to proceed to
expropriation since the area is already
intended to municipal cemetery

Public

(continued)
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Table 3. (continued)

Risk typology Likelihood of risk occurring Economic
effects assessed

Subject to
whom the
risk is
transferred

Environmental and/or
archaeological risk

Low
There are no environmental
constraints and, given the intended
use and location of the intervention
area, there is no incompatibility
between the project and the land use

Public

Legislative-political-regulatory
risk

Almost nil
The unsatisfied need to expand the
municipal cemetery and the absence
of costs to be borne by public subject
make nil this risk typology

Public

Default risk Medium-high
Although the proposed tariffs are
consistent with those current applied
by Public Administration for the
niches concession, the tariffs review
mechanism defined by proposer
subject afford to uncontrollably
increase them

Public

Technical obsoleteness risk Low
The planned plants will built with
consolidated construction
technologies: there is no risk of
technical obsolescence, especially by
considering effective maintenance
interventions measures

Public

Interference risk Almost nil
In the area intervention, the presence
of various services (electricity,
cables, fiber optics, etc.) is confirmed
by official documents

Public

6 Conclusions

In the PPP context, the PF operational tool represents an effective procedure to carry
out cemetery expansion, new realization and/or redevelopment interventions in Italian
cities. The risks matrix constitutes a fundamental document among those place made up
of contest, as it is relevant for the proposal/proposals assessment. The identification of the
risks associated to the project and the explanation of the each risk occurring likelihood
allows to analyze in a detailed manner the initiative and to allocate the different risks
typology between the subjects involved – Public Administration and private investor.
Furthermore, the risks matrix helps a constant monitoring of risks retention during the
construction and management phases in order to avoid or, at least, to reduce the effects
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of negative occurrences that could led to the initiative failure, i.e. increase in costs or
construction time or, in extreme case, interruption of the works.

The case study considered in the present research has concerned a hypothesis of
project financing for the construction of niches and the management for a period of
twenty years of the municipal cemetery of a small town located in Southern Italy. For
each risk category, as regulated by Italian legislative references (Legislative Decree No.
50/2016 and ANAC Guidelines No. 9) the likelihood of its occurring has been assessed
by using a verbal scale, in order i) to provide for an exhaustive framework of the different
project components, ii) to give specific indications to the Public Administration and the
private investor about the respective risk items that should check and iii) to support the
risk management phase. The research has pointed out the relevance of risks assessment
from the preliminary design stages able to identify likely critical issues of the project
and to define the PPP agreement terms for parties involved. In particular, it should be
highlighted that the low risk of the intervention – due to the absence of demand risk, to
the constructive simplicity, etc. - allows the PF to be a useful tool for the construction
andmanagement of cemetery projects, as confirmed by the numerous situations in which
it has been applied. Further insights of the research may concern the development of a
more detailed Cost-Benefit analysis for the social impacts investigation of the initiative.
As the case study shows, the main limitations of the risk matrix concern: i) the use of
verbal sentences which could be inadequately interpreted; ii) the absence of a summary
indicator of the various risk typologies. To overcome these limits an improvement of risks
matrix could be carried out, for example by assessing the likelihood of risks occurring
through quantitative measures and indicators and by aggregating the results through a
multi-criteria approach, in order to compare different project proposals too.
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