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Abstract

The paper contributes to the debate on the holistic sustainability assessment of real estate
projects, integrating economic, financial, environmental, and social aspects. A methodolog-
ical study is presented to support decision-making processes involving the preferability
ranking of alternative investment scenarios: new building production vs. retrofitting the
existing stock, in the context of urban transformation interventions. The study integrates
life cycle approaches by introducing the social components besides the economic and envi-
ronmental ones. Firstly, a composite unidimensional (monetary) indicator calculation is
illustrated. The sustainability components are internalized in the NPV calculation through
a Discounted Cash-Flow Analysis (DCFA). Life Cycle Costing (LCC) and Life Cycle As-
sessment (LCA) are suggested to assess the economic and environmental impacts, and
the Social Return on Investment (SROI) to assess the intervention’s extra-financial value.
Secondly, a methodology based on multicriteria techniques is proposed. The Hierarchical
Analytical Process (AHP) model is suggested to harmonize various performance indicators.
Focus is placed on the criticalities emerging in both the methodological approaches, while
highlighting the relevance of multidimensional approaches in decision-making processes
and for supporting urban policies and urban resilience.

Keywords: urban resilience; holistic sustainability; building upcycling; multi-criteria
decision models; AHP; life cycle approaches; LCC; discounted cash-flow analysis; SROI

1. Introduction

It is the authors’ intent to clarify the research assumptions -in terms of the general
research topic and specific purposes and goals- on the sustainability evaluation of RE
projects and deal with the integration among economic, environmental, and social aspects.
The evaluation, in particular, is fundamental to informing the decision-making process for
urban transformation interventions.

The paper is part of the debate on the sustainability assessment of real estate projects,
focusing on the role of environmental and social components alongside economic/financial
and social ones, to support decision-making processes. It ranks among the multidisci-
plinary studies for the joint application of approaches and models of analysis, to har-
monize the dimensions and languages that emerge in the identification/quantification
of the effects/impacts of a project, expressed through specific performance indicators of
environmental, economic, social, and quality nature.
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The research framework adopted starts from premises, highlighted in two paragraphs:
Section 1.1 describes the covered general topic, contextualizes the framework, and high-
lights the open research questions; Section 1.2 details the specific objectives of the research,
explicitly stating the direction and purpose of the investigation.

The two paragraphs mentioned introduce the other sections of the paper, which are
articulated as follows. Section 2 details the literature and regulatory background on the
topic. Section 3 illustrates the methodological study, with references to the joint indicator
calculation and the multicriteria approach, with insights into their criticalities. Section 4
presents future research perspectives, and Section 5 concludes.

1.1. The Research Topic: General Framework

The paper argues why the role of evaluation is fundamental in the prefiguration of
optional project scenarios and in the decision-making processes aimed at evaluating and
selecting them, with a view to the eligibility and preferability of solutions. It focuses on
structuring the knowledge framework underlying the application of evaluation tools in
contexts characterised by complexity and uncertainty, from a life cycle perspective. The the-
sis argued—the enabling role of evaluation in a context of multidisciplinary contributions,
aimed at synergistically managing project complexities and supporting decisions—is also
argued through the proposal of multidimensional and multi-objective project sustainability
evaluation methodologies, which attempt to overcome the criticalities of unidimensional
approaches. Indeed, it is assumed that holistic project sustainability assessment cannot
disregard synergic and integrated (not just ‘assembled’) analytical inputs, harmonized
through specific indicators, to support decision-making in all phases of the architectural
project life cycle, and policy-making processes for urban transformations.

The methodological study aims to develop the evaluation equipment for managing
and enhancing urban resilience. In fact, the increasing complexity of urban regeneration,
mainly through building construction and existing building upcycling processes, requires
adopting evaluation tools capable of integrating heterogeneous dimensions, such as envi-
ronmental sustainability, economic/financial efficiency, and social value generated. Linear
Economy decision support models, focused mainly on technical or economic indicators
such as the conventional Discounted Cash-Flow Analysis, are increasingly inadequate to
respond to the plurality of objectives and stakeholders involved in contemporary real estate
development projects.

In fact, there remain some questions that have not yet been sufficiently investigated.
The direction and purpose of the investigation start from these general premises, identifying
specific research objectives, which are explained in Section 1.2.

1.2. The Specific Aims and Goals

It is the intent of the authors to outline two specific research addresses. The method-
ological study is tracked in Section 1.1.

Operatively, the work takes inspiration from a dual methodological address.

The first address can be traced back to the concept of “integrated methodologies” [1,2],
which provides for the simultaneous assessment of the different dimensions of sustainabil-
ity. Centrality is based on the calculation of joint unidimensional (monetary) indicators,
which encompass the monetized components due to the different impacts [3,4]. In this case,
the same objectives are assumed. The second address can be traced back to the concept of
“complementary methodology” [5,6], which provides, as proposed by the United Nations
Environmental Program—UNEDP, the parallel development of approaches for the assess-
ment of the different dimensions of sustainability, indeed on the same objectives, system
boundaries, and functional units. The different contributions can then be harmonized with
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the use of multi-criteria approaches and related multidimensional indicators, identified
from a life cycle perspective.

According to the first address, a methodological approach is illustrated, implying the
use of the life cycle approaches for economic and environmental evaluation, through Life
Cycle Costing (LCC) as formalized in ISO 15686-5:2017 [7], and Life Cycle Assessment
(LCA) as formalized in ISO 14040:2021 [8], respectively. Besides, the Social Return on
Investment (SROI) is aimed at monetizing the social impacts generated by interventions, as
formalized in the guidelines and manuals edited by the Roberts Enterprise Development
Fund and Human Foundation. Operatively, aiming at introducing a holistic perspective in
the investment analysis, the conventional Discounted Cash-flow Analysis (DCFA)—and
the related Net Present Value (NPV) indicator—well established for evaluating project
financial feasibility, is enriched by internalizing environmental and social components.
The global cost and the «global benefit» as reformulated in previous studies from a life
cycle perspective [3,9], are furtherly revised in this work by internalizing the social value
components in the NPV synthetic indicator (comparative) calculation.

According to the second address, a multicriteria methodological scenario is proposed.
The AHP, developed by Saaty in 1980 [10], forms the conceptual core of this second part of
the research, as it is widely recognized as a reference tool for supporting decision-making
processes, based on the hierarchical structuring of complex decisional problems and com-
parative weighting of alternatives [11]. The model’s flexibility has favoured the integration
with the aforementioned approaches, such as the LCC for analyzing costs over the entire
project lifespan, the LCA for the environmental impact measurement, and the SROI for
quantifying the project’s social impacts. LCC and LCA support relevant measurable indica-
tors identified for each criterion to assess economic and environmental impacts, respectively.
DCFA and SROI approaches seek to assess the ratio between total revenues and the inputs
needed to obtain them, and to measure the extra-financial value of an intervention net of
invested resources and budgeting tools, respectively. The combination of these tools allows
the construction of a multidimensional assessment framework, capable of returning in a
harmonized form the environmental, economic, and social impacts associated with urban
interventions involving building production and building upcycling strategies.

The methodological study integrates the framework of synergistic applications be-
tween life cycle approaches, widely shared in the literature, by introducing the component
of social evaluations. Thus, it provides the foundation for defining a methodological frame-
work applicable to building and urban transformation contexts, capable of supporting
informed, transparent, and sustainability-driven decision-making processes.

Considering these premises, this paper firstly seeks to systematize the most recent
scholarly literature on sustainability-oriented decision-making models, with a specific focus
on methodologies that integrate different nature criteria from a life-cycle perspective. The
review focuses in particular on the theorization and application of compound indicators,
and, furtherly, on the evolution and combined application of the key methodological
approaches—AHP, LCC, and SROI—with a focus on the AHP applications. Besides, the
regulatory framework is synthesized, assuming that the analysis fits within the broader
international regulatory and policy framework, in line with standards such as Directive
(EU) 2024/1275 [12], and the goals of the 2030 Agenda for Sustainable Development.

Secondly, methodological reasoning is illustrated, with insights on formal aspects and
assumptions, focusing on issues and criticalities, and hints to future research perspectives.

2. Literature Background

The theoretical framework underpinning this contribution is developed through
a thorough analysis of recent scientific literature, aimed at exploring the integration of
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methodological approaches for evaluating sustainability in urban regeneration and building
construction/upcycling projects.
The literature research follows these steps:

(1) Definition of the objective: focused on identifying multi-criteria approaches for the
integrated (environmental, economic, and social) assessment of urban regeneration
and building upcycling projects;

(2) Definition of the time frame: limited to the period during which joint methodological
applications of AHP, LCA, LCC, and SROI experienced a marked increase;

(3) Selection of documentary sources: identification and systematic querying of online
databases and collection of scientific publications;

(4) Evaluation of selected contributions, conducted through an examination of method-
ological aspects, objectives, application contexts, and analytical tools adopted
in each study.

The selection of contributions covered the period between 2009 and 2025 (current year,
analyzed for the first five months).

The online sources consulted were the international database Scopus, Web of Science,
and Google Scholar. These were queried using logical combinations of both primary
keywords (AHP, LCC, SROI) and secondary ones (urban transformation, sustainability,
cost analysis, social value) to isolate a body of studies aligned with the research objective.
Additionally, keyword combinations were employed to ensure thematic specificity and
interdisciplinarity, avoiding the inclusion of generic or unrelated contributions.

To ensure greater search specificity, keywords were linked using the “AND” operator.

The investigation led to the identification of 41 scientific contributions that, despite
the variety of application contexts, reveal converging trends in the use of joint evaluation
tools. As shown in Figure 1, the selected studies originate from various geographical areas,
including Italy (6 articles), China (5), the United Kingdom (4), Malaysia (2), Poland (1),
Germany (1), and other countries, highlighting a global interest in the topics addressed.
Some studies focus on the economic (LCC—14 articles) and sustainability (LCA—S8 articles)
assessment of infrastructures and industrial processes, while others analyze social value in
cultural and environmental sectors (SROI—12 articles; AHP—17 articles). The integration of
various analytical methodologies allows for addressing the complexity of decision-making
in fields related to urban transformation, planning, and regeneration.

Region

Methodology

Figure 1. Results of the literature review: a graphical representation (the number in parentheses
represents the number of articles found for those years and countries.). Source: Authors’ elaboration.
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The identified articles were classified based on the methodological combinations
employed to assess the degree of integration among the main analytical approaches adopted.
As shown in Table 1, the most frequently adopted combination is AHP-LCC (13 articles),
followed by AHP-SROI (3 articles) and SROI-LCC (1 article). Specifically, AHP is used in
studies ranging from the evaluation of urban infrastructure to waste management and rural
development, suggesting its flexibility in supporting decision-making processes. LCA and
LCC are often used together, particularly in the building and industrial sectors, reflecting
growing attention to the environmental and economic dimensions of sustainability. The
SROI approach stands out for its contribution to assessing social impact, especially in
contexts such as social enterprises, cultural organizations, and urban area development.

Table 1. Bibliographic references emerging from the review, selected as most relevant to the analysis

conducted, and the approaches adopted in them. Source: Authors’ elaboration.

Approaches
Authors Year Topic SROI AHP LCC LCA
H. Yi, H. Wen-Jie [13] 2009 Elec;ﬁﬁﬁggg‘gi";and v v
F. Mulubrhan et al. [14] 2014 Decision making v v
E. Plebankiewicz et al. [15] 2015 Building development v v v
K. J. Watson, T. Whitley [16] 2017 Building development v
E. Vigano, G. Lombardo [17] 2018 Involvement for a cultural asset v
T. Opher et al. [18] 2018 Urban development v v v
Glombartoctsl (9] Soewemandie
M. Bottero et al. [20] 2019 Urban development v v
C. Xuetal. [21] 2019 Green and grey infrastructures v v
E. Fregonara, C. Coscia [22] 2019 Valori e Valutazioni v v
Z.Zhou et al. [23] 2019 Solid waste management v v v
P. Courtney, J. Powell [24] 2020 Rural development v
D. -]. Kim, Y.-S Ji [25] 2020 Sustainable social enterprises v v
R. F. Hunter et al. [26] 2020 Urban development v
C.S. Saenz [27] 2021 Sustainable social enterprises v v
A. Ariza-Montes et al. [28] 2021 Involvement for a cultural asset v
O. El Hadidi et al. [29] 2022 Industrial buildings v v
R. Abu et al. [30] 2022 Food waste v v v
C. Tate et al. [31] 2023 Urban development v
E. E. Vasiliu et al. [32] 2024 Urban development v
P Song et al. [33] 2024 E“fiﬁ;{ﬁfg’éﬁ}fg?jﬁg@m of v v v
R. Cerchione et al. [34] 2024 Sustainability Assessment v v v
P. Ghorbannezhad et al. [35] 2024 Furniture manufacturing sector v v
T. H. Dinh, T.T.D. Nguyen [36] 2024 Infrastructures v v v
S. Liu et. al. [37] 2024 Infrastructures v v
F. Basset et al. [38] 2025 Rural development v v
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The literature reveals a clear consensus on the effectiveness of AHP in breaking
down complex problems into hierarchical structures, organizing decision-making criteria,
and assigning relative weights to alternative options. Its flexibility makes it particularly
suitable for integration with life cycle—oriented approaches. Studies such as those by [18,21]
demonstrate how the integration of AHP and LCC enables the evaluation of hybrid (green
and grey) infrastructure effectiveness in urban water management, highlighting the need
for solutions that balance economic efficiency with environmental resilience.

Similarly, applications in waste management [23,30] and industrial production [35]
confirm the utility of these tools for integrated evaluation of alternative scenarios—not
only in terms of costs and benefits, but also regarding environmental and social impacts.
Cerchione et al. [34] introduce the use of predictive technologies and computational models
to enhance the analytical capabilities of traditional methods, paving the way for hybridiza-
tion between qualitative and quantitative approaches. In the construction sector, the
analysis of contributions by [15,29,33] demonstrates that the combined use of AHP and
LCC is particularly effective in supporting decisions within highly complex contexts, often
characterized by regulatory, economic, and environmental constraints. El Hadidi et al. [29]
structured a life cycle cost assessment for industrial buildings in Egypt, concluding that
operational costs account for more than half of total expenditures and that the design
phase should explicitly consider these recurring burdens. Plebankiewicz et al. [15], work-
ing within the Central European context, highlight methodological fragmentation across
countries and the need for common standards, while [33], in the Chinese context, devel-
oped a system of multidimensional indicators weighted through AHP to support energy
retrofit policies.

Despite the lower frequency of SROI applications in the reviewed literature, the studies
that do apply it [16], Courtney et al. [24] underscore its potential to quantify the social value
generated by interventions not only in the built environment but also in cultural, health,
and community sectors. SROI’s ability to provide an economic measure of intangible
impacts—such as social cohesion, inclusion, and well-being—makes it a valuable tool for
incorporating the social dimension into decision-making processes. However, its systematic
application remains limited due to several challenges, including high data requirements,
variability in monetization proxies, and subjectivity in defining outcomes.

The literature background established for this study has helped to highlight key
methodological advances made between 2009 and 2025 (current year) in the field of urban
and building sustainability assessment. The adoption of joint approaches, particularly
the combination of AHP and LCC, emerges as an effective response to the increasing
complexity of decision-making related to land transformation and the management of the
built environment. A significant finding of the analysis is that none of the reviewed studies
used all analytical approaches simultaneously, nor were there any cases in which at least
three methods were applied in combination. Each contribution tends to adopt a binary
combination of tools. This represents a significant methodological limitation, as it indicates
a fragmented approach to sustainability assessment, with poor integration between the
social, environmental, and economic dimensions.

AHP remains a versatile tool for hierarchical structuring of decision criteria, but it
remains subject to significant subjectivity. The LCC approach allows for an accurate as-
sessment of cost dynamics across the entire life cycle, although it is heavily influenced by
forecasting assumptions. LCA provides methodologically sound measures of environmen-
tal impacts, but its effectiveness is often limited by the availability of reliable data. Finally,
SROI represents a significant attempt to monetize social impacts, although it presents
challenges related to standardization and replicability. From this perspective, the method-
ological fragmentation emerging from the literature reduces the transferability of results
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and hinders their application in complex decision-making processes. This underscores the
need to direct research toward the construction of truly integrated frameworks, capable of
combining scientific rigor and operational feasibility, to support more systemic, transparent,
and comparable decisions.

Indeed, the integration of heterogeneous approaches, such as SROI for the social
dimension, LCA for the environmental dimension, and LCC for the economic dimension,
enhances decision-making by enabling policymakers, planners, and investors to prioritize
interventions that generate the greatest overall value for communities, thereby supporting
more resilient and sustainable urban strategies.

Based on the evidence emerging from the relevant literature, two main methodologi-
cal directions for sustainability assessment are outlined: on the one hand, the integrated
approach, which involves the combination of multiple tools within a unified analytical
framework for the simultaneous assessment of economic, environmental and social di-
mensions; and on the other hand, the complementary approach, in which the different
methodologies are applied separately but synergistically, often at separate moments in the
decision-making process. The integrated approach is characterized by greater methodolog-
ical consistency and allows for the development of more robust multidimensional analyses,
for example, through the use of composite indicators and shared weighting schemes. How-
ever, the literature review shows that most studies adopt a complementary perspective,
placing different tools side by side without full structural integration.

This trend reflects a certain fragmentation in the evaluation approach, which may
compromise the effectiveness of analyses in representing the complexity of sustainability-
related phenomena. At the same time, this evidence opens up a relevant space for future
research, which could move toward the definition of integrated methodological frameworks
capable of combining tools such as AHP, LCC, LCA, and SRO], thus fostering more holistic,
transparent, and systemic sustainability-oriented decision-making processes, as will be
discussed in the next sections of this work.

3. Methodological Addresses

As anticipated in the Introduction and based on the scientific background outlined in
Section 2, this section illustrates the methodological approaches, discussing the criticalities
of the integrated and complementary approaches.

3.1. The Integrated Approach

Based on the aforementioned concept of an integrated approach, this subsection devel-
ops the reasoning formalized in previous works [3,9], based on the following assumptions.

Firstly, the Global Cost concept (EN 15459:2007 Standard and Guidelines accompanying
Commission Delegated Regulation (EU) No 244 /2012 [39]), formalized in Equation (1):

Co(t) = Ci+ X Y0y (Cai (1) % Ra(i)) = V()] M
]

where: Cg(7) represents the Global Cost, referred to as the initial year 7, C; the initial
investment costs in year 0, C, ;(j) the annual cost at the year 7 for the j component (including
running costs and periodic or replacement costs), R4 (i) the discount factor at year i, Vi . (j)
the final value of the j component at the end of the calculation period (referred to as the
initial year 7). Notice that V. (j) represents the residual value and that it should be
discounted by multiplying it by the discount factor (Rf).
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Secondly, the synthetic economic-environmental indicator obtained through the joint
application of the LCA and the LCC, encompassing recycled materials, dismantling, and
waste produced, as formalized in Equation (2):

N : .
CoEneno = C1+Cee + Cec + ) 1 (Cpy +Cr) X Ry(i)+ (Cam + Cap — Vi) X Ry(i) )

where: CGrpEny is the Life Cycle Cost encompassing environmental and economic indica-
tors; C; is the investment cost; Cgg is the cost related to EE; Cgc is the cost associated with
the EC; Cy, is the maintenance cost, C; is the replacement cost; Cz,,, and Cap the dismantling
and disposal cost respectively; V; is the residual value; ¢ is the year in which the cost
occurred and N the number of years of the analysis; R; is the discount factor.

Thirdly, the centrality of the end-of-life stage and the building’s final value, which can
be positive or negative.

Then, the concept of Global Benefit as proposed in [40], representing the sum of
the incomes from investment in a building reconstruction/retrofitting, incorporates the
energy-environmental value components of the existing building. Energy-environmental
value components are monetized through the embodied residual energy, potentially reused
in a building’s upcycling process, and through the quantity of CO, embodied in mate-
rial/component/system production and operation, potentially saved /avoided by building
recycling in place of building dismantling and reconstruction, as formalized in Equation (3):

N . .
BeknEno = Vir + Ven+Veno + Y 1 (Rrevenue) X Ra(i) + Vi X Ry(i) 3)

where: Bgpqpnp represents the economic-energy-environmental Global Benefit, Vi, is the
market value of the asset under transformation, V,;, is the residual energy value, and Veny
is the environmental value (avoided EC). Rreyenye is the income from the market, ¢ the year
in which the income occurred, and N is the number of years considered for the analysis;
V, is the residual value, and Rj is the discount factor. Notice that the choice to calculate
Global Benefit by summing the impacts using linear equations is due to two main reasons.
First, to be consistent with the functional form of the Global Cost calculation. Second, to
be consistent with the DCFA model. Any other relationships or different weights to be
assigned to the components will be the subject of subsequent refinements to the model.
Lastly, the DCFA-NPV calculation according to the Global Cost and Global Benefit
concepts, formalized by including externalities throughout the life cycle, as in Equation (4):

BgEnEnv - CgEnEmi

(1+7r)" @

NPV =T,

This last can be further developed by considering two different scenarios: the retrofit
(upcycling) of the existing building and the demolition-reconstruction scenario, as in
Equations (5) and (6):

B j C j

o gEnEnvRetrofit gEnEnvRetrofit
NPV_Z“[( (147" )( (T+r)" ﬂ ©
NPV = n BgEnEaneconstr CgEnEaneconstr 6
- Zt:l (1+7)" o (14" 6)

Notice that in the Equations (5) and (6) ' represents the financial or market rate
(conventional ‘time preference’ rate) and '’ represents the ‘environmental hurdle rate.” The
use of the hurdle rate is due to its capacity to model the expectations of future knowledge
(for example, the technology development), as illustrated in previous studies [40—43].
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Assuming these premises, a further step is proposed in this paper aiming at completing
the calculation internalizing the social component, in terms of social value from a life cycle
perspective. Thus, the complete model results as in Equation (7):

N . .
BgEnEnvSoc = Vtr + Ven"'venv + Vsoc + Zt:l (RRevenue) X Rd(l) + Vr X Rd(l) (7)

Consequently, the final indicator results as in the following Equation (8):

BgEnEnvsoc — CgEnEnos
R e gEnEnvSoc gEnEnvSoc
NPV =3 " A" ®)
and, analogously to the previous scenarios, the NPV can be formalized in the Equations (9)
and (10):
B ‘ ‘
§ENEnvSoc Rero fit CgEnEnvSocRetrofzt )
NPV =Y -~ 9
L K (1+7)" > ( (T4rm)" ®)
NPV — Zn BgEnEnvSocRgmnstr . CgEnEnvSocReconstr (10)
t=1 (1 +rl)” (1 +r//)”

For clearness, the operative modality is schematized in Figure 2.

n B ‘
NPV = 9GENENWSOC potrofit CgEnEnvsocRetrofit
B (I+r)m U @a+rm
t=1 € LCC (Global Cost)

’ LCA (residual
v \

EE
n S ’
NPV = BgEnEnvSnn'RecanS" _ CgEnEnvSm'Reconstr avoided EC)
B i a+r)m 1+rmm

oo SROI:
ZH]@ Social Return on
Investment

=)o

Figure 2. Internalization of economic, environmental, and social components into the DCFA model
and NPV formalization.

Considering the measurement vulnerabilities of the variables, a risk and uncertainty
analysis is lastly suggested, through, for example, a Sensitivity Analysis for detecting
the perturbation of model input over the model output (the NPV indicator). This last
calculation phase, commonly adopted in financial and economic model applications [44], is
particularly crucial when, as in this case, environmental and social variables are involved.

Despite the potentialities of the approach, several criticalities emerge, as discussed
in Section 3.3.

3.2. The Complementary Approach

In this subsection, a reasoning is presented by assuming the previously mentioned
concept of the complementary approach.

In premises, the concept of evaluation is conceived as a process applied simultaneously
to a finite number of alternatives, of a cyclical and retroactive nature, strictly dependent
on the problems addressed, on time, on the organizational context of reference, and on
knowledge. The logical steps of the decision process are summarized in the following
Figure 3, in which: step 1 consists of identifying the objective of the analysis, which is
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to obtain the preferability ranking among design alternatives; step 2 is intended for the
identification/selection of alternatives with the support of a set of criteria identified in
step 3, which provides for the attribution of weights to the criteria; step 4 provides for the
application of the analysis, the production of results, and the final decision.

— Identification of the problem(s), needs to the goal

— Identification of the options

Identification of the criteria (or parameters, or
— attributes), calculation of the relative indicators,
measurable, and the assignment of weights

- Analysis of the options

- Scoring and ranking of the options

- Interpretation of the results and decision

Figure 3. Evaluation process: iterative workflow.

Specifically, among the wide number of MCDA approaches, the focus is placed on
the AHP by R. W. Saaty [9], one of the most widespread multi-criteria techniques, due to
its effectiveness in the treatment of complex, non-linear problems, capable of structuring
the variables of the problem in the form of a hierarchy from which preference orders
are obtained. Furthermore, it allows for producing both qualitative and quantitative
evaluations. In addition to these characteristics, the AHP approach is selected from the
multiplicity of available multi-criteria techniques for continuity with previous studies [22].
Decisions involving environmental and social, as well as economic and financial, spheres
are characterized by a high level of complexity. Therefore, it is necessary to employ a
particularly flexible, structured multi-criteria evaluation method capable of simultaneously
addressing qualitative and quantitative variables. Furthermore, the approach adopted
must be capable of addressing subjective components in the decision-making process and
supporting the comparison of different perspectives. For these reasons, as well as for
its simplicity of application, the AHP approach is selected from among those available,
drawing on numerous previous studies in a variety of contexts and, above all, for its
potential for joint applications with life cycle approaches.

As is known, the AHP method is based on three fundamental axioms, which corre-
spond to as many operational phases [10,45-47]: (1) Principle of decomposition, based
on which the data of the problem being evaluated is broken down into its fundamental
components. Operationally, this principle involves the identification of a set of criteria,
eventual sub-criteria, and alternatives, structured according to a hierarchical method;
(2) Principle of comparative judgments, based on which the pairwise comparison is de-
veloped, aimed at obtaining a scale of priorities between the alternatives for each level of
the hierarchy. This principle allows the identification of the priorities of the elements of
each level of the hierarchy, through the comparison in pairs of the elements of each level
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with each element of the higher level considered as a comparison criterion. Each binary
relation is assigned a positive real number that corresponds to a value judgment, based
on Saaty’s “fundamental scale”; (3) Principle of synthesis of priorities, based on which
we proceed with the calculation of the priority orderings. By calculating the principal
eigenvector of each previously produced pairwise comparison matrix, priority scales or
weights are produced until the final ranking of preferability of the options is obtained.

In the case under examination, the hypothesis is assumed to compare alternatives that
differ in terms of the technological scenarios for new building production or upcycling of the
existing stock, compatible with the energy performance levels required by the norms, but
with different cost amounts and relative environmental and social impacts. The operating
method uses life cycle approaches to support the phases of identification/selection of
project options, based on preliminary economic, environmental, and social assessments,
considering the entire life cycle “from cradle to grave”. Precisely, the methodology uses a set
of criteria and related measurable indicators for quantifying the economic-environmental-
social sustainability parameters, based on life cycle approaches.

Notice that in this paper, attention is paid to the final phase of ordering the alternatives
(building construction vs. building upcycling projects). Usually, this is explained more in
terms of reaching the technical compromise, while, on the contrary, it would be desirable to
reach the “social compromise”. For this reason, a crucial importance is given to the social
sustainability component in the decision-making process. Indeed, AHP can be effectively
adopted for ordering the criteria weights or importance, as well as for ranking a set of
specific indicators previously identified, even as a preliminary step for further analysis
applications. Summing up, the objective, the set of criteria, related measurable indicators,
and operative modalities for their calculation are synthesized in the following Table 2.

Table 2. AHP objective, criteria, measurable indicators, and related calculation approaches.

Identification of the Preferable (Effective and Sustainable)

Objective Project Option
Criteria Financial Economic Environmental Social
Feasibility Sustainability Sustainability Sustainability
Evaluation Approach DCFA LCC LCA SROI
. NPC, NPV, NS, SIR,
Measurable Indicators NPV, IRR, PBP AIRR, PBP EE, EC, GW SROI Index

In the following sub-sections, a synthesis of each criterion and related measurable
indicator is presented.

3.2.1. “Financial Feasibility” Criterion

The Financial Feasibility criterion is configured as a quantitative parameter, aimed at
allowing the comparison between project alternatives on the basis of measurable indicators
of economic sustainability. These indicators, expressed in monetary terms and updated
over time, can be quantified through the Discounted Cash Flow Analysis (DCFA) and
include [48,49].

e  The Net Present Value (NPV): it measures the net increase in value generated by the
project, calculating the difference between the discounted benefits and the discounted
costs. In addition, it consists of the discounted sum of cash flows at the initial time
and makes it possible to estimate the possible increase in wealth that the promoter
could achieve by implementing the investment. The investment is feasible when the
NPV is positive, when revenues exceed costs;
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e  The Internal Rate of Return (IRR) represents the discount rate at which the NPV cancels
out and indicates the intrinsic profitability of the project. IRR corresponds to the value
of the rate for which the condition NPV = 0 is verified, i.e., the maximum acceptable
rate, beyond which the investor would begin to incur losses. The feasibility of the
investment is confirmed when the IRR has a value higher than the discount rate used
for the calculation of the NPV, and at the same time is higher than a threshold value
equal to the minimum profitability acceptable to the investor;

e  The Payback Period (PBP) identifies the time interval within which the project fully
repays the initial investment. The investment will be feasible if the smaller PBP is in
relation to the size and type of the project.

The operational articulation of the DCFA analysis consists of two main phases:

1.  The modeling and quantification of cash flows, through an analytical structuring of
costs and revenues over time;

2. The synthetic assessment of economic performance, through standardized indicators
of profitability and financial sustainability.

The first phase involves the detailed definition of the economic variables that make up
the incoming and outgoing flows. Especially:

e  Project costs are identified, distinguishing between direct costs (purchase of materials,
labor, equipment) and indirect costs (overheads, financial charges, administrative costs);

o  The expected revenues are estimated, which may be derived from the sale of the final
products or the operational management of the assets generated by the project;

e  The time profile of the cash flows is determined, establishing the time horizon in which
the outcomes (investment phase) and the income (economic return phase) occur, in
line with the schedule of the activities and with sales or management forecasts.

Subsequently, the DCFA goes on to define an appropriate discount rate, which sum-
marizes both the specific risk of the project and the concept of the opportunity cost of
capital, i.e., the expected return of investment alternatives with a similar risk profile. This
parameter is a key element for the transformation of future flows into comparable present
values. Finally, a sensitivity assessment and scenario analysis are carried out to test the
robustness of the investment with respect to changes in critical variables, such as the level
of revenues or operating costs. The outcome of this analysis makes it possible to identify the
most efficient design configuration from an economic-financial point of view, supporting
strategic decisions based on quantitative evidence.

3.2.2. “Economic Sustainability” Criterion

The Economic Sustainability criterion is quantified through LCC, which is a method-
ology codified in the international standard ISO 15686-5:2008 and which constitutes the
methodological reference for evaluating costs throughout the life cycle of a work or a
construction system.

The LCC approach takes the form of a tool for technical-economic evaluation based
on objective and standardized quantification of the costs associated with each phase of
the life cycle of a product, process, or service. LCC involves comparing a base scenario,
representing the conventional technological solution, with one or more alternative scenarios,
characterized by optimized configurations in terms of technical-functional efficiency. The
main objective of the LCC is to identify the most efficient techno-economic configuration in
the long run, considering all phases of the life cycle: initial investment costs, operational
and maintenance costs, up to decommissioning or end-of-life costs [50].

The LCC takes the form of a tool for technical-economic evaluation based on objective
and standardized quantification of the costs associated with each phase of the life cycle of
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a product, process, or service. LCC involves comparing a base scenario, representing the
conventional technological solution, with one or more alternative scenarios, characterized
by optimized configurations in terms of technical-functional efficiency. The main objective
of the LCC is to identify the most efficient techno-economic configuration in the long run,
considering all phases of the life cycle: initial investment costs, operational and maintenance
costs, up to decommissioning or end-of-life costs [50].

The LCC makes use of the calculation of quantitative economic indicators, expressed
in monetary, temporal, or relative units, which allow for an objective and comparative
evaluation of the technical solutions analyzed. These indicators make it possible to estimate
the overall economic efficiency of design alternatives throughout the life cycle of a product,
service, or system, supporting informed choices oriented toward cost optimization and
sustainable resource management.

The main indicators applied in the LCC context are:

e  Net Present Value (NPV): represents the discounted value of costs over the entire time
horizon, also taking into account indirect or “non-cost” components (e.g., operational
savings, intangible benefits, residual value, positive cash flows);

e  Net Present Cost (NPC): a variant of NPV that only considers discounted costs, useful
for evaluations focused on direct economic comparison;

e Pay-Back Period (PBP): expresses the number of years required for the savings ob-
tained to compensate for the initial investment, assuming constant and undiscounted
cash flows;

e Discounted Pay-Back Period (DPB): an extension of the PBP that considers the dis-
counting of cash flows, making it possible to determine the pay-back period of the
investment under more realistic economic conditions;

e  Net Saving (NS) and Net Benefit (NB): measure the net economic margin of an alterna-
tive scenario compared to the reference scenario, evaluating the difference between
the discounted costs of the two solutions. A positive value indicates greater economic
benefit of the alternative scenario;

e  Saving to Investment Ratio (SIR): evaluates the ratio between the economic savings
obtained in the operational phase and the additional investment required;

e Adjusted Internal Rate of Return (AIRR): measures the adjusted rate of return, in-
cluding the effect of intermediate reinvestments, useful for comparative evaluations
between projects with different durations and expenditure profiles.

The calculation of these indicators allows for a sound and articulated analysis, which
makes it possible to:

Minimize overall costs (NPV, NPC);

Define the temporal profitability of the investment (PBP, DPB);

Estimate the net economic effectiveness between project scenarios (NS, NB);

Assess the economic sustainability of technological solutions (SIR);

Maximize the overall return on investment (AIRR).

Methodologically, the application of the LCC is divided into fifteen operational steps,
which guide the analysis along a structured and comprehensive path [51]. This articulated
process ensures a comprehensive, transparent, and replicable LCC analysis that can provide
valuable decision support in the technical project and economic-strategic spheres.

3.2.3. “Environmental Sustainability” Criterion

The environmental sustainability criterion is based on the application of the LCA (Life
Cycle Assessment) methodology, which is internationally recognized and standardized
by ISO 14040 and ISO 14044 [52]. This approach allows for a systematic, objective, and
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comparable assessment of the environmental impacts associated with the entire life cycle
of a product, process, or service from a “cradle-to-grave” perspective.

The analysis considers input flows (raw materials, energy) and output flows (emis-
sions, waste), returning a holistic view of the environmental performance of the system
studied. Quantification of environmental impacts is done through indicators that describe
the state of the environment and its effects on humans, ecosystems, and materials, as well
as representing environmental pressures, driving forces, and systemic responses [53].

Among the numerous indicators available, this study considers the following:

o  Global warming;
e Embodied Energy;
e Embodied Carbon.

The four main phases of LCA, as defined by ISO, include:

1. The definition of the objective and scope, which specifies functional unit, system
boundaries, assumptions, and limits;

2. Inventory Analysis (LCI), which involves quantifying the material and energy fluxes
of the system;

3. The Environmental Impact Assessment (LCIA), in which these data are converted
into environmental indicators according to consolidated methodologies [52,54];

4. The interpretation of the results, which integrates the data obtained to identify the
prevailing environmental contributions (“hotspots”) and makes recommendations for
the reduction of impacts [55].

In the application field, the method makes use of advanced digital tools and databases
such as Ecoinvent, Gabi, SimaPro, and Open LCA, and is used in specific sectoral areas such
as construction, supported by the UNI EN 15804:2019 [56] and UNI EN 15978:2011 [57]. The
European Commission, through the Joint Research Centre (JRC), has developed technical
manuals known as ILCD (International Reference Life Cycle Data System), in order to
ensure quality, methodological consistency, and interoperability of data [58].

From a modelling point of view, two approaches are distinguished: attributive, of
a descriptive and accounting nature, which statically attributes a portion of the environ-
mental load to each process within the system boundaries [52]; and the more recently
formulated consequential (formalized in 2011), which aims to assess the changes in global
environmental impacts resulting from specific decision-making changes. The conceptual
difference between the two models lies in the ability of the consequential model to esti-
mate the marginal effects of decisions over the life cycle, making it particularly useful for
prospective and public policy support studies.

The LCA approach is configured as an indispensable analytical tool in sustainable
design, in the definition of corporate environmental strategies, and in the support of regula-
tory decisions, responding to the three fundamental pillars of sustainability: environmental,
economic, and social [6].

3.2.4. “Social Sustainability” Criterion

The “Social Sustainability” criterion explicitly refers to the SROI index, which is
quantitative, calculated according to a numerical index that represents a sort of “efficiency”
index. It measures an entity or organization’s ability to transform the resources invested
into actions capable of generating a social impact. The reference to the “efficiency index”
refers to the theoretical background of the Cost-Benefit Analysis [59,60], with a view to
integration concerning the sole “Effectiveness criterion”. This conceptual meaning is made
explicit through the ratio of two numerical indicators of the NPV and the NPVI, calculated
through the CBA and the proxy analysis. The reference is the CBA combined with methods
and approaches that take into account the multidimensional qualitative-quantitative aspects
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of the processes of stakeholder involvement and detection of needs, preferences, behaviors,
and responsibilities, as well as numerical indicators (financial proxies) that recall the sectors
that can benefit from the social impacts. This index is the ratio between the Generated Value
(valorization of results) and Invested Value (invested inputs). To calculate the ratio on a
percentage basis, it is first necessary to calculate the NPV and to relate it to the Invested
Value (input), as indicated below:

SROI Index % = [(Total Value of Benefits — Investment)/Investment] x 100  (11)
which can be summarized as:
NPV (Net Present Value)/NPVI (Net Present Value Investment) (12)

The SROI ratio is closely linked to the definition of the SROI approach: “a framework
for measuring and accounting for a much broader concept of value; it seeks to reduce
inequality and environmental degradation and improve wellbeing by incorporating social,
environmental and economic costs and benefits” [61].

The mathematical formula stated is the result of some translation steps from a qualita-
tive to a quantitative nature, thanks to the use of proxies. Indeed, to calculate the SROI ratio,
recent contributions [62] agree in indicating that each impact should be evaluated through
the use of 4 types of proxy criteria, which must be planned into a time interval defined by
the analyst: (i) deadweight defined as the measure of the quantity of outcome that would
have occurred even if the activity had not taken place; (ii) attribution, i.e., the evaluation of
how much of the outcome comes from the contribution of other organizations or people;
(iii) displacement, i.e., how much what is a benefit for a given group of stakeholders may
have the opposite effect on another group of stakeholders; (iv) drop-off, i.e., the quantity of
the outcome will likely decrease over time.

There is currently no codification or standard for LCC and LCA. However, references
remain to guidelines from third-sector and Government bodies, such as the Roberts En-
terprise Development Fund in the USA [63], which provide examples for evaluating the
monetization of employment services programs [64].

After the identification of the case study on which to apply it, the calculation of the
SROI ratio is placed in a specific phase of a complex process (point 5), illustrated in the
guidelines according to the following structure:

1. Mapping and identification of stakeholders: application of mapping models and
launching surveys through different tools and methods, ranging from the administra-
tion of online questionnaires [16,19], face-to-face interviews [24,27], focus groups [32];

2. Mapping of outcomes: identification of the changes that are to be achieved thanks to
the involvement of stakeholders;

3. Monetization of outcomes with value attribution: financial proxies assign monetary
value to the outcomes;

4.  Establish the impact: the impact is calculated for each of the outcomes, taking into
account the external overestimation factors mentioned in point 3;

5. Calculation of the SROI ratio;

6.  Share the results with other stakeholders.

Despite the limitations that have emerged (see Section 3.3, the few experiments suggest
that the SROI methodology can represent a significant value for organizations interested
in evaluating and optimizing the effects of their projects in the long term, thus providing
solid support for more informed and responsible decisions.

In the context of the SROI calculation, recent experiments have focused on the cal-
culation of proxies, making use of both co-participatory activities within the accounting
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system to mitigate standardized deficiencies, and methods of analysis and consultation of
demand (of the qualitative, quantitative, or qualitative-quantitative nature), broken down
into different targets and end users of impacts. Interesting operational approaches are those
that refer to face-to-face interviews [17,19,24,27,28,38] and the use of focus groups [20,38],
up to the administration of questionnaires [16,25,26,32] and the application of methods
such as the Delphi Method [25] or more strictly linked to management such as the Business
Model Canvas [38].

The continued evolution of the method, together with its integration with other
analytical techniques, as suggested in this contribution, could help to overcome the cur-
rent critical issues, further improving the effectiveness of SROI in promoting positive
change in communities and organizations globally. In this sense, the application of in-
tegrated techniques can provide innovative contributions to address contemporary chal-
lenges, including social ones, focusing the evaluation steps on the following points of
attention: (1) the identification, in terms of forecasting and responsibility, of the changes
generated by the interventions; (2) the circular monitoring of the values generated by the
investment; (3) the signing of a “responsibility pact” between the interested parties from
the initial stages of the processes [60].

3.3. Criticalities

Besides the potentialities, the models’ integrated /complementary adoption according
to the aforementioned methodological paths also implies issues and criticalities. In general,
the integration of LCC, LCA, and SROI implies criticalities mostly related to the following
three main aspects:

1. The presence of differences in the model’s output, sometimes even conflictual, for
example, the preferable scenario under the economic viewpoint can be less preferable
in comparison to the environmental or social ones. In this regard, in recent years,
a line of research has developed studies dedicated to exploring methodologies—in
particular those of a multi-criteria nature—for the harmonization of outputs produced
by different analyses. Furtherly, different results derive from different objects and
targets assumed for the analysis;

2. The difficulty in monetizing the impacts not directly expressed in monetary terms
(precisely, environmental and social impacts). Even in this context, a line of research
is exploring possible solutions for identifying a shared unit of measure, such as the
contribution of Thiebat [6].

3. The model joint application processes are resource-intensive in terms of time, human
resources, and financial costs, especially due to the data collection phases. Cruciality
is due to data sources, frequently deriving from different datasets. Contextually, there
is a certain degree of complexity due to the presence of different units of measurement,
assumed in modeling the economic, environmental, and social inputs.

These general issues are accompanied by a series of more specific difficulties of
an operational nature. For example, the time horizons assumed for the analysis appli-
cation can be sensibly different, or, concerning the LCA approach, the financial discounting
is not expected, whilst it represents a fundamental step in LCC application. The LCC and
LCA approaches are based on quantitative input data, whilst the SROI approach must inte-
grate quantitative, semi-quantitative, and qualitative data to translate them quantitatively.
The SROI results may depend on input data strictly related to the economic value of the
processes, generated by their outcomes.

As said before, these problems have been the subject of attention by researchers
for some time. A separate discussion concerns the conjunction of life cycle models
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joint application with the SROI, for which specific “additional” problems emerge, as
mentioned below.

SROI Critical Issue and Criticalities

Concerning the SROI calculation, critical issues emerge which can be traced back to
what Olsen and Lingane [65] (p. 13) state: “SROI” cannot and should not be used as the
sole indicator of social performance, in the same way that ROl is not used as a sole indicator
of financial performance”, since SROI ratios need to be interpreted against depending on
the approach adopted and complemented with additional information. In fact, the process
that leads to the SROI index calculation involves various methodological choices, such as
the definition of stakeholders, the selection of benefits to be considered, and the calculation
method, which can influence the final result. These complexities are underlined by [66] and,
in recent debates, are also linked to attempts at experimentation not only in the third sector.
In synthesis, the conceptual-operational issues that remain unresolved can be classified
into four macro-questions:

1.  The subjectivity in the definition and quantification of inputs (financial, human,
material resources) necessary to produce social benefits

2. The difficulty of measuring social benefits and impacts with a view to their monetiza-
tion: the complexity is highlighted in obtaining values capable of accurately capturing
social impacts (many are considered intangible) or comparing different entities ac-
cording to a common metric. SROI can lead, on the one hand, to a simplification of
reality, focusing only on social benefits measurable in economic terms and neglecting
other important aspects; on the other hand, it can lead to overestimating the benefits;

3. The absence of a shared standardization in the process of identifying proxy variables,
strictly necessary in the construction of the SROI index;

4. The technical step of calculating the SROI index is strictly linked to the temporality of
effects, in particular, the linearity of social returns and the issue of discount rates [67].
Common approaches involve discounting monetary or even non-monetary returns
with an interest rate in the range of base rates. The time variable is a critical factor
in at least two respects: (a) the deterioration of results over time (the proxy criteria
drop-off) can influence the calculation of the SROI, especially for projects with a
limited duration; (b) the discount rate used to calculate the SROI can influence the
final result, especially for projects with long-term benefits.

4. Research Perspectives

The criticalities highlighted in Section 3.3 demonstrate how using one method or the
other cannot comprehensively resolve the evaluation problem. It is therefore hypothesized
that an effective solution could be the use of both approaches in synergy. For example,
by applying the complementary approach supported by AHP, it is possible to analyze the
weights of criteria, or sets of measurable (or qualitative) indicators, arriving at importance
rankings that can support the interpretation of the results obtained through the calculation
of joint indicators. Alternatively, the joint indicator can be included in the set of criteria in
the AHP application, or it can be adopted as the objective of the AHP application itself.

In other words, the logical path summarized in Figure 4, where a distinction is made
between an integrated approach and a complementary approach, is nothing other than the
basis for further “application schemes” based on appropriate alternations of analysis, the
logical sequence of which is defined according to the object of the evaluation, the available
data, and the actors involved.
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Figure 4. Evaluation process according to integrated /complementary approach.

According to a multimethodological perspective, to exemplify the possible synergies
between the approaches and aiming at reducing their critical issues highlighted in the
previous section, we refer to future applications on concrete cases or simulations, currently
under development.

On one side, considering that “AHP proved an effective method for aggregating
the multiple sustainability criteria” [18], the use of AHP is currently under testing in
conjunction with LCC, LCA, and SRO], after an initial phase devoted to the selection of
the criteria and related indicators set. The criteria weight is defined by considering the
stakeholders involved in the decision-making problem.

On the other side, the composite indicator will be quantified by introducing different
weights to each sustainability impact, according to the results of the previous phase of
the analysis. Operationally, assigning weights to the criteria can be obtained by adopting
a system of diverse discount rates. Attention is posed on the Environmental Hurdle
Rate approach, illustrated in [41]. As is known, this last is based on the “hurdle rate
principle” which adopts different rate values given the degree of the negative contribution
to the environment produced by each input variable. It represents—in the case of the
environmental sustainability component—an alternative to the financial (conventional)
discount rate, founded on the time preference principle. Analogously, different rates can be
identified for the other sustainability dimensions.

According to this proposal—which effectiveness is going to be verified—the AHP
represents a rational approach for defining the weight of different discount rate values
in relation to each sustainability dimension, otherwise arbitrarily defined or, in any case,
assigned with a certain degree of subjectivity. On the contrary, the Hurdle Rate application
can represent an operative modality to operationalize the AHP results, expressed through
the priority vector.

5. Conclusions

The proposal, already in its phase of reconnaissance of the literature background, has
highlighted its contribution to the updating of the debate on the evaluation of the holistic
sustainability of real estate projects. Consolidated aspects have emerged, but also areas
that are not yet fully explored, for the joint applications of the techniques recalled here. In
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particular, there is a gap regarding the integrated use of AHP-LCC-SROI approaches, due
to the complexity of harmonizing the three environmental, economic, and social indicators
within a life cycle-oriented evaluation framework. The literature review, carried out on
the state of the art and on the theoretical background, in support of the methodological
proposal, clearly highlights both the growing—and not fully explored—importance of the
social dimension, and the increasingly urgent need for multidimensional approaches in
decision-making processes in the presence of social components. It is clear how holistic and
integrated analyses are crucial for sustainable construction and heritage upcycling projects,
in support of urban policies and urban resilience.

The reasoning that has been conducted here is linked to the simulation of a process of
choice assistance, in support of the identification of the preferred project option (effective
and sustainable). This has led to leaning towards the methodological assumption of the
integrated approach, based on a set of multi-dimensional criteria, related measurable
indicators, and operational modalities to calculate the indicators themselves (“Financial
Feasibility” criterion, “Economic Sustainability” criterion, “Environmental Sustainability”
criterion, and Social Sustainability” criterion). There are still opportunities for further
investigation regarding the theoretical operational criticalities within the calculation and
measurement processes of each criterion and regarding new application contexts. Some
criticalities still need to be overcome in the calculation phase, through synthetic indicators
of the economic, financial, environmental, and social components: their internalization in
the NPV calculation through a Discounted Cash-Flow Analysis (DCFA), implying a certain
complexity in impact monetizing phases, besides other criticalities.

In each case, the methodological proposal of a double research direction (the inte-
grated methodological proposal and the complementary methodological proposal) seems
to be an interesting trajectory, albeit double, about: (1) degrees of advancement in the
scientific debate, (2) potential new lines of research in a holistic dimension and supported
by synergistic applications and (3) focus on the need for technical insights—necessary in
the development of the decision-making process—on the social dimension for heritage
upcycling and building construction.
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