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Abstract - This paper proposes a sustainable and systemic model for the transition from traditional Total
Cost Management (TCM) practices toward a broader and more integrated Systemic Value Management (SVM)
framework, incorporating Environmental, Social, and Governance (ESG) criteria. Building on previous work
within the AICE/ICEC Scientific Commission, the study introduces the concept of a general utility function
as a unifying and quantifiable measure capable of integrating economic, financial, social, environmental, and
institutional dimensions in project assessment. The proposed approach aims to provide a rational foundation
for comparing, ranking, and optimizing projects in complex socio-economic environments where traditional
financial indicators alone are insufficient. The methodology combines established project evaluation tools
(e.g., NPV, IRR, ROI, DSCR, BEP) with social and environmental indicators into a single multidimensional
utility function. Each domain contributes a weighted component, normalized within a [0, 1] range, allowing
dynamic updates of weights through experience, expert judgment, or data-driven learning. This aggregation
model enables both multi-criteria optimization and sensitivity analysis, revealing how variations in weights or
component utilities affect overall project ranking and robustness. In this sense, the proposed model serves not
only as an evaluative tool but also as a framework for iterative improvement and adaptive management across
multiple domains. The paper further demonstrates how Multidimensional Data Analysis (MDA)—including
Principal Component Analysis (PCA), Factor Analysis, Multivariate Regression, and Machine Learning—can
be employed to empirically derive or calibrate the partial utilities and weights that constitute the general
utility function. This integration between MDA and utility theory establishes a data-informed pathway for
constructing systemic value models that evolve through continuous feedback from real-world projects. An
illustrative example, implemented both in textual and spreadsheet formats, shows how the approach can be
applied to a simplified two-dimensional case (economic and environmental), complete with normalization,
aggregation, and sensitivity testing. Finally, the study discusses a theoretical extension of the model toward
multidimensional tensor calculus, acknowledging its conceptual relevance for representing higher-order in-
terdependencies (projects × criteria × domains × time × scenarios), while emphasizing that such complexity
is best reserved for future research. The paper concludes that a gradual, data-supported evolution from TCM
to SVM/ESG is both feasible and desirable, leveraging artificial intelligence and multidimensional analytics as
enabling tools for sustainable, value-centered project management and decision-making.
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Sustainable Management Model

1 Introduction

In 2019, in response to a Call for Papers on the topic of ”Value and Values” for the annual
AICE/ICEC Day held in Milan, considerations on cost-benefit analysis in the context of value
and values were presented, still available online [1], where we read, among other things:

≪ ...that the ability of a project to generate adequate cash flows to repay the investment required
and at the same time guarantee a return – for financiers and any legal entities (such as a special
purpose vehicle) for the construction, operation and maintenance, and decommissioning at the end of
the cycle – although it constitutes a necessary condition, in practice it does not prove to be a sufficient
condition to bring the project to its natural state of initiation, management, and conclusion of the
production cycle for which the project was born. Upon closer inspection, the success or failure stories
of the different types of projects, it seems, rather, reasonable to conjecture that it is the system of values
within which the project is contextualized and carried out that decisively contributes to determining
its outcomes. Here, the notion of values takes on the broad meaning of shared norms, behaviours,
objectives, and attitudes that are structured and strengthened throughout the social body of a civil
society, in contrast to a condition of widespread anomie, if not even conflict between values perceived
as opposing.≫

These considerations appear today as a past omen and present proof of the beginning of
the gestation process of an innovative approach that is slowly but inexorably emerging, also
because it is made possible thanks to:

- the extraordinary diffusion of IT and in particular of AI systems and the necessary data
centers [2];

- the development of automatic learning systems aimed at multidimensional data analy-
sis, as is evident from official texts adopted for teaching in some of our universities [3].

Sometimes innovative ideas, especially in the management field, are not fully understood
by practitioners (freelancers, managers, or even researchers) until an applied metric model
has been developed that embodies the idea. This illustrative work originates from the
Scientific Commission of AICE/ICEC, as an example of a deeper exploration of the idea
launched in 2022 with the paper ”Beyond Total Cost Management (TCM) to Systemic Value
Management (SVM): Transformational Trends and a Research Manifesto for an Evolving
Discipline,” discussed there and available in ref. [4]. Therefore, the following discussion is
also intended to stimulate reflection and further exploration of all aspects of the transition. A
further article (not published yet on Business Strategy and the Environment, titled “Systemic
Value Management (SVM): An Integrative Approach to Developing Corporate Sustainability
and ESG Capabilities” DOI:10.1002/bse.70774), on these topics has been prepared by the AICE
Scientific Commission, which will report on the findings of a survey conducted among public
and private professionals in the field. It will also address the application of ESG criteria at
corporate/institutional level.

Without any claim to completeness or exhaustiveness in illustrating the most useful and
suitable multidimensional data analysis methodologies to be used for the proposed purpose,
the objective of the present work is therefore threefold:

a - to raise awareness among professionals, managers, and researchers in the field of the
relevance of this new approach through an example that could inspire potential applications;

b - to counter any fears among practitioners, managers, and stakeholders that could arise
in the planning, management, and implementation of any project or idea, which, as the old
proverb says, ”He who leaves the old road for the new, knows what he leaves but does not
know what he will find,” and consequently may ”get lost” along the road of transition;

c - to encourage critical reflection on the topic that could be useful for the implementation
of a concrete model along the lines of the one proposed here based on the utility function.
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2 Discussion

2.1 The meaning of the transition

To contribute to a clearer discussion of the topics presented above, this work is provided
purely as a suggestion and possibly as an example. The implicit intent is to support a
gradual transition from established management systems (such as CBA, LCC, and TCM,
which focus primarily on economic and financial values and metrics) to more complex,
systemic, and holistic SVM/ESG approaches, that more comprehensively consider the various
variables influencing decision-making processes, particularly for developing, planning, and
implementation of concrete projects and plans.

Some of the following considerations from 1 to 13, already partially discussed for innova-
tive management models in the energy and research sectors [5], are reviewed and included
here to complement and clarify the proposals that follow.

1. Since these are innovative approaches, which the current reality suggests are necessary,
and since there are not yet concrete references (metrics in particular!) unanimously
recognized and accepted, it must be considered that the ESG approach of reconfiguring
traditional management practices into a paradigm focused on sustainability must be
considered an iterative process – also influenced by ”trial and error” type learning in
the field – implementable in the long term, rather than in the short term.

2. Meanwhile, although the new criteria may provide a relevant framework, highlighting
the interconnections between sustainability and organizational performance, they must
necessarily be able to coexist with CBA, LCC, TCM and even SVM approaches, even
if the latter have so far been implemented according to more traditional but partial
settings.

3. There are no ready-made recipes for implementing ESG approaches. It is therefore
necessary to try and, if necessary, try again.

4. Sustainability is certainly a complex topic that requires evaluating multifaceted phe-
nomena to the point that one might even speak of ”Complexity Nestling” beyond the
need for holistic, multidisciplinary, and systemic approaches. Based on nested com-
plexities, it seems appropriate to consider that complex systems are subject to chaos
theories, which on a large scale (of different orders of magnitude, for example, tempo-
ral or economic. See Fig.1) can lead to unexpected cycles, to the point of speaking of
”deterministic chaos” [6], which may seem contradictory, but at the same time can sug-
gest the search for relevant variables through multivariate analysis. However, delaying
the achievement of pre-established objectives over time can lead to mitigation, but it
lengthens the necessary transition period, and the availability of time for the mitigation
of emerging crises is not always a practical option!
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Figure 1: Complex systems are subject to chaos theories, which on a large scale (of different orders of magnitude, for example, temporal
or economic) can lead to unexpected cycles

5. Practical experience suggests that many conventional, or even bold, highly significant,
yet complex projects or decisions fail, not so much because of economic, financial,
or technological risks, or a lack of conventional planning. Rather, they fail due to a
lack of political consensus, which reflects the lack of social consensus, often motivated
by concern for environmental and socio-political implications, whether authentic or
manipulated, but nevertheless used as a tool of strong opposition. This opposition
ultimately prevails, especially when accompanied by cultural and organizational defi-
ciencies that lead to deviations from balanced situations.

6. In a broad sense, phenomena of instability lead projects and major decisions to diverge
from what was planned.

7. Complex phenomena, when they become unstable and diverge, become chaotic. They
indicate the presence of nonlinear laws, which create bifurcation points typical of a
situation of instability. Near equilibrium, a deviation from stability can be reabsorbed
with little expenditure of resources (e.g., energy itself, manpower, or costs or time, in
general!). But as one moves away from equilibrium, it becomes increasingly difficult,
and phenomena diverge and become chaotic. Nonetheless, on a large scale, they can
give rise to cyclical repetitions that can be translated into actual characteristic ”laws.”.

8. Distance from equilibrium is not just a measurable physical concept (e.g. Ljapunov
exponent) [7], but seems to be equally applicable, at least in an analogical sense, to
every typical aspect of the ESG approach (corporate, political, social, environmental).

9. In technological, organizational, and procedural innovation and development (e.g.,
standards and permitting), the speed of evolution can lead to instability. When the
speed of evolution exceeds the speed of implementation, instability occurs and there is
a greater exposure to divergence that can lead to a transition to a state of chaos. Thus,
far from equilibrium, corrupt and predatory policies prevail, far from any conventional
concept of integrity.

10. Projects or decisions with identical content implemented in different environments do
not necessarily lead to the same results. A comparative analysis of their history, possibly
extended to multiple cases, can yield significant insights, particularly by leveraging
databases and employing artificial intelligence systems.
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11. Although there is no evidence to support this conjecture, it is reasonable to assume that
– as with more conventional life cycle analyses (e.g., in TCM and even SVM):

• the earlier ESG analyses and approaches are implemented (e.g., in the early stages of
development), the more effective they will be;

• the closer any necessary corrective actions are introduced to an equilibrium condition,
the more effective they will be without causing deviations from the equilibrium itself.

12. The ESG approach of reconfiguring traditional management practices into a sustainability-
focused paradigm can be treated – especially for research purposes – as a network of
relationships between different entities of a variety of nature (organizational, economic,
financial, technological, managerial, political, social, environmental, etc.) and then
analysed using social network analysis techniques [8], even with the aid of AI systems.

13. It is widely believed that current management approaches such as CBA, TCM, LCC,
etc. must not only coexist with the transition to SVM/ESG, but must also be an integral
part of it in new forms. In this regard, for a given economic system:

1) The concept of general utility (under various aspects: economic, financial, social,
environmental sustainability, institutional, etc.) does not appear to exist, or at least is not
widespread in management literature - at least not in a defined and well-used way. In
reality, the concept of general utility seems very well suited to being a unifying concept for
the various aspects involved, including sustainability, from an SVM/ESG perspective.

2) A function could be developed for such a concept (first theoretical/qualitative and, if
anything, only later, following a better definition, also practical/metric) that could measure
such utility, for example, in order to rank alternative projects or decisions.

3) The desired function appears to be composed as a unifying sum using summations
that can be set in the various areas (economic, financial, social, environmental sustainability,
institutional, etc.), perhaps assigning each summation a multiplicative weight (from zero to
1) to be updated gradually over time, based on actual projects completed.

4) An example is therefore proposed hereinafter for point 3) above, incorporating into
the individual summations the evaluation tools already in use in TCM, LCC, etc., for project
assessment. For example, for a) economic area: NPV, IRR, Break Even, etc.; b) financial:
ROE, ROI, DSCR, etc.; c) social: direct and induced local impact of the investment, job cre-
ation during construction, O&M, decommissioning; qualification and cultural development,
etc.; d) environmental sustainability: impact on available resources, ecosystems, and direct
and cross-effect emissions, etc.; e) Institutional: effects on GDP (according to the system's
propensity to save); improvement of infrastructure and services; improvement in the cost
and quality of life, etc.). Furthermore, it is confirmed that for the purposes of a possible
ranking of projects, this general utility function should be optimized with various criteria
and then also used (through its components) for a sensitivity analysis within a risk analysis.

2.2 General information on the utility function and its integration with traditional indicators

The aforementioned illustrative proposal is the following. Rather than representing a com-
plete, coherent, and functional model, it is the core of an initial idea to be developed and
refined, based on the concept of general utility (of a project or a choice) to be ”measured”
based on standardized parameters whose value will vary over the time of use of such an
approach, providing the basis for identifying the most calibrated values in accordance with
practical experience in the individual sectors involved. Ultimately, the true model would
arise from the use and experience that is gained over time.

In literature, the concept of ”general utility” is recognized, but not always unambiguously
defined, although it appears in various academic fields, such as:
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a) Welfare Economics

The classical theory of social utility can be traced back to Bentham, Pareto, Bergson-
Samuelson. The social utility function was seen as an aggregation of individual utilities
to evaluate public policies (see sources such as: Bergson, A. (1938), ”A Reformulation of
Certain Aspects of Welfare Economics”; as well as: Sen, A. (1970), ”Collective Choice and
Social Welfare”).

Bergson provided the tool (the social welfare function SWF) to translate individual utilities
into social preference, while Sen, in 1970, analysed what that tool implies and why it is
often insufficient, proposing a richer, more comprehensive measure of well-being. A brief
comparative summary between the two approaches can be the following Table 1:

Table 1: Comparison of the two different approaches: Bergson/Sen

Feature Bergson (1938) Sen (1970)

Welfare Structure Bergson-Samuelson SWF (W = ( U1 . . .Un)) Collective Choice/Social Welfare Ordering
Utility Basis Ordinal, consumption-based Critiqued as insufficient; favors

Capabilities/Functionings
Comparability Interpersonal comparisons allowed Evaluates different levels of comparability
Focus Maximizing social welfare via explicit value judgments Social choice, rights, and justice

b) Multi-Criteria Decision Analysis (MCDA)

A more practical approach such as weighted aggregation of indicators has been used
in public economics, for environmental assessment and project management. (See sources
such as: Keeney & Raiffa (1976), ”Multiple Objective Decisions”; as well as Munda, G. (2004),
”Social Multicriteria Evaluation (Ecological Economics series)”)

Both Keeney & Raiffa (1976) and Munda (2004) are foundational, yet fundamentally
different, approaches to Multi-Criteria Decision Analysis (MCDA).

Keeney & Raiffa (1976) represent the ”hard” or traditional operational research approach,
focusing on mathematical modeling of preferences (Multi-Attribute Utility Theory - MAUT).

Munda (2004) represents the ”soft” or ”social” approach, prioritizing incommensurability,
post-normal science, and stakeholder consensus within an ecological economics framework.

Here is a summary comparison:

Table 2: Comparison of the two different approaches; Keeney & Raiffa /Munda

Feature Keeney & Raiffa (1976) Munda (2004)

Approach Quantitative, Analytical (MAUT) Qualitative/Mixed, Social (SMCE)
Primary Aim Finding an optimal solution Managing conflict and transparency
Trade-offs Explicitly traded off (compensated) Limited or non-compensatory
Data Requirements Strong (precise, cardinal) Flexible (ordinal, cardinal, mixed)
Key Context Operational Research/Management Ecological Economics/Sustainability
Key Concern Mathematical rigor Incommensurability/Values

c) Sustainable Development

At least provisionally, pending a convergence of definitions, in sustainable development,
”utility” can be defined as the ”value created” in the various areas/sectors involved: eco-
nomic, social, environmental, and institutional. The standards/criteria used in this regard
can be: SDGs, ESG, GRI. Below, we focus primarily on ESG criteria, considering, based on
experience, the prevalence of environmental, social, and governance aspects. The ”value
created” is not necessarily expressed in economic terms, but can be mediated through a
weighting typical of the sector involved. It is clear that such a mediation necessarily implies
expert intervention (be it directly human or “automatic-indirect” by machine learning).
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d) Engineering and Management Literature (TCM, LCC)

Total Cost Management (AACE) and Life Cycle Costing (ISO 15686) quantify value over
time, but they do not aggregate different dimensions without customizing them.

Regarding the existence of a previously developed function to measure overall utility, it
seems safe to say that there is no standard universal function. However, in the following
cases:

a1) Objective Functions in MCDA

The functions are constructed ad hoc according to the general expression:

Ui =

n∑
i=1

wi fi(x) (1)

Where:

• fi(x): normalized function for indicator i

• wi: importance weight (e.g., from 0 to 1)

b1) In the Frameworks Used by tools such as the extended Business Model Canvas, (Social
Return on Investment), and Cost-Benefit Analysis (CBA). It is worthy to note that traditional
CBA incorporates only monetary values, while SROI integrates social indicators, but requires
subjective monetization.

c1) Integrated Models for Public Evaluations (e.g., MEAT - Most Economically Advantageous
Tender)

They adopt a weighted scoring approach, similar to the one proposed hereinafter. The ability to
compose the function as a summation with weights is the most common and robust form, also found
in the MCDA context.

The general reference scheme of the utility function may be assumed as follows:

Utotal = wE ·UE + wF ·UF + wS ·US + wA ·UA + wI ·UI + . . .wi ·Ui + . . .wn ·Un (2)

Where:

• UE: economic utility

• UF: financial utility

• US: social utility

• UA: environmental utility

• UI: institutional utility

• . . . . . . . . . . . . . . . . . . . . . . . . . . .

• Ui: generic utility

• . . . . . . . . . . . . . . . . . . . . . . . . ..

• Un: n-th utility

• wi ∈ [0, 1] with
∑

i wi = 1
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This function is entirely admissible and allows the weights to be dynamically updated based on
observed data (e.g., through regression or machine learning on historical data).

Along the lines of the scheme reported in the previous equation (2), a complete and structured
function of general utility, with integrated evaluation tools, can be proposed considering that each
generic Ui is a sum of specific indicators (sub-)normalized on the basis of generic weights of the case
αi , βi , δi , ϵi ,. . . . as follows:

a2) Economic Area UE

UE = α1 ·NPVi + α2 · IRRi + α3 · BEPi + . . . (3)

• NPV: Net Present Value

• IRR: Internal Rate of Return

• BEP: Break-Even Point (inverted: the lower the better)

• . . . . . . . . . . . . . . . . . . . . . . . . ..

• Sub-normalization: each indicator is normalized between 0 and 1 referring to the generic case i.

(For the meaning of the above indicators see [9,10] and as a graphical example for their
use see ref. [11])

b2) Financial Area UF

UF = β1 · ROEn + β2 · ROIn + β3 ·DSCRn + . . . (4)

• ROE: Return on Equity

• ROI: Return on Investment

• DSCR: Debt Service Coverage Ratio, see ref. [12]

• . . . . . . . . . . . . . . . . . . . . . . . . .

• Sub-normalization: each indicator is normalized between 0 and 1

referring to the generic case i.

c2) Social Area US

US = γ1 Employmenti + γ2 LocalImpacti + γ3 CulturalGrowthi + · · · (5)

referring to the generic case i.

d2) Environmental Sustainability UA

UA = δ1 · (1 − Emissionsi) + δ2 ·
(
1 − ResourceConsumptioni

)
+ δ3 · EnergyEfficiencyi + · · · (6)

referring to the generic case i.

e2) Institutional Area UI

UI = ϵ1 ·GDPImpacti + ϵ2 · InfrastructureImprovementi + ϵ3 ·QualityOfLifei + . . . (7)

referring to the generic case i.
Regarding normalization and weight updating, please note that Data values (from: historical

series, literature, research, etc.) of generic variable x in equation (1), or indicators of the type wi , or
even the function Ui of a generic utility, are normalized to a [0, 1] scale using:
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xn =
x − xmin

xmax − xmin
(8)

With multidimensional data analysis of consistent large data base coming from real projects a set of
CDF (Cumulative Distribution Function) and its derivatives PDF (Probability Distribution Function)
may be obtained to be utilised for risk analysis, for each variable xn and overall.

Figure 2: Graphical representation of PDF and its CDF; PMF is the discrete analogue of the continuous probability density function PDF.

In any case the weights wi, αi, βi, ecc. can be updated over time either via Historical analysis of
projects, or Machine learning algorithms (e.g., linear regression, neural networks). As well as via
Delphi or AHP for expert weighting.

A synthetic example with hypothetical values for initial use could be the following:

Table 3: Normalized Utility/Weight

Area Normalized Utility Weight

Economic 0.75 0.25
Financial 0.65 0.20
Social 0.80 0.15
Environmental 0.90 0.25
Institutional 0.70 0.15

In this case, the Total Utility would be calculated as follows:

Utotal = 0.25 · 0.75 + 0.20 · 0.65 + 0.15 · 0.80 + 0.25 · 0.90 + 0.15 · 0.70 = 0.7725 (9)

A critical and broad reflection on the idea proposed above might help to grasp a new and systemic
approach to project evaluation and to disseminate its need, since the proposed function appears:

• Consistent with the MCDA and integrated evaluation literature.

• Flexible for real-world scenarios, including public and PPP (Public-Private Partnership) settings.

• Able to evolve over time, thanks to experience-based update systems or predictive models.

It should be noted, however, that: 1) in order to use the general function for ranking projects
or various alternative decisions, it requires multi-criteria optimization; 2) it is therefore appropriate
to conduct a sensitivity analysis of the general utility function based on variations in the individual
functions it is composed of. In this regard, the mathematical formulation required in both cases may
be as follows:

A. Multi-Criteria Optimization of the Aggregate Utility Function:
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The objective of the optimization is to select, from a set of projects P={p1,p2,..pj..,pn} the project (or
projects) with the greatest total utility across multiple criteria.

As already seen above, the aggregate utility function for different areas m is of the type:

U
(
p j

)
=

m∑
i=1

wi ·Ui

(
p j

)
for j = 1, . . . , n (10)

Where:

• p j: j-th project

• m: number of areas (economic, social, etc.)

• wi: weight assigned to criterion i

• Ui

(
p j

)
: utility of project p j according to criterion i, already normalized to [0, 1]

The optimization problem (maximum ranking) can be briefly expressed as follows:

max
p j∈P

U(p j) (11)

or, if you want to select the k best projects:

Select
{
p j1, ..., p jk

}
⊆ PsothatU

(
p js

)
≥ U
(
pt
)
,∀t <

{
j1, ..., jk

}
(12)

This is a classic multi-criteria optimization with pre-assigned weights, also called a weighted
sum model (WSM). It is simple and compatible with mentioned MCDA, AHP (Analytic Hierarchy
Process), SMART (HP Smart App), etc.

B. Sensitivity Analysis of the Utility Function

The objective here is to evaluate how much changing a single criterion (or weight) affects the
ranking of projects or the absolute value of U.

The sensitivity to the weight wi for a given project p j, calculates the partial derivative of the
aggregate function U in equation (10) with respect to a weight wi:

∂U
(
p j

)
∂wi

= Ui

(
p j

)
(13)

This means that:

• If Ui

(
p j

)
is high, the project is very sensitive to the weight wi.

• All other weights being equal, an increase in wi favours projects with high Ui

(
p j

)
.

The sensitivity to the Ui function, on the other hand, expresses the sensitivity of the aggregate
function U in equation (10) to a change in the Ui value for a project:

∂U
(
p j

)
∂Ui

(
p j

) = wi (14)

This means that: the marginal effect of the change in the utility value for an area i is equal to its
weight wi.Therefore, the higher the weight, the greater the impact of a change in that area.

Global sensitivity analysis in the case of rankings, on the other hand, is aimed at testing the
robustness of the ranking varying each weight wi over a range [wi-δ, wi+δ] ; recalculating ∂U

(
p j

)
for

all projects; checking whether the ranking changes.
This can lead to a sensitivity tornado chart, or a scenario matrix showing how the project positions

change as the weights vary.
Ultimately, the entire approach is fundamentally based on three simple algorithms, namely:
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a. Total (aggregate) function: equation (10), which is in an ”open” formulation and allows for the
addition of further variables, characteristic of other areas, as needed, depending on the needs
encountered in the field;

b. Derivative with respect to weight: equation (13), which, as a limit, can approximate the simplest
proper incremental ratio;

c. Derivative with respect to the component: equation (14), which, as limit, can also approximate
the simplest proper incremental ratio.

2.3 How can Multidimensional Data Analysis methodologies help define/compute the values
Ui
(
p
)

Often intuitions permit to see what is not visible yet. But intuitions must be permitted, refined
and verified in order to make them acceptable. Supported on such method by texts that are now
adopted in our universities, the availability of AI systems encourage to refine, confirm or demonstrate
intuitions [13], so that we also wanted to investigate through ChatGPT how can Multidimensional
Data Analysis (MDA) help, define and compute the values Ui(p) and it emerged that through this
tool it is possible to obtain the following.

If we are considering a generic utility function U(p)as f ollows:

U(p) =
m∑
1

wiUi(p) (15)

Where:

• p = a given project (from a set of candidate projects)

• m = number of value dimensions (economic, financial, social, environmental, institutional, etc.)

• wi =weight for the i-th value dimension

• Ui(p) = utility of project (p) in dimension i, derived from real data

hereinafter are the Mathematical Tools for Utility Extraction from Multidimensional Data.

2.3.1 Principal Component Analysis (PCA) – for dimensionality reduction and data structure
discovery;

Principal Component Analysis (PCA) is an unsupervised linear dimensionality reduction technique
that transforms a dataset into a new, smaller set of uncorrelated variables (principal components)
while retaining as much of the original data's variance as possible. It is widely used for data
visualization, noise reduction, and improving the efficiency of machine learning algorithms.

• Purpose: Identify the most influential combinations of variables contributing to project value.

• Use: Reduce correlated indicators to orthogonal synthetic variables (components). You can
interpret the first few components as proxy utilities, or use the component scores as the values
of Ui(p).

• Mathematical basis: Eigenvalue decomposition of the covariance matrix of the data matrix
X ∈ Rn×k (n = projects, k = indicators).

X = TP⊤ (16)

Where:

• T are component scores (project positions);

https://ipipublishing.org/index.php/ipil/ O11

https://ipipublishing.org/index.php/ipil/


Sustainable Management Model

[( Note: T may also be intended as a transformation matrix (for example, the loading matrix in
PCA, or the weight matrix in a utility transformation. In such case its dimensions depend on what
you want to obtain — typically k
timesm where k is the number of latent or aggregated dimensions: for example, value dimensions like
“economic”, “environmental”, etc.. Then X = TP⊤ produces a k
timesn matrix, each column corresponds to a project, each row corresponds to a transformed dimension
(e.g., a composite utility or score). In alternative forms, (16) can be written, as some authors do, in
the following way:

X = PT⊤ (17)

which yields an n
timesk matrix — each row corresponding to a project’s coordinates in the new reduced or aggregated
space. Both are equivalent, depending only on the orientation convention, whether you treat projects
as rows or columns)].

• P is the data matrix, usually of size n
timesm (n= number of projects (observations), m = number of variables (criteria, indicators)and

• P⊤ is the transpose of the data matrix P hence of size m
timesn

You can use PCA component scores as normalized proxies for utility dimensions if the components
align with those dimensions.

2.3.2 Factor Analysis / Latent Variable Modelling

Factor Analysis (FA) and Latent Variable Modelling (LVM) are statistical techniques that identify un-
observable, underlying variables (latent factors) from observed data (manifest variables/indicators).
They explain correlations among observed variables by partitioning variance into common factors
and unique, variable-specific, or error components. FA, specifically, is often used for dimension
reduction.

• Purpose: When the observable indicators x1,...,xk reflect underlying latent value dimensions Uj

• Model:

x j = λ j1U1 + λ j2U2 + · · · + λ jmUm + ε j (18)

• λji: loading of observable indicator xj on latent utility factor Ui

• εj : error term

• Result: Extract scores for each latent utility dimension Ui, which then become input to your
utility function.

2.3.3 Multivariate Regression / Supervised Learning

Multivariate regression is a supervised learning algorithm that predicts a continuous target variable
based on two or more independent input features (variables). It extends simple linear regression to
model complex relationships, commonly used for predicting outcomes like house prices, salaries, or
crop yields by analysing multiple factors simultaneously.

If you have historical data with project performance outcomes, you can learn a mapping from
indicators to utility scores:

• Model:
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U(p) = f
(
x1(p), x2(p), . . . , xk(p)

)
+ ε (19)

• Use linear regression, ridge regression, or ML methods (Random Forests, Neural Nets)

• If utility per dimension Ui(p) is available, train separate models for each.

2.3.4 Multi-Attribute Value Theory (MAVT) - Structured Utility Construction

Multi-Attribute Value Theory (MAVT) is a structured, compensatory decision-making framework
used to evaluate, rank, or select alternatives by breaking down complex decisions into multiple, often
conflicting, criteria. It constructs an overall value by scoring alternatives on specific attributes, as-
signing relative weights, and aggregating these scores into a single value function, typically assuming
mutual preference independence

This is a normative method (vs. the above statistical ones). Ui(p) is computed as:

Ui(p) =
ki∑

j=1

αi j · vi j

(
xi j(p)

)
(20)

• xi j: indicator j within domain i

• vi j: normalized value function (e.g. min-max, piecewise linear, or expert-defined)

• αi j: intra-dimension weight (expert- or data-derived)

You then plug each Ui(p) into the main utility function. MDA (e.g. correlation, PCA, regression)
can be used to derive αi j from data.

2.3.5 Clustering + Scoring

Clustering and scoring in multidimensional analysis constitute a powerful unsupervised learning
workflow used to identify hidden patterns, segment data, and rank observations based on their
characteristics across multiple variables. This approach typically involves reducing high-dimensional
data to a lower-dimensional space, clustering the points, and then assigning scores to evaluate the
quality of the clusters or to rank individual data points

• Use K-means, hierarchical clustering, or Self-Organizing Maps (SOMs) to group similar projects.

• Assign a score to each cluster (e.g., based on average observed performance).

• Then each project inherits a utility estimate from its cluster.

2.3.6 Machine Learning Approaches (in case of labelled data availability)

In supervised, unsupervised, reinforced modality Machine Learning is a subfield of artificial in-
telligence where systems automatically learn and improve from data without being explicitly pro-
grammed. It uses algorithms to analyse large datasets, identify patterns, and make predictions
or decisions. Instead of following fixed instructions, the machine's performance improves as it is
exposed to more data.

If you have data labelled with an overall utility, or decision outcomes:

• Use supervised learning (XGBoost, SVM, DNN) to learn the function:

U(p) ∼ f
(
x1(p), ..., xk(p)

)
(21)

• Then analyze feature importance to infer the role of each indicator xj, and map those to Ui
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2.4 Questions arising for generalisation: A further model development is possible [14,15]?

Reflecting on a possible model development one wonders whether instead of using a data matrix P
(or T alternatively) as above indicated, it might not be possible to tackle the problem with multidi-
mensional tensor calculus through the different dimensions and weights of each project, although this
would complicate the mathematical part and it is better to avoid that, at least at this exemplification
stage. Anyhow, the step from a matrix formulation to a tensor formulation is conceptually natural
here, because our system really is multidimensional: projects × criteria × value domains × time ×
scenario weights . . . all coexisting in a structured space. In matrix form, our data P has dimensions
n ×m:

• n projects

• m indicators or criteria

But if we extend the system, we might have several axes of variation:

Table 4: Dimensions of an hypothetical Tensor.

Axis Meaning Typical dimension

1 Projects ( n )
2 Criteria within each domain ( m j )
3 Domains (economic, environmental, etc.) ( d )
4 Time or project phase (construction, O&M, etc.) ( t )
5 Scenario or stakeholder weighting ( s )

This is already a fifth-order tensor Pi,j,d,t,s and each operation (aggregation, normalization, weight-
ing) could be a contraction of the tensor over one or more indices, essentially a multidimensional
generalization of the more familiar matrix multiplication.

Our current model uses:

U
(
pi
)
=
∑

d

wd

∑
j

α j|dvi j|d (22)

where vij|d are normalized indicators,αj|d are within-domain weights, and wdare domain weights.[(Note:
To normalize a tensor, you typically standardize its values by scaling them to have a mean of 0 and
a standard deviation of 1, or you rescale them to a specific range like [0, 1].Standardization, instead,
is done by subtracting the mean and dividing by the standard deviation for each element, while
min-max normalization scales the values between the minimum and maximum of the original tensor.
The method used depends on the goal, such as preparing data for a neural network.)]

In tensor form, one could write the (22) as:

Ui =
∑
d, j

WdA j|dPi, j,d (23)

If you also want to account for time or scenario effects:

Ui =
∑
d, j,t,s

Wd,s,tA j|d,s,tPi, j,d,t,s (24)

— a pure tensor contraction reducing a higher-order tensor P to a vector Ui.

Advantages (if ever explored later) may be listed as follow:

• Natural representation of multi-layered data (different levels of criteria, temporal or spatial
variations, scenarios).

• Can use tensor decomposition techniques (e.g., CP, Tucker) to find latent structures, similar to
PCA but multidimensional.
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• Enables nonlinear relationships or cross-domain couplings (e.g., when environmental and eco-
nomic variables interact).

But, complexity grows fast and it’s probably too heavy at this stage:

• Implementation and visualization become challenging.

• The interpretability (especially for ranking purposes) decreases.

• You need more data to populate all dimensions reliably - otherwise the tensor is mostly empty.

So it’s appropriate to stay in matrix space because it keeps the model transparent and operational,
while the tensor generalization may remain a theoretical extension for future research.

There shouldn't be any problems in this regard, especially considering that university manage-
ment engineering departments have strengthened the study of mathematics in their courses and are
converging toward the widespread use of artificial intelligence and computer science in all its possible
applications. An evaluation, in this regard, falls solely within the scope of academic expertise.

3 Example of Utility Function Calculation and Sensitivity Analysis

This conclusive section presents a worked example illustrating how to compute the total utility
of projects using a multidimensional utility function, and how to perform a sensitivity analysis to
understand the effect of varying the weights assigned to different value dimensions.

Suppose you are assessing 3 projects: p1,p2,p3 and you have 2 value dimensions: i=1: Economic;
i=2: Environmental as in Table 6. Each dimension has 2 indicators as follows:

Table 5: An Example of 2 value dimensions Utility Function Construction.

Dimension Indicator (notation) Description

Economic ( x11) = NPV (in M) Net Present Value
( x12) = IRR (%) Internal Rate of Return

Environmental ( x21) = CO2 avoided (kt) Annual emissions avoided
( x22) = Land use (ha) Hectares of land used (lower is better)

Step-by-Step Example

Consider the following steps for the three projects (p1, p2, p3) evaluated under the two value dimen-
sions: Economic and Environmental.

Step 1. Raw Indicator Data.

Table 6: Raw Indicator Data of the three projects considered.

Project NPV (M) IRR (%) CO2 Avoided (kt) Land Use (ha)

p1 20 11 100 30
p2 35 13 70 10
p3 25 9 90 50

Step 2. Normalization (Min-Max Scaling)

All indicators are normalized to the range [0, 1]. For cost-type indicators (e.g., Land Use), the scale is
inverted so that higher values represent better performance.

Economic indicators normalization:

Table 7: Economic indicators normalization of the three projects considered.

Project v11 (NPV) v12 (IRR)

p1 0.00 0.50
p2 1.00 1.00
p3 0.33 0.00
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Environmental indicators normalization (inverted where necessary):

Table 8: Environmenta l indicators normalization of the three projects considered.

Project v21 (CO2 Avoided) v22 (Land Use – Inverted)

p1 1.00 0.50
p2 0.00 0.00
p3 0.67 1.00

Step 3. Utility per Dimension

Each dimension’s utility is computed as the weighted average of its normalized indicators (equal
weights = 0.5).

Table 9: Utility per Dimension of the three projects considered.

Project Economic Utility U1(p) Environmental Utility U2(p)

p1 0.25 0.75
p2 1.00 0.00
p3 0.165 0.835

Step 4. Total Utility Calculation

Assuming weights w1 = 0.6 (Economic) and w2 = 0.4 (Environmental):
U(p) = 0.6
times U1(p) + 0.4
times U2(p)

Table 10: Total Utility of the three projects considered assuming certain weights.

Project Total Utility U(p) Ranking

p1 0.45 2
p2 0.60 1
p3 0.433 3

Step 5. Sensitivity Analysis

The sensitivity analysis evaluates how variations in the weights (w1, w2) affect project ranking. We
vary w1 from 0.4 to 0.8 (thus w2 = 1 - w1) and recompute the total utilities.

Table 11: Sensitivity analyses of the three projects considered according to several different weights.

w1 w2 U(p1) U(p2) U(p3)

0.4 0.6 0.55 0.40 0.566
0.5 0.5 0.50 0.50 0.50
0.6 0.4 0.45 0.60 0.433
0.7 0.3 0.40 0.70 0.366
0.8 0.2 0.35 0.80 0.299

It is worthy to be observed as the economic weight w1 increases, project p2 (with the highest
economic performance) becomes dominant, while p3’s advantage under the environmental criterion
diminishes.

Step 6. Spread-sheet Formulas (for Excel Implementation)

In Excel, the calculations can be implemented as follows:
1. Normalize each indicator using MIN–MAX scaling:
= (X - MIN(range)) / (MAX(range) - MIN(range))
2. For cost-type indicators, use:
= 1 - ((X - MIN(range)) / (MAX(range) - MIN(range)))
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3. Compute per-dimension utilities (assuming equal weights):
= AVERAGE(normalized indicators of same dimension)
4. Compute total utility:
= w1 * U1 + w2 * U2
5. Vary w1 (and w2 = 1 - w1) to perform sensitivity analysis and observe ranking changes.

Table 12: General spreadsheet for the utility function of the three projects considered in the example.

Example of Utility Function Calculation and Sensitivity Analysis

1. Raw Indicator Data
Project NPV (M) IRR (%) CO2 Avoided (kt) Land Use (ha)
p1 20 11 100 30
p2 35 13 70 10
p3 25 9 90 50

2. Normalized Indicators (0–1 scale)
Project v11 (NPV) v12 (IRR) v21 (CO2 Avoided) v22 (Land Use –

Inverted)
p1 0 0.5 1 0.5
p2 1 1 0 0
p3 0.33 0 0.67 1

3. Utility per Dimension
Project U1 (Economic) U2 (Environmental)
p1 0.25 0.75
p2 1 0
p3 0.165 0.835

4. Total Utility (w1 = 0.6, w2 = 0.4)
Project Total Utility U(p) Ranking
p1 0.45 2
p2 0.60 1
p3 0.433 3

5. Sensitivity Analysis (Weight Variation)
w1 w2 U(p1) U(p2) U(p3)
0.4 0.6 0.55 0.40 0.566
0.5 0.5 0.50 0.50 0.50
0.6 0.4 0.45 0.60 0.433
0.7 0.3 0.40 0.70 0.366
0.8 0.2 0.35 0.80 0.299

The spreadsheet shown in Table 12 can be implemented directly in Microsoft Excel or similar
spreadsheet software. The following formulas are used.

Excel Formula Reference

• Normalization (benefit):

=(X-MIN(range))/(MAX(range)-MIN(range))

• Normalization (cost):

=1-((X-MIN(range))/(MAX(range)-MIN(range)))

• Utility per dimension:

=AVERAGE(normalized indicators of the same dimension)

• Total utility:

=w1*U1+w2*U2

• Sensitivity analysis:

Vary w1 and set

w2 = 1 − w1

to observe how the project ranking changes.
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4 Conclusions

Forgetting about tensors for now, the methodology illustrated in this example-model with the assis-
tance of OpenAI/ChatGPT, regarding how MDA fits into the construction of the utility function, can
be summarized, beyond the mathematical details, in the following Table 13:

Table 13: How MDA Integrates into Utility Function Construction.

Step Method Purpose

1. Structure the utility model MAVT /MCDA Define dimensions, indicators, and weights
2. Analyze indicator relationships PCA / Factor Analysis Detect redundancies, latent value axes
3. Normalize indicators Min-max, z-score Scale indicators for comparability
4. Aggregate indicators Weighted sum / value functions Build per-dimension utility Ui(p)
5. Train or calibrate weights Regression /ML Learn αij and/or wi from data
6. Test robustness Sensitivity analysis Validate influence of parameters on Ui(p)

The Final Output of Data-Driven Utility Function with the MDA approach as configured above
is a Multivariable System Value Model that would finally produce something like:

U(p) =
m∑

i=1

wi ·

 ki∑
j=1

αi j · vi j

(
xi j(p)

) (25)

Where:

The weights wi and intra-dimension weights αi jcan be:

• Expert-assigned,

• Learned from data (regression /ML),

• Inferred via MDA (e.g. factor loadings).

It's worth noting that traditional economic and financial estimation/evaluation methods aren't
omitted from the mew evaluation approach, but rather, new methods specific to each project are
added to the traditional ones. The risk of getting lost in a new, unproven methodology is simply a
fear of change, which can be overcome with training, proper use, and thorough knowledge of a new
analysis, evaluation, planning, or project management methodology.

While this work is merely an example, it could provide a sort of guideline for the transition from
TCM to SVM/ESG through the utility function concept. It should be noted from examples in Section 3.
Step-by-Step Example that, based on the above, AI and IT (e.g., Machine Learning) through MDA are
already capable of developing specific models in EXCEL or PYTHON tailored to individual projects.
This will initially involve developing a shared, consolidated, and accepted methodology, then testing
the developed models. From there, IT and MDA will implement automatic data collection to account
for changes in the various factors used and track trends for more appropriate use.

We therefore believe that not a leap (natura non facit saltus!) but rather the initiation of a progressive
move from traditional TCM to SVM with ESG criteria is already possible in professional practice.
Thus, a real and complete model can emerge arising from use in professional practice and whose
refinement can never occur unless it is accepted, refined, and shared and begins to be used, at least
as a research tool alongside other consolidated methods of evaluating projects or decisions.

Given the theory of ”creative destruction,” which merited the 2025 Nobel Prize in Economics,
and given the current and looming destructive structural conflicts (e.g., cyber/trade/monetary/space
and land wars)—denying any plans (even post-war ones, except those of the conflicting parties
themselves)—a reminder that might seem out of place, but is not, seems appropriate here. In that
document on “value and values” mentioned at the beginning of this paper we also read: ≪Will Force
support humanity's essential projects, or will the economic power of the Markets? These are conflicting values,
which today seem to place States and Markets in opposition—that is, autocratic versus democratic capitalism—
without allowing us to foresee which of these ”values” will prevail. Meanwhile, a moral conviction emerges that
individual good is subordinate to the common, shared, public good, and that time is superior to space≫. Should
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we really hope this is not another omen, because the times we live in do not seem to promise much
good? To restore normalcy and a dignified human life on this planet, is it perhaps time to remind
those in power that a kamikaze attitude arises in human beings who come to the conclusion that they
have nothing left to lose? That’s why: It’s projects time! It’s time of Peace!
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