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Abstract
This article illustrates a learning experience conducted
in the context of the Atelier “Architecture heritage
preservation and enhancement” held by the Politecnico
di Torino. This experience dealt with the theme of
functional redevelopment and energy retrofit of the
Olivetti properties built in Ivrea in the 20th century. The
value of these buildings, which represent different
expressions of the Modern Movement and different
building and functional typologies, has been recently
acknowledged thanks to the addition of the site “Ivrea,
industrial city of the 20th century” to the UNESCO
World Heritage List. The Atelier used innovative,
structured and internationally recognized pedagogical
approaches and involved the application of projects
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economic evaluation methods. During the entire
duration of the didactic activities, two approaches were
implemented: the Whole Building Design (WBD), which
constitutes an important reference for integrated and
sustainable planning, and the Problem Based Learning
(PBL), which guides the interaction between teachers,
students and stakeholders throughout the Atelier.
Starting from the Atelier learning objectives and the
WBD and PBL approaches, theories, tools and
methodologies of analysis were identified, paying
particular attention to the integration of evaluation with
restoration and other disciplines and to the role this may
play in the definition of enhancement projects.
Multiple and concrete results were achieved, both at an
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educational level, and with respect to the real impact on
the public administration for the enhancement and
future management of the UNESCO site.
The Atelier made use of a Geographical Information
System (GIS) created and designed in order to integrate
the “building scale” of the single projects with the scale
of the urban project, considering the whole set of
architectures as a unitary system integrated with the
territory.
On the one hand, GIS allowed to collect and analyze all
the detailed information concerning tangible and
intangible assets and, on the other, to collect and
analyze all the data concerning the productive,

1. INTRODUCTION
The training objectives and the tools for the enhancement
of the heritage of historical and architectural interest
deserve today to be considered in relation to functional
redevelopment and energy retrofit, taking into account the
entire life cycle of buildings and the peculiarities of modern
heritage buildings and complexes, such as 20th century
architecture.
Although modern heritage has been the focus of attention
by UNESCO, ICOMOS and DOCOMOMO for about 30
years – a rather short period if we consider the entire history
of the protection of architectural and urban heritage –
currently the processes of functional redevelopment and
energy retrofit of this kind of heritage are not yet sufficiently
investigated. In fact, if on the one hand modern heritage is
particularly vulnerable in terms of protection, because it is
more recent and, due to its scarce recognition, it is poorly
appreciated by residents and tourists, on the other, it can
play a central role in the achievement of the goals set by
sustainable city development (Marinò, 2015).
Redevelopment projects on modern heritage must take into
account the different types of buildings and functions
(residential and industrial buildings, intended for services,
etc.) and the different expressions of the Modern
Movement (rationalist, organic, radical, brutalist
architecture etc.). In particular, the delicate balance
between energy performance, protection of architectural
elements, financial and economic advantages and benefits
- not only environmental - must be sought on the basis of
the individual architecture and typology.
Energy retrofit is defined by the Ministerial Decree on
minimum building requirements (DM Requisiti minimi
26/06/2015), issued by the Italian government in 2015, as the
set of interventions that have an impact on the buildings’
energy performance, and today constitutes a mandatory
procedure in the restoration of modern and historical
heritage, in compliance with the provisions of the 2017
European Standard, implemented by UNI EN 16883: 2017
(Standard FprEN 16883, 2017).
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economic and social structure of the territory. This
allowed identifying the demands useful to define the
new functions of the buildings, thus formulating a
shared project Masterplan.
On this basis, more than 30 projects for restoration,
functional redevelopment and energy retrofit were
defined, their economic-financial feasibility was then
evaluated, through the integration of economicestimative tools (Life Cycle Costing - LCC and
Discounted Cash Flow - DCF). Lastly, the most important
stakeholders of the territory of Ivrea, involved in the
Atelier, recognized the value and potential of the results
achieved, confirming their actual feasibility.

Economic evaluation plays an important role in
experiencing with innovative technologies aimed at saving
energy. In particular, the Life Cycle Costing (LCC) analysis –
defined by ISO 15686 – 5:2008 – allows to optimize the
relationship between costs and quality (not only in terms of
energy efficiency but also in terms of architectural design, in
a broad sense), considering the entire life cycle of the
building and all its components (Langdon, 2007). The LCC
analysis strengthens the interaction between technological
and planning choices and constitutes the first step in the
economic evaluation process that must be subsequently
integrated into the analyses of costs and revenues and/or of
costs-benefits (Basbagill et al., 2013; Islam et al., 2015).
The economic-financial objectives, together with the social,
environmental and economic ones must in turn be
considered among those set by the Whole Building Design
(WBD). In fact this approach places the sustainable and
efficient building at the centre of the integrated design
process, pursuing multiple objectives simultaneously
(accessibility,
functionality,
conservation,
safety,
sustainability and maintenance of aesthetic and
architectural qualities).
The assessment of transformation and energy retrofit costs,
compatible with the functions and building characteristics
of modern heritage, can only be addressed with an
integrated design approach. According to this, the adoption
of new technologies capable of improving energy
performance not only with regard to plant components, but
also with regard to the building envelope and taking into
account also the consequences that these have in terms of
property market value.
The reuse and energy retrofit projects on the building stock
must be evaluated considering both marginal costs and
marginal prices, as well as the advantages not only in terms
of comfort and energy savings but also in relation to the
potential increase of the property market value. At a
theoretical and operational level, the cost value, traditionally
estimated through the bill of quantity, must be reinterpreted
taking into account the principles of Life Cycle Thinking,
considering interventions on badly preserved and obsolete
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buildings against the entire life cycle (Zacà et al., 2015;
Fregonara, 2015; Barthelmes et al., 2016). It is necessary to
simultaneously consider and integrate the restoration
interventions with those aimed at energy efficiency of the
systems and of the envelopes, and those aimed at the reuse
of modern heritage, which presents architectural and
construction features in relation to different functional
typologies.
20th Century heritage is often in a good state of
preservation, but is extremely obsolete both in terms of
energy efficiency (due to the presence of heat bridges
linked to the use of reinforced concrete, and to high
thermal transmittance caused by extensive glazed surfaces)
and considering their actual functions. Moreover, projects
for the enhancement of the existing heritage, in most cases,
are functional to the establishment of new activities and/or
private and public services, for which the economic and
financial feasibility in turn must be evaluated with respect to
the entire life cycle of the assets and, in particular, with
respect to their management (Legner et al., 2016).
The estimation of the costs of restoration, energy retrofit
and transformation of buildings is therefore a crucial step
to identify and select the optimal design scenarios and, it
also constitutes an important step in the cost-revenue and
cost-benefit analyses.
Evaluation is simpler in the case of the most common,
ordinary types of buildings, such as residences and offices.
On the other hand, it is more complex for buildings
classified as belonging to the so-called “special” typologies:
industrial buildings, industrial services, stations, buildings
for exhibitions, etc. In these cases, in fact, the greater the
size of the buildings the higher the degree of complexity,
both as regards energy solutions and as regards the
articulation of spaces and functional allocations.
Starting from these premises, this article intends to report an
learning experience carried out within the “Architecture
heritage preservation and enhancement” Atelier, during
which two approaches were adopted: the Whole Building
Design (WBD), an important reference for integrated and
sustainable design process, and the Problem Based Learning
(PBL), which supported students in dealing with the case
study of the enhancement of the Olivetti heritage, part of the
site “Ivrea, industrial city of the 20th century”, listed as World
Heritage by UNESCO as of July 1, 2018. In particular, it should
be considered that the Olivetti architectures were conceived
as a single system to be enhanced, integrated into the
territory, taking into account its economic, productive and
social dynamism. During the Atelier, the economic-financial
feasibility of the projects for functional redevelopment and
energy retrofit of the single buildings was assessed through
the integration of economic-estimative tools (LCC and DCF).
While we refer to other publications for the description of
specific results regarding some of the buildings analyzed
(Barreca et al., 2017), the objective of this article is to illustrate
the general methodological approach adopted and the
results achieved at a system level for the enhancement of the
entire urban area.
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In the first part of the article, the learning objectives of the
Atelier are explained and the two approaches taken as
references during the entire duration of the didactic
activities, which are WBD and PBL. In the second part, the
tools and methods of analysis adopted are illustrated, with
particular attention to the role that economic evaluation
played in the definition of the enhancement projects.
Finally, the third part illustrates the results achieved during
the Atelier, not only from a didactic perspective, but also
and above all with regard to the actual impact on the public
administration in the context of the enhancement and
future management of the UNESCO site.

2. LEARNING OBJECTIVES OF THE ATELIER
The multidisciplinary Atelier “Architecture heritage
preservation and enhancement” takes place during the first
semester of the second year of the Master’s Degree course
in Architecture for Heritage preservation and Enhancement
of Heritage held at the Politecnico di Torino. The Atelier
integrates the disciplines of urban restoration and
economic enhancement in an interactive and synchronic
dialogue, in order to provide students with multidisciplinary
tools and approaches useful for dealing with the complexity
of projects and processes, considering both the urban scale
(widespread heritage, urban system) and the architectural
one (single buildings). The Atelier focuses, in fact, on the
problems of knowledge, conservation, restoration,
economic feasibility, enhancement, promotion and
management of assets and heritages of widely recognized
cultural value.
Starting from these general training objectives, during the
academic years 2016/2017 and 2017/2018, students addressed
the problem of how to carry out the functional
redevelopment and energy retrofit of the Olivetti heritage
of Ivrea, starting from WBD and experiencing with the
innovative didactic approach of PBL. This learning
experience is also part of the European project “Citylab:
Engaging Students with Sustainable Cities in Latin America”,
co-funded by the European Union under the “Erasmus+:
Higher education – International Capacity Building”
program, and among the short-medium and long-term
teaching and research activities listed in the UNESCO Site
Management Plan (Section “C - Capacity Building”, action
“C-3.3 - Degree courses, doctorate (Ph.D.) programmes and
research theses, Research projects on the Industrial City of
the 20th Century and modern heritage management”) (City
of Ivrea, 2012 - updated to 2017).
The enhancement of the UNESCO site “Ivrea, industrial
city of the 20th century” depends largely on the
redevelopment of an entire portion of the city, recognized
as a model of modern industrial city, consisting of a
complex urban system made up of well-preserved
buildings with an exceptional architectural quality. The
more than 100 buildings included in the UNESCO site
were made by architects from the “Modern Movement”
(such as Figini and Pollini, Gardella, Vittoria, Gabetti and
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Isola, Cappai and Mainardis, Sgrelli). They were conceived
as non-separable elements, integrated parts of a unitary
urban system of high historical, architectural and
environmental
value,
which
represents
the
materialization of the social model of community
(Community Movement) on which Adriano Olivetti based
his production model and his conception of industrial city
(Olivetti, 1945). This exceptionality was also recognized in
the document with which the World Heritage Committee
motivated the registration of the site in WHL UNESCO
(WHC, 2018). This document underlines the value of this
heritage as a testimony of an era and of a modern vision
which is emblematic of the transition from mechanical to
digital production. Among the typologies of buildings
there are: industrial buildings, a research centre, office
buildings, social services, residences, a thermal power
plant, a kindergarten, etc. Particularly noteworthy are: the
former Company Canteen and leisure centre, the Social
Services Centre and the Officine ICO (production centre),
the Western Residential Unit (Talponia) by Gabetti and
Isola, an example of hypogean architecture, the former
Sertec Offices Building by Sgrelli, an example of brutalist
architecture, and the Eastern residential unit (former
Hotel La Serra) by Cappai and Mainardis, an exceptional
case of radical architecture (Coscia and Curto, 2017)
(Figure 1).

The functional redevelopment and energy retrofit of these
buildings, which are of high historical-architectural value
but not very efficient from an energetic point of view, posed
a challenge for the students of the Atelier, a challenge that
is today all the more actual, after the inscription of the site
in the WHL UNESCO. In fact, the future management of the
UNESCO site will have to ensure an integration between
enhancement strategies, based on the establishment of new
functions and the implementation of interventions to
achieve energy efficiency, together with projects for
heritage protection, aimed at preserving and maintaining
the identity of the area and of the single buildings. Taking
into account the achievement of this important and difficult
objective, the students had to plan interventions of
restoration, reuse and energy retrofit, consistent under the
aspect of protection, and feasible in economic and financial
terms. In particular, the energy efficiency was treated,
starting from WBD, as a priority objective in the definition
and evaluation of the enhancement projects. To encourage
the development of the students’ ability to relate to a real
and complex problem, the PBL didactic approach was
experienced. In fact both approaches, WBD and PBL,
foresee the sharing of objectives in the preliminary phases
of the projects among all the stakeholders and all the
specialists involved in the entire planning and learning
process.

Figure 1 - Eastern residential unit, Officine ICO (production centre), former Company canteen and leisure centre, Western residential unit, former Sertec Offices Building (Source: photos by Authors)
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2.1 The Whole Building Design (WBD) approach
for the integrated design of high performance
buildings
The improvement of the energy performance of buildings
of high historical and architectural value is a goal that can
only be pursued through an approach to the project that is
able to integrate multiple aspects, ranging from comfort,
energy saving, conservation, protection and economicfinancial sustainability of the projects (Martìnez-Molina et
al., 2016). The construction and plant characteristics to be
considered in order to improve the energy performance of
buildings must, in fact, not only be compatible with the
architectural features to be preserved, but also
economically advantageous with respect to the building life
cycle (Directive 2012/27/EU, 2012).
The WBD approach has as its objective the construction of
high performance buildings to be achieved through
integrated design and an interactive process involving the
stakeholders and the professional figures starting from the
very first planning and programming phases of the project.
In particular, integrated design requires that the entire team
responsible for carrying out the project (owners, real estate
developers, property managers, facility managers,
architects, engineers, construction companies, specialists,
technicians, tenants, etc.) pursues shared project objectives,
collaborating synergistically in multidisciplinary groups and
overcoming a rigid division of roles based on individual
disciplinary skills.
This approach is based on a complete integration between
the people involved during the entire project life cycle,
starting from the definition of the requirements, through
the phases of planning, programming and construction, up
to the final occupation of the building and management of
the functional activities (Prowler and Vierra, 2008).
The main project objectives, defined preliminarily,
appropriately balanced and pursued simultaneously during
the design process, are the following (Figure 2):
• Accessibility: heights and widths of the construction
elements must be adequate in order to meet the specific
needs of disabled people;
• Aesthetic quality: aesthetic quality of the constructive
elements and of the spaces;
• Economic convenience: selection of the constructive
elements on the basis of life cycle costs, and evaluation
of basic costs and budget control;
• Functionality: identification of functions, space
requirements, design requirements, system performance,
as well as resistance and efficient maintenance of the
elements of the building;
• Protection: specific actions and strategies of intervention
in a context or on a historical building which may be
classified as belonging to one of the four approaches:
conservation,
redevelopment,
restoration
or
reconstruction;
• Comfort: physical and psychological well-being of users,
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determined by constructive elements such as air
distribution, lighting, work spaces and plants;
• Security: physical protection of users and assets from
natural or man-made risks;
• Sustainability: environmental performance of the
constructive elements.

Figure 2 - Project objectives according to the Whole Building
Design approach
(Source: Authors’ elaboration from (Prowler and Vierra, 2012))

The choice of a particular constructive element, for
instance, can condition at the same time the quality of the
air inside the building, ease of maintenance, management
costs, fuel choice and global climate change. Moreover, the
size of the constructive element is able to determine the
type of lighting and regulation, the organization of the
interior spaces and air conditioning, the same as the choice
of materials and plants can influence aesthetics, accessibility
and security (Martmez-Molina et al., 2016).
The WBD approach therefore aims at creating buildings that
are at the same time safe, accessible, flexible, aesthetically
pleasing, productive and sustainable both economically and
energetically throughout the entire life cycle (Prowler and
Vierra, 2012).

2.2 The Problem Based Learning (PBL) approach
for didactic innovation
Innovation in the field of education, at all educational levels,
is in continuous development, it affects all disciplines and is
increasingly oriented towards the solution of real problems
which are more and more considered in their multidimensionality and complexity.
To tackle, in the context of the Atelier, the problem of the
enhancement of an entire section of the city, a didactic
approach was tested in the area of Active Learning and
innovative teaching methods in the Faculties of Architecture
(De Graff and Cowdroy, 1997): the PBL approach (Savery,
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2006), elaborated for the first time at the McMaster
University in Canada in 1969 (De Graff and Kolmos, 2003),
has subsequently been developed and modified in other
forms and structures. The PBL approach is different from
the more classic Project Based Learning as it focuses not
only on the “solution” of the problem or the “result”, but on
the problem itself and the process used to analyze and
structure it (Mills and Tregust, 2003).
The learning experience conducted during the Atelier is
part of the Erasmus+ project “CityLab. Engaging students
with sustainable cities in Latin-America”, co-funded by the
European Union and inspired by the three main classic PBL
approaches, adapted to the reality of the Italian University
and of the Faculty of Architecture:
• the Aalborg model, also called “Problem Oriented
Project” (Kolmos et al., 2004);
• the model of the Maastricht University of 1976, also called
“Seven-step Approach” (Moust et al., 2005);
• the model of the Alcala University, also known as the “4x4
Model” (Prieto et al., 2006).
These approaches places the student at the centre of the
educational process, eliminates the hierarchical teacherstudent structure, promotes participation and collaboration
among students (Ertmer and Simons, 2006) and facilitates
the involvement of external stakeholders (Brundiers et al.,
2010).
One of the fundamental pillars of this approach is the
choice of complex real problems for the definition of case
studies to be analyzed. In the learning processes it is indeed
useful to tackle real case studies, so students may acquire
disciplinary tools and technical knowledge that can be
spent on the professional market for the definition of
sustainable projects, closely linked to territorial realities,
socio-economic contexts and needs expressed by the
different stakeholders involved (Brundiers et al., 2010). It is
also important that students simultaneously develop
leadership, problem-solving, cooperation and teambuilding skills, which are transversal to all curricular
disciplines and useful in professional practice (Brundiers et
al., 2010).
Firstly, PBL is inclusive and aims to involve students in the
process of knowledge acquisition and problem definition
related to the case study. Indeed, they are considered
responsible for their project, collaborate among each other
and with external actors and become active in the
community of reference. Secondly, this approach is suitable
for developing the main aspects of educational innovation
aimed at sustainable development planning (Lehmann et al.,
2008).
In fact, as Lehmann explains (2008), sustainable
development, directly linked to the planning of sustainable
cities, is based on the continuous increase of the various
“capitals” or “potentials” that feed it: human and intellectual
capital, productive and social capital. Thus it becomes
evident that architecture students, as future professionals,
must become increasingly capable of solving problems and
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be aware of how these are influenced by the different
capitals and connections that exist between them.
The PBL approach can be applied to a course of study, a
cycle of conferences or a workshop or an Atelier, according
to a process that can be represented by the Problem-based
learning cycle and the cycle of acquisition of knowledge
(Poikela and Nummenmaa, 2006) (Figure 3).

Figure 3 - Problem-based learning and knowledge acquisition
cycle
(Source: Authors’ elaboration from (Poikela and Nummenmaa,
2006))

The phases of development of this process start with a first
phase in which the students (in groups of 4 or 5 people),
after having analyzed and broken down the “problem” in its
multiple aspects, try to define a vision and a shared
perspective (1. Problem Setting). The purpose of the next
phase is to be able to elaborate the previous knowledge in
order to apply it to the solution of the problem. This can be
done through a first brainstorming, which can be carried
out in the preliminary phase both by students alone or with
teachers and stakeholders (2. Brainstorming). Afterwards,
the results of Phase 2 are structured to define and select
resources, types of similar ideas are classified into separate
categories (3. Systematization). During the fourth phase the
most problematic and important areas identified during
Phase 3 are defined (4. Selection). The first part of the
process ends with the phase of formulation of the training
objectives and teaching activities (5. Learning task). The
knowledge acquisition phase is carried out autonomously
by the groups of students and takes place through different
means: archival research, theoretical lessons, meetings with
experts and online research (6. Knowledge acquisition).
Finally students move on to the phase in which the acquired

valori e valutazioni No. 21 - 2018

Restoration, Reuse and Energy retrofit for the enhancement of 20th Century Heritage:
a learning experience on the Ivrea Site Inscribed on the UNESCO World Heritage List
knowledge is summed up (7. Knowledge integration), a step
that can be completed with a synergy among students,
teachers and stakeholders, to create the necessary
knowledge concerning the problem/case study and clarify
the initial problem (8. Clarification ) so as to move on to – in
the case of the Architecture courses – the project.
Obviously, following a first phase of analysis and break
down of the main problem into secondary problems, it may
happen that the cycle has to be repeated in an iterative
process (Poikela and Nummenmaa, 2006).

3. INTEGRATION BETWEEN PROJECT
AND ESTIMATIVE TOOLS
Starting from the learning goals and the approaches
outlined in the previous paragraph, the estimative tools that
the students acquired during the “Architecture heritage
preservation and enhancement” Atelier were identified. As
already mentioned, the training program entailed the
integration of the disciplines of Urban Restoration and
Economic Enhancement. The interaction between
restoration/reuse/energy
retrofit
and
economic
management/enhancement has the educational objective
of going beyond the traditional tools and techniques of
approach to planning. It is aimed to create a synergy and a
kit of multidisciplinary tools able to effectively respond to
real problems the project revolves around, which are shared
with the stakeholders and all the professional figures
involved.
Through the discipline of Restoration, in particular, analysis
methods were identified, aimed at creating a knowledge
framework related both to the single buildings and to the
urban areas in order to enhance their protection, safeguard
and reuse.
The preliminary structure of the knowledge framework was
established through the acquisition of data from indirect
sources and direct surveys in the field, also analyzing the
regulatory provisions in force (City of Ivrea, 2013 and 2016).
Furthermore, theoretical concepts and best practices at a
national and international level were illustrated in order to
encourage the development of a critical capacity able to
support a correct interpretation of the figurative,
constructive and structural characters of historical
architecture (Ascione et al., 2015 ; Boeri et al., 2016; Legnér et
al., 2016). This was considered as the knowledge base
needed to address the definition of design strategies and
the feasibility of conservation and protection projects
applied at a building and urban scale (Bogarino et al., 2016).
More generally, in dealing with complex design problems
at a strategic level, students acquired the ability to transform
and enhance assets, taking into account, on the one hand,
the need to preserve historical and cultural values and, on
the other, public and private economic viability, following a
synthetic approach in which formal, performance and
economic aspects are jointly considered (Pinto, 2010).
Consistent with the need of a UNESCO site to integrate
strategies for the enhancement and protection of heritage,
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the objectives of preservation from physical decay and loss
of identity, and those of compatible and efficient reuse,
were therefore made to interact closely with the logic of
enhancement and economic and financial viability. In fact,
maintenance able to guarantee lasting efficiency, use and
enjoyment of assets through the inclusion of new functions
– compatible with the assets themselves and with the
environmental, social and cultural system of which they are
part – cannot leave out the evaluation of economic
feasibility, with regard to both the construction phase and
the future management of the new activities in place.
The tools and analyses identified for the analysis of physical
degradation and the definition of restoration and energy
retrofit projects, were therefore made to interact with some
estimative tools aimed at identifying costs and at assessing
project economic viability. The following paragraph intends
to examine the main tools and approaches used, which are
related to the discipline of economic evaluation.

3.1 The role of economic evaluation
Projects to enhance modern heritage are a complex
challenge not only in terms of conservation and restoration,
but also and above all with regard to the feasibility and
economic-financial viability of the projects.
The identification of new functions – compatible with the
pre-existing, with the physical and socio-economic contexts
of reference – requires a strategic evaluation of the general
private, public and public-private economic viability,
represented by the various stakeholders called to take part
in the whole process of enhancement (Curto et al., 2014):
owners of the assets, construction companies, managers,
end-users and the community (Guarini et al., 2017).
Given the multiplicity of interests, the evaluation must use
an appropriate methodology and diversified analyses and
tools (Coscia et al., 2015; Bottero and Mondini, 2017). The
functional and technical solutions identified by the
restoration and reuse project must first be verified through
the quantification of costs with respect to the entire
building life cycle. The enhancement project is therefore
intended as being made up of three integrated
components: restoration, reuse and energy retrofit. The
economic component, starting from WBD, takes on a
particular role, as it can be itself proactive with respect to
the different scenarios.
In particular, the evaluation of the economic feasibility of
the energy retrofit projects, selected on the basis of a series
of possible technological and plant alternatives, is the
prerequisite of the enhancement process (Fregonara et al.,
2013; Fregonara et al., 2016).
Therefore, evaluation plays an important role from the initial
phase through the application of LCC, which can be
considered a preliminary step and a prerequisite for the
application of more consolidated instruments, such as the
Discounted Cash Flow (DCF) analysis.
LCC is the tool that allows the different and specialized skills
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to interact in the project process, with continuous feedback
between evaluators, technologists, planners, installers and
restorers. LCC is also very important precisely from an
educational point of view, as it provides students with
support in assessing the economic feasibility of various
design, technological and plant engineering solutions
(Fregonara, 2015).
In fact, LCC serves to economically assess the economic
viability of alternative energy retrofit projects, both with
respect to the building envelopes and with respect to the
plant solutions, calculating the global cost of the building
during its entire life cycle: construction/renovation,
management, maintenance and final disposal (EN
15603:2008, 2008). In particular, LCC calculates and makes it
possible to compare several profitability indicators: the Net
Present Value (NPV), the Internal Rate of Return (IRR), the
Net Saving (NS), the Saving to Investment Ratio (SIR) and
the Pay-Back Period (PBP). These indicators support the
choice of the intervention which optimizes the
performance requirements – but also comfort, architectural
quality, energy efficiency, etc. –, and economic viability.
In the next phase, LCC is integrated with DCF to assess the
economic and financial feasibility of the projects of
restoration, reuse and energy retrofit, assuming costs
related to restoration, the costs of renovation/reuse and the
costs of energy retrofit estimated for the scenario identified
as being the most convenient (Fregonara et al., 2017). The
investment is analyzed through the well-known profitability
indicators: NPV, IRR and PBP. This tool allows to analyze,
through the discounted cash flows, the financial incomes
with respect to the invested capital, including the (final)
residual value of the asset at the time of its disposal.
In almost the totality of cases, the discounted cash flow
method was applied to transformation projects aimed not at
the buying and selling market but at the management of
both private and public activities and services. LCC and DCF
were therefore integrated considering the life cycle of the
transformed buildings.
The economic enhancement of the Olivetti architectures is
strictly connected to the financial flows deriving from the
new activities for which the architectures themselves have
been transformed, and for this reason the management
phase is central and decisive both for economic evaluation
and for the assessment of environmental sustainability.
The analyses are aimed not only at verifying the profitability
of investments, but also at identifying the economic and
social conditions necessary to guarantee the enhancement
of transformed assets over time.
In particular, in the case of cultural and social public
activities and services, the calculation of the Break Even
Point (BEP) is fundamental, as it allows to determine –
starting from fixed management costs and ticket prices - the
number of users necessary to guarantee a balance between
fixed costs and financial revenue.
Thanks to the integration of the various economicestimative tools, it is therefore possible to coordinate and
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carry out the pre-feasibility and feasibility verifications of
the projects, measuring their functional, technological,
energy, structural, environmental and economic
implications, in line with the principles of the WBD
approach.

4. COURSE RESULTS
The Atelier “Architecture heritage preservation and
enhancement” began with a first phase, conducted by the
teachers, aimed at the choice of the case study to be
analyzed and the construction of the relative real problem
to be addressed (3C3R model), taking into account both the
educational objectives, the definition of the context of
reference, and the availability of stakeholders to participate
in the learning process (Hung, 2006) (Figure 4).

Figure 4 - 3c3r model
(Source: Authors’ elaboration from (Hung, 2006))

The selected case was the site “Ivrea, industrial city of the
20th century”, recently inscribed in the WHL UNESCO.
The case study was chosen taking into consideration the
training objectives and the related problems, presented to
the students by the teaching staff and by some stakeholders
involved. Specifically, the Coordinator of the Application
“Ivrea, industrial city of the 20th century” and the at the time
Mayor of Ivrea presented the site to the students, illustrating
the process followed for the application to the WHL
UNESCO (at the time not yet concluded), the problems
faced and those still open, the projects already
implemented and those being implemented.
Starting from the evidences from the stakeholders, the
teachers urged the students to analyze and structure the
problems, paying attention to private and public interests.
The students then collected the data from direct and
indirect sources and analyzed the actual state of the
buildings and the territorial, socio-economic and cultural
context of reference with the support of SWOT analyses
(Armstrong, 1982; Hill and Westbrook, 1997; Coscia and
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Curto, 2017, Coscia et al., 2018). Among the main sources
contacted: the Technical Office of the City of Ivrea, the
Historical Archive, private companies and investment funds,
owners or managers of assets. Moreover, thanks to the
collaboration of the Superintendence of Archaeology, Fine
Arts and Landscape for the metropolitan city of Turin, the
students were able to access to the architectural constraints
reports, which provide useful information for the
structuring phase of knowledge acquisition and the
definition of restoration projects.
The data collection and analysis phase was supported by a
GIS based building database, structured by the teaching
staff and made available to the students for the
management of the knowledge phase and for the
subsequent implementation of the information layers
relating to the areas and buildings chosen for the
development of the restoration and enhancement projects.
For the definition of the single projects of functional
redevelopment, the students involved, with the help of the
teachers, experts and operators able to support them in the
survey and collection of input data for the projects
economic-financial evaluation.
The involvement of various experts such as
consultants/collaborators during the Atelier allowed to
obtain useful feedback for the development of feasible,
sustainable project solutions, consistent with the needs
expressed by the various stakeholders involved (City of
Ivrea, Coordination Group for the inscription to the WHL
UNESCO, public bodies and private companies, trade
associations, assets owners and property and facility
managers).
In addition, the students were also supported by the staff
of the Laboratory of Analysis and Modelling of
Environmental Systems (LAMSA) of the Politecnico di
Torino, for the evaluation of alternative building energy
retrofit projects, through the application of the software
Termolog for the calculation of the global energy
performance index of the building and its energy
performance certificate (EPC) label.
The students, working in groups, then developed their
projects individually and collectively, finally drafting a
shared project Masterplan at the urban scale. The definition
of the Masterplan was possible thanks to the
implementation of GIS and to the progressive interaction
between students, teachers and stakeholders.
The final evaluation of the students’ projects took place in
two phases. The first evaluation, during the examination,
was carried out by the teachers. The second evaluation took
place during a public event, during which the best projects
were awarded by the City of Ivrea.
In conclusion, on the basis of the educational objectives and
tools of restoration and economic evaluation outlined in the
previous paragraphs, the joint work between students,
stakeholders and teachers led to the experience of a shared
learning process and the development of diversified
projects of restoration and economic enhancement at both
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urban and building scale. The main results achieved can be
summarized as follows:
• the structuring of the GIS “Ivrea, industrial city of the 20th
century”, which allowed the processing of data starting
from numerous information levels and the definition of a
shared project Masterplan for the enhancement of the
entire urban area (UNESCO site);
• the realization of more than 30 enhancement projects,
aimed at the functional redevelopment and energy
retrofit of the buildings located in the UNESCO site, as
well as the public spaces and the surrounding green
areas;
• the organization of a public event for the presentation of
the projects developed by the students to the
stakeholders of the territory of Ivrea, during which the
best projects were awarded by the City of Ivrea.

4.1 The GIS “Ivrea, industrial city of the 20th
century” and the shared project Masterplan
The GIS “Ivrea, industrial city of the 20th century” and the
databases that compose it have been structured to collect
and analyze all the information concerning the built and
unbuilt elements of the UNESCO site (Barreca et al., 2017):
29 Areas (City of Ivrea, 2012 – updated to 2017), 94 cadastral
parcels, 116 Buildings (74 main and 42 accessory), 29
elements of the infrastructural system and 32 elements of
the green system, a building outside the area but of great
documentary value (West Residential Unit - former Hotel la
Serra), as well as the information concerning the territorial,
socio-economic and cultural context.
The structure of the GIS, the conceptual scheme of the
attributes and the survey files (of both the existing and of
the projects), was prepared by the teachers before the
beginning of the course, starting from the web-GIS of the
City of Ivrea, and was implemented and integrated with the
information provided by the students. Some data
elaborations were useful to support the definition of
sustainable new functions, compatible with the needs of
restoration and suited to the context of reference (Cerreta
& De Toro, 2012). Thanks to the support of the GIS, a shared
project Masterplan was developed, capable of structuring
the knowledge phase in thematic areas and historical
periods and facilitating the coordinated choice of the new
functions envisaged by the project (Figure 5).
The definition of new functions was also supported by the
information layers of the GIS containing the data relating to
the real estate market in Ivrea. Starting from the building’s
reference functions, the real estate value system is in fact
conditioned by the intrinsic and extrinsic characteristics of
the properties, including the positional ones (Curto et al.,
2017).
The Masterplan and the analysis of the results of the project
economic evaluation allowed to underline the importance
of using a trans-scalar tool for the planning of parts of the
city (Borgarino et al., 2016), suggesting possible future
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Figure 5 - The shared project Masterplan: definition of the new functions of the buildings located in the UNESCO site
(Source: Authors’ elaboration)

developments and integrations in the fields of BIM, Gaming,
3D Reconstruction and Augmented Reality to also favour
the indirect fruition of cultural heritage (Rua and Alvito,
2011) and of structuring collaborative platforms (Coscia et
al., 2017; De Filippi et al., 2016).

4.2 Reuse and energy retrofit projects of the
buildings located in the UNESCO site
The theme of the enhancement of the Olivetti heritage of
Ivrea, addressed during the ay. 2016/17 and 2017/18, led to
the definition of more than 30 restoration, reuse and energy
retrofit projects of the buildings located in about 16 Areas of
the UNESCO site, as well as public spaces, green areas and
routes that could be affected in the future redesign of the
Open air Museum of Modern Architecture of Ivrea
(MAAM). Each project was developed taking into account
both the typological and functional peculiarities of the
buildings, the different restoration needs and the
characteristics of the neighbouring urban areas, and the
overall coherence defined by the Masterplan.
The detailed analysis of the current state (consistency) and
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of the state of degradation, as well as the definition of a
series of actions aimed at the protection and conservation
of the buildings, constituted an important starting point for
the development of compatible projects also respectful of
the pre-existing historical-architectural value.
Starting from the restoration projects and from the
identification of new functions, the economic-financial
feasibility was evaluated, applying the following types of
analysis:
• Assessment of the economic viability of alternative energy
retrofit projects carried out with LCC analysis;
• Preliminary evaluation of the economic-financial
feasibility of the project with respect to a predefined time
period, carried out with DCF analysis.

Assessment of the economic viability of
alternative energy retrofit projects carried out
with Life Cycle Costing (LCC) analysis
The primary objective for the definition of energy retrofit
projects is the achievement of a series of minimum
standards of energy performance of a building, defined on
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Figure 6 - Results obtained with the calculation of the overall energy requirements – and relative energy performance certificate labels – of the three buildings of the “Social Services Centre” complex: comparison between the base scenario and three
alternative energy retrofit projects
(Source: Assessment of alternative energy retrofit projects by Ludovica Rapisarda and Alessandra Sacco, students of the Atelier
“Architecture heritage preservation and enhancement”, Politecnico di Torino, academic year 2017/2018)

the basis of the Italian Ministerial Decree 26/06/2015 which
establishes minimum requirements. These standards are set
on the basis of different thermal zones, use classes (DPR
412/93) and geometric data of each building and sub-unit.
The possible energy retrofit projects were therefore
hypothesised for “each building individually”, and were
diversified according to the types of buildings and the very
heterogeneous functions.
On the basis of the minimum legal requirements, for each
building, a basic scenario and a series of alternative energy
retrofit projects were hypothesized. The choice of the
“optimal solution”, from the point of view of energy saving
and economic feasibility over a period of time, was
supported by the application of the LCC analysis (Becchio et
al., 2015). A series of interventions, such as the replacement
of windows, the introduction of external or internal coating,
the replacement of some plants, were compared with the
base scenario and evaluated on the basis of the energy
savings calculated by taking into account the entire building
life cycle (Litti et al., 2018).
In the example shown in Figure 6, the students initially
analyzed the current state of the three buildings of the
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“Social Services Centre” complex compared to the new
functions being hypothesised (53% social housing, 40%
social centre and 7% bar). Starting from the existing
constructive elements (single-glazed frames and perimeter
walls in plaster, hollow bricks and air chamber) the base
scenario was defined, hypothesising minimum
interventions to allow the adaptations required by the new
function of the building to meet the legal standards.
Subsequently, for each building, the base scenario was
compared with three alternative energy retrofit projects:
• the insertion of inner coating composed of 13cm thick
panels in silicate hydrate and autoclaved calcium;
• the replacement of the windows and the insertion of
thermal break frames in steel sheets and low-emission
double glazing;
• the installation of 28 photovoltaic panels on the flat roof.
These interventions were analyzed both individually and in
various possible combinations. Comparing the results of the
various LCC analyses - NPV, IRR, NS, SIR and PBP - the
combined solution “internal coating + windows +
photovoltaic panels” was found to be the most convenient
from an economic point of view and with regard to energy,
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allowing to pass, in the case of the central building, for
example, from an EPC label “E” to a label “B” while
guaranteeing full protection of the original architectural
elements.

Preliminary evaluation of the economic/financial
feasibility of the project with respect to a
predefined time period carried out with
Discounted Cash Flow (DCF) analysis
Following the choice of the optimal intervention, the overall
costs of the intervention were estimated, inserting detailed
costs of energy retrofit among the other items of the bill of
quantities (Comité Européen des Economistes de la
Construction, 2003).
The projects economic-financial feasibility was therefore
assessed using the consolidated DCF analysis, on the basis
of the costs of the intervention – including those considered
for energy retrofit – and of the revenues estimated on the
basis of the new hypothesised functions, considering the
risk of the investment and the time of return on invested
capital. Feasibility was also verified both with respect to the
hypothesis of sale of the asset following its requalification,
and with respect to its management, so considering a longer
period of time.
Figure 7 shows, for example, three management scenarios
(optimistic, medium and pessimistic), diversified on the
basis of the rent and the percentage of occupation of the
premises to be leased.
The optimistic scenario provides for a rental fee of 90
Euro/sqm and a 90% occupancy rate for renting premises
and is able to guarantee an 18 year PBP. On the other hand,
the pessimistic scenario envisages a rent of 70 Euro/sqm and
an employment rate of 20%: in this case the PBP is not
acceptable as it exceeds 30 years. Finally, the average
scenario, with a rent of 70 Euro/sqm and a 70% occupancy
rate, is able to guarantee a 28-year PBP.

4.3

Dialogue with the territory of Ivrea: the
public event for the presentation and the
awarding of projects developed by the
students

June 16th, 2017, the City of Ivrea, in collaboration with the
Department of Architecture and Design of the Politecnico di
Torino, organized the public event “Oltre Olivetti. Scenari
per il futuro di Ivrea. Il patrimonio come occasione di
rigenerazione urbana e di sviluppo” (Beyond Olivetti.
Scenarios for the future of Ivrea. Heritage as an opportunity
for urban regeneration and development), for the
presentation of the shared master plan and of the single
enhancement projects developed by the students of the
Atelier “Architecture heritage preservation and
enhancement”.
On this occasion, the City rewarded the best projects,
involving the main stakeholders of the territory of the Ivrea
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Figure 7 - Results obtained with the application of DCF analysis
for the enhancement of the economic-financial feasibility of the
functions hypothesised for the “Social Services Centre”
complex: comparison between three scenarios (optimistic,
pessimistic and medium)
(Source: Assessment of alternative energy retrofit projects by
Ludovica Rapisarda and Alessandra Sacco, students of the
Atelier “Architecture heritage preservation and enhancement”,
Politecnico di Torino, academic year 2017/2018)

area in the evaluation. The students who decided to
participate in the event publicly presented their project to
a special commission (made up of some representatives of
the Municipality, the UNESCO Candidature Committee, the
Chamber of Commerce of the Canavese region, and some
representatives of the property funds and real estate
managers) that selected the winners on the basis of the
quality of the restoration project, the consistency of the new
prefigured new functions, the level of design innovation
and the economic-financial feasibility (Figure 8).
The event, highly appreciated by the public and private
stakeholders of the territory of Ivrea, was included in the
updated UNESCO Application Management Plan (in the
section dedicated to the description of the sector “B Knowledge and Conservation Action Plan”, measure “B - 3
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Figure 8 - The public event “Oltre Olivetti. Scenari per il futuro
di Ivrea. Il patrimonio come occasione di rigenerazione
urbana e di sviluppo” (Beyond Olivetti. Scenarios for the
future of Ivrea. Heritage as an opportunity for urban
regeneration and development) held at the Salone dei 2000 16 June 2017
(Source: photo by the Authors)

Integration of knowledge and interpretative resources”,
action “B-3.1 Broadening the knowledge of the real estate
of the Site”) (Municipality of Ivrea, 2012 - updated to 2017),
testifying to the fact that the results achieved during the
Atelier can represent concrete effects for the enhancement
and management of the UNESCO site, publicly recognized
by the administration of Ivrea.

5. CONCLUSIONS
The functional redevelopment and energy retrofit of
modern heritage is currently dealt with considering the
aspect of restoration and reuse, without taking into account
the objectives that can be pursued through energy retrofit
projects. The introduction of the objectives prefigured by
the WBD allowed to address the issue of enhancement of
modern heritage as a real and complex problem, which
must be analyzed taking into account a variety of aspects.
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Modern heritage, in fact, is mostly made up of buildings
subject to restrictions on which the possible interventions
are often limited, both with regard to the identification of
new functions and the application of technologies aimed at
improving energy performance.
In Italy, considering the percentage of buildings that are
subject to restrictions, it is essential to direct attention also
to a particularly fragile heritage such as the modern one,
and to consider energy retrofit projects as a necessary and
simultaneous practice for restoration and reuse.
It is therefore pivotal to identify the interventions that are
not only compatible with pre-existing conditions, but also
able to combine protection with the choice for the optimal
solution with respect to energy and economic-financial
feasibility, considering the entire building life cycle.
The projects on the existing heritage, starting from the case
of Ivrea, show that it is possible to use technological
innovation aimed at comfort and energy saving even with
heritage that is under restrictions, respecting the historical,
architectural and cultural values and making significant
improvements in the overall energy balance.
The delicate and difficult balance between technical
limitations (functional, material, technological, structural)
imposed by the law and the economic and financial
feasibility of the projects poses a stimulating and
educational challenge for the students who attend the last
year of the degree course in Architecture.
The learning objectives of the Atelier “Architecture heritage
preservation and enhancement” of the Politecnico di Torino
were thus pursued as part of the process of enhancement of
the heritage of the Olivetti area and UNESCO site “Ivrea,
industrial city of the 20th century”, a particularly complex
case of reuse and energy retrofit involving different types
of buildings.
The case was broken down into its many aspects, starting
also from the learning objectives, bearing in mind the reality
and the interests of the many stakeholders involved.
To support the training process, two approaches were taken
and integrated: WBD and PBL. The first one guided the
students towards integrated design of sustainable and
efficient buildings, also possible thanks to the
implementation of an interactive process among all the
people involved during the entire life cycle of the project.
The second approach, however, made it possible for
students to interact with each other and with the
stakeholders in order to solve a real problem, also allowing
them to develop the multiple skills required. Students
learned to define and manage a process aimed at solving a
complex problem through continuous and proactive
interaction with the teaching staff and stakeholders in the
area of reference. The application of PBL during the Atelier
constituted an innovative learning experience at a national
level. In the degree courses in Architecture, in fact, it is a
standard practice to analyze real cases inviting local actors
and stakeholders to provide evidences, in order to
contextualize the selected case study. Nevertheless, the

valori e valutazioni No. 21 - 2018

53

teaching approach is hardly based on pedagogically
structured methodologies such as PBL and very rarely the
results achieved at the end of the courses really support and
are acquired by the public administrations involved. In the
international context, however, the application of PBL is
more consolidated, not only in individual modules/ateliers,
but also throughout entire degree courses.
In parallel, and at the same time as the application of PBL,
students also acquired the disciplinary tools and
methodologies of analysis of the disciplines of restoration
and economic enhancement. In particular, they were able to
learn and apply LCC analysis integrated with DCF analysis,
using real data for the evaluation of economic and financial
feasibility.
The results achieved at the end of the Atelier are many, both
considering the learning outcomes, and with regard to the
enhancement of the selected case study. Starting from the
data collected and structured within the GIS “Ivrea,
industrial city of the 20th century” a common knowledge
base was established that led the entire course to the
definition of a shared project Masterplan. This Masterplan
was the basis for the development of more than 30
restoration, reuse and energy retrofit projects of the
buildings located in the UNESCO site. For each building (or
complex of buildings), the economic-financial viability and
feasibility were assessed, both during the examination and
in Ivrea, at a public event during which a commission
awarded the best project.
The enhancement projects and the presentation made on
the occasion of the public event allowed to conclude the
involvement of the stakeholders during the learning
process, “giving back” to the citizens and the administration
of Ivrea some potentially feasible projects and ideas for a
sustainable development of a part of the city. In fact, the
results of this learning experience go beyond the
acquisition by the students of economic-estimative tools
and the definition of individual projects that are viable and
achievable. The overall scenario composed of the totality of
the projects defined by the students makes it possible to
tackle complexity at an urban scale and to define the
strategies and priorities of the projects concerning both
public and private subjects. Particularly relevant are the
possible positive effects on two sides: the strategic planning
of the enhancement projects of this portion of the city and
the future management of the UNESCO site. The objectives
stated in the Nomination File on the future management of
the site (City of Ivrea, 2012) in fact include the identification
of new functions aimed to foster the entrepreneurial
development and the fruition on the part of visitors and
tourists, to be achieved with a strategy of structured
communication and with the establishment of a centre for
the interpretation of the Olivetti heritage. Considering
these objectives, it is possible to conclude that some results
achieved during the Atelier might effectively support the
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future enhancement and management of the site. In
particular, the developed GIS could constitute, in addition
to a structured knowledge base useful for the definition of
enhancement projects, also a dynamic operative tool for the
programmed planning of the projects, and a basis for
developing the off-site fruition of the assets. In fact, the
georeferencing and structuring of information in a GIS
makes it possible not only to manage knowledge, but also to
develop ad hoc systems capable of managing every single
building. Starting from this base it is therefore possible to
put all the buildings in relation to each other and monitor
them, respecting a strategic plan based on different
priorities and a consequent program of short, medium and
long term projects. In this regard, it is possible to grasp how
important the redesign of the Open air Museum of Modern
Architecture of Ivrea (MAAM) is, a priority both for the
enhancement of the Olivetti architecture – real and virtual
- and as an occasion for the redevelopment of public spaces,
green areas and infrastructures (Barreca et al., 2017). In this
regard, the role of the municipal administration - owner
only of two buildings but of most of the areas that form the
connective tissue of this urban portion – can and must be
crucial in the implementation of a strategic territorial policy.
The identification of public and private projects able to
optimize scarce resources is fundamental in a context that
is progressively becoming more dynamic and open to new
forms of planning. The enhancement of the urban area that
has become a UNESCO site should therefore start from the
redevelopment of public spaces and infrastructures,
fundamental both for the redesign of the MAAM and to
support the actions of private bodies who are starting to
invest in the area (it is important to consider, for example,
the recent acquisition of the factory by an important private
body). Targeted and forward-looking investments of this
type by public actors are fundamental starting points in this
crucial and delicate phase of the sités enhancement
process, as they represent a driving force for the
improvement of urban quality and strategic requirements
for the future development of private projects. The results
achieved in the Atelier highlighted that some private
projects may be able to partly finance public projects thanks
to planning fees, fostering a cycle in which priorities,
viabilities and public and private objectives can converge,
though only if analyzed and conceived as a system and not
individually.
The process implemented during the Atelier can therefore
be considered a Best Practice, as it has laid the foundations
for the initiation of a dialogue between public and private
institutions (the administration, the university, the Chamber
of Commerce, real estate owners and managers and
citizens) aimed at the exchange of information and ideas
and the creation of synergies and shared development
strategies, with a view to an integrated planning of the
Olivetti site.
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