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Abstract – The paper addresses the theme of multidisciplinary decision support 
for energy efficiency in historic buildings through two research experiences: 
SECHURBA – Intelligent Energy Europe, and METRICS – an Italian PON-
Research and Competitiveness project, where a multidisciplinary stakeholders 
group used the approach. A Multi-Criteria Analysis, the Analytic Hierarchy 
Process (MCA–AHP), was used to streamline the decision-making process 
during the design of energy improvement intervention on historic buildings. The 
tested methodologies provide best practices on the growing need for participatory 
processes to make informed choices involving very different disciplines. The 
MCA–AHP approach proved to be adequate for a balanced and solid formulation 
of the decision-making process: the workflow allowed a multidisciplinary group 
of actors with different skills to take a shared path that was first a path of 
knowledge and then a decision-making path, increasing their awareness and the 
effectiveness of the whole procedure.
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1. INTRODUCTION

Any intervention of architectural conservation oscillates between matters of 
method and matters of conservation practice. Employing a consolidated metho-
dological approach to carry out an intervention does not automatically solve 
the questions on what could be the most suitable technical solution among a 
number of options, each one with a certain number of desired and undesired 
effects. Moreover, the stakeholders are increasingly numerous and range from 
the conservation expert, to the conservation technician, to the client (private 
or public) to the heritage protection public bodies. This paper describes the 
integration of a Decision Support System (DSS), the Analytic Hierarchy Process 
(AHP) within two scientific research projects focused on the proposal of new 
methodologies for the energy improvement of the built heritage. In both cases the 
approach was used as a participatory DSS among technical and non technical 
stakeholders to choose among a set of specific design alternatives developed by 
the research team after a multiscalar and interdisciplinary analysis and design 
process (the theme of a photovoltaic roofing in the first case, the theme of the 
plant efficiency in the second one).
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Historic buildings are not the largest nor the most energy-intensive part of our 
building stock and generally behave more efficiently than buildings built between 
the end of the World War II and adoption of the first energy efficiency regulation 
in the seventies [1], thanks to their climate sensitive design. Climate change will 
pose a threat to the continuation of their optimised natural functioning with even 
greater consequences on their conservation [2], therefore it will be increasingly 
important to develop adaptation methodologies to enhance their resilience. In 
recent years, the relationship between the disciplines of bioclimatic sustainable 
design and conservation (already anticipated by J. Ruskin and supported by 
restoration scholars such as R. Pane) has flourished thanks to the concept of 
energy improvement that has replaced the one of regulatory compliance, just 
like it happened in the structural consolidation field. Even if the process of disci-
plinary integration is still incomplete, environmental design and energy efficiency 
are starting to be accepted by conservation experts as protection tools for the 
built heritage [3], and several research project [4], [5] and initiatives like the JPI 
Cultural Heritage and Global Change are paving the road towards the maturation 
of a fully interdisciplinary approach.

2. MCA AHP AND THE ENERGY EFFICIENCY FOR THE BUILT HERITAGE

2.1 MCA FOR THE BUILT HERITAGE

Decision Support Systems (DSS), are tools designed to solve problems that 
are too complex for humans and too qualitative for a computer. They systemati-
cally guide the stakeholders through all the possible alternatives that can solve 
a problem within certain constraints. DSS have evolved significantly since their 
early development in the ‘70s, in the direction of information technology improving 
both the efficiency with which users reach a decision and the effectiveness of the 
decision itself. Moreover, these systems have helped over time to better respond 
to the need of stakeholders to include participatory evaluation procedures in 
their decision-making processes [6]. Within the decision support systems, the 
MCA supports the decision-maker that is forced to operate with numerous and 
conflicting assessments in obtaining a compromise solution in a transparent way. 
Support is provided by organizing and synthesising complex and often hetero-
geneous information, and MCA is ideal for an application in all those domains 
where it is not possible to directly apply an optimisation method [7]. Besides, the 
increase in the transparency of the decision-making process and, as already 
mentioned, the active involvement of the stakeholders in it, make the decision-
making process even more controllable [5], [6]. MCA is applied in many areas of 
scientific knowledge [8]. This versatility is provided by the ability of the approach 
to make explicit the different alternatives while allowing the evaluation of their 
respective performances according to different criteria [9]. Given the complexity 
of the decision-making process within the built heritage conservation field [10] the 
use of MCA approaches, both as an instrument for the early design phases and 
for the final selection of the design solution among the proposed alternatives [11], 
[12], is gaining consensus [13]–[17] even within energy improvement interventions 
[5], [18]–[21].
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2.2 AHP METHODOLOGY AND DECISION-MAKING PROCESS

As far as the decision-making in the built heritage field is concerned, the AHP 
process [22] is the mostly used approach [8], [14], [21], [23]. It represents an 
excellent and easy to use tool to answer to the need to solve unstructured 
problems and express complex judgments through a systematised methodology 
that prioritizes a series of decision-making alternatives by comparing quali-
tative and quantitative assessments otherwise not directly comparable. The 
following phases can be distinguished: main stakeholder and goal definition; 
formulation of the criteria; identification of the alternatives; organization of the 
criteria and alternatives in a hierarchical tree; pairwise evaluation of criteria 
and alternatives; and creation of the ranking of alternatives (choice). Finding all 
the stakeholders involved in the process along with the main goal helps taking 
into account not only the specific design problem, but also its whole contexts 
including the decision-making framework (i.e. the public administration that has 
the role to protect the building). When addressing problems with a high degree of 
complexity, goals can be hierarchically articulated from strategic ones, closer to 
the root of the AHP tree to more specific ones (in our cases evaluation criteria), 
as shown in Figure 1 based on one of the two presented case studies.

Within the design process, all the key actors must participate in defining the 
whole AHP hierarchical tree that must be as thorough as possible. Then a multi-
disciplinary design team (made by the highest number of involved stakeholders) 
can develop the design alternatives, including technical and specific solution to 
address all the defined goals. After defining the design scenarios, highlighting  
for each solution a brief description along with a strength/weaknesses pre- 
evaluation, including when possible quantitative data, the evaluation phase 
can begin. The involved stakeholders are then asked to weigh the criteria and 
scenarios through a specific pair-wise comparison based on the semantic scale 
of Saaty [22], [24] as shown in Table 1.

Figure 1. Analytic Hierarchy Process – Hierarchical Tree, METRICS Project.
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For each element of the hierarchy tree, a matrix is constructed by comparing 
in pairs the elements directly subordinated to it. Assuming the superordinate 
element as a reference, the two elements of each pair are compared in order 
to determine which of them is most important, and to what extent (i.e. in terms 
of compatibility with the restoration charts, which is the most efficient solution, 
“a” or “b”?). First the criteria are pairwise compared in relation to the general 
objective, and then the design scenarios with respect to each individual criterion. 
The result of the pairwise comparison matrix is a coefficient that represents an 
estimate of the dominance of an element relative to the other. For all the elements 
of the hierarchy, a weight is therefore obtained (local weights). To acquire the 
importance of each alternative according to the totality of the objectives/criteria 
taken into account, the hierarchical composition principle of Saaty [25] is applied, 
multiplying the local weights by the weights of the superordinate elements and 
then adding the results. Developing the calculations from top to bottom, the 
local weights of all the objectives of the hierarchy are progressively transformed 
into global weights. The global weight thus obtained from a single scenario will 
be compared with that of another alternative, highlighting an order of priority 
or preference in relation to the importance that each solution has scored in the 
pursuit of the individual objectives/criterion (as shown in Figure 3 of the last case 
study highlighted). Then the choice can be made. In specific cases, even the 
importance of the individual stakeholder can be weighted in order to make his 
answers more or less important in the final result of the decision-making process.

3. CASE STUDIES

3.1 OVERVIEW

After the first experiences in applying the AHP methodology on the built 
heritage to choose between specific conservation techniques, the Built Heritage 
Innovation Lab (BHI Lab, made of both conservation and environmental design 
experts) started to use it also for energy improvement interventions. In the two 
case studies highlighted, the BHI Lab coordinated the analyses, developed 
the design solution and implemented the AHP process to evaluate, within 
the developed projects (as shown in Figure 2), specific design goals (i.e. the 

Table 1. Saaty’s semantic scale 

Intensity Importance Definition Explanation

1 Equal Two activities contribute equally to the objective

3 Weak Experience and judgment slightly favour one activity over 
another. 

5 Strong Experience and judgment strongly favour one activity over 
another

7 Demonstrated An activity is strongly favoured and its dominance demon-
strated in practice

9 Absolute The evidence favouring one activity over another is of the 
highest possible order of affirmation 

2, 4, 6, 8 Intermediate When compromise is needed
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best roofing photovoltaic technologies or the best system upgrading), through 
questionnaires sent to the stakeholders. The questionnaires contained the 
pairwise comparison with the definition of the design problem, of the hierarchical 
articulation of objectives, of the criteria and design scenarios including a brief 
qualitative and quantitative description (provided by different experts), in order 
to include all the involved design sensitivity. For each case study, after collecting 
all the replies (with an acceptable grade of inconsistency below 0.1 [26]), we 
computed the AHP matrix and returned the results through various outputs.

3.2 CASE STUDY 1 – THE INTELLIGENT ENERGY APPLICATION TOOL OF THE 
SECHURBA PROJECT

Within the Intelligent Energy Europe–Sustainable Energy Communities in Historic 
Urban Areas (IEE-SECHURBA) project, a software-based tool was developed to 
model potential energy improvements on historic buildings. The Intelligent Energy 
Application Tool goal was to help evaluate the Rational Use of Energy (RUE) 
and the Renewable Energy Sources (RES) integration on historic buildings, 
both in terms of their energy saving potential and in their aesthetic, historic, 
financial and administrative compatibility [27]. Within the tool, this latter part 
used the MCA-AHP process and was applied to evaluate the best photovoltaic 
roofing technology within the energy improvement intervention of the Castle of 
Zena, near Piacenza in Italy. A preliminary study was carried out to highlight the 
assessment criteria, studying international documents on historical rehabilitation 
and energy efficiency of the built heritage to develop four criteria:

• Compatibility with the international conventions of conservation along with the 
European charters of restoration;

• Energy effectiveness in terms of highest performance improvement of the his-
toric building energy behaviour;

• Environmental sustainability, in terms of maximum reduction of carbon dioxide 
emission also through the use of RES;

• Economic feasibility, to evaluate the best return of investment.

Figure 2. Case studies Energy Improvement Design Cross Section.
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The building was then surveyed and analysed taking into account climatic and 
site context, building typology, historical and geometric data, conservation state, 
and energy use. The project partners were then provided with a checklist to 
suggest new technologies and materials to be used within the energy impro-
vement interventions, and to form an updated RES RUE database for historical 
buildings. The AHP hierarchy tree was then developed, and the evaluation criteria 
and solutions were weighted by a team made of building technicians (including 
architects, engineers and restorers), policy makers (European national and local 
governments, cultural heritage organisations), energy and climate organisa-
tions (SECHURBA national leaders and energy advisers), local energy markets 
representatives (technology manufacturers, developers and energy utilities), 
citizens and community. Among evaluation criteria, the compatibility with resto-
ration charts was identified as the highest priority with a score of 0.46, followed 
by energy efficiency with a score of 0.24 and environmental sustainability and 
economic feasibility both with a score of 0.15. Within the photovoltaic design alter-
natives, the clay PV tile prevailed with a score 0.36, closely followed by the best 
scoring amorphous thin film with a rating of 0.30, while the other two technologies 
scored 0.17 (for the other PV tile system) and 0.15 (for the other thin film one) [27].

3.3 CASE STUDY 2 – PON RESEARCH AND COMPETITIVENESS–METRICS PROJECT

Following the SECHURBA experience, another test of AHP embedding within a 
interdisciplinary approach was performed on a building of traditional architecture 
(Gioioso House) in the historic centre of Frigento (Italy). The AHP methodology 
was partly deconstructed and integrated within the project “Methodologies 
and technologies for the management and requalification of historic centres 
and buildings” (METRICS), that was funded by the PON Research and 
Competitiveness 2007–2013 of the Campania region [28]. The core of the project 
was the development of multiscalar and interdisciplinary Heritage Building 
Information Modeling (HBIM) platform of the whole historic centre of Frigento with 
a focus on four specific buildings to support decision-making for energy impro-
vement intervention at urban and building scale. The objective and stakeholders 
identification provided a “meta-design” support for project. The four evaluation 
criteria and the database of compatible RES and RUE technologies were fine-
tuned starting from those developed within the SECHURBA project. The compa-
tibility with the restoration charts criterion was enhanced with the concepts of 
the thermo-hygrometric compatibility between old and new materials and the 
potential of the intervention to support a sustainable future for the structure. 
The importance of external microclimate and building passive behaviour was 
enhanced for the Energy effectiveness criterion. Focuses on the life cycle of 
materials and technologies and on implementation and management costs of 
technologies were added to the Environmental sustainability and Economic 
Feasibility criteria. Within the database, for each criterion every technology was 
qualitatively pre-evaluated by the BHI Lab team with single scores from 1 to 5 (to 
provide a basis for the guidelines developed from the project). On Gioioso House 
historical and architectural analysis, geometric surveys, analysis of materials, 
analysis of the general conservation state, and the energy audit including field 
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and numerical analyses, were performed. Then the BHI Lab team developed an 
energy improvement design intervention of the house based also on a review 
of the owner’s needs, which led to the development of specific solutions for the 
building envelope and heating systems. At the final stage of the design process, 
three different alternatives were selected to be tested in the AHP method:

1) the replacement of existing boiler and stove with new condensing boiler and 
new insulated radiant floor;

2) the replacement of the existing stove with a new high efficiency ventilated 
one;

3) the removal of the existing stove with the addition of new radiators.

Alongside the stakeholders were technicians from the research team: experts 
of building systems, environmental design, conservation and cost evaluation, 
municipality technicians and building owners. Compared with the Castle of Zena 
the architectural value of Gioioso House was lower, so the weighing of the evalu-
ation criteria gave a different result with a prevalence of Energy Effectiveness 
with a score of 0.32, followed by Environmental Sustainability with a score of 
0.27, Compatibility with the restoration charts with a score of 0.21 and Economic 
Feasibility with a score of 0.20. Even if, for the system design alternatives, the 
new ventilated stove solution prevailed with a score of 0.388, with an advantage 
gained over the other two right on the Economic Feasibility and Restoration 
Charts criteria. The more invasive and expensive but nonetheless more efficient 
solution of the new condensing boiler with insulated radiant floor followed closely 
with a score of 0.376, with the last solution at 0.236 as shown in Figure 3.

Figure 3. Summary Evaluation AHP Chart – METRICS PROJECT (on the x axis the four 
evaluation criteria are represented in their weight by bar chart, the three coloured line graph 
represents the trend of the three design alternatives in relation to the four criteria, showing 
how each partial score contributes to the final ranking of the alternatives).
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3.4 DISCUSSIONS

The impact on the workloads of the AHP process was not relevant compared 
to the efforts made for the analysis and development of design solutions, and 
the simplicity of the method allowed to easily create a common discussion 
framework for actors with different knowledge and skills up to the non-techni-
cians. The major advantage (in addition to those already highlighted) was 
the possibility of recovering, in the final phase of the process, a general and 
shared vision on the results of the analyses and the proposed interventions, 
thus recovering the different design sensitivities of the experts involved, and 
recomposing in some cases contrasting position, in which experts of a specific 
field are naturally induced to give it greater weight than the others. Moreover, 
through the questionnaires, non-technician stakeholders had the opportunity 
to better understand the analyses, the efforts produced by the group and the 
issues involved in the intervention, developing a more informed point of view. 
For the public administration, the system served not only to integrate their consi-
derations, but also to provide ideas for participatory processes, including those 
of a less structured nature. A “numerical” structuring of a delicate decision-
making process, such as that of the energy improvement of built heritage, could 
seem too close to the hard sciences and too far from the humanities and thus 
capable of weakening their contribution to the process. Despite the fact that the 
dialectical relationship between hard sciences and humanities was formalized 
almost a century ago by the Athens Charter, the risk of a disequilibrium between 
the two contributions is always present and can be avoided, as suggested by 
renowned scholars like R. Pane, L. Grassi and G. Carbonara, only by giving 
technological formulation to the dualism whenever it occurs. The issue of the 
energy improvement of the built heritage makes no exception, and the use of the 
AHP approach proved to be adequate for a balanced and solid formulation of 
the decision-making process. The workflow allowed a multidisciplinary group of 
actors with different skills to walk together a shared path that was firstly a path of 
knowledge and then a path to take the right decision, increasing their awareness 
of the process and its effectiveness.
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