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When there is a social consensus that industrial assets are in fact heritage elements of cultural interest, their conservation and reuse
must be considered with approaches that offer greater guarantees and that prevent their exposure to aggressive actions. In order
for this to materialise, many aspects must be included in the decision-making process, from the characteristics of an asset and its
surroundings, to the valuable aspects that distinguish it and that must be protected. This study aims to develop tools that guide
the decision-making process regarding the most appropriate activity for each specific case study. Multicriteria Decision Support
Techniques are evaluated as adequate support to create a proposal that fulfils these objectives. Furthermore, the Analytic Hierarchy
Process is adapted to develop methodologies for assessing both the heritage value and the most compatible uses according to the
characteristics of the asset. Subsequently, they are connected and such considerations regarding the heritage value of the asset are
incorporated into the final decision. The tools developed are then applied to a case study to test their performance, assess their

usefulness, and identify possible applications and future developments.

1. Introduction

If it is accepted that industrial assets have heritage value, an
increasingly widespread social perception, their conservation
must be addressed. However, the conservation of something
valuable must be respectful of that value, making it necessary
to clearly identify its constituent parts. What is more, if
you have a broad sample of the same type of assets to be
conserved, the most important ones must be identified, as
conserving the whole sample is not viable. If the original
function of those elements has finalised and urban develop-
ment in recent decades has left them out of place in their
surroundings, such elements will require a new function
that makes their long-term conservation viable. This new
function, which the assets were not designed for and which
will require certain adaptation, presents a risky scenario
regarding the possible aggression that said adaptation may
entail for their valuable characteristics [1].

Therefore, the adequate reuse of these types of heritage
assets of cultural interest creates a scenario in which many
aspects must be jointly considered. There are many examples
of the reuse for new activities of these types of assets that

have led to the total destruction of everything that provided
an understanding of the production processes they once
accommodated. Industrial heritage illustrates our technolog-
ical, production, and social evolution through the processes,
equipment, and systems to which it bears witness. The aim of
this study is to develop tools that guide the decision-making
process of the most appropriate activity for each specific case,
avoiding the threat that many reuse actions entail for these
assets.

In this context, Multicriteria Decision Support Tech-
niques can offer the necessary support for the incorporation
of structures of criteria that contemplate the different aspects
to be considered and their simultaneous integration as deci-
sion factors [2, 3]. Multicriteria Decision Support Techniques
have been extensively studied and applied over recent years
in very different approaches with equally varied objectives.
These techniques have been widely applied in the industrial
field in recent decades. Project management [4], definition of
policies and strategies [5-7], engineering of manufacturing
processes [8], and material selection [9] are some of the
scenarios in which these techniques have been present.
However, their flexibility allows them to be applied in many
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other and very different contexts, such as the world of sport
[10]. In today’s complex world, where decisions in any field
are influenced by many interrelated aspects and conditions,
the interest and usefulness of these techniques are clear.

In the context of this study, the new use decision
must consider the characteristics of the asset, ensuring its
capacity to accommodate the needs programme of the
new activity. Furthermore, the characteristics of the setting,
assessing the possible demand for the uses considered as
alternatives and their suitability for the location, and the
potential cultural value of the asset to protect its constituent
parts—restricting their modification during the adaptation
to the new use—must be taken into account. Incorporating
the heritage value into the decision-making process is the
ultimate objective of this study. The nature of the aspects to be
considered is therefore rather varied. Morphological aspects
of the asset and technological-scientific aspects of cultural
value, both tangible and intangible, are included.

After analysing and evaluating different Multicriteria
Decision Support Techniques, the Analytic Hierarchy Process
(AHP), developed by Professor Thomas Saaty in the late
1970s, was selected for this study [11, 12]. Over the years,
this technique has been applied to studying different contexts
where a range of aspects have to be jointly considered in
the decision-making process. Extensive scientific work has
resulted from this in recent decades.

The application of the AHP as a tool for the analysis and
management of industrial heritage assets is new. It is possible,
however, to identify previous application initiatives in fields
with certain synergies that may serve as a reference. This
is the case of building renovations, from both sustainability
and energy efficiency perspectives [13, 14], and of historical
and cultural heritage asset protection [14-16]. The assessment
of property and industrial land has also been approached
through the application of this technique [17]. In previous
studies, the authors made the first attempts to apply the AHP
in selecting new uses for these types of assets [18]. This study
rectifies the deficiencies of the previous proposals and puts
forward an effective methodology, which was validated with
real case study application.

The software selected and used in this work was Microsoft
Excel, due to the need for flexibility in the various stages of
the work. Thus, the multicriteria structures designed and the
matrices associated to them were developed by using this tool.
The interface of the datasheets of results and all the graphs
included in them were also designed using this software.
And thanks to this common support, these graphs are
automatically generated when users introduce information
about a particular study case into the multicriteria structures
of the proposed methodology. Thus, using a single tool, all the
needs of the proposed methodologies are covered.

2. Proposed Methodology

During the selection of the most appropriate decision support
technique, the suitability of the Analytic Network Process
(ANP) was considered as an alternative for carrying out this
study [19, 20]. However, the possible presence, or not, of
cultural and heritage value characteristics in the industrial
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assets analysed does not affect its new use suitability for
housing another activity. The morphological characteristics
of the asset determine its capacity to accommodate a specific
use. The independence of both criteria, heritage and mor-
phological characteristics, and the interest of being able to
analyse both aspects separately and jointly led to the AHP
being selected for this study.

The application of the AHP to achieve the objectives
established in the study requires an adaptation. The hierar-
chical structure of criteria of this method means that the
impact of the heritage value cannot be directly incorporated
into the final decision. A methodology based on three partial
developments with different objectives, which can work both
independently and jointly, is proposed. The ultimate objective
is the incorporation of the heritage value in the selection of
new uses, choosing the least aggressive or most respectful
ones as regards said value. But this final objective creates
preliminary objectives. To protect the value of an asset,
identifying the parts containing those singular characteristics
and the intensity of such value is required. The singularity of
an asset is implicitly associated with its singularity within the
sample of elements of the same type. It is therefore necessary
to have a sufficiently representative sample of assets that have
been properly analysed. Figure 1 shows the structure of the
global methodology proposed and the partial methodologies
comprising it.

The first of the partial methodologies develops an exten-
sive field of study to identify a large sample of industrial
assets in the territory focused on: Spain. As such, a catalogue
has been prepared that includes 49 classification criteria
applied to all of the assets identified. This makes it possible to
contextualise each particular asset in a sample and to perform
varied analyses according to common characteristics such
as type, production sector, and new use. The analysis of the
sample at territory level, not just nationally but also in smaller
territories, is another of outcome of interest offered by this
part of the methodology [1, 21], enabling the characterisation
of this type of heritage in different territories. The number
of assets currently included in the catalogue produced by the
authors exceeds 1500 elements.

Once knowledge of the sample of assets is guaranteed,
work will start on studying specific assets: firstly relating to
their heritage assessment, based on their cultural value, and
then to the selection of the use, the adaptation of which being
more respectful of or less aggressive on the value identified.
As indicated in Figure 1, this is where the adaptation of the
AHP as a Multicriteria Decision Support Tool comes into
play. Thus, independent structures of criteria are defined for
each partial methodology. These are subsequently connected
to each other, based on the relationships between some of
the criteria of both structures. Both structures of criteria and
their connection are described below.

2.1. Structure of Criteria for the Heritage Assessment of the
Assets Analysed. The first step in the assessment of the
heritage or cultural value of an industrial asset is to identify
the characteristics that can contain said value. This entails
identifying the asset aspects that have the greatest capacity
to contain knowledge and to transmit it through observation
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FIGURE I: Integration of the partial methodologies in the global methodology proposed.

of the places they are in. These types of assets are valuable
and representative from different perspectives, which is why
the characteristics to consider are of a very varied nature.
The role of these assets in technological and production
development is evident. However, they also play a key role
in social development today, from economic, demographic,
social, territorial, and urban points of view. Similarly, as
real property, their technical and formal quality must be
taken into account, as well as their conception in relation to
requirements and processes accommodated.

The AHP enables simultaneous consideration of the
different types of value characteristics, understanding them
as the criteria considered for the analysis to be performed.
The characteristics to be considered allow gradual phasing.
In other words, aspects of a certain nature that must be
considered can be identified and, within them, other more
specific aspects for each case too. The structure of criteria will
therefore have different levels, corresponding to the classical
structure of the AHP [11,12], in which the criteria and subcri-
teria considered will be distributed. Table 1 shows the criteria
and subcriteria considered initially for the assessment of the
heritage value of the industrial assets. A brief description of
the criterion considered is included in each case.

Two initial criteria levels are therefore established and
identified as CR1 and CR2. All these aspects are included in
the heritage value assessment of the assets analysed. However,
not all of them will have the same importance. As previously

stated, situations were identified in which actions to reuse
industrial assets would mean the disappearance of aspects
that best connect them to the original production activity.
Moreover, those actions would destroy the parts that best
illustrate the production process that justifies the existence
of the assets and their capacity to transmit the corresponding
knowledge. The aim of this study is to avoid these situations.
Therefore, without discounting any type of characteristic,
the aspects that best connect to the industrial activity are
prioritised. Such an approach is also logical if we are talking
about an industrial type of heritage.

Therefore, pairwise comparisons are made using the Saaty
fundamental scale [11, 12] shown in Table 2. These judgements
estimate the importance or contribution of criteria in relation
to the objectives, which, in this case, relate to the singularity
of the asset analysed. This scale considers values from 1
to 9, which range from the same level of importance or
preference, to very strong dominance by one criterion over
another. Intermediate values can be used when necessary, as
well as inverse values when the dominance is in the opposite
direction.

Considering the Saaty scale values, pairwise comparisons
are made between the criteria of each level, making judge-
ments on the importance that one criterion has compared to
another in relation to the higher level of the structure. For
CRI criteria, this means the extent to which singularity is
contributed to the asset. For CR2 criteria, the comparison
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TABLE 1: Heritage assessment criteria.

CRI-1. Technological singularity
The asset has production technologies of special
interest, especially focused on machinery

CR2-1. Technological exclusivity
Its installations and equipment represent unique or representative examples

CR2-2. Technological innovation
Its installations and equipment represented pioneering applications of a
technology

CRI-2. Functional singularity
The design of the asset has an interpretable and
interesting relationship with the production process

CR2-3. Layout

The floor layout is meaningful and helps to understand the original production
process

CR2-4. Sizing of spaces

The design of the spaces in terms of area and height is representative and helps to
understand the production process

CR2-5. Fitting out of the spaces
The design of the light and sanitation conditions of the spaces is representative
and helps in understanding the original production process

CRI-3. Construction singularity
The asset is created with noteworthy construction and
structural techniques

CR2-6. Structure
The structural design is of special interest and helps in creating appropriate
spaces for the production activities that it houses

CR2-7. Construction technique
The construction techniques are of special interest

CR2-8. Architectural or artistic style
The asset and/or its parts have noteworthy architectural or artistic styles

CRI-4. Historical singularity
The asset helps in significantly illustrating a particular
historical or social aspect

CR2-9. Socioeconomic impact on the setting
It has significantly impacted the demographic, social, or economic development
of its setting, where it may be possible to identify other elements related to it

CR2-10. Production tradition

It is included in a production activity rooted in the territory and in its cultural
memory

CR2-11. Antiquity

Belongs to a historical period that gives it added value due to the scarcity of
examples today

CRI-5. Production singularity
The asset represents an unusual production activity in
its setting

TABLE 2: Saaty fundamental scale [11, 12].

Numerical scale Verbal scale

Explanation

)] Equal importance or preference Both criteria contribute in equal measure to the objectives
(2) Slight importance or preference

(3) Moderate importance or preference One criterion is prioritised moderately over another
(4) Moderate plus

(5) Strong importance or preference One criterion is prioritised strongly over another

(6) Strong plus

(7) Very strong importance or preference One criterion is prioritised very strongly over another
(8) Very, very strong

9) Extremely strong importance or preference Prioritisation reaches the highest value possible

is made in reference to the contribution of value from the
singularity of CRI criteria with which the compared CR2

criteria are associated.

the matrix that contains the judgements made when making
comparisons between CRI criteria regarding the first level
of the structure of criteria. The selected way to derive the

These pairwise comparisons are used to create the judge-
ment matrices, which establish the preferences between
criteria defined by the decision-makers. Figure 2(a) shows

priority vector from this matrix is the eigenvalue formulation
[12]. The solution is obtained by raising the matrix to a
sufficiently large power. In this case the process returns
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(a)

FIGURE 2: Matrices of priorities for CR1 criteria.

(b)

CRI-1 | CRi-2 | CRI-3 | CRi4 | CRi5 ileriity CRI-1 CR1-2 CRI-3 CRI-4 CRI-5 Hileidlyy

vector vector

CRI- | 1,0000 | 1,0000 | 50000 | 30000 | 3,0000 0,32995 CRI-1 | 3,6233E + 10 | 3,6233E + 10 | 2,3205E + 11 | 9,6460F + 10 | 9.6460E + 10 | | 0,34345
CRI2 | 10000 | 1,0000 | 50000 | 3,0000 | 3,0000 0,32995 CRI-2 | 3,6233E + 10 | 3.6233E + 10 | 2,3205E + 11 | 9,6460F + 10 | 9.6460E + 10 | | 0,34345
CR13 | 02000 | 0,2000 | 1,000 | 03333 | 03333 0,05245 CRI-3 | 5,8109E + 09 | 5,8109E + 09 | 3,7214E + 10 | 15470+ 10 | 1,5470E+ 10 | | 0,05508
CRI4 | 3333 | 03333 | 30000 | 1,000 | 1,0000 0,14382 CRI-4 | 1,3610E + 10 | L3610E + 10 | 8,7163E + 10 | 3,6233E+ 10 | 3,6233E+ 10 | | 0,12901
CRI-5 | 03333 | 03333 | 3,0000 | 1,0000 | 1,0000 0,14382 CRI-5 | 1,3610E + 10 | 1L3610E + 10 | 87163E + 10 | 3,6233E 1 10 | 3,6233E+ 10| | 0,12901
1,00000 1,00000

1 =5,0556 CI=00139 CR=0,0124

equivalent results for the components of the priority vector in
the third and fourth iteration. The process then finishes and
the priority vector indicated in Figure 2(b) is obtained.

During the formulating process of these matrices, the
consistency of the judgements of the decision-makers is
verified. Saaty establishes two parameters to assess each
aspect [12]. The first one is the consistency index of the
comparison matrix, which is given by CI = (A, — n)/(n —
1), where A, is the eigenvalue of the matrix and # is the
matrix range. Then the consistency ratio (CR) is obtained by
comparing the CI with the corresponding value of the ones
indicated in Table 3. The obtained value must be less than 0.10;
otherwise the judgements must be reviewed.

The process is repeated in a similar manner for the
judgement matrices for the second-level CR2 criteria. This
leads to the distribution of weights for the CR1 and CR2
criteria shown in the upper part of Figure 3.

As shown, the structure of criteria of Figure 3 includes
a new CR3 criteria level. The weights of the characteristics
identified in the higher levels are constant for any asset
analysed applying the proposed methodology. This will guide
the assessment in making preferences regarding the aspects
considered to be of greatest value, which in this case are
those that best illustrate the original production process.
However, although the importance of these characteristics,
in terms of the approach, will be constant for any asset
analysed, their presence will vary in each particular case
study. Thus, the preferencing of criteria related to the value of
the machinery has a greater starting weight than the artistic
value, but the case may be that in one study all the machinery
is kept, while, in another, it has disappeared. Therefore,
all the characteristics represented by CR2 criteria must be
scored for each specific case study analysed, with such need
subsequently giving rise to the new CR3 criteria level.

The question is how to undertake the assessment or
scoring of each characteristic contained in CR2 criteria. For
this, there are three aspects or criteria to be considered. The
first refers to the intensity of the importance or value that that
characteristic has in that specific asset. The second refers to
the current state of the asset in relation to said characteristic,
which dramatically influences the current capacity of the
element to transmit the associated knowledge. The third
regards the geographical singularity of the asset in relation
to that characteristic. If there are similar examples in its
territory, this singularity will be less than in cases in which

it represents a unique or infrequent example. Of the three
aspects incorporated in this new criteria level, the last two
may vary over time and the scores will therefore change:
the current state due to the degradation of the asset or
its renovation, and geographical singularity when similar
examples in the area disappear.

Furthermore, the impact of these aspects, such as the
current state, does not affect all the characteristics considered
in the CR2 criteria in the same way. For example, the loss
of parts of the machinery can significantly affect its capacity
to illustrate how it functioned. However, the degradation of
roofs, enclosures, and other elements of the building have
much less of an effect on the capacity to interpret the size
of the spaces or floor layout, as can be seen when visiting
abandoned factories in a state of ruin. Therefore, the compar-
ison matrices for CR3 criteria, in relation to each of the CR2
criteria, are compiled in a similar way to the previous levels.

This is where the static part of this first partial methodol-
ogy ends, with the weights of the CR1, CR2, and CR3 criteria
established for any industrial asset analysed. As such, each
CR3 referring to a CR2 will be scored, based on an assessment
by a qualified technician during the physical visit to the asset.
To consider the proposed methodologies as work tools was
one of the objectives of this study, facilitating their use and
maximising their potential impact.

As shown in Figure 3, in this first adaptation of the
classical structure, the AHP alternatives are not included.
The hierarchical criteria structure is established to provide
a hierarchy of the different characteristics, which can give
the asset singularity and result in it being deemed of cultural
interest within this typology. From that common structure
for any element analysed, and the scores given for a specific
case study, a reading is obtained of the heritage value of the
asset and the weighted distribution of that value between the
different characteristics in the different levels of the structure.
Figure 3 illustrates this distribution of weights within the
hierarchical structure based on scores introduced by way
of example. This allows for different analyses which will be
explained in subsequent sections.

2.2. Structure of Criteria for Selection of New Uses. To select
a new use, we propose the compatibility criterion that the
authors used in previous studies, where they started to
explore the possibilities of the multicriteria methods for
analysis and management of these assets [18]. Adaptation
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FIGURE 3: Structure of criteria for the heritage assessment of the assets.

TABLE 3: Average random consistency index (RI) [11, 12].

N 1) 2 3)

“) (5) (6) ™ (®) ) (10)

Random consistency index (RI) 0 0 0.52

0.89

111 1.25 1.35 1.40 1.45 1.49

to the new activity will have an impact on the asset. Based
on that idea, the objective is to minimise the impact on
characteristics that have heritage value. In practice, this is
channelled in two ways: on the one hand, activities that
require less adaptation of the asset will be of more interest;
and, on the other, adaptations that affect parts of the element
without any associated value will be acceptable, although
those that affect parts with value will be restricted. This means
that it is possible to talk about the analysis of two types
of compatibility. On the one hand, direct compatibility is
associated with the capacity of the asset analysed to accom-
modate the activities considered as alternative activities based
on their morphological characteristics. And, on the other,
modification is accepted in indirect compatibility, but not of
the parts that have heritage value.

2.2.1. Direct Compatibility without Consideration of the Her-
itage Value. The criteria structure to consider must first be
defined. Two types of criteria are considered in this study.
The first regards the morphological characteristics of the
asset, which help in characterising its spaces and its capacity
to accommodate new use activities. The second regards the

institutional density of uses considered as alternatives in
the setting of the asset analysed, in order to identify the
level of current demand and possible synergies. The uses
are considered as alternatives, derived from the asset reuse
actions identified in the first of the partial methodologies
undertaken by the authors in prior studies [1, 21]. Table 4
shows both the criteria and uses considered as alternatives.

The comparison matrices are compiled for the criteria of
each level of the structure in the same way as in the partial
methodology for the heritage assessment of assets. In the
first level, whose criteria are identified as CR4 criteria, a
strong priority of the characteristics of the asset is indicated
as opposed to those of the setting, as these are the ones that
indicate compatibility. A higher degree of preference to help
ensure that the activity is better attuned to its setting and that
the selection is successful has not been opted for.

As regards the next level’s criteria, identified as CR5 crite-
ria, equal weights or importance are established, regarding all
the criteria in the corresponding group, for both the criteria
associated with the asset and those associated with the setting.
None have preference over others and, as such, the matrices
are symmetrical, with all the values equal to the unit. The
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TABLE 4: Criteria and uses considered in the hierarchical structure
to select new uses.

CR5-1. Large area occupied by machinery
CR5-2. Machinery in good aesthetic condition
CR5-3. Machinery in good working order

CR5-4. Made up of separate elements
CR4-1.
Characteristics
of the asset

CRS5-5. Large open spaces (without pillars)
CR5-6. High ceiling open spaces (without pillars)
CR5-7. Large continuous spaces

CR5-8. High ceiling continuous spaces
CR5-9. High level of natural light

CR5-10. Linked to other elements of the setting
CR5-11. Has outdoor spaces

CR5-12. High presence of USE 1

CR5-13. High presence of USE 2

CR5-14. High presence of USE 3

CR5-15. High presence of USE 4

CR5-16. High presence of USE 5.1

CR4-2. CR5-17. High presence of USE 5.2
Characteristics CR5-18. High presence of USE 6

of the setting  CR5-19. High presence of USE 7

CR5-20. High presence of USE 8

CR5-21. High presence of USE 9

CR5-22. High presence of USE 10

CR5-23. High presence of USE 11

CR5-24. High presence of USE 12.1
CR5-25. High presence of USE 12.2

Use 1. Administrative and offices

Use 2. Hotel and restaurant sector
Use 3. Sport
Use 4. Industrial heritage informative
Use 5.1. Educational
Use 5.2. Research
Uses Use 6. Commercial
Use 7. Public space and green areas
Use 8. Industrial
Use 9. Religious
Use 10. Residential
Use 11. Health
Use 12.1. Social
Use 12.2. Cultural

aim of the structure considered is to analyse the compatibility
of the morphological characteristics of an asset with those
required by a series of uses for correctly accommodating the
activities. The preference, therefore, for one characteristic or
another is established based on the uses according to the
criteria, that is, from the alternatives, which prioritise some
characteristics over others. However, preferencing cannot
be established beforehand for those characteristics. Having
open spaces does not take preference over having a lot of

machinery. It will depend on the future use. It is the new uses
that establish that preference for one characteristic or another.

The presence of those characteristics in the asset and its
setting will also be specific features of each particular case
study. Each asset will stand out for having certain character-
istics and for not having others. Thus, just as outlined in the
previous section for the heritage assessment methodology,
these characteristics must be scored for the asset analysed. It
will therefore be the CR5 criteria scores, for both the criteria
associated with the asset and those associated with the setting,
which determine the weight that these criteria have within
the structure for each particular asset. Weights which will
be affected by the prioritisation carried out at the higher
level, that is, the CR4 weight, are the ones in which greater
importance was given to the group of criteria corresponding
to the asset.

Finally, the demand made by the alternatives—that is,
possible new uses—of each of the characteristics included
in the CR5 criteria must be analysed. Therefore, the corre-
sponding matrices of pairwise comparisons are compiled.
This process is long and has guidelines and datasheets to
assist decision-makers in the judgement-making process.
A datasheet is prepared for each CR5, which analyses the
demand regarding the characteristic corresponding to each
use. For each alternative or use, three fields on the typologies,
archetypes, and the programmes of usual needs in the
buildings intended for that activity are included. Decision-
makers, therefore, are encouraged to reflect on these three
aspects before making their assessment on the intensity of
the demand that that use makes of the CR5 characteristic
analysed. The intention is to differentiate between situations
in which the characteristic is positive for the use and others
in which it is vital. For example, open spaces free of obstacles
may be appropriate for many activities due to the flexibility
they provide. However, they may be vital for sports, especially
as some disciplines require open spaces for specific activi-
ties. A clear differentiation must therefore be made in the
demand for that characteristic in terms of both situations.
These datasheets also aid the review of judgements made by
decision-makers.

In addition, the construction of the 25 matrices that
compare the demands of the 14 uses for each CR5 criterion
involves making 91 comparisons per matrix, which means
a total of 2,275 comparisons solely in this part of the study.
This is an excessive task which diminishes the applicability of
the proposed methodology and its intended field tool nature.
Therefore, based on the 14 scores included in each datasheet
on the demand that the uses make of each CR5 characteris-
tic, the matrices are programmed for autocompletion. This
reduces the 91 judgements per matrix to 14.

The criterion shown in Table 5 is used to undertake it.
Taking as a reference the main scores of the Saaty scale,
that is, the odd ones, the scale could be considered to have
four intervals. Thus, two preference or demand scores of the
characteristic, which will be separated by two units, would
be separated by a magnitude equivalent to one interval.
The differences, therefore, associated with complete intervals
are linked to the Saaty scale. Differences in the assessment
equivalent to one interval, or to two units on the numerical
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FIGURE 4: Formulation of the cells of the matrices in Excel.

TABLE 5: Criteria for comparing assessments of the demand for CR5
criteria from the uses for automation of judgements.
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scale, mean a preference or dominance of one use over
another for value 3, that is, moderate. With differences
equivalent to two intervals, the dominance would be value
5, for three intervals 7, and for four 9. Intermediate situations
will correspond with dominance associated with even values
on the Saaty scale.

Based on this approach, the matrices are programmed in
Excel using the IF function. Figure 4(a) shows, as an example,
one of the 25 matrices constructed for the CR5 criteria.

The assessments made are introduced from the datasheets in
the left-hand column and the upper column. Based on this
information, and thanks to its programming, the matrices are
autocompleted. They then multiply by themselves until the
value of the priority vector is stabilised, following the same
procedure described for the above comparison matrices.
Figure 4(b) shows the result obtained in the fifth iteration of
the process for the CR5-2 matrix.

This procedure is followed to construct the matrices of the
11 CRS5 criteria associated with the asset analysed and the 14
matrices of the CR5 criteria associated with its setting. Once
the priority vectors of each of them have been obtained, the
fundamental matrix of preferences is obtained, formed from
the preference vectors obtained for each one of the 25 CR5
criteria in relation to the uses considered as alternatives. The
fundamental matrix is shown in Table 6.

Finally, based on the scores given for the CR5 criteria,
the distribution of preferences for the uses considered is
obtained. Figure 5 shows the final preference vector as a
spider chart. Thus, for the scores of that fictitious example,
the methodology would identify Use 3, sport, as the most
compatible with the characteristics of the asset analysed. This
distribution of the preferences obtained for the uses consid-
ered comes from working the fundamental matrix, which
shows the demand relating to each use of the characteristics
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FIGURE 5: Priority vector for the uses considered and their distribution shown in a spider chart.

represented by the 25 CR5 criteria, by the distribution of
weights of these criteria.

2.2.2. Indirect Compatibility Considering the Impact of the Her-
itage Value. After setting out the structure of criteria respon-
sible for analysing the direct compatibility of the assets being
studied with the uses considered, the mechanism proposed
for incorporating the impact of the heritage value in the final
decision is then set out. As such, the first step is to identify the
possible link between the morphological characteristics of the
asset, represented by the CRS5 criteria, and the characteristics
containing the heritage value, represented by the CR2 criteria,
scored using the CR3 in the structure of criteria responsible
for the asset heritage assessment. These aspects of interest
will be contained in physical parts of the industrial assets
analysed. A relationship can therefore be established between
the morphological characteristics of CR5 criteria, which
materialise in certain physical parts of the asset, and the
heritage characteristics of CR2, which may be contained in
those parts. Naturally, CR5 criteria related to the institutional
study of the setting are not considered, because the heritage
characteristics of the assets are not related to the density of
uses in its setting, which cannot contain asset heritage value.
Table 7 shows the relationships considered in each case.
Having identified the relationships between both groups
of criteria, the way in which the value identified in CR2
will affect the weights of CR5 must be defined. If value
characteristics exist, the aim is to increase the weight of CR5
associated with the structure of criteria for the selection of
new uses. If the weight of a CR5 that is highly demanded for
a use versus others increases, that demand will be multiplied,
so the preferencing of the characteristic in terms of that use
with respect to others will also increase. This also increases

its global preference as an alternative, as it demands high
weighted characteristics in the structure of criteria. In this
way, compatible uses with the characteristic that contain
value and that does not demand its adaptation are preferred,
avoiding the associated risk.

It is firstly necessary to define how to determine whether
or not the value associated with each CR5 criterion on the
morphological characteristics of the asset analysed is high;
and secondly, how to channel the impact of that value on
the updating of the weights of those CR5 criteria. As shown
in Table 7, each CR5 criterion is associated with a different
number of CR2 criteria. In each case the corresponding CR2
criteria will therefore be analysed from two perspectives.
On the one hand, the scores obtained by each of them in
the heritage assessment methodology are analysed. And on
the other hand, their weight is assessed within the heritage
assessment structure of criteria, or, rather, their capacity to
contribute value to the particular asset being analysed.

The first approach compares the scores obtained for the
CR2 associated with a certain CR5 with those of all the
CR2. This provides an illustration in each case of how those
scores are within the total group of characteristics assessed
for heritage purposes. Based on the scores given to all the
CR2 criteria, the methodology defines three intervals: high,
medium, and low scores. So, for each CR5 the associated CR2
scores are considered, their mean is obtained, and the interval
in which it is located is identified. This analysis is therefore
independent of the criteria for the industrial approach of the
methodology, trying to identify relevant aspects of the asset
without taking its nature into account.

Similarly, for each CR5 criterion, the contribution of
heritage value that takes place through the associated CR2 is
analysed. Once again, the contribution of all CR2 criteria is
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FIGURE 6: Coeflicient matrix affecting the heritage value in CR5 criteria.

considered. This contribution is reflected in the weight that
they have in the structure of criteria after the characteristics
they represent have been scored for the asset analysed. Thus,
considering the weighted weight of all the CR2, three inter-
vals are again established, from the lowest weight identified
to the highest weight. For each CR5, the mean weight of the
CR2 associated with it is obtained and its belonging to one of
the three value intervals is identified.

This twofold analysis makes it possible to identify the
relevance of the CR2 heritage characteristics, which in each
case are linked to a CR5 regarding the set of heritage
characteristics studied. Combining both approaches, it is
possible to locate the heritage characteristics of the CR2
linked to a certain CR5 within a three-by-three classification
matrix of 9 possible scenarios. If, for both approaches,
the characteristics are in the interval of high values, the
heritage characteristics associated with that CR5, regarding
the rest of the asset heritage characteristics, are noteworthy.
The opposite situation would be that in both approaches
the characteristics were in the intervals of lesser relevance.
Likewise, intermediate situations can be defined between
both extremes. Figure 6(a) shows the classification matrix.

This analysis makes it possible to associate belonging
to a group within the classification matrix with a level
of relevance. In turn, that relevance is associated with a
coeflicient that will act on the associated CR5 criteria to
correct its weight in the structure of criteria, thus introducing
the impact of the heritage value. Figure 6(b) shows the
coeflicients selected in this study. The use of the highest or
lowest coefficients would mean increasing or decreasing the
impact of the heritage value in the final decision. Figure 7
shows the structure of criteria to select the new use.

As shown in Figure 7, based on the scores given to CR5
criteria associated with both the asset analysed and its setting,
a first distribution of the preferences for uses considered

as alternatives is made. This first preferencing of uses cor-
responds to the direct compatibility already described. The
impact of the heritage value is subsequently incorporated in
the final decision. Figure 7 shows how this process only affects
CR5 criteria associated with the asset, not those of the setting,
as already previously justified. Figure 8 shows a partial and
enlarged view of the structure of criteria. As regards each
CR5, how the corresponding CR2 are analysed under the
two approaches described and the appropriate correction
coeflicient selected, based on the classification matrix, can be
seen. Once the impact of the heritage value associated with
each CR5 criterion is incorporated and their weights in the
criteria structure are corrected, the values are normalised.

Thus, when the fundamental matrix illustrated in Table 7
operates on the distribution of weights of the 25 CR5 criteria,
the value of these weights includes the impact of the heritage
value identified in the proposed heritage assessment method-
ology. The preference vector ultimately obtained, therefore,
differs from that which the criteria structure returned before
incorporating the heritage value in the decision, which was
shown in Figure 5. CR5 criteria associated with CR2 criteria
with heritage value increase their weight in the structure
and, therefore, the preference for compatible uses with those
characteristics, which are those that best protect them as
modifications, is not required. In turn, loss of weight in
the structure of CR5 criteria not associated with value
characteristics will enable uses not compatible with those
CRS5 to gain weight as alternatives. This corresponds to the
possibility of modifying the morphological characteristics of
those CRS5 criteria without heritage value.

As shown in Figure 9, the distributions of preferences
for new uses that will be obtained, considering and not
considering the impact of the heritage value, will not be
conflicting. The effect of the heritage value will influence the
decision, increasing some preferences and decreasing others.
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0,00000000

CR5.1 CR5.2 CR5.3 CR5.4 CR5.5 CR5.6 CR5.7 CR5.8 CR5.9 CR5.10 | CR5.11
0,04246 | 0,05252 | 0,02946 | 0,03187 | 0,04190 | 0,02910 | 0,29168 | 0,10752 | 0,26000 | 0,06610 | 0,02207 | 0,27778 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
0,04246 | 0,08782 | 0,02946 | 0,05750 | 0,04190 | 0,05252 | 0,06495 | 0,10752 | 0,02930 | 0,06610 | 0,03701 | 0,05556 | 0,18750 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
0,04246 | 0,02910 0,10212 | 0,36067 | 0,37528 | 0,02839 | 0,03114 | 0,01797 | 0,02455 | 0,13063 | 0,05556 | 0,06250 | 0,40909 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
0,37528 | 0,35704 | 0,03187 | 0,02414 | 0,02910 | 0,01816 | 0,01980 | 0,01797 | 0,34502 | 0,02207 | 0,05556 | 0,06250 | 0,04545 | 0,18750 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
0,05252 | 0,11510 | 0,16164 | 0,07293 | 0,02910 | 0,04297 | 0,04737 | 0,26000 | 0,02455 | 0,33505 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,40909 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
0,05252 | 0,05348 | 0,05750 | 0,04190 | 0,05252 | 0,09646 | 0,07197 | 0,09799 | 0,02455 | 0,02207 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,27778 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
02910 0,10212 | 0,04190 | 0,08782 | 0,18039 | 0,20807 | 0,01797 | 0,06610 | 0,02207 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,35000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
02910 03187 2414 | 0,02910 | 0,01816 | 0,01980 | 0,01797 | 0,02455 | 0,13063 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,40909 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
0,15575 ,05750 | 0,11451 | 0,08782 | 0,06495 | 0,07197 | 0,02930 | 0,10069 | 0,03701 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,40909 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,05000
0,02946 | 0,05750 0,05252 | 0,01816 | 0,01980 | 0,02930 | 0,02455 | 0,02207 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,27778 | 0,06250 | 0,04545 | 0,04545 | 0,05000
0,02946 | 0,03187 0,02910 | 0,01816 | 0,01980 | 0,09799 | 0,02455 | 0,03701 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,18750 | 0,04545 | 0,04545 | 0,05000
05750 0,01816 | 0,01980 | 0,04748 | 0,02455 | 0,06077 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,40909 | 0,04545 | 0,05000
0,02910 | 0,02946 | 0,05750 | 0,04190 | 0,02910 | 0,04297 | 0,04737 | 0,02930 | 0,04178 | 0,06077 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,40909 | 0,05000
0,08782 | 0,05348 | 0,16164 | 0,07293 | 0,08782 | 0,09646 | 0,20807 | 0,04748 | 0,14235 | 0,06077 | 0,05556 | 0,06250 | 0,04545 | 0,06250 | 0,04545 | 0,05556 | 0,05000 | 0,04545 | 0,04545 | 0,05556 | 0,06250 | 0,04545 | 0,04545 | 0,35000
1,00000  1,00000  1,00000  1,00000  1,00000  1,00000  1,00000  1,00000  1,00000 1,00000 1,00000  1,00000  1,00000  1,00000  1,00000 1,00000 1,00000  1,00000  1,00000  1,00000 1,00000 1,00000 1,00000  1,00000  1,00000
[T1ax2s [ T1ax2s
X X
CR5.1 | 0,10037281 : P 1| 008525495 ; P
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CR52 | 0,00000000 . A . CR52 | 0,00000000 1 .
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CR53 | 0,00000000 ¢ the heri I CR53 | 0,00000000 £ the heri ol
CR5.4 0,06022369 of the erltage value CR5.4 0,03410198 of the erltage value
CR55 | 0.16059650 CR55 | 0,20461189 ‘ —
CR5.6 0,16059650 CR5.6 0,20461189
CR5.7 0,14052194 e CR5.7 0,17903540
CRS.8 0, { CR5.8 0,
CR59 | 0,10037281 CRS9 | 008525495
CR5.10 | 0,10037281 &= CR5.10 | 005683664
CRS.I1 | 006022369 CR5.11 | 005115297 <::|
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0,00000000
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FIGURE 9: Preferences for new uses with and without impact of the heritage value.
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However, the asset analysed is the same in both cases, so
evidently it is not possible to talk about radical trend changes.

3. Case Study Results

For their validation, the proposed methodologies have been
applied to different real case studies. Set out below is an
example of the application of one of the warehouses of the
Richard Gans Printing Works in Madrid. The score required
by the methodology of the CR2 and CRS5 criteria to offer
results requires a physical visit to the asset analysed and
its thorough preliminary study. As is logical, outlining this
previous phase would excessively extend the explanation
of this study. However, as indicated above, the aim is to
consider the proposed methodologies as tools, promoting
their use in the study and management of these types of
assets. That is why a description is provided in this section
of the datasheets of results that the methodology generates
automatically when entering the scores for CR2 criteria and
CR3 criteria during the analysis of a real case study. Figure 10
shows the three datasheets of results generated automatically
by the methodology for the asset selected.

The proposed methodologies are capable of generating
results through the structures of criteria described in the
previous sections. The criteria they incorporate and the hier-
archies established between them have an effect on the scores
that the user is asked to enter for a number of characteristics.
But the interface which the user uses does not correspond
to those structures, but rather to the datasheets shown in
Figure 10. Figure 10(a) shows the datasheet of results for the
heritage assessment methodology, while Figures 10(b) and
10(c) show the datasheets resulting from the methodology for
the selection of new uses. The areas of the datasheets where
the user must enter the scores requested are highlighted in
red and marked with an asterisk. They are used to generate
real-time result graphs. Generally, spider and bar charts that
are considered complementary for their interpretation by
different users are combined. These charts are intended to
aid interpretation of the results and are briefly described in
Figure 10.

At the top of the first datasheet, shown in Figure 10(a),
information is included on the catalogue of assets produced
in the first of the three partial methodologies developed [1]
and which is not covered by this study. This information
helps in contextualising the asset analysed in the catalogue
produced and therefore in the sample of assets of this type
identified in Spain.

In the same datasheet, to the right of the scores requested
for the CR2 criteria, the distribution of weights for the
element analysed is shown in both a spider and a bar
chart. This distribution is compared to that obtained for a
situation of maximum scores for all the criteria scored and
with the preferencing of criteria established under the study
approach, which prioritises aspects of a greater industrial
nature. The bottom part shows firstly the 3 scores given to
each CR2 criterion relative to their interest, current state, and
geographical singularity. The trend of the scores relative to the
interest given to each CR2 is then compared with the weight
of the criteria once weighted.
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In Figure 10(b), under the scores for the CR5 criteria, the
distribution of weights of these criteria, after entering their
scores, is shown as a spider chart. Both the weights of the
CRS5 criteria relative to the asset analysed and its setting are
represented jointly on the left-hand side. They are shown sep-
arately on the right. At the bottom of this datasheet the same
analysis is shown as a bar chart. The distribution of weights
of CR5 criteria considering the heritage value identified and
without considering it is compared at the top of Figure 10(c).

Various spider charts on the preferencing of uses are
included under this bar chart. These charts show the main
result of the proposed methodology. They firstly show the
preferences for possible uses, both excluding the impact
of the heritage value on the decision and incorporating it.
Both representations are completed with a representation that
overlaps both distributions and allows us to see which uses
increase their preference and which diminish it. Finally, at
the bottom of the datasheet, both analyses are repeated, but
independently representing the preferencing of uses obtained
from the CR5 criteria relative to the asset analysed and those
relative to its setting. This visualisation is useful when the dis-
tribution of preferences does not mark a single use as an out-
standing alternative. In such cases, visualising the needs of the
setting independently can help in making the final decision.

4. Discussion

The proposed methodologies, applied both independently
and jointly, help in resolving various problems that the
management of industrial assets has revealed in recent years.
The adaptation of the AHP to the study of these assets has
allowed simultaneous consideration of many aspects of a
very different nature that must be taken into account in
the decision-making process in this field. The hierarchical
structures proposed have made it possible to prioritise aspects
of a greater industrial nature in the analysis of this typology,
which is consistent with the origin of these assets, although
that has not always been the case when acting on them.
Incorporating the heritage value in the structure of criteria
designed to select new uses helps in identifying those that
most respect the heritage value and, therefore, that are more
compatible with its conservation. This is the achievement of
the main objective of this study.

In addition, the automatic generation of result datasheets
helps in enhancing the role of work tools that the proposed
methodologies are intended to have. Both the methodologies
and results obtained have been presented to those responsible
for the National Industrial Heritage Plan of the Spanish
Cultural Heritage Institute, which reports to the Ministry
of Education, Culture and Sport. This body has recognised
the interest of the proposals described in this study and it
has selected them under its Cycle of Conferences on Good
Industrial Heritage Practices.

The authors are currently analysing ways of developing a
computer application that channels the use of the proposed
methodologies, as well as new methodology developments.
In that sense two main work lines have been defined. On the
one hand a massive application of the exposed methodology
wants to be applied to the assets included in the extensive
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catalogue developed by the authors. The potential that then
the criteria structure has as a tool for the management of
the assets of this typology in a particular area is considered
of great interest. And, on the other hand, the authors are
working on new developments of the methodology that allow
multiobjective optimisation to be incorporated into new use
adaptation proposals.
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