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Abstract: Industrial heritage is relevant to social, cultural, scientific, technological, and
architectural aspects, revealing the lifestyles of people, recording technological advances,
and perpetuating cultures. However, with the renewal of cities, a large amount of indus-
trial heritage has been abandoned. To avoid the waste of industrial heritage resources, a
reasonable and accurate value evaluation of it is a prerequisite for its protection and reuse.
Therefore, based on the perspective of value evaluation, this paper presents qualitative
and quantitative research through a literature review and field research, combined with
the Analytic Hierarchy Process (AHP). This study summarises industrial heritage value
evaluation factors in Shaanxi and establishes a method for industrial heritage value eval-
uation. After considering factors such as industrial type, year, development process, sur-
rounding environment, and remains, this study selected the industrial heritage of Shaanxi
Steel Factory built in Xi’an in 1965 as a sample in order to verify the feasibility of the eval-
uation method, to provide theoretical guidance for subsequent conservation and reuse,
and to serve as a reference for realising urban regeneration. The findings evidenced that
the presented evaluation methodology is valid in evaluating the value of industrial herit-
age and that the AHP method is reliable in confirming the weights of the evaluation indi-
cators. This study establishes an evaluation methodology for the value of industrial her-
itage, and studies on multiple criteria provide a series of auxiliary methods that reduce
the uncertainty of evaluation and provide a new methodology for confirming the level of
heritage protection.

Keywords: industrial heritage; value evaluation; analytic hierarchy process (AHP);
Shaanxi Steel Factory

1. Introduction

Since the Industrial Revolution in the mid-18th century, industrial civilisation has
progressed rapidly, with industrial buildings springing up in major cities around the
world and becoming an important part of the urban landscape [1,2]. These industrial sites
not only witness technological progress and social development but also contain abun-
dant historical and cultural values [2,3]. However, with the global economy changing
from industrialisation to informationisation, many traditional industrial sites are gradu-
ally declining [2]. Their building structures, equipment, and landscape environment are
increasingly outdated [2]. Moreover, problems of environmental pollution, resource
waste, and unused space have surfaced [2]. Industrial buildings have a high potential for
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preservation or reuse due to their large span and space [4]. However, many industrial
heritages have been left unused, have been demolished, or have even completely disap-
peared due to the lack of a scientific and reasonable value perception and evaluation sys-
tem [4-6]. The question of how to rationally protect and reuse these industrial heritages
has become an important issue in promoting sustainable urban development [5,7-9].

After the Sixth Wuxi Forum on the Protection of China’s Cultural Heritage in 2006
and the Third National Cultural Relics Census of the State Council in 2007, industrial her-
itage preservation and regeneration has become a research hotspot [8]. Cano-Sanchiz and
Wang’s [10] study indicated that an important task in the conservation and utilisation of
industrial heritage is to recognise its value, and they explored the technical value of min-
ing heritage. Xie’s [11] and Yang’s [12] studies mentioned that simply transforming a her-
itage site into a tourist attraction and ignoring a comprehensive evaluation of industrial
heritage value leads to the loss of cultural, historical, and social value. In other words,
only after a comprehensive evaluation of industrial heritage value —including historical,
technological, social, and multifaceted aspects—can such heritage be appropriately iden-
tified for conservation and adaptive reuse efforts [12-15]. According to analysis of the lit-
erature, it is found that current research on the identification criteria of the value of indus-
trial heritage is still unclear. Therefore, there is an urgent need for a methodology to iden-
tify the value of industrial heritage and thus guide its preservation and reuse.

The Shaanxi region in China has developed a rich and unique type of industrial ar-
chitecture due to its vast territory and abundant resources [16,17]. However, compared
with the flourishing protection of industrial heritage in economically developed regions,
the protection of industrial heritage in Shaanxi is relatively lagging [18]. At present, re-
search on the value evaluation of urban industrial heritage in Shaanxi is mainly based on
qualitative evaluation [16]; a systematic and complete value evaluation system has not
been established, and value evaluation is not strongly targeted [18]. Therefore, it is neces-
sary to research the value of industrial heritage in Shaanxi comprehensively in order to
solve the problem of insufficient theoretical research on the evaluation of the value of in-
dustrial heritage.

In terms of evaluation methods, although the Analytic Hierarchy Process (AHP) has
been less often used in the evaluation of industrial heritage, it has been effective in the
evaluation of historic architectural heritage; for example, the studies of Mushtaha et al.
[19] and Ribera et al. [20] have shown that a well-quantified evaluation system of historic
buildings has been constructed by using the AHP, and the weighting table of the heritage
value indexes obtained is highly scientific. Morano et al. [21] assessed the value of cultural
heritage through the AHP and suggested that this method is particularly suitable for com-
paring and selecting project scenarios that are described using a variety of independent
criteria that are often in conflict with each other. This is highly referential and significant
for this paper in constructing a methodology for evaluating the value of industrial herit-
age.

This paper aims to construct a set of scientific, intuitive, and operable industrial her-
itage value evaluation systems to promote the reasonable protection and reuse of indus-
trial heritage. Specifically, the research objectives include the following: (1) explore the
scientific methods applicable to the evaluation of industrial heritage value, to make it in-
tuitive and operable; (2) explore the diverse values of Shaanxi’s industrial heritage and
establish an evaluation system; (3) quantify the importance of different values and present
the weights of each value factor by number; and (4) verify the feasibility and applicability
of the constructed evaluation system through actual case studies.

To achieve the goal, this paper adopts the AHP method to construct the assessment
framework and combines it with the Delphi method to screen the value factors to enhance
scientificity and persuasiveness. Using the AHP method of calculation, the multifaceted
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Year Organisation

1931  International Congress of Architects and Technicians

of Historic Monuments; Organised by the
1964 International Museums Office

1972 UNESCO
1979 ICOMOS

1994 ICOMOS

2003 TICCIH

2005 ICOMOS

2006 ICOMOS-China
2011 ICOMOS and TICCIH
2012 TICCIH

value of industrial heritage is quantified in order to visually present the importance scores
of the values. Finally, Shaanxi Steel Factory is used as a case study to verify the applica-
bility and effectiveness of the system.

This paper is divided into seven sections. The first is the introduction. The second is
the literature review, reviewing the value classification and evaluation methods of indus-
trial heritage and indicating the reasons for choosing the AHP method. The third part
outlines the research methodology, focusing on the application of the AHP method. The
fourth part demonstrates the construction process of the evaluation system. The fifth part
presents a case application study of the methodology. The sixth part is a discussion of the
results, analysing the applicability and limitations of the evaluation system. Finally, the
seventh part is the conclusion, which summarises the main findings, theoretical contribu-
tions, and practical significance of this paper, and proposes future research directions.

2. Literature Review

With the development and progress of society, people’s understanding of industrial
heritage is improving, and the theoretical research related to the evaluation of industrial
heritage by scholars is also developing and changing. The studies related to the evaluation
methods of industrial heritage can mainly be divided into the policies and systems related
to the recognition of industrial heritage value and the studies of existing evaluation meth-
ods [9,22,23]. This section analyses the relevant studies and evaluation systems about in-
dustrial heritage, summarises and outlines the main issues, and provides a theoretical ba-
sis for the evaluation of industrial heritage value in Shaanxi.

2.1. Identification of Industrial Heritage Values

The core work of industrial heritage protection is the identification of values [13,22].
To effectively and rationally understand and protect heritage, international organisations
such as the UNESCO World Heritage Centre and ICOMOS, organisations dedicated to
the protection of the world’s monuments and sites, developed charters and principles
(Figure 1). Concerning the specific elements of evaluation, the emphasis has evolved from
the value of heritage itself to its social, cultural, and intangible values. The Athens Charter,
adopted at the First International Congress of Architects and Technicians of Historic Mon-
uments in 1931, focuses on the historical value of historic monuments [24]. It was the first
official document accepted by an international government for the protection of cultural
heritage, signalling the beginning of an international consensus on the protection of cul-
tural heritage [24].

Values
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Figure 1. Documents related to the determination of the value of industrial heritage.
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Aesthetic values were added to the Venice Charter in 1964 [25,26]. In 1972, the Con-
vention Concerning the Protection of the World Cultural and Natural Heritage added his-
torical, artistic, scientific, aesthetic, and ethnographic or anthropological values [27]. The
Convention emphasises outstanding universal value, which means that cultural and nat-
ural heritage has significance for all humankind beyond national boundaries, cultures, or
times [27]. They form the common spiritual and material wealth of mankind and need to
be protected and shared [27]. Cultural significance and social values are highlighted in the
Burra Charter [28]. The NARA document on authenticity, adopted in 1994, emphasises
the consideration of the authenticity of artistic, historical, social, and scientific sources of
value [29].

In July 2003, TICCIH adopted the Nizhny Tagil Charter for the Industrial Heritage,
which defines industrial heritage as the remains of the industrial culture of historical, tech-
nological, social, architectural, or scientific value [30-32]. The Charter states that industrial
heritage not only has universal and social values but may also have technical and scien-
tific, as well as aesthetic, values [32]. In addition to these intrinsic values, the Charter in-
dicates that intangible values such as memory and customs should also be taken into con-
sideration [32]. More than that, the Charter points out that industrial heritage has a rarity
value [32]. The particular value of particular site types needs to be carefully assessed. Pi-
oneering heritage has a special value [32]. The Nizhny Tagil Charter, based on the Venice
Charter, is the first international standard for the identification and protection of indus-
trial heritage.

ICOMOS adopted the Xi’an Declaration on the Conservation of the Setting of Herit-
age Structures, Sites and Areas (Xi’an Declaration) in 2005, raising the importance of the
environment for heritage and monuments to a new level [33]. By extending the protection
of cultural heritage to social or spiritual practices, customs, and traditional knowledge,
the Declaration also increased the emphasis on the environment and intangible cultural
heritage [33].

In 2006, ICOMOS China published the Wuxi Proposal —Focusing on the Protection
of Industrial Heritage in a Period of Rapid Economic Development [34]. This is the first
document on industrial heritage in China. The Wuxi Proposal defines industrial heritage
and affirms the value it has [34]. The Proposal states that industrial heritage has historical,
social, architectural, scientific, technological, and aesthetic values [34]. This was the earli-
est definition of the concept and categorisation of the value of industrial heritage in China,
laying the foundation for subsequent research. ICOMOS adopted the Dublin Principles in
2011, which stressed the intangible values of industrial heritage [35]. They also state that
the study and documentation of industrial heritage sites and structures must consider
their historical, technological and social and economic values [35].

In 2012, TICCIH adopted the Taipei Declaration for Asian Industrial Heritage [36].
The Declaration proposes that the definition of Asian industrial heritage should be ex-
panded to include pre-Industrial Revolution and post-Industrial Revolution technologies,
machines and production facilities, architectural structures, and the built environment
[28,33]. The Declaration emphasises the integrity of industrial heritage conservation,
which means that not only the heritage itself should be preserved but also intangible re-
sources such as operational techniques and related archives [36].

Moreover, besides the relevant documents and chapters that provide definitions and
value statements for industrial heritage, many scholars have also studied the value of in-
dustrial heritage. Loures [37] analysed and presented the value and significance of indus-
trial heritage from the perspective of cultural heritage, suggesting that industrial heritage
has environmental, cultural, and social values. He also proposes firstly determining the
intrinsic value of heritage, highlighting the importance of industrial heritage [37]. Some
studies point out that the industrial heritage landscape is gradually changing and needs
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to be preserved dynamically [38—40], which provides a new perspective for the renewal
of industrial heritage. Liu et al. [9] argue that industrial heritage valuation presents a com-
plex interdisciplinary challenge, encompassing architectural, technological, cultural, and
historical aspects. They applied fuzzy theory to construct an evaluation method for indus-
trial heritage from the perspective of historical, artistic, technological, and socio-economic
values [9].

Nocca et al. [41] show that to evaluate the impacts of adaptive reuse of industrial
heritage, it is necessary to consider both tangible and intangible values of industrial her-
itage. Some other researchers believe that industrial heritage is closely connected with
politics, economy, and culture and records social development [31,42-44]. Industrial
buildings are the crystallisation of human civilisation and have high conservation value
[13,39,45-47]. Wang and Wang [48] point out that in the process of industrial heritage
conservation and utilisation, attention needs to be paid to its cultural heritage and human-
istic care so that it can play a greater role in urban development and people’s lives.

International charters, documents, and scholarly research on the evaluation of the
value of industrial heritage have systematically discussed the value of industrial heritage,
which mainly includes historical, social, artistic, cultural, economic, and scientific and
technological values, among which historical value is in a priority position [7,13,49]. Now-
adays, with the deepening of research on industrial heritage, in addition to the recognised
major categories of value, environmental value, economic reuse value, and so on are also
gradually being paid attention to [50-52].

Through the interpretation of the documents related to industrial heritage, it is found
that they all explain what value is contained in industrial heritage, and they all believe
that industrial heritage has value and significance [13,18,25,27-31,33,35,36,38,49,53-56],
but, in general, classification of the determination of the value of industrial heritage is
scattered and fragmented, with different focuses, and does not form a unified system.
Therefore, it is very important for the public to be able to clearly see the value of industrial
heritage. In addition, regarding the value evaluation of heritage, scholars have made ex-
tensive explorations, generally involving both qualitative and quantitative methods
[9,16,18,19], but an accurate evaluation method for the value of industrial heritage has not
yet been established [9,13,22]. Researchers have mainly analysed the intrinsic value and
reuse value of industrial heritage from the perspectives of history, art, culture, science,
and technology, and they have emphasised the importance of its renovation and renewal
by assessing the state of industrial heritage [13,23,41]. However, it is necessary to find a
specific and appropriate methodology to analyse the value of industrial heritage in terms
of what is of value and how it needs to be preserved.

Shaanxi Province, located in the northwest of China, is a major cultural and heritage
region abundant in industrial heritage [18,57]. Notably, it played a significant role during
the Third Line Construction Period —a strategic preparatory project initiated in 1964 that
focused on defence science, technology, and infrastructure [18,22]. However, systematic
research on the characteristics and value recognition of industrial heritage resources re-
mains insufficient. To fully reveal the values and constituent elements of industrial herit-
age and thus provide a useful complement to existing conservation methods, targeted and
in-depth research is urgently needed.

Combined with the previous research on the interpretation of the value composition
system of industrial heritage, this study establishes the value evaluation system of Shaanxi
industrial heritage according to the characteristics of Shaanxi Province, China. The pur-
pose is to solve the problems of determining the weight of factors and identifying the
protection level in the industrial heritage assessment system. This could provide a basic
reference for the subsequent protection of industrial heritage.



Sustainability 2025, 17, 4125

6 of 55

2.2. Methods of Research on the Evaluation of Industrial Heritage

In recent years, the evaluation of industrial heritage value has received more and
more attention from academics, leading to the development of various qualitative and
quantitative methods. In heritage value assessment, many methods commonly rely on ex-
pert experience or textual descriptions to judge whether a site possesses historical, cul-
tural, aesthetic, or other value [11,58]. However, such methods tend to be highly subjective
and lack a uniform standard process. Therefore, it is difficult to apply assessment results
directly to actual policymaking, and they are not suitable for policy comparisons and ref-
erences between different regions or countries.

To address this problem, multi-criteria decision-making (MCDM) methods have
widely been used for heritage evaluation. One of the most commonly used tools is the
Analytic Hierarchy Process (AHP) proposed by Saaty [59,60]. The AHP breaks down a
complex decision problem into a hierarchy consisting of objectives, criteria, sub-criteria,
and alternatives. It allows for pairwise comparisons and calculates relative weights based
on expert judgement. Studies by Mushtaha et al. [19], Ribera et al. [20], and Morano et al.
[21] have successfully applied the AHP to historic cultural heritage, demonstrating its
suitability for assessing multi-faceted values.

Nevertheless, the AHP method is not without limitations. For example, the final
ranking of options may change when new indicators are added (known as rank reversal)
[61]. Also, the AHP relies on expert judgments, which can be inconsistent, especially when
comparing many indicators [62]. To make the evaluation more reliable, many studies use
the Delphi method first. This method gathers expert opinions through several anonymous
rounds, helping to filter and improve the indicators [63]. Delphi ensures that the chosen
indicators are clear, relevant, and agreed upon by experts. When Delphi and the AHP are
used together, the results are often more robust [64]. Delphi helps build a strong set of
indicators, and the AHP then assigns weights to them based on expert input [64]. This
combination balances expert agreement with numerical accuracy [56,63,64].

Beyond the AHP, other MCDM techniques have also emerged. Some studies have
extended the AHP method, such as fuzzy AHP [3,9]. However, it has been argued that the
fuzzy method does not provide more effective results compared to the traditional AHP
[65,66]. Fuzzy AHP has also been applied to several MCDM (Multi-Criteria Decision Anal-
ysis) domains, including heritage buildings [66,67]. However, some scholars, including
Saaty, do not support this fuzzy AHP, arguing that the very nature of the AHP method is
inherently fuzzy [60,68].

Others have indicated that the Best-Worst Method (BWM) produces more consistent
results. It also reduces the mental effort needed from experts [69,70]. However, its accu-
racy depends on how well the “best” and “worst” criteria are selected [71]. The Ranking
Comparison Method (RANCOM) and the Stochastic Identification of Weights (SITW) are
efficient for large and complex decision problems [72-75]. Another method, FN-MABAC
(Fuzzy Normalisation-based Multi-Attributive Border Approximation Area Comparison),
is a newer approach [76]. It is designed to handle problems where the data are fuzzy or
the boundaries between indicators are unclear [66]. FN-MABAC has been applied in areas
like transportation, energy, and supply chain management [66,76].

These new methods are novel, but their availability for the evaluation of industrial
or related heritage has yet to be investigated. A comparison of the methods is shown in
Table 1.
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Table 1. Comparison of MCDM methods.

Method Advantages Limitations Typical Applications

AHP Simple and widely used; combines Sensitive to inconsistency; Heritage evaluation, architecture, ur-
qualitative and quantitative analy- prone to rank reversal ban planning, project management,
sis policymaking, supply chain, environ-

ment

Delphi  Builds expert consensus; useful for No quantitative results; fully

Policy studies, heritage indicator devel-

indicator screening depends on expert feedback ~ opment, qualitative research

BWM High consistency; reduces expert = Sensitive to best/worst selec-  Sustainability, transport planning, con-
workload tion; accuracy may vary sumer research

RANCOM Efficient in handling large-scale ~ Not intuitive for experts; lim- Engineering, environmental manage-
decisions ited use in heritage ment, smart decision systems

SITW Robust under uncertainty; effec-  Technically complex Al modelling, engineering systems,

tive in stochastic environments

risk assessment

FN- Handles fuzziness and unclear Still emerging in heritage field;
MABAC boundaries in complex systems  limited empirical use

Transportation, energy, logistics, sys-
tem analysis

Fuzzy Captures uncertainty better than  Difficult to interpret results;
AHP classic AHP more complex than AHP

Cultural heritage, risk analysis, com-
plex system decisions

The purpose of this study is to identify and quantify the value of industrial heritage,

which needs to be understood by the public and decision-makers via a clear, intuitive, and

suitable methodology for the general public. Therefore, it is more authoritative and con-

vincing to use a methodology that has already been more widely applied in the field of

heritage conservation. This study adopts a combined Delphi-AHP method. The Delphi

method is used to select relevant indicators based on expert consensus. The AHP is ap-

plied to determine the relative weights of these indicators. This combination ensures both

expert reliability and quantitative clarity. A simplified sensitivity analysis is also included.

It helps verify whether small changes in input affect the final results. Overall, this meth-

odological approach provides a systematic and robust basis for evaluating industrial her-

itage value in Shaanxi Province. It also supports practical decision-making in heritage

conservation and adaptive reuse.

3. Methods

Based on the perspective of industrial heritage value evaluation, this study adopts a

combination of literature review, field research, and systematic analysis to construct a sci-

entific and reasonable industrial heritage value evaluation system. It also uses the AHP

and Delphi methods for indicator selection and weight calculation and finally applies and

verifies them in the case of Shaanxi Steel Factory. To ensure the scientific, systematic, and

operable nature of the research, this study is presented following four stages, which are

theoretical preparation, indicator selection, weight calculation, and system application

(Figure 2).
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Figure 2. Workflow diagram.

3.1. Theoretical Preparation— Literature Review, Field Research, and Expert Interviews

In the theoretical preparation stage, this study mainly focuses on the selection of
methods, the construction of the hierarchical structure and the screening of preliminary
evaluation indicators. This ensures that the evaluation system has a solid theoretical foun-
dation and scientific analysis methods. Through extensive literature reading and analysis,
this study considered a variety of evaluation methods. It was finally decided to adopt the
AHP as the core method of this study, supported by the Delphi method to select indica-
tors.

3.1.1. Construction of the Evaluation Hierarchy

In terms of constructing hierarchical structures, the basic principle of the AHP is to
break down a complex decision-making problem into multiple levels. This allows the de-
cision-maker to divide the overall objective into several more manageable sub-problems
on a level-by-level basis, thus transforming qualitative judgements into quantitative
weights [60]. In this study, about the principle of the AHP [77], the evaluation system of
industrial heritage value is divided into four layers: objective, feature, factor, and detail
layers. Objective layer: to clarify the overall evaluation objective, which is the overall eval-
uation of the comprehensive value of industrial heritage. Feature layer: to summarise the
main value aspects that should be concerned with heritage conservation from a macro
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perspective, which are the intrinsic and derived values of industrial heritage. Factor layer:
further refine the criteria under each major feature layer to clarify the specific connotations
of each aspect, so as to ensure more targeted evaluation. Detail layer: quantify the factor
layer into measurable indicators to facilitate data collection and analysis.

This hierarchical structure not only helps to break down the complex value system
into manageable parts but also ensures that each level has a clear theoretical basis and
empirical support. This makes the whole evaluation process hierarchical and logical and
provides a scientific basis for actual conservation and reuse decisions.

3.1.2. Selection of Evaluation Indicators

Firstly, this paper studies the theory and practice of industrial heritage value evalu-
ation and focuses on the charters and documents issued by international organisations
such as ICOMOS and TICCIH and the research results of scholars. The selection of evalu-
ation indicators should follow the following principles to ensure that the evaluation sys-
tem combines integrality and representativeness, as well as feasibility, scientificity, com-
prehensiveness, and regional uniqueness [1,30,35,58,66,78-81].

Integrality requires that the evaluation indicators form an organic whole and that any
single indicator is closely intrinsically linked to other indicators [80,81], while representa-
tiveness emphasises that the indicators should remain independent to avoid duplication
and mutual inclusion [78]. Second, feasibility requires that the indicators are clearly de-
fined and can reflect the various value aspects in the transformation and utilisation of
industrial heritage [79] while being operable and easy to calculate and analyse for evalu-
ation. Third, the scientificity principle requires that the evaluation method reflect the char-
acteristics of industrial heritage. The evaluation criteria should match the evaluation ob-
ject and reveal the value of industrial heritage at multiple levels and perspectives. The
definition of indicators must be accurate and clear to form a complete system [78]. In ad-
dition, comprehensiveness requires that the constructed indicators cover a wide range of
areas and information, fully reflecting the multiple values of industrial heritage. Adapta-
bility means that the evaluation method can be flexibly adjusted according to the charac-
teristics of different regions while maintaining the basic framework [58].

In addition, this study also verified and added to the evaluation indicators initially
selected based on the literature through expert interviews and field research, combined
with local literature, government documents, and other information. It was ensured that
the indicators both had a theoretical basis and matched the actual situation of industrial
heritage in Shaanxi.

3.2. Indicator Selection —Delphi Method

In this paper, the Delphi method is used to select and improve the evaluation indexes
of industrial heritage value initially constructed, in order to ensure scientificity and con-
sensus. The Delphi method is a method of forecasting and decision-making through ex-
pert opinion gathering and feedback [82]. The first round of questionnaires requires addi-
tional statistics on the authoritative coefficient (CR) of the experts. The aim is to assess the
expert’s familiarity and judgement in the domain under discussion. Thus, it provides a
reliable basis for subsequent data analyses. In addition, after each round of questionnaire
data collection, the coefficient of variation (CV) and Kendall’s coefficient of concordance
(W) need to be statistically calculated [83]. The CV is used to analyse the degree of disper-
sion of individual indicator ratings [83]. It finds out which indicators have a more concen-
trated distribution of ratings and which ones are more divergent. Kendall's W is used to
determine the consistency of expert opinion [83]. It is used to judge the degree of con-
sistency of experts’ opinions in the current round, thus deciding whether the next round
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of questionnaires or further adjustment of indicators is needed [83,84]. The specific pro-
cess is as follows:

3.2.1. Expert Group Construction

Twenty experts in the fields of industrial heritage, architectural conservation, and
cultural studies were selected for this study. The number of experts was consistent with
the recommended range of 10-30 experts in heritage studies in general [63].

The 20 expert group members were from universities (10), research organisations, (6)
and government departments (4) to ensure a diverse range of perspectives.

3.2.2. The CR of Experts

The consultation questionnaire included two parts: their authoritative coefficient
(CR) (first round only) and the experts’ judgement of the consultation indicators. Indi-
cators were judged by experts according to their significance and were classified into five
levels. Values 1-5 are assigned using a 5-point Likert scale, with larger values indicating
better representation of the indicator [85]. The authoritative coefficient (CR) of the expert
can be calculated as the arithmetic mean of the judgement rationale (Ca) and the familiar-
ity score (Cs) (Tables 2 and 3) [83]. The Cs is divided into five levels, and the Ca is deter-
mined by a combination of four components: theoretical analysis, practical experience, the
literature, and intuitive judgement [83]. CR > 0.7 is considered a high authority coefficient
[83].

Table 2. Quantitative table for assigning values to CA by experts.

Ca Extent of Impact
Large Medium Small
Practical experience 0.5 04 0.3
Theoretical analysis 0.3 0.2 0.1
The literature 0.1 0.1 0.1
Intuitive judgement 0.1 0.1 0.1
Table 3. Quantitative table for Cs assignment.
Familiarity Levels Score
Very familiar 0.9
More familiar 0.7
Generally familiar 0.5
Slightly familiar 0.3
Not familiar 0.1

The first round of surveys was conducted to allow experts to make suggestions on
the initial constructed indicators and to add possible missing factors [86].

3.2.3. Statistics on the CV

Then, the mean (M), standard deviation (S), and coefficient of variation (CV) of each
indicator are calculated. Based on the reliability of expert opinions, indicators with an av-
erage importance score lower than 4 and a coefficient of variation greater than 0.25 are
removed, and the evaluation index system is adjusted accordingly. The CV is the ratio of
the standard deviation of each indicator to its mean within the evaluation index system
[83,87]. A smaller CV value indicates a lower degree of dispersion in experts’” evaluation
results for the indicator. Generally, if the CV of an indicator is greater than or equal to
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0.25, it suggests that expert opinions on that indicator are not sufficiently consistent
[62,83].
Assume that X represents the score given by the i-th expert for the j-th indicator,

where there are n experts and m indicators. The mathematical representation is as follows:
Mean:

1 n
M, =-2 X, O

Standard deviation:

Sf:\/LZn:(XU_M/) @)

Coefficient of variation:
CV,=—= )

In subsequent rounds, experts score the revised indicator system using the Likert 5-
point scale (1 = not important at all; 5 = extremely important) to assess the importance of
each indicator [88,89].

3.2.4. Delphi Consistency Test

After each round of surveys, the researchers tested for consistency and used SPSS
22.0 to calculate Kendall’s coefficient of concordance (W) [82]. In this study, the focus is
on achieving a preliminary consensus rather than requiring a high degree of uniformity.
Therefore, if Kendall’s W > 0.2, it is considered that the experts have reached a preliminary
consensus [90]. Kendall’s W reflects the degree of agreement among experts to a certain
extent. There are two general formulas for its calculation [91,92]:

When experts did not give the same rating for each indicator of the evaluation sys-
tem, the formula is as follows:

X 2
12_21 d;
— J=
m*n(n*> —1)

When all experts give the same rating for each indicator of the evaluation system, a

(4)

correction factor should be subtracted from the denominator of the above formula—in
this case as follows:

23
W= T )
m’n(n® —1)— mZZ
i=1

7; represents the correction index for tied scores and is calculated as follows:

L
T=>(6-1) ©)
1=

1

L is the number of groups with identical scores in the evaluation by experti. 7, is

the number of identical scores in the I-th group. W is the coefficient of concordance, which
measures the degree of agreement among experts. m is the total number of participating
experts. n is the number of indicators in the evaluation system. d represents the difference
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between the sum of rankings for each indicator and the mean ranking sum across all in-
dicators. d; is the difference between the total importance score of the j-th indicator and
the average total importance score across all indicators.

The value of W ranges between 0 and 1, where a higher W value indicates stronger
agreement among experts.

The significance test for expert opinion concordance adopts the rank consistency test.

If p > 0.05, it indicates that the reliability of expert evaluations is poor, and the evalu-
ation results of the indicator system are not acceptable. If p < 0.05, it suggests that the
reliability of expert evaluations is high, and the evaluation results of the indicator system
are valid.

The significance test for concordance follows the K. Pearson X? formula below:

2 _ 1 2
X = 1 m Zd/
mn(n+l)——2]} J=
n—13

@)

3.3. Weight Calculation— Analytic Hierarchy Process

In this study, the AHP, as a multi-criteria decision-making method, is used to calcu-
late the weights of the industrial heritage evaluation index system filtered through the
Delphi method. The basic principle of the AHP method is to break down complex prob-
lems into a hierarchical structure consisting of objective, feature, factor, and detail layers.
By constructing pairwise comparison matrices, experts can conduct quantitative analysis
based on qualitative judgments [93]. Specifically, based on the hierarchical structure es-
tablished during the theoretical preparation phase, the comprehensive value assessment
of industrial heritage is broken down into multiple aspects, such as historical, technolog-
ical, social, artistic, and environmental value. On this basis, a pairwise comparison of in-
dicators at each level is conducted to construct a judgement matrix. Through the question-
naire, respondents were asked to rate the importance of each pair of indicators using
Saaty’s 1-9 scale. For example (Figure 3), if respondents considered indicator A to be
equally important as indicator B, a value of 1 was assigned,; if they considered indicator A
to be slightly more important than indicator B, a value of 3 was assigned. After collecting
and analysing the questionnaire data from all experts, judgement matrices were con-
structed for each hierarchical layer.

Part 2: Please give a score for the importance of each indicator.

For example, the important relationship between intrinsic and derived values is

1/9

1/7

/5 1/3 1 3 5 7 9

Figure 3. Example of a questionnaire question.

Next, the eigenvalue method is used to determine the maximum eigenvalue of the
judgement matrix and its corresponding eigenvector, thereby obtaining the relative
weights of each indicator [93]. To ensure the reasonableness of the experts’ subjective
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judgement, this study tests the consistency of the judgement matrix by calculating the
consistency index (CI) and the consistency ratio (CR); the consistency of the judgement
matrix is considered good when the CR is less than 0.1 [94]. By calculating the weights
through the AHP, the qualitative indicator system selected by the Delphi method can be
transformed into a quantifiable weight distribution.

In addition, it also provides a quantitative basis for the subsequent industrial heritage
value assessment of the Shaanxi Steel Factory case.

The specific process is as follows:

3.3.1. Building the Judgement Matrix

Once the hierarchy has been established, the affiliation of the elements of the evalu-
ation system can be determined. Assuming that A is the upper-level factor and its lower-
level factors are B, Bz, Bs, ..., and Bn, these factors need to be weighed according to their
relative importance to objective A. In this step, we use the AHP to derive the weights of
Bi, B, Bs, ..., and Bn. The pairwise comparison process is carried out by several experts.
In this process, the experts need to answer the following question: which element is more
important for goal A, Bx or By? The scale of importance is the 1-9 scale proposed by Saaty
[93] (Table 4).

Table 4. The 1-9 scale table of the AHP [93].

Definition Intensity of Importance

Bx is extremely more important than By

Bx is very strongly more important than By

Bx is slightly more important than By

Bx and By are equally important

9
7
Bx is strongly more important than By 5
3
1
2,

Means the middle value of the above adjacent judgement 4,6,8

If the ratio of the importance of the Bx factor to the By factor is
Bxy, then the ratio of the importance of the By factor to the Bx  Reciprocal
factor is 1/Bxy

Then, pairwise comparisons are made for all elements in layer B, resulting in the
comparison matrix presented below. The result of comparing the ith element with the jth
element is denoted by by. The result of the comparison of the ith element with the jth
element is represented by bj in the matrix [93].

bn b12 bln
B=@)w| . ®
_bnl bn2 bnn_

3.3.2. Calculation of the Weights

The calculation steps for the root method are as follows:
Calculate the product of the elements of each row in the judgement matrix B, as fol-
lows:

Calculate the Nth root of mi, as follows:
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W) =4m, (10)

% * * * r
Normalising the vector of W~ = (Wl TWy,t, W, ) , as follows:

' < (11)

The computed weights are the weight vectors of the required solution, w1, wz, ..., wn,
which are the corresponding weight values for each element.

3.3.3. AHP Consistency Test

Then, the test for matrix consistency is performed.
Calculation of the consistency index (CI), as follows:
A —n
Cl=—"%— (12)
n—1

The maximum characteristic root is calculated as follows:

1 n (BW)
A =— : 13
Y S (13)
The corresponding average random consistency indicator RI (Table 5) is found.
Table 5. RI comparison table.
n 1 2 3 4 5 6
RI 0 0 0.58 0.90 1.12 1.24
n 7 8 9 10 11 12
RI 1.32 1.41 1.45 1.49 1.52 1.54
Calculation of the consistency ratio (CR) as follows:
CI
CR=— (14)
RI

When the CR s less than 0.1, the consistency of the judgement matrix B is considered
acceptable; otherwise, some correction of the judgement matrix is required.

4. Results

4.1. Initial Factor Selection

This section first introduces the theoretical foundation of this paper to accurately un-
derstand the concept of industrial heritage. Secondly, it presents the relevant theories ap-
plied in this paper. Finally, through field research and literature analysis, the historical
background and practical foundation of industry and industrial architecture in Shaanxi
are studied. This section lays the theoretical and practical foundation for the subsequent
research.

Through the authors’ research and investigation of the current status of industrial
heritage in Shaanxi Province, a total of 52 industrial heritages have been identified and
classified (Table 6).
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Table 6. The main categories and typical enterprises of Shaanxi’s industrial heritage.
Classification Case
Textile Industry (12) Dahua Yarn Factory (Xi’an); Northwest No. 1 Printing

and Dyeing Factory (Xi’an); National Northwest No. 3,
No. 4, No. 5 and No. 6 Cotton Spinning Factory (Xi'an);
National Northwest No. 1 Cotton Spinning Factory
(Xianyang); Shaanxi No. 8 Cotton Spinning Factory
(Xianyang); Shaanxi Cotton No. 9 Factory (Baoji);
Shaanxi Cotton No. 11 and No. 12 Factories (Baoji); and
Yulin Woolen Weaving Factory (Yulin)

Petrochemical Industry (5) Yanchang Petroleum (Yan’an), Integrated Tri-Acid Fac-
tory (Xi'an), Northwest People’s Pharmaceutical Factory
(Yan’an), Petroleum Steel Pipe Factory (Baoji), Shaanxi
Diesel Engine Factory (Xianyang)

Power Industry (7) Xi’an No. 1 Power Plant (Xi’an); Bagiao Thermal Power
Plant (Xi’an); Qinling Power Plant (Xianyang); Fuxian
Power Plant (Yan’an); Ankang Hydroelectric Power
Plant (Ankang); Shiquan Shui Power Plant (Ankang);
Weiguang Power Plant (Shangluo)

Metallurgical Industry (4) Shaanxi Steel Factory (Xi’an); Wangshiwa Coal Mine
(Tongchuan); Yuhua Coal Mine (Tongchuan); Luoyang
Steel Factory (Hanzhong)

Non-ferrous metal industry (2) Shaanxi Huashan Non-ferrous Metallurgical Machinery
Factory (Weinan); Baoji Non-Ferrous Metal Processing
Factory (Baoji)

Machinery Industry (4) Northwest Machinery Factory (Xi’an); No. 1 Watch and
Clock Machinery Factory (Xi’an); Fenglei Instrument Fac-
tory (Xi'an); Butterfly Watch Factory (Xi’an)

Building Materials Industry (4) Hongqi Cement Products Factory (Weinan); Yaoxian Ce-
ment Factory (Tongchuan); Chenfeng Ceramic Factory
(Tongchuan); Baota District Cement Factory (Yan'an)

Food industry (9) Xifeng Jiu Factory (Baoji); Taibai Winery (Baoji);
Changwu County Winery (Xianyang); Shaanxi Dukang
Winery (Weinan); Tongguan Pickle Factory (Weinan);
Dingbian Salt Farm (Yulin); Hanzhong Brewery (Han-
zhong); Yangxian Yellow Wine Brewery (Hanzhong);
Danfeng Winery (Shangluo)

Other Light Industries (3) Yan’an Cigarette Factory (Yan'an); Baoji Cigarette Fac-
tory (Boji); Hanzhong Cigarette Factory No. 2 (Han-
zhong)

4.1.1. Characteristics of Industrial Heritage in Shaanxi Province, China

In 1934, the Longhai Railway was built to Xi’an, and Shaanxi’s industrial develop-
ment began to accelerate [18]. After the founding of the People’s Republic of China in
1949, the policies of the First Five-Year Plan (a plan formulated by the Chinese govern-
ment for the development of the national economy) and the Third Line Construction (fo-
cusing on the construction of the northwestern part of China) were adopted [95,96]. The
industrial layout of China was adjusted, and the main focus of industrial construction was
gradually shifted to the western regions of China, which led to the rapid development of
Shaanxi’s industry.
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The Third Line Construction made Shaanxi’s transport, energy, defence, and elec-
tronics industries develop significantly [95]. This greatly consolidated the industrial foun-
dation and improved the industrial system, and it had a profound impact on the economic
and social development of Shaanxi Province in China [17,95]. The large amount of rich
industrial heritage is important evidence of Shaanxi’s recent modern development and
carries profound historical information [18]. It is also the imprint of its progress from an
agrarian to an industrial civilisation [95].

Through field research, in terms of industry sectors, industrial heritage in Shaanxi is
mainly concentrated in the machinery, food industry, and textile industries; in terms of
regional distribution, these industrial heritages are mainly concentrated in the cities of
Xi’an, Baoji, and Xianyang (see Table 6).

Influenced by the Westernisation Movement (1861-1895), industrial buildings in
Shaanxi were constructed from mixed brick and timber, with steel structures [96]. The
roof form combines the sloping roofs of the Guanzhong residential buildings in Shaanxi
with sawtooth roofs, which have the functions of light and ventilation [97]. Influenced by
the anti-Japanese war period (1931-1945), many factories were relocated inland from the
coastal areas of China [96,98]. Most of the factories in this period were built along the
mountains, using cave dwellings and earth-covered buildings to conceal production [96].
During the first five-year plan period (1953-1957), influenced by Soviet assistance, stand-
ardised designs for industrial plants, such as large-span, single-storey plants, prefabri-
cated concrete components, and symmetrical plant planning were prevalent [95,99].

In the period of third-line construction from 1964 to 1980, influenced by the principles
of hiding, dispersing, and leaning against the mountains, most of the factories in Shaanxi
were located in the mountainous areas [43]. The buildings were low and scattered, with
stone walls and wooden roof frames. This allowed for a great integration with the natural
environment. From 1980 to the present day, influenced by modernism, the factory frame
structure was popularised, and glass curtain walls and concrete were partly used. Space
tends to be flexible and open [18].

The Shaanxi region has more than 100 years of industrial development [100], and the
industrial heritage in the region has the historical value of witnessing the development of
the country and the city, the scientific and technological value of witnessing the advance-
ment of industrial technology, the artistic value of witnessing the development and
change in modern industrial architectural styles, and the socio-cultural value of support-
ing the renewal of the city and the cultural inheritance [18,101]. In addition, due to its
unique geographical environment and cultural background, the location value and envi-
ronmental value of industrial heritage should also be fully considered.

4.1.2. Determination of Industrial Heritage Value Factors in Shaanxi Region

The value of industrial heritage refers to the aspects of industrial heritage resources
that have value and significance to people. Liu [102] divided the value of industrial herit-
age into two aspects: the intrinsic value of industrial buildings, including the historical,
social, artistic, cultural, scientific and technological values that they confer on themselves;
and the reuse value, which includes the environmental value, the economic reuse value,
the educational value, and the technical feasibility value.

Firstly, this study undertook a comprehensive literature review, drawing on estab-
lished international frameworks such as charters and guidelines issued by international
organisations such as the ICOMOS and TICCIH, as well as relevant studies on industrial
heritage [14,20,39,48,59,66].

To ensure that these value factors were relevant and reasonably actionable, this study
undertook consultations with professionals in the field of cultural and industrial heritage.
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Also, the initial evaluation indicators (Table 7) and initial evaluation criteria were finalised

by communicating with the project leaders and local residents during the field visits.

Table 7. The initial evaluation indicators.

The Objective Layer The Feature Layer The Factors Layer

The Detail Layer

A1 Historical value

A11 The date of construction of the heritage

A12 Witness to the level of social development

Al3 Witness to important events

A14 The addition and completion of historical docu-
ments

A15 Uniqueness and scarcity

A16 Completeness

A2 Scientific and
A Intrinsic value  technological value
(0.1390)

A21 Industrial buildings and equipment

A22 Production processes

A23 Building complexity

A24 Technological representativeness

A25 Distinctiveness
A26 Originality

A3 Cultural value

A31 Positive energy value

A32 Negative energy value

A33 Neutral energy value

A41 Aesthetic landscape value
A42 The value of the artwork

Ad Artistic value A43 Re-creation potential
A44 The level of artistic style expression
B11 Distance from the city centre
B12 Transport situation to the city centre
The Overall Value of B1 Location value  B13 Status of preservation

the Industrial Heritage

B14 The number of central cities or tourist areas in the
wider regional context

B2 Environmental
value

B21 The impact of the original production function of
industrial heritage on the environment

B22 Surrounding environment

B23 The environmental scope of the industrial herit-
age

B3 Group value
B Derived value

B31 The scale of the group

B32 Relationship of the group

B33 The potential for wide-scale groups of industrial
heritage

B4 Social value

B41 The ability to offer employment
B42 Educational function

B43 Social memory

B44 The potential to provide a place of leisure for the
public

B45 Enhancing the image or symbolism of the city

B5 Emotional value

B51 Number of people who have an emotional con-
nection to industrial heritage

B52 The age range of the people who have an emo-
tional connection to industrial heritage

B53 Characteristics of the careers of people with emo-
tional value
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4.2. Delphi Method of Selecting Indicators
4.2.1. Calculation of the Expert Authoritative Coefficient (CR)

According to the initially established indicator system for value evaluation of indus-
trial heritage in Shaanxi (Table 7), this study distributed questionnaires to 20 experts by
email. Twenty valid questionnaires were recovered. Based on the data collected from the
two rounds of questionnaires, the authority coefficients of the experts were calculated as
indicated in Tables 8 and 9.

Table 8. Expert group authoritative coefficient for the first round.

Experts 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Average Value
Cs 07 09 09 09 09 09 07 09 09 09 07 09 07 09 07 09 07 09 07 07 0.82
Ca 0.8 1 09 08 08 08 1 08 08 09 09 1 08 0.8 1 09 09 08 08 08 0.865
CR 075 095 09 0.85 0.85 0.85 085 085 085 09 08 095 075 0.85 0.85 09 0.8 0.85 0.75 0.75 0.8425

Table 9. Expert group authoritative coefficient for the second round.

Experts 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 Average Value
Cs 09 09 07 09 07 09 09 07 07 09 09 07 07 09 09 07 07 09 07 09 0.81
Ca 0.8 1 09 09 1 08 09 08 09 1 08 09 08 09 1 09 09 09 09 09 0.895
CR 085 095 08 09 08 085 09 075 08 095 085 08 075 09 095 08 0.8 09 0.8 0.9 0.8525

As can be seen from the above tables, the values of Ca, Cs, and CR for each expert are
above 0.7. This indicates that the level of the selected experts is relatively high. Also, the
overall Ca, Cs, and CR mean values are more than 0.8. This shows that there is a high
internal consistency of authority. Therefore, the data results obtained by the Delphi
method are valid.

4.2.2. Consistency Test Statistics

Using SPSS, both rounds showed Kendall’s coefficient of concordance above 0.2. This
indicates good expert agreement and high reliability. Both rounds’ p-values were below
0.05 (Table 10). This demonstrates statistical significance.

Table 10. Consistency test statistics.

Round Layer N Kendall’'s W Pearson Chi-Square (X?) Degrees of Freedom (df) Asymptotic Significance (p)

First Feature 20 0.3 6 1 0.014
Factor 20 0.409 65.412 8 <0.001
Detail 20 0.388 279.531 36 <0.001
Second Feature 20 0.3 6 1 0.014
Factor 20 0.279 44.643 8 <0.001
Detail 20 0.312 181.038 29 <0.001

Indicators were screened by calculating the mean, standard deviation, and coefficient
of variation in the indicators. According to the statistics of questionnaire data, the indica-
tors with a mean value of 4 points or less, or with a coefficient of variation greater than
0.25, were deleted. Based on the statistics, A23, A25, A26, A43, B13, B22, and B43 needed
to be deleted. The detailed screening of indicators is shown in Table 11, with deleted in-
dicators marked in grey. In the final calculation, the range of mean, standard deviation,
and coefficient of variation values did not exceed the specified range in the calculation
process. Therefore, expert consultation was concluded, and the indicator system was de-
termined (Figure 4).
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Table 11. Expert coefficient of variation (CV) statistics.
. Min Max M S Ccv

Layer Indicator N Ist 2nd  1st 2nd 1st 2nd 1st 2nd Ist 2nd
A 20 4 4 5 5 4.4000 4.6000 0.5026 0.5026  0.1142  0.1093

Feature B 20 4 4 5 5 4.7000 4.3000 0.4702 04702 0.1000 0.1093

Factor Al 20 4 4 5 5 4.7000 4.7000 0.4702 0.4702 0.1000 0.1000
A2 20 4 4 5 5 4.6000 4.7000 0.5026 0.4702 0.1093 0.1000
A3 20 4 4 5 5 4.5000 4.6000 0.5130 0.5026  0.1140 0.1093
A4 20 4 4 5 5 4.6000 4.5000 0.5026 0.5130 0.1093 0.1140
Bl 20 4 4 5 5 4.5000 4.6000 0.5130 0.5026  0.1140 0.1093
B2 20 4 4 5 5 4.0500 4.5000 0.2236 0.5130 0.0552 0.1140
B3 20 4 4 5 5 4.6000 4.0500 0.5026 0.2236  0.1093  0.0552
B4 20 4 4 5 5 4.7000 4.7500 0.4702 0.4443 0.1000  0.0935
B5 20 4 4 5 5 4.6000 4.6000 0.5026 0.5026  0.1093  0.1093

Detail All 20 4 4 5 5 4.6500 4.4000 0.4894 0.5026  0.1052  0.1000
Al12 20 4 4 5 5 4.7500 4.7000 0.4443 04702 0.0935 0.1142
Al3 20 4 4 5 5 4.7500 4.4000 0.4443 0.5026  0.0935 0.1093
Al4 20 2 4 5 5 4.4500 4.6000 0.7592 0.5026  0.1706  0.1000
Al5 20 4 4 5 5 4.6000 4.7000 0.5026 04702 0.1093  0.1000
Alé6 20 4 4 5 5 4.5000 4.7000 0.5130 04702 0.1140 0.1093
A21 20 4 4 5 5 4.6500 4.6000 0.4894 0.5026  0.1052  0.1140
A22 20 4 4 5 5 4.6000 4.5000 0.5026 0.5130 0.1093  0.1093
A23 20 1 4 5 5 2.9000 = 1.2096 = 04171 -
A24 20 4 4 5 5 4.1500 4.6000 0.3664 0.5026  0.0883 0.1140
A25 20 1 4 5 5 3.1500 - 1.3870 - 0.4403 -
A26 20 1 4 5 5 3.1000 = 1.5861 = 05117 -
A31 20 2 4 5 5 4.4000 4.5000 0.7539 0.5130 0.1714 0.0552
A32 20 4 4 5 5 4.4500 4.0500 0.5104 0.2236  0.1147 0.1142
A33 20 4 4 5 5 4.6000 4.4000 0.5026 0.5026  0.1093  0.1000
A41 20 4 4 5 5 4.4500 4.7000 0.5104 04702 0.1147 0.1142
A42 20 4 4 5 5 4.7500 4.4000 0.4443 0.5026  0.0935 0.1052
A43 20 1 4 5 5 3.1500 = 1.3089 = 04155 --
A44 20 4 4 5 5 4.6000 4.6500 0.5026 0.4894 0.1093 0.0935
B11 20 4 4 5 5 4.4000 4.7500 0.5026 0.4443 0.1142 0.0935
B12 20 4 4 5 5 4.5000 4.7500 0.5130 0.4443 0.1140 0.1045
B13 20 1 4 5 5 2.7500 = 1.4096 = 05126 -
B14 20 4 4 5 5 4.7000 4.2500 0.4702 0.4443 0.1000 0.1093
B21 20 4 4 5 5 4.4500 4.6000 0.5104 0.5026 0.1147 0.1140
B22 20 1 4 5 5 3.1500 - 1.4244 - 04522 -
B23 20 4 4 5 5 4.5500 4.5000 0.5104 05130 0.1122  0.1125
B31 20 4 4 5 5 4.400 4.3500 0.5026 04894 0.1142 0.1093
B32 20 4 4 5 5 4.4000 4.6000 0.5026 0.5026 0.1142 0.1142
B33 20 4 4 5 5 4.2000 4.4000 0.4104 0.5026  0.0977 0.0883
B41 20 4 4 5 5 4.7500 41500 0.4443 0.3664 0.0935 0.1147
B42 20 4 4 5 5 4.4500 4.4500 0.5104 0.5104 0.1147 0.1093
B43 20 1 4 5 5 2.7000 = 1.0311 = 0.3819 -
B44 20 4 4 5 5 4.8500 4.6000 0.3664 0.5026  0.0755 0.1140
B45 20 4 4 5 5 4.4500 4.5000 0.5104 05130 0.1147 0.1147
B51 20 4 4 5 5 4.8000 4.4500 0.4104 0.5104 0.0855 0.1093
B52 20 4 4 5 5 4.9500 4.6000 0.2236 0.5026  0.0452  0.1000
B53 20 4 4 5 5 4.4500 4.7000 0.5104 04702 0.1147 0.1000
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Figure 4. Hierarchy of industrial heritage values.
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4.3. Weight Result
4.3.1. Weight Calculation

The comprehensive evaluation method in this study has two feature layers, nine fac-
tor layers, and thirty detail layers, which have different levels of importance in the com-
prehensive evaluation. This study mainly compares the importance of indicators through
questionnaires and matrix weights of the AHP, and it finally verifies the consistency. A
total of 212 questionnaires were collected from respondents of different genders, ages, and
occupations.

In addition, due to the large sample size of the questionnaire, several measures were
taken in the study to minimise the effect of “cold-called” answers on the results of the
consistency test. The first strategy was optimising the questionnaire. The questionnaire
was kept to a length that could be answered within 10 min. Draft questionnaires were sent
to faculty colleagues and researchers of the University of Strathclyde to ask for their com-
ments. Unclear questions from feedback were revised to form the final questionnaire. The
second was asking beforehand. Respondents were given the background of the author’s
study in advance and asked if they were interested in completing the questionnaire. The
questionnaire was sent to respondents who provided positive feedback. In addition, the
online questionnaire began with an introduction to the aim and background of the study,
with two options set as interested —Continue to fill in and not interested —Close. Re-
spondents were actively followed up with regarding their status, and any questions were
answered at any time. In addition, the questionnaires were checked for missing items after
collection, and those with a completeness level of less than 80% were eliminated. In addi-
tion, the validity of the questionnaire was verified through a rigorous consistency test.
Together, these strategies reduced the influence of “cold” experts on the consistency test
results.

After analysing the collected data and its results (See Appendix A), calculating and
checking the consistency according to the matrix, industrial heritage weights were ob-
tained and are shown in Table 12.

Table 12. Table of calculated weights for industrial heritage.

Feature Layer’s Factors Layer’s Rela- . , . . Absolute
Relative Weight  tive Weight Detail Layer’s Relative Weights Weight * Order
A11 The date of construction of the heritage 00827 3
(0.2803)
A12 Witness to the level of social development 00464 8
(0.1573)
A13 Witness to important events 0.0292 15

A Intrinsic value
(0.75)

Al Historical value (0.0991)

(0.3933) A14 The addition and completion of historical documents
0.0585 4
(0.1982)
A15 Uniqueness and scarcity
041
(0.1402) 00413 9
A16 Completeness
(0.1249) 0.0368 11
gZigg;lustnal buildings and equipment 00515 7
A2 Scientific and : -
. A22 Production processes
technological value 0.0204 19
(0.1958)
(0-1390) A23 Technological tati
echnological representativeness 0034 14

(0.3108)
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A31 Positive energy value
.08 2
(0.4934) 00865
A3 Cultural value  A32 Negative energy value
(0.2338) (0.1958) 00343 13
A33 Neutral energy value
.054
(0.3108) 005456
A41 Aesthetic landscape value
(0.4934) 0.0865 1
A4 Artistic value A42 The value of the artwork
.034 12
(0.2338) (0.1958) 00343
A43 The level of artistic style expression
(03108) 0.0545 5
B11 Distance from the city centre
.04 1
(0.4934) 0.0406 0
BI2T ituati he ci
B1 Location value ransport situation to the city centre 00161 23
(03291) (0.1958)
’ B13 The number of central cities or tourist areas in the
wider regional context 0.0256 17
(0.3108)
B21 The impact of the original production function of in-
B2 Environmental  dustrial heritage on the environment 0.0208 18
value (0.6667)
1247 i i i i
0 ) B22 The environmental scope of the industrial heritage 00104 26
(0.3333)
B31 The scale of the group
.02 2
(0.4934) 00203 0
B3 Group value B32 Relationship of the group
(0.1645) (0.1958) 00081 29
B Derived value ].333 The potential for wide-scale groups of industrial her- 00128 24
(025) itage (0.3108)
' B41 The ability to offer employment (0.3976) 0.0164 22
B42 Educational function
0097 27
(0.2364) 0009
B4 Social value B43 The potential to provide a place of leisure for the pub-
(0.1645) lic 0.0069 30
(0.1672)
B44 Enhancing the image or symbolism of the city
0082 2
(0.1988) 0.008 8
B51 Number of people who have an emotional connection
to industrial heritage 0.0268 16
(0.4934)
B5 Emotional value B52 The. age range of Tche pe9ple who have an emotional
(02171) connection to industrial heritage 0.0169 21
’ (0.3108)
B53 Characteristics of the careers of people with emo-
tional value 0.0106 25

(0.1958)

* Absolute weights indicate importance relative to the overall objective. Relative weights indicate

the level of importance within the same hierarchy.
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4.4. Interpretation of Evaluation Indicators and Evaluation Criteria

Based on the AHP method, it can be concluded that when the assessor evaluates the
value of industrial heritage, the assessor actually assigns values and scores to the factors
in the detail layer, then obtains the evaluation results of the indicators in the factor layer
according to the weights, and then superimposes them upwards to obtain the comprehen-
sive evaluation results of the feature layer and the objective layer [21,93,103]. To improve
the scientificity and fairness of the evaluation results and reduce the assignment bias
caused by the assessors’ lack of clarity of the indicator concepts, it is necessary to explain
the evaluation contents of the detail layer indicators before the assessors assign the values
and to obtain accurate interpretations, in order to enable the assessors to make the correct
scoring judgement.

The evaluation of the value of industrial heritage is an assessment of its historically
ascribed value and its current, conservation, and reuse value. In this paper, the evaluation
criteria of industrial heritage are set to different scoring criteria of 4, 3, 2, and 1 in an order
from high to low, which can be found in Appendix B (Table A13). This is based on learning
the evaluation criteria of related heritage, combined with the industrial development and
characteristics of Shaanxi, as well as consulting the experts’ opinions. Taking the date of
construction of the heritage in detail as an example, Tian [104] suggests that although the
development of industrial heritage is much shorter than cultural heritage, it can be di-
vided according to the period of relative concentration of distribution. For example, the
first period was before 1911 (limited technology, slow development); the second period
was during 1911-1948 (war-affected, turbulence development); the third period was from
1949 to 1977 (policy-supported, focussed development); and the fourth period was from
1978 to the present (rapid development) [104]. According to research on the history of
Shaanxi’s industrial development and architectural features, the older the heritage, the
higher the score. The evaluation criteria are four points for those built before 1911 and one
point for those built after 1978.

The industrial heritage of each region has its unique characteristics, depending on its
geographical location, production conditions, and development history. A single value
score does not indicate the overall value of different industrial heritage sites. Our evalua-
tion of the value of industrial heritage is not to compare the value of industrial heritage in
the region but to understand the value of industrial heritage comprehensively and objec-
tively, and to identify the outstanding parts of industrial heritage in order to facilitate the
protection and development of industrial heritage and to choose targeted protection
methods and measures according to the value of the characteristics of the industrial her-
itage. Thus, the most important thing for the statistics of evaluation results of the value of
industrial heritage is to categorise it according to its value and make comparisons within
each category.

If the value of the surrounding environment of a certain industrial heritage is out-
standing, attention should be paid to controlling the impact on the surrounding ecological
environment in the process of protection and development, and also to the erosion of the
surrounding countryside on mountains, forests, and water bodies and to proposing prac-
ticable protection methods for the protection of the natural environment in terms of policy
and planning. If the location value is outstanding, it should be reasonably utilised in pro-
tection and development, and the construction of relevant supporting service facilities
should be improved to attract more tourist flows. If the historical value of heritage is the
most prominent, then attention should be paid to the protection of the overall historical
landscape of the place to prevent excessive development. Of course, in practice, it is nec-
essary to comprehensively consider the interrelationship and mutual constraints between
the evaluation elements to prevent protection and development from deviating from the
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correct line due to incomplete interpretation of the results, which would result in irrepa-
rable losses.

The detailed evaluation criteria and scoring sheet are shown in Appendix B. A value
score for each building in the industrial heritage can be derived based on the above crite-
ria, with the overall value of the industrial heritage being taken as an average of the scores
for each building.

5. Case Study — Applicative Demonstration of the Method
5.1. Study Area

The case study selected for analysis in this paper is the Shaanxi Steel Factory, which
is an important industrial heritage site formed during the development of the city of Xi’an.
The Shaanxi Steel Factory was officially established in 1965, and after decades of develop-
ment, it played an important role in improving the GDP indicator of Xi’an during its active
production period [18,101]. By 2002, the Shaanxi Steel Factory went bankrupt due to eco-
nomic and policy reasons, as well as poor management [105]. Once the largest modern
steel enterprise in Xi’an, Shaanxi Steel Factory witnessed the development of modern in-
dustry in Xi'an [105,106]. With the decline of Shaanxi Steel Factory, a large number of
industrial heritage sites were vacated, and abandoned production and processing equip-
ment were left unmanaged, which led to the issues of preserving and reusing industrial
heritage. In 2002, Xi’an University of Architecture and Technology Science and Education
Industry Company Limited acquired Shaanxi Steel Factory and remodelled it, renaming
it to Old Steel Factory Creative Park [18].

This case study focuses on the renovated Shaanxi Steel Factory, currently known as
the Old Steel Factory Creative Park. Figure 5 shows its location as well as the layout and
changes in building names before and after the renovation. This study will assess the
value of Shaanxi Steel Factory in the context of its location, development history, and ar-
chitectural preservation to verify the feasibility of the evaluation methods. Through field-
work, a comparison of the current situation and the situation before renovation is shown
in Figure 6.



Sustainability 2025, 17, 4125

25 of 55

Heat treatment workshop

Oil tempering
furnace workshop

doysyJom 3ulpidid

New equipment workshop

B ction of %
slender steel Office
- Machine repair lorinder workshop

Wire drawing workshop

doysyiom Sui8exoed

9101S Spood paysiul4

€——————————North Street of Factory =—

.
o

10#

-
=
E=S
A3|lv By Yo
aIIV Ja)sewpuel

(— Memory Street=——-—<

T
Roof plaza

Sunken plaza -

193115 2.InjesdT—

U'I
+*

199415 159\ Au0joR =y

v
[a]
g
[}
W
(=4
<
[}
w
Z
o
[}
I

(— AJ03oB4 JO 192435 15€] ﬁ

[Management Centre]

€&————Factory South Street — 0oy

Main entrance

Before

. Xi'an City
Shaanxi Province
China

Ning

Xi'an Old Steel Factory
Creative Park

Figure 5. Shaanxi steel factory layout and location.

Building 14 Building 3#

Building 2#

Building 4# 5#

Building &# Building 84 Building 12#

Building 7# Building 10, 115

Figure 6. Comparison of Shaanxi Steel Factory before and after renovation.



Sustainability 2025, 17, 4125

26 of 55

5.2. Analysis of Shaanxi Steel Factory Value
5.2.1. Historical Value

Shaanxi Steel Factory was founded in 1958 [18]; the oldest buildings in the factory are
the former heat treatment workshop west section and the former pickling workshop built
in 1958. The Shaanxi Steel Factory not only witnessed the history of industrial develop-
ment in Shaanxi Province from 1958 to 2001 but also witnessed the development of the
iron and steel production industry in Northwest China, as well as a series of events such
as the transition of the economic system, the restructuring of enterprises, relocation, clo-
sure, and layoff of employees [17,18]. In addition, the structures and buildings of the cur-
rent plant prove the authenticity of the historical documents, which provide complete in-
formation on the technology and process of iron and steel production during the indus-
trial period.

Shaanxi Steel Factory was the first, the largest, and most advanced steel factory in
Northwest China at the beginning of its construction, and it was once listed as one of the
top ten steel factories in China [17,57]. It was also the first modern medium-sized iron and
steel plant built in Shaanxi, and it represented the highest level of Shaanxi’s iron and steel
industry at that time. At present, except for Building No. 9, which has collapsed due to
old age, most of the main structure of the building is well preserved.

Therefore, according to the evaluation criteria, its date of construction of the heritage
is scored as 2, its score as a witness to the level of social development is 3, its score as a
witness to important events is 3, and its additions and completions of its historical docu-
ments are scored as 2. The score for its uniqueness and scarcity is 4, and the score for its
completeness is 4. In summary, the total score for its historical value is 18 (the total score
could be 24), and after combining the weights the weighted calculation is 0.82 (Table 13).

Table 13. The historical value score table for Shaanxi Steel Factory.

The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score

All 0.0827 2

A12 0.0464 3

Al Al3 0.0292 3

Al4 0.0585 2

Al5 0.0413 4

Al6 0.0368 4

Total score (Total possible score is 24) 18

Weighted score 0.82

5.2.2. Scientific and Technological Values

Shaanxi Steel Factory has only retained representative equipment for exhibition pur-
poses. In terms of production processes, the main production technologies of the time can
be analysed, contributing to an understanding of the relatively advanced iron and steel
production processes in Northwest China. According to the evaluation criteria. Shaanxi
Steel Factory steadily developed its production since 1965, and its product output, quality,
variety, and efficiency improved year by year. It was a high-quality special steel produc-
tion base in Shaanxi Province and one of the key special steel factories in China. Based on
the evaluation criteria, the industrial buildings and equipment scored 3 points, the pro-
duction process scored 3 points, and its technical representation scored 3 points.

In summary, its scientific and technical score is 10 (possible total score is 12), and its
final score is 0.31 as calculated by combining each weighting (Table 14).

Table 14. The scientific and technological value score table for Shaanxi Steel Factory.
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The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score
A21 0.0515 3
A2 A22 0.0204 3
A23 0.0324 3
Total score (Total possible score is 12) 9
Weighted score 0.31

5.2.3. Cultural Values

In terms of positive energy value, Shaanxi Steel Factory’s enterprising spirit and steel
factory culture reflect the ideology, values, and overall cultural identity of the employees
within the steel factory. The corporate culture and spirit play a role in passing on the his-
tory of the company, uniting the industry’s spirit of struggle, and promoting positive en-
ergy in society.

From the negative energy value, the Shaanxi Steel Factory is representative of the
early stage of China’s modern industrial development, when the industrial development
path was difficult [95,100]. Nevertheless, Shaanxi Steel Factory went down in history in
the iron and steel development of China [17,95]. This in turn inspired people’s passion for
work and life.

In terms of neutral energy value, Shaanxi Steel Factory is able to enhance the sense
of regional pride and regional identity of the neighbouring residents. According to the
evaluation criteria, its positive energy value is 3 points, its negative energy value is 1, and
its neutral value is 1 point. Therefore, the cultural value score is 6 (total possible score is
12), and by combining the weights, its final score is 0.40 (Table 15).

Table 15. The cultural value score table for Shaanxi Steel Factory.

The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score
A3l 0.0865 3
A3 A32 0.0343 1
A33 0.0545 2
Total score (Total possible score is 12) 9
Weighted score 0.40

5.2.4. Artistic Value

Most of the industrial elements left over from Shaanxi Steel Factory have been reused
and turned into large landscape sculptures in the park, blending industrial style with a
cultural and creative atmosphere to form supporting facilities with industrial characteris-
tics. Shaanxi Steel Factory was built in 1958 by the Chinese government by inviting experts
from all walks of life from Shanghai, Wuhan, and Northeast China [18,57,95]. The archi-
tectural style of the building is simple and atmospheric, retaining the exposed structures
of the original steelworks such as steel frames, concrete beams, and pipes. It represented
the highest level of Chinese architecture and planning at that time, reflecting the changes
in people’s aesthetic interest and art appreciation level. According to the evaluation crite-
ria, the landscape aesthetic value scores 3. The value of artwork is scored as 3, and the
level of artistic style expression is scored as 3.

To sum up, the artistic value score is 9 (out of a total of 12), and the final score is 0.53
when combining the weights of each item (Table 16).

Table 16. The artistic value score table for Shaanxi Steel Factory.

The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score
A4 A41 0.0865 3
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A42 0.0343 3

A43 0.0545 3

Total score  (Total possible score is 12) 9
Weighted score 0.53

5.2.5. Location Values

Shaanxi Steel Factory is located in the eastern part of Xi’an, only 9 km away from the
city centre according to Google Maps, with a clear traffic advantage and good access to
the city centre, surrounded by five municipal main roads. There are five bus stops and
two metro stations in the vicinity, making for a well-developed transport system. There
are many tourist attractions within a 100 km radius, such as the Xi’an Terracotta Warriors
and Horses Museum and the Dahua 1935 Art District. According to the evaluation criteria,
distance from the city centre scores 3, the transport situation to the city centre scores 4,
and, in a wider regional context, the number of central cities or tourist areas scores 4. In
summary, its location score is 11 (out of a total score of 12), and by combining the weighted
items, its final score is 0.29 (Table 17).

Table 17. The location value score table for Shaanxi Steel Factory.

The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score
B11 0.0406 3
B1 B12 0.0161 4
B13 0.0256 4
Total score (Total possible score is 12) 11
Weighted score 0.29

5.2.6. Environmental Value

Shaanxi Steel Factory has retained most of the trees and shrubs of the original park
during the regeneration process to reduce the damage to the original ecological balance
of the park, and the factory is relatively well landscaped, with no obvious pollution de-
tected during the assessment period. However, since the site is adjacent to the campus of
Xi'an University of Architecture and Technology and the residential area of Huagqing
Xuefu property, it is necessary to pass through the campus to reach the park, and accessi-
bility is relatively limited. According to the evaluation criteria, the environmental impact
of the original production function of the industrial heritage is scored as 3. The environ-
mental scope of the industrial heritage is scored as 1. To summarise, the environmental
value has a score of 4 (out of a total score of 8), and, combining the weights, its final score
is 0.07 (Table 18).

Table 18. The environmental value score table for Shaanxi Steel Factory.

The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score
B2 B21 0.0208 3
B22 0.0104 1
Total score (Total possible score is 8) 4
Weighted score 0.07

5.2.7. Group Value

Shaanxi Steel Factory is located in the southeastern part of Xi'an, and together with
the neighbouring building material component factories and the Oriental Machinery Fac-
tory, it constitutes a traditional industrial zone in Xi’an [57]. There are also science- and
technology-based industrial parks such as the High-Tech Development Zone and the New
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Town Technology Industrial Park on the southwestern side. According to the evaluation
criteria, it scores 4 points in terms of the scale of the group; 2 points in terms of the group
relationship, as it belongs to the large industrial category with high accessibility; and 4
points in terms of the potential for a large-scale group of industrial heritage. In sum, the
group value for Shaanxi Steel Factory is 10 points (out of a total of 12 points), and its final
score is 0.15 when combining all the weights (Table 19).

Table 19. The group value score table for Shaanxi Steel Factory.

The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score
B31 0.0203 4
B3 B32 0.0081 2
B33 0.0128 4
Total score  (Total possible score is 12) 10
Weighted score 0.15

5.2.8. Social Value

Shaanxi Steel Factory is currently being transformed into the Old Steel Factory Crea-
tive Park. The park has formed an industrial model combining offices and commerce.
Through field research, it was found that there are more than 140 shops in total, having
about 2500 employees, forming the most distinctive cultural and creative industry base in
Xi’an, with a high reputation in the industry. The site includes a museum called Steelmark,
which provides a basic understanding of Xi'an’s industrial history and the production
process of steel products, but it lacks interactive and experiential programmes. There are
badminton and table tennis courts on the site for recreation. The reuse of Shaanxi Steel
Factory has changed the old site’s image of being a depressed and dilapidated place, and
it has improved the quality of the surrounding environment. The renovation did not
change the original appearance but preserved it and established a museum to allow peo-
ple to better understand the culture and history of the old site, leaving an original land-
mark urban space for the city. According to the assessment criteria, the ability to solve the
re-employment problem was scored as 3, its educational function was scored as 2, its po-
tential to provide a place of leisure for the public was scored as 3, and the score in terms
of enhancing the city’s image or symbolic significance was scored as 3. In summary, the
social value score is 11 (out of a possible total of 16), and combining the weights of the
items gives it a final score of 0.113 (Table 20).

Table 20. The social value score table for Shaanxi Steel Factory.

The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score
B41 0.0164 3
B4 B42 0.0097 2
B43 0.0069 3
B44 0.0082 3
Total score  (Total possible score is 16) 11
Weighted score 0.11

5.2.9. Emotional Value

Older workers generally aged between 60 and 80 years old have the strongest feelings
for Shaanxi Steel Factory, as they have given their time and energy to the factory for dec-
ades and attribute much emotional value to it. In addition, residents who have lived in
the neighbourhood for many years, who have personally witnessed the changes in the
factory, have a sense of affinity to the neighbourhood. Relatives of some of the factory’s
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employees and workers currently working in the reused factory, whose feelings towards
the factory site include curiosity and some affection, as well as researchers or industrial
heritage enthusiasts who are interested in industrial heritage, have an interest in Shaanxi
Steel Factory.

Therefore, combining the evaluation criteria, the number of people who have an emo-
tional connection to industrial heritage scored 2 points, the age range of the people who
have an emotional connection to industrial heritage scored 4 points, and the structural
characteristics of the careers of people with emotional value scored 3 points.

Therefore, the emotional value of Shaanxi Steel Factory is 9 points (out of a total score
of 12), and combining the weights of the items, its final score is 0.15 (Table 21).

Table 21. The emotional value score table for Shaanxi Steel Factory.

The Factors Layer The Detail Layer Weights Shaanxi Steel Factory Score
B51 0.0268 2
B5 B52 0.0169 4
B53 0.0106 3
Total score (Total possible score is 12) 9
Weighted score 0.15

5.3. Analysis of Results

A summary table of the value scores (Figure 7) shows that the historical and artistic
values in the ontological value of Shaanxi Steel Factory are more prominent, and the en-
vironmental and social values are relatively low. A comprehensive and objective under-
standing of the value composition and value evaluation of Shaanxi Steel Factory will be
carried out to highlight the true value of the industrial heritage by focusing on targeted
protection while carrying out protective reuse of it.
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Figure 7. Value distribution map of Shaanxi Steel Factory.

From the data, the A1 historical value of Shaanxi Steel Factory (0.82) is significantly
higher than other indicators. This indicates that heritage has a prominent position in the
transmission of industrial history and memory. Meanwhile, the A4 artistic value (0.53)
and A3 cultural value (0.40) are more important, showing that the factory also has a
greater potential for industrial aesthetics and cultural inheritance. In contrast, the A2 sci-
entific and technological value is only 0.31, reflecting a weaker contribution in terms of
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technological innovativeness or industrial technological evolution, while the B2 environ-
mental value is only 0.07, suggesting that the existing ecological conditions require im-
provement. In addition, among the external environment indicators, the B1 location value
(0.29) indicates a certain advantage of its geographical location. However, B3 group, B4
social, and B5 emotional values are low (0.15, 0.11, and 0.15, respectively). This shows the
need for upgrading in terms of urban functioning and community identity. The results
are consistent with the field study, and the practicality of the methodology of this study
is tested.

Based on the above evaluation results, combined with the problems identified in the
field research, the following targeted optimisation and renovation strategies are proposed
to enhance the conservation value and reuse the potential of the industrial heritage.

5.3.1. Enhancing Environmental Value and Optimising Spatial Experience

The low environmental value evaluation result (0.07) shows that the ecological envi-
ronment and facilities of the site still need to be improved. Therefore, the following
measures should be taken to improve the environment of the site.

Optimising transport accessibility: Currently, public transport connections to the
park are inadequate. It is recommended to set up more direct bus lines between the in-
dustrial park and the nearest metro station to improve travelling convenience.

Improving parking and shared mobility facilities: This research found that there are
insufficient parking spaces in the park, and there is a lack of planning for bicycle and
shared bike parking areas. It is recommended to expand the parking area and set up stand-
ardised bicycle parking spots to meet the needs of employees and visitors.

Upgrading environmental management: there are many eateries in the park, and the
waste disposal capacity needs to be further optimised to ensure cleanliness.

5.3.2. Strengthening Social Interaction and Enhancing Cultural Identity

Industrial heritage is not only a witness of history but should also be an important
carrier of urban cultural vitality [3]. Therefore, the interaction between people and herit-
age should be strengthened in various ways to increase social value (the current score is
only 0.11) to promote the public’s sense of identity and sense of belonging to industrial
heritage.

Creating cultural publicity and experiential activities: for example, organising exhi-
bitions, forums, or study activities on the topic of the ‘Spirit of Industrial Culture in
Shaanxi steel factory’. This could enhance the public’s understanding of the history of
industrial culture and stimulate a sense of cultural pride.

Construction of interactive display space: Combining modern display technology, an
interactive industrial heritage exhibition area could be set up in the park. For example,
digital projection and VR experiences will enable visitors to have a more intuitive under-
standing of the history and craftsmanship of the steel industry.

Provide space for diversified public activities: In the upgrading of the factory, leisure
areas should be preserved to increase public participation, so that the industrial heritage
could become an important place for social activities and community integration.

5.3.3. Creating an Industrial Atmosphere and Enhancing Artistic and Group Values

Shaanxi Steel Factory has relatively high artistic value (0.53) and cultural value (0.40),
indicating that the factory has some potential in industrial aesthetics and cultural heritage.
To further strengthen its cultural influence and group value (currently only 0.15), the fol-
lowing strategies could be adopted:

Connecting with neighbouring industrial heritage and building heritage group ef-
fect: Combined with other industrial heritage resources in Shaanxi Province, establish
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thematic excursion routes or cultural study bases. This could enhance the overall recogni-
tion and sense of value.

Through the above strategies, the industrial heritage improvement of Shaanxi Steel
Factory not only enhances its ecological and infrastructural conditions but also effectively
improves its social and cultural influence. This enables it to play a greater role in urban
renewal and cultural heritage.

6. Discussion

To achieve the construction of a value evaluation method applicable to industrial
heritage in Shaanxi Province. The research has carried out four stages in sequence: theo-
retical preparation, indicator screening, weight calculation, and system application. The
drivers, barriers, and achievements of each stage are discussed below.

6.1. Theoretical Preparation Stage
1. Drivers:

In the context of rapid urban development, there is an increasing demand for the
practice of industrial heritage protection [3,104]. However, the current evaluation aspects
are more qualitative than quantitative in methodology, the indicator system is not uni-
form, and it is difficult to operate in practice [12,105]. Therefore, to address the above is-
sues, this study expects to construct an industrial heritage value evaluation method that
is well supported theoretically, clearly structured, and applicable to the local context. This
is also the primary driver of this study in the theoretical phase.

2. Barriers:

The main barriers at this stage are the selection of the methods and the design of the
system structure. On the one hand, it is necessary to select an evaluation method that is
both theoretically mature and practicable; on the other hand, it is necessary to design an
evaluation structure that is logically reasonable, clearly hierarchical, and considers multi-
ple values. Therefore, in the theoretical preparation stage, this study first organised the
current development of the value composition of industrial heritage. It identified history,
culture, technology and art as the value indicators [5,9,51,95]. The principle of value indi-
cator selection is clarified, and social, emotional, and group values are introduced as sup-
plementary indicators and subdivided. The coverage of the evaluation framework is im-
proved.

In this paper, based on previous studies, combined with the current situation of in-
dustrial heritage in Shaanxi Province, the evaluation methods were compared. Although
multi-criteria decision-making methods such as fuzzy AHP, BWM, FN-MABAC, and
RANCOM show strong theoretical advantages in the evaluation of complex systems, they
require high data quality, computational ability, and operational expertise [5,9,51,95].
Considering that the AHP method has a mature theoretical foundation and rich empirical
results in the field of heritage and social sciences [56,64,101], its structure is simple, logical
and transparent, and the calculation process is clear and easy to understand. It is also
suitable for multi-level and comparable value evaluation situations. Therefore, it is se-
lected as the main method in this study. To reduce the possible subjectivity of the AHP in
the indicator determination step, this study introduces the Delphi method. It can be used
as an additional tool for initial factor selection through expert counselling.

3. Achievements

The achievement of this stage is the initial construction of an indicator system di-
vided into four levels, including the objective, feature, factor, and detail levels, covering
the intrinsic value and potential value of industrial heritage and subdividing them. In the
selection of indicators, the six principles of integrality, representativeness, feasibility,
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scientificity, comprehensiveness, and regional uniqueness were specified. It ensures that
the evaluation factors have a theoretical basis and regional adaptability.

In summary, the theoretical preparation stage effectively completes the method se-
lection and structure construction. It provides a clear theoretical framework and logical
basis for indicator selection, weighting, and subsequent application.

6.2. Indicator Selection Stage
1. Drivers:

The driver of this phase is to ensure that the evaluation indicator system is scientific,
practical, and regionally adaptable. This study adopted the Delphi method to select and
refine the indicators through an expert consultation. A total of 20 experts from the fields
of industrial heritage, architectural conservation, and cultural studies were invited
through two rounds of anonymous questionnaires. The preliminary constructed indica-
tors were rated for importance and feedback.

2. Barriers:

The Delphi method also faces many barriers in the application process. The main
problems include the subjectivity of experts’ judgement, the long period of information
coordination and feedback, and the uncertainty of the number of rounds needed to reach
consensus [64,86,90]. In this study, the results of expert scoring were tested for statistical
consistency by introducing the expert authority coefficient and combining Kendall's W
and p-values. The two rounds of scoring showed that the expert opinions were well coor-
dinated and statistically significant, thus ensuring the scientificity and stability of the final
indicator system.

3. Achievements

After repeated consultations and corrections, the complete industrial heritage value
evaluation system was finally constructed. It contains one objective layer, two feature lay-
ers, nine factor layers, and thirty detail layers. The system has good generality and can
provide a reference basis for related research in other regions. In summary, the evaluation
indicator base with stable structure and regional adaptability was constructed through
the combination of expert consultation and quantitative testing in the indicator screening
stage. It provides strong support for the weight calculation of the AHP model.

6.3. Weight Calculation Stage
1.  Drivers:

In constructing a scientific and reasonable industrial heritage value evaluation sys-
tem, the determination of indicator weights is essential [3,9]. As a widely used multi-cri-
teria decision-making tool, the AHP is widely used in the fields of value assessment, man-
agement decision-making, and resource allocation due to its clear structure, rigorous
logic, and intuitive operation [21,64,101]. The method can not only effectively express the
expert’s judgement on the importance of each indicator but also transform subjective ex-
perience into quantitative results. This study introduces the AHP to construct a judgement
matrix based on the indicator system constructed by the Delphi method in the previous
stage. It is used to further quantify the relative importance of each value factor to enhance
the scientific and practicality of the value system.

2. Barriers:

This stage also faces several barriers. On the one hand, the AHP method has some
limitations. For example, it may have the problem of “‘Rank Reversal’ in decision-making
[107,108]. That is, adding or deleting options may cause the original ranking to change. In
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this study, the risk of rank reversal is low because the indicators have been screened in
the previous session and the judgement matrix is only used to calculate the weights.

In addition, this study provides a comprehensive evaluation framework based on the
AHP. The consistency of the assessment structure was tested, and its stability was verified
in the study. However, validation was performed through traditional pairwise compari-
sons. This can be tested and enhanced in the future by incorporating more detailed statis-
tical validation of consistency within the AHP framework. Other, unavoidable personal
preferences in expert scoring may still have an impact on the weighting of some indica-
tors. Moreover, detailed sensitivity validation of the weights of the indicators is not cur-
rently performed. This makes it difficult to precisely quantify the specific impact of nu-
anced weight adjustments on the overall evaluation results. These issues suggest that in
practical application, it is necessary to further explore how to reduce subjective interfer-
ence by improving data collection and analysis methods. Also, it is possible to strengthen
the tracking and assessment of the impact of weight fluctuations. This would help further
confirm whether the evaluation structures are stable under minor variations in expert
judgement, further enhancing the credibility of the results. Furthermore, the introduction
of multi-method comparisons such as BWM and FN-MABAC is still recommended in fu-
ture studies. This is to further verify the stability of the weight distribution and the relia-
bility of the results.

3. Achievements

Finally, this study constructs a set of weighting systems with a clear structure, con-
sistent logic, and good expert consensus. The system satisfies the consistency requirement
in theory and has good operability in practice. The combination of the AHP and the Delphi
method is a complementary advantage of qualitative judgement and quantitative reason-
ing. It provides a reliable foundation for subsequent method application.

6.4. System Application Stage
1. Drivers:

In the context of rapid urbanisation and regional regeneration, the need for industrial
heritage preservation and reuse is increasing. Shaanxi Steel Factory, as a representative of
China’s industrial heritage, has a rich historical background and unique industrial cul-
tural characteristics. It can reflect the common problems of industrial heritage in urban
renewal and economic development. The case provides us with an ideal test object. It not
only verifies the effectiveness of the evaluation system, but it also provides solid data sup-
port for translating the evaluation results into specific conservation and reuse strategies.

2. Barriers:

This study mainly focuses on constructing a value evaluation system for industrial
heritage, exploring and identifying its multiple values. The feasibility of the system is ver-
ified in the case of Shaanxi Steel Factory. The question of how to apply the results of the
quantitative evaluation into concrete and actionable conservation and reuse measures
needs to be further explored. Moreover, this study is based on a single case, analysing
Shaanxi Steel Factory, and has not yet been compared transversally with other industrial
heritage assessment studies or actual conservation results. Therefore, the broad applica-
bility and robustness of the methodology still need to be further verified.

In addition, it is worth noting that the reuse of industrial heritage needs to be wary
of over-commodification [12]. In the case of Shaanxi Steel Factory, cultural and creative
product development and tourism promotion can create economic benefits. However, if
the architectural structure is overly modified or detached from history, the core cultural
connotation of the heritage may be weakened. In addition, adaptive reuse needs to be
combined with the results of value evaluation; for example, spaces with outstanding
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historical value should be prioritised for planning as cultural exhibition areas rather than
commercial facilities.

3. Achievements

Through field research and data collection, this study provides comprehensive value
evaluation of Shaanxi Steel Factory. The results show that the heritage is outstanding in
terms of historical and artistic values, while scoring low in social, emotional, group, and
environmental aspects. Based on these data, this study initially proposes reuse strategies
including enhancing public transport accessibility, strengthening cultural display facili-
ties, and enriching social participation mechanisms. These strategies provide a scientific
basis for improving existing conservation measures and optimising heritage functions.
Although there are still deficiencies in how to interface the evaluation results with the
actual policy system, this case proved that the evaluation system is of good practicality,
laying a foundation for its future application in more industrial heritage.

7. Conclusions

This study actively explored the methodology of industrial heritage value evaluation.
A multiple evaluation method based on the AHP combined with the Delphi method was
proposed. The Delphi method constructed a scientific, reasonable, and operable indicator
system through expert consultation. The AHP provided a systematic quantification of the
relative importance between indicators. This achieved effective conversion of subjective
perception to objective weights. This method integrates the structural and adaptive and
balances the qualitative and quantitative. It is a feasible tool under current hierarchical
evaluation needs. In terms of practical evidence, this paper took Shaanxi Steel Factory as
an example and constructed and applied a four-level evaluation framework. This study
not only shows the differences in the weights of different values (e.g., historical values are
significantly higher than emotional and environmental values) but also proposes differ-
entiated conservation and reuse strategies. It emphasises the historical display and cul-
tural experience, combined with environmental improvement and community participa-
tion, which promote the revival of heritage resources. This study provides methodological
support for the scientific evaluation and management practice of industrial heritage. It
also offers a theoretical basis for local government’s cultural space planning and policy
design.

Although this study successfully validated the feasibility of the AHP method, there
are some limitations. Firstly, this study did not include a sensitivity analysis to fully un-
derstand the impact of weighting changes on the evaluation results. Secondly, the subjec-
tivity of expert evaluation still exists. This study did not cross-validate with other indus-
trial heritage evaluations or actual protection results. These problems might place some
limitations on the universality of the evaluation results.

To address these concerns, future research may develop in the following ways.
Firstly, sensitivity analyses and more detailed consistency tests could be introduced.
These could be used to improve the stability of the system by testing the effect of weight
changes on the results. Empirical validation should also be strengthened. For example,
the applicability of the evaluation framework in different regions and types of industrial
heritage could be tested through cross-regional and multi-case comparisons. Comparative
studies with other emerging methods may also be conducted to verify the validity of the
evaluation framework. In addition, future research could further explore how to develop
a hierarchy of evaluation results, what measures should be given to each value range, and
how to develop a clear implementation programme. Moreover, the visualisation of the
value of industrial heritage can be explored based on this research combined with GIS
information management techniques. Finally, subsequent research can delve into the
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commercialisation and adaptive reuse of industrial heritage in the context of rapid urban-
isation. This would ensure a balance between economic benefits and social development
while protecting cultural heritage.

In conclusion, this study provides a scientific methodology for the evaluation of the
value of industrial heritage. It also provides actionable, strategic recommendations for
conservation and reuse practices. Despite the limitations, the theoretical and empirical
results provide a theoretical basis for the formulation of industrial heritage conservation
policies and urban regeneration. Future work will promote the sustainable development
of industrial heritage based on further improving the methodology and expanding the
empirical cases. It will provide a more scientific and comprehensive decision-making ba-
sis for urban renewal and industrial heritage policymaking.
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Appendix A. Specific Calculation Process for Weights

According to the 1-9 scale method, the meaning and description of the numerical

scale are shown in Table 4. The actual situation of the questionnaire consultation is
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collated, according to the comparison of the importance of each indicator, to obtain the
judgement matrix of the feature layer (Table A1). The numbers in the matrix are calculated
by rounding off the arithmetic average of the questionnaire results.

The first question was about the important relationship between feature layers (in-
trinsic value and derived value). Based on the comparison of the indicators” importance
received from the questionnaire, the judgement matrix of the feature layer is obtained.

Table A1l. Judgement matrix of the feature layer.

Evaluation Indicators A B Wi
A 1 3 0.7500
B 1/3 1 0.2500

From Table Al, Amax = 2.0000, CI = 0.0000, RI =0, and CR = 0.0000, with satisfactory
agreement. The table shows that the intrinsic value is three times that of the derived value,
which gives a weighting of 0.75 and 0.25, respectively.

Intrinsic value contains a total of four factor layers (A1 Historical value, A2 Scientific
and technological value, A3 Cultural value, and A4 Artistic value).

From Table A2, Amax = 4.0604, CI = 0.0201, RI = 0.9, CR =0.0224, and CR < 0.1, with
satisfactory agreement.

Table A2. Judgement matrix for factor layer A.

Evaluation Indicators Al A2 A3 A4 Wi
Al 1 2 2 2 0.3933
A2 1/2 1 1/2 1/2 0.1390
A3 1/2 2 1 1 0.2338
A4 12 2 1 1 0.2338

The detailed procedure for calculating the weights of this judgement matrix is as fol-
lows:
Calculate the product of the elements of each row of the judgement matrix,

m = TI1b, =[8.0000, 0.1250, 1.0000, 1.0000] (A1)
J=1

Calculate the Nth root of
wl.* = 1"/mi =[1.6818, 0.5946, 1.0000, 1.0000] (A2)

Normalise the vectors
w,=w /Z w, =[0.3933, 0.1390, 0.2338, 0.2338] (A3)
i=1
Calculate the maximum eigenvalue

1< (Bw)i
ﬁmax =_ E u =1/4%X16.2417 = 4.0604 (A4)
n,o W

l

In the formula, Bwi =[1.6067, 0.5695, 0.9424, 0.9424].
The consistency indicator CI is

Cl = Do =1 _ (4.0604 - 4)/(4 - 1) = 0.0201 (A5)
—

The RI table shows that when the judgement matrix n =4, the Rl is 0.9.
Calculate average consistency
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Cl
CR= E =0.0201/0.9 =0.0224 < 0.1. (A6)

It is known to have passed consistency.

Derived value contains a total of five factor layers, which are B1 Location value, B2
Environmental value, B3 Group value, B4 Social value, and B5 Emotional value.

From Table A3, Amax =5.1359, CI = 0.0340, RI=1.12, CR = 0.0303, and CR < 0.1, with
satisfactory agreement.

Table A3. Judgement matrix for factor layer B.

Evaluation Indicators B1 B2 B3 B4 B5 Wi
B1 1 2 2 2 2 0.3291
B2 1/2 1 1 1/2 1/2 0.1247
B3 1/2 1 1 1 0.1645
B4 1/2 2 1 1/2 0.1645
B5 1/2 2 1 2 1 0.2171

The detailed procedure for calculating the weights of this judgement matrix is shown
below.
Calculate the product of the elements of each row of the judgement matrix

m ;=I1b; =[16.0000, 0.1250, 0.5000, 0.5000, 2.0000] (A7)
j=1

Calculate the Nth root of

w, = 2m, =[1.7411, 0.6598, 0.8706, 0.8706, 1.1487] (A8)

Normalise the vectors
w,= w: /Z w; =[0.3291, 0.1247, 0.1645, 0.1645, 0.2171] (A9)
i=1
Calculate the maximum eigenvalue

1 & (Bw)i
A =— zu =1/5%25.6797 = 5.1359 (A10)
no=r W

l

In the formula, Bwi =[1.6709, 0.6446, 0.8355, 0.8516, 1.1247].
The consistency indicator CI is
/?’max —n
Cl =—— =(5.1359-5)/(5-1) = 0.0340 (A11)
n —_—
The RI table shows that when the judgement matrix n =5, the Rl is 1.12.
Calculate average consistency

CI
CR= E =0.0340/1.12 =0.0303 < 0.1. (A12)

It is known to have passed consistency.

The detail layer of historical value contains a total of six factor layers, namely All
The date of construction of the heritage, A12 Witness to the level of social development,
A13 Witness to important events, A14 The addition and completion of historical docu-
ments, A15 Uniqueness and scarcity, and A16 Completeness.

From Table A4, Amax = 6.3808, CI =0.0762, RI=1.24, CR =0.0614, and CR < 0.1, with
satisfactory agreement.
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Table A4. The historical value of the detail layer.

Evaluation Indicators A1l Al12 A13 Al4 A15 Al6 Wi
All 1 2 2 2 2 2 0.2803
Al12 1/2 1 1 1/2 2 2 0.1573
Al3 1/2 1 1 1/2 1/2 1/2  0.0991
Al4 1/2 2 2 1 1 0.1982
Al5 1/2 1/2 2 1/2 1 2 0.1402
Alé6 1/2 1/2 2 1 1/2 1 0.1249

The detailed procedure for calculating the weights of this judgement matrix is as fol-

lows:

Calculate the product of the elements of each row of the judgement matrix

m = Hb,-j =[32.0000, 1.0000, 0.0625, 4.0000, 0.5000, 0.2500] (A13)
j=1

Calculate the Nth root of

wl.* = {/m, =[1.7818, 1.0000, 0.6300, 1.2599, 0.8909, 0.7937] (A14)

Normalise the vectors

w,=w, /> w =[0.2803, 0.1573, 0.0991, 0.1982, 0.1402, 0.1249] (A15)
i=1
Calculate the maximum eigenvalue

1 (Bw)i
,’Lmax =_ E u =1/6%38.2849 = 6.3808 (A16)
n w,

i=1 ;
In the formula, Bwi =[1.7197, 1.0258, 0.6282, 1.2564, 0.9060, 0.8102].

The consistency indicator CI is

A n
CI = T = (63808 -6)/(6 - 1) =0.0762 (A17)
n J—

The RI table shows that when the judgement matrix n =6, the Rl is 1.24.
Calculate average consistency

Cl
CR= E =0.0762/1.24=0.0614 < 0.1. (A18)

It is known to have passed consistency.
The detail layer of scientific and technological value contains a total of three factor

layers (A21 Industrial buildings and equipment, A22 Production processes, and A23 Tech-
nological representativeness).

From Table A5, Amax = 3.0536, CI=0.0268, RI=0.58, CR =0.0462, and CR <0.1, with

satisfactory agreement.

Table A5. The scientific and technological value of the detail layer.

Evaluation Indicators A21 A22 A23 Wi
A21 1 2 2 0.4934
A22 1/2 1 1/2 0.1958
A23 1/2 2 1 0.3108

The detailed procedure for calculating the weights of this judgement matrix is as fol-

lows:

Calculate the product of the elements of each row of the judgement matrix
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m =1, = [4.0000, 0.2500, 1.0000] (A19)
j=1

Calculate the Nth root of

w, =4/m, =[1.5874, 0.6300, 1.0000] (A20)

Normalise the vectors
w,=w /> w =[0.4934,0.1958, 0.3108] (A21)
i=1
Calculate the maximum eigenvalue

1 & (Bw)i
A == 2 (Bw)i =1/3%9.1609 = 3.0536 (A22)
ni=z W

1

In the formula, Bwi = [1.5066, 0.5979, 0.9491].
The consistency indicator CI is

CI = i =1 _ (3.0536 - 3)/(3 — 1) = 0.0268 (A23)
n—

The RI table shows that when the judgement matrix n = 3, the RI is 0.58.
Calculate average consistency

CI
CR= E =0.0268/0.58 = 0.0462 < 0.1. (A24)

It is known to have passed consistency.

The detail layer of cultural value contains a total of three layers (A31 Positive energy
value, A32 Negative energy value, and A33 Neutral energy value).

From Table A6, Amax = 3.0536, CI = 0.0268, RI = 0.58, CR = 0.0462, CR < 0.1, with
satisfactory agreement.

Table A6. The cultural value of the detail layer.

Evaluation Indicators A3l A32 A33 Wi
A31 1 2 2 0.4934
A32 1/2 1 1/2 0.1958
A33 1/2 2 1 0.3108

The detailed procedure for calculating the weights of this judgement matrix is as fol-
lows:
Calculate the product of the elements of each row of the judgement matrix

m = TI1b, =[4.0000, 0.2500, 1.0000] (A25)
J=1

Calculate the Nth root of

wj ={/m, =[1.5874, 0.6300, 1.0000] (A26)

Normalise the vectors
w = wl,* /Z w; =10.4934, 0.1958, 0.3108] (A27)
i=1

Calculate the maximum eigenvalue

L (Bn)i

ﬂ’max = _z

ni- W

1

=1/3%9.1609 = 3.0536 (A28)
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In the formula, Bwi = [1.5066, 0.5979, 0.9491].
The consistency indicator Cl is
/Imax —n
Cl =—"%— =(3.0536 - 3)/(3-1) = 0.0268 (A29)
n —_—
The RI table shows that when the judgement matrix n = 3, the RI is 0.58.
Calculate average consistency
1
CR= E =0.0268/0.58 = 0.0462 < 0.1. (A30)

It is known to have passed consistency.

The detail layer of artistic value contains a total of three factor layers (A41 Aesthetic
landscape value, A42 The value of the artwork, and A43 The level of artistic style expres-
sion).

From Table A7, Amax = 3.0536, CI = 0.0268, RI = 0.58, CR = 0.0462, CR < 0.1, with
satisfactory agreement.

Table A7. The artistic value of the detail layer.

Evaluation Indicators A41 A42 A43 Wi
A4l 1 2 2 0.4934
A42 1/2 1 1/2 0.1958
A43 1/2 2 1 0.3108

The detailed procedure for calculating the weights of this judgement matrix is as fol-
lows:
Calculate the product of the elements of each row of the judgement matrix

m = TI1b,; =[4.0000, 0.2500, 1.0000] (A31)
Jj=1

Calculate the Nth root of
w, =3/m, =[1.5874, 0.6300, 1.0000] (A32)

Normalise the vectors
w,=w /D w =[0.4934,0.1958, 0.3108] (A33)
i=1

Calculate the maximum eigenvalue

1 (Bw)i
A =— z u =1/3%9.1609 = 3.0536 (A34)
ns ow

In the formula, Bwi = [1.5066, 0.5979, 0.9491].
The consistency indicator Cl is

A n
CI =2 = _ (30586 - 3)/(3 - 1) = 0.0268 (A35)
n —

The RI table shows that when the judgement matrix n = 3, the RI is 0.58.
Calculate average consistency

Cl
CR= E =0.0268/0.58 = 0.0462 < 0.1. (A36)

It is known to have passed consistency.
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The detail layer of location value contains a total of three factor layers (B11 Distance
from the city centre, B12 Transport situation to the city centre, and B13 The number of
central cities or tourist areas in the wider regional context).

From Table A8, Amax = 3.0536, CI = 0.0268, RI = 0.58, CR = 0.0462, CR < 0.1, with
satisfactory agreement.

Table A8. The location value of the detail layer.

Evaluation Indicators B11 B12 B13 Wi
B11 1 2 2 0.4934
B12 1/2 1 1/2 0.1958
B13 1/2 2 1 0.3108

The detailed procedure for calculating the weights of this judgement matrix is as fol-
lows:
Calculate the product of the elements of each row of the judgement matrix

m ;= I1b, = [4.0000, 0.2500, 1.0000] (A37)
j=1

Calculate the Nth root of
w: =4{/m. =[1.5874, 0.6300, 1.0000] (A38)

Normalise the vectors

n

w,=w /D w =[0.4934,0.1958, 0.3108] (A39)
i=1

Calculate the maximum eigenvalue

1 (Bw)i

1
A= —Z =1/3%X9.1609 = 3.0536 (A40)
ni-; W

1

In the formula, Bwi = [1.5066, 0.5979, 0.9491].
The consistency indicator CI is

/Imax n
Cl =—"%— =(3.0536 - 3)/(3-1) = 0.0268 (A41)
n —_—
The RI table shows that when the judgement matrix n =3, the RI is 0.58.
Calculate average consistency

_G . | (A22)
CR= E =0.0268/0.58 = 0.0462 < 0.1. It is known to have passed consistency.

The detail layer of environmental value contains a total of two factor layers (B21 The
impact of the original production function of industrial heritage on the environment and
B22 The environmental scope of the industrial heritage).

From Table A9, Amax = 2.0000, CI = 0.0000, RI =0, and CR = 0.0000, with satisfactory
agreement.

Table A9. The environmental value of the detail layer.

Evaluation Indicators B21 B22 Wi
B21 1 2 0.6667
B22 1/2 1 0.3333
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The table shows that the B21 is twice as large as B22, which gives a weighting of 0.67
and 0.33, respectively.

The detail layer of group value contains three factor layers (B31 The scale of the
group, B32 Relationship of the group, and B33 The potential for wide-scale groups of in-
dustrial heritage).

From Table A10, Amax =3.0536, CI=0.0268, RI =0.58, CR =0.0462, and CR <0.1, with
satisfactory agreement.

Table A10. The group value of the detail layer.

Evaluation Indicators B31 B32 B33 Wi
B31 1 2 2 0.4934
B32 1/2 1 1/2 0.1958
B33 1/2 2 1 0.3108

The detailed procedure for calculating the weights of this judgement matrix is as fol-
lows:
Calculate the product of the elements of each row of the judgement matrix

m = TI1b, =[4.0000, 0.2500, 1.0000] (A43)
J=1

Calculate the Nth root of

w: = {/m, =[1.5874, 0.6300, 1.0000] (A44)

Normalise the vectors
w,=w /D w =[0.4934,0.1958, 0.3108] (A45)
i=1
Calculate the maximum eigenvalue

1 <& (Bw)i
A = _Z u =1/3%9.1609 = 3.0536 (A46)
ni= W

1

In the formula, Bwi = [1.5066, 0.5979, 0.9491].
The consistency indicator CI is

ﬂ'max n
Cl =—%— =(3.0536 - 3)/(3 - 1) = 0.0268 (A47)
n —
The RI table shows that when the judgement matrix n= 3, the RI is 0.58.
Calculate average consistency

Cl
CR= E =0.0268/0.58 = 0.0462 < 0.1. (A48)

It is known to have passed consistency.

The detail layer of social value contains four factor layers (B41 The ability to solve re-
employment, B42 Educational function, B43 The potential to provide a place of leisure for
the public, and B44 Enhancing the image or symbolism of the city).

From Table A11, Amax = 4.1836, CI =0.0612, RI=0.9, CR =0.0680, and CR < 0.1, with
satisfactory agreement.

Table A11. The social value of the detail layer.

Evaluation Indicators B41 B42 B43 B44 Wi
B41 1 2 2 2 0.3976
B42 1/2 1 1 2 0.2364
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B43 1/2 1 1 1/2 0.1672
B44 1/2 1/2 2 1 0.1988

The detailed procedure for calculating the weights of this judgement matrix is as fol-
lows:
Calculate the product of the elements of each row of the judgement matrix

m ;= [1b, =[8.0000, 1.0000, 0.2500, 0.5000] (A49)
Jj=1

Calculate the Nth root of
wl,* ={/m;, =[1.6818, 1.0000, 0.7071,0.8409] (A50)

Normalise the vectors

w .= wﬁ*/z w[ =1[0.3976, 0.2364, 0.1672, 0.1988] (A51)

i=1

Calculate the maximum eigenvalue

1 < (Bw)i
A = _Zu =1/416.7343 = 4.1836 (A52)
n i=1 wW.

1

In the formula, Bwi = [1.6024, 1.0000, 0.7018, 0.8502].
The consistency indicator CI is
lmax - n
Cl =—"— =(4.1836 - 4)/(4 - 1) = 0.0612 (A53)
n f—
The RI table shows that when the judgement matrix n =4, the Rl is 0.9.
Calculate average consistency

Cl
CR= E =0.0612/0.9 = 0.0680 < 0.1. (A54)

It is known to have passed consistency.

The detail layer of emotional value contains three factor layers (B51 Number of peo-
ple who have an emotional connection to industrial heritage, B52 The age range of the
people who have an emotional connection to industrial heritage, and B53 Characteristics
of the careers of people with emotional value).

From Table A12, Amax =3.0536, CI=0.0268, RI=0.58, CR =0.0462, and CR < 0.1, with
satisfactory agreement.

Table A12. The emotional value of the detail layer.

Evaluation Indicators B51 B52 B53 Wi
B51 1 2 2 0.4934
B52 1/2 1 2 0.3108
B53 1/2 1/2 1 0.1958

The detailed procedure for calculating the weights of this judgement matrix is as fol-
lows:
Calculate the product of the elements of each row of the judgement matrix

m ;= I1b, = [4.0000, 1.0000, 0.2500] (A55)
j=1

Calculate the Nth root of

w, =2/m, =[1.5874, 1.0000, 0.6300] (A56)
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Normalise the vectors
w,=w /> w =[0.4934,0.3108, 0.1958]
i=1

Calculate the maximum eigenvalue

1< (Bw)i

/,i”max = _z

ni-r W

1

=1/3%9.1609 = 3.0536

In the formula, Bwi = [1.5066, 0.5979, 0.9491].
The consistency indicator CI is

CI = i 1 _ (3.0536 - 3)/(3 — 1) = 0.0268
n —

The RI table shows that when the judgement matrix n = 3, the RI is 0.58.

Calculate average consistency

o
CR=— =0.0268/0.58 = 0.0462 < 0.1.
RI

It is known to have passed consistency.

(A57)

(A58)

(A59)

(A60)
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Appendix B. Evaluation Criteria

Table A13. Evaluation criteria for the value of industrial heritage in Shaanxi.

The Factors Layer The Detail Layer Evaluation Criteria Score
(a) before 1911
A11 The date of construction (b) 1911-1948
of the heritage (c) 1949-1977

A1 Historical value

(d) 1978-now

(a) the beginning and transformation of the industrial age of an entire country

A12 Witness to the level of so- (b) the industrial development of a particular province or region

cial development (c) the innovative application of industrial technology in a particular field

(d) its own existence and decline

(a) the event or historical person witnessed has a worldwide impact

A13 Witness to important (b) the event or historical person witnessed has a national impact

events (c) the event or historical person witnessed has a provincial impact

(d) the event or historical person witnessed has a regional impact

(a) independent confirmation of the authenticity of a documentary record

A14 The addition and comple- (b) non-independent confirmation of the authenticity of a documentary record

tion of historical documents  (c) complementary to the documentary record

(d) related in some way to the documentary record

(a) one type in the province or wider area

(b) less than three similar types within the province

Al i
5 Uniqueness (c) more than three similar types within a provincial area
(d) there are many similar types
(a) 81-100% complete
1-80% 1
A16 Completeness (b) 51-80% complete

(c) 21-50% complete

(d) 0-20% complete

A2 Scientific and technological
value

(a) can express production technology from a variety of perspectives

A21 Industrial buildings and  (b) can express the main production technologies of the time

equipment (c) can express basic functions

(d) incomplete and represent only a few basic functions

RPINQPQBERIRINPIBERIN@IBRPRINWRIRPINDNQIBERINDN@IR PN W&~
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(a) can be fully reflected in the industrial equipment

(b) relatively complete, with a few missing elements

A22 Production processes
P (c) incomplete, but the core technical aspects can be reflected

(d) only a small part of the processes of the period can be reflected

— N e

(a) shows the most advanced industrial technology at the provincial or national level at the time

and which has since been widely used

A23 Technological representa- (b) shows a technology that was commonly used at the provincial level

i
rveness (c) shows a technology that has been infrequently used but has been preserved

(d) very little or no industrial technology has been preserved

— N[

A3 Cultural value

(a) it reflects the great energy of the country and the nation

(b) it reflects the collective spirit of the regional culture

4 points if 4

A31 Positive energy value
8y (c) it reflects the pioneering role of the representatives in the industry

criteria are

(d) it reflects the spirit of struggle based solely on the function of industrial production

met

(a) negative energy involving national humiliation and insult to national dignity

(b) negative energy involving regional transformation by oppression

4 points if 4

A32 Negati 1
cgative energy vate (c) the fact of being oppressed by technological backwardness

criteria are

(d) the fact of an inequality involving former technical cooperation

met

(a) its value has a widespread impact on the industry

(b) its value has a profound impact on a professional system

A33 Neutral 1
cutralenergy vaiue (c) its value has a significant impact on a group of people

(d) its value affects some of the people involved

A4 Artistic value

(a) industrial heritage as a whole has outstanding aesthetic value

(b) some elements of industrial heritage have outstanding aesthetic value

A41 Aesthetic land 1
esthetic landscape vattie (c) a few parts of industrial heritage have aesthetic value

(d) low aesthetic value

(a) more than ten artworks

(b) more than five and less than ten artworks

A42 The value of the artwork
¢ valtie of e arhwor (c) more than one and less than five dependent artworks

(d) one artwork

(a) the artistic style is obvious and well expressed in detail

A43 The level of artistic style (b) the artistic style is clear and slightly simplified, highlighting the main elements

expression () it partially reflects a certain artistic style, highlighting some of the key points

(d) it is an elemental embodiment of a certain artistic style

R IN|Q|IR RN VIR IRIND[WR]RIN[W|
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B1 Location value

(a) it is within the central city

B11 Distance from the city cen-(b) the distance to the central city is within 10 km

tre

(c) the distance to the central city is between 10 km and 50 km

(d) the distance to the central city is above 50 km

B12 Transport situation to the
city centre

(a) easy transport links, accessible by three or more modes of transport, with rail links

(b) relatively easy transport links in the vicinity, accessible by two modes of transport

(c) smooth and easily accessible roads in the vicinity

(d) accessible but not convenient, with road links in the vicinity in need of renovation

= IN|Q ([ N]W |

B13 The number of central cit-

(a) four or more central cities or tourist attractions within a 100 km radius of the industrial herit- 4

age

ies or tourist areas in the wider(b) three central cities or tourist attractions within a 100 km radius of the industrial heritage

regional context

(c) two central cities or tourist attractions within a 100 km radius of the industrial heritage

(d) one central city or tourist attraction within a 200 km radius of the industrial heritage

B2 Environmental value

B21 The impact of the original
production function of indus-
trial heritage on the environ-
ment

(a) not polluted during the industrial period

3
2
1
4

(b) slightly polluted during the industrial period, but the pollution was no longer present during 3

the value assessment period

(c) heavily polluted during the industrial period, but the pollution was largely non-existent dur-

ing the value assessment period

(d) still suffered pollution during the value evaluation period and required investment in reme-
diation

B22 The environmental scope
of the industrial heritage

(a) few site constraints and the potential for improvement is high

(b) one or several areas are not appropriate for improvement or have some restrictions

(c) the surrounding area is an old multi-storey residential area or shantytown (generally over
twenty years)

(d) the surrounding site is a new high-rise multi-storey area or a large public building area, re-
sulting in congestion around the industrial heritage site

B3 Group value

B31 The scale of the group

(a) a scale level of five or more

(b) a scale level of four

(c) a scale level of three

(d) a scale level of two

B32 Relationship of the group

(a) they have formed industrial production chains

(b) they were once part of the same enterprise or factory under a large enterprise or institution

(c) belong to a large industrial category

N[(Q|hR (=N |W|
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(d) low relationship

B33 The potential for wide-
scale groups of industrial her-
itage

(a) three or more industrial heritage sites; easy access to each other; strong possibility

(b) three or more industrial heritage sites with access to each other requiring capital investment;
a high possibility

N| W (]|

(c) there are two industrial heritage sites with industrial links to each other, a certain possibility

(d) industrial heritage sites with weak industrial links and transport links to each other, a low
possibility

B4 Social value

B41 The ability to solve re-em-
ployment

(a) over a hundred people to be employed

(b) fifty to a hundred people to be employed

(c) twenty to fifty people to be employed

=N | ([

(d) less than twenty people to be employed

B42 Educational function

(a) rich in scientific knowledge and display methods, with more than five experiential projects
available

=~

(b) rich in scientific knowledge and display methods, with three to four experiential projects

W

available

(c) rich in scientific and popular knowledge and presentation, with one or two experiential pro-
grammes

(d) limited in scientific and popular knowledge and presentation, with no experiential pro-
grammes

—_

B43 The potential to provide a
place of leisure for the public

(a) the public space available has the conditions of a heritage park

(b) the public space available is similar to a street park regulation

(c) the public space available can meet the basic requirements of viewing and visitor rest around
the industrial heritage landscape

N[~

(d) the places available are limited, but better than before the reuse 1

B44 Enhancing the image or
symbolism of the city

(a) the industrial heritage landscape after reuse has a prominent image and far-reaching mean-
ing, and is the first business card of the city

(b) the industrial heritage landscape after reuse has a prominent symbolic meaning and is one of
the image cards of the city

(c) the industrial heritage landscape after reuse has a beautiful image and can effectively improve
the cultural appearance of the city and the streetscape

(d) the industrial heritage landscape after reuse has a significantly improved image compared
before

B5 Emotional value

(a) the number is over 10,000 4

(b) the number of people is between two thousand and ten thousand 3
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B51 Number of people who  (c) the number of people is between two hundred and one thousand 2
h tional ti
ave an emoriona’ cConnection (d) the number of people is under two hundred 1
to industrial heritage
B52 The age range of the peo- (a) the age range includes the five categories above 4
ple who have an emotional ~ (b) the age range includes the three to four categories above 3
connection to industrial herit- (c) the age range includes the two categories above 2
age (d) the age range includes the one category above 1
le f ly all 4
B53 Structural characteristics (a) people from nearly AT . ; .
. (b) people from the majority of careers around the industrial heritage 3
of the careers of people with — ) : -
. (c) people’s jobs related to the industrial heritage 2
emotional value
(d) few people 1
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