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Abstract: Historic buildings are an integral part of the built environment that have historical, cultural,
social, and economic value. Sustainable conservation/rehabilitation/renovation of historic buildings
that will perform well for decades is therefore critical. Numerous sustainability-rating systems (e.g.,
LEED, BREEAM, DGNB, etc.) have been developed to deal with broader sustainability objectives in
the design of new buildings, which are not adequate/sufficient in intervention in historic buildings.
This paper aims to study and explore rating systems for historic buildings. It is hypothesized
that using rating systems can help historic buildings achieve more sustainable outcomes. The
paper begins by presenting comprehensive background information on existing sustainability-rating
systems worldwide, followed by a systematic review of the literature on rating systems for historic
buildings. The PRISMA flowchart (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) was used, searching Science Direct and Google Scholar databases. The study reveals most
current studies focus on environmental aspects, such as improving the energy efficiency of historic
buildings, which results in lowering economic costs and increasing occupant satisfaction with the
indoor environment. We argue that all three traditional dimensions of sustainability should be
balanced when developing or adapting the next generation of rating systems to assess/address the
sustainability of historic buildings.

Keywords: sustainability; sustainability rating systems; historic buildings; cultural heritage; sustainable
intervention

1. Introduction

Historic buildings are the cultural capital inherited from previous generations that
must be passed on to future generations [1]. The Franceschini Commission (in 1967)
refers to historic buildings as “material testimony of civilization”. They are an essential
part of the cultural aspects of any country that has historical, cultural, artistic, social,
and economic values [2]. Furthermore, historical buildings are the bearer of values that
support the memory of human deeds and thoughts and are associated with the historical
timeline [3]. The three main factors that determine which building should be registered as
a cultural heritage are listed in [4], such as historical significance, historical integrity, and
historical context.

Historical buildings have intrinsically sustainable characteristics. Therefore, the con-
servation of these buildings is closer to the sustainability goals. Historic buildings keep
collective memories alive, strengthening collective solidarity to achieve enduring goals
related to the three classic pillars of sustainability in society, economy, and environment. In
the European Charter of Architectural Heritage (1975), historical buildings are expressed as
the capital of cultural, social, and economic value [5]. Furthermore, connections between
sustainability appeared in Charter’s documents, including the International Charter for
Cultural Tourism [6] as a result of large numbers of visitors [7]. In the social dimension
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of sustainability, culture has been mentioned as an aspect of social sustainability and oc-
casionally even as a separate aspect or dimension. In particular, during the UNESCO
Decade for Culture and Development (1988-1997), the interrelation between culture and
development was discussed, leading to the WCCD report “Our Creative Diversity” [8].
Since then, the link between sustainable development and culture has also been discussed
in other international policy documents and conventions, such as “in from the Margins” [9],
“Placing Culture at the Heart of Sustainable Development Policies” [10], and “Convention
on the Protection, Promotion of the Diversity of Cultural Expressions” [11], and World
Heritage City Lab—Historic Cities, Climate Change, Water, and Energy [12].

Historical (i.e., buildings that have historical values, including: (a) buildings related
to a specific historical event or historical period and (b) buildings with special features of
construction methods, design, and architectural significance in a specific period) buildings
are often perceived as a powerful driver of economic development [13]. They are recognized
as integral components of contemporary society [14]. On the other hand, the advent of
the Industrial Revolution and increasing urbanization present the building sector with
various environmental sustainability challenges. In this regard, historic buildings are
often interpreted as thrifty energy resources [15]. There are different views on the energy
efficiency of historic buildings, often related to high-energy demand and weakness in
indoor climate standards, which results in poor indoor comfort [16,17]. These buildings
are potential sources of reducing carbon emissions and energy consumption. The main
challenge in reducing carbon emissions in those buildings is how to intervene without
compromising the historical and architectural values of the building [18], which adds to the
complexity of the problem in comparison to the renovation of ordinary existing buildings.

The discussion above reflects the need for broader frameworks and views to cope with
the challenges in the cultural heritage sector while developing tangible interventions when in-
tervening (which includes various types of actions performed on historical buildings, such as
preservation/conservation/maintenance/repair/refurbishment/rehabilitation /renovation/
restoration; for more information about the definitions of the different types of interven-
tions in historical records, see Appendix A) with them (as shown in Figure 1). This requires
attention to the sustainability concepts and components in broader views concerning en-
vironmental, economic, and socio-cultural aspects in order to develop more holistic and
sustainable solutions or measures to preserve them longer so that they function well for
decades and can be more durable, inspiring, cost-effective, healthy, energy-efficient, or
in general sustainable while preserving and maintaining their cultural/historical values.
In this light, and to deal with sustainability in its full sense, an approach that has proven
useful in many different contexts involves using sustainability rating systems [19], as they
can be used as essential references for decision makers and practitioners.
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Figure 1. Historical Buildings Sustainability Features (HBSF) (the figure was developed by the
authors, inspired from [13,16,20,21]).

1.1. Sustainability Rating Systems

Sustainability rating systems are sets of standards for promoting sustainability in
the construction industry [22]. A review of the existing rating systems reveals different
sustainability indicators and systems are used for assessment. Indicators (e.g., as defined
in ISO 21929 [23]) enable information on a complex phenomenon, such as environmental
impacts, to be converted into a simple form that is relatively easy to use and understand.
The construction sector can benefit from the sustainability indicators to make more informed
decisions in the design, construction, and management of buildings while addressing the
economic, environmental, or social aspects.

Rating systems measure environmental aspects such as energy, land, water, and
materials [24]. These systems perform data analysis, evaluation, and comparison to achieve
three main goals: minimizing the environmental impact, assessing the impact of the
building on the environment, and the sustainable development of building projects [25]
Rating systems can evaluate a building based on its predicted performance throughout
its life cycle, from design to operation [24]. This leads to the development of design
solutions or interventions that consume fewer natural resources without compromising the
occupants’ acoustic, thermal, and visual comfort. Likewise, the use of rating systems allows
for the comparison and benchmarking of buildings and a mechanism to inform decision
making regarding the design and operation of the best buildings for their occupants [24].

The majority of areas covered by sustainable rating systems are energy, water con-
sumption, resource use, waste management, indoor air quality, ecology, operation and main-
tenance, and innovation and, for some rating systems, economic and social impacts [25].
Several sustainability assessment tools exist worldwide today, focusing on different areas
of sustainable development and designed for different types of projects. However, only a
few systems are widely accepted and truly set a recognizable standard for sustainable de-
velopment, such as LEED, BREEAM, GRIHA, DGNB, GREEN STAR, CASBEE, etc. In this
regard, many papers compared rating systems. In the following, we provide a summary of
these works.



Sustainability 2022, 14, 12448

4 0f22

The context and climate are effective factors in creating a building. Furthermore,
contextual and climatic differences are prominent in preserving today’s resources and
transferring them to the next generation. In this regard, some researchers believe that
climate and context are not considered in most existing rating systems, and there is no
flexible weighting system that allows adjustment of local priorities [26]. For instance,
Badawy and Shahda [27], based on analyzing the GPRS (Green Pyramid Rating System),
discussed that the climate variety of the vast country of Egypt is not predicted in this
system, and they recommended revising the weighting of indicators. Adaptation of rating
systems is one of the solutions that Santius [28] tested to deal with the context challenge in
the residential space. Concerning the importance of climate and context, another example
is comparing the Green Rating for Integrated Habitat Assessment (GRIHA) and Leadership
in Energy and Environmental Design (LEED), which revealed that the GRIHA system
is generally more compatible with Indian conditions [29,30]. Each country’s cultural
background and different needs are also crucial in developing rating systems. Sharma and
Louzado [31] compared the rating systems of India and Japan. The study showed that
the priority in India’s rating system was to reduce costs. In comparison, Japan'’s rating
system emphasizes natural disasters. Furthermore, the Japanese have more cooperation
in achieving sustainability goals. Therefore, the Japanese rating system has a stricter
framework [31].

There are similarities in the goal, approach, and structure of rating systems. In contrast,
there are differences in environmental issues, performance measures, and standards [32].
Moreover, there are great varieties between levels in each system, and this issue complicates
the comparison of rating systems [33]. For example, the highest level of the LEED system
(palladium) is not equivalent to the highest degree of BREEAM (excellent) in terms of
sustainability characteristics or environmental effects [33].

LEED and BREEAM systems are at the top in terms of availability, method, application,
data collection process, verification, user friendliness, and development [34]. Therefore, a
great deal of research has been done on these systems [35]. The studies on LEED showed
that the main focus of the LEED system is on energy [35]. Furthermore, using the LEED
system reduces energy consumption in buildings with high-level certificates (gold, palla-
dium). On the contrary, energy consumption in low-certified (certified) buildings was not
different than in non-certified buildings [36]. There is diversity, adaptability, and coherence
in the LEED system that demonstrates the resilience of this system [37]. Nevertheless,
LEED performs better in small buildings compared to larger buildings [38]. Furthermore,
exploring 1500 energy credit LEED projects indicates a direct relationship between high-
energy performing buildings and their owners or developers [39]. From another point of
view, applying the LEED rating system to two buildings from two countries with different
climates and cultural backgrounds has different results [40]. Despite obtaining the highest
level (gold) in both buildings, the energy efficiency of one was higher than the other [40].
Overall, the comparison of different rating systems in the world shows that the majority
of existing systems measure environmental impact rather than sustainability [41], among
which, the German Deutsche Gesellschaft fiir Nachhaltiges Bauen (DGNB) system comes
closest to an equal focus on each sustainable dimension, i.e., economy, society, and environ-
ment [42]. In the following, we present a brief summary on the three most popular rating
systems in the world, including LEED, DGNB, and BREEAM.

1.1.1. Leadership in Energy and Environmental Design (LEED)

LEED is the most broadly used rating system worldwide, which was developed by
US Green Building Council in 1998. According to LEED credits, existing buildings and
buildings under construction can be certified using the LEED rating system, which includes
four levels: platinum, gold, silver, and certified. LEED has seven basic criteria: sustainable
site, water efficiency, energy and atmosphere, material and resources, indoor environmental
quality, innovation and design, and regional priority (see Figure 2). Meanwhile, the energy
criterion has the highest score [43,44].
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Figure 2. LEED categories according to [44].

1.1.2. Deutsche Gesellschaft fiir Nachhaltiges Bauen (DGNB)

For the first time, DGNB was launched in 2009. Unlike other systems, in this rating
system, equal attention is paid to the three dimensions of sustainability, i.e., social, economic,
and environmental (see Figure 3). The DGNB system includes three other categories of
less important weight factors: technical, process, and site quality. Total points lead to
certification at four levels: DGNB bronze (35 points), DGNB silver (50 points), DGNB gold
(65 points), and DGNB platinum (80 points) [45,46].
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Figure 3. DGNB categories according to [46].

1.1.3. Building Research Establishment Environmental Assessment Method (BREEAM)

BREEAM is the first total quality-assessment system in the world that was established
by the British in 1990. In this system, the main indicators include management, health and
welfare, energy, transportation, water, materials, waste, land use and ecology, pollution, and
innovation. Depending on the number of points, the awarded buildings can be classified
as unclassified (less than 30 points), Accepted (30 points), good (45 points), very good
(55 points), excellent (70 points), and excellent (85 points) (Figure 4) [47,48].
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Figure 4. BREEAM categories according to [47].

The comparison of indicators in each system showed that 55% (on average) of the
focus is on the environmental dimension. The social dimension accounted for an average
of 30% of the weighting across the three. Apart from these three systems, LEED and
BREEAM assigned the lowest degree (5% and 2%, respectively) to the economic dimension.
In the contrary, DGNB pays the most attention to the economy (60%). Overall, a more
balance between the three dimensions of sustainability can be observed in the DGNB
system (Figure 5) [49].

M Economic [ Social Enviromental
66% 68%
37%
0,

30% 33% 9% 30%
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= —

DGNB BREEAM LEED

Figure 5. Comparison between LEED, BREEAM, and DGNB (reproduced from [49]).

1.2. Aims and Scope

This paper aims to study and explore sustainability-rating systems focusing on their
application to historic buildings. This is an effort towards conceptualizing and developing
new /adapting existing rating systems particularly tailored for the sustainability assess-
ment of historic buildings. It is the hypothesis of this paper that the use of sustainability
rating systems in developing design interventions for the intervention of historic buildings
can help them achieve more sustainable outcomes. In this perspective, the seven major
contributions of this paper corresponding to the aim of the paper are structured as follows:

(a) Identify the most popular sustainability rating systems worldwide and investigate
the reasons for their popularity;

(b) Identify and compare different existing rating systems in terms of their overall coverage
over the three classical pillars of sustainability: society, economy, and environment;

(c) Review different ways of calculating the rating systems;
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(d) Identify and compare existing rating systems with a focus on their application for (a)
renovation or refurbishment of ordinary buildings and (b) renovation or refurbishment
or preservation or conservation of historical buildings;

(e) Investigate the main characteristics (e.g., building functions, building age, specific
building values, assessment specifications, etc.) and the major differences of the
existing rating systems, which have already been adapted for buildings with historical
values, against the other existing systems;

(f) Identify and elaborate different categories and criteria in the existing rating systems
that are more relevant to historical buildings or have gained more attention in the
previous studies with their application and focus on historic buildings;

(g) Review and compare significant measures and intervention strategies concerning the
most relevant sustainability criteria for renovation/preservation of historical buildings;

This paper is divided into five sections: Introduction, Methodology, Systematic Review
Results, Discussion, and Conclusion. The methodology section (Section 2) explains the
procedures used when conducting the systematic review of the literature. Section 3 presents
an overview of key findings from the literature pertaining to their subjects and links those
findings to the main thread of the review. The material reviewed in the preceding section is
then discussed in Section 4, and the conclusions and recommendations for future studies
are presented in the final section (Section 5).

2. Materials and Methods

This section provides an overview of the systematic review framework conducted for
literature and previous research on sustainable rating systems with a focus on their applica-
tion to historic buildings. This systematic review follows PRISMA (Preferred Reporting
Items for Systematic Re-views and Meta-Analyses) guidelines (as presented in Figures 6
and 7) by Page et al. [50], based on Liberati et al. [51]. In this framework, we identified
the available literature on sustainability and historic buildings by searching Science Direct
and Google Scholar. We searched for articles published in English from 2010 until 2022.
Since the issue of sustainability is very broad and has many sub-categories, in the first
step, the general keywords were used, including “sustainability” and “conservation” or
“rehabilitation” or “renovation” and “historic building” or “historical building” or “built
heritage”. Then, a subset (sustainable rating system) related to sustainability was searched
separately in combination with the keywords “cultural heritage” or “historical buildings”.
Due to the enormous amount of search hits in Google Scholar, for only the first 40 pages
(due to the exceeding number of “grey literature”—or articles not formally published by
commercial academic publishers—occurring on average at page 20 to 30 as a majority of
each page in Google Scholar [52]), 10 results per page were screened. The search yielded
1150 articles by “sustainability “and “conservation” or “rehabilitation” or “renovation” and
“historic buildings” or “historical building” or” built heritage” keywords and 240 articles
by “historical building” or “historical buildings” keywords.

The systematic review was carried out in several stages:

(a) For “sustainability “and “conservation” or “rehabilitation” or “renovation” and “his-
toric building” or “historical building” or “built heritage” keywords: first, the number
of duplicate articles between Google Scholar and Science Direct was removed (350
articles). Among these, the title and abstract of 850 articles were screened. Then,
56 related articles were identified. Out of 56 articles, 18 articles were not directly
related to historic buildings. Overall, 10 articles were about the structural sustain-
ability of historical buildings, and 15 articles were not directly related to the topic of
sustainability.

(b) For “sustainable rating system” and “historical building” or “historical buildings”
keywords: first, the number of duplicate articles between Google Scholar and Science
Direct was removed (135 articles). Among these, the title and abstracts of 115 articles
were screened. Then, 30 related articles were identified. Out of 30 articles, 10 articles
were not directly related to historic buildings. Six articles were about the structural

7
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Figure 6. Example PRISMA diagram for keywords: “sustainability” and “conservation” or “re-
habilitation” or “renovation” and “historic buildings” or “historical building” or “built heritage”.
[PRISMA instruction: * Consider, if feasible to do so, reporting the number of records identified from
each database or register searched (rather than the total number across all databases/registers); ** If
automation tools were used, indicate how many records were excluded by a human and how many

were excluded by automation tools.].

Overall, 22 articles are directly related to environmental sustainability in historical
building interventions. Two articles are related to the economic dimension, and one exclu-
sively addresses historical buildings’ sustainable social aspects. Table A1l (in Appendix A)
lists all the reviewed papers (for the table, see page 17).
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records identified from each database or register searched (rather than the total number across all
databases/registers); **If automation tools were used, indicate how many records were excluded by
a human and how many were excluded by automation tools.].

3. Systematic Review Results
3.1. Sustainable Rating Systems in Historical Building

Historical buildings have a special character of historical and cultural value. In this
regard, researchers believe that none of the sustainable rating systems can be directly
applied to historical buildings [19]. Therefore, the unique nature of the historic building
requires adapting existing criteria and adding new criteria that are not covered in any of
the studied rating systems [19].

Considering the necessity of adapting historical buildings to new applications, ap-
plying third-party certification can be a valuable tool for directing the building sector
towards sustainable development. The use of the rating system specific to historical build-
ings during the intervention process allows the building to maintain its historical and
cultural identity while meeting the daily needs of today’s world [53,54]. GBC Historic
Building (GBC HB) is an Italian rating system to improve environmental sustainability in
intervention processes of historic buildings built before the end of World War II towards
sustainability goals [55]. GBC HB is based on LEED (LEED NC 2009 Italia) [56], which
allows for achieving a balance between the various requirements related to energy effi-
ciency, environmental sustainability, interior comfort, and historical values [57]. A new
category called historical value is introduced in the GBC rating system. Credits for the
subject of historical value are based on principles such as minimum intervention, potential
return, and compatibility, which fully comply with the requirements of the intervention [58].
GBC HB is used for buildings that were built before 1945 and at least remain 50% of their
technical elements. Historical Building Identity Card is an information form to assess whether
a historic building meets the scope of the rating system or not [59]. Overall, the special
needs of preserving the cultural and artistic value of historical buildings and the topics of
energy optimization and thermal comfort (according to protocol LEED Italy 2009) [56] are
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combined in this system to provide a sustainability assessment appropriate for historical
buildings (see Figure 8) [60].
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Figure 8. GBC Historic Building (GBC HB) system indicators according to [54].

The application of rating systems on historical buildings had positive results, especially
in terms of energy improvement. Using a new approach to retrofitting based on the GBC HB
in an Italian historical building, the results before and after retrofitting showed an overall
40% increase in energy efficiency [60]. The work in [61] used GBC HB as an operative tool
for a sustainable retrofit design of a historic high school. The results revealed that besides
preserving the historical value of the building, the integrated design improves energy
performance and internal thermal comfort. The framework also provided the best choice of
intervention using a multi-criteria decision-making system, which led to an economically
viable solution and a reduction in the 39% of energy consumption in building case (a school
building). In terms of scores in the Italian certificate system, the project received a silver
level [61]. In another project, using the Istituto per I'innovazione e Trasparenza degli Appalti e
la Compatibilita Ambientale (ITACA), the possibility of increasing the energy performance of
a historical complex named Albergo dei Poveri was examined. Applying the rating system
to this complex showed that even if the total score is not high, it improves the restoration
quality from an environmental perspective [15].

3.2. Life Cycle Assessment in Historical Building

The life cycle assessment (LCA) is a method that assesses the environmental impact of
a material, product, or process throughout its whole life cycle [62]. The life cycle of a build-
ing can be studied from three different sustainability dimensions. The environmental LCA
analysis is standardized under the ISO 14040-14043 regulations, which provide the specific
guidelines for conducting the environmental assessment [63]. The conversion of environ-
mental effects into monetary units and the assessment of economic sustainability can be
seen in the LCC method [64]. The social dimension of sustainability and the assessment of
impacts on stakeholders throughout the life cycle are based on the S-LCA method [65]. The
sum of these three methods can be summarized in LCSA (LCSA = LCA + LCC + S-LCA).
LCSA (Life Cycle Sustainability Assessment) is the life cycle sustainability assessment
that extends the scope of the current environmental LCA to embrace the other two dimen-
sions of sustainability to understand the fundamental interactions between nature and
society [66].

Although the LCA method for selecting and evaluating materials has become common
in new constructions, it has rarely been applied in the intervention process of historical
buildings [67]. Historical buildings release different amounts of carbon during their life
cycle. Appropriate interventions on historic buildings can help to reduce and eliminate



Sustainability 2022, 14, 12448

11 0f 22

carbon. Carbon emissions in historic interventions can be examined at three levels low
changes (preservation, conservation), middle changes (rehabilitation), and large changes
(renovation, restoration) [68]. All three levels of intervention have different subgroups:
emissions from the production of new materials, emissions from the transportation of new
materials for intervention and transportation of waste processing and disposal during the
end of life of a component, emissions from intervention operations such as the installation,
and replacement of new materials [68].

Choosing the most compatible type of intervention with environmental sustainability
and increasing the use of renewable energy in the intervention process must be considered
after calculating the carbon released at different levels of interventions in historical build-
ings [68]. For example, in research, a 22.9% reduction in life cycle energy consumption
was observed due to appropriate intervention [69]. There are a set of interventions phases
that can be applied to an existing building (Figure 9). Table A2 (in Appendix A) listed all
interventions types (for the table, see page 19).

™ '8 N
Preserve phase Construction and Repair phase
(light interventions) (Heavy interventions)
A
* Preservation i /* Repair )
* Maintenance * Refurbishment

+ Rehabilitation
* Renovation
! Restoration

7

Figure 9. Different phases of intervention in historical buildings.

Using the LCA in the category of historical building, it is possible to examine the
extent of interventions in historical buildings and make the best decision [70]. In a study
with the combination of LCA and the application of qualitative criteria, three scenarios
are considered for the refurbishment of Sesga House in Valencia: (1) refurbishment of the
house using local materials and traditional techniques, (2) refurbishment using widely
used industrial materials, and (3) complete demolition of the historic building and new
construction with using widely used industrial materials. The results show refurbishment
instead of demolition as well as use of vernacular materials with a natural low-carbon
footprint in the refurbishment process will reduce environmental pollution [70].

Designing the historical building life cycle management operating model for a histori-
cal building by the three pillars of sustainability allows the restoration process not to be
closed after completion but to monitor the state of conservation of historical buildings with
the ability to repeat sustainability life cycles to control the fulfillment of the objectives of
conservation [71].

3.3. Energy in Historical Buildings

Historical buildings are compatible with the climate of each region. The building
form of historical buildings often leads to thermal comfort and higher energy efficiency.
For example, a comparative study of a historic and modern hotel in the city of Nablus
on the thermal analysis shows that the studied historic building (Khan Hotel) is more
energy-efficient than the newly built hotel [72].

Solar panels are often used in intervention in historic buildings to reduce carbon
emissions. For example, a study of five historic buildings in the UK showed a reduced
carbon emissions by 19% by installing solar panels on the roof [73]. Likewise, the use of
solar panels in UNESCO villages that do not have access to electricity was successful [74].
The integration of high-tech energy measures such as photovoltaic (PV) systems with
historical buildings requires an approach based on scientific knowledge [75]. Interventions
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in historical buildings should be based on three main criteria: invasiveness, reversibility,
and compatibility. In this regard, a study was conducted on the location of solar panels in
historic buildings [20]. Analyzing the installation of solar panels in four historical buildings
reveals that the analyzed projects did not meet two out of the three evaluation criteria
indicated by the UNI EN 16883:2017 standard [3], referring to the assessment category
historical building significance of the building and its settings [76]. The integration of solar
panels in a historic building can negatively affect the integrity and identity of the historic
building [77]. After reviewing the implemented projects in [74], it is concluded that the most
appropriate solution for the proper integration of solar panels with historical buildings is
to expose the solar panels in historical buildings. These solar panels have been used in a
way that contributes to cultural enjoyment and production [78].

3.4. Socio-Cultural Sustainability and Historical Buildings

In the social dimension of sustainability, culture has been mentioned as an aspect
of social sustainability and occasionally even as an aspect or dimension of its own [21].
The relationship between culture and sustainable development was discussed during the
UNESCO decade of culture and development (1988-1997), which was presented as a report
entitled Our Creative Diversity [21]. In historical buildings, the material and immaterial
aspects of historical buildings are interrelated. For example, cultural viability and local
identity are affected by the context of the landscape [79]. Cultural sustainability can
recover and protect cultural identities [80]. For instance, one of the cultural sustainability
measures is preserving the traditional celebrations of each region and handed on to future
generations. Globalization has negatively affected cultural sustainability. Hence, a vital
challenge remains in protecting historical buildings from growing globalization [81].

3.5. Economic Sustainability in Historical Buildings

From an economic point of view, historical buildings are capital, and their conservation
is an investment in the future. However, this does not mean that historical buildings are
defined only by economic attractions because, in the long run, this will cause damage to the
historical building and the emergence of approaches such as disneyfication or facadism, in
which only economic attractiveness is considered. Therefore, economic sustainability is a
necessary condition in historical buildings, but it is not sufficient [82]. Improving financial
management at historical building sites has several benefits, including better use of existing
resources and identifying new revenue streams. Financial control of historical buildings
should be taken over by those who pay attention to the aesthetic, historical, and scientific
values of historical buildings. This attention prevents the over-commercialization of theme.
Improving financial management results in reduced preventive maintenance costs and
improved long-term conservation. The study in [6] surveyed 28 world historical building
sites in the Mediterranean geography and conducted 36 interviews with site managers and
experts. The result of this analysis led to a better understanding of the historical building
management sites and the creation of five indicators for greater financial sustainability
(Table 1) [7].

Table 1. Circumstances toward greater financial sustainability (according to [6]).

Circumstances Result

More than three-quarters of the financial plans
of the sites studied were without data or low
data on financial operations, such as expenses,
reporting, or risk planning. Planning is an
important condition that leads to greater
financial sustainability.

Open-planning environment
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Table 1. Cont.

Circumstances Result

Interviews with managers of historical
building sites showed that managers have
good knowledge of international standards
and conservation principles. Nevertheless,
accounting, business, and finance skills are
essential for the financial sustainability of
historical buildings; there was a lack of skills in
these areas.

Knowledge and education concerning finance

Most managers have a negative attitude
towards the economic exploitation of historical
building. One of the reasons for this attitude is

Positive perceptions and acknowledgment of ~ the damage of historical building due to the

the importance of finance exploitation of over commodification [76]. It
should be considered by changing the attitude
of economic growth without damaging the
historical building.

In three-quarters of the sites surveyed,
financial decisions were off-site and dependent

Managerial autonomy on the public sector. In more sustainable
financial assets, the opposite was true, and
most funding came from local projects.

Measures that can be used to determine the
public interest, such as tours, concerts, or other
events for the benefit of local people. By
separating the number of tourists and locals

Public interest in the historical building site visiting historical building sites and increasing
the number of visits, this in most cases leads to
increased economic stability. However, some
places have achieved a high level of financial
stability with low visits.

4. Discussion

In this paper, our aim (as elaborated in Section 1) is to study and explore sustainability-
rating systems focusing on their application to historic buildings. We conducted a sys-
tematic review in several different categories. This section presents the results of reviews.
It is structured into seven rows based on the seven research contributions presented in
Section 1.

(a) Study and analysis of the background of research in the field of rating systems worldwide:
It is revealed that the most popular rating systems in the world are LEED, BREEAM, and
DGNB. Globally, LEED is used in Asia, Europe, and America. BREEAM and DGNB are
the most popular systems in the European continent [48]. Climatic and context differences
have a direct impact on the foundations of sustainability. However, in most of the world’s
rating systems, vernacular issues are not taken into account [26].

(b) Identify and compare different existing rating systems: In recent years, the attention
of the construction industry to the issue of sustainability has increased. Accordingly, the
review of related articles from 2010 to 2022 shows a significant increase in publications
since 2014 (Figure 10). Most rating systems focus on the environmental dimension of
sustainability. Among the rating systems, DGNB pays equal attention to all three pillars
(environmental, economic, and social) of sustainability. Furthermore, most research has
been done on LEED.
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(c) Ways of evaluation and calculation in sustainable rating systems: Each rating system has
different calculation methods to evaluate the level of sustainability in buildings (Figure 11).
For instance, the highest level of LEED system (palladium) is not equivalent to the highest
degree of BREEAM (excellent) in terms of sustainability characteristics or environmental
effects [31]. The sum of points obtained from different indicators creates different levels
in each rating system. In DGNB, total points lead to certification at four levels: DGNB
bronze (35 points), DGNB silver (50 points), DGNB gold (65 points), and DGNB platinum
(80 points). Depending on the number of points, the awarded buildings can be classified
as accepted (30 points), good (45 points), very good (55 points), excellent (70 points),
and outstanding (85 points). LEED includes four levels: certified (40-49 points), silver
(50-59 points), gold (60-79 points), and platinum (80+ points).

Our literature review reveals that the use of LEED in highly scored buildings (pal-
ladium) is significantly effective in reducing energy, while the use of LEED in low-level
structures (certified) has no difference with buildings without LEED certification [36]. Cal-
culating the energy performance in LEED is associated with weaknesses in large buildings.
This is while the performance of energy calculation in small buildings has more accurate
results [38].

100
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Figure 11. Different certification levels/awards/scores in sustainable rating systems.
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The location of the building affects the achieved certification level. For example, a
building with a gold certificate in Turkey does not have the same energy efficiency as a
building with a gold certificate in Europe [40]. Overall, it is not possible to accurately
compare rating systems due to the difference in indicators and weightings.

(d) Compare existing rating systems with a focus on intervention in historic buildings: It is
evident that most of the sustainable rating systems developed to achieve sustainability
goals are applicable for only new construction projects. However, many rating systems
have frameworks for intervention in existing buildings that are not very established or
advanced. Many studies point out that none of the existing rating systems are suitable for
use in historical buildings [19]. One of the important reasons for the inappropriateness
of the systems is neglecting the historical values and unique identity features of cultural
heritage in existing rating systems [53,54].

(e) Sustainable rating system adapted for historical buildings: The only rating system
for historical buildings is the GBC HB Italy, which focuses mainly on environmental
dimensions [57]. The main goals of this rating system are indoor environmental comfort
and the sustainable use of resources, i.e., materials, energy, land, and water. A new historical
value section, based on principles such as minimum intervention, potential return, and
compatibility and fully compliant with restoration requirements, has been added to the
Italian LEED rating system [58]. This sustainable rating system is used for buildings
that were built before 1945, which at least 50% of their technical remaining elements [56].
Applying GBC HB Italy to historic buildings in Italy has led to some cases of reducing
energy consumption and economic savings. However, one of the disadvantages of GBC is
that it does not include the socio-cultural and economic aspects of sustainability [60,61].

(f) Sustainable categories in previous studies: Many reviewed literature echo that historical
buildings have a significant potential to contribute to environmental sustainability. For
instance, the energy consumption for the construction of a new building (from the produc-
tion of materials to transportation and construction of the building) is approximately equal
to the energy consumed by an existing building for 10 years [18]. Thus, this amount of
energy results in a significant savings of economic capital. Therefore reusing the historical
buildings prevent generating or wasting extra energy compared to the new buildings [83].
The materials of historic buildings are often produced from local sources, which results in
less transportation and pollution. Furthermore, most materials are constructed from natural
materials. Materials such as straw, hemp, and lime can absorb carbon. Other materials,
such as stone and brick, have a high-energy content [84].

In the conducted research, among the sustainability goals in historic buildings, more
emphasis has been placed on increasing energy efficiency and life cycle impacts of historical
buildings [68-71]. On the other hand, less attention has been paid to the cultural and eco-
nomic dimensions of cultural heritage. More than 80% of the reviewed articles are related to
the environmental sustainability of historic buildings. However, a few of the articles were
related to economic and social aspects (as presented in Figure 12a). This highlights that
solving environmental problems is one of the priorities of the historical building industry.
Among these, the most comprehensive research that includes all sustainable environmental
indicators was related to rating systems (as presented in Figure 12b).

Social and economic sustainability challenges and issues in historical buildings have
also been studied. Improving financial sustainability in managing historical building sites
by providing five main indicators (including LCC) is a solution to address the weaknesses
of financial management of historical building sites [7,71,82]. On the other hand, culture is
also one of the essential themes of the social sustainability dimension of historical build-
ings [81]. Cultural sustainability has a direct impact on the protection of historical building
identity. Hence, it has the potential to be considered an independent dimension of social
sustainability in historical building sustainability issues. Applying S-LCA standards [71]
can also effectively promote social sustainability in historical buildings. Sustainable in-
tervention is directly related to the consensus and support of stakeholders. Therefore,
stakeholder expectations must be considered and addressed as well.
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Figure 12. (a) Percentage of relevant articles on each topic; (b) percentage of relevant articles in
Environmental dimension.

(g) Interventions strategies relevant to sustainability criteria for renovation/preservation of
historical buildings: Various intervention strategies are related to sustainability criteria in
historical buildings. In all executive measures (such as insertion, integration, replace-
ment, overlapping, interposition strategies) [76,85,86] to preserve the historic building and
improve its sustainability, the principles of reversibility of actions and maintaining the
authenticity of the historic building must be followed. The best alternative for reducing
the amount of carbon emission during the life cycle of the historic building is to refurbish
buildings with vernacular materials [70]. Furthermore, calculating the amount of carbon
produced during different phases of intervention in historic buildings can help select the
best alternative for rehabilitation/renovation/protection according to the sustainability
requirements of the historical buildings.

5. Conclusions and Recommendations for Future Research

This paper reviewed previous research on sustainable rating systems with a focus on
historic buildings. In terms of the three classical pillars of sustainability, i.e., economic,
social, and environmental sustainability, most of the focus has been on addressing environ-
mental sustainability criteria. Most of the articles focus on increasing energy efficiency as an
improvement to historic buildings” environmental sustainability, which results in lowering
economic costs and increasing occupant satisfaction with the indoor environment. The
review showed that researchers often believe no sustainable rating system can be directly
applied to historic buildings. Therefore, the unique nature of the historic buildings requires
adapting existing criteria and adding new ones that are not covered in any of the studied
rating systems. The only sustainability system adapted to historical buildings so far is the
Italian GBC HB, which focuses on the environmental dimension of sustainability, especially
improving the energy efficiency of historic buildings. Future rating systems should be
developed or updated according to cultural heritage needs, and for the sustainable survival
of cultural heritage, the socio-cultural and economic aspects are equally important. In this
light, the application and adaptation of more balanced rating systems such as the German
DGNB system will be more relevant due to its coverage of sustainability goals and criteria
in all three social, economic, and environmental dimensions [87].

There were limitations to the research process that have to be taken into account. First,
the search was done in English, and the articles were collected and studied in English.
Since the category of historical buildings is international and related to all cultures, there is
undoubtedly research carried out in the national language of each country that was not
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included. Second, it was not possible to access all documents of world rating systems.
Furthermore, the search combined keywords with “sustainability” or “sustainability rating
system” and “historic buildings”, meaning that these keywords were mentioned in the
abstract or title of the publication (Science Direct) or the full publication (Google Scholar). For
this reason, articles with a focus on energy or LCA were excluded from the study.

Consistent with the content of this paper, there is potential for further research involv-
ing the development of a rating system for historic buildings. Future work can explore
strategies to add context and climate to existing rating systems. In this light, the devel-
opment and addition of new criteria and indicators to address and preserve the unique
cultural characteristics of historic buildings and promote economic sustainability should
be prioritized within future sustainable rating systems for historic buildings.
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Appendix A

Table Al. Summary of included studies reporting on sustainability in historical building.

Authors Year Field of Study Results
1\]/3[’ izﬁln;ih A comparison of a modern hotel building with a historic hotel
I\,/[ Avga d’ 2021 Energy showed that the historic building has higher thermal comfort and
’[72] energy efficiency than a modern hotel.
S, De Medici Investigating the best method for integrating solar panels in

[76] 2021 Energy buildings by considering the principles of reversibility and
authenticity of the historic building.

l\ééle:s)’ l(:: ' Selection of the most compatible materials with the principles of
gas, & 2021 LCA sustainability for the refurbishment of a historic house with the
Llatas, C
LCA method.
[70]
N, Atmaca
A, Atmaca 22.9% reduction in life cycle energy consumption was observed
- : 2021 LCA o7 :
A, Ozgetin due to appropriate intervention.
[69]
None of the rating systems provide definitive guidelines for the
A, Al-Sakkaf Rating systems with a focus  best cost-effective rehabilitation option with considering building
T, Zayed 2020 on their application for sustainability. Therefore, it should develop a rating system for
[83] historical buildings historical buildings that not only evaluates the different
components of the building but also optimizes costs.
E, Lucrezia The application of the life cycle in the field of restoration of
V, Bonoli 2020 LCA historical monuments, with special reference to cleaning, leads to

[67] the analysis of seven cleaning methods with the LCA approach.
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Table Al. Cont.

Authors Year Field of Study Results

A'; li"ii(lf af Rating systems with a focus A study of 12 rating systems showed that these systems have
/ 2019 on their application for significant weaknesses in some indicators such as energy for
B, Ashutosh o 1 o 1
[19] historical buildings historical buildings.
Redefining financial sustainability in the management of
historical building sites by creating 5 main components to achieve
J, Grinda Sustainable financial this goal:
2019 . . e .

[71 management management planning, revenue identification, expenditure
analysis, administration and strategic planning alignment and
support of cultural, and educational and conservation mission.

F, Boarin Rating systems with a focus
E, Lucchi &5y N Introduction and analysis of the GBC historic building, which
o 2019 on their application for .
M, Zuppiroli s o was developed in 2014.
[54] historical buildings
) - Calculates the amount of carbon released at different levels
& Bertollln, of intervention in the historical building;
A, Loli 2018 LCA - Selects the most appropriate restoration action and compen-
[68] sates for the carbon released with renewable energy.
D, Settembre
A, Blundo Turning the Historical building Lifecycle Management protocol
F, Alfonso 2018 LCA into a model and ultimately creating a suitable tool for the
E, Garcia Muina conservation and restoration of historic buildings.
[71]
G, Franco The use of solar panels in UNESCO villages that do not have
2018 Energy .
[74] access to electricity was successful
V, Castaldo
A, Pisello . . . . . .
- Rating systems with a focus Using GBC HB as an operational tool for sustainable retrofit
P, Boarin - - . . . o1
A Petrozzi 2017 on their application for design in a historic school resulted in 39% building
F, Cotana historical buildings energy savings.
[60]
M, Baggio
C, Tinterri . . " " - . N
Rating systems with a focus The use of “GBC HB” in the retrofitting of an Italian historical
T, DallaMora . . g . . ..
2017 on their application for building showed a reduction of 40% in energy consumption in
F, Peron o a1 1 s
. historical buildings the building after the retrofitting.
P, Romagnoni
[61]
E, Lucchi Rating systems with a focus
P, Boarin & 5y, R Introduction and analysis of the GBC historic building, which
o 2016 on their application for -
M, Zuppiroli o 1 was developed in 2014.
(53] historical buildings
P Boarin Rating systems with a focus Analysis of GBC historical building and propose a new
’ [57] 2016 on their application for adaptation in a subset of “GBC family”, which named is
historical buildings GBCHome®.
%’ hgjgégl Rating systems with a focus Applying the ITACA system to the monumental complex
M ’Guerrini 2015 on their application for increased energy efficiency and improved restoration measures
’ [15] historical buildings from an environmental perspective.
F, Moran, S, . g1 . . .
Natarajan 2015 Energy Study of 5 historic buildings in the UK showed that installing

[73]

solar panels on the roof reduced carbon emissions by 19%
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Table Al. Cont.

Authors Year Field of Study Results
Two actions result in high environmental sustainability in the
\I>/[’Cpert(1)§a Rati ha historical building stability of Italy:
’ a§ta 0 ating systems .Wlt. atocus (@) The application of GBC historic building in the restoration;
A, Pisello 2014 on their application for . . . .
. . e (b) The use of tiles with a higher solar reflection index for the
E Cotana historical buildings .
[58] roof and natural reed for an external thermal-sound insula-
tion wall.
F, Boarin Rating systems with a focus
D, Guglielmino &5y L Introduction and analysis of the GBC historic building, which
- 2014 on their application for .
M, Zuppiroli s o was developed in 2014.
[59] historical buildings
Soini, K Socio-cultural sustainabilit
Birkeland, I 2014 s nabtity Understanding the place of culture in the issue of sustainability.
81] and historical building
The maintenance of historical buildings is in line with the goals of
P. Godwin sustainability for the following reasons:
! 2011 Energy . .
[18] (a) The embodied energy embodied;

(b) Natural materials.

Table A2. Definitions of interventions applied in historic building.

Type of Intervention

Definition

All measures lead to maintaining the current status of the monument [68].

Preservation Maintaining a place in its existing state and retarding deterioration [88].
Includes all preventive protection measures and interventions that increase life and maintain the
Conservation authenticity of the historical building [89].
All the steps of taking care of a place are for its cultural preservation [88].
Includes both preservation and preventive conservation actions that are carried out during the life
Maintenance cycle of a building [90].
Continuous protective care of a place and its setting [88].
Repair Measures to recover the function or appearance of the historical building or part of it [65].
. Includes the repair, renewal, and modification of a building to meet economic and/or functional
Refurbishment o
criteria [90].
Rehabilitation Actions to change the use of the historic building in a way that is compatible with the building [65].
. Actions to upgrade building components to today’s level, for example, improving energy efficiency
Renovation . o o1
in a historic building [68].
Action(s) to bring the existing building back to a former condition, returning a place to a known
Restoration earlier state by removing accretions or by reassembling existing elements without the introduction of
new material [88].
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