
Renewable Energy and Power Quality Journal (RE&PQJ)
ISSN 2172-038 X, Volume No.22, September 2024

Sustainable Heritage Tourism: Integrating Solar Energy Systems in
Historical Sites for Environmental Conservation and Economic

Development

Wei Xia1* and Bofan He2

1 School of Applied Foreign Languages
Zhejiang Yuexiu University
Shaoxing, Zhejiang (China)

E-mail: 20172256@zyufl.edu.cn

2 School of International Business
Zhejiang Yuexiu University
Shaoxing, Zhejiang (China)

E-mail: 20171017@zyufl.edu.cn

Abstract. This research project brings out a transformative
method of implementing solar energy systems in historical sites,
which focuses on environmental conservation and economic
development in the context of heritage tourism. The study starts
by employing advanced modeling techniques to estimate the solar
power resources available in different geographical and climatic
areas. The initial phase gives critical insights into the feasibility
and potential benefits of implementing solar energy within
historical sites. Employing this method, the research deals with
integrating solar energy technologies into heritage tourism spots.
The aim is to maintain a balance between preserving the cultural
and historical dignity of the sites and incorporating sustainable
practices. By reducing dependency on conventional energy
sources, the integration of solar energy not only minimizes the
ecological footprint but also enhances the overall tourist
experience, contributing to the attractiveness and long life of
heritage tourism. A crucial aspect of the project involves a
stringent performance analysis, evaluating the efficiency and
impact of the combined solar energy system. Key metrics such as
energy production, cost savings and environmental benefits are
examined to provide tactile evidence of the positive outcomes
derived from defendable heritage tourism initiatives. This
research contributes significantly to the ongoing debate on
sustainable tourism by presenting an extensive framework that
synchronizes cultural preservation with the acquisition of
renewable energy solutions. By nurturing a symbiotic relationship
between environmental conservation and economic prosperity,
the project emphasizes the importance of responsible tourism
practices. The findings aim to inform policymakers, heritage site
managers, and the broader tourism industry on the probability of
combining solar energy structure to create a sustainable along
with flexible future for historical sites and the communities they
deal.
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1. Introduction

Ancient buildings comprise a significant portion of the
housing supply globally. In terms of numbers, over 40% of
familial houses were built before 1960 and more than half
before 1970. Construction dating back before 1940,
deemed desirable for preservation, makes up 30-40 per
cent of the total global building goods. Household energy
consumption within the global context contributes to 67%
of the total energy usage, primarily attributed to heating,
cooling, cooking, and appliances. Present buildings are
responsible for 31% of solid waste generation,
approximately 35% of total pollutant emissions, and 40%
of worldwide energy usage. Many of the structures were
erected when advanced technologies were not readily
available, leading something to fall into idleness or
abandonment. Energy rebuild intercession geared towards
repurposing such spaces can enhance occupant comfort. On
May 30, 2018, Directive (EU) 2018/844 on the energy
management of buildings was issued by the European
Parliament, establishing a legislative framework aimed at
reducing carbon dioxide emissions by 2020 and increasing
the utilization of sustainable energy sources.

The objective set forth in Directive (EU) 2018/844,
hereinafter referred to as RES, aims to increase the energy
execution of existing buildings and reduces CO2 emission.
Achieving these high goals becomes challenging while
revamping heritage buildings, as preservation restrictions
obstruct the implementation of energy-saving measures.
While it may not always be attainable to fully abide by
current energy standards, there is a recognized task of
improving the energy capability of heritage buildings as
much as possible. Renewable energy sources (RES) play a
critical role in continuing the objectives, and facilitating a
logical use of energy. In cases of main restorations,
European Union legislation mandates that RES covers half
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of the energy used for domiciliary warm water, heat and
cooling in the existing buildings. However, this
requirement is not applicable to listed buildings if it would
result in an exquisite impact or damage.

The challenge is particularly pronounced in heritage
contexts, where protecting exquisite appearance and
historic value is more important. Conventional
photovoltaic (PV) and solar thermal (ST) systems are
generally demoralized for ancient and native buildings to
preserve the priceless forepart and roof. Instead, the use of
combined Renewable energy sources (RES) is considered,
utilizing highly coherent products designed to imitate
conventional architectural materials. These products offer
advanced modification with various colors, patterns,
specific and low-reflecting glass, and cost-competing
coating. Building Integrated Photo Voltaic and Building
Integrated Solar Thermal solutions represent ingenious
approaches. BIPV involves merging PV panels into the
building cover, providing not only electricity generation
but also climate and noise safety, thermal shield and sun
shading. Similarly, BIST integrates solar thermal panels
into the building structure, offering a sophisticated solution
to energy generation and building performance
improvement. In traversing the intricate balance between
energy efficiency and heritage conservation, these
integrated RES solutions showcase advancements in
technology and customization, ensuring an amicable
coexistence of sustainable practices and historical
conservation in building restoration projects.

Integration in this context refers to imbibe Building
Integrated Photovoltaic (BIPV) or Building Integrated
Solar Thermal (BIST) elements flawlessly into the
structure. These elements take on the roles of conventional
building components, such as windows, cladding, or
architectural features. As a result, BIPV or BIST elements
become integral functions and productive parts of building
envelopes, close to traditional materials. Achieving a bias
between mechanical functionality, and exquisite
considerations become a most important concern in
meeting architectural and construction requirements. Key
considerations include factors like dimensional pliability,
ease of installation, safety, authenticity, heat reliability,
comfortless, fire safety, weather safeguard, keeping and
long-term continuity. These aspects are critical for
ensuring the success of the integration process. Despite
technological advancements that provide solutions suitable
for heritage contexts, such as less-rate mirroring, firm
designs, and imitative appearance the need for proper
authorization persists, especially in historical centers, areas
under landscape protection, and for native and ethnic
heritage buildings. Building activities in such contexts
demand a higher level of commitment from specialists
involved in the execution, under cautious supervision of
the organization responsible for preserving the building.
Unauthorized alterations, even if minor to building
envelopes, windows, facades, or implementation can
jeopardize conservation efforts. However, a thorough
evaluation of the benefit and chances of every case, joined
with the utilization of available scientific modernization,
can lead to viable solutions for integrating renewable
energy systems in historical settings.

2. Literature Survey

Lucchi et al. [1] discussed a challenge in integrating solar
energy systems into heritage contexts, emphasizing the
delicate balance between preservation priorities and
effective implementation of PV and ST technologies, such
as BIPV and BIST. The research underscores a scarcity of
studies addressing specific problems in heritage settings,
emphasizing architectonic, conservative, and cultural
barriers as major obstacles. Identified challenges include
the need for advanced customization processes and
innovative coatings to align with traditional aesthetics.
This review reveals a critical gap in understanding and
addressing challenges, highlighting the need for further
research to provide targeted solutions for RES integration
in heritage sites while preserving cultural and historical
values.

Murgul [2] delved into the challenges surrounding the
integration of solar energy stock systems into the
restructuring of ancient and ethnic memorials, especially
given the imperative to preserve the external appearance of
buildings. The primary obstacle lies in finding a method
that seamlessly incorporates solar energy systems without
compromising architectural heritage while optimizing
energy production. In response, the author suggests a novel
approach: allocating added energy providing system,
specifically solar energy, as temporary structures separate
from the building's main structure. This gives rise to the
concept of Building-Independent Temporary Photovoltaic
Construction (BITPVC).

Cristofari et al. [3] presented an initiation exploration into
the pivotal convergence of innovation, sustainable
development, and national competitiveness in a privatized
global market. The focus is on an inventive, copyrighted,
full building-combined heat solar panel method set for
marketization. This paper ejects light on a principle
landscape in France concerning thermal solar panel
installation, highlighting the need for country like France
to develop building-combined solar power systems
reaching rigid "building-envelope" combination
requirements for protected areas. This work emerges from
the COST framework action TU 1205, focusing on the
European Cooperation in Science and Technology,
specifically addressing the challenges and solutions linked
with integrating solar thermal systems into building
structures.

Cabeza et al. [4] inquire into the necessity of meeting
energy capability standards in buildings, emphasizing dual
goals of reducing carbon footprints and enriching indoor
conditions. The focus is on historical architecture, entailing
a dedicated scientific effort to preserve their communal
knowledge. This research highlights tailored reedify
strategies that maintain architectural value while
integrating energy-efficient approaches and sustainable
energy such as solar and geothermal power.

Moschella et al. [5] navigate the pugnacious debate
surrounding the architectural integration of plants in
historic buildings, now infused with moral considerations
related to The paper concentrates on the complicated
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relationship between solar technologies and the cultural
values of buildings, particularly their image as built legacy.
It emphasizes the challenging balance between satisfying
preservation requirements for these cultural resources and
promoting technological innovation. Through a trial study
on a familial ancient building, authors investigate existing
solar technology products, presenting conservation
standards and guidelines establishing the principle of
validating market-available technologies.

Kandt et al. [6] address the pressing issue of implementing
PV systems on historic properties, acknowledging the
growing demand for guidance among private owners and
government entities. The publication emphasizes the
importance of sustainable design strategies in historic
preservation but highlights conflicts arising over the setting
up of Photo Voltaic(PV) panels on similar properties. This
paper aims to contribute solutions and best practices to
overcome barriers, recognizing the need to balance
renewable energy goals with the preservation of tangible
connections to the nation’s past found in thousands of
historically significant buildings and districts.

Po`lo Lopez et al. [7], as part of IEA-SHC Task 59,
address challenges in energy retrofitting of heritage
buildings, emphasizing compatibility with cultural values.
Focusing on Subtask C, the paper centers on retrofit
solutions within the solar group, aiming at sustainability,
energy efficiency, and renewable integration. Through an
extensive case study collection, the team reviews and
tailors EN:16883-2017 norms for enhanced analysis of
solar systems' implementation in historic contexts. The
assessment criteria consider technical compatibility,
heritage significance, financial feasibility viability, energy
performance, interior quality, and environmentally
impacting solar renewables, offering a comprehensive
approach to address multifaceted challenges in heritage
retrofitting.

Baiani et al. [8] align with the EU Climate Goals and
Italy's PNIEC, emphasizing the imperative for more
energy-efficient buildings. The study delves into the
historical integration of renewable energy sources in
Rome's architectural heritage since the 1990s. Focusing on
five historic buildings, the analysis considers
morphological, technological, and typological aspects,
consulting with Heritage Authorities. Within the "BIPV
meets history" project, the paper assesses the risks and
benefits of active solar solutions using an IEA Task 59
framework, providing insights into aesthetic, technical, and
energy integration challenges in historic building
redevelopments.

Bougiatioti et al. [9] explore the framework combination of
vital solar systems in already present buildings in Greece
and Cyprus, emphasizing their advantageous insolation
conditions for energy conservation. The study examines
the potential of integrating such systems on contemporary
urban building façades and flat roofs, considering both
energy efficiency and power generation. Highlighting the
challenges posed by urban fabric and traditional
settlements, the article underscores that optimal placement

isn't always feasible, yet emphasizes the educational and
quantitative benefits of utilizing available surfaces.

Vieites [10] address the crucial challenge of enhancing
energy capability and reducing Carbon Dioxide emissions
in the European construction area, accountable for almost
40 per cent of all energy consumption. Amid the low rate
of new construction, the paper emphasizes the need to
focus on existing building stock. It highlights major
European projects showcasing innovative technologies and
renewable energy sources in retrofitting existing buildings.
Notably, the places particular emphasis on projects
targeting historic buildings, acknowledging the added
complexity of refurbishment and retrofitting due to their
significant cultural and historical values.

Franco [11] critically examines the incorporation of solar
panels, particularly photovoltaic panels, into historical
settings and landscapes, emphasizing the prevalent
perception of this integration as a challenge rather than an
opportunity. The chapter conducts a detailed analysis of
technical prescriptions from international guides, technical
reports, and normative texts, aiming to establish both
quantitative and qualitative factors that influence the
qualification of such incorporations in historical buildings
and sensitive landscapes. The focus extends beyond
technical aspects to scrutinize the deeper significance of
each intervention, questioning whether it aligns with
principles of mimesis or harmonious contrast in historical
contexts.

Burattini et al. [12] address the challenging EU goal of
achieving quasi-zero energy buildings, a particularly
formidable task for Italy with its abundance of UNESCO
sites, especially historical old towns. Focusing on
preserving historical Italian architecture, the paper centers
on energy performance enhancement through non-intrusive
interventions. Utilizing a basis energy analysis of
construction in Tivoli, near Rome, on the UNI TS 11300-
Part1 recommendations, the study emphasizes dormant
solutions and alternatives. Four passive methods,
respecting the building's structure and landscape,
demonstrated a maximum annual energy saving of 25%,
showcasing the potential for significant energy efficiency
improvements while maintaining architectural integrity.
The work emphasizes the viability of enhancing energy
performance in existing buildings without changing their
fundamental characteristics.

3. Problem Statement

The challenge addressed by the initiative lies in the
customary reliance on non-renewable energy sources in
historical sites, contributing to environmental deterioration
and inhibiting economic growth. The use of conventional
energy not only compromises the ecological integrity of
these sites but also stops their potential to contribute
purposely to sustainable tourism. The problem is the need
for a pattern shift towards integrating solar energy systems,
which not only alleviates environmental impact but also
unveils the economic potential of historical sites, creating a
congenial balance between preservation, energy efficiency,
and economic development.
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4. Concept of Sustainable Tourism

Sustainable tourism is characterized by the attempt to
enhance the advantages of tourism without causing further
damage, while simultaneously validating economic, social,
and ethnic individuality, as well as crucial ecological
processes, biological distinct and life support systems. This
approach emphasizes three vital elements that serve as
indicators for achieving or evaluating sustainable tourism.
Primarily, within a sustainable tourism environment, there
is a commitment to maintaining key ecological processes
and protecting natural heritage and biodiversity [13]. This
encompasses ensuring that tourism activities are
environmentally appropriate and in harmony with the
surrounding ecosystems. Secondly, sustainable tourism is
committed to honoring the socio-ethnic legitimacy of the
community in which tourist destinations are situated. This
involves the preservation of ethnic heritage, customary
values along with ethnic understanding, enhancing these
elements which are not compromised by tourist activities
[14], [15]. The goal is to guarantee that cultural values are
endorsed and valued. Lastly, sustainable tourism is banded
with economic considerations. It seeks to generate
measurable economic uses for all stakeholders,
highlighting the long-term and impartial distribution of
these benefits. The focus is on promoting fixed income and
opportunities for employees, which provides social service
to the host community and contributes to poverty
mitigation. As a whole, sustainable tourism is traditionally
known as tourism that copes with biological suitability,
social and ethnic acceptability and economic attainability
[16]. It copes up to harmonize environmental conservation,
cultural preservation, and economic development for the
well-being of all those involved.

A. Energy Culture

The concept of energy culture has long been employed as a
means to grasp societal behaviors in using available energy
sources. Originating from interdisciplinary studies in
sociology and management, this framework initially
concentrated on understanding society's patterns of energy
consumption [17]. The motive for investigating energy
culture arose as technological involvement and extensive
commercial activities began to reshape typical energy
access behaviors. Consequently, experts have been
meticulously observing the societal effects of those
evolving changes on energy-related issues. Energy
ethnicity is comprised of three integral components: the
rational standard, the material ethnicity, and also energy
practices. The components are complicatedly
interconnected, forming a multifaceted cycle. The
cognitive standard, within the factors of energy ethnicity,
encloses general belief and societal concern. These values
shape the perspective of society in selecting and utilizing
the most suitable energy sources and systems for daily
activities. The cognitive norm, in turn, affects the culture
of society, which involves the essential tools and
technologies for using energy in their biotic environments.
Both the cognitive norm and material culture collectively
affect energy practices, referring to the mechanisms and
processes by which society acquires its energy sources.

This energy value structure is commonly taken to assess
society's acceptance of specific energy sources.

B. Historic Preservation Designations and Regulations

Historic and culturally significant resources meeting
specific criteria can be registered in one of three registers:
the National Register of Historic Places, a state register of
historic places, or a local register of historic landmarks and
districts [18]. While not all eligible properties are
registered, they may still meet the criteria for listing.
Established under the National Historic Preservation Act of
1966, the National Register is overseen by the National
Park Service (NPS) and managed by State Historic
Preservation Offices (SHPOs) in each state. It serves as the
official inventory of the nation's historic places deemed
worthy of preservation, encompassing districts, sites,
buildings, structures, or objects of prehistoric or historic
significance. This definition also extends to related
artifacts, records, and remains [19].

Listing in the National Register provides formal
recognition of a property’s historical, architectural, or
archaeological significance and provides opportunities for
specific preservation incentives, which might include:

• Federal preservation grants for planning and
rehabilitation
• Federal historic tax credits
• Preservation easements held by nonprofit organizations or
government entities
• Building code fire and life safety code alternatives
• Possible state tax benefits and grant opportunities.

Some states and localities have established their own
registers of historic places alongside the National Register.
State registers offer similar benefits to the National
Register but are managed at the state level, while local
registers are governed by community-specific preservation
ordinances. Historic properties may be listed in any or all
of these registers, with each designation guiding
preservation guidelines and regulations. Owners of
designated properties, especially at the local level, may
need to consult with preservation review boards or
administrative bodies like SHPO or THPO before
implementing solar projects. Local preservation
commissions, mandated by preservation ordinances, often
play a key role, either advising or regulating preservation
efforts. They may develop design guidelines to preserve
historic character, sometimes enforced through design
review boards. Local review processes vary, requiring
consultation with planning or historic preservation staff.
Neighborhood Conservation Districts (NCDs) are another
tool for conserving historic properties, aiming to protect
neighborhood character from adverse changes such as
teardowns or commercial encroachment. NCDs involve
varying levels of protection and community involvement
and may require approval for physical changes to
properties [20].
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C. Enhance Community and Stakeholder Engagement

Figure 1. Steps for Engaging the Stakeholders

Steps for Engaging Stakeholder are shown in Figure 1.

Step 1: Identify Potential Projects and Stakeholders
When considering PV on a historic building or in a historic
district, it is necessary to identify relevant stakeholders and
potential project locations. Identifying Stakeholder An
initial step is to determine whethet the properties have been
assigned as historic at the local, state, or national levels.
The need for a property will determine which set of
stakeholders need to engage.

Step 2: Engage Stakeholders
Stakeholders are those with compels or regulatory stakes in
the fully completed projects. After project stakeholders

have been identified, it is vital to participate to ensure the
requirements of historic preservations are met, resources
are completely used and more decisions are made. This
will definitely increase the likelihood of project success
rates [21].

Step 3: Follow Appropriate Review Requirements
Historic preservation review processes for solar installation
differ according to the type of designations for the
properties and whether the fitting involves government
agencies or government properties. Locally place
properties, and historic properties may be termed and
protected through local historic preservations or landmarks
preservation ordinances.

Step 4: Implement Project
The project to be implemented once the project locations,
PV technologies, and sizes have been traced, stakeholders
have been made so intact, and all requirements are have
been considered and met. Implementations may involve a
number of stakeholders that were previously mentioned
and needed open communications between the solar
installations industries and the historic preservation
communities [22].

Step 5: Evaluate Effects of Project
Evaluating a project after installation is a very beneficial
approach to take when installing solar projects in historic
locations. By enhancing what was very successful in the
implementation of the project process, as well as what
needs to be improved upon, the overall processes can be
enhanced to increase the rate of success of such projects in
the upcoming days [23].

5. Proposed Methodology

Figure 2. Proposed Methodology of Sustainable Heritage Tourism with Solar Energy

The proposed methodology which is Figure 2 shows a
fruitful integration of solar energy with historical sites and
uses a multifaceted method that balances the conservation
of cultural heritage with modern sustainability goals. The
first step involves a thorough site assessment, considering

elements such as sunlight exposure, layout and historical
conservation requirements. Simultaneously, an energy need
analysis should be done to evaluate the specific energy
needs of the historical site and its surrounding space. This
analysis becomes the foundation for classifying solar
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installations, accounting for elements like lighting, visitor
center, and information displays. A crucial aspect of the
process is the heritage sensitivity examination, ensuring the
identification and preservation of historically significant
areas to avoid any compromise to the site's individuality or
visitor experience [24]. Community involvement plays a
vital role, stimulating collaboration with local communities,
heritage conservation organizations and tourism
stakeholders. This ensures that the project coincides with
community guidelines and addresses concerns effectively.
The selection of solar technology follows, where careful
attention is given to elegancy, environmental effect and
energy efficiency. This involves the combination of solar
panels, covers or discreetly positioned arrays. Architectural
integration becomes more important as coordination with
architects and preservation experts aims to logically insert
solar installations into the historical sites architecture,
enhancing visual interest.

Educational schemes are then developed to tell visitors
about sustainable initiatives, merging historical
significance with modern sustainable methods through
analytical displays, guided tours and mutual exhibits. The
execution includes infrastructure development, including
photovoltaic panels, battery storage systems, and energy
handling systems, ensuring abidance with local regulations
and heritage preservation rules. An observation system is
established to track energy creation, consumption, and
overall system performance, allowing continuous
enhancement of energy use and identification of potential
problems. The final step involves promoting the
sustainable heritage area through marketing initiatives that
highlight its fidelity to renewable energy, environmental
and cultural preservation. Collaborating with tourism
boards enhances the site's appeal to tourists longing for
eco-friendly exposure. At the core, the integration of solar
energy with historical areas is a comprehensive process
that coordinates conservation efforts with current
environmental obligations contributing to both energy
conservation and sustainable heritage tourism [25].

A. Linkages Between Heritage, Culture and Renewable
Energies in Tourism Destinations

Renewable energies have a revolutionary impact on the
multiple principality of cultural heritage benefits within the
tourism context. In the performing arts, outdoor places and
events can benefit from sustainable ways powered by
renewable sources, contributing to an eco-friendly image.
Cuisine arts are influenced by the adoption of renewable
energy technologies in restaurants and culinary events,
arranged with the growing style of sustainable and locally
sourced components. Visual arts and crafts may also
undergo a positive shift, as artists and tradesmen
incorporate renewable energy into their studios and
workshops, growing a more environmentally aware
creative process [26]. Customary medicine, rooted in
cultural practices can see refinement in availability and
sustainability through the integration of renewable energy
solutions. Similarly, traditional games and religious/ethnic
festivals can grab renewable energy to power their events,
minimizing environmental clashes. Museums and cultural
centers, as guardians of heritage can lead by example,

utilize renewable energy for their operations and
exhibitions. Meanwhile, historic/heritage sites and
expository centers can use sustainable practices, ensuring
that conservation efforts lined up with a purposeful
commitment to renewable energies, thereby helping to the
ubiquitous aim of sustainable heritage tourism. This
evolving course reflects a broader pattern shift from mere
preservation to determined conservation and sustainable
development in the cultural heritage realm.

Heritage encloses breathtaking natural landscapes,
aboriginal territories, and historic sites, whether modeled
by nature or humans. It extends to encompass thriving
wildlife and intact ecosystems, along with elements of
historical significance that have contributed to shaping
regional and national identities. Cultural elements and
human values further intertwine to create a tapestry of
heritage, fostering a sense of connection to one's roots on
regional, national, and even global scales [27]. This
connection to "place" is profound, as individuals actively
choose to visit these locations, experiencing a
transformative impact and a desire to identify with the
heritage, even if they do not reside there. This attraction
often stems from the exceptional universal value attributed
to these areas, whether due to scientific significance,
conservation efforts, or the sheer beauty of the natural
surroundings. Preserving historical sites, objects, and
manifestations that embody cultural, scientific, symbolic,
spiritual, and religious values is crucial for safeguarding
the rich tapestry of societies' culture, identity, and religious
beliefs. In the face of a rapidly changing world, there is a
heightened significance in promoting the role and
importance of these elements for cultural identity and
continuity. Recognizing the need for such conservation,
there is a growing responsibility to ensure the protection of
cultural heritage areas, as emphasized by the Global
Heritage Fund in 2010. In this area, the Cultural,
Biological and Environmental Heritage Tool (CBECHT)
evolves as a fixing mechanism for attaining this imperative.
The considerate design of CBECHT positions it excellently
to contribute to the preservation and marketing of cultural
heritage in a world that continually yields.

B. Modelling of Solar Energy Resources

The output conduct of photovoltaic (PV) generation is
accepted for its complex and strongly nonlinear nature.
Consequently, it is critical to use advanced methods for the
modelling, control, and maximization of energy production
from PV systems.

exp( 1]d d
a b scs c rs

sc

q VI n I n I
m Bn

 
    

(1)

Where aI represents diode current, bn represents ideality
factor, scsI represents short-circuit current, rsI represents
reverse saturation current of diode, dq represents
elementary charge, dV represents the voltage across the
diode, m represents Boltzmann constant,  represents
temperature, B represents idealistic factor, scn represents
a number of series connected solar cells.
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C. Integration of Solar Energy with the Heritage
Tourism Places

The combination of solar energy with heritage tourism
places includes the planned installation of solar panels to
tackle sunlight and convert it into electricity, reducing
dependency on conventional energy sources. This
sustainable approach not only reduces the environmental
effect of these areas but also lines up with a global attempt
towards clean energy. Energy storage systems such as
batteries may be embodied to guarantee a consistent power
supply. By taking up solar technology, heritage tourism
places commit to the promotion of eco-friendly practices
and serve as the epitome of responsible energy usage in the
tourism industry.In addition to the direct environmental
benefits, the incorporation of solar energy at heritage

tourism places also improves the tourist experience.
Expository displays and educational materials can be
embraced to inform tourists about the solar infrastructure,
promoting awareness and understanding of sustainable
energy procedures [28]. Moreover, the reduced reliance on
non-renewable energy sources contributes to the long-term
preservation of these cultural spots by reducing the
environmental effects associated with conventional energy
production. Collaborations with native communities and
renewable energy companies can also improve these
initiatives, promoting partnerships that support the broader
transformation to green technology. The acquisition of
solar energy in heritage tourism not only lines up with
global subjective goals but also sets a priority for
responsible tourism, motivating other historical spots and
tourist destinations to hold renewable energy solutions.

Figure 3. Flowchart of Integration of Solar Energy with Heritage Places

The extensive flowchart which is shown in Figure 3 shows
the energy rebuild initiatives in heritage buildings unfurl
with a scrupulous series of steps. Starting with a thorough
heritage building state survey, the process explores into
assesses main factors like construction type, insulation
levels, and the state of heating and ventilation systems.
Following this, a crucial analysis of building materials and
structural stability guarantees admitting that some
structures may entail augmentation before retrofitting. If
the building is declared unsuitable or costs for retrofitting
are considered restrictive, the flowchart is directed towards
improvement, highlighting repairs without energy
efficiency reclaim. In contrast, for suitable buildings, the
flowchart is divided into three main groups of energy
retrofit zeal: fabric measure, energy system and efficient
appliance and control system. These encircle a spectrum of

actions, from enhancing thermal performance through
insulation to reforming appliances and executing smart
control systems. The flowchart further probes into specific
measures, elaborative options such as floor, roof, wall and
window isolation. Clearly, the flowchart losses a distinct
conclusion, proposing a customized selection of measures
dependent upon variables like budget, energy savings, and
conservation of historical unity. While this overview gives
a structured command, it highlights the importance of
professional consultation for the refined project-specific
plan.

D. Installation of the Solar Panels in the Heritage
Buildings
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In the heritage buildings, the solar panels are installed
according to the guidelines which are provided by the
installation procedure, they should be fitted in a way that
should make harm to the buildings and it doesn’t damage
to the building also and it should give maximum efficiency
to energize the buildings and, in the setup, consist of the
PV modules, commonly known as solar panels, are the
main components of a solar energy system. These modules
tackle sunlight and convert it into electricity. The DC
output produced by various solar panels is collected and
routed through a combiner box, which acts as a junction

point. A DC disconnect or switch is placed to isolate the
DC power flow from the solar panels when needed. The
DC power is then transferred into AC power by an inverter,
enabling it to be used by houses and various modes of
business. An AC dis connector switch is used to disconnect
the AC power from the inverter when it is needed.
Converted AC power is directed to the main electrical
panels of the buildings, where it can be distributed
throughout the electrical systems for consumption. Figure
4 shows the Integration of Solar Panels in Heritage Sites.

Figure 4. Integration of Solar Panels in Heritage Sites

1) Calculation of Energy Efficiency Ratios in
Heritage Sites (Solar Photovoltaic Panels)

The model of PV Panels ageing underscores the
significance of the current of the cell as a key stress factor.
The cell current is largely influenced by the instantaneous
heating requested by the panels. In this section, a model is
proposed to characterize the lighting behaviour of the panel,
mnT is the mechanism of learning enabling the model to

adjust to variations in the style of panels attached to the
roof and mn is the inclined variables, with states
represented by   mw j w , where n signifies the number
of states which is shown in Eqn. (2).

   ( 1 | )mn n m mnT P w j w w j w      (2)

The matrix of transition is through updated dynamically as
fresh changes are noted online.

E. Environmental Impact of Assessment of Using Solar
Panels in Heritage Sites

The examination also investigates another key factor such
the as minimization in greenhouse gas emissions,
conservation of water, efficient use of land, conservation of
biodiversity, minimization of waste, and economic and
social benefit. The expanded Environmental Impacts
evaluation for solar energy systems consists of wide range
of quantitative investigations to scientifically support their
beneficial to the environment. Table 1 shows the
environmental impact assessment of Solar Panels in
heritage site.

Table 1. Environmental Impact Assessment of Solar Panels in Heritage Sites

Sl.No Aspect of Assessment Description

1 CO2 Reduction Quantify the expected reduction in CO2 emissions resulting from the
implementation of solar energy systems.

2 Energy Consumption Decrease Calculate the anticipated decrease in energy consumption attributable to the
adoption of solar energy technologies.

3 Air Quality Improvement Assess the potential improvement in air quality due to reduced reliance on
fossil fuels for electricity generation.

4 Reduction in Greenhouse Gas Estimate the overall decrease in greenhouse gas emissions achieved by
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Sl.No Aspect of Assessment Description
Emissions integrating solar energy into the energy mix.

5 Water Conservation Analyze the water savings achieved through reduced water consumption in
traditional electricity generation methods.

6 Land Use Efficiency Evaluate the efficient use of land for solar installations compared to other
forms of energy infrastructure.

7 Biodiversity Preservation Consider the impact of solar projects on local flora and fauna habitats and
assess measures for biodiversity protection.

8 Waste Reduction Assess the reduction in waste generation associated with solar energy
systems compared to conventional power plants.

9 Economic Benefits Quantify the economic benefits accrued from reduced energy costs and job
creation within the solar industry.

10 Social Equity Examine the potential for increased social equity through improved access
to clean energy and job opportunities.

Additionally, it evaluates the expected minimization in
total consumption of energy gained through solar
implementation, which supports minimizing the traditional
energy source and related environmental impact. Firstly, it
calculates the excepted minimization in CO2 release
resulting from the adoption of solar technologies, thereby
contributing to climate change mitigation efforts. By detail
analysing these factors, the assessment provides a complete
understanding of the environmental benefit of solar energy
systems and their positive contributions to sustainability
and environmental protection. Furthermore, it considers the
potential enhancement in air quality due to the
minimization of reliance on fossil fuel for production of
electricity, leading to good environments for the
community.

1) Quantitative Environmental Benefit Analysis

A quantitative Environmental Benefit Analysis needs to be
done for the effective analyses of how much Solar PV
Panels are working effectively, where, sr and Pr represent
the resistances within the diodes integrated into a
photovoltaic cell.

 
0{ exp( 1] }PV S PVPV S PV

PV P
S S P

V r IV r II I I
N atk n r

 
   

 
(3)

Where, Sr denotes the resistance in series, pr denotes the
resistance in parallel, pi denotes the photon current, PVi
denotes the SPVcurrent flowing through panels, PVV
denotes the SPV voltage, Sn represents the SPV cell in
series connection, 0I denotes the saturation current in the
diodes, PVI represents the current produced by the
incidences of lights.
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Where, SOC STDI  represents the shortest circuit current
(SCC), iK denotes the coefficients of SCC, g represents

the photovoltaic cells irradiations in a unit of W/m2, STCg
represents the irradiations at Standard Testing Condition
(STC) (1000 W/m2), and STCT indicates the temperatures
of the cell at STC (25.1 ℃).
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As per the datasheets of the modules, Vk denotes the
coefficient of Open-Circuit Voltages (OCV), OCV STCV 

represents an OCV offer at STC, and   thv indicates the
thermal equivalents voltages of cells.
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Where, Pn represents the SPV cell in the arrangement of
parallel manner, phi denotes the gained currents, Q
represents the electron charges.

6. Phases of Sustainable Heritage Tourism
Integrated with Solar Energy

Sustainable heritage tourism combined with solar energy
shows a forward-thinking perspective that harmonizes the
preservation of cultural valuables with environmentally
conscious practices. This creative concept lines up the
investigation and appreciation of historical spots with the
utilization of solar power, stimulating a mutual relationship
between tourism and sustainable energy sources. By
comprising solar energy solutions into the architecture of
heritage destinations, this integrated method aims to reduce
the environmental effect of tourism activities while
simultaneously improving the pliability and long-term
viability of these cherished spots. The phased execution of
this plan includes thoughtful planning, community
engagement and the combination of solar technologies to
mitigate the ecological footprint of heritage tourism,
creating a model that assists both cultural conservation and
environmental supervision. Three Phases are shown in
Figure 5.
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Figure 5. Phases of Sustainable Heritage Tourism

The first stage is assessment and planning. This includes:

• Site analysis: This involves analyzing the aptness of the
spot for solar panel setup such as the amount of sunlight it
acquires, the roof pitch and condition and any shading.
• Energy audit: This involves assessing the energy intake of
any building to determine the size of the solar panel system
that is needed.
• Stakeholder engagement: This involves getting the buy-in
of all stakeholders involved in the project, such as the
homeowner, the installer, and the utility company.
• Permitting and approvals: This includes receiving the
required permit and approval from the local authority.
• Developing a comprehensive plan: This includes making
a comprehensive plan for the project, including the sketch
of the solar panel system, the installation program and the
budget.

The second phase is implementation. This includes:

• Solar panel installation: This includes setting up the solar
panels on the canopy of the building.
• Energy storage and grid connection: This includes setting
up any required energy storage systems and attaching the
solar panel system to the grid.
• Infrastructure development: This may include building
any necessary configuration such as a gutter for cables or
electrical reforms.

The third phase is operation and maintenance. This
involves:

• Monitoring and evaluation: This involves monitoring the
performance of the solar panel system and making
adjustments as needed.
• Maintenance and cleaning: This involves cleaning the
solar panels regularly and performing any necessary
maintenance.
• Education and awareness: This involves educating
occupants of the buildings about how solar panel systems
are to be used and how to maximize their benefits.

7. Performance Analysis of Combining of
Solar Panels in Heritage Buildings

The objective for refurbishing ethnic places is achieving
Zero CO2 discharge status for the buildings. The focus lies
on optimizing the multi functionality of the envelope,
construction, and especially facades, with a keen emphasis
on thermal behavior, thermal load control, day-lighting,
and integration of sustainable energy sources (RES). The
reliable potential of Ground Water Heat Pump (GWHP)
and solar Photo Voltaic (PV)current generation is subject
to dynamic analysis. The study involves the execution of
Building Performance Simulation (BPS) to match energy
demand and supply, facilitating sustainable energy
management development through the utilization of
energy-efficient and renewable energy technologies. The
overarching goal is to showcase capable demand-side
combined energy supply plans, inclusive of combined
energy-efficient and renewable building plans,
incorporating novel structural segments and innovative
energy-mindful solutions, providing exceptional ways for
demonstrating the reliability of deeply renovating historic
buildings for sustainability. The strategic objectives extend
beyond reducing greenhouse gases and pollutant emissions,
addressing energy supply security and paving the way for
transforming the deeply renovated heritage places into
Energy+building status.

Heritage places' envelope structure models were developed
for vigorous performance simulations. Specifically,
computer models were generated for the Aviation Heritage
Site in Belgrade (Table 2). The calculation was conducted
for both the actual design and four models integrating
energy efficiency enhancement measures for the envelopes.
This model uses meteorological data from the typical
meteorological year (TMY) of Belgrade. The outcomes of
conducted calculation are outlined in Table 3 which is
illustrated in Figure 7. The cool and heat load, along with
energy demand, demonstrate the notably diminished value
of the enhanced building cover structure.
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Table 2. Building Envelope Construction Models Characteristics

Type Glaze Type Thickness
[millimeter]

Solar heat gain
coefficient

Visible
transmittance

2[W/m K]U 

M0 Double glass 3x7+4x6 0.812 0.909 4.7
M1 Double glass 3x7+4x6 0.512 0.909 1.7
M2 Double glass 3x7+4x6 0.486 0.909 2.2
M3 PV Double glass 3x7+4x6 0.368 0.444 2.2
M4 PV Double glass 3x7+4x6 0.282 0.312 2.2

Table 3. Design Loads for Different Building Models

Design heating load [kW] Design cooling load [kW]
MO M1 M2 M3 M4 MO M1 M2 M3 M4
1715 721 614 485 668 865 601 587 497 345

Table 4. Characteristics of PV Module

Characteristics of PV Module Units Opaque 30 % Transparent 30 % Transparent
Warrant minimum power W 380 130 102
Short circuit current ( )stI A 6.6 0.69 0.68
Open circuit Voltage  Voc V 91.3 242 231

Current at maxP A 4.7 0.54 0.54
Voltage at maxP V 71.24 160 168

(a) (b)
Figure 6. Heating and Cooling Load for Different Model (a); Heating and Cooling Annual Energy Need for Different Model (b)

The superiority of Model 3 (M3) is evident in terms of
heating, while Model 4 (M4) excels in cooling. When
comparing the heat and cool load between the original
envelope design (M0) and the model with varying levels of
envelope improvement, there emerges the following trend:
comparing the baseline model M0, the heat energy loads
decrease by 50.7% for M1, 59.8% for M2, 59.6% for M3,
and 50% for M4. Similarly, annual cooling energy demand
shows reductions of 29.4% for M1, 32.4% for M2, 41.2%
for M3, and 59.6% for M4. Construction envelope models
with enhanced thermal features exhibit a consistent pattern
of reduction in both heat and cool energy demand which is
depicted in Figure 6. The optimal model for minimizing
cooling energy demand may require increased artificial
lighting due to a significant reduction in luminance. To
assess this, relevant values are compared with standard

benchmarks outlined in Table 4. Figure 8, the left side
illustrates set up PV power value, while the right side
shows of electrical energy generated for monthly totals for
various models of Building Integrated Photovoltaic. These
models include PV1 and PV2 envelopes with 30% and
21% transmittance; PV3 and PV4 envelopes with 30% and
21% transmittance, along with a cover comprising crystal-
opaque features; PV5 and PV6 with partial-envelope
transmittance of 30% and 20%, respectively, combined
with a roof featuring crystal-opaque Photo Voltaic panel.
Energy demand monthly for artificial light in various
building models is presented in Figure 5 on the left.
Meanwhile, Figure 5 on the right showcases the result of
daylight which is available while PV glaze is utilized, with
two various light transmittance values (31% and 21%), the
change in luminance is measured in the north for PV glaze
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as a functional visible light transmittance. A comparison
between Photo Voltaic installed power (Figure 7) and
energy demand for artificial light reveals that only a

marginal portion of the electricity generated by PV systems
can meet the lighting energy demand throughout the year.

(a) (b)
Figure 7. Installed PV Power for Different PV Model (a); Monthly Sum of Produced Electrical Energy for Different PV Model (b)

Figure 8. Lighting Energy Comparison on Heritage Buildings

Figure 9. Performance Comparison in Luminance (Hours)

With an installed power of 163.4 kW, the point is clear the
potential surplus of Photovoltaic power. The findings of

this research affirm that the overall power demand for heat
pumping operations in both heat and cool mode, the entire
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HVAC system power requirements, and the light demand
is less than the capable Photovoltaic electric power and
produces energy. In conclusion, the study results indicate
promising prospects for achieving an ambitious goal. By
way of a comprehensive Renewable Energy Sources (RES)
integrated refurbishment, the Museum has the capacity to
reach a ZeroCO2 emission status, efficacious altering the
historic buildings into a renewable Energy Plus structure.
Looking ahead, a crucial project involves supervising the

occurring development of site’s deep energy renovation
work. This requires continuous regulation of HVAC and
other technical system with the aim of reducing power
needs while boosting the efficiency of renewable energy
feed. The ideal goal is to achieve the highest standard for
the Museum's renewable buildings, HVAC, and various
technical systems, eventually gaining a whole green
construction position. Figure 9 shows the performance
comparison in luminance.

Table 5. Parameters for Considering the Payback Period

Parameter Value (INR) Description
System Size 5 kW Capacity of the solar PV system in Kilowatts (kW).

Initial Investment Cost 300.000 Total cost of purchasing and installing the solar PV system.
Annual Energy Production 7.500 kWh Estimated amount of electricity generated by the system per year.

Electricity Cost 10/kWh Current cost of electricity paid per unit (kWh).

Annual Energy Cost Savings 75.000 Annual electricity cost saved due to solar energy generation
(Energy Production * Electricity Cost).

Table 5 shows the economic analysis of a 8 kW solar PV
system in India revealing an initial investment of 700.000
INR, yielding annual electricity savings of 85.000 INR.
With an energy production of 8.500 kWh/year, of the grid

electricity costs at 8 INR/kWh, the system's payback
periods are normally 5 years, showcasing its financial
stability for heritage conservation.

Figure 10. Payback Analysis for Solar PV System

Figure 10 shows the payback analysis of the solar PV
System and it shows the gradual increase in the cumulative
savings when we implement the solar PV Panels in the
heritage sites which leads the productive improvements.

8. Conclusion

In conclusion, the combination of solar energy systems in
historical spots represents a laudable and ingenious
approach towards obtaining sustainable heritage tourism.
By utilizing the power of solar energy, these spots can
synchronously contribute to environmental preservation
and economic development. The usage of solar
technologies not only mitigates the carbon footprint
associated with conventional energy sources but also
serves as alight of responsible tourism. This forward-

thinking zeal guarantees the conservation of our cultural
heritage while promoting economic growth through the
creation of green jobs and increased tourism income. The
successful installation of solar energy systems in historical
spots flaunts fidelity to both present and upcoming
generations, promoting a cordial balance between
preserving the past and grabbing the sustainable
technologies of the future. Generally, this method stands
out as the best-performing and marvelous model for the
convergence of heritage preservation, environmental
supervision, and economic growth. It serves as a
motivating example for other regions to follow, indicating
the ability for positive effects through the merging of
historical preservation and renewable energy solutions.
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9. Future Scope

The future scope of our work needed further investigation
of solar energy systems within ancient historical sites for
sustainable heritage tourism sites. This involves conducting
in-depth case studies across various geographical and
cultural circumstances to evaluate the approaches.
Additionally, we aim to investigate more deeply into the
economic association by analyzing the long-term financial
applicability and capability for the generation of revenue
through heritage tourism increase by renewable energy
capability. Moreover, chances for cross-functional
cooperation, adding perception from fields such as urban
planning, architectures to improving the complete benefits
of the framework. Future scope aims to contribute to the
development of sustainable heritage tourism practices,
enhance the conservation of the environment and
promoting economic development in historical sites
worldwide.
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