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Abstract: Sustainable construction materials have become increasingly critical in modern construc-
tion due to their capacity to reduce environmental footprints and enhance building energy effi-
ciency, thereby contributing significantly to climate change mitigation. Despite growing awareness
of these ecological benefits, their adoption remains limited, largely due to high upfront costs and
the lack of comprehensive tools and methodologies for evaluating their long-term economic and
environmental performance. Current cost estimation methods typically focus on initial capital ex-
penditures, often neglecting operational costs, energy consumption, maintenance, and end-of-life
impacts—factors essential for assessing true sustainability throughout a building’s lifecycle. This
gap hinders informed decision-making by architects, engineers, and construction companies striv-
ing to implement circular economy principles and bio-based solutions in the built environment. This
article reviews existing approaches and challenges related to integrating sustainable construction
materials into cost estimation processes, highlighting opportunities for enhancing long-term eco-
nomic efficiency alongside environmental benefits. It discusses methodologies that can support
comparative analysis between conventional and sustainable materials and emphasizes the need for
developing more transparent, data-driven frameworks to inform stakeholders. By synthesizing cur-
rent knowledge and identifying research gaps, this review supports transformative resilience path-
ways toward climate-neutral and circular economies and aligns with several United Nations Sus-
tainable Development Goals, including SDG 7 (Affordable and Clean Energy), SDG 11 (Sustainable
Cities and Communities), and SDG 13 (Climate Action). Ultimately, this work contributes to ad-
vancing industrial ecology and eco-design practices in construction, promoting innovation strate-
gies that balance economic feasibility with ecological sustainability.

Keywords: sustainable construction materials; cost estimation; automation of construction pro-
cesses; construction technologies; building lifecycle; eco-friendly materials

Introduction

Sustainable construction materials are increasingly recognized as essential components in mod-
ern building projects due to their potential to reduce environmental impacts and improve the overall
sustainability of the built environment. These materials are developed according to the principles of
sustainable development, aiming to minimize negative environmental effects while maximizing ben-
efits for people and the planet [1, 2]. They are often characterized by properties such as renewability,
recyclability, energy efficiency, and non-toxicity, which contribute to more efficient use of natural
resources and reduction of harmful emissions during production, use, and disposal phases [3, 4, 5,
6].

Examples of sustainable construction materials include recycled aggregates, natural resources
like clay and stone, energy-efficient insulation products, and materials with a low carbon footprint.
Among these, energy-saving materials play a crucial role by helping reduce energy consumption in
buildings and other structures, thus significantly improving overall energy efficiency. Given that
buildings account for a considerable share of global energy consumption—primarily for heating,
cooling, and lighting —energy conservation represents a critical aspect of sustainable construction.
The adoption of energy-efficient materials can thus lead to decreased energy use, reduced greenhouse
gas emissions, and lower operating costs over the building’s lifespan [7, 8].
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Despite these clear environmental and economic advantages, integrating sustainable materials
into cost estimation processes remains a significant challenge for construction companies [9, 10]. A
primary obstacle is the relatively high initial cost of procuring such materials, which tends to increase
total project expenses during early construction phases. Additionally, companies often lack sufficient
and reliable information regarding the durability, maintenance needs, and long-term benefits of sus-
tainable materials, limiting their willingness and ability to invest in these solutions [11]. Furthermore,
there is a notable absence of standardized and transparent methodologies that adequately account
for the full life-cycle costs and profitability of environmentally friendly materials in project cost esti-
mates.

Currently, most automated cost estimation systems do not include dedicated modules or algo-
rithms specifically designed to evaluate the incorporation of sustainable construction materials. This
gap hinders the accurate assessment of both the economic and environmental viability of sustainable
design options across a building’s entire lifecycle [12]. Addressing these challenges requires further
development of methodologies and tools to integrate long-term economic efficiency with environ-
mental considerations in cost estimation workflows.

There are methods and software solutions aimed at comprehensive assessment of sustainable
construction materials, including Life Cycle Costing (LCC) — a method that evaluates the total cost
of ownership by considering initial investments, operational costs, and disposal expenses at the end
of the material's lifecycle. Additionally, Life Cycle Assessment (LCA) enables evaluation of the envi-
ronmental impact of materials and buildings throughout their entire lifecycle, including carbon foot-
print and energy consumption. Integrating LCC and LCA supports a more holistic analysis of the
economic and environmental efficiency of sustainable solutions. Specialized software tools such as
OpenLCA, SimaPro, One Click LCA, and Athena Impact Estimator support these methods.

However, these tools often require significant manual data input and are not always integrated
with automated cost estimation systems. In particular, there is a lack of universal and standardized
solutions that effectively incorporate sustainable materials into automated cost evaluation and con-
struction project planning processes. This gap limits the ability to perform comprehensive analyses
of long-term economic efficiency and environmental sustainability, underscoring the need for the
development of new methodologies and integrated digital platforms that facilitate more transparent
and informed decision-making in the construction industry.

This article reviews the current state of sustainable construction materials integration into cost
estimation, identifies key barriers and opportunities, and outlines potential pathways for future ad-
vancements, including the development of automated systems that facilitate informed, data-driven
decision-making to promote sustainability in the construction sector.

Materials and Methods

Currently, the main approaches to integrating sustainable construction materials into cost esti-
mation include life cycle costing (LCC) methods and building information modeling (BIM) tools.
These approaches enable the consideration of both initial costs and operational expenses throughout
the building’s lifespan. However, existing solutions are often limited by a lack of full automation,
insufficient real-time data updates, and inadequate accounting for indirect economic benefits such as
reduced repair frequency and maintenance costs [13]. Many software products do not provide con-
venient mechanisms for scenario comparison and price database updates, which reduces the practical
applicability of these methods. Furthermore, regional factors such as material availability, energy
tariffs, and regulatory incentives significantly impact the integration and economic assessment of
sustainable materials but are often insufficiently addressed by current tools. Finally, user-friendly
interfaces and accessibility are critical for widespread adoption among designers, estimators, and
contractors; yet, many existing systems remain too complex or specialized for broad use.This study
adopts an applied analytical research design with the aim of identifying challenges and opportunities
related to the integration of sustainable construction materials into automated cost estimation sys-
tems. The approach is based on practical experience from design and cost estimation activities in the
construction and energy sectors, and includes an examination of currently used software solutions
for budget forecasting in construction projects.

One of the central economic benefits of using sustainable materials is the potential increase in
property value, which can enhance the overall market appeal of the completed structure. Addition-
ally, these materials contribute to lowering long-term operating expenses, such as costs associated
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with heating, cooling, repairs, and maintenance [14, 15, 16]. Further economic incentives include tax
deductions and governmental subsidies, offered in many countries to encourage the use of environ-
mentally friendly technologies [17, 18, 19]. Properties built with sustainable materials also tend to
command higher rental rates.

Despite these benefits, many contractors remain reluctant to adopt sustainable materials, largely
due to the dominance of cost estimation methodologies that focus primarily on initial construction
expenses rather than long-term financial gains [20, 21, 22].

A comprehensive evaluation of the advantages and disadvantages of using sustainable construc-
tion materials should be conducted during the planning and estimation phases, with an emphasis on
long-term outcomes. For this purpose, the study proposes the development of an automated calcula-
tion system that includes a module for long-term performance and cost analysis.

Methodology / Algorithm of calculations

The methodology follows a stepwise algorithm, which includes the following stages:

1. Comparison of technical and economic parameters of traditional and sustainable materials, including
cost, thermal conductivity, service life, and maintenance frequency.

2. Calculation of energy savings using formula (1) based on differences in energy consumption before
and after implementation of sustainable materials, local energy tariffs, and operational period.

3. Estimation of maintenance and repair costs considering the frequency of repairs and repair cost for
both material types.

4. Integration of all costs into Total Cost of Ownership (TCO), combining initial investment, operational
savings, and maintenance expenses over the lifespan of the building.

5. Visualization and comparative analysis, presenting results in tables and graphs to clearly demon-
strate cost differences and savings scenarios.

Each stage uses averaged industry data for hypothetical modeling, but the framework is de-
signed to incorporate real-time data inputs and updates.

This module would integrate regularly updated price catalogs for both materials and labor,
along with a dedicated block for assessing operational savings over time. For instance, annual energy
savings achieved by using energy-efficient insulation panels made from sustainable materials can be
calculated using the following formula:

E=(C before—C after)xPxY; @D

Where:

E is the total energy cost savings over the operation period;

C before is the energy cost prior to using sustainable materials;
C after is the energy cost after implementation;

P is the local electricity price (USD per kWh);

Y is the number of operational years.

E=(100,000-70,000)x0.16x10=48,000; (2)

This example represents savings of $48,000 over a 10-year period, or $4,000 annually, based on
hypothetical values used to demonstrate the model's logic.

The proposed framework also includes indirect economic benefits such as reduced repair fre-
quency and associated costs. For instance, assuming a repair cost R=$5,000, a building constructed
with conventional materials may require 6 major repairs over 12 years ($30,000 total), whereas the
same building using sustainable materials may only require 3 repairs ($15,000 total). These differ-
ences can be visualized in comparative tables or charts to support decision-making.

Additionally, the tool should offer standardized options for material replacement, enabling us-
ers to substitute conventional materials with sustainable alternatives and immediately assess both
the upfront and operational cost differences.

The need for a specialized cost estimation module is thus substantiated, with features such as
real-time material databases, labor cost indexing, and built-in algorithms for life-cycle analysis. The
methodology proposed here forms a practical basis for the development of a software specification
for an automated system capable of evaluating the long-term profitability of sustainable construction
solutions.
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This is exemplified in the repair frequency chart. When comparing two different methods using
sustainable materials, the maintenance will occur half as often as with conventional materials, as
shown in our example with natural stone, thus resulting in savings on repairs:

Table 1. Repair frequency for sustainable vs. conventional materials.

Years of operation

Construction 1 2 3 4 5 67 8 9 10 11 12
Using sustainable materials R R R
Using conventional materials R R R R R R

Additionally, the need for creating a specialized calculation block in cost estimation systems has
been justified. This block would include up-to-date price databases for sustainable materials, as well
as labor cost information, to assess the long-term efficiency of decisions.

The proposed methodology is applied in nature and can serve as the basis for developing a tech-
nical assignment for the implementation of an automated tool to assess the profitability of sustainable
design solutions in construction.

Calculation Automation Model and Its Necessity

Within the scope of this study, a conceptual model for automating the assessment of the eco-
nomic efficiency of sustainable construction materials is proposed. Such a model could include sev-
eral key components:

e  Material Selection Module, which contains a database of characteristics for both traditional and sus-
tainable materials, including cost, thermal insulation properties, service life, and maintenance fre-
quency, allowing for comparative analysis of their application.

e  Return on Investment (ROI) Calculation Module, designed to evaluate the payback period consider-
ing initial costs, savings on operational expenses, and potential tax incentives.

e  Energy Savings Calculation Module, which computes annual and cumulative energy savings based
on the thermal properties of materials and current energy tariffs.

e  Visualization and Comparative Analysis Module, providing the generation of tables and graphs that
demonstrate differences in costs and savings for various materials and operational scenarios.

The structure of such a model envisions the capability for regular updates of databases contain-
ing prices and technical specifications, ensuring the relevance and adaptability of calculations across
different operating conditions and regions.

The development of this model is necessary due to the growing interest in sustainable construc-
tion and the increasing demand to reduce the carbon footprint. It is becoming essential to select ma-
terials that are not only environmentally friendly but also economically beneficial over the long term.
However, current tools and software available on the market tend to focus on traditional construction
materials or are limited to calculating specific aspects, such as energy efficiency or initial costs only.

There is a clear gap in the market for an integrated and flexible system capable of automatically:

e  Comparing a comprehensive set of characteristics for both traditional and sustainable materials (cost,
energy efficiency, durability, maintenance expenses),

e  Taking into account climatic conditions, energy tariffs, and tax incentives,

e Providing clear reports and scenario analyses to support material selection from the perspective of
long-term economic efficiency.

Existing tools often lack support for regular updates of price and technical data, which reduces
their accuracy and applicability. Additionally, many solutions are too complex for users without spe-
cialized knowledge, which slows down the adoption of sustainable construction practices.

If such an automation model were developed, it would enable designers, engineers, and clients
to:

®  Quickly and reliably assess the economic benefits of using sustainable materials,

e  Make informed decisions by considering all key parameters,

e  Automate routine calculations and analyses, thereby reducing the time required for documentation
and planning,
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e  Enhance transparency and provide evidence-based support for sustainable construction choices, fa-
cilitating their practical implementation.

Thus, the creation of this model addresses a significant market need and could become a crucial
tool in the transition towards more sustainable and economically justified construction practices.

Methodology and Case Testing (Hypothetical Example)

To verify and validate the developed methodology, a hypothetical analytical case of a standard
office building with an area of 5000 m? located in Florida (climate zone 2A according to ASHRAE
classification) was used. Input data for calculations, including prices of construction materials and
electricity tariffs, in real conditions should be sourced from authoritative and up-to-date references
such as the RSMeans database, official energy portals like EIA.gov, as well as regional price catalogs
and regulatory documents. This type of structure and location was chosen due to its prevalence in
commercial construction and its sensitivity to energy-saving measures in a hot-humid climate zone.

In this hypothetical case, approximate and averaged values based on typical industry data were
used to demonstrate the principles of the model and possible outcomes:

Table 2. Key parameters used in the hypothetical case study comparing conventional concrete and concrete with
recycled additives.

ith Recycl
Parameter Conventional Concrete Concrete th. ecycled
Additives
Cost per 1 m? $120 $135
Thermal Conductivity 17 11
(W/m-K)

Service Life (years) 50 60

Maintenance Frequency Once every 10 years Once every 15 years

Based on these data, an assessment of economic efficiency over a 30-year building lifecycle was
conducted. This example illustrates how an automated calculation system can consider a complex set
of factors such as cost, operation, maintenance, and energy consumption to support informed selec-
tion of sustainable materials with long-term economic benefits.

As a continuation of the visualization of the comparative analysis results between traditional
and sustainable construction materials, a hypothetical example of a cumulative cost graph over a 30-
year building operation period is presented, comparing two types of concrete: conventional and re-
cycled additive-enhanced. The calculations accounted for initial material costs, energy expenses pro-
portional to thermal conductivity and surface area, as well as maintenance costs considering repair
frequency and cost. The electricity tariff was set at $0.12 per kWh, with repair intervals of 10 years
for conventional concrete and 15 years for the modified version.
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Total Life Cycle Costs over 30 Years
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Graph 1. Hypothetical Cumulative Cost Comparison Over 30 Years for Conventional and Recycled Additive
Concrete in Building Operation.

This visualization serves as an example of an analytical tool that could be integrated into the
proposed system for assessing the economic efficiency of sustainable materials and for understand-
ing the long-term effects of their use. This approach expands on existing software capabilities, which
typically do not provide comprehensive comparisons between traditional and innovative materials
considering their lifecycle and operational characteristics.

This comparison is particularly important for decision-makers in the early stages of project plan-
ning, as it illustrates how initial investments in sustainable materials—though often higher—can re-
sult in significantly reduced maintenance and replacement costs over the building’s life cycle. The
visual format allows stakeholders to grasp the cumulative financial advantages of sustainability-ori-
ented choices more intuitively than tabular data or isolated metrics. By projecting costs across a 30-
year period, the graph supports evidence-based decision-making, helping to align material selection
with long-term budgetary and environmental goals. It also highlights a current gap in many con-
struction estimation tools, which often fail to account for life-cycle costs and long-term savings,
thereby underrepresenting the value of sustainable alternatives.
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Long-term Cost Comparison: Traditional vs Sustainable Materials
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Graph 2. Comparative Life-Cycle Cost Analysis of Conventional vs. Sustainable Construction Materials.

There is a clear shortage of intuitive comparative analysis tools and graphical visualizations on
the market that effectively showcase the long-term economic advantages of sustainable construction
materials compared to conventional, traditional materials. Existing software often neglects to provide
integrated reports and visual comparisons of total cost of ownership and operational savings over
the lifecycle, focusing instead on upfront costs or isolated factors. This lack of comprehensive, side-
by-side analysis with traditional materials limits stakeholders’ ability to make informed decisions
and hinders wider adoption of sustainable materials in construction projects.

The proposed model could be implemented as a module within existing BIM software or as a
standalone decision-support tool using Python or web-based interfaces [23].

As this study presents a hypothetical case without field implementation, future research should
involve empirical testing on real projects and validation of long-term assumptions regarding opera-
tional savings and repair cycles.

Results

During the research, several analyses were conducted to assess the economic efficiency of using
sustainable building materials in construction projects. Special attention was given to a comparative
analysis between traditional and sustainable materials in terms of cost, durability, and operational
characteristics over several years.

1. Economic Benefits of Sustainable Materials: In the conducted calculations, the savings resulting from
the use of sustainable materials, such as energy-efficient insulating panels, were assessed. For in-
stance, considering the durability of materials and their ability to reduce energy consumption, it was
found that over the building's operational period, the use of sustainable insulating panels can lead to
a 15-30% reduction in heating and cooling costs, depending on the region. Recognizing the long-term
benefits at the project's inception is crucial for sustainable and economically efficient decision-mak-
ing.

Famous Examples of Sustainable Construction.

1.1. Bullitt Center, Seattle, USA

The Bullitt Center is a six-story office building certified under the Living Building Challenge,
making it one of the eco-friendliest commercial buildings in the world. The building is equipped with
575 solar panels on its roof, which provide energy for its operations. Additionally, it collects and
purifies rainwater for use in household activities. As a result, the building produces more energy
than it consumes, significantly reducing its carbon footprint [24].
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1.2. Bahnstadt, Heidelberg, Germany

Bahnstadt is a 116-hectare district designed with sustainable development principles in mind.
The buildings in this district use 80% less energy for heating compared to traditional buildings. The
district’s infrastructure includes over 3,000 smart meters, green roofs, and extensive cycling paths, all
contributing to reduced carbon emissions and an improved quality of life [25].

1.3. Wood City, Stockholm, Sweden

Wood City is the world’s largest project using glued and cross-laminated timber (CLT), devel-
oped by Atrium Ljungberg in the Sickla district. The project includes residential and commercial
buildings, being constructed at a rate of 1,000 square meters per week —twice as fast as with concrete.
The use of timber reduces carbon emissions by 40% and contributes to creating a healthier and more
comfortable urban environment [26].

1.4. Keppel Bay Tower, Singapore

Keppel Bay Tower is a 22-story building that, after renovation, became the first commercial
building in Singapore to achieve net-zero carbon emissions. The renovation included the installation
of solar panels, a smart lighting system, and efficient water management. These measures helped
reduce energy consumption by 30% and achieve carbon neutrality.

2. Reduction of Maintenance and Repair Costs:

The analysis of maintenance costs also yielded positive results. For instance, using natural stone
materials instead of traditional materials, which require more frequent repairs, led to a reduction in
maintenance costs by half. While using conventional materials requires 6 repairs over 12 years, with
sustainable materials, this number was reduced to 3 repairs. This results in substantial cost savings
over the building’s operational lifespan [27], [28], [29]. The importance of including a block for cost
estimation systems lies in the visualization of long-term benefits through clear and illustrative charts
and tables.

3. Impact on Real Estate Market Value:

Another crucial aspect is the impact of sustainable materials on the market value of real estate.
Buildings constructed with sustainable materials can increase their market value, depending on the
region and property type. This is due to the growing interest from buyers and tenants in eco-friendly
and energy-efficient buildings [30], [31], [32]. If the cost estimation block for construction with sus-
tainable materials includes a tool powered by artificial intelligence that identifies relevant govern-
ment programs offering benefits and grants, it will significantly ease the understanding of the ad-
vantages for the client.

4. Challenges in Integrating Sustainable Materials into Cost Estimations:

The main issue identified during the study was the difficulty in integrating sustainable materials
into traditional cost estimation processes. Construction companies often face a lack of information
regarding the durability and economic benefits of these materials, which makes it challenging to
make decisions in favor of their use. The absence of a clear methodology for calculating the cost of
these materials in estimates, considering the long-term profitability of the project, is also a significant
barrier to the widespread adoption of sustainable solutions.

Therefore, despite the obvious advantages of using sustainable construction materials, the im-
plementation of such solutions requires the development of new approaches and methods for cost
estimation in the long term, as well as the further dissemination of information about the long-term
economic and environmental benefits.

In this article, we examined a comparative cost analysis related to the use of sustainable con-
struction materials, as well as the influence of regional factors on their economic efficiency and data
visualization methods to support decision-making.

Comparative Cost Analysis:

The simulation results demonstrate that despite the higher initial cost of sustainable materials, the
total costs over the building’s life cycle are significantly lower. In particular, in the hypothetical ex-
ample considered, using concrete with recycled material additives resulted in energy savings and
reduced repair costs of about 20-25% over 30 years of operation. This confirms the importance of
incorporating long-term indicators into the processes of cost estimation and budgeting for construc-
tion projects.
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Influence of Regional Factors:
The analysis revealed a significant impact of regional characteristics—such as electricity tariffs, cli-
matic conditions, and availability of tax incentives—on the overall economic efficiency of using sus-
tainable materials. For instance, in areas with higher energy tariffs, savings from reduced energy
consumption become more noticeable, increasing the attractiveness of "green" technologies for inves-
tors and contractors.

Visualization and Decision Support:
The use of graphs and comparison tables of the Total Cost of Ownership ensures transparency and
ease of data perception for stakeholders. This contributes to a more balanced material selection at the
design stage and reduces uncertainty in decision-making, which is crucial for the practical imple-
mentation of sustainable solutions.

Discussion

The study provided an overview of the integration of sustainable construction materials into
cost estimation processes and evaluated the economic and environmental benefits these materials can
offer at various stages of construction. The results demonstrated significant advantages for the long-
term operation of buildings, particularly in terms of reducing operating costs such as heating, cool-
ing, and ongoing maintenance. Several suggestions were also explored to improve the understanding
of the benefits of using sustainable materials in construction.

Construction companies often prioritize short-term costs, posing challenges in recognizing the
long-term economic and environmental advantages of implementing eco-friendly solutions. It is im-
portant to note that while sustainable materials may require higher initial investments, they provide
substantial economic benefits during operation, including reduced energy costs and lower mainte-
nance and repair expenses.

Currently, most cost estimation software lacks modules for calculating long-term savings asso-
ciated with the use of sustainable materials, which hinders their integration into the real construction
process. This is further evidenced by the absence of clear examples of savings that could demonstrate
the potential economic advantages to construction companies.

Integration of Sustainable Construction Materials into Cost Estimations, particularly in the
United States, demonstrates significant steps towards incorporating environmental solutions into
construction practices. For example, tools like RSMeans and BuildingGreen provide extensive data-
bases on the cost of sustainable materials, including green roofs, photovoltaic panels, and energy-
efficient systems. However, these tools are generally focused on initial capital costs and rarely include
an assessment of long-term economic effectiveness. Modern BIM systems, such as Edificius and RIB
CostX, allow for project modeling with cost considerations but require additional modules and data
for building life cycle analysis. Additionally, despite the existence of sustainable building standards
such as LEED and Living Building Challenge, their criteria are not always integrated into cost esti-
mations, limiting the ability to comprehensively assess profitability. Support programs like Property
Assessed Clean Energy (PACE) help reduce initial costs through tax incentives and subsidies, but
these are not directly reflected in traditional cost estimation systems [33], [34], [35]. All of this high-
lights the need for the development of new tools and modules in cost estimation software that con-
sider not only material costs but also their operational and environmental characteristics in the long
term. Tools like RSMeans, BuildingGreen, BIM systems, and PACE are important, but they often re-
quire additional customization to account for long-term benefits and life cycle assessments. The de-
velopment of new tools for cost estimations that integrate environmental and operational character-
istics is essential for advancing sustainable construction [36].

The long-term advantages of utilizing sustainable materials encompass decreased operational
expenditures, enhanced property valuations, and increased tenant demand for energy-efficient build-
ings commanding premium rental rates. These benefits, along with the possibility of receiving tax
incentives and subsidies, confirm the importance of using environmentally friendly materials. How-
ever, current cost estimation systems still cannot accurately account for these factors in their calcula-
tions.

An important limitation is that many construction companies currently lack the tools to fully
evaluate the long-term economic benefits of using such materials. To overcome this problem, special-
ized automated systems need to be developed that can integrate data on the cost of sustainable ma-
terials and their long-term operational performance into standard cost estimations. These systems
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should consider not only the initial material costs but also the savings from reduced energy and
maintenance costs over the long term.

Long-term benefits of using sustainable materials, such as reduced operational costs, increased
property value, and improved environmental reputation, can significantly outweigh the initial ex-
penses. This underscores the need for new approaches in cost estimation and design that can account
for all aspects of sustainable construction.

For future research, it is important to continue developing and testing automated systems for
calculating the profitability of sustainable construction materials. These systems could become valu-
able tools for designers and construction companies, helping them consider not only initial costs but
also the long-term benefits associated with the use of environmentally friendly materials.

Limitations and Future Work.

While this study proposes a conceptual framework for integrating sustainable construction materials
into automated cost estimation systems, it has not yet been validated through large-scale practical
implementations. The presented model is currently based on theoretical calculations and literature
analysis. Future research should focus on conducting pilot implementations in real construction pro-
jects to assess the practical applicability and performance of the proposed system. Additionally, in-
tegrating the developed model into existing Building Information Modeling (BIM) platforms could
enhance the accuracy and usability of cost estimations, providing a comprehensive tool for lifecycle
cost management in sustainable construction [37], [38].

Conclusions

The research identified key issues and opportunities associated with integrating sustainable
building materials into cost estimation processes. The data reviewed and analysis conducted led to
the following conclusions:

1. Gaps in Existing Cost Estimation Systems: Currently, automated cost estimation systems lack a spe-
cialized module for calculating the cost and long-term economic benefits of using sustainable build-
ing materials. This represents a significant barrier for construction companies aiming to integrate eco-
friendly materials into their projects.

2. Need for Automation of Calculations: For the effective implementation of sustainable materials, it is
essential to develop automated systems that can account for not only initial costs but also long-term
operational benefits. The introduction of such systems would enable designers and cost estimators to
accurately forecast savings in building operation, including reductions in heating, cooling, mainte-
nance, and current repair costs.

3. Development of Technical Specifications for the IT Sector: A crucial step for implementing automa-
tion is the creation of clear technical specifications for IT engineers who will develop such software
solutions. These systems should include functionality for calculating both initial expenses and long-
term savings, as well as visualizing this data in the form of tables and diagrams, making the decision-
making process easier for construction companies.

4.  Practical Application and Benefits for Construction Companies: The development and implementa-
tion of software tools for cost estimations that consider long-term benefits of sustainable materials
will become an essential tool for construction companies and designers. These tools will help not only
reduce ongoing operating costs but also increase property values, due to their environmental sus-
tainability and energy efficiency.

5. Support from Government and Industry Initiatives: To accelerate the transition to sustainable build-
ing solutions, it is crucial to provide government and industry support, including subsidies, tax in-
centives, and other forms of encouragement for construction companies using eco-friendly technolo-
gies. This will reduce initial construction costs and stimulate the use of sustainable solutions.

For an effective assessment of the long-term economic benefits of using sustainable building
materials, it is necessary to develop a specialized module within cost estimation programs that will
account for not only initial expenses but also the entire spectrum of operational costs over the build-
ing's lifecycle. This module should include functionality for automated life cycle costing calculations,
as well as integration with up-to-date databases on the cost of eco-friendly materials, their durability,
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energy efficiency, and repair frequency. Additionally, it should provide real-time information on
government incentives and programs in a particular region using artificial intelligence.

A key element of this tool will be the ability to visually present data—through graphs, charts,
and comparison tables—allowing users to dynamically see how resources are saved, maintenance
costs decrease, and overall project profitability increases over time. This visualization is critical for
decision-making, especially when convincing investors, clients, and regulatory bodies of the feasibil-
ity of choosing sustainable solutions. Implementing such visual tools also contributes to the develop-
ment of a more transparent and reasoned justification system for project decisions, thus expanding
the practice of sustainable construction in both the private and public sectors.

Ethical approval was not required in accordance with current legislation, as the research did not
involve human or animal participation, nor did it use personal data.

Implications for Industry Practice:

The results confirm that integrating an automated calculation module accounting for sustainable ma-
terials into existing cost estimation systems can become a powerful tool to stimulate the transition to
environmentally friendly technologies. Particularly important is the capability for timely updates of
price databases and technical specifications, allowing the calculations to adapt to rapidly changing
market conditions.

Challenges and Future Directions:

Despite the positive potential, the implementation of automated systems faces several challenges,
including the need for data standardization, ensuring data accuracy and currency, as well as creating
user-friendly interfaces for users without deep technical knowledge. It is advisable to conduct pilot
implementations of the developed methodology on real projects, followed by an analysis of practical
effectiveness and algorithm refinement.

Our results align with previously published studies demonstrating the economic benefits of sus-
tainable materials, but emphasize the importance of developing specialized tools to account for them
in cost estimates. Despite technological capabilities, organizational and cultural barriers—such as
lack of knowledge and short-term business orientation —remain significant obstacles to widespread
adoption. Meanwhile, increasing demands from clients and regulatory bodies motivate stakeholders
to shift toward sustainable solutions. A key area for future research is the development of compre-
hensive models that consider environmental and social benefits, as well as integration with advanced
digital technologies, which will improve the accuracy and transparency of assessments. It is also rec-
ommended to carry out pilot projects involving real construction companies to test the effectiveness
of the proposed systems and reduce risks during scaling.
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