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| ABSTRACT 

        This work investigates the newest eco-friendly building materials, including bamboo, recycled concrete, insulation, and 

geopolymer cement and their importance for urban development. It analyzes ways that these innovations protect the 

environment even as buildings remain stable and functional. There is now a stronger emphasis on using green construction 

materials. The building and construction industry produces a lot of carbon and uses a lot of resources. It is need to move towards 

greener building materials now more than ever. The research uses both a thorough literature review and a performance 

comparison of several selected eco-friendly materials. Valuable information was collected by reading academic studies, industry 

papers and environmental sources. It appears that many sustainable materials stand out for preserving the environment and 

benefiting the economy over time, barriers to their use are expensive start-up prices, not being well recognized, and minimal 

formal support. The study emphasizes that using different steps together, such as making policies, giving incentives and 

educating people. It is important to make sure more sustainable materials are used in urban areas.  
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1. Introduction 

1.1 Rapid urbanization and environmental degradation. 

      Rapidly increasing numbers of people are moving to cities worldwide and experts predict that by 2050, more than two-thirds 

of the world’s population will be living in them (based on United Nations data from 2019). As cities expand, they put more demands 

on our resources, energy use, how land is used and the infrastructure (Srivastava et al., 2017).When cities expand, construction 
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becomes more needed, since it is known to be a big consumer of natural resources and a polluter. Nearly a third, or 38%, of global 

carbon dioxide (CO₂) emissions come from construction. It plays a major role in polluting air, water, and land (Alhazmi et al., 2020). 

     Most types of buildings made with the old practice use a lot of cement, steel, and plastics, and these materials are generally 

connected to surplus energy use and greenhouse gases. In many developing countries, wrong planning in cities and the growth 

of informal settlements contribute to problems such as deforestation, a loss of natural resources, and contamination of water (Shim 

et al., 2019). As a result, governments, city planners and those in construction focus strongly on developing cities in a sustainable 

way. Green Urban Living is welcomed because it supports a cleaner future and makes cities more sustainable (Udomiaye et al., 

2018).  

 

Figure No.01: CO2 Emissions per Ton of Construction Material Produced 

1.2 Problem Statement: 

       The conventional construction materials, like Portland cement, steel and bricks. This is responsible for a big environmental 

issue because they require a lot of resources and release significant amounts of carbon (Tae and  Shin, 2009).The manufacture of 

cement adds about 8% to the highest global carbon emissions, putting it among the world’s most carbon-heavy industries (Jang 

et al., 2018).The collecting and shaping materials such as limestone, sand and gravel wastes natural resources and worsens the 

environment.  

      There is a direct link between traditional materials and the use of a great deal of energy to manufacture, deliver, and install 

them. The manufacturing of steel and aluminum involve intensive mining and smelting steps that put off big amounts of 

greenhouse gases, whereas concrete  which is commonly used worsens the urban heat effect in cities and makes buildings less 

energy efficient (Imtiaz et al., 2020). The increasing concern about the environment, climate, and reducing carbon around the world 

means the construction industry’s use of non-renewable and polluting resources is unsafe (Hossain et al., 2020).  

1.3 Objective:  

        This research is mainly being conducted to study and measure the advantages of new “green” construction materials for 

urban growth. Due to concern about the negative environmental effect of regular construction methods, this study reviews and 

classifies hempcrete, bamboo, recycled plastic, mycelium and fly ash-based concrete as potential new building materials. Features 

such as each material’s longevity, how well it insulates against temperature changes. Its resistance to stress and other effects on 

the environment will be considered during the research.  

      In this study, both materials will be compared to measure their positive impact on the environment compared to traditional 

materials using important measures such as carbon footprint, recyclability and resource use. It will be assessed if using these 

materials is helpful in major city construction projects, considering things like affordability, supply, scaling possibility and fulfilling 

official standards. This research aims to supply useful advice to urban planners, architects and policymakers, supporting sustainable 

and environmentally Adaptable development in city construction. 
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2. Literature Review 

2.1 Overview of sustainable construction principles. 

      All stages of a building’s life, from planning and choosing materials to completing construction, running it, and it is guided by 

sustainable construction principles (Plank, 2008). The sustainable construction aims to lessen the impact structures have on nature 

and help them remain practical and desirable over many years (Kibert, 2007). Shape’s builder uses environmentally friendly 

materials, saves energy through different designs, uses water wisely, cuts down on waste and ensures good indoor air quality 

(Kibert, 016). The sustainable building means reusing and recycling construction materials, including solar panels and smart 

systems and planning projects to protect nature and boost the variety of life (Ding, 2008). When construction follows sustainable 

ideas, it leads to fewer emissions, saves resources, and helps make cities more resistant to change, meeting today’s requirements 

but safeguarding what the future may need (Akadiri et al., 2012).  

2.2 Types of eco-friendly materials: 

        There is a growing number of sustainable building materials appearing for use in construction and to make the built 

environment more environmentally friendly (Hazra, 2016). Because of its tensile strength and quick growth, bamboo is often chosen 

as a substitute for both timber and steel in several construction projects. It’s biodegradable, stores carbon in the soil and if 

harvested with care sprout again in just a short time (Nowotna et al., 2019). The use natural aggregates, using recycled rubble, 

including garbage from demolition projects, allows for concrete and road construction by saving space in landfills and limiting the 

use of new materials (Singh et al., 2011).  

     By using fly ash and slag, geopolymer concrete becomes a low-carbon alternative, allowing much less CO₂ to be released than 

with standard types of Portland cement concrete Samadi, M., Huseien et al.,  2020). The mixture of inner hemp wood and lime 

makes Hempcrete a great material for walls in buildings looking to be energy efficient. Insulation made of sheep wool and cellulose 

comes from natural or old materials and performs very well at lowering energy use. They are both safe for the environment and 

for people living in the building Nguyen et al., 2020). The adoption of eco-friendly materials greatly helps foster sustainable 

building approaches throughout the planet. 

2.3 Global case studies: 

        The sustainable building across several regions highlight how environmentally friendly choices and eco-building ideas are 

put into practice Thyavihalli Girijappa et al., 2019).Many super-efficient buildings in Germany now follow the Passive House 

benchmark. By using excellent insulation, tight construction, and strong ventilation systems, these buildings require less heating 

and cooling (Shen et al., 2016). As an example, the Bahnstadt area in Heidelberg became one of the biggest passive house 

communities, showing how the right planning and sustainable products help save up to 90% of the energy typically required by 

other buildings (Luchkina, 2019).In the United States, the LEED (Leadership in Energy and Environmental Design) system from the 

U.S. Green Building Council has encouraged sustainable building throughout the country (Toufigh, V., and Ghassemi, 2020). The 

Bullitt Center in Seattle, which is LEED-certified, uses green products, collects rainwater, operates with environmentally friendly 

tools and makes use of solar energy (Li et al., 2017). They both cut back on environmental problems and inspire new standards for 

sustainable living, affecting city planning and building rules across the world (Kumar et al., 2019). These case studies together 

demonstrate that green building ideas are gaining popularity globally and deliver clear gains in energy, pollution and comfort for 

building users. 

2.4 Gaps in current research: 

        The more builders are turning to environmentally friendly materials, there are still major holes in the current research. A main 

challenge is that there aren’t good sources of comprehensive performance information on different green materials. Hempcrete, 

bamboo and geopolymer concrete are all promoted due to their sustainability. However, there is often not enough standardized 

measurement for comparing how long they will last, how much they cost, and how much carbon they produce under many 

environmental sets of conditions. Because there are few scientific comparisons, stakeholders cannot make sure of material 

selections.  

        There is a growing urge to adapt materials to be more regionally suited, as the majority of trials are done in countries with 

certain climate and economy conditions. What is useful in Europe or North America could differ from what is right for tropical, 
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arid, or developing areas which may not have the needed availability, affordability and building procedures. The research should 

therefore focus on understanding each place’s unique issues to suit the right sustainable construction approach. These gaps are 

necessary to promote more widespread use of environmentally friendly materials around the world. 

3. Methodology 

     The study uses a combined method, using both qualitative and quantitative methods to look at new environmentally friendly 

construction materials. We rely on secondary sources from academic papers, environmental analyses and world databases. The  

primary data is collected from interviews with professionals and laboratory tests of different materials. Greenhouse gas emissions, 

the ability to recycle, mechanical performance, useful thermal properties, and value are used to assess different materials. This 

combined approach, a full and context-appropriate assessment of green material performance is carried out for urban projects. 

 3.1Tools Used: 

     A set of analytical tools is used in the study to review eco-friendly construction materials carefully. LCA tools are used to 

accurately measure how much carbon is released and how many resources are used throughout production. Testing machinery, 

such as compression and tensile testers, is used in the lab to find out how strong and durable materials are.  

4. Data Analysis and Results 

Table No.01: Comparative Analysis of Selected Materials 

Material 
Compressive Strength 

(MPa) 

Thermal Conductivity 

(W/mK) 
Recyclability 

CO₂ Emission 

(%) 

Cost 

(USD/m²) 

Geopolymer 

Concrete 
45 0.18 High -40% 75 

Bamboo 80 0.15 Medium -30% 50 

Recycled Concrete 25 0.20 High -20% 65 

Hempcrete 3.5 0.09 High -70% 90 

Traditional Concrete 30 0.25 Low 100% 70 

When compared, the properties of construction materials (see Table 1) demonstrate significant variations in environmental 

friendliness and structural strength. With a 45 MPa compressive strength and 40% less CO₂ emissions compared to normal 

concrete, plus its ability to be recycled, geopolymer concrete is a favorite for environmentally friendly engineering jobs (Zhang et 

al., 2022). Bamboo is known for its high strength when subjected to pressure (80 MPa) and low degree to conduct heat (0.15 

W/mK). Therefore, it bears a lot and act as an insulator, but its recycling rate needs to be improved to support long-term use (Li & 

Chen, 2021). Although recycled concrete recycled frequently and reduces emissions by 20%, its 25 MPa strength means it is suitable 

only for parts that do not hold up weight (Fernandez et al., 2020). Although hempcrete has the least ability to support weight (3.5 

MPa), it provides very good insulation (0.09 W/mK) and reduce CO₂ emissions by up to 70%, making it perfect for insulation parts 

in a building (Singh et al., 2019). Unlike the more recent sustainable concrete, traditional concrete does poorly on environmental 

factors since it’s difficult to recycle and has the highest output of greenhouse gas, which is why we should move toward eco-

friendlier alternatives (Global Cement Report, 2021). Among these three, bamboo (USD 50/m²) and geopolymer concrete (USD 

75/m²) are priced similarly and remain easier to afford than hempcrete (USD 90/m²). 
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Figure No.02:Performance Comparison of Eco-Friendly and Traditional Construction Materials 

 

Figure 1: CO₂ Emission Comparison Between Materials(Bar chart showing emission levels for traditional vs. green materials) 

In Figure 1, you clearly see that green materials emit much less carbon dioxide than regular concrete. 

 

 

-10
0

10
20
30
40
50
60
70
80
90

100

Compressive
Strength (MPa)

Thermal
Conductivity

(W/mK)

Recyclability CO₂ Emission 
(%)

Cost (USD/m²)

C
O

2
 E

m
is

si
o

n
 %

Material

Geopolymer Concrete Bamboo Recycled Concrete

Hempcrete Traditional Concrete



JMCIE 2(2): 80-90 

 

Page | 85  

 

Figure 2: Life Cycle Cost Analysis(Line graph showing cumulative cost over 30 years) 

Figure 2 shows the cumulative costs for 30 years of selected construction materials. It points out that choosing traditional concrete 

will likely result in higher financial sacrifices over the years compared to newer methods made from bamboo and geopolymer 

concrete.  

5. Findings 

5.1 Performance 

       The mechanics are impressive, as it offers the strongest concrete strength (80 MPa). In addition, bamboo has good resistance 

to changes in temperature (0.15 W/mK) and reduces carbon emissions by about 30%. Just like the first material, geopolymer 

concrete maintains a good balance of strength (45 MPa) and protection for the environment by producing only 40% of the normal 

CO₂ emissions and being very recyclable. For this reason, both materials qualify as top solutions for sustainable urban construction. 

Table No. 2: Lifecycle Cost Breakdown of Construction Materials (USD/m²) 

Material Initial Cost Maintenance Cost (30 yrs) Energy Savings Total Lifecycle Cost 

Traditional Concrete $70 $60 -$20 $110 

Geopolymer Concrete $75 $45 -$30 $90 

Bamboo $50 $40 -$35 $55 

Hempcrete $90 $35 -$40 $85 

Recycled Concrete $65 $55 -$25 $95 

Even though eco-friendly options in construction, such as bamboo, hempcrete, and geopolymer concrete, tend to cost slightly 

more upfront, they give you substantial savings in the future. Such features as low upkeep, more strength, and stronger insulation 

decrease both running costs and energy needs overall. As seen from Figure 2, both bamboo and geopolymer concrete have lower 

costs over time which explains their suitability for sustainable and financially reasonable urban development. 
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5.2 Adoption Barriers: 

     The main problem is the absence of local factories, which makes shipping expensive and leads to fewer available materials. 

There are not many government benefits or incentives that would encourage stakeholders to adopt sustainable materials. Most 

importantly, many builders, contractors and developers have only limited information and knowledge about the value, application, 

and care of sustainable materials. The barriers suggest it is important for policies, campaigns and skills training in construction to 

ease the move towards sustainable city development. 

Table No. 3: Action Framework with Implementation Strategy to Overcome Adoption Barriers 

Barrier Proposed Action 
Responsible 

Stakeholders 
Implementation Strategy 

Lack of Local 

Production 

Establish regional eco-

material manufacturing 

hubs and incentivize 

green startups 

Government, Private 

Sector, Investors 

Medium-term (3–5 years): 

Provide grants and industrial 

zones for green startups 

Absence of 

Incentives 

Introduce tax rebates, 

subsidies, and fast-

tracked permits for 

green buildings 

Government, Urban 

Planning Authorities 

Short-term (1–2 years): Draft 

and implement policy reforms 

for sustainable incentives 

Limited 

Awareness 

Among Builders 

Conduct training, 

workshops, and digital 

media campaigns 

Construction 

Associations, NGOs, 

Academia 

Short-term (1–2 years): 

Launch awareness campaigns 

and continuous education 

programs 

Lack of 

Technical 

Guidelines 

Develop standardized 

usage codes, manuals, 

and integration guides 

Standards Institutions, 

Research Bodies 

Medium-term (3–5 years): 

Publish national eco-

construction standards 

Market 

Resistance 

Showcase successful 

pilot projects and real-

life cost-benefit case 

studies 

Developers, Sustainability 

Experts 

Long-term (5+ years): 

Implement demonstration 

projects and monitor 

performance impact 

($200) ($100) $0 $100 $200 $300 $400 $500
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5.3 Policy Gaps:  

      Even though more people are concerned about the environment and want sustainable buildings, important policies are missing 

in much of the world. Importantly, there isn’t much strong government leadership in favor of supporting the adoption of 

sustainable construction materials. In various locations, regulations are either old or not specific enough to cover making green 

alternatives a requirement in building codes and purchase practices. Further, limited financial incentives such as tax breaks or 

subsidies block people from switching to renewable energy. If there isn’t a clear and supportive policy system, developers usually 

keep using the same known materials because they are familiar and usually cost the same which slows the move toward 

sustainability in cities. 

Table No.04: Integrated Action and Policy Framework for Eco-Friendly Construction 

Barrier / 

Policy Gap 

Strategic Action / Policy 

Provision 

Responsible 

Stakeholders 
Implementation Strategy 

Lack of Local 

Production 

Establish regional manufacturing 

hubs; support green startups 

through industrial zones 

Government, Private 

Sector, Investors 

Medium-term (3–5 years): 

Financial incentives, land 

grants, public-private 

partnerships 

Absence of 

Incentives 

Introduce tax rebates (10–20%), 

reduced permit fees, and direct 

subsidies 

Government, Urban 

Planning Authorities 

Short-term (1–2 years): Policy 

reform and budget 

reallocation 

Limited 

Awareness 

Among 

Builders 

Conduct workshops, certification 

programs, and builder outreach 

campaigns 

NGOs, Construction 

Councils, Academia 

Short-term (1–2 years): 

Online/offline campaigns, 

integration in training 

curriculums 

Lack of 

Technical 

Guidelines 

Develop national eco-

construction codes and manuals 

Research Bodies, 

Standards Institutions 

Medium-term (3–5 years): 

Publish and enforce standards 

through local building 

departments 

Market 

Resistance 

Demonstrate successful projects 

and provide case studies 

showing lifecycle cost and 

performance benefits 

Developers, Urban 

Planners, Local 

Authorities 

Long-term (5+ years): Pilot 

sustainable housing, public 

awareness media 

Policy Gaps in 

Regulation & 

Support 

Mandate 30% use of eco-

materials; require green 

certifications for public projects 

National & Regional 

Governments 

Phase-wise implementation 

from public sector to private 

(2025–2030) 

Insufficient 

Lifecycle 

Perspective 

Require Life Cycle Cost Analysis 

(LCCA) in planning and approvals 

Construction Firms, 

Environmental 

Agencies 

Medium-term (3–5 years): 

Integrate LCCA into building 

permit procedures 

 

6. Conclusion 

      Sustainable materials bring great changes to the development of urban environments. Using bamboo, geopolymer concrete, and 

hempcrete bolsters both environmental and mechanical qualities, which greatly improve the industry’s carbon record. Still, when 

many use these materials, their performance checked with both tests in the lab and their use in actual situations. In addition, 

government policies, industry benefits, and information campaigns are necessary to help this transition move forward. Green 

construction techniques ask for technological shifts and, at the same time, address costs, rules, and relations with those involved. A 

combined, well-planned effort is needed to help the construction sector use sustainable materials and develop solid, green cities in 

the years ahead. 
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7. Recommendations 

     Several actions are advised to speed up the use of eco-friendly resources in building and support sustainable development of 

cities. The first step should be for governments to introduce special financial support to bring down the early costs linked to green 

materials, allowing them to compete fairly with existing items. It is important to launch public awareness efforts for architects, 

engineers, and contractors to close gaps in understanding and gain their cooperation. Third, green material certifications should be 

made part of the approval procedure for all buildings to build sustainability into construction routines. Lastly, if we support local 

production and supply, it will decrease transport-related emissions and help the economy in the region while regularly providing 

sustainable materials. 
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