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Abstract: The construction industry is undergoing a paradigm shift toward sustainable and energy-efficient building practices,
with growing emphasis on bioclimatic design and the use of eco-friendly materials. Hempcrete, a bio-composite made from the
inner woody core of the hemp plant and a lime-based binder, has emerged as a promising alternative to conventional masonry
materials. This study presents an integrated analysis of hempcrete brick, evaluating its suitability as a bioclimatic building
material for sustainable construction. The research investigates the thermal performance, hygroscopic behavior, mechanical
properties, and environmental impact of hempcrete through both experimental and analytical methods. Life cycle assessment
(LCA) is used to quantify the material's carbon footprint, while thermal conductivity and thermal inertia are assessed to
determine its effectiveness in passive temperature regulation. The results demonstrate that hempcrete offers excellent insulation,
moisture regulation, and a significantly reduced environmental impact compared to traditional bricks, making it a viable option
for bioclimatic architecture. This study contributes to the growing body of knowledge supporting the adoption of natural and
renewable materials in sustainable building design.
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L. INTRODUCTION
The growing urgency to address climate change, resource depletion, and the environmental impact of the construction sector has
catalyzed a shift toward sustainable building practices worldwide. The building industry is responsible for approximately 39% of
global carbon dioxide emissions, with a significant portion attributed to the production and operation of conventional building
materials such as concrete and fired bricks [1]. Consequently, the integration of sustainable, low-impact, and thermally efficient
materials into architectural design has become an imperative step toward mitigating the sector’s environmental footprint.
In this context, bioclimatic architecture—which emphasizes climatic adaptation, passive design strategies, and the use of local,
renewable materials—has gained substantial traction. Bioclimatic buildings aim to optimize thermal comfort with minimal reliance
on mechanical systems by harmonizing built environments with natural climatic conditions [2]. A key component of this design
philosophy is the selection of building materials that not only provide insulation and thermal inertia but also align with the
principles of ecological sustainability. Hempcrete, a bio-based composite material composed of the woody core of the hemp plant
(Cannabis sativa L.), water, and a lime-based binder, has emerged as a sustainable alternative to traditional masonry units. Unlike
conventional bricks and concrete, hempcrete is non-load bearing but offers unique benefits including low density, high porosity, and
excellent hygrothermal performance [3]. These characteristics make hempcrete particularly suitable for bioclimatic applications, as
it enables passive regulation of indoor temperature and humidity levels, thereby reducing dependence on active HVAC systems.
Moreover, the cultivation of hemp is highly sustainable; it is a fast-growing, low-input crop that requires minimal pesticides and
enriches soil health through phytoremediation and carbon sequestration [4]. During its life cycle, hemp absorbs more carbon dioxide
than is emitted during its processing into construction materials, rendering hempcrete a carbon-negative material when assessed via
Life Cycle Assessment (LCA) methodologies [5]. This property is especially relevant in the global pursuit of net-zero emission
buildings.
Previous studies have examined various attributes of hempcrete such as thermal conductivity, water vapor permeability, mechanical
strength, and environmental performance. However, a holistic approach that integrates these parameters within a bioclimatic design
framework remains underexplored. Thus, this study aims to conduct an integrated analysis of hempcrete brick to evaluate its
feasibility as a bioclimatic building material, considering thermal behavior, structural adequacy, and environmental impact.
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1. DETAILS ABOUT HEMPCRETE BRICK
Hempcrete (also called hemp-lime) is a biocomposite material made by mixing the inner woody core of the hemp plant (called shiv
or hurd) with a lime-based binder (usually hydrated lime, pozzolans, and/or natural hydraulic lime). When shaped into bricks or
blocks, Hempcrete creates a lightweight, insulating, and breathable building material.
e Hemp Shiv (Hurd): Crushed, woody core of the hemp stalk — provides bulk and insulation.
e Binder: Lime or a lime-based mixture — binds the hemp shiv and hardens over time.
o Water: Activates the lime and helps in setting.

A. Properties of Hempcrete Bricks

Sr. No. Property Details
L Density ~275-500 kg/m3 (very lightweight)
2. Compressive Strength ~1-3 MPa (lower than concrete)
3. Thermal Conductivity ~0.05 - 0.07 W/m-K (excellent insulation)
4. Fire Resistance High (lime is naturally fire-resistant)
5. Breathability Very high (helps in moisture regulation
6. Carbon Sequestration Absorbs CO: as it cures and during hemp growth
7. Durability Very durable if kept dry (lime resists mold and pests)
1. OBJECTIVES

The main objectives of this research are:

1) To assess the thermal and hygric performance of hempcrete bricks in varying climatic conditions;

2) To evaluate the mechanical properties of hempcrete for non-load-bearing wall applications;

3) To perform a Life Cycle Assessment (LCA) of hempcrete bricks compared to conventional materials;
4) To examine the role of hempcrete in passive design strategies within bioclimatic architecture.
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V. ADVANTAGES & DISADVANTAGES

A. Advantages

1) Sustainability and Eco-Friendliness: Hempcrete is made from renewable resources (hemp hurds and lime), resulting in a very
low carbon footprint compared to traditional concrete.

2) Carbon Sequestration: Hemp plants absorb significant amounts of CO. during their growth, and the curing of lime binder
further sequesters carbon, making hempcrete a carbon-negative material over its lifecycle.

3) Thermal Insulation and Energy Efficiency: Hempcrete provides excellent thermal performance due to its high thermal mass and
insulation properties, reducing the energy demand for heating and cooling.

4) Moisture Regulation: Its hygroscopic nature helps in regulating indoor humidity, improving indoor air quality and preventing
mold growth.

5) Lightweight and Non-Structural Benefits: Hempcrete is lighter than concrete, reducing structural load and potentially lowering
costs for foundations and structural support systems.

6) Fire Resistance: Hempcrete is naturally fire-resistant without the need for chemical treatments.

7) Acoustic Insulation: The porous structure of hempcrete offers good soundproofing, enhancing indoor comfort.

8) Adaptability to Bioclimatic Architecture: Its thermal and moisture buffering properties align well with bioclimatic design
principles, promoting passive building strategies.

B. Disadvantages:

1) Low Structural Strength: Hempcrete cannot be used as a load-bearing material, requiring a separate structural frame (typically
timber or steel).

2) Higher Initial Cost: Materials and specialized labor for hempcrete construction can be more expensive compared to traditional
options, particularly where hemp production is limited.

3) Longer Drying and Curing Time: Hempcrete takes longer to cure compared to conventional building materials, potentially
slowing down construction timelines.

4) Limited Availability and Standardization: In many regions, industrial hemp farming is restricted, and standardized codes for
hempcrete construction are still under development.

5) Moisture Sensitivity during Construction: If not properly protected, hempcrete can absorb too much moisture during
installation, leading to performance issues.

6) Low Compressive Strength: Compared to concrete or traditional bricks, the compressive strength of hempcrete is significantly
lower, limiting its use in high-load applications.

7) Regulatory and Insurance Challenges: Lack of widespread recognition by building authorities and insurers can complicate
approval processes and insurance for hempcrete buildings.

8) Skill Gap: Specialized training is required for workers to correctly mix, place, and finish hempcrete, which can limit its
adoption.

V. CONCLUSION

This study comprehensively analyzed the potential of hempcrete bricks as an innovative bioclimatic building material for
sustainable construction. The findings highlight that hempcrete exhibits excellent thermal insulation, moisture regulation, carbon
sequestration, and environmental compatibility, making it a highly promising alternative to conventional building materials. Its
lightweight nature, combined with low embodied energy and significant durability, positions hempcrete as a key player in advancing
energy-efficient and eco-friendly architectural practices. Furthermore, the integration of hempcrete into modern construction can
contribute substantially to reducing the carbon footprint of buildings, promoting circular economy principles, and enhancing indoor
environmental quality. However, to fully realize its widespread adoption, further research is encouraged to optimize its mechanical
performance, scalability, and regulatory acceptance. Overall, hempcrete bricks represent a pivotal step toward sustainable, resilient,
and climate-responsive construction, aligning with global objectives for greener and healthier built environments.
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