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Abstract

This article presents a comprehensive review of sustainable and eco-friendly construction
materials for livestock housing systems, with emphasis on their efficacy in ameliorating thermal
stress and enhancing animal welfare. Environmental changes directly influence livestock
productivity and reproduction, with climate-induced alterations reducing production efficiency by
approximately 58.3% and reproductive performance by 63.3%. This article examines diverse
eco-friendly materials including bamboo, paddy straw, hempcrete, geopolymers, and
agricultural by-products (wool and goat hair), along with modifications to roof, bedding,
and floor systems. Comparative analysis reveals that materials such as sheep wool provide
thermal conductivity of 0.044 W/m-K and exceptional moisture absorption capacity (25-30%
of body weight), while bamboo demonstrates compressive strength of 40 MPa and superior
flexibility. Case studies from research institutions demonstrate that green roofing systems and
paddy straw insulation reduce internal temperatures by 9.81°C and improve milk yield by
114 kg per cow during standard lactation. The utilization of locally available agricultural
and livestock by-products offers economically viable solutions for sustainable and climate-
adaptive livestock housing, significantly reducing construction costs without compromising

performance or animal welfare.
Introduction

Definition and Significance of Eco-Friendly
Materials

Eco-friendly construction represents a behavioral
and organizational approach that minimizes
environmental harm through the selection and
implementation of materials and practices that
maintain ecological balance while meeting
functional requirements. The concept extends
beyond mere material choice to encompass the
entire lifecycle of construction—from sourcing
and production to application and eventual
disposal. In the context of livestock housing, eco-
friendly materials serve dual purposes:
environmental stewardship and improvement of
animal welfare through enhanced microclimate
management.

Global Climate Crisis and Livestock
Production

The trajectory of global temperature increase
presents an unprecedented challenge to livestock
production systems worldwide. International
Panel on Climate Change projections indicate
that earth's surface air temperature will rise by
1.1 to 2.9°C under low-scenario conditions and
2.4 to 6.4°C under high-scenario conditions
during the 21st century. This warming trend
directly impacts livestock productivity through
altered microenvironments, disrupted feeding
patterns, and compromised physiological
functioning of animals.

The Imperative for Sustainable Housing
Solutions

In India and other tropical regions,
livestock  production faces unprecedented
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pressure from heat stress, particularly during
summer months. The escalating global
temperatures necessitate a paradigm shift in
housing design from conventional materials
toward sustainable alternatives that provide
superior thermal regulation, cost-effectiveness,
and minimal environmental footprint. The
adoption of eco-friendly construction materials
represents not merely an ethical imperative but
an economic necessity for sustainable
agricultural development.

Environmental Impact on  Livestock

Production and Reproduction
Heat Stress Effects on Productivity

Climatic variations exert profound effects on
livestock  performance metrics. Research
demonstrates that alterations in climatic
conditions directly reduce production levels by
58.3% and reproductive performance by 63.3%.
Animals experiencing heat stress demonstrate
significantly elevated maintenance energy
requirements, with  estimates  suggesting
increases of 20-30% during thermal stress
periods. This elevated energy consumption
diverts metabolic resources away from
productive functions such as milk production and
growth.

Heat  stress  induces  electrolyte
imbalances through increased loss of ions,
particularly sodium and potassium, which are
critical for maintaining osmotic balance and
cellular function. Additionally, heat stress
constitutes a major contributing factor to
declining fertility in lactating dairy cows, with
conception rates and pregnancy rates declining
by 20-30% in hot climatic conditions.

Cold Stress Implications

Contrary to popular misconception that
coldness merely reduces milk yield, cold stress
presents equally severe challenges to livestock
welfare and productivity. For every 1°C decrease
in ambient temperature, beef cattle require
approximately 2.89 kJ/kg additional maintenance
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energy. Cold environments induce alterations in
hepatic thermogenic gene expression, as
documented in Mongolian sheep studies.
Furthermore, digestive function becomes
inhibited under cold stress, rendering increased
dry matter intake inadequate for meeting
elevated heat  production requirements,
ultimately leading to declining growth
performance. Cold stress also measurably
reduces standing and walking time, indicating
behavioral alterations and potential welfare
concerns.

Characteristics and Comparative Analysis of
Eco-Friendly Building Materials

Traditional and Emerging Eco-Friendly
Materials

Multiple construction materials exhibit
environmental  sustainability  characteristics
while providing functional benefits for livestock
housing applications. Understanding their
respective merits and limitations enables
informed material selection for specific
environmental conditions and economic
constraints.

Earthen and Clay-Based Materials: Earthen
construction employs natural soil components
combined with organic binders, offering comfort
and low-cost advantages. However, earthen
structures demonstrate poor hygiene
characteristics and become problematic during
precipitation  events, requiring frequent
maintenance and replacement.

Cellulose Materials: Derived from recycled
paper waste, cellulose provides excellent thermal
and  water permeability  characteristics.
Limitations include reduced load-bearing
capacity, restricting applications primarily to
insulation and filler functions rather than
structural elements. Market pricing typically
ranges from 50-60 INR per kilogram.
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Wood: High structural strength and flexibility
render wood suitable for multiple housing
applications, with tensile qualities providing
rigidity under load. Primary disadvantages
include inherent flammability, vulnerability to
rodent damage, and poor water permeability.
Construction costs range from 350-550 INR per
square foot.

Straw and Thatch Materials: Agricultural
residues such as straw provide economical and
readily accessible resources with superior
thermal insulation properties. Water infiltration
leading to soggy conditions, poor hygiene, and
rapid  degradation  necessitate  frequent
replacement, with costs ranging from 8-15 INR
per kilogram for loose straw or 50-80 INR per
square foot for bale panels.

Sheep Wool: Natural wool fibers demonstrate
excellent thermal insulation characteristics and
inherent flame resistance. Primary limitations
involve sensitivity to prolonged moisture
exposure and the relatively high cost of
processing, ranging from 40-60 INR per
kilogram for raw wool.

Bamboo: This rapidly renewable resource
exhibits exceptional flexibility and extraordinary
tensile strength, enabling utilization for flooring,
roofing, and structural applications. Bamboo
demonstrates compressive strength of 40 MPa
and tensile strength of 6 MPa, with thermal
conductivity of 0.060 W/mK. Market pricing
typically ranges from $120/m?. Primary
limitations include pest sensitivity and
requirement for chemical treatment to ensure
durability.

Hempcrete: Composed of hemp fibers bound
with lime binders, hempcrete provides
lightweight, insulating, and non-toxic properties
with exceptional moisture regulation. Thermal
conductivity measures 0.095 W/mK. Significant
limitations include material expense and limited
commercial availability, with costs
approximately $140/m?>.
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Geopolymers:  Alkali-activated  materials
produced from industrial waste streams
demonstrate high compressive strength (42.1
MPa) and exceptional tensile strength (25.1
MPa), with thermal conductivity of 0.080 W/mK.
Production results in carbon dioxide and
greenhouse gas emissions up to 10 times lower
than Portland cement-based materials, with
electricity consumption reduced by 4-8 times.
Challenges include limited field acceptance,
regional variations in raw material availability,
and elevated initial costs ($79.22/m?).

Thermal and Physical Properties Comparison

Comparative analysis of nine natural
building material samples reveals crucial
performance variations. Density measurements
ranged from 15 kg/m*® (sheep wool) to 2150
kg/m*  (earthen plaster), with thermal
conductivity spanning from 0.041 W/m-K
(calcium silicate board, hemp insulation, wood
fiber board) to 0.79 W/m-K (earth plaster with
straw). Water vapor permeability demonstrated
inverse correlation with thermal conductivity,
with sheep wool and hemp insulation
maintaining 3 units of permeability.

Materials with density exceeding 100
kg/m*® function as construction elements for
structural applications and plaster systems, while
materials below 100 kg/m* serve primarily as
insulation products. Sheep wool emerged as the
superior insulation material with thermal
conductivity of 0.044 W/m-K, comprable to
modern synthetic alternatives while offering
natural, renewable properties.

Scope of Housing Modifications for Livestock

Comprehensive animal housing
improvements encompass systematic
modifications  across  multiple  structural

components: roof systems, floor configurations,
bedding materials, and wall panel installations.
Each modification targets specific microclimate
parameters—temperature, relative humidity,
thermal humidity index, and radiant heat load—
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to create optimal conditions for animal comfort
and productivity.

Case Studies Demonstrating Practical
Applications

Green Roofing for Heat Stress Amelioration

A comparative study examining green
roofing  systems in  crossbred calves
demonstrated significant performance
improvements over conventional asbestos
roofing. Animals housed under green roof
systems (earth-based roofing covered with
seasonal vegetable plants including bottle gourd,
pumpkin, and ridge gourd) achieved average
body weights of 86.33+6.25 kg, compared to
77.08+£6.25 kg for calves under conventional
asbestos roofing, representing an 11.9%
improvement in growth performance.

Microclimate ~ evaluation  revealed
temperature differences of up to 1.34°C between
asbestos and green roof systems, with green
roofing maintaining internal temperatures at
approximately 29.56°C compared to asbestos-
roofed structures at 30.04°C. Thermal humidity
index (THI) values decreased from 84.67+0.24 in
asbestos-roofed structures to 83.61+0.20 in
thatched ceiling systems with false insulation,
representing meaningful reductions in thermal
stress indicators.

Comparative Analysis of Roofing Materials
During Rainy Season

Research conducted at IVRI Bareilly
evaluated three roofing materials—thatch, agro-
net shade, and asbestos—during monsoon
periods from June to September. Temperature
measurements taken both on roof external
surfaces and internal ceiling positions revealed
dramatic performance variations.

During the initial rainy season month at
9:30 AM, external roof temperatures measured
61.90+8.78°C for thatch, 34.08+2.70°C for agro-
net, and 50.56+6.08°C for asbestos. Internal
ceiling temperatures demonstrated more
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moderate variations: thatch at 32.62+3.25°C,
agro-net at 25.82+0.91°C, and asbestos at
37.54+5.03°C.

Thermal humidity index analysis
consistently favored thatch and agro-net
materials over asbestos throughout the rainy
season. Overall THI values measured 76.3+0.32
(thatch), 74.92+0.36 (agro-net), and 77.0+0.29
(asbestos), with agro-net demonstrating superior
performance  in  maintaining  favorable
microenvironmental conditions.

Paddy Straw Insulation for Seasonal
Temperature Regulation

Research at NDRI Kalyani implemented
false ceiling systems wusing paddy straw
insulation beneath asbestos roofing on 20
lactating Jersey crossbred cows. This economical
modification involved placing 3-4 inch thick
paddy straw pads supported by bamboo splits
over structural frames. Results demonstrated
remarkable thermal benefits throughout distinct
seasonal periods.

During rainy season conditions, ceiling
temperatures with straw insulation (T1)
measured 29.73+1.84°C in morning observations
compared to 38.90+£2.56°C without insulation
(TO), representing a temperature differential of
9.81°C. Afternoon measurements showed T1 at
32.05+1.80°C versus TO at 40.43+2.65°C, a
difference of 8.38°C.

Summer season observations revealed
consistent ~ performance,  with  morning
temperatures of 27.41£2.03°C (T1) versus
36.53£1.91°C (TO) and afternoon values of
32.33+£2.28°C (T1) versus 37.49+2.13°C (TO).
Winter season data demonstrated that straw
insulation-maintained temperatures at
21.26+2.20°C (T1) versus 24.03+£2.39°C (TO) in
morning measurements, and 24.23+2.35°C (T1)
versus 28.03+2.63°C (TO) in afternoon
observations.
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Calculated over a standard 300-day lactation
period, this thermal management system
generated an estimated additional milk yield of
114 kg per cow, demonstrating substantial
economic returns from minimal capital
investment in agricultural by-products.

[

Fig : Roofing panel prepared from paddy straw

Flooring Material Preferences in Dairy Goats

Turkish research with 20 polled Saanen
goats evaluated behavioral patterns across
different flooring materials including straw
bedding, rubber, wooden, and slatted surfaces.
Goats allocated majority of observation time to
inactivity (91.62% of total time regardless of
flooring type or season), with activity
distribution showing 74.88% lying behavior and
16.73% standing behavior.

Material preference ranking emerged as
follows: straw bedding > rubber > wooden >
slatted  surfaces. Seasonal variations in
preference patterns were minimal, suggesting
consistent behavioral responses to flooring
characteristics. Summer observations occurred at
120 days of lactation with body weight of 54.1
kg, while winter evaluations took place at 90
days of gestation with body weight of 59.3 kg.

Bedding Material Assessment in Lambs

Spanish research examined four bedding
materials—sawdust, cellulose, straw, and rice
husk—in fattening lambs using comprehensive
scoring systems for material characteristics.
Straw bedding demonstrated highest dirtiness
(score 2.60) and wetness (score 2.80) ratings,
with overall score of 1.89, compared to cellulose
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and rice husk materials averaging 0.62-1.11
overall scores.

Despite hygiene disadvantages, straw
remained economically optimal at €1.00 per 10.7
m? area, compared to €2.35 (rice husk), €2.80
(cellulose), and €13.50 (sawdust). Behavioral
observations showed lambs spent 79.07% time
lying on straw versus 75.25-77.57% on
alternative materials, suggesting behavioral
preference  despite  material  cleanliness
limitations. Standing time decreased on straw
(11.67%) compared to alternative materials
(13.27-15.87%), indicating postural comfort
advantages of straw bedding.

Bamboo Architecture for Sheep and Goat
Shelters

Nigerian research demonstrated
sustainable shelter construction utilizing bamboo
structural frameworks with raffia palm leaf
roofing. Bamboo columns were erected and
secured through nail and wire binding, with
concrete foundations providing stability and
earth flooring providing natural, temperature-
regulating surfaces.

Bamboo structures achieved construction
costs 30% lower than traditional materials while
providing 50% durability improvements and
25% thermal comfort enhancements. Bamboo's
inherent ~ properties—exceptional  strength,
flexibility, and rapid renewability—rendered it
suitable for constructing economically viable and
durable shelters significantly enhancing animal
welfare across multiple parameters.

Wool Fiber Composite Development

Sheep wool is a highly sustainable
material offering strong thermal insulation,
natural moisture buffering, and zero ozone
depletion potential. Its thermal conductivity is
comparable to  polystyrene, while its
breathability helps prevent condensation. Wool
fibres can also reinforce concrete, where they
slightly reduce compression strength but
significantly improve flexural strength—up to
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18% at higher dosages. Additionally, wool acts as
an efficient carbon-fibre precursor, providing
16-25% yield and about 77% carbon content
after chemical treatment and carbonization.

Epoxy resin
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capacity to absorb up to 25-30% of its own
weight in moisture while gradually releasing it,
contributing to beneficial thermal and humidity
regulation in animal housing microenvironments.

Hardener
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Epoxy-based wool
composites

Fig : Epoxy-based sheep wool composites

Research at IVRI Bareilly developed
wool-reinforced polymer composites for animal
housing  applications.  Epoxy  matrices
incorporated wool fiber concentrations ranging
from 0% to 1.5% by weight. Compression
strength increased from 15.51 MPa (0.5% wool)
to 45.77 MPa (1.5% wool) concentration, while
thermal conductivity decreased from 3.29 W/m-
K (control) to 2.35 W/m-K (1.5% wool),
indicating improved insulation characteristics.

For practical housing applications, a 0.01-meter-
thickness sheet with 100 m? coverage area could
adequately house 50 goats. Economic analysis

Cow dung based
foaming agent

-+

Other raw matenals
of bricks’ concrete

Cow Dung Utilization in Construction

Recent advancement research
demonstrated cow dung integration in adobe
brick formulations. Natural plant fibers present
within cow dung composition prevented crack
propagation and reinforced material structure,
resulting in homogeneous adobe microstructure.
Fiber presence enhanced mechanical strength
while significantly improving water resistance of
bricks, rendering cow dung-stabilized adobe
advantageous for wet and tropical climatic

applications.

Pores formed due to

addition of GOBAIR

Comparison without
additon of GOBAIR

Fig : Cow dung based construction material

revealed  composite

wool

material  costs  of
approximately Rs. 6440 per cubic meter using
1.5% wool concentration with epoxy binding.
Moisture absorption studies demonstrated sheep

Bamboo Fiber-Reinforced Agrostone Panels

Research  evaluated bamboo fiber
replacement of conventional fiberglass in
magnesium oxide-based agrostone panels.
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Testing revealed optimal performance at 8%
fiberglass replacement by bamboo fiber. Bending
strength measurements indicated consistent
performance across replacement levels (4.49-
4.55 MPa), confirming that bamboo fibers
adequately substitute conventional glass fibers
while reducing material costs and environmental
impact.

Chemical analysis of pretreated bamboo
(5% sodium hydroxide treatment) showed
cellulose content increase from 43.41% to
55.48%, hemicellulose decrease from 23.96% to
19.85%, and lignin reduction from 24.25% to

20.98%, indicating  chemical treatment
optimization for fiber reinforcement
applications.

Goat Hair Fiber Reinforcement

Goat hair fibers demonstrated remarkable
properties for cement composite reinforcement:
average length of 19 mm with diameter of 0.0003
mm, yielding approximately 7,445,845 fibers per
kilogram. Material density ranged from 1.5-1.6
g/cm® with tensile strength ranging 287-800
MPa. Chemical incorporation in lightweight
mortar and cement composites increased flexural
strength by 21.8% and compressive strength by
21.5% at 0.5% water-to-cement ratios.

Fig : Goat hair fibres

Future Prospects for Sustainable Livestock
Housing

Enhanced Green Roofing Systems

Development of green roofing systems
incorporating carefully selected vegetation
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providing triple benefits—thermal regulation,
fodder production, and income generation—
should receive priority implementation. Roofing
designs should integrate appropriate flora species
adapted to regional climate conditions while
providing structural stability and animal safety.

Straw-Rubber Bedding Integration

Conventional straw bedding combined
with underlying rubber mat foundations can
provide superior comfort through soft, cushioned
surfaces reducing joint stress while maintaining
drying capability underneath. This layered
approach preserves hygiene benefits of rubber
systems while providing behavioral preference
advantages of straw materials.

Holistic Passive Cooling Approach

Integration of multiple passive cooling
strategies—including modified roof materials,
side wall configurations, ventilation openings,
and appropriate bedding materials—can create
comprehensive  microclimate = management
systems achieving thermal comfort without
active energy consumption or mechanical
systems.

Economic Analysis and Farmer

Implementation

Economic analysis of wool-based
insulation development indicates potential for
adding value to locally available materials,
boosting regional manufacturing capabilities,
and fostering sustainable agricultural
development. Regional manufacturing initiatives
can create employment opportunities while
supporting livestock productivity improvements.

Zero-Energy Cool Construction

Implementation of zero-energy cool
construction (ZECC) principles incorporating
locally available materials with passive cooling
designs can establish low-cost, maintenance-
efficient, energy-efficient, and welfare-based
animal housing systems suitable for resource-
limited farming communities.
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Conclusions

This comprehensive review demonstrates
conclusively that eco-friendly construction
materials effectively enhance livestock comfort
by systematically reducing both heat and cold
stress through superior thermal management
properties. Specific conclusions include:

Material Efficacy: Eco-friendly materials
including bamboo, paddy straw, hempcrete,
geopolymers, and agricultural by-products
provide thermal conductivity values (0.041-
0.095 W/m-K for insulation materials)
comparable to or superior to conventional
construction  materials while offering
sustainability advantages.

Performance Improvements: Roof and
bedding modifications utilizing eco-friendly
materials demonstrably improve microclimate
parameters, animal productivity metrics, and
overall welfare compared to conventional
asbestos or concrete housing systems. Case study
evidence documents milk production increases of
114 kg per cow during standard lactation periods
and growth improvements of 11.9% in calves.

Economic Viability: Low-cost and sustainable
resource  utilization  provides  substantial
economic benefits, reducing both construction
and maintenance costs without compromising
performance or animal welfare. Bamboo
structures cost 30% less than conventional
materials while improving durability 50% and
thermal comfort 25%.

Sustainability Integration: Utilization of
locally available agricultural and livestock by-
products offers practical solutions for sustainable
and climate-adaptive livestock housing systems.
These materials reduce environmental impact
through waste utilization, lower carbon footprint
during production, and decreased transportation
requirements.
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Welfare Enhancement: Systematic housing
modifications incorporating eco-friendly
materials create optimal microenvironmental
conditions supporting animal welfare objectives
including reduced thermal stress, improved
comfort, enhanced productivity, and behavioral
preference alignment with natural livestock
behaviors.

The convergence of environmental
necessity, economic advantage, and animal
welfare improvement renders eco-friendly
livestock housing construction not merely an
optional improvement but an essential
component of sustainable and resilient
agricultural systems. Implementation of these
materials and  practices  represents a
transformative approach to livestock production
capable of addressing contemporary challenges
of climate change, resource scarcity, and
sustainability demands.
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