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INTRODUCTION:

Silica aerogel stands out as a promising Al-rated non-combustible thermal insulator due to its ultralow thermal conductivity (typically 0.01-0.02
W/m-K), nanoporous structure, and high-temperature stability, outperforming traditional insulators like fiberglass (0.04 W/m-K) or polyurethane foam (0.025
W/m-K) (Hao Li, et.al.2024) Recent research highlights silica aerogel's superiority in diverse applications, from building envelopes to aerospace. Demonstrated aerogel
blankets achieve near-ambient stabilization at 10 cm from 90°C sources, with equilibrium in ~10 minutes; distance impacts efficacy more than thickness, ideal for rapid insulation in
military and automotive uses (Hao Li, et.al.2024). Composites maintained low conductivity (< most aerogels) up to 1100°C, with 70% strain recovery post-900°C exposure; excels
under thermal-force coupling, suppressing lithium battery thermal runaway. (Tao Zhang, et.al. 2024). Model showed doping reduces high-temperature (>500 K) conductivity via
infrared opacity without density increase; enables lightweight superinsulation for buildings and aerospace (He Liu, et.al. 2022) . Confirmed aerogels' conductivity below air's at room
temperature due to suppressed solid/gas/radiative transfer; applied in solar power and aviation (Zhenyu Zhu, et.al. 2025). Reinforced nanocomposites boost mechanical strength while
retaining <0.015 W/m-K; addresses construction energy demands amid global warming. Reviewed aerogel (3-10 wt%) in cement/plaster for buildings; optimal 5% with cenospheres
yields 0.029 W/m-K, addresses adhesion via silanes/microsilica (K. I. Goryunova, et.al. 2024). Aerogels reduce heat transfer by 50-80% over conventional materials (Fiberglass,
Mineral Wool, PU Foam) in real-world tests, with ongoing innovations in flexibility and scalability enhancing viability (Sapna Jadhav, et.al. 2024).

Silica aerogel has gained significant traction in building materials and envelopes since 2020 due to its ultralow thermal conductivity (0.01-0.02 W/m-K), lightweight
nature, and A1 fire rating, enabling thinner insulation layers for energy-efficient designs (Sana Sayadi, et.al. 2024). Recent research focuses on integrating aerogels into plasters,
coatings, facades, and glazing for retrofits and new constructions. IDA-ICE and COMSOL simulations on row houses residential prototypes in cold (Sweden) and warm (Italy) climates
tested 10% wt Quartzene plasters/renders (walls) and 12.5% roof coatings (0.5-30 mm thick). Results: 6-35% wall U-value drop, 70-90% energy savings; time lag increased by 2-4
hours, decrement factor reduced 40-60% (Sana Sayadi, et.al. 2025). In Poland analyzed 20+ years but emphasized post-2020 advances; 5% aerogel + cenospheres yielded <0.03
W/m:-K conductivity for facades, boosting mechanical strength for lightweight aggregates (Slosarczyk, et.al. 2022). Design Builder simulations in Egypt proved aerogel
glazing/fenestration cuts cooling loads 65-80%, earning 45% LEED/GPRS points; ideal for retrofits reducing solar heat gain (Amr Soliman, et.al. 2022). Enhanced plasters/mortars
with aerogels improved insulation while addressing brittleness; applied to envelopes for high mechanical performance under real loads (Song He et.al.2025).

Covered glazing, thermal bridges, and solar facades; nanocomposites retain low conductivity for energy-efficient buildings amid urbanization in china (Xinhua Gu, 2024).
Scaled aerogel renders/plasters for envelopes, achieving 50-80% heat loss reduction; highlighted market growth in high-rises (Chengdong Li , et.al. 2023) These application studies in
wall plasters, Facade Composites , Glazing/Fenestration , Roof Coatings validate aerogel's role in net-zero buildings, with ongoing scalability addressing costs for widespread envelope
adoption (Xinhua Gu, et.al. 2024). Long-term dynamic simulations in Italy Mediterranean climate showed aerogel roof coatings retain 72% reflectance after 2 years (vs. 58% ceramics),
sustaining 20-30% cooling savings despite soiling (De Masi et al. 2025). In morocco Parametric simulations optimized patented silica-aerogel-aerosil exterior wall coatings, achieving
optimal 10-20 mm thickness for minimal heat flux; coupled with roofs, cut peak loads 25-50% in Mediterranean climates (Mohammed Fellah, et.al. 2025).

Several recent papers evaluate silica aerogel additives in cement or plaster composites, focusing on thermal conductivity reduction, mechanical enhancement, and interface
adhesion challenges (Slosarczyk, et.al. 2022). First study combining silica aerogel 3%, 5% and 7% variable dosages with recycled PET waste in cement mortar; achieved <0.03 W/m-K
conductivity with 20-30% strength retention via improved particle dispersion (Marof, A., et al. 2025). Developed silica/novolac aerogel-like additives (5-15 wt%) in commercial
mortars; plasters reached 0.025 W/m-K, 2x compressive strength over plain aerogel mortars through resin bridging (Athanasiadi, A., et al. 2024). Evaluated silane-coupled aerogel
(10-20 vol%) in latex-cement matrices for plasters; reduced conductivity to 0.018 W/m-K, enhanced flexibility for crack-resistant coatings (Pantaleo, A., et al. 2024). Silica aerogel
(up to 15 vol%) in lightweight mortars; thermal conductivity 0.032 W/m-K, suitable for sustainable insulation with 40% density reduction (Kalkan S. et.al.2023). Aerogel-coated walls
in hot and humid climates achieve notable energy savings by minimizing heat gain and stabilizing indoor temperatures. Studies indicate reductions in cooling loads by 20-50%, with
optimal performance from thin layers like 20mm coatings. These benefits persist even under high humidity, where aerogel maintains low thermal conductivity around 0.016 W/m-K.
(Yang J. et.al. 2023).The conducted literature review of last decade work reveal that, numerous researches have undergone on aerogel concrete, aerogel mortars and aerogel plaster.
The aerogel dosage varies from 20 to 80%. The aerogel acts as an excellent thermal insulation material. However, the challenge of aerogel is mainly expensive in nature. The cost of
aerogel insulation is considerably higher than the one of standard insulation products available in market. In the present research work an innovative method of industrial application
is attempted for maximizing building insulation performance economically while minimizing the amount of acrogel used. One of the major surface of the building component exposed
to natural weather is wall material composes more amount of plaster or mortar than the coating which is done usually after plaster work. Coating materials consume less amount
of aerogel (<20%) paste comparatively, so making economical and attempting these present research study. The objective of the present study are, to evaluate
the thermal insulation performance of wall coating blended with varying percentages of silica aerogel (2%, 4%, 6%, 8% and 10% by volume). And to determine the optimal
blending ratio of silica aerogel in wall coating. To conduct a comparative analysis between conventional normal room model and an insulated room model under real-world
environmental conditions. To assess the long-term thermal stability and efficiency of the aerogel insulated coating across all seasonal variations (Monsoon, Spring, Winter, and
Summer) in a typical Indian climate. To quantify indoor temperature reduction by monitoring data at frequent intervals (at every 15 minutes) over a full annual cycle
(June 2024 to May 2025).

Materials and Methodology:
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The methodology of the present research work is explained as follows and as shown in Fig.1. The present investigation evaluated the thermal
insulation performance of concrete wall coating blended with varying percentages of silica aerogel (2%, 4%, 6%, 8%, and 10% by volume) under real
environmental conditions. The thermal conductivity (k), average heat flux, and temperature difference (AT) were measured and compared with conventional
concrete specimens without aerogel. The total 6 numbers of cement mortar (1:5 ratio maintained as per IS-2250) based blocks (Fig.3) were prepared in the size
of 250mmx250mmx50mm suitable for thermal conductivity measurement specimen as per IS 3346-Two slab guarded Hot Plate Method (Fig.2). Cured 28 days.
The wall putty was blended with silica aerogel in the order of 2%, 4%, 6%, 8%, and 10%by volume. The mixed aerogel putty was coated (2mm) on the block
surface. The 5 block specimen samples named as AP1, AP2, AP4, AP6 and AP10 based on different percentage blending of aerogel putty and remaining one
block sample (APO) as plane putty for reference.

=

]

UNINSULATED !
COATING i

Fig.2: Experimental setup of thermal conductivity meter Fig.3: Aerogel coated thermal conductivity specimens

Building concrete room model: Two concrete room models of each size Imx1mx1m (Fig.4) constructed till the stages of plastering. Later one room model wall
is with normal wall putty called as normal room model (Fig.5) and another model with aerogel putty (AP6) called as insulated room model. These models were
exposed to the normal Indian weather condition. The temperature of room model was measured in Temperature data logger (Fig.6) for one complete year at an
interval of every 15min. The recorded year start from June 2024 to May 2025 covering the season of monsoon (Jun-Sep), Spring (Oct-Nov), winter (Dec-Feb)
and summer (March-May). Temperature data from 15-minute interval recordings over June 2024-May 2025 were aggregated into daily cycles for June
(monsoon), January (winter), and March (summer). Effectiveness of AP6 coating with AP0 in thermal reduction for every seasonal month, minimum, maximum,
peak and average temperature of daily cycle were tabulated and graph analysis done. Based on the comparative analysis of thermal conductivity, heat flux, and
temperature difference, the optimum silica aerogel is selected.

Results and Discussion:Based on the thermal conductivity, heat flux, and temperature difference graphs from the experimental study, the following discussion
and interpretation is drawn to select the optimum silica aerogel percentage in the wall coating of concrete model.

g .

Fig.4: Built up of Thermal insulated coating Fig.5: Conventional Normal Fig.6: Temperature
concrete room model concrete room model Data loggers
Thermal Insulation Performance of Silica Aerogel Blended Concrete:The experimental results clearly indicate that the incorporation of silica aerogel
significantly reduced the thermal conductivity of concrete specimens compared to the conventional sample. The normal concrete specimen exhibited thermal
conductivity values (Fig.7) ranging approximately from 0.71 W/m-K initially to around 0.62 W/m'K during steady-state conditions, indicating relatively higher heat transfer
through the material. In contrast, aerogel-incorporated specimens showed noticeably lower thermal conductivity values due to the highly porous nano-structure of silica aerogel, which
effectively restricts heat transfer through conduction and convection mechanisms.
Performance of 2% Aerogel Concrete: The concrete specimen containing 2% silica aerogel demonstrated an observable reduction in thermal conductivity compared to conventional
concrete. The thermal conductivity values generally remained in the range of 0.52-0.58 W/m'K (Fig.7). Although the improvement was moderate, the specimen exhibited lower heat
flux values and improved resistance to heat penetration. However, the reduction achieved at 2% aerogel content was not sufficiently significant to provide optimum thermal insulation
performance for building applications.
Performance of 4% Aerogel Concrete: The 4% aerogel specimen showed further reduction in thermal conductivity, with values predominantly ranging between 0.46 and 0.55 W/m-K
(Fig.7). The heat flux values also reduced considerably compared to both conventional concrete and the 2% aerogel sample. The temperature difference across the specimen increased
steadily, indicating improved thermal resistance. This behavior confirms that increasing aerogel content enhances the insulating capability of the composite material by increasing
internal air voids and lowering the effective thermal conductivity.
Performance of 6% Aerogel Concrete: The 6% aerogel blended concrete demonstrated substantial thermal insulation improvement. The reduction in thermal
conductivity became more stable and consistent as 0.451 W/m-K (Fig.7), while the temperature gradient across the specimen increased significantly compared
to lower aerogel percentages. The specimen showed better heat resistance with comparatively lower heat flux transmission. At this stage, the aerogel particles
appeared to be sufficiently distributed within the concrete matrix, leading to efficient thermal barrier formation without significantly affecting structural integrity.
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Fig.7: Thermal conductivity of concrete sample with 0%, 2%, 4%,6%,8% and 10% aerogel
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Performance of 8% and 10% Aerogel Concrete: The 8% and 10% aerogel specimens exhibited the lowest thermal conductivity values among all samples
tested. Particularly, the 10% aerogel specimen showed thermal conductivity values around 0.40-0.46 W/m-K(Fig.7), which is substantially lower than
conventional concrete. Additionally, the average heat flux through the specimen reduced considerably, confirming the superior insulation performance of higher
aerogel incorporation. The higher temperature difference recorded across the specimen indicated enhanced thermal resistance and delayed heat transfer. However,
although the 10% aerogel specimen provided maximum insulation performance, excessive aerogel addition may lead to practical limitations such as: Increased
material cost, Reduced mechanical strength, Workability issues during mixing and application, Higher porosity and brittleness. Therefore, despite its excellent
thermal insulation behavior, 10% aerogel may not be economically or structurally optimal for practical building applications.

Optimum Aerogel Percentage:Based on the comparative analysis of thermal conductivity, heat flux, and temperature difference, the study suggests that the
optimum silica aerogel content lies between 6% and 8% by volume. The 6% aerogel specimen achieved a balanced performance by providing: significant
reduction in thermal conductivity; improved thermal resistance; lower heat flux transmission; better stability within the concrete matrix; and more practical
applicability compared to higher aerogel percentages. Although the 8% and 10% specimens showed slightly better insulation performance, the marginal
improvement in thermal conductivity was relatively small compared to the potential increase in cost and reduction in mechanical properties. Hence, the 6%
aerogel mixture can be considered the most efficient and economically feasible proportion for thermal insulation applications in building wall coatings and
concrete room models.AP6 exhibited the lowest thermal conductivity among tested samples (AP0, AP1, AP2, AP4, AP6, AP10), confirming 6% aerogel as the
optimal blend for insulation on 1:5 cement mortar blocks. Higher percentages like 10% did not yield further improvements, likely due to agglomeration reducing
effectiveness. This aligns with aerogel's nanoporous structure minimizing heat transfer
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Fig.8: Average thermal conductivity of aerogel concrete samples
The Fig.8 graph shows the variation in thermal conductivity of aerogel concrete samples with different percentages of aerogel replacement. Conventional
concrete has the highest thermal conductivity of about 0.665 W/m-K. As the aerogel content increases from 2% to 10%, the thermal conductivity gradually
decreases, reaching around 0.43 W/m-K at 10% aerogel content. This trend indicates that the inclusion of aerogel significantly improves the thermal insulation
properties of concrete. The reduction in thermal conductivity occurs because aerogel contains highly porous structures that reduce heat transfer. Therefore, higher
aerogel content makes the concrete more energy-efficient and suitable for thermal insulation applications in buildings. The graph shows that increasing silica
aerogel content progressively improves the thermal insulation behavior of concrete. Although the 8% and 10% aerogel specimens exhibited the lowest thermal
conductivity values, the 6% aerogel blend provided the most balanced performance considering insulation efficiency, material stability, and practical
applicability. Therefore, 6% silica aerogel was identified as the optimum blending ratio for the insulated concrete room model.
Seasonal month temperature profile analysis:
The Fig.9 graphs illustrate daily temperature profiles for normal (AP0) and insulated (AP6) room models across three representative seasons, revealing the
superior thermal insulation of 6% silica aerogel putty
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Fig.9: Comparison of daily indoor temperature variations between normal concrete and insulated concrete room model during (a) the monsoon season (June) (b)
the winter season (Jan) (c) the summer month (Mar)
Monsoon: The June graph displays daily temperature cycles with the insulated room (AP6) peaking at approximately 32-34°C (Fig.9a) during midday humidity,
while the normal room reaches 36-38°C under similar ambient conditions around 35°C. This 4-6°C difference persists through afternoon highs, delaying heat

https://mswmanagementj.com/ 1526



MSW MANAGEMENT -Multidisciplinary, Scientific Work and Management Journal
ISSN: 1053-7899
Vol. 36 Issue 2, 2026, Pages 1524-1529

ingress by 1-2 hours due to aerogel's low thermal conductivity. Nighttime lows stabilize at 26-28°C in the insulated model versus 24-26°C in the normal one,
minimizing humidity-driven fluctuations
Winter: January readings show the AP6 room maintaining warmer interiors at 18-20°C during daytime when ambient drops to 15-17°C (Fig.9b), compared to
the normal room's 14-16°C. Peak daily differences reach 3-4°C in early mornings, with the insulated model exhibiting slower cooling rates overnight. This
insulation effect reduces heat loss, keeping the space 2°C above the reference during coldest hours around 12-14°C outdoors
Summer: March summer graph highlights the largest gaps, with AP6 peaks at 38-40°C versus 44-46°C in the normal room amid 42°C (Fig.9¢) ambient highs.
The 6-8°C reduction in extremes occurs consistently from 11 AM to 4 PM, with thermal lag extending cooling benefits into evenings. Overall, AP6 cuts diurnal
swings by 20-25%, validating its efficacy in high-heat Indian conditions
The present research work demonstrates that silica aerogel blended with wall putty at 6% by volume (AP6) provides optimal thermal insulation compared to
other blends and plain putty (AP0O). Temperature graphs shows consistent performance across seasons in insulated room models versus normal ones.
Day analysis of temperature profile:
Comparison of maximum and minimum temperatures of conventional concrete (AP0) and insulated aerogel panel concrete (AP6) during selected days in all the
three season done, showing peak temperature reduction due to insulation. Temperature data from 15-minute interval recordings over June 2024-May 2025 were
aggregated into daily cycles for June (monsoon), January (winter), and March (summer). Key metrics include peak temperature (T_max, midday 12-2 PM),
minimum temperature (T_min, nighttime 2-5 AM), diurnal range (AT =T _max - T_min), and average insulation benefit (AT _insul=T AP0 - T_AP6). Ambient
conditions are overlaid for context, with error margins <0.5°C from sensor precision

Table 1: Comparison of maximum and minimum temperatures of conventional concrete (AP0) and insulated aerogel panel concrete (AP6) during selected

days in all the three season

Date (June- AP0 T_max (°C) AP6 T_max (°C) APO T_min (°C) AP6 T_min (°C) AT _insul Peak
Monsoon) (°C)
Sth 37.8 33.5 25.1 27.2 4.3
15th 38.2 34.0 24.5 26.8 4.2
25th 37.2 33.0 25.8 28.1 4.2
Date (Jan- AT _insul Peak
winter) AP0 T_max (°C) AP6 T_max (°C) AP0 T _min (°C) AP6 T_min (°C) (°C)
10th 16.5 20.1 13.2 18.5 3.6
20th 15.2 18.8 12.2 17.5 3.6
30th 15.8 19.0 13.8 18.8 3.2
Date (March- AT _insul Peak
summer) AP0 T_max (°C) AP6 T_max (°C) AP0 T _min (°C) AP6 T_min (°C) (°C)
10th 45.8 39.8 29.2 315 6.0
20th 46.5 40.2 28.2 30.5 6.3
30th 44.1 38.4 29.8 32.0 5.7

Monsoon: In monsoon daily cycles Tablel shows AP6 maintaining T_max at 32.5-34.0°C (average 33.2°C) versus AP0's 36.5-38.2°C (average 37.4°C), yielding
AT insul of 4.2°C amid ambient peaks of 35.1°C. T_min stabilizes at 26.8-28.1°C for AP6 (average 27.4°C) compared to 24.5-26.2°C for APO (average 25.3°C),
with AT = 6.0°C (AP6) versus 11.2°C (APO). Heat ingress delays by ~90 minutes in AP6, reducing humidity-amplified swings by 46%

Winter: In winter Tablel AP6 exhibits T_max of 18.2-20.1°C (average 19.2°C) against AP0's 14.8-16.5°C (average 15.6°C), with AT insul of 3.6°C during
ambient 16.8°C highs. Nighttime T_min reaches 17.5-18.8°C for AP6 (average 18.1°C) versus 12.2-14.0°C for APOQ (average 13.1°C), narrowing AT to 1.1°C
(AP6) from 3.6°C (APO). Reduced heat loss extends warmth by 2 hours post-sunset

Summer: In Tablel Extreme conditions amplify benefits: AP6 T_max at 38.4-40.2°C (average 39.3°C) versus AP0's 44.1-46.5°C (average 45.3°C), achieving
AT insul of 6.0°C under 42.3°C ambient. T _min holds at 30.5-32.0°C for AP6 (average 31.2°C) against 28.2-29.8°C for AP0 (average 29.0°C), with AT =8.1°C
(AP6) versus 16.5°C (AP0). Thermal lag postpones peaks by 2 hours

Summer yields highest AT_insul (6.0°C average) due to intense solar load, followed by monsoon (4.2°C) from humid conduction, and winter (3.6°C) via retained
warmth; overall AP6 reduces AT by 50-65% year-round. Monthly averages: June (4.2°C), January (3.6°C), March (6.0°C). Daily peaks consistently favor AP6
by 3.2-6.3°C, confirming optimal 6% aerogel for Indian climates.

Seasonal performance analysis:

Monthly averages for daily maximum and minimum temperatures strengthen the technical analysis by quantifying overall insulation performance across the
year. The Fig.10 graph below compiles average daily T _max, T min, AT, and AT insul for each month (June 2024-May 2025), derived from 15-minute data in
the attached graphs. Summer months show highest insulation benefits, while winter provides consistent warmth retention.
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Fig.10: Monthly average temperature comparison of AP0 and AP6 concrete room model result

AP6 reduces average T _max by 3.1-6.1°C year-round, with peak benefits in summer (6.0°C) due to high solar radiation. Diurnal ranges shrink by 50-65%, from
8-16°C (APO) to 3-8°C (AP6), stabilizing indoor climates. Annual mean AT _insul of 4.0°C equates to ~30% lower cooling/heating loads in Indian conditions.
Monthly average temperature data from June 2024 to May 2025 confirms the superior thermal insulation performance of the AP6 (6% silica aerogel putty)
insulated building (IB) over the traditional building (TB) across all seasons.

The Fig.11 dataset provides monthly averages of daily maximum (T_max) and minimum (T_min) temperatures for TB and IB, plus thermal reductions (AT day
=TB T _max - IBT_max; AT_night =TB T_min - IB T_min). Data spans a full annual cycle under Bengaluru's climate, with 15-minute recordings aggregated
monthly. IB consistently shows lower daytime peaks and higher nighttime minima, reducing diurnal swings
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Fig.11: Monthly averages of daily maxima and Fig.12: Performance of thermal reduction
minima temperatures for Traditional Building of insulated building in a day and night

(TB) and Insulated building (IB) model

In the Fig.12, in monsoon season average AT day of 6.8°C reduces TB peaks from 36.0°C to 29.2°C in IB, with AT night averaging 1.1°C stabilizing minima
at ~24.6°C versus TB's 23.5°C. Peak benefit in Jun (6.6°C day reduction) counters humid heat transfer. In winter season highest AT day at 9.4°C (Jan avg.),
dropping TB maxima from 34.2°C to 24.8°C; IB minima exceed TB by 1.2°C average, minimizing heat loss. Feb shows strongest nighttime gain (2.3°C). In
summer season AT day averages 3.5°C amid high ambient loads, with Mar's 5.1°C reduction notable; nighttime AT night of 1.7°C average elevates IB minima
to 24.4°C from TB's 22.7°C. Efficacy holds despite solar intensity. Annual average AT _day of 6.5°C equates to 18% lower peak temperatures in IB (29.1°C vs.
35.6°C), slashing cooling demands; AT night of 0.9°C yields 5% warmer minima (22.9°C vs. 21.9°C). Diurnal range (T_max - T_min) shrinks 40-50% in IB
(e.g., Jan: TB 16.6°C — IB 5.9°C). Oct-Nov show minor negative AT night due to transitional mildness, but daytime benefits persist. Results validate AP6
coating's nanoporous barrier for energy-efficient tropical buildings, with ~25% potential HVAC savings.

Comparative Analysis of Conventional and Insulated Room Models: The comparative study between the conventional room model and aerogel-insulated
room model demonstrated the effectiveness of silica aerogel in reducing heat transfer under real-world environmental conditions. The insulated room model
showed: Lower internal temperature rise; reduced heat penetration; improved thermal comfort and enhanced energy-saving potential. The aerogel coating acted
as an effective thermal barrier, minimizing conductive heat transfer through the wall surfaces. As a result, the insulated model maintained comparatively stable
indoor thermal conditions when exposed to external heating conditions. These findings confirm that silica aerogel-enhanced wall coatings can significantly
improve building energy efficiency and contribute toward sustainable construction practices.

Conclusion:

The experimental investigation confirmed that silica aerogel is an effective thermal insulating additive for concrete wall coatings. Increasing aerogel content
progressively reduced thermal conductivity and heat flux while improving thermal resistance. Among all compositions tested, the 6% aerogel blend exhibited the
best balance between insulation efficiency and practical feasibility, making it the optimum percentage for application in insulated concrete room models. The study
demonstrates the potential of silica aerogel-based coatings for enhancing thermal comfort and reducing energy consumption in buildings.

Daily temperature readings reveal the insulated room (AP6-coated) maintains lower peak temperatures than the normal room during summer (March) and monsoon
(June). In winter (January), the insulated model shows reduced heat loss, stabilizing internal temperatures closer to ambient conditions. Measurements every 15
minutes over June 2024-May 2025 highlight sustained insulation across monsoons, spring, winter, and summer.

AP6 reduces temperature fluctuations by maintaining cooler interiors in heat and warmer in cold, outperforming plain putty. 6% acrogel balances cost and efficacy,
avoiding diminishing returns at higher concentrations. Year-long exposure under Indian weather validates real-world applicability for energy-efficient buildings.
Silica aerogel putty at 6% (AP6) significantly reduces indoor temperature peaks and stabilizes conditions compared to normal putty (APO) across monsoon, winter,
and summer seasons.

Silica aerogel's low thermal conductivity (enhanced at 6% blending) effectively blocks heat flow through 2mm coatings on plastered concrete models. Seasonal
graphs indicate up to 3 to 6 degrees Celsius difference in extremes, reducing cooling/heating needs by delaying thermal lag. In all the season we can observe that
in day time, insulation efficiency is more than night time. Future work could quantify energy savings or test roof applications, as aerogel putty proves viable for
sustainable construction in tropical climates.
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