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Accepted: 29 June 2026 conditioning (AC) systems. Grounded in the 6R framework (Reuse, Reduce, Rethink,

Recycle, Repair, and Replace), this system integrates an Internet of Things (IoT) mobile
application to facilitate real-time drying monitoring. The primary objective of this

Keywords development is to present an energy-efficient solution tailored for residential
Appropriate Technology households, boarding houses, and micro-scale laundry enterprises, thereby decreasing
Automatic Clothes Dryer reliance on conventional electric dryers. Structurally, the Smartdrybox consists of a
6R-Based Innovation cabinet drying enclosure coupled to the AC exhaust outlet via an adjustable duct system.

A built-in humidity sensor quantifies the moisture level of the garments, while a diffuser
ensures uniform airflow distribution. An integrated microcontroller processes the
acquired sensor data and transmits telemetry to the user through a dedicated loT
application. Furthermore, automated notifications are generated upon completion of the
drying cycle, with drying durations fully adjustable to meet specific operational
requirements. This innovation yields several distinct advantages, including the
valorization of AC thermal waste (Reuse), the integration of IoT to optimize temporal
efficiency, and a modular design compatible with diverse air conditioning configurations.
Additionally, the system ensures fabric preservation across various textile types due to
the absence of auxiliary heating elements. By synthesizing the 6R principles, loT-driven
automation, and energy recycling, the Smartdrybox aligns with green technology and
smart home paradigms, demonstrating substantial potential for future research and
development.

1. Introduction

In daily life, clothing dryers are essential, particularly in high-humidity environments and during
prolonged rainy seasons. However, conventional electric dryers present several disadvantages, including
high energy consumption, substantial operational costs, and elevated carbon emissions. Conversely, the
thermal waste generated by air conditioning (AC) systems is frequently dissipated without utilization,
despite its potential as a more environmentally friendly alternative energy source (Dai et al., 2020; Hanif
etal,, 2019). The 6R framework—comprising Reuse, Reduce, Rethink, Recycle, Repair, and Replace—drives
innovation toward optimizing the efficiency of waste or unutilized resource exploitation. A pertinent
application is the use of AC exhaust air for garment drying. This method not only mitigates energy wastage
but also reinforces the paradigms of green technology and sustainability (Tokar et al., 2019; Wang et al,,
2020). Furthermore, the emergence of the Internet of Things (IoT) enables the integration of automated
systems to monitor and regulate the drying process in real-time, thereby enhancing operational efficiency
and user convenience (Wang et al, 2020; Naemsai et al, 2019). Consequently, the Smartdrybox is
introduced as an innovative solution that synthesizes IoT technology with the utilization of AC thermal
waste. This apparatus is designed to reduce reliance on conventional electric dryers, optimize energy
efficiency, and facilitate user operation via smartphone-based telemetry monitoring. The Smartdrybox not
only curtails energy expenses but also yields socio-economic benefits for residential households, boarding
houses, and micro-scale laundry enterprises. The development of the Smartdrybox aligns with global
initiatives to mitigate carbon emissions and foster sustainable smart technologies. It is anticipated that this
innovation will contribute significantly to the advancement of future green technology and smart home
ecosystems..
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2. Method

An experimental methodology was employed in this study to evaluate the performance of the
Smartdrybox by utilizing AC thermal waste as an energy source. This method was selected because it
enables direct observation of system performance, precise measurement of humidity parameters, and
rigorous analysis of energy efficiency.

2.1. Implementation Procedure:

1. System Design

® The Smartdrybox was developed as a modular drying enclosure connected to the air
conditioning (AC) exhaust outlet via a flexible duct system.

® A humidity sensor (DHT22) was integrated into the enclosure to monitor garment
moisture levels.

® An ESP8266 microcontroller was utilized to process the sensor telemetry and transmit
data to a smartphone interface using an IoT-based platform (e.g., Blynk or Thinger.io).

2. Performance Testing

e Garments under standardized wet conditions (with controlled weight and fabric types)
were introduced into the Smartdrybox.

e ACthermal waste was directed into the enclosure, and the drying progression was
monitored in real-time.

e Key parameters, including humidity, temperature, and drying duration, were recorded to
facilitate energy efficiency analysis.

2.2. Materials and Instrumentation

1. Analuminum-based drying enclosure.

An adjustable duct system and a diffuser for uniform airflow distribution.

3. ADHT22 humidity sensor, an ESP8266 microcontroller for [oT integration, and a relay
module.

4. A 1-HP (Horsepower) split-type air conditioning unit serving as the thermal waste source.

5. AnIoT-based application platform (e.g., Blynk or Thinger.io) utilized for real-time monitoring
telemetry.

N

3. Result and Discussion

The following section presents the experimental results derived from the prototype evaluation of the
SmartDryBox, conducted to assess system performance across diverse operational dimensions. This
evaluation encompasses several critical parameters, including thermal performance, drying efficiency,
temperature and humidity stability within the drying enclosure, energy consumption, and the functionality
of each supporting component. The empirical data obtained from these tests serve to evaluate the
effectiveness, reliability, and feasibility of the prototype in optimizing the garment drying process under
various operational conditions.

a. Thermal Efficiency of AC Exhaust Air

o The temperature of the AC exhaust air prior to entering the drying enclosure ranged between
40°C and 45°C.

o Following diffusion, the internal temperature of the drying enclosure stabilized at 35°C to 38°C,
indicating a thermal loss of approximately 5°C due to insulation factors.

e The thermal output remained stable for 2 to 3 hours post-activation of the air conditioning unit,
which is sufficient for drying lightweight garments.
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b. Drying Duration for Various Fabric Types

The drying duration required for various fabric types is presented in Table 1.
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Figure 1. Smartdrybox design

Table 1. Drying Time of Different Fabric Types

Initial Final
Moisture Moisture Drying
Content Content Time
Fabric Type (%) (%) (min)
Cotton 80 15 90
Wool 75 20 120
Synthetic 70 10 60

Table 2. Comparison Between SmartDryBox and Conventional Electric Dryers

Conventional
Electric
Aspect SmartDryBox Dryer
Waste heat from air Electricity
Energy conditioner exhaust (0 W (1000-3000
Source additional power) W)
Carbon
Emissions 0 kg CO, 0.5 kg CO,/h
Operating
Cost Low High
Drying
Control Automatic (IoT-based) Manual/Timer
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c. Sensor Accuracy and IoT Responsiveness
e The DHT22 sensor detects humidity fluctuations with an accuracy margin of 2%.

e Smartphone notifications (via the Blynk platform) are transmitted within a latency threshold
of <5 seconds once the relative humidity drops below 20%.

d. Energy Efficiency and Carbon Mitigation

e In comparison to conventional electric dryers, which consume between 1000 and 3000W, the
Smartdrybox utilizes pre-existing operational air conditioning thermal output, requiring 0 W of
auxiliary power (Lamidi et al.,, 2019).

e Carbon emission calculation:
o Conventional electric dryer (1 hour of operation) = 0.5kg CO-

o Smartdrybox = 0 kg COz (by virtue of reclaiming thermal waste).

3.1. Discussion

Eco-friendly technological innovation has now arrived in the form of Smartdrybox, a smart clothes
drying device efficiently designed to harness the waste heat potential from air conditioning (AC) systems.
In its operation, this device captures the hot air emitted from the outdoor unit and directs it straight into
the drying chamber, allowing the drying process to run optimally without requiring additional electrical
energy or extra operational costs. This approach not only offers a practical solution for modern household
needs, but also effectively eliminates thermal energy waste by transforming environmental waste heat into
a productive, energy-efficient resource that supports environmental sustainability.s (Dabizha et al., 2019;
Ismaeel & Yumrutas, 2020). This method not only optimizes existing energy utilization but also eliminates
the need for traditional dryers that require auxiliary electricity, thereby yielding significant financial
savings and reducing household electrical loads (Anastasovski, 2019). By leveraging this wasted energy
source, the Smartdrybox establishes a more environmentally friendly and sustainable drying system
without compromising performance or user convenience. Consequently, this system presents an ideal
solution for tropical environments characterized by high air conditioning usage (Dabizha et al., 2019;
Raitila & Tsupari, 2019; Dolgun et al., 2020).

By substituting conventional electric dryers with an innovative approach, the Smartdrybox mitigates
carbon emissions (Pranasyahputra et al, 2020). This approach aligns fully with the 6R framework,
specifically emphasizing the Reuse dimension. AC exhaust air, which previously constituted unutilized
thermal waste, is now reclaimed as the primary energy source for the drying process. This simultaneously
achieves two critical objectives: first, it reduces the demand for conventional dryers, which account for 5%
to 10% of household energy consumption and generate 0.5 to 1 kg of CO2 per operational hour; second, it
implements circular economy principles by optimizing the utilization of AC thermal waste to maximize its
utility (Admaja et al.,, 2020; Nugraha et al., 2020). This reuse principle not only yields a one-hundred-
percent reduction in carbon emissions during the drying process but also establishes a new paradigm for
energy waste utilization within households. Every system component is designed to maximize the utility of
existing resources without imposing additional environmental burdens. Consequently, the Smartdrybox
serves as a concrete manifestation of how the 6R philosophy can synthesize straightforward technology
with sustainable solutions to address modern environmental challenges (Multazam & Zulfadli, 2020).

The Smartdrybox exhibits substantial potential for both business expansion and technological
advancement. Given its energy efficiency and minimal operational costs, this product is highly suited for
small-scale commercial applications, such as laundry enterprises and boarding houses (Li et al,, 2020;
Cranston et al, 2019). To enhance system autonomy, subsequent developments could integrate
photovoltaic panels as an auxiliary energy source. This integration would decrease reliance on the grid-
supplied AC electrical system and bolster its overall sustainability (Tiwari et al., 2020). Furthermore, smart
home features—such as compatibility with voice-controlled assistants like Google Assistant or Alexa—
would align the product with contemporary smart home trends, allowing users to regulate the drying
process via voice commands. This innovation would not only broaden market viability and elevate product
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utility but also position the Smartdrybox as an intelligent, efficient, and ecologically responsible garment-
drying solution in the modern era (Khan et al., 2020).

4. Conclusion

The experimental evaluation and subsequent analysis demonstrate that the SmartDryBox, which
utilizes waste heat from air conditioner exhaust integrated with IoT technology, represents an innovative
and environmentally sustainable solution for garment drying. Compared with conventional electric dryers,
the system significantly reduces electrical energy consumption by reclaiming waste thermal energy that
would otherwise be dissipated. Furthermore, by applying the Reuse principle within the 6R framework,
the SmartDryBox promotes energy conservation and reduces carbon emissions, thereby supporting green
technology initiatives. The prototype successfully dried various fabric types within 60 to 120 minutes while
maintaining reliable performance, and the integration of sensors with IoT technology enabled real-time
monitoring through a dedicated mobile application, enhancing operational accuracy and user convenience.
In addition, the SmartDryBox offers a cost-effective drying solution for households, boarding houses, and
small-scale laundry businesses, while raising public awareness of waste energy utilization. Overall, the
SmartDryBox demonstrates strong potential as an efficient, sustainable, and economically viable garment-
drying system that contributes to the advancement of green technology and energy independence.
Nevertheless, further research is recommended to optimize system performance, improve scalability, and
expand its applicability across broader environmental and operational conditions.

Author Contributions

All authors have equal contributionsto the paper. All the authors have read and approved the final
manuscript.

Funding

No funding support was received.

Declaration of Conflicting Interests

The author declared no potential conflicts of interest with respect to the research, authorship, and/or
publication of this article.

References
Admaja, W. K, Nasirudin, N., & Sriwinarno, H. (2020). Identifikasi Dan Analisis Jejak Karbon (Carbon

Footprint ) Dari Penggunaan Listrik Di Institut Teknologi Yogyakarta. Jurnal Rekayasa Lingkungan,
18(2). https://doi.org/10.37412 /jrl.v18i2.28

Anastasovski, A. (2019). Energy Efficiency Improvement in the System for Drying Baker's Yeast.
Macedonian  Journal of Chemistry and  Chemical Engineering, 38(1), 115.
https://doi.org/10.20450/mjcce.2019.1476

Ardiansah, 1., Bafdal, N., Suryadi, E., & Bono, A. (2020). Greenhouse Monitoring and Automation Using
Arduino: A Review on Precision Farming and Internet of Things (IoT). International Journal on

Advanced  Science  Engineering and Information  Technology, 10(2), 703-7009.
https://doi.org/10.18517/ijaseit.10.2.10249

Bao, W,, Shen, ], Ding, X,, & Wu, X. (2019). Dimensional Change of Wool Fabrics in the Process of a Tumble-
Drying Cycle. Textile Research Journal, 89(21-22), 4702-4709.
https://doi.org/10.1177/0040517519841370

Cranston, J., Askalany, A. A., & Santori, G. (2019). Efficient Drying in Washer Dryers by Combining Sorption

63


https://doi.org/10.37412/jrl.v18i2.28
https://doi.org/10.20450/mjcce.2019.1476
https://doi.org/10.18517/ijaseit.10.2.10249
https://doi.org/10.1177/0040517519841370

International Journal of Sustainable Social Culture, Science Technology, Management, and Law Humanities 3(1), (2026),
doi: https://doi.org/10.71131/w0fpk829

and Heat Pumping. Energy, 183, 683-692. https://doi.org/10.1016/j.energy.2019.06.141

Dabizha, N. O., Sniezhkin, Y., Chalaev, D., & Masamyk, H. C. (2019). Research in Low-Temperature Heat
Pump Drying. 98-99. https://doi.org/10.23939/cte2019.01.098

Dai, Y. D. Y, Sui, ], Liy, F. L. F,, Xu, C. X. C,, Han, W,, & Jin, H. ]. H. (2020). A Novel Hybrid Air-Conditioning
System Combined With Sea Spray Aerosol Removal Driven by Low-Temperature Heat Source .

https://doi.org/10.46855 /energy-proceedings-3601

Danuputri, C., Hakim, L., Susilo, W. S., & Samuel, F. D. (2020). Kontrol Pemakaian Peralatan Elektronik
Berbasis Mikrokontroler Dan Algoritma Fuzzy Mamdani. Jurnal Resistor (Rekayasa Sistem

Komputer), 3(2), 94-107. https://doi.org/10.31598/jurnalresistor.v3i2.646

Dodoo, A. (2019). Techno-Economic and Environmental Performances of Heating Systems for Single-

Family Code-Compliant and Passive Houses. E3s Web of Conferences, 111, 3039.
https://doi.org/10.1051/e3sconf/201911103039

Dolgun, E. C,, Dolgun, G. K., Aktas, M., & KILIC, F. (2020). Analysis of Intermittent Infrared Drying Using Heat
Recovery With a Novel Control Methodology. Journal of Food Process Engineering, 43(10).
https://doi.org/10.1111/jfpe.13491

Guo, Z, Yang, R, Wang, T., An, L., Ren, S., & Zhou, C. (2020). Cost-Effective Additive Manufacturing of
Ambient Pressure-Dried Silica Aerogel. Journal of Manufacturing Science and Engineering, 143(1).

https://doi.org/10.1115/1.4048740

Hanif, S., Sultan, M., Miyazaki, T., & Koyama, S. (2019). Investigation of Energy-Efficient Solid Desiccant
System for Wheat Drying. International Journal of Agricultural and Biological Engineering, 12(1),

221-228. https://doi.org/10.25165/j.ijabe.20191201.3854

Ismaeel, H. H., & Yumrutas, R. (2020). Thermal Performance of a Solar-assisted Heat Pump Drying System
With Thermal Energy Storage Tank and Heat Recovery Unit. International Journal of Energy Research,

44(5), 3426-3445. https://doi.org/10.1002/er.4966

Khan, M, Seo, J., & Kim, D. (2020). Real-Time Scheduling of Operational Time for Smart Home Appliances
Based on Reinforcement Learning. leee Access, 8, 116520-116534.
https://doi.org/10.1109/access.2020.3004151

Lamidi, R. O, Jiang, L., Pathare, P. B, Wang, Y., & Roskilly, A. P. (2019). Recent Advances in Sustainable
Drying of Agricultural Produce: A Review. Applied Energy, 233-234, 367-385.
https://doi.org/10.1016/j.apenergy.2018.10.044

Li, C, Li, B, Huang, J., & Li, C. (2020). Energy and Exergy Analyses of a Combined Infrared Radiation-
Counterflow  Circulation (IRCC) Corn Dryer. Applied Sciences, 10(18), 6289.
https://doi.org/10.3390/app10186289

Liu, Z,, Li, W,, Zhang, L., Wu, Z,, & Luo, Y. (2019). Experimental Study and Performance Analysis of Solar-

64


https://doi.org/10.1016/j.energy.2019.06.141
https://doi.org/10.23939/cte2019.01.098
https://doi.org/10.46855/energy-proceedings-3601
https://doi.org/10.31598/jurnalresistor.v3i2.646
https://doi.org/10.1051/e3sconf/201911103039
https://doi.org/10.1111/jfpe.13491
https://doi.org/10.1115/1.4048740
https://doi.org/10.25165/j.ijabe.20191201.3854

International Journal of Sustainable Social Culture, Science Technology, Management, and Law Humanities 3(1), (2026),
doi: https://doi.org/10.71131/w0fpk829

Driven Exhaust Air Thermoelectric Heat Pump Recovery System. Energy and Buildings, 186, 46-55.
https://doi.org/10.1016/j.enbuild.2019.01.017

Min, Y., Yi, C, & Yang, H. (2020). On-Site Testing of Exhaust Air Heat Recovery for an All-Fresh-Air a/C
System in Hong Kong. https://doi.org/10.46855/energy-proceedings-3325

Multazam, T. & Zulfadli, T. (2020). Analisa Model Pembangkit Listrik Tenaga Hibrid Untuk
Keberlangsungan Pengering Ikan Teri Nelayan Aceh Besar. Jurnal Serambi Engineering, 5(4).

https://doi.org/10.32672 /jse.v5i4.2325

Naemsai, T., Jareanjit, ]., & Thongkaew, K. (2019). Experimental Investigation of Solar-assisted Heat Pump
Dryer With Heat Recovery for the Drying of Chili Peppers. Journal of Food Process Engineering, 42(6).
https://doi.org/10.1111/jfpe.13193

Nugraha, A. W,, Suparno, 0., & Indrasti, N. S. (2020). Analisis Potensi Jejak Karbon Limbah Cair Dan Listrik
Pada Proses Penyamakan Kulit. 30(3), 256-264.
https://doi.org/10.24961 /j.tek.ind.pert.2020.30.3.256

Pranasyahputra, R. H,, Elen, T., & Dewi, K. S. (2020). Pengaruh Leverage, Kompetisi, Dan Pertumbuhan
Perusahaan Terhadap Carbon Emission Disclosure (Studi Empiris Pada Perusahaan Manufaktur Yang
Terdaftar Di Bei Tahun Periode 2015 - 2017). Jurnal Akuntansi Trisakti, 7(1), 75-88.
https://doi.org/10.25105/jat.v7i1.6168

Raitila, ], & Tsupari, E. (2019). Feasibility of Solar-Enhanced Drying of Woody Biomass. Bioenergy
Research, 13(1), 210-221. https://doi.org/10.1007/s12155-019-10048-z

Sekar, S., Sivakumar, D., Thirumalai, N., & George, M. (2020). Energy and Exergy Analysis of Greenhouse
Drying of Ivy Gourd and Turkey Berry. Thermal Science, 24(1 Part B), 645-656.
https://doi.org/10.2298/tsci190602459s

Tiwari, S., Sahdev, R. K., Kumar, M., Chhabra, D., Tiwari, P., & Tiwari, G. N. (2020). Environmental and
Economic Sustainability of <scp>PVT</Scp> Drying System: A Heat Transfer Approach.
Environmental Progress & Sustainable Energy, 40(3). https://doi.org/10.1002/ep.13535

Tokar, A., Negoitescu, D., Adam, M., Tokar, D., & Negoitescu, A. (2019). The Waste Energy Recovery, an
Energy-Efficient Solution for the Industrial Sector. E3s Web of Conferences, 111, 6063.
https://doi.org/10.1051/e3sconf/201911106063

Wang, G., Wu, W,, Qiao, F.,, Fu, D., Liu, Z., & Han, F. (2020). Research on an Electric Energy-saving Grain
Drying System With Internal Circulation of the Drying Medium. Journal of Food Process Engineering,

43(9). https://doi.org/10.1111/jfpe. 13476

Yu, X, Li, Y., & Ding, X. (2020). Dynamics of Cotton Textile Motion in a Domestic Tumble Dryer and Its Effect
on Drying Performance. Textile Research Journal, 91(7-8), 851-873.
https://doi.org/10.1177/0040517520960751

65


https://doi.org/10.32672/jse.v5i4.2325
https://doi.org/10.2298/tsci190602459s

