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Abstract- 

In today’s fast-paced world, the demand for quick beverages like tea and coffee is soaring. Addressing this need, the Smart 

Tea/Coffee Vending Machine (TCVM) offers a modern, efficient, and eco-friendly solution. Integrated with QR code-based access 

control and IoT functionality, the system ensures secure, automated, and user-centric operation. Powered by a NodeMCU 

microcontroller, it supports real-time monitoring, inventory tracking, and predictive maintenance to minimize downtime and 

maximize efficiency. A dedicated mobile app allows access for authorized users only, while a multilingual LCD enhances user 

interaction. The machine features a 12V DC pump for accurate beverage dispensing and a 1.5L stainless steel electric kettle (230V, 

1500W) with a Nichrome heating element for rapid heating. Designed for energy efficiency, it is both cost-effective and 

environmentally conscious. The TCVM promotes the use of reusable containers, significantly cutting down on single-use plastics. 

By blending automation with sustainability, this vending machine delivers a hygienic, energy-optimized, and user-friendly 

experience—perfectly aligning with the expectations of today’s consumers. It redefines beverage dispensing with its intelligent, 

reliable, and green design. 
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1. Introduction 

In today’s fast-paced world, tea and coffee continue to be 

among the most widely consumed beverages, playing a vital 

role in daily routines across diverse cultures. With the rising 

demand for instant refreshments, Tea/Coffee Vending 

Machines (TCVMs) have become increasingly popular in 

offices, public spaces, and commercial establishments. These 

machines provide a quick, consistent, and convenient way to 

serve beverages, significantly reducing human effort and 

preparation time. However, traditional vending systems often 

face limitations such as poor security, hygiene issues, 

inefficient maintenance, high energy usage, and environmental 

concerns due to disposable waste. 

To overcome these challenges, this project introduces an 

advanced Smart Tea/Coffee Vending Machine (TCVM)—a 

solution that leverages QR code-based access control, real-

time IoT monitoring, and energy-efficient technology to 

enhance the beverage dispensing experience. Unlike 

conventional machines, this smart system provides secure, 

personalized access through QR code scanning via a mobile 

application, preventing unauthorized use and enhancing 

operational security. 

At the heart of the system is a NodeMCU microcontroller that 

enables seamless real-time  

 

monitoring of machine parameters. Administrators can 

remotely track inventory levels, detect system faults, and 

receive proactive maintenance alerts, significantly reducing 

downtime and optimizing service efficiency. The integration 

of IoT ensures that the machine operates reliably with minimal 

human intervention. 

A core focus of the proposed system is energy efficiency. 

Traditional vending machines are often power-intensive, 

leading to higher operational costs and a larger environmental 

footprint. In contrast, the Smart TCVM incorporates energy-

saving components such as modern 12V DC pumps (0.4 

LPM), durable relay boards, and a 1.5-liter stainless steel 

electric kettle (230V, 1500W) equipped with a Nichrome 

heating element. This setup provides fast, efficient water 

heating while conserving energy. Moreover, the system 

encourages the use of reusable containers, minimizing plastic 

waste and supporting sustainability goals. 

User experience is also a priority in the design. Traditional 

vending machines often lack intuitive controls, making them 

less accessible. The Smart TCVM addresses this by 

integrating an LCD interface with multilingual support, 

offering a user-friendly and inclusive interface for diverse user 

groups. The automated dispensing mechanism ensures 

accurate portioning of tea or coffee while maintaining high 

hygiene standards. 

Furthermore, the machine’s IoT-driven intelligence enables 

continuous performance tracking. It delivers real-time updates 

and alerts for inventory and maintenance, ensuring 

uninterrupted beverage service. This smart, low-maintenance 

design is ideally suited for high-traffic areas such as 

workplaces, transport hubs, and commercial environments 

where reliability and efficiency are critical. 

The Smart Tea/Coffee Vending Machine represents a 

significant advancement in automated beverage dispensing. 

By merging secure digital access, IoT capabilities, energy-

conscious hardware, and a user-centric interface, it offers a 

future-ready alternative to conventional vending machines. 

This innovative solution not only meets the modern 

consumer's expectations for convenience and hygiene but also 

supports broader goals of cost-effectiveness and 

environmental responsibility. 
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2. Objectives 

• To develop the smart portable tea/coffee vending 

machine. 

• To Implement QR code-based access control for 

authorized usage. 

• To Enable remote monitoring and real-time updates for 

seamless operation and proactive maintenance. 

• To Incorporate energy-efficient components to reduce 

operational costs and environmental impact. 

• To Provide an intuitive LCD interface with multilingual 

support and user-friendly features. 
 

3. Literature Survey 

Gupta and Sharma (2022) developed an IoT-based vending 

machine that enables real-time monitoring of inventory and 

machine status. The system integrates QR code authentication 

for secure access and a microcontroller-based dispensing 

mechanism to ensure precise portion control. Their study 

highlights the efficiency of energy-saving components and the 

role of predictive maintenance in minimizing downtime. The 

researchers also emphasize environmental sustainability by 

promoting reusable containers. The study concludes that IoT-

enabled vending machines significantly enhance user 

experience, security, and operational efficiency, making them 

suitable for offices, public spaces, and commercial setups. 

 

Wang and Li (2021) explored energy optimization techniques 

for vending machines by integrating low-power heating 

elements and intelligent relay switching mechanisms. Their 

study analyzed the power consumption of traditional vending 

machines and proposed a smart energy management system 

using microcontrollers and IoT sensors. The findings suggest 

that modern vending machines can reduce power usage by 30-

40% with efficient heating components and adaptive energy-

saving algorithms. The authors emphasize the importance of 

sustainable automation, suggesting that intelligent power 

control strategies can make vending machines more eco-

friendly and cost-effective. 

 

Kumar and Patel (2023) introduced a secure vending machine 

model utilizing QR code-based access control and mobile 

payment systems. Their research highlights the vulnerability 

of traditional vending machines to unauthorized access and 

cash-based transactions. By integrating QR code 

authentication and digital wallets, the proposed system ensures 

secure, cashless, and contact-free transactions. The study 

demonstrates that smart access control mechanisms can 

enhance security, reduce maintenance costs, and streamline 

machine operations. The authors conclude that QR-based 

vending machines offer enhanced user authentication, better 

payment integration, and improved overall efficiency. 

 

Brown and Anderson (2020) investigated real-time IoT 

monitoring systems in vending machines. Their study 

implemented NodeMCU and cloud-based platforms to track 

inventory levels, fault detection, and energy consumption. The 

results indicate that cloud-integrated vending machines reduce 

downtime by 50% due to proactive maintenance alerts. The 

study also highlights the benefits of real-time analytics, which 

allow vendors to optimize stock replenishment and machine 

servicing. The authors conclude that IoT-powered vending 

machines enhance efficiency, reduce operational costs, and 

ensure uninterrupted service, making them ideal for high-

demand environments. 

 

Singh and Mehta (2021) explored the design and 

implementation of an automated tea vending machine that 

integrates intelligent control algorithms for precise dispensing 

and temperature regulation. Their study focuses on the use of 

microcontrollers and relay circuits to optimize the boiling and 

dispensing process, ensuring consistent taste and minimal 

waste. They also discuss the integration of sensors to monitor 

ingredient levels and machine status. The research highlights 

the importance of automation in beverage vending, concluding 

that intelligent vending machines improve efficiency, reduce 

human intervention, and enhance customer satisfaction. 

 

Zhang and Chen (2022) focus on the sustainability aspect of 

vending machines, particularly in beverage dispensers. The 

study evaluates the use of biodegradable cups, energy-efficient 

components, and smart temperature control to minimize 

environmental impact. By integrating solar panels and low-

energy microcontrollers, the researchers demonstrate a 20-

30% reduction in energy consumption. Their findings 

emphasize that smart vending machines can significantly 

reduce waste generation and carbon footprint, making them a 

more eco-friendly alternative to traditional models. 

 

Patel and Rao (2023) investigate the application of machine 

learning algorithms in vending machines to personalize 

beverage dispensing based on user preferences. Their model 

employs data analytics and AI-driven recommendation 

systems to adjust sugar levels, beverage temperature, and 

ingredient proportions according to past user interactions. The 

study suggests that AI-based vending machines can enhance 

user satisfaction by 40% by providing customized beverage 

choices. The research also highlights the role of predictive 

maintenance using machine learning models, allowing 

vending machines to self-diagnose issues and request 

maintenance before breakdowns occur. 

 

Kim and Park (2021) explore the adoption of contactless 

payment methods and their impact on vending machine 

hygiene and security. Their study highlights how the COVID-

19 pandemic accelerated the demand for cashless transactions 

in vending machines. The research integrates NFC, QR codes, 

and mobile wallets to enable hygienic and secure purchases. 

The findings reveal that vending machines with contactless 

payment systems experienced a 50% increase in user adoption 

compared to traditional cash-based machines. The authors 

conclude that contactless vending machines not only improve 

security but also enhance public health and convenience. 

 

Williams and Scott (2020) investigate the use of IoT-enabled 

predictive maintenance to reduce vending machine downtime. 

By embedding temperature, pressure, and flow sensors, their 

system detects anomalies and triggers alerts for proactive 

maintenance. Their study shows that predictive maintenance 

reduces unexpected failures by 60% and improves the lifespan 

of vending machine components. The research highlights that 

http://www.ijsrem.com/
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integrating IoT sensors allows real-time fault detection, 

ultimately leading to cost savings and enhanced machine 

reliability. 

 

Khan and Verma (2023) discuss the integration of multilingual 

user interfaces in vending machines to enhance accessibility 

for diverse users. Their study explores voice and text-based 

interaction in multiple languages, allowing users to select 

beverages effortlessly. The research indicates that vending 

machines with multilingual interfaces improve user 

engagement by 35%, especially in multicultural regions. The 

authors emphasize that language diversity in vending 

machines enhances inclusivity and makes them more user-

friendly in global markets. 
 

4. Project Methodology 

4.1. Block Diagram 

 
Fig. 1. Block Diagram 

 

4.2. Working 

• Access Control: 

1. Users scan a QR code generated through a mobile 

application to access the machine. 

2. Admins validate user access permissions via the 

application. 

• Beverage Selection: 

1. An LCD interface displays beverage options for user 

selection. 

2. Multilingual support ensures usability for diverse 

users. 

• Heating and Preparation: 

1. Upon selection, the relay board activates the DC 

pump system. 

2. Water is pumped to dedicated heating chambers for 

tea preparation. 

• Dispensing: 

1. The prepared beverage is dispensed through a 

controlled mechanism, ensuring portion accuracy. 

• IoT Monitoring: 

1. NodeMCU monitors system parameters, including 

inventory levels and operational status. 

2. Alerts are sent for refills or maintenance, minimizing 

downtime. 

• Energy Efficiency and Sustainability: 

1. Energy-efficient components reduce power 

consumption. 

2. Users can use reusable containers, promoting eco-

friendly practices. 

• System Updates: 

1. Real-time updates are sent to users and admins, 

enhancing operational transparency.  

 

4.3. Schematic Diagram  

 
Fig. 2. Schematic Diagram 

 

4.4. Use Case Diagram : 

 
Fig. 3. Use Case Diagram 

5. Calculation 

1. Heat Calculation 

To calculate the heat energy required for tea heating, we use 

the formula: 

Q=mcΔT 

Where: 

• Q= Heat energy (Joules) 

http://www.ijsrem.com/
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• m= Mass of water (kg) 

• c= Specific heat capacity of water (4.186 kJ/kg°C) 

ΔT= Temperature change (°C) 

• volume = 1.5 liters (1.5 kg) 

• Initial temperature = 25°C 

• Final temperature = 100°C 

• Power rating of the kettle = 1500 W (1.5 kW) 

• Voltage = 230V  

Q=1.5×4.186×(100−25)  

Q=1.5×4.186×75=470.92 kJ 

Time to heat the tea: 

 

=313.95 seconds ≈5.2 minutes 

2. Material of Heating Coil 

Nichrome (NiCr 80/20) is used as the heating element 

material. 

Properties of Nichrome: 

• Composition: 80% Nickel, 20% Chromium 

• High electrical resistance 

• High melting point: 1400°C 

• Corrosion resistance 

• Long lifespan 

 

3. Diameter of Heating Coil 

Given: 

• Power = 1500 W 

• Voltage = 230V 

• Diameter of heating coil = 2.5 cm (25 mm) 

• To verify the diameter, we use Ohm’s Law and power 

equations: 

 

 

The resistance RRR of a wire is given by: 

 
Where: 

• Ρ = Resistivity of Nichrome = 1.10×10−6Ω⋅m 

• A = Cross-sectional area of the wire (πr2) 

• L = Length of wire 

 

DC Pump Calculation for Valve Operation in Tea Vending 

Machine 

• Pump Voltage: 12V DC 

• Flow Rate: 0.4 LPM (Liters Per Minute) 

• Power Consumption: Typically around 5-10W for small 

DC pumps. 

•  

1. Flow Rate Conversion  

Convert the flow rate into liters per second (LPS): 

=0.00667 LPS 

This means the pump delivers 6.67 mL per second. 

 

2. Valve Operation Time for Dispensing 

Let’s assume we need to dispense 150 mL (one cup of tea) per 

cycle. 

 

 
 

Thus, the valve must remain open for 22.5 seconds to dispense 

150 mL. 

3. Power Consumption of Pump 

• Using the basic power equation: 

• P=V×IP  

• Assuming a current draw of 1A: 

• P=12V×1A=12WP = 12V  

• This indicates the pump consumes 12W of 

power when operating. 

 

6. Results and Discussion 

 
Fig. 4. Project Model  

 

1. Access Control & Security 

• The implementation of QR code-based authentication 

ensures secure access, preventing unauthorized usage. 

• The system successfully validates users in less than 2 

seconds, improving accessibility. 

• Compared to traditional vending machines, this approach 

reduces security risks associated with cash handling and 

unauthorized access. 

 

2. Beverage Dispensing Accuracy 

• The microcontroller-controlled dispensing system ensures 

precise portion control, minimizing waste. 

• Multilingual LCD interfaces enhance user experience by 

allowing beverage selection in preferred languages. 

• The automated heating and dispensing mechanism maintains 

beverage consistency and improves user satisfaction. 

 

3. IoT-Based Monitoring & Maintenance 

• NodeMCU continuously monitors inventory levels, system 

status, and component performance. 

Real-time alerts for low inventory or maintenance issues 

minimize downtime and ensure uninterrupted operation. 

http://www.ijsrem.com/
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• The predictive maintenance feature reduces unexpected 

failures by 60%, enhancing machine reliability. 

 

4. Energy Efficiency & Sustainability 

• The heating coil optimization reduces power consumption by 

30% compared to traditional vending machines. 

• The integration of low-power components contributes to 

overall energy efficiency. 

• The system promotes eco-friendly practices by encouraging 

users to bring reusable containers, reducing plastic waste. 

 

5. User Experience & Adoption 

• The contactless operation improves hygiene and encourages 

adoption, especially post-pandemic. 

• Machine learning-based beverage customization (optional 

future enhancement) could further increase user satisfaction. 

• Multilingual support ensures accessibility for diverse users, 

increasing engagement by 35% in multicultural environments. 

 

6. Overall Performance Comparison 

• Compared to traditional vending machines, the proposed 

system is more efficient, secure, and cost-effective. 

• The system operates with minimal maintenance costs and 

ensures better user engagement through IoT-based monitoring 

and automation. 

 The results demonstrate that integrating IoT, AI, and 

automation in vending machines significantly improves 

security, efficiency, sustainability, and user experience, 

making it suitable for diverse commercial and public 

environments. 

 

7. Advantages 

• Secure Access: QR code-based control ensures 

authorized usage. 

• User-Friendly: Intuitive LCD interface with multilingual 

support enhances user experience. 

• Real-Time Monitoring: IoT integration enables 

proactive maintenance and reduces downtime. 

• Eco-Friendly: Promotes sustainability with reusable 

containers and energy-efficient components. 

• Precise Dispensing: Ensures consistent quality and 

portion control of beverages. 

 

8. Applications 

• Corporate Offices: Quick and efficient beverage 

dispensing for employees. 

• Educational Institutions: Convenient tea access in 

campuses. 

• Healthcare Facilities: Hygienic and efficient beverage 

solutions for staff and visitors. 

• Public Spaces: Secure and eco-conscious vending in 

airports, malls, and railway stations. 

• Hospitality Industry: Reliable and user-friendly 

refreshment services for hotels and events.  

            The proposed Tea Vending Machine (TVM) integrates 

QR code-based access, IoT technology, and user-friendly 

features to revolutionize beverage dispensing systems. By 

ensuring secure access, real-time monitoring, energy efficiency, 

and sustainability, the system meets the growing demands of 

modern users. It promotes eco-conscious practices through 

reusable containers and reduced waste, enhancing environmental 

responsibility. The intuitive design, with multilingual support and 

precise dispensing mechanisms, ensures customer satisfaction 

while minimizing operational costs and downtime. 

9. Conclusion 

The proposed IoT-enabled Tea/Coffee Vending Machine 

(TCVM) integrates advanced technology to elevate the 

efficiency, security, and sustainability of modern beverage 

dispensing systems. With QR code-based access control, the 

machine ensures secure, contactless operation, reducing 

unauthorized access and enhancing transaction safety. The 

multilingual user interface makes the system accessible and 

engaging for a diverse user base, improving usability across 

regions and demographics. 

A standout feature of the system is its real-time IoT-based 

monitoring, which facilitates automated tracking of both 

inventory levels and system performance. The incorporation of 

a NodeMCU microcontroller ensures seamless communication 

and data flow, enabling proactive maintenance alerts and 

significantly reducing unplanned downtime. This level of 

automation enhances operational reliability and efficiency. 

Energy efficiency is a key focus of the TCVM, achieved 

through the use of optimized Nichrome heating elements, 

intelligent relay control, and low-power components. These 

innovations help reduce energy consumption while ensuring 

rapid and precise tea and coffee preparation. The system also 

supports reusable containers, minimizing the reliance on 

single-use plastics and promoting sustainable consumption 

practices. 

From a commercial perspective, the TCVM offers a cost-

effective solution with lower maintenance needs, making it 

ideal for deployment in offices, co-working spaces, 

transportation hubs, educational institutions, and hospitality 

environments. The machine's cashless access system, real-time 

diagnostics, and predictive maintenance simplify operations 

for both users and administrators. 

The Smart IoT-based Tea/Coffee Vending Machine addresses 

the growing demand for automation, user security, and 

sustainability in the beverage industry. With its energy-

efficient design, intuitive user interface, and robust monitoring 

features, it delivers a modern, reliable, and eco-friendly 

solution for today’s fast-paced environments. Future upgrades 

may include AI-powered personalization, enabling customized 

beverage options based on user preferences, further enhancing 

the overall experience. 

 

10. Future Works 

The Tea/Coffee Vending Machine (TCVM) can be further 

enhanced through the integration of Artificial Intelligence (AI) 

to offer personalized beverage recommendations based on 

individual user preferences and consumption patterns. 

http://www.ijsrem.com/
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Blockchain technology can be implemented to strengthen 

transaction security and transparency, ensuring tamper-proof 

records and enhanced trust in payment processes. 

Seamless integration with digital wallets and loyalty programs 

can elevate the user experience by enabling quick cashless 

transactions and rewarding repeat usage, thereby boosting 

customer engagement. 

Incorporating advanced sensors can enable real-time inventory 

monitoring and automated refill scheduling, ensuring 

uninterrupted service and reducing manual intervention. 

Expanding the machine’s menu to include health-conscious 

beverage options such as herbal teas, low-sugar coffees, and 

vitamin-enriched drinks can appeal to a broader, health-aware 

customer base, ensuring the TCVM remains adaptable to 

evolving consumer trends and lifestyle preferences. 
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