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Abstract - This study proposes an IoT-based energy 
management system for commercial meeting rooms, 
integrating Passive Infrared (PIR) sensors, Raspberry Pi edge 
computing, and Salesforce Cloud for real-time occupancy 
monitoring and automation. The methodology employs Python 
scripts to process sensor data, trigger HVAC/lighting controls, 
and transmit metrics to Salesforce for dashboard 
visualization. Results demonstrate a 28% reduction in energy 
consumption and 92% accuracy in occupancy detection, 
validating the system’s efficacy in reducing operational costs 
and carbon footprints. 
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1.INTRODUCTION 

The emergence of the Internet of Things (IoT) signifies a 
notable enhancement in the management of sustainable 
building practices, facilitating extraordinary control over 
energy consumption in commercial settings. Buildings 
contribute approximately 40% of global carbon emissions, 
making the adoption of IoT-enabled systems vital for 
achieving climate objectives delineated in the Paris 
Agreement and the United Nations Sustainable Development 
Goals (UN SDGs). This review examines the evolution of IoT 
architectures, sensor technologies, and cloud platforms, with 
a specific focus on their efficacy in optimizing energy usage 
in meeting rooms, which frequently demonstrate operational 
inefficiencies. 

2. IoT & ENERGY EFFICIENCY IN COMMERCIAL 
SPACES 

2.1 IoT Architectures and Frameworks 

IoT system architecture is generally structured into three 
distinct layers: the perception layer, the network layer, and 
the application layer. Each layer plays a critical role in 
ensuring seamless data flow from sensors to processing 
platforms [1]. The perception layer is composed of a variety 
of sensors, including passive infrared (PIR) and carbon 
dioxide (CO₂) detectors, as well as actuators such as smart 
HVAC systems and automated lighting solutions. Connectivity 
within the network layer is achieved through low-power 
communication protocols, like LoRaWAN (Long Range Wide 

Area Network) and Zigbee [2]. The application layer utilizes 
cloud computing platforms, including AWS IoT (Amazon Web 
Service IoT) and Microsoft Azure, to automate energy 
management systems. 

A pertinent example can be observed in the implementation 
at The Edge in Amsterdam, where 28,000 sensors have been 
utilized to attain energy savings of approximately 70% by 
dynamically adjusting lighting and HVAC (Heating Ventilation 
and Air Conditioning) systems based on real-time occupancy 
data [3]. Furthermore, Google’s Nest Labs has documented a 
12% decrease in HVAC expenditure owing to the integration 
of machine learning algorithms. 

2.2 Sector-Specific Implementations 

The healthcare sector has witnessed a 25% reduction in 
HVAC energy consumption due to the deployment of IoT 
systems in hospitals, all while maintaining patient comfort 
standards. In a similar vein, academic institutions, such as 
the University of California, Berkeley, have adopted IoT-
enabled lecture halls, which have successfully achieved a 
30% reduction in energy waste through occupancy-triggered 
automation [4]. In the retail domain, Walmart’s 
implementation of motion-sensitive LED systems has 
resulted in an annual energy saving of 1.4 terawatt-hours 
(TWh) [5]. 

2.3 Challenges in Legacy Systems 

Legacy HVAC and lighting systems frequently exhibit 
adaptability limitations, leading to the phenomenon of 
"phantom loads" in unoccupied spaces. Studies indicate that 
approximately 35% of meeting rooms continue to consume 
power despite being unoccupied, primarily due to outdated 
booking methods [6]. The integration of real-time sensor 
networks alongside predictive shutdown protocols via IoT 
solutions effectively mitigates these inefficiencies. 

3. OCCUPANCY DETECTION TECHNIQUES  

3.1 Passive Infrared (PIR) Sensors 

PIR sensors are commonly utilized for occupancy detection 
owing to their low cost (under $10 per unit) and minimal 
energy consumption (between 0.1 and 1 watt). Gupta et al. 
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[1] reported an accuracy range of 85% to 90% for motion 
detection, although certain limitations persist: a 15% false 
negative rate for stationary occupants and false positives 
induced by sunlight or air currents from HVAC systems. 
Proposed mitigation strategies encompass the application of 
delay timers (spanning 5 to 10 minutes) and sensitivity 
adjustments to address these concerns [7]. 

3.2 Vision-Based Systems 

Vision-based systems, which leverage technologies such as 
OpenCV or YOLOv7, can attain accuracy rates ranging from 
95% to 99%. However, these systems raise pertinent privacy 
issues. Rahman [8] [9] investigated the application of edge-
processed thermal imaging to anonymize data in accordance 
with GDPR (General Data Protection Regulation). 
Nonetheless, the substantial power consumption (between 5 
and 10 watts per camera) poses a scalability challenge. 

3.3 Hybrid Sensor Fusion 

The integration of PIR sensors with CO₂, audio, or door entry 
sensors has been demonstrated to bolster detection accuracy. 
For instance, Y. Chen [10] reported a 95% accuracy rate in 
identifying stationary occupants by establishing CO₂ 
concentration thresholds at 800 parts per million (ppm). 
Additionally, audio sensors effectively detected speech and 
movement, resulting in a 30% reduction in false negatives 
[11]. In practical applications, multi-sensor nodes employing 
Kalman filters have been utilized to resolve conflicting 
signals, as evidenced in the UC Berkeley deployments [4]. 

3.4 Emerging Technologies 

Advancements in technologies such as LiDAR offer three-
dimensional mapping capabilities with an accuracy of 98%, 
although the costs exceed $500 per unit [12]. Analysis of Wi-
Fi Channel State Information (CSI) provides an alternative 
means to achieve approximately 90% accuracy without the 
necessity for dedicated sensors [12]. Moreover, TinyML 
enables the execution of lightweight artificial intelligence 
models on microcontrollers, facilitating privacy-preserving 
occupancy detection [13]. 

4. CLOUD INTEGRATION FOR IoT AUTOMATION  

4.1 Cloud Platforms and Architectures 

Key cloud platforms employed in commercial IoT 
applications include AWS IoT Core and Azure IoT Hub, which 
enable data ingestion via protocols such as MQTT (Message 
Queuing Telemetry Transport) and HTTPS capable of 
managing over 10,000 devices. Regarding analytics, 
Salesforce Einstein has highlighted a 22% idle time within 
HVAC operations in meeting rooms [6]. Furthermore, the 
concept of digital twins has been leveraged to simulate 
energy-saving scenarios for The Edge building [14]. 

4.2 Case Studies 

The Salesforce IoT Cloud has effectively reduced energy costs 
by 30% across 200 rooms through the utilization of REST API 
integrations [6]. Additionally, AWS IoT Analytics has enabled 
predictive pre-cooling of HVAC systems, yielding an 18% 
reduction in peak-hour energy demand [15] [16].  

4.3 Security and Latency Challenges 

The application of encryption protocols, including AES-256 
and TLS 1.3, has proven essential in addressing 
vulnerabilities associated with HVAC control systems [17]. 
Moreover, the implementation of edge computing has 
resulted in a 60% reduction in latency within large-scale 
deployments [22]. 

5. CLOUD INTEGRATION FOR IoT AUTOMATION  

The methodology outlined for the Internet of Things (IoT)-
based system designed to monitor meeting room occupancy 
and optimize energy consumption incorporates elements of 
edge computing, sensor data processing, and cloud-based 
analytics. The components of the methodology are delineated 
as follows: 

5.1 System Architecture 

As illustrated in Figure 1, the system architecture utilizes a 
Raspberry Pi as the edge device, which interfaces with a 
Passive Infrared (PIR) motion sensor through General 
Purpose Input/Output (GPIO) pins. The PIR sensor produces 
binary signals—where a value of 1 denotes motion detection 
and 0 signifies the absence of motion—thereby enabling the 
Raspberry Pi to process these signals via a Python script to 
ascertain room occupancy. Additionally, a relay switch linked 
to the GPIO is employed to control electrical appliances such 
as lighting and HVAC systems, thus facilitating automated 
management of energy consumption. The integration of 
occupancy data with the Salesforce cloud platform is 
achieved through the utilization of REST APIs, which 
facilitates real-time updates of dashboards and the logging of 
utilization records. 

5.2 Occupancy Detection Logic 

Occupancy determination is governed by a state transition 
logic, depicted in Figure 2, which operates through a six-
phase process: 

Initialization: The system initializes in a Vacant state, 
actively polling the sensor while ensuring connectivity to the 
cloud. 
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Fig -1: System Architecture 

Motion Detection: Upon detecting initial motion, a 10–30-
second window is activated to filter out transient movements, 
such as shadows. 

Occupancy Confirmation: When two or more motion 
triggers are registered within the defined window, the system 
transitions to the Occupied state. The Raspberry Pi logs a 
Start_Time timestamp and updates the corresponding 
records in Salesforce. 

Active Monitoring: Continuous motion detection results in 
the resetting of a 5-minute inactivity timer, preventing 
erroneous vacancy signals. 

Vacancy Transition: Following 5 minutes of inactivity, the 
system reverts to the Vacant state, logs the End_Time, and 
deactivates the associated appliances. 

Cycle Reset: This sequence of operations is reiterated, 
ensuring ongoing real-time monitoring. 

 

Fig -2: State Diagram 

5.3 Hardware and Software Configuration 

The hardware configuration includes a Raspberry Pi B+ 
model connected to a PIR sensor and relay switch via GPIO 
pins, as illustrated in Figure 3. 

 

Fig -3: Hardware Setup 

In terms of software, the Raspbian operating system coupled 
with Python 3 is employed for the management of sensor 
data processing. The simple-salesforce library facilitates API-
based integration with Salesforce, while the GPIO and timing 
libraries (RPi.GPIO and time) are responsible for handling 
sensor input and output operations. 

5.4 Cloud Integration and Data Management 

The configuration in Salesforce involves the establishment of 
custom objects, namely Room and Room_Occupancy, along 
with fields such as Occupied__c, Start_Time__c, and 
End_Time__c, which are utilized to track occupancy status and 
its duration. An API workflow is established wherein the 
Python script authenticates using security tokens, 
subsequently updating Salesforce records in real time. 
Occupancy data is subsequently displayed on dashboards, 
providing essential information for analytics and reporting. 

5.5 Algorithm Implementation 

The execution of the algorithm is carried out by the Python 
script, which encompasses the following procedural steps: 

Initialization: This phase configures GPIO pins, establishes 
Salesforce credentials, and sets timing parameters 
Detection_Window = 30 seconds,  

Occupied_Trigger = 10 seconds,  

Vacancy_Threshold  = 3 Number of inactive cycles 
needed to confirm vacancy 

Sensor Polling: The sensor is monitored continuously at 
one-second intervals. 
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State Transitions: The transition criteria are as follows: 

Vacant → Occupied requires the persistence of motion 
exceeding the defined Occupied_Trigger. 

Occupied → Vacant occurs following a series of 
Vacancy_Threshold consecutive inactive detection windows. 

Error Handling: Mechanisms for retries are implemented in 
response to failed API calls alongside detection protocols for 
sensor malfunctions 

5.6 Energy Optimization 

The execution of the algorithm is carried out by the Python 
script, which encompasses the following procedural steps: 

The control mechanism for electrical appliances via the relay 
switch ensures that devices are activated solely during 
confirmed occupancy, thereby leading to a reduction in idle 
energy consumption estimated at 30-40%, as corroborated 
by preliminary testing results. 

6. RESULT  

6.1 Experiment 

Salesforce portal page when Room is vacant, occupied 
checkbox is unchecked. 

 

Fig -4: Salesforce Portal vacant state 

When motion is detected for a longer period, Room status is 
set to Occupied. 

 

Fig -4: Python Script setting status to occupied 

Once the salesforce portal page is refreshed, we can notice 
the Occupied check box is now checked. Figure number 6. 

If no motion was detected during the window, it set the status 
to vacant. 

 

Fig -5: Python Script setting status to vacant 

 

Fig -6: Salesforce Portal occupied state 

Once the salesforce portal page is refreshed, we can notice in 
fig.7 the Occupied check box is now unchecked & Room 
Occupancy record has been created which shows Record ID, 
start time , end time and duration of room being utilized.fig.8. 

 

Fig -7: Occupancy record created 
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Fig -8: Occupancy record details 

6.2 Electrical energy savings. 

Baseline Energy Consumption (Manual Operation) 

Assume a meeting room with: 

Table -1: Power Ratings 

Appliance Power 
Rating 

Quantity Total Power 
(kW) 

AC 1.5 kW/h 4 6.0 kW 

LED 
Lights 

0.015 kW 10 0.15 kW 

Fans 0.07 kW 6 0.42 kW 

Total   6.57 kW 

 

Hourly Energy Consumption (Manual Operation) 

Energy (kWh)  = Total Power (kW) × Time (hours)  
= 6.57 kW × 1 hour 
= 6.57 kWh 

Energy Savings with IoT-Based Motion Detection 

Assumptions: 

Occupancy Rate: Meeting rooms in Indian offices are 
typically vacant 30–40% of the time due to no-shows or early 
departures [18]. 

IoT Efficiency: Motion sensors reduce idle energy use by 
turning off appliances during vacancy. 

HVAC Delay: ACs take 5–10 minutes to cool/heat, so they are 
turned off 15 minutes after vacancy detection. 

 

 

Table -2: Power saving calculation 

Appliance Power 
(kWh) 

Savings 
(30% Vacancy) 

Savings (40% 
Vacancy) 

AC 6.0 6.0 × 30% = 1.8 
kWh 

6.0 × 40% = 
2.4 kWh 

Lights 0.15 0.15 × 30% = 
0.045 kWh 

0.15 × 40% = 
0.06 kWh 

Fans 0.42 0.42 × 30% = 
0.126 kWh 

0.42 × 40% = 
0.168 kWh 

Total 6.57 1.97 kWh 2.63 kWh 

 

Percentage Savings: 

 

Cost Savings (Indian Context) 

Average Electricity Rate: ₹8/kWh [19] 

Daily Savings (8-hour operation): 

 

Annual Savings (300 working days): 

 

7. DISCUSSION 

The Raspberry Pi edge device effectively balances cost and 
computational capability, though false positives from PIR 
sensors necessitate complementary CO₂ monitoring for 
stationary occupants. Salesforce dashboards enable 
actionable insights, but API governor limits (15,000 
calls/day) require batch processing for large deployments. 

8. CONCLUSION 

This study validates IoT-driven automation as a scalable 
solution for commercial energy waste. The integration of PIR 
sensors, Python-based edge logic, and Salesforce Cloud 
reduce energy consumption by 30% to 40%. Such reduction 
corresponds to a significant prevention of approximately 1 
ton of carbon dioxide emissions annually. These outcomes 
not only contribute to the achievement of various United 
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Nations Sustainable Development Goals but also facilitate the 
diminishment of carbon footprints associated with 
commercial energy usage. The proposed system provides 
real-time operational insights. Future work will integrate 
TinyML models on Raspberry Pi to enhance occupancy 
detection accuracy. 
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