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      Abstract: The emergence of automation and smart power 
management systems pave to create a better energy management 
system. Measuring energy savings and potential reduction of 
peak demand in a building due to adjustment of AHU (Air 
Handling Unit) setpoint during working hours is critical for ideal 
demand-side allocations. Since Air Handling Units are one of the 
major energy consuming system in a building. This has been a 
great challenge given too many variable physical characteristics 
and AHU system thermal dynamics in commercial buildings. 
Based on the building model, developed and authenticate against 
measured power consumption data from a smart energy meter, 
this project deals with how energy savings and peak demand 
reduction potentials of a building are impacted by AHU, setpoint 
changes during a working period. It is of the utmost necessity to 
make a prototype for an existing AHU in order to minimize 
wastage of power in older buildings without any major 
renovation. This can be achieved by making the existing system 
into a closed loop system by our model prototype.   

Keywords: AHU, peak demand, power consumption, closed loop 
system 

I.  INTRODUCTION 

     In order to better manage the energy demand and 
increase building energy efficiency, and intelligent building 
should offer a smart approach in order to reduce power 
usage and work efficiently. A clever structure frequently 
utilizes a structure computerization framework (Building 
Management System) to screen and ideally control different 
structure loads, for example, lighting and warming, 
ventilating, and air molding frameworks.     Building 
Management System is integrated control and monitor of 
hardware and software, under a platform connecting heating, 
venting and air conditioning system (HVAC), security, 
lighting, and many other systems. BAS is purpose is to 
increase the human comfort inside the building to increase 
in protectivity and wellbeing of the employee.   
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  consist of Field level controllers and Server level controller 
to monitor and control the systems inside and outside the 
building. Building Management System allows a centralized 
control for all systems to minimize the human intervention.    
An Air Handling Unit (AHU) uses heating coil and cooling 
coil to heat or cooldown the air that is passed through them 
depending on the environment. A humidifier is also the part 
of the AHU which maintains the humidity of  the air within 
human comfort parameter. A centrifugal pump id used to 
create pressure difference to circulate the conditioned air. A 
motor is used to drive the pump. Filters are used to filter the 
air before it is conditioned.Air Handling Unit (AHU) is one 
of the major power consuming load in a building by 
reducing the known required task of the AHU system the 
energy can be saved. This could be achieved by reducing the 
working hours’ usage and by shutting down the Fan Coil 

Unit (FCU) when the setpoint has been reached. This 
prototype also consists of a power and energy measurement 
system which helps to save energy by measuring and storing 
how much energy consumed per day. We could analyze the 
data from energy meter to optimize the energy need of the 
load or we could upgrade/replace with energy efficient load. 

II. LITERARY SURVEY 

     There are different methods and other possible ways that 
has been mentioned, which are: 
     The initials are based on different concept one of them is 
green buildings on AC. Thermal balance based. Algerian is 
used to find the efficiency on AC. It gives a comparison 
between the construction and thermal balance with and 
without the usage of the plants[4]. Artificial climate for 
cooling/heating by checking the various parameters of 
thermal comfort temperature, humidity, purity of air and air 
speed. It uses clean technologies not polluting as the 
magnetic refrigeration, the thermoelectric refrigeration. 
     With plants it gives a better impact, not only through 
reduction of the power but also it gives the positive impact 
on the people who are working on them.  
   Other study shows the impact of controllers in energy 
management. The control parameters are PID, that is being 
used in order to ON and OFF the fan coil unit (FCU) during 
the working hours only [3]. It is done through the linear 
system design which requires mathematical algorithm in 
order to control the system. Without reducing the size of the 
equipment and the design, a secondary side voltage of the 
temperature sensor. Another method is about multi input and 
multi output (MIMO), that is MIMO approach for analyses 
and control system designs [2]. IDA indoor climate and 
energy ICE simulation programs are being used. The inputs 
are air flow temperature and hot water temperature,  
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the disturbance is environmental input of outdoor 
temperature, wind direction and velocity. Outputs are 
temperature and humidity. It gives an approx. good results 
when the hot water and electrical component are being 
compared to the measured values. The outdoor temperature 
generally gives a huge impact. It has 2 state space model of 
MIMO, 3 variables, 2 inputs and 3 outputs with an 
acceptable range. Apart from these, how much energy 
savings and peak demand reduction potential of a building 
are impacted by AHU set point changes during the desired 
period is also considered. The simulation results show that 
during high outdoor temperature are expected to achieve a 
predictable percentage of daily energy savings and peak 
load reduction when AHU set is taken into consideration. 
EQUEST, building mode and validated against hourly 
electricity consumption data from smart meter [1]. In other 
words, with the previous data values, we can predict the 
values. Power consumption of AHU is the same but the only 
difference is that when it subjects to outdoor temperature. 
To solve this problem, we use drive the model in relation 
with outdoor humidity. By measuring it gives an idea that 
the outdoor temperature is directly proportional to the 
energy consumption. That is when the outdoor temperature 
increases the energy consumption increases [5][6]. 

III. PROPOSED ARCHITECTURE 

     The fig.3.1 shows the block diagram representation of 
our proposed working model includes the programming 
module, control module, the on/off controlling relays, power 
& energy sensor and temperature sensors. As the core of the 
control circuit, the raspberry Pi is responsible for data 
acquisition, signal output, algorithm operation and so forth.  

 
Fig.3.1 System model structure  

     There are three kinds of connections between the 
raspberry Pi  through wireless access point, where one kind 
is the acquisition of temperature data from a different 
locations, one kind is to receive data from power and energy 
sensor, and the rest one is output control signal, the function 
of which is to on or off the fan coil unit. 
     MQTT protocol is very fast, allowing communication 
between RaspberryPi and nodeMCU without any delay. 
Hyper Text Transfer Protocol (HTTP) being used on 
request-response isn't the option for transferring data fast 
and proficiently. 

A. MOSQUITTO BROKER: 

     Mosquitto is an open source software that is developed 
for non-TCP communication between IoT gateways and 
cloud platform. Mosquitto acts as communication platform 
between NodeMCU and Raspberry pi. 
     The main benefits of the mosquito broker are that it 
eliminates insecure connections, easily scales, manages 
connect client states and reduces network strain.  

B. SENSORS AND RELAY CONNECTIONS 

     In this project we integrate the Relay and Multiple 
temperature sensor for the nodeMCU and ESP01 board with 
Node-RED. The ESP8266 and nodeMCU will establish an 
MQTT connection with a Raspberry Pi running Node-RED 
and Mosquitto MQTT broker.  

 

Fig.3.2.1 Temperature sensing node system structure 
     In the above Fig3.2.1, multiple nodeMCU and esp01 
boards is connected to the pi through Wi-Fi. Each 
nodeMCU and ESP01 is connected with a ds13b20 
temperature sensor. DS18B20 is digital temperature sensor 
that uses single wire interface, which requires only one data 
line for communication with NodeMCU. 

IV. IMPLEMENTATION 

     The comprehensive implementation details can be 
visualized as shown in Fig.4.1 

 

Fig.4.1 prototype implementation 
The details about the Algorithm implementation are 
described below. 



International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249 – 8958 (Online), Volume-9 Issue-4, April, 2020 

846 

Retrieval Number: D7883049420/2020©BEIESP 
DOI: 10.35940/ijeat.D7883.049420 
Journal Website: www.ijeat.org 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  
© Copyright: All rights reserved. 

Step1: The first step is to deal with Raspberry Pi to make it 
as wireless access point. 
Step2: Then the second step is to connect nodes to raspberry 
pi for the acquisition of temperature data from sensors 
which are placed across the floor in building to transmit and 
receive the temperature data. 
Step3: Programming the set point in the system. 
Step4:  The temperature sensor nodes sense the room 
temperature, send the data to controller and then controller 
compare it with set point. 
Step5: When the set point is achieved the controller cut 
down the compressor power which in turn stop the 
circulation of conditioned air in the room. When the 
temperature inside the conditioned room is increased the 
temperature, sensor senses it and the controller turn on the 
compressor, flow diagram of controlling part is given in 
fig4.1.1. 
Step6: The energy readings of the motor are sent to the 
central controller for further analysis and data management.  

 

Fig 4.1.1 Flow diagram of control  
     In some cases, the temperature where the compressor is 
turned on and off is so close that the motor will begin to 
cycle on and off rapidly. This action is called short cycling 
and it can be harmful to the compressor. The difference 
between the point where the compressor is turned on and 
where the compressor is turned off is called 
the differential gap and the system algorithm can be 
modified to allow the differential gap to be fully adjustable. 
By introducing differential gap into the system helps to 
increase the life term of the Motor. 

 

Fig.4.2 Raspberry pi  

     Setting up your local and secure ‘Internet of Things’ 

(IoT) server is easy with Mosquitto, NodeRed and 
a Raspberry Pi Fig.4.2. MQTT broker such as mosquitto on 
the same Raspberry Pi that Node-RED is running on. Node-
RED is a programming tool and create live dashboards. 

 

Fig.4.3 Temperature sensor node 

 

Fig.4.3.1 Circuit schematic of temperature sensor node 
     Temperature sensor is connected to general purpose input 
and output port of the ESP-01. Temperature data is 
delivered to Raspberry pi through MQTT broker. Based on 
the number of rooms, the number of temperature sensor 
node can be placed. During testing we used three individual 
temperature sensor nodes can be placed. Above fig.4.3 is a 
temperature sensor node whose internal schematic are 
shown in Fig.4.3.1. 

 

Fig.4.4 3-Phase Energy monitoring and control relay 
module 

 

Fig.4.4.1 Circuit schematics of Energy  monitoring and 
control relays 

 
 

https://oneguyoneblog.com/category/raspberry-pi/
http://mosquitto.org/
https://nodered.org/
https://nodered.org/
file://Fig.4.3
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     Energy and power sensing module that is interfaced 
using NodeMCU. This measures voltage, current, frequency 
and energy and delivers data to a MQTT broker.  
     We can measure true 3-phase energy monitoring system, 
along with relays that control Air handling Unit which is 
shown in Fig.4.4 whose internal schematics are shown in 
Fig.4.4.1. The energy data from the energy meter is 
delivered through Wi-Fi access point to raspberry Pi. 

V. RESULTS AND DISCUSSION 

     Using Nodered, we created graphical user interface as 
show in below fig 5.1 from which setpoint can be given to 
the system and used to display temperature of temperature 
sensor node placed in different rooms. 

 

Fig.5.1 Graphical user interface for displaying room 
temperature 

      Below fig 5.2 shows displays voltage, current, 
frequency, power and energy of 3 phase supply. All the 
values displaying through graphical user interface is real 
time value and all those values are also stored in cloud 
storage platform. 

 

Fig.5.2 Graphical user interface for displaying 3-Phase 
energy monitoring system 

A. Without the Implementation of our Solution 

     The given energy consumed by the AHU without 
implementing the model. The mentioned data are the 
measurements of the energy taken for a day during working 
hours (9AM-5PM). The total energy consumption is 27.24 
kWh for a day for AHU unit. 

 

Fig.5.1.1 Energy consumption without implementing the 
model 

     The steady rise in the graph fig.5.1.1 indicates energy of 
the Air handing unit to maintain the temperature is linear, 
sudden rise in the graph is due to high current drawn after 
power cut during the test run. 

B. With the Implementation of our Solution 

     In this case, the relays are connected parallel to the DOL 
starter Relays so that the AHU can be turned on & off 
automatically based on setpoint given to the system. The 
given energy consumed by the AHU with implementation of 
the proposed model. The mentioned data are the 
measurement of the energy taken for a day during working 
hours (9AM-5PM). The total energy consumption is 21kWh 
for a day for one AHU unit. 

 

Fig.5.2.1 Energy consumption without implementing the 
model 

     From the above graph fig.5.2.1 we can see the energy 
utilized by the Air handling unit after implement close loop 
system. And also, with the close loop system installed the 
energy consumption is further reduced it consumes about 6-
8 kWh less than the pre-existing method.  

VI. CONCLUSION 

     The below fig 6.1 graph shows the comparison between 
open and closed loop, as you can see there’s a difference in 

the power usage when it is a closed loop. 

 

Fig 6.1 Comparing Energy consumption without and 
with implementing the model 
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Table 6.1 Comparing total Energy consumption without 
and with implementing the model 

 Without model(open 
loop system) 

With model(closed loop 
system) 

Total Energy \ day 
(kWh) 

27 21 

     Thereby, from table 6.1 with our proposed closed loop 
system consume less energy than the pre-existing open loop 
system. This helps in reducing the power consumption 
therefore reduction in the cost of the electricity bill. 
Therefore, in this paper we’ve developed a model for the 

operation of saving the energy when it is connected through 
closed loop system. In the developing countries, it is 
important to save the energy consumption not only to reduce 
the cost but also for the better and healthier environment for 
the present and future environment. The proposed system 
optimizes the with and without model accumulated over the 
time. Therefore, by the proposed module ie., closed loop 
system it saves energy.  
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