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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

One of the best companions in today’s modern world from a kid to a higher qualified professional is the Raspberry Pi. This credit card 
sized microprocessor can perform tons of applications based on the user’s requirements and the benefit through this are endless. According to 
Ericsson, by 2020, there will be 50 billion connected devices which is seven times the total world population. So the acquisition and utilization 
of such data from the environment and building Energy consumption for creating a better Monitoring System will always be a challenge in the 
area of Internet of Things (IoT) and big data analytics. So it is very much important to implement an effective and low cost Building Monitoring 
System to understand more about the building environment and energy utilization in order to take automatic adaptive decisions for better Energy 
consumption in the upcoming future. The overall objective of this paper is to utilize Raspberry Pi as a Key component of Building Monitoring 
System to Monitor the environmental parameters viz., Temperature, Barometric Pressure, humidity, Light etc and also to monitor the power 
consumption of the building environment in order to develop an effective environmental monitoring system which can be properly utilized in 
performing data analytics for Energy harvesting in the future. 
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1. Introduction 
The main aim in the development of such a new monitoring methodology is to create an impact in the reduction of overall 

cost and to provide user friendly experience with the data. Here, we have analysed some real time parameters inside Nanyang 
Technological University’s campus and proposed a low cost monitoring system using Raspberry Pi in order to avoid excessive 
monthly subscription charges and maintenance costs. In this paper, a new way of monitoring environmental parameters for data 
analytics by a low cost system using Raspberry Pi is discussed clearly. Considering today, Raspberry Pi is the only user friendly 
microprocessor which can be used for effective data collection and as a powerful monitoring tool to provide all the information 
about the sensors, actuators etc., in this modern world to the user as per their requirement [1]. In this paper, we have discussed 
about the data collection process and analysed some of our experimental test results with our proposed Raspberry Pi architectural 
system for development of an effective and low-cost Building Monitoring System to help the users. 

As a test case, we have used some multi-mode sensors data which can sense Temperature, Pressure, Humidity and Light 
for our data analysis purpose. It is very much important to monitor the environmental data 24x7 to conserve energy and to reduce 
the wastage in the up- coming future. The primary motive of this development of a Monitoring System is to detect the sensor 
parameters from several locations which have deviated from normal range and are unusual. By examining such deviations from a 
particular range it is possible to permit the user to take certain data-driven decisions for energy conservation and several other use 
cases which will be discussed later.  

This proposed system completely eliminates the need of huge computers and other hardware devices for Monitoring and 
data manipulation/analysis. The entire system can be monitored from the web portal of a PC or any mobile devices when connected 
with in the institution premises. We have also developed a primary authentication which requires authentication to view the 
monitoring system and perform data analysis. Here the data from the sensors were stored in the database for easy retrieval. Since 
this system requires very less power to operate and less computation time interval for collecting and analysis, it can perform without 
any intervention for a long time until the system is manually forced to stop or restart. Using this, the authorized users can log on 
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As a test case, we have used some multi-mode sensors data which can sense Temperature, Pressure, Humidity and Light 
for our data analysis purpose. It is very much important to monitor the environmental data 24x7 to conserve energy and to reduce 
the wastage in the up- coming future. The primary motive of this development of a Monitoring System is to detect the sensor 
parameters from several locations which have deviated from normal range and are unusual. By examining such deviations from a 
particular range it is possible to permit the user to take certain data-driven decisions for energy conservation and several other use 
cases which will be discussed later.  

This proposed system completely eliminates the need of huge computers and other hardware devices for Monitoring and 
data manipulation/analysis. The entire system can be monitored from the web portal of a PC or any mobile devices when connected 
with in the institution premises. We have also developed a primary authentication which requires authentication to view the 
monitoring system and perform data analysis. Here the data from the sensors were stored in the database for easy retrieval. Since 
this system requires very less power to operate and less computation time interval for collecting and analysis, it can perform without 
any intervention for a long time until the system is manually forced to stop or restart. Using this, the authorized users can log on 
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Abstract 

One of the best companions in today’s modern world from a kid to a higher qualified professional is the Raspberry Pi. This credit card 
sized microprocessor can perform tons of applications based on the user’s requirements and the benefit through this are endless. According to 
Ericsson, by 2020, there will be 50 billion connected devices which is seven times the total world population. So the acquisition and utilization 
of such data from the environment and building Energy consumption for creating a better Monitoring System will always be a challenge in the 
area of Internet of Things (IoT) and big data analytics. So it is very much important to implement an effective and low cost Building Monitoring 
System to understand more about the building environment and energy utilization in order to take automatic adaptive decisions for better Energy 
consumption in the upcoming future. The overall objective of this paper is to utilize Raspberry Pi as a Key component of Building Monitoring 
System to Monitor the environmental parameters viz., Temperature, Barometric Pressure, humidity, Light etc and also to monitor the power 
consumption of the building environment in order to develop an effective environmental monitoring system which can be properly utilized in 
performing data analytics for Energy harvesting in the future. 
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1. Introduction 
The main aim in the development of such a new monitoring methodology is to create an impact in the reduction of overall 

cost and to provide user friendly experience with the data. Here, we have analysed some real time parameters inside Nanyang 
Technological University’s campus and proposed a low cost monitoring system using Raspberry Pi in order to avoid excessive 
monthly subscription charges and maintenance costs. In this paper, a new way of monitoring environmental parameters for data 
analytics by a low cost system using Raspberry Pi is discussed clearly. Considering today, Raspberry Pi is the only user friendly 
microprocessor which can be used for effective data collection and as a powerful monitoring tool to provide all the information 
about the sensors, actuators etc., in this modern world to the user as per their requirement [1]. In this paper, we have discussed 
about the data collection process and analysed some of our experimental test results with our proposed Raspberry Pi architectural 
system for development of an effective and low-cost Building Monitoring System to help the users. 

As a test case, we have used some multi-mode sensors data which can sense Temperature, Pressure, Humidity and Light 
for our data analysis purpose. It is very much important to monitor the environmental data 24x7 to conserve energy and to reduce 
the wastage in the up- coming future. The primary motive of this development of a Monitoring System is to detect the sensor 
parameters from several locations which have deviated from normal range and are unusual. By examining such deviations from a 
particular range it is possible to permit the user to take certain data-driven decisions for energy conservation and several other use 
cases which will be discussed later.  

This proposed system completely eliminates the need of huge computers and other hardware devices for Monitoring and 
data manipulation/analysis. The entire system can be monitored from the web portal of a PC or any mobile devices when connected 
with in the institution premises. We have also developed a primary authentication which requires authentication to view the 
monitoring system and perform data analysis. Here the data from the sensors were stored in the database for easy retrieval. Since 
this system requires very less power to operate and less computation time interval for collecting and analysis, it can perform without 
any intervention for a long time until the system is manually forced to stop or restart. Using this, the authorized users can log on 
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and access the system and analyse the data for several use cases in the future. These kind of systems will be really helpful to the 
users at an early stage to understand the importance of data analytics in this modern world precisely. While our proposed system 
is a prototype model developed mainly to make an impact in the young minds on data analytics and Internet of Things, i.e. We 
have tested this only in a single test bed inside our university premises. The extent of this system will really have a wide variety of 
use cases in the upcoming future.  

The overall organizational structure of this paper is explained as follows. There are six sections to be covered mainly. 
Section 2 briefly covers the benefits of using raspberry Pi in environmental monitoring. The proposed Raspberry Pi based 
monitoring system for data analysis is described in Section 3. Section 4 holds the details of flowchart and system operation. The 
results of test bed implementations are discussed in Section 5. Some of the use cases and future works of our proposed system is 
discussed in Section 6. The conclusion and how the future trends of this overall system will create an impact in the human life are 
finally discussed in the Section 7. 

2. Raspberry Pi in Environmental Monitoring-An Easy Approach 
In this modern era, the term named Internet of Things(IoT) which includes several sensors, actuators, smart phones, tablets 

etc are involved and connected to each other for better relying of data to make a smart world. These devices will generate trillions 
of data during their operation. So it is very much important to handle such big data and make use of them for some social cause. 
As an initiative for students to inculcate the interest in the area of IoT and Big data analytics Raspberry Pi foundation in United 
Kingdom developed a credit card sized computer specially for students to learn computer programming and several other 
applications. But the role of raspberry pi in today’s application is limit less. Here we have used Raspberry Pi 2 model B for our 
data collection, visualization and analysis process [2]. Our system mainly consists of three components viz., sensors, controller 
and Raspberry Pi for data manipulation. The data from the sensors are transferred to the controller by ZigBee protocol which have 
the ability to cover a total distance of 300 meters when kept in line of sight [3]. Then the controller is connected with the raspberry 
Pi wirelessly for our data collection, visualization and analysis Process. The entire approach can be categorized to four process 
mainly Read, Transfer, Storage and Monitoring. The Sensor we have used here is able to read the environmental parameters viz., 
Temperature, Pressure, Humidity, Light from the surrounding ambience and the data were transferred to the controller using 2.4 
GHz ZigBee protocol. The controller is connected with a local network which creates a wireless connection for Raspberry Pi 
having Wi-Fi dongle in it. Now Raspberry Pi is programmed to perform data collection and can be made to store as a CSV based 
file type on a daily basis or can be stored in a MySQL database for user friendly visualization and also to analyse the data easily 
to a greater extent. The fast growing awareness of buildings energy conservation has led to the emergence of numerous research 
interests in building energy monitoring. The most commonly used approach for building monitoring is through using power cables 
to obtain robust data transmission. However, this approach leads to high installation complexity and a lot of effort to maintain [4] 
including Conventional laptops and personal computers, which can draw huge amount of power for the process of collection, 
visualization and analysis. To overcome such complexity, Raspberry Pi is used world-wide today for several variety of applications. 
The below Table.1 represents the benefits of using Raspberry Pi for building Monitoring over conventional method. 

 
Resources Conventional Monitoring System Proposed Monitoring System 
Processor Dedicated high cost Servers  Low cost Raspberry Pi 
Controller Dedicated Controller-Not inter-operable Single-Controller- Interoperable 
Display Need a dedicated LCD or Screen for 

monitoring 
Can be Monitored using any Laptop/Mobile 

Software Licensed Fully Open source(free) 
System Type Occupy huge work space Plug and Play(can be fit in wall) 
Approx. Price 
(excluding Sensor 
and licenses) 

 
Average system costs $650 minimum 

 
Average system costs $100 

 

Table 1. Conventional Monitoring Vs Proposed Monitoring 

3.Proposed Architecture: 
The proposed following architecture clearly explains about the working of a Raspberry Pi for monitoring and data 

analytics. There are basically four common modules available in this architecture viz., Data acquisition module which includes all 
of our sensors, Power Supply module, Processing module and Wireless Communication Module. The Power Supply module is 
connected with all the other three modules in order to power them up and initiate the process. The Data Acquisition Module 
includes all the Temperature, Pressure, Humidity and Light Sensors in order to collect the ambience data. The Wireless 
Communication module involved here is 2.4 GHz ZigBee protocol for data transmission to the Controller/Gateway wirelessly. The 
Processing Module has got its own Processor, signal processing units and ADC to convert the sensor data to metric unit format for 
user convenience. This Gateway has its own Ethernet port for router connection which can be a wired or a wireless one according 
to the user’s requirement and convenience. This system is specifically designed for the purpose of collecting the ambience 
parameters viz., Temperature, Pressure, humidity, light, humidex, Dew Point, Heat index etc. and record them as a new individual 
file on daily basis and can also record them into a data base for utilizing those data effectively by variety of graphical representation 
for further future use cases. In our case, this web service can provide totally and separately about the details like current live 
ambience parameters, location of the sensor and individual graphical representations of the environmental parameters of the 
deployed sensors. Proposed Architecture of BMS is shown in Fig.1. and a brief explanation of the above architecture is explained 
below. 
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Fig.1. Proposed Architecture of building monitoring System 

The Gateway is programmed in order to collect and process the sensor data to user readable format. These data are stored 
in the MySQL database for user record and can be as input to a Web service for further analysis and this web service based data 
analytical system can completely utilize this database information for displaying the graph and other functions in the home, office 
or any building environmental system. Here the monitoring device can be a Personal Computer, smart phone integrated with a 
browser or a smart Tablet. The role of ZigBee module here is to transfer the status of the sensor and the sensor data to our web 
service along with the number of devices connected, date and time so that user is able to monitor the ambiance of the premises at 
anytime, anywhere in the world.  

In order to coin the term IoT in our system, some powerful communication protocols and gateways are very much essential 
[5]. This system is completely developed by use of certain powerful hardware components. The Hardware components used for 
our system development is listed below. 

1. Sensors (Temperature, Humidity, Barometric Pressure, Light) 

2. Gateway (Raspberry Pi Here) 

3. Repeaters 

4. ZigBee 

3.1. Sensors 
Conventional sensors simply have sensing element and signal processing unit but here we have used some intelligent 

sensors. The intelligent sensors as shown in Figure 2 are devices with sensing element and signal processing unit along with a 
microprocessor on a single integrated chip which can perform bidirectional communication, logical operations and data conversion. 
Intelligent sensors are distributed among a space and they provide functions based on environmental information. The properties 
of these sensors usually change over time to perform accurate determination of environmental parameters in a drift. Usually the 
sensors can be categorized into active and passive sensors, the former has its own power source and the latter has to be supplied 
with the external power source. In our proposed system, we have used a multi-mode passive sensor which requires a 3.6V power 
supply to measure all the environmental parameters such as Temperature, Pressure, Humidity, Light, Dew Point, Heat Index etc. 
These sensors can be easily installed in any kind of environment and can transmit the acquired data wirelessly through specified 
network protocols, here we have used 2.4 GHZ ZigBee protocol to transfer the data for our monitoring system. These sensors are 
available in compact size with lower power consumption of 3.6V, which can be easily supplied by a single AA sized battery. 

A      B  

          

Fig. 2. (a) Block diagram of a conventional sensor; (b) Block diagram of an intelligent sensor. 

3.2. Gateway/Controller 

The controller is considered as the heart of this Monitoring system, which acts as a portal between the sensor and the 
receiving unit to collect and process all the sensor data from the environment. The physical design of our Controller mainly 
contains the following three parts: 

• Power: A micro USB connector is used to power up our controller 

• Ethernet: The Ethernet port provided in the controller connects the device to an existing network through the RJ45 standard 
Ethernet connector cable. 

• Wi-Fi module: To connect with the wireless router wirelessly 
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3.3. Repeaters 

Repeaters are devices which can be implemented in-between controller and sensor nodes in order to transfer the sensor 
data to a long range. A single repeater is able to manage up to 30 sensors. Repeaters are mainly designed in order to improve the 
reliability of the Wireless Sensor Networks. In a wireless Sensor network, a repeater contains an amplifier, a receiver, a transmitter, 
and an isolator. The transmitter generally produces a signal that differs from the frequency of the signal received. This is said to 
be as frequency offset and it prevents the signal which is transmitted from the antenna from disabling the receiver. The isolator is 
used to provide extra protection. A repeater, which is located on the top of a wall or building, is able to highly enhance the 
performance of the wireless Sensor network by making communication over long distance which other could not. The main 
functions of repeaters are 

• Increasing the transmission signal strength. 
• Sensitivity of receiving is increased. 
• Allows transmission path to adjust in case WSN environment changes. 

3.4. ZigBee 
ZigBee is a well-known and widely used network transmission protocol which comes under standard IEEE 802.15.4. Due 

to its reliability, interoperability and low power they are well suited for the benefits of Internet of Things nowadays [6]. The PHY 
layer protocol and the MAC layer protocol is constituted by IEEE 802.15.4 and ZigBee alliance is used to establish network layer 
protocol. One main advantage of ZigBee is that the application layer can be developed according to user’s requirement. The ZigBee 
communication distance varies from 30 to certain hundred meters. The transmitting speed in ZigBee is 250 kilobits per second, 
but the power of emission is only 3.6dBm at most. All the above parameters of the network can accommodate the condition of the 
environmental features for effective data transmission. 

4. Flowchart and system operation 
In this section we discuss about the algorithm and the working of our Data Collecting System(DCS) to store the acquired 

environmental data in our personal computer/laptops and databases. The algorithm of our BMS-DCS is shown in the below Fig.3. 
The THPL sensors reads the environmental parameters from the surrounding ambiance and the data from the sensor is transferred 
to the gateway wirelessly through 2.4 GHz ZigBee protocol. Since XML format is the easiest way to manipulate the acquired data, 
the data received by the controller is converted to an XML format for further processing to make user convenient and also to make 
the manipulation perform effectively. The system checks for the field name match with the XML file and starts reading the data 
and recording directly to our database. So the users are able to analyse their data according to their convenience. 

 
Fig.3.  Flow chart of the BMS-DCS 

 

5. Test Bed Implementation 
5.1. Sensor Deployment 

Here one of our University Campus building has been chosen as a test bed as described previously for the data analysis 
and visualization process using Raspberry Pi as our Building Monitoring System Core component. Totally 7 Passive types of 
sensors were used in our building premises. For the effective deployment of sensors, the sensor’s must have good communication 
protocol, good sensing and optimized energy consumption [7]. To achieve good communication, the network should be robust and 
the throughput rate should be high. In order to use the data effectively and beneficially, it is a great challenge to explore what 
ambiance factor to be sensed is in different conditions; meanwhile, these concerns are related to each other. Since the sensor is 
passive one, a 3.6V AA battery supplies energy for communication and sensing. The communication protocol used here is IEEE 
802.15.4 standard ZigBee protocol to transfer data which is offered by the sensing part and consumes energy supplied by the 
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battery. Sensing part consumes energy from the battery and also senses the energy level of the battery and transfers it through the 
same ZigBee protocol. Wireless mesh networks topology is used in this system. It is an existing technology which has the ability 
to connect the nodes wirelessly in an efficient and inexpensive method. Our traditional networks usually rely on a small number 
of wireless hot spots and routers to connect with the users. But in our wireless mesh network, the connection off network is wide 
spread among hundreds of wireless mesh nodes which “speak” to one another to share their network connection for Internet of 
Things (IoT). Sensor nodes either talk to router or coordinator. One router can connect to the coordinator or another router. The 
implementation setup and wireless mesh network topology of this Building Monitoring System is shown in the Figure 4. 

 
Fig.4.  Implementation setup and mesh topology of the test bed 

5.2. Transmission Range 
The Range of transmission is very much important in order to make the communication rely on between the sensors and 

controllers reliable and robust in this test case. This is one of the major factors to be considered for sensor deployment. Theoretical 
calculation has been done already at our premises to decide the transmission range. 

5.3. Theoretical Calculation 

Several approaches are available to calculate parameters at outdoor and indoor environment respectively. Here we 
consider both outdoor and indoor environment for calculation, for indoor environment indoor propagation model is used whereas 
outdoor environment uses Free space propagation model for calculation of transmission range. Tables 2 and 3 shows the theoretical 
values of the transmission range calculated for indoor and outdoor environment. 

links Distance Area 
Node-Router X=57.3m Y=14.4m D=60m 11304.0 m2 
Router-Router X=76.6m Y=92.2m D=119.6m 44915.1 m2 

 

Table 2. Range for Indoor environment 

links Distance Area 
Node-Router X=10.1m Y=8.4m D=13.05m 535.60 m2 
Router-Router X=32.6m Y=44.7m D=55.32m 8611.2 m2 

 

Table 3. Range for outdoor environment 

6. Use cases of building monitoring system 
6.1. Relation Between Sensor Data and Energy Consumption  

Since the major area of power consumption is through lighting. It is very much important to control the lighting for 
future energy conservation [8]. Here, in this test case for instance, we focused and analysed the Lux level data obtained from the 
sensors for energy calculation to reduce the energy cost in the upcoming future. 

6.2. Power calculation from the Lux Level 

Monitoring Lux level in office premises may help to predict and estimate the energy consumption of the lighting system 
using lighting models. For pathway, lux level at night is monitored in order to check the pathway lights are broken down, So that 
they can be replaced immediately. For lab environment, lux level is monitored to know the sufficient light required inside the lab 
for the lab workers. The Conversion of lux to watt can be obtained by considering three assumptions 

• Uniform illumination within each area 

• No lights on walls (Only vertical projection) 
• Luminous efficacy equals to 70 lm/W 

Luminous efficacy is a measure of visible light produced from a light source. We categorized our test bed into fours sectors M1, 
M2, M3 and M4 in order to calculate the power savings from the Lux level effectively as shown in Fig.5.  
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Fig.5. Lux distribution in the test bed 

The Lux to Watts conversion is explained as follows:  

Power equals to luminous flux divided by luminous efficacy.  

The luminous flux is equal to the illumination times the surface area. Hence Power equals illumination times the surface area 
divided by luminous efficacy.  

By calculating this, it is observed that the power of lighting system (W/m2) and illumination (Lux) has a linear relationship given 
a fixed luminous efficacy as shown in Figure 6. From the above conversion, the average per space floor area calculated already in  

 
Fig.6. Power Consumption of Lighting System Vs illumination 

our lab is 10.125 W/m2 respectively. Then de-lamping i.e., A process of removing unnecessary light bulbs is carried out in the lab 
to reduce power consumption. After de- lamping, the average energy per space floor area in lab is 5.072 W/m2 respectively. The 
energy of sub area of test bed before and after de-lamping is shown in Table 4. A and B. 

   A       B 
Area  Illumination(Lux) Power(W/𝐦𝐦𝟐𝟐) 
M1 933 13.4 
M2 646.2 9.42 
M3 618 8.91 
M4 601.6 8.77 

 

Table 4. A) Power per space before de-lamping     B) Power per space after de-lamping 

  In this way, other data viz temperature, Pressure, Humidity etc obtained from our monitoring system can be properly 
analysed and can be effectively utilized. This kind system design can benefit building owners, working employees, tenants through 
remote monitoring by targeting the energy consumption and make the information available anytime anywhere. 

7. Conclusion 
Since the number of connected devices is increasing day to day in this modern IoT era. It is very much important to deal 

with those huge amount of generated data. Effective handling of such data requires effective monitoring systems. Our proposed 
system will be really helpful in handling the sensor data efficiently for future data analysis and intelligent decision making for 
energy conservation inside the premises in an affordable way. For instance, by collecting daily data of lux level inside the 
School/College premises one can take varieties of solution to automate the whole lighting system to save and reduce the power 
consumption. This system can also be used as input for other automation and monitoring system viz., to track the intensity of 
motion of students inside the campus, to track the occupancy rate and to track the power consumption of the devices etc. Our 
proposed system can make the users connect to their data anytime for seeking certain solutions to conserve better energy in the 
future. Likewise, greener the environment, more revenues can be generated which will be cheaper in terms of energy consumption. 

 

 

Area  Illumination(Lux) Power(W/𝐦𝐦𝟐𝟐) 
M1 455.3 6.47 
M2 342 4.84 
M3 344 4.91 
M4 283.8 4.07 
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