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Wireless monitoring, data processing and visualization 

system for using in buildings 

1. Introduction 

The first objective was to develop a cheap wireless sensor network for long-term 

monitoring of parameters such as relative humidity (RH), temperature, heat flux, etc., 

inside, and outside of buildings. Such a data acquisition system can enable one to 

increase energy savings in buildings and to provide better thermal comfort. The second 

objective is to create software with a graphical user interface (GUI) visualize all measured 

data for different analysis needs.  

2. A wireless sensor network for remote monitoring 

 Nowadays, monitoring, and automated control of building microclimate is one of 

the most promising paths towards the energy efficient and comfortable use of buildings. 

Wireless sensor networks can be used for these applications since they have several 

benefits. They are easier to install, and the gathered data is more accurate under certain 

conditions. Wireless sensors can be installed in places that would otherwise be difficult 

to access using wired sensors. Aside from building monitoring, if sensors are put into 

place during construction, a network thereof can provide information on how materials 

properties change over time, as well as inform one of mold formation within walls and 

monitor other characteristics.  

The goal of the present project was to create a wireless sensor system for monitoring 

of temperature, RH, and heat flux readings inside the building structural elements over a 

period of at least 5 years. The challenge was to ensure stable data transfer using power 

efficient components and to minimize the maintenance costs. This would enable a wider 

use of such systems in practical applications.  

2.1 Initial data transfer tests with ESP8266 

The initial idea was to use ESP8266. It is a cheap microchip with built-in Wi-Fi and a 

full internet protocol suite. In the deep sleep mode, it has low power consumption and an 

inter-integrated circuit (I2C) communication capability. Since RH and temperature cannot 

change very rapidly within buildings, the system was set to perform one measurement 

per minute to conserve energy. 

Tests have shown that, in the deep sleep mode with USB interface, the current is 

about 0.14 mA and without communication it can be < 15 μA. However, during the data 

transfer, the current can reach 80 mA. The biggest problem with the ESP8266 was the 

duration of the Wi-Fi connection, which was about 3 seconds during which current is > 80 

mA. This clearly is not power efficient. From this reason, using the ESP8266 is not optimal 

for wireless sensors.  
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2.2 Testing Arduino Nano with the NRF24 radio module 

Arduino Nano is a widely used board based on the ATmega328P platform. It can be 

programmed via Arduino IDE so it will be easy to reproduce the result after the code is 

written. 

According to its data sheet, the NRF 24 has very low power consumption in the 

operating mode, 11.3 mA in TX mode, and it is very cheap (can be found on eBay for < 

0.8 $) compared to its counterparts such as Lora. 

After some tests with a standard open source library RF24, it was estimated that it 

can only support up to 6 radio modules within the sensor network. The limitation comes 

from the fundamental capability of the NRF24 for up to 6-channel reception. The open 

source library NRF24 Network by James Coliz was used to circumvent that. 

The idea was to create a tree topology to handle more nodes with sensors. The first 

tree level has one master node numbered 00, as shown in Figure 2.2.1 

  Figure 2.2.1. The Node Tree: light blue circles are sensors and dark blue stands for support nodes. 

 

The 2nd level can handle sensors or slave nodes for the higher level. The largest 

possible node address is 05555 and with that the network can, in theory, handle up to 

3125 nodes. 

The Arduino and the radio are connected as shown in Figure 2.2.2.   
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Figure 2.2.2 Arduino Nano connected to NRF24. 

In this case, the result is much better– during the data transfer, the average current 

was 23 mA and data transfer was much faster than with the ESP8266: only 0.02 seconds. 

However, in sleep mode, the current was 4.65 mA. 

2.3 The final version of the PCB 

Since there are many power-consuming elements on boards, such as stabilizers, 

ch340 for USB communication and LEDs, it was decided to make a custom board without 

the unnecessary components. 

Figure 2.3.1 The PCB prototype and the manufactured version. 

An ATmega328P microcontroller from Arduino Nano was used. For a more power 

efficient sleep mode, the Real Time Clock (RTC) module was used to wake up the board 

from deep sleep. The MCP7940M RTC was chosen because of its low operating power, 
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with 1.2 µA at 3.3 V. The circuit can be seen in Figure 2.3.2 and the first version of the 

PCB is shown in Figure 2.3.1.  

Figure 2.3.2 ATmega328P with NRF24 and RTC. 

With this configuration, the current in the deep sleep power down mode was ~ 0.14 

mA. Several tests were performed with and without the inner timer (Figure 2.3.3). 

Figure 2.3.3 ATmega328P in the deep sleep power down mode with and without the RTC. 
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Switching to the deep sleep power down mode after data transmission was faster 

with RTC, as seen in Figure 2.3.4, but it does not strongly affect the average energy 

consumption. The RTC was therefore removed in future versions. 

 Figure 2.3.4. ATmega328P in the operational mode. 

 

Instead of the RTC, a timer watchdog is used. It also prevents a node from getting 

stuck in the middle of code execution – should that happen, the node is reset. To 

accelerate the assembly of boards, a printed circuit board (PCB) Arduino pro mini to nrf24 

adapter was created. The Arduino pro mini has a voltage stabilizer and some 

unnecessary diodes, which were all removed from board (Figure 2.3.5).  

Figure 2.3.5 The PCB adapter with the modified Arduino. 

Looking at the operational mode graph in Figure 2.3.4, one can see that the maximum 

current is ~ 90 mA, but, as it was mentioned above, the data transfer time is very short 

and the peak current lasts < 1 ms. Looking at the datasheets of ATmega328P and the 

other circuit components, the average current was far from what was expected. Research 

indicated that there are some modules within the ATmega328P that can consume power 

even in the deep sleep power down mode. Switching off the analog-to-digital converter 

(ADC) and the brown-out detector, and setting all unnecessary pins as inputs, the 
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situation improved. Now the average current in the sleep mode was ~ 36.5 µA, as seen 

in Figure 2.3.6.  

Figure 2.3.7 ATmega328P in the deep sleep power down mode. 

Therefore, the average current was ~ 0.042 mA and at this point the theoretical 

operational time is ~ 8 years, without considering the battery self-discharge and 

calculating for a 3000 mAh battery. 

After some tests, it was found that data packets were lost between modules. At first 

it was suspected that a mistake was made during the PCB circuit assembly, because the 

prototype was working normally. After double-checking all connections, it was clear that 

the problem lied elsewhere. Experiments lead us to conclude that many factors can 

influence the signal quality: 

 Sensor geometry 

 The NRF24 modules are not all perfectly identical 

 The choice of a correct frequency 

There is even a difference in performance between a sensor resting on a table and 

one that is being held in hand. It is clear from experience that shielding the radio with 

aluminum foil and modifying the antenna geometry highly improves the signal and can 

lead to high signal quality when combined with a correct radio frequency. 

2.4. Repeater slave nodes 

For the second and higher-level repeater slave nodes, Arduino Nano nodes were 

initially chosen because they could be connected to a power supply close to the socket. 

A network of 10 sensors with a mutual distance of up to 9 m was created for the first test. 

All sensors were placed in different building locations. 

After the installation, the initial inspection revealed issues with the data transfer, but 

afterwards it was found that one of the sensors farther away from the master node began 

losing data packages. To solve this problem, it was decided to use the NRF module with 

an SMA (SubMiniature version A) antenna and a power amplifier (PA), as seen in Figure 

2.4.1.  
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Figure 2.4.1 NRF24 with an SMA antenna and a power amplifier. 

 The standard Arduino Nano or Uno are not suitable for this application, because of 

the 120 mA operating current of NRF24. Therefore, the ESP 8266 was chosen due to its 

better 3.3 V stabilizer. 

After changing the repeater base node to the ESP8266 with a NRF24/PA/SMA 

arrangement, the data sampling rate improved. However, a new pattern of bugs appeared 

after one week of testing. Approximately every 22 hours, during different periods of day, 

the ESP8266 “froze” for 20-30 minutes. This board, just like Arduino, has a built-in timer 

that resets the board if events like this occur, but these functions did not appear to be 

working properly. After adding a different voltage stabilizer, the situation improved slightly, 

but the problem persisted. After adding a proper 3.3 V voltage stabilator LF33CV to 

Arduino Nano, it was noticed that all 2nd level nodes operated without “freezing”, but 

some nodes were missing signals from sensors. After some experimentation with different 

positions of antenna on the 2nd level nodes, it was noticed that the angle of an antenna, 

as well as shielding the radio with aluminum foil, can significantly affect the quality of the 

signal. A new NRF24 radio module E01-ML01DP5 was then found on eBay (Figure 2.4.2). 

With these modules, the data transmission rate is almost 100% for the distances 

characteristic of the node network.  

Figure 2.4.2. NRF24 E01-ML01DP5. 

2.5 The network master node  

Raspberry Pi (RPi) was chosen as the network master node. These are essentially 

small PCs equipped with wired and Wi-Fi Ethernet hardware, and a serial peripheral 

interface (SPI) connection with NRF24L01. Since RPi is based on the Linux operating 

system, there is a lot of well tested open source software. The system uses an open 

source file transfer protocol (FTP) client to transfer data from test or monitored buildings 

to the university or a building management system (BMS) server once per day. The VNC 

remote access software is used to monitor data collection in real time. In addition, RPi 

also has many built-in tools for data analysis. According to the manufacturer, RPi needs 

to have a good power supply and an SD card with class 10 or higher for stable operation. 
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2.6 Sensors and measurements 

Some of the most important parameters for sensors are power efficiency and the 

speed of measurements. Therefore, the common sensors like DH11 are not suitable for 

RH and temperature measurements in this application. Measurement time can exceed 2 

seconds during which the microchip must be in operational mode and consumes a lot of 

energy. Instead, HDC1080 was chosen for temperature and RH measurements. Their 

measurement times are ~ 6.5 ms for RH and 6.35 ms for temperature. Their operating 

current only 1.3 µA and in sleep mode the current is as little as 100 nA. The digital signal 

from sensors is sent via the I2S protocol, so information within the signal will not be 

distorted on its way to the board. To protect the sensors from external physical influence, 

a special casing was designed and printed (Figure 2.6.2). 

Figure 2.6.1 HDC1080 with and without the casing. 

For analog sensors, such as those measuring heat flux, an analog to digital converter 

(ADC) could be used. The output of the heat flux sensors is in the microvolt range and 

the native Atmega328P ADC does not have enough precision – therefore, an external 16-

bit ADC ADS1115 was added to the circuit. This module performs measurements in 9 ms 

or less (using a non-standard library) with a range of −0.256 to +0.256 V and a 7.8125 

μV step in (x16 gain) differential   mode. It   also   uses   the   I2S   protocol   to   

communicate   with   the microcontroller. The signal is relatively weak and, although it 

only travels a small distance through the cable to the ADC, the first round of tests showed 

that there was considerable noise and distortion in the incoming data. To improve the 

measurement quality, the wires connecting the sensors and the ADC were replaced with 

their shielded counterparts (shielding was grounded at the ADC). Afterwards, a ceramic 

4.4 nF capacitor was added to the circuit to physically average the incoming data. In 

addition, a 10-point moving average window was applied.  
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3. Application of the system in real conditions 

3.1. The first field test 

The first field test was performed at the test site for near-zero energy buildings 

(NZEB) located in the Botanical garden of the University of Latvia (UL). The developed 

system was installed in 4 experimental buildings build from different materials (Figure 

3.1.1).  

Figure 3.1.1. Buildings in the UL Botanic garden that were selected for first field test. 

Sensors were located at boundaries between different materials such as wood, 

aerogel, mineral wool drywall and plastic film inside building insulation envelopes. 

The master node was in the AER building which is roughly equidistant to the other 

test buildings. The longest distance was between LOG and AER, ~ 10 m. In AER building 

sensors where installed as shown in Figure 3.1.2.  
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Figure 3.1.2.  Sensor locations in the AER building. 

The heat flux sensors are shown with the black lines, and temperature and RH sensors 

are indicated with black points. The designation of the sensors is the same for the 

LOG, CER and PLY buildings, and can be seen in Figures: 3.1.3, 3.1.4 and 3.1.5.  
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Figure 3.1.3. Sensor locations in the LOG building. 

 

 

Figure 3.1.4. Sensor locations in the LOG building. 
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Figure 3.1.5. Sensor locations in the PLY building. 

3.2. Heat flux sensor issues 

For field tests of heat flux sensors, we used devices from three different 

manufacturers (Ahlborn, Hukseflux and Almemo). The three sensors were installed into 

a wall near one another in the LOG building (Figure 3.2.1). All sensors were calibrated 

beforehand. 

Figure 3.2.1. Sensor locations in the PLY building. 

Two sensors (Hukseflux and Almemo) were attached to the wall using acrylic glue, 

and the Ahlborn sensor was duct taped along its perimeter. After one day of testing, when 
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the temperature had stabilized, there was a notable difference between the readings of 

the taped sensor and the two glued sensors, as seen in Figure 3.2.2.  

Figure 3.2.2. Comparison of the heat flux sensors. 

 It was found that good surface contact is crucial for this type of measurements and, 

after the duct tape was removed and the Ahlborn sensor was glued to the surface like the 

other two, the discrepancies in the sensor readings became smaller. The sensors from 

wall was later moved to the loft (see Figure 3.2.3).  

Figure 3.2.3. The heat flux sensor location in the loft of the LOG building. 

The idea was that wood wool have better contact with the sensors in such conditions 

because they were immersed into wood wool after installation. Unfortunately, after 

removing the Almemo sensor its antenna was damaged, and signal was lost. In these 

conditions, it was hard to ensure identical layers of glue for the sensors and, as seen in 

Figure 3.2.4, the heat flux values are very different.  
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Figure 3.2.4 Heat flux sensor readings in the loft. 

As is seen in Figure 3.2.4, the readings Hukseflux and Almemo sensor are almost 

identical in form with the difference being only in the global offset of values. This means 

that the sensors have different characteristic constants, which could be found by 

measuring the U value of a building envelope using the sensor and some temperature 

sensors outside and inside of the building, then measuring the U-value with a portable 

device such as greenTEG gSKIN. The constant is then given by dividing the U value due 

to the sensor by the values measured directly with the gSKIN. 

 Later, the heat flux readings from Ahlborn in the CER building where compared with 

those obtained with the gSKIN portable tool. The difference in the readings of one sensor 

and the gSKIN was < 5 %, while in the other case it was > 100%. The significant difference 

was likely caused by sensor damage before installation. 

3.3. The second field test 

The second test took place in Building of Faculty for Economics University of Latvia 

in spring of 2019. The test building was much bigger than the previous ones and had 

many rooms (see Figure 3.3.1). 

Figure 3.3.1. The Faculty for Economics (UL) at the Aspazijas boulevard. 



15 

 

  

“Development, optimisation and sustainability evaluation of 

smart solutions for nearly zero energy buildings in real 

climate conditions” (No. 1.1.1.1/16/A/192) 

8 sensors where located on different floors and different rooms. One repeater node 

per flor was used to transmit the signal to the master node. During the first week of 

monitoring, issues were noticed which could potentially cause significant energy 

consumption for heating. It is seen in Figure 3.3.2 that a window was left open for almost 

two days.  

Figure 3.3.2. An example of a temperature drop in one of the lecture rooms. 

Buildings of this scale, it is much easier to detect these kinds of problems by collecting 

information from all rooms into a single array of data for analysis that to manually inspect 

each room. Long-term monitoring can provide important information that might help to 

optimize the heating system and reduce the energy consumption. 

After one week of data gathering it became clear that some data pockets were lost, 

meaning the signal between the nodes was not strong enough. It was hard to measure 

the exact distances between the nodes, but it was unlikely to be greater than in the first 

field test. The issue was probably due to the different materials of the surrounding building 

elements. These problems could be solved by using two radio modules for repeater nodes 

– for example, Lora, with a lower frequency and therefore a greater signal range. This 

would not make the system much more expensive, as there are much fewer repeaters 

than sensors, but it could require additional features for the software package to automate 

node communication and avoid errors in the process. 

3.4. Testing the system in the Aloja business support center “SALA”  

Figure 3.4.1. The Aloja business support center “SALA”. 

The third field test of the developed sensor network took place in the Aloja business 

support center “SALA”.  
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The building was equipped with a BMS and software for controlling the interior 

climate, but, unfortunately, the installation was not finished in time and only a part of the 

system was operational. To collect the data and perform analysis of the building 

microclimate dynamics wherefrom one can derive recommendations for optimal control, 

13 wireless sensors where placed in different rooms. Here, however, the sensors were 

not installed within the building envelopes (Figure 3.4.2).  

Figure 3.4.2. Sensors installed in the Aloja business support center “SALA”. 

  For real time monitoring of measurements, a web application was created (see 

section 3.4.3).  

Figure 3.4.4. Web-based data visualization and sensor placement in the rooms of the Aloja business 

center “SALA”. 

Another objective of the benchmarks was to build a meteorological station and 

integrate it into the onsite BMS. the Modbus protocol was chosen to do so, since the 

measuring system must be hardwired to the BMS through cables that are guided to the 

roof. Since it was possible to power the station from the building electrical grid, the 

Arduino pro mini 5V main board was chosen. The temperature and RH sensor of choice 
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for the meteorological station was HDC1080, the same as in the wireless sensors. To 

protect the sensor from direct solar radiation, a ventilated shell was designed and 3D-

printed, as seen in Figure 3.4.5.  

For solar radiation measurements, the Hukseflux SR03 sensor was used, which 

outputs an analog signal. The 16-bit ADS1115 ADC was used for signal digitalization with 

a maximum resolution of 7.8125 μV. For wind direction and speed measurements, the 

6410 anemometer was installed. For wind direction measurements, 6410 uses a 

potentiometer, and the values can be read from an analog pin of the Arduino. Wind speed 

is determined from the rotation speed of the lower part of the sensor (Figure 5.6.9.1) using 

an encoder, which generates a pulse each time a full rotation is completed. To prevent 

interruptions in signals sent to the BMS, the InterPut function is used. Unfortunately, 

during first month of testing , RH values started to increase rapidly and reached 100% by 

the end of month  This was likely due to inadequate ventilation, so the HDC1080 was 

replaced with sht35 and a fan was installed inside of meteo station to provide proper 

ventilation. After that, the RH values indicated no more than a 5% deviation from the local 

RH forecast. 

 4. A graphical interface for data processing and visualization 

Many tools for data processing and visualization exist, such as Microsoft Excel, 

Apache OpenOffice, LibreOffice Calc, etc. At first, some of these were used, but there 

were several problems. First, the above packages process large amounts of data very 

slowly. Second, itis usually impossible (or takes impractically long) to open big files: for 

example, Microsoft Excel could not open a .csv file with more than ~ 1,1 ⋅ 106 rows, which 

is not unusual for BMS outputs. Also, when different people on a project team process 

data manually, creating their own algorithms, their output data formatting likely differs, 

causing additional difficulties. Finally, monitoring data stores on a server and accessing 

additional software is required – it was therefore decided to create custom software which 

Figure 3.4.5. The meteorological station installed on the roof of the Aloja business support center “SALA”. 
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could automatically download files from the server, efficiently perform data processing 

and visualize data while providing a user-friendly GUI.   

 4.1 Data processing for a wireless sensor system 

Data from the wireless system comes with a specific format. As temperature slightly 

effects the sensors’ inner time clock, the master node does not receive data regularly. 

Each data is assigned an ID which indicates the source of data, time at which the data 

was written, and the information measured by sensor (see Figure 4.1.1). 

Figure 4.1.1 An example of data packets sent by the sensors. 

Each day the system creates a new data file and sends it to the server at the end of 

the day. The data processing software that is used was implemented using several 

libraries based on the Pandas and NumPy Python libraries to accelerate calculations. 

First, the user needs to specify the folder where the source data is located or select a 

folder without .csv files to which the program will automatically download data from the 

server. This is done by pressing "Choose the files folder" button, as shown in Figure 4.1.2.  

Figure 4.1.3 Data processing for the wireless sensor system 

The program automatically recognizes all sensors’ IDs and names them according to 

their locations and the type of measurements; data packets from each sensor are sorted 

into separate columns. Before starting the calculation, the averaging window size and the 

file name should be specified. By default, the output file is saved in the source data folder. 

If the user wishes to save the file in another location, the "Select another output file path" 

button should be pressed before pressing "Calculate the mean values". 
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 4.2 Data processing for the old wire-based system 

 The new software and the wireless network were introduced at later stages of the 

test site experiments. As such, the software must also be compatible with the data 

obtained using the now legacy wire-based sensor system. As seen in Figure 4.2.1, the 

GUI structure is almost unchanged.  

Figure 4.2.1. Data processing for the wire-based sensor system. 

The only difference is that if the selected source file folder is empty, the GUI will 

require the user to choose the test building for which data should be downloaded (Figure 

4.2.2).  

Figure 4.2.2. Data processing for the wired sensor system: selecting the test building. 

Another reason to create a new GUI tab for this procedure was the different data 

format used in that system (Figure 4.2.3). 
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Figure 4.2.3 An example data fragment from the old monitoring system. 

In this case, one must not run the data separation procedure, as each data type is in 

a separate column. Using the old system and the standard data processing tools (see the 

introduction to Section 4), calculating averaging the data by hour over one year for one 

test building required > 30 mines. The newly developed software generally takes < 2 

seconds to complete this task, depending on the hardware.  

4.3. Data visualization 

 The matplotlib Python library was chosen for data visualization. If a certain file has 

already been processed by the program, it is possible to press the "Check last calculated" 

button and the GUI will output the available columns. Desired plots can be selected with 

check boxes, as shown in Figure 4.3.1.  

Figure 4.3.1.  Selecting the data columns for plotting. 

After selecting the data columns, the “plot selected” button should be pressed to 

generate the plot in the GUI. The plot window is a standard matplotlib visualization feature 

(Figure 4.3.2). 
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Figure 4.3.2 An example of data visualization. 

The plot legend is generated from the data column names. There are additional tools 

in the plot window to zoom in/out and save the plots, enabling to rapidly export data in 

easily readable form. The plot images can be exported in various formats. 

To plot data from any .csv file, the "Make plot from any file" button must be pressed, 

and the GUI will require the user to choose a file. The user should then specify the time 

format and the name of column containing the time data (see Figure 4.3.3). 

Figure 4.3.3 An example of Data Visualization for an arbitrary file. 
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Given that not all users are familiar with the matplotlib time formatting, an additional 

help button opens the software manual.  

4.4 Unifying data files 

Different data files often have distinct time formatting and data could be written in 

over different time periods. To conveniently view and compare data across different 

sources/files, a common timestamp must be defined. Another feature of the developed 

software allows the user to merge data files simply by selecting two files and specifying 

the timestamp column name, the time format, and the averaging window size (Figure 

4.4.1).  

Figure 4.4.1 Unifying the data files. 
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4.5. Dataset averaging  

A separate tab in the GUI was created for the user to average data over one or many 

.csv files with any time format by minute, hour, day, or month (Figure 4.5.1).  

Figure 4.5.1 A GUI tab for averaging arbitrary files. 

As with other processing tasks, the user must specify the timestamp and the time 

format. Processing a file with 41 columns 5 ⋅ 105 rows takes ~ 2 seconds. 

4.6. The prospects for system and potential improvements. 

The price and the size of the board could be significantly reduced. If power 

consumption were to be decreased, it would allow using smaller and cheaper batteries. 

The experiments with the watch dog timer and switching off different inner modules made 

it clear that the previous code for the RTC was not working correctly. The schematics with 

the RTC could be much more energy efficient.  

The wireless signal range could be increased without a significant price increase. For 

that purpose, radio modules with a lower frequency could be used in combination the 

nrf24 for the repeater nodes.  

All data from the monitoring system is currently stored on the server. The data can 

be analyzed to investigate how lower energy consumption and better indoor comfort can 

be attained.  

There have recently been many advancements in the field of artificial neural networks 

(ANNs). An optimality criterion function could be devised for the test buildings and, using 

the accumulated data, a properly designed ANN could be used to achieve the optimal 

BMS strategy for a given building. In combination with a cheap and robust wireless 

system, it could become an affordable and widely applicable solution that would serve to 

minimize the energy consumption of buildings. 

 



24 

 

  

“Development, optimisation and sustainability evaluation of 

smart solutions for nearly zero energy buildings in real 

climate conditions” (No. 1.1.1.1/16/A/192) 

5. Conclusions  

A robust low-cost wireless system network was created that can be easily installed 

and used for monitoring an array of different building parameters in rooms and within 

structural elements. The wireless nature of the system becomes a significant advantage 

when installing in buildings where a BMS and/or a monitoring system was not planned for 

during commissioning.  

A user-friendly GUI for data processing was implemented that will routinely save 

considerable time on data processing tasks. The developed and optimized processing 

pipeline is up to 900 times faster than the previously used method. The program also 

provides the tools for fast export of presentation/report ready plots with high visual quality. 

The developed solutions have much potential:  The dimensions and price of the 

system components could be reduced, and the node signal range increased. Modern 

ANN frameworks be could combined with the developed system to create a simple tool 

for optimizing the building power consumption.  

 

 

 

 

 

 

 


