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Abstract 
 

The use of various renewable energy sources is 

increasing with the 2015 United Nations Climate 

Change Conference (Conference Of the Parties 21). 

In case of unstable wind power and photovoltaic 

power generation, analysis and optimal maintenance 

of operation status through remote monitoring 

system are required. In this paper, we describe the 

implementation of monitoring system for renewable 

energy generation facilities with the system 

architecture, implementation method, and analysis 

program. We use various open IoT platform such as 

Arduino, Raspberry Pi and low-cost LoRa network. 

In the future, we will carry out research result on the 

performance analysis and improvement solutions 

after operating on the testbed site for a long time.  
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1. Introduction 
 

As a result of the response to the COP21, various 

renewable energy plants have been globally 

developed from conventional fossil fuel-based power 

generation plants. However, such renewable energy 

sources are difficult to operate in a planned schedule 

and have unstable output due to unpredictable 

environmental conditions such as the weather.  

It is possible to manage the power generation 

system more stably by collecting, analyzing and 

responding to the information of continuous power 

generation status, and the accumulated data provides 

an advantage of predicting future power generation 

and optimal maintenance. These improved stability is 

also contributed to the grid reliability and flexibility. 

In this paper, we propose implementation methods 

to effectively construct energy monitoring system 

which is based on open IoT hardware and software 

platforms for economical system construction. And 

LoRa supporting low power long distance network is 

applied through low cost solution without base 

station of Telco’s[1]. 

The monitoring system proposed in this paper can 

be applied to the future energy IoT system because of 

the ease of implementation, reduced development 

cost and variety of applications. 

The detailed configuration architecture of the 

energy monitoring system is described in the 

following section 2. In section 3 shows the detailed 

the functional implementation of the energy IoT node.  

And the energy IoT gateway’s implementation is also 

explained at section 4.  In section 5, future projects 

are introduced. 

 

2. LoRa based Energy IoT Monitoring 

System with Open Hardware Platform 
 

Energy IoT monitoring system consists of three 

parts. The First is an energy IoT node that collects 

power generation status data from energy device, 

second is IoT gateway that receives and stores data 

from nodes at remote site, and the last is the low cost 

LoRa network which is support wide area networking 

and low costed wireless solution.  

 

 
Figure 1. Energy monitoring system architecture 

 

Figure 1 shows the overall configuration and 

architecture of the implemented energy IoT 

monitoring system. In order to implement this system 

under the requirement of low-cost and quick- 

construction, we apply the open IoT hardware such 

as Arduino and Raspberry Pi. And a LoRa network 

using sub-1Ghz frequency, which is a license-exempt 

band, is used for low-power long distance wireless 

transmission. In particular, the low-costed low-
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powered LoRa network is implemented by applying a 

end-to-end modems without using base station. 

 

3. Arduino based Energy IoT Sensor 

Platform 
 

In the following Figure 2, the Arduino based IoT 

node is connected to energy device’s controller with 

serial interface, and collects the current status 

information of the voltage, current, temperature and 

battery. In addition, the LoRa modem also connected 

to Arduino with serial interface, and the embedded 

application simply calls the send api function from 

the LoRa protocol stack. 

 

 
Figure 2. Arduino based IoT sensor platform 

 

To support a low-power mode, IoT node uses the 

power level sleep function, and it is configured to 

periodically wake up. We also setup some LoRa 

parameters such as government defined channel 

center frequency, maximum output power, channel 

bandwidth, spreading factor and coding rate[2][3]. 

 

4. Open IoT based LoRa Gateway with 

Web Energy Monitoring Service 
 

The Raspberry Pi based energy IoT gateway 

operates as a monitoring system server, and it can be 

accessed by web protocol.  

 

 
Figure 3. Raspberry Pi base monitoring system 

 

In figure 3, the LoRa modem send the received 

energy data to Raspberry Pi through serial interface, 

and it also carries control, radio and timestamp 

information. The data received through the LoRa 

modem are stored at the MongoDB which works with 

NoSQL method and supports the structure suitable 

for large-capacity big data[4]. 

 

 
Figure 4. Web based energy monitoring system 

 

Figure 4 shows the monitoring system’s GUI for 

the photovoltaic and wind turbine based power 

generation facility. This web server is implemented 

with well-known web technologies such as apache, 

PHP, JavaScript and CSS. In figure 4, the trend 

graph can be selected by the energy, and statistical 

results are also displayed at table with the 

min/max/avg values. The reception ratio information 

is provided with the RSSI value to analyze the 

wireless network environment. 

  

5. Summary 
 

In this paper, we introduce a low-cost and 

efficient renewable energy monitoring system using 

open IoT platform such as Arduino, Raspberry Pi. 

And our system implements the low-powered low-

cost LoRa network without base station. We collect 

energy status data from solar and wind power 

generation facilities, and various analysis services are 

provided with web based protocols. In the future, we 

are expanding our study on the performance and 

optimization method. 
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