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Abstract: The concept of integration of distributed energy resources in configuration of microgrid is proving to be an 
excellent option contributing to the power grid evolution and for enabling a steady electricity service even to remote areas 
local loads with minimized pollution. In view of the fact that most renewable sources are intermittent in nature, their 
integration into the power grid infrastructure is a challenging task. Data Acquisition from renewable energy generators and 
their continuous monitoring play an extremely important role in overall supervision and the desired coordinated operation 
control of such diverse energy resources. This paper is a part publication from the Technical Project Report regarding the 
Research & Development project “Design & Development of Smart Micro- Grid” conceded in Energy Centre, MA National 
Institute of Technology, Bhopal. The main purpose of this paper is to present a computer based remote monitoring system 
for renewable energy system which is one amongst the primary footsteps taken for accomplishment of the microgrid 
Research & Development project.  
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I. INTRODUCTION 
 

 Recent technological developments in the 
micro-generation domain, the need of reducing 
emissions, investment reduction for future grid 
expansion and electricity business restructuring are 
the main factors responsible for the growing interest 
in development of micro-grids.  

 
The central idea of this research work 

project aims at taking a micro step in the direction of 
mission of the Government of India for New & 
Renewable Distributed Systems Integration Program 
goals by designing and developing an Intelligent 
Power Supply Network or a smart Micro Grid. 

 
Microgrids comprise low voltage 

distribution systems with energy sources, storage 
devices and controllable loads, either connected to the 
main power network or islanded, in a controlled, 
coordinated way. The operation of Microgrids offer 
distinct advantages like improved energy efficiency, 
minimisation of overall energy consumption, reduced 
environmental impact, improvement of reliability and 
flexibility etc.  Distributed renewable energy sources 
are to be smartly interfaced with power conditioning 
units Information & Communication system for 
imbibing the required intelligence, plus an energy 
management system is vital in formation of a Smart 
Micro Grid.  

 
Data-acquisition and monitoring systems are 

essentially used in renewable energy source 
applications for collecting data regarding the installed 
system performance and for many evaluation 
purposes. In this paper, the development of a 
computer based system for renewable energy systems 
monitoring has been described. 

 
II. REAL-TIME DATA MONITORING 

SYSTEM  
 
When considering the utilization of any 

energy resource may be a solar electric photovoltaic 
(PV) system or a wind energy generation system, it is 
first important to assess how much energy the system 
can produce according to the site location, direction, 
climate, plant equipment quality, plant conversion 
efficiency etc. To make sure an energy resource 
generates continuous sufficient power requires 
monitoring its performance around the clock. That 
can only be done through use of a real-time 
performance monitoring system. 

 
Remote monitoring helps in analyzing the 

condition and status of all the connected sources of a 
system By remote monitoring the generated and 
stored parameters, proper management of power can 
be done. If it is observed that any of these connected 
sources are not functioning well immediate remedy 
can be done at site before the situation worsen. By the 
real-time monitored data the operator can evaluate the 
system current states and make decisions to take an 
immediate action if needed. The system can be 
improved by learning from monitored data recorded. 
Moreover the system itself can forecast and make a 
decision for future power analysis. 

 
The objectives of this part of the greater 

project are to measure and monitor the performance 
of the 5 kW grid-connected PV systems and 1 kW 
wind energy system. It can measure, monitor and 
display remotely the real-time data including wind 
turbine voltage, current and power, PV array voltage, 
current and power, grid voltage, current, power and 
energy, solar irradiance, wind speed and wind 
direction, ambient temperature, cell temperature and 
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relative humidity. It is a PC-based monitoring system; 
it can display data and generate reports as tables and 
graphs. The user could monitor remotely by using the 
local area network through specific soft- wares. This 
monitoring system is used to observe whether the 
generating system is in normal condition or not the 
monitoring frequency may be of every day, and the 
system is able to report the result daily, monthly, or 
yearly as desired. 
 
III. PROJECT DESCRIPTION 
 

A Distributed Renewable Energy Generation 
based prototype Micro Grid System has been 
developed. The designed prototype microgrid system 
consists of solar photovoltaic (PV) arrays and a wind 
generator charging a battery stack storage device by 
means of appropriate battery chargers. This hybrid 
energy cluster is interconnected to the electric grid 
through individual grid-connected-type inverters 
through which the load is supplied. 

The basic block diagram of a Renewable 
Energy Source (RES) connected to Grid shown in the 
Figure1 illustrates that Solar PV or Wind Energy can 
cater the load or may be used to charge the battery or 
may feed to the grid. The system can supply power to 
load from single PV / Wind source, or both sources 
simultaneously or from battery or from the Grid 
itself. 

 
 

 
 

Fig 1 Renewable Energy Source (RES) connected to Grid 
 
This project placed in the Power Conversion 

Laboratory of Energy Centre, MANIT, Bhopal 
actually utilizes the existing campus facility of 1 kW 
solar photovoltaic panels generating 48 V DC and 1 
kW wind turbine. Besides the wind-solar power 
system, the system also includes four battery storage 
sets of 12 V, 65 Ampere hour each. A Renewable 
Energy System has been designed by connecting 
these sources synchronized in parallel to the power 
grid. The renewable energy electricity generated by 
this system is used as an input for essential lights in 
each faculty room, laboratories and corridor lighting 
of the energy centre.  

A configuration of the RES system setup 
under consideration is shown in Fig. 2. The setup 
diagram also expresses the computer based 
communication and data logging of various 
parameters of the system through software and its 
remote monitoring. 

 
Figure 2: Grid connected Renewable Energy System with 

Battery, PC & Remote Monitoring 
 
1.1 Power Conditioning Units: 

 
For the two intermittent renewable sources 

two separate Power Conditioning Units (PCUs) have 
been employed. So the system hardware essentially 
includes grid connected Power Conditioning Units 
separately for Solar Array and Wind Generators as 
shown in the Figure 3. The Solar PCU is connected 
with the output of the Solar Arrays and the Wind 
PCU with output of the Wind Generator. Both these 
PCUs work on nominal 48 VDC inputs. Each Power 
Conditioning Unit Inverter thus has Grid input, the 
renewable Generation input, Battery input/output and 
AC output.  
 

 
 

Figure 3: Power Control Units setup for Solar & Wind. 
 

Following indications are displayed on the PCU 
while it is working: 
 

Inverter ON Grid ON 
DC ON Inverter UV / OV under 

/over voltage 
Inverter overloads Inverter over temp 

 
The PCU specifications are as follows. 
 

Inverter type Unidirectional 
DC voltage 48 V for 1 KW (Nominal) 
Input from 
Solar / Wind 

40-88 V for 1 KW  

Output voltage 230 V +/- 1 % (Grid 
synchronisation operation) 

Input from 
Solar / Wind 

40-88 V for 1 KW 

Output voltage 230 V +/- 1 % (Grid 
synchronisation operation) 

Output 
frequency 

50 Hz +/- 3 Hz (Grid 
synchronization operation) 
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1.2 Battery Bank 
In the existing setup, 4 nos. of 65 AH Sealed 

Maintenance Free Batteries of Rating 12 V, 65 AH 
are used with each PCU. The PCUs are designed for 
48 VDC input, therefore these 4 SMF Batteries are 
connected in series to form a Battery Bank of 48 
VDC. Battery Bank is connected with both the PCUs 
for backup power when both inputs from Solar as 
well as Wind do not generate suitable power to run 
the load. Battery charging is maintained by the PCUs 
and the same is powered by any of the renewable 
source, if available in excess to the load or through 
the grid power, if available.  
1.3 Load 

Load is connected to the RES through output 
of the PCUs. The output power is maintained by 
PCUs depending on the availability of inputs from 
any of the renewable source or Grid or at last Battery 
Bank. The PCUs are programmed in such a manner to 
select the battery bank as the last option being the 
stored power. The lamp load and motor load used in 
the experimental setup is as shown in the figure 4. 

 

 
 

Figure 4: Load used in the experimental setup. 
 

IV. DATA LOGGING & DISPLAY 
 

Figure 5 shows the Setup of Solar & Wind 
PCUs with Grid & personal computer (PC) for data 
Logging in the Power Conversion Laboratory of 
Energy Centre, MANIT, Bhopal. 

After confirming all the connections with 
PCUs i.e. from the Solar & Wind Generator, 
available Grid, Battery Bank and communication 
cable and ascertaining the firmness of the 
connections, the PCUs are switched ON. Load is also 
switched ON and the software in the PC identifies the 
parameters.  

 

 
 

Figure 5: Setup of Solar & Wind PCUs with Grid & PC for 
data Logging 

1.4 PC Connectivity & Software 
Both Solar and Wind PCUs have the 

communication port available for transferring data to 
a personal computer (PC). RS 232 port is available 
with both PCUs. Separate Communication cable is 
connected in between RS232 port of the PCU and PC. 
When the software for data logging and monitoring is 
installed and run on the connected PC, the data is 
transferred from PCU to PC. PC receives the data in 
PCU MON software. Figure 6 shows the setup of 
communication with PC and software for data 
logging. The setup of the software is done in such a 
way to receive the data at the selected interval. The 
logged data are saved in log file, which is available 
for monitoring and analysis at any time. The data can 
be logged continuously for day / months together. 

 

 
 

Figure 6 Communication with PC and software for data 
logging. 

 
The current work illustrates the computer 

controlled system for monitoring the power generated 
by a renewable energy power system. The monitoring 
system includes a software named PCU MON for 
measurement of logged parameters as well as a 
internet based complete remote monitoring tool 
named Team Viewer. The remote data monitoring 
system provides a round the clock information on the 
Grid Voltage, PV/Wind generator Voltage, Battery 
Voltage, Current of PV/Wind, Battery Current, Load 
Current, Output Voltage, PCU Temperature, Charger 
Temperature etc. The system is programmed to 
provide data logging for an assessment of the system 
condition.  
1.5 System Software 

PCU Monitoring (PCU MON)application 
Software for Windows operating system is used. This 
system monitors various parameters of the PCU. The 
monitoring can be done through Serial port or 
Ethernet. PC Side Data and Alarm logs are also 
available to track the history. 
1.6 PCU MON For Data Logging  

After proper installation of the PCU 
Monitoring Software, the PCUs are connected to the 
PC through RS 232 serial port. Once PCUs are 
connected to the PC, and setting up the com port, the 
Monitor Parameter action is selected by default. Date, 
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Time, alarm, refresh rate etc can be configured 
manually. On this screen user can monitor current 
values of PCU parameters in Monitoring and Meter 
View. System generated alarm are available in Alarm 
window. Time interval at which the software sends 
the queries to PCU for parameter monitoring is 
settable from 1 to 50 seconds.  

The parameters can be selected for logging 
& display. As soon as the PCU MON software is run 
and is switched to Monitor Parameter mode, the 
screen as shown in Figure 7 is displayed. This shows 
meter view of the parameters logged by the Solar 
PCU. 

 
 

Figure 7: Monitoring of Solar Array Parameters 
 

It will log data on PC side as per set Logging 
interval. As per the log interval it will fetch current 
status of parameter and appended in existing default 
file. Logged data can be viewed in the tabular form as 
well. Figure 8 shows the data in tabular format. 

 

 
 

Fig 8 Data in tabular format 
 
The software can be configured in Parameter 

or Logger mode. From these parameters for 
monitoring and meter view can be selected along with 
the range of their measurement. In data log mode, 
measured parameters are recorded & file size limit in 
MB in the range of 1MB to 20MB. Once the data log 
file limit is exceeded the system will take backup of 
current file will generate new one.  
 
V. REMOTE MONITORING SOFTWARE 
 

Team Viewer Software, Free License 
Version 7.0 for non commercial use has been used for 
Remote Monitoring. This Software is downloaded 

through the internet and installed in PC’s at both 
ends. After its installation, the PC on which PCU’s 
are connected acts as host PC and the other as remote 
PC. For Remote Monitoring, the Software Team 
Viewer is installed in PC’s at both ends. After this the 
software is run on the host PC and the same process 
is repeated on the remote PC. The host PC generates 
a unique identification number and while connecting 
to the remote PC the same unique number is given to 
remote PC. In this way the remote PC is connected to 
the host PC and the screen of the host PC is displayed 
on the remote PC. In this way, the host PC can be 
operated through remote PC. The logged data and the 
PCU MON software can now be operated through 
remote PC and transferring of data can be done from 
host PC to the remote PC. This can be done with the 
remote PC from anywhere in the world using internet. 
Figure 9 below shows the display of the remotely 
monitored parameters of the PCU online on real time 
basis. The monitored parameters can be viewed in the 
log file also.    

 

 
Fig 9 Remotely monitored parameters of the PCU online on 

real time basis. 
 
VI. EXPERIMENTAL RESULTS 
 

All these logged data are recorded in the 
tabular form also which can be seen when log button 
is clicked.The data can be recorded in excel or csv 
format. Following parameters are recorded with date 
& time: Grid Voltage, Array Voltage, Array current, 
PCU Temperature, Output Voltage, Load in 
percentage, Charger Temperature, Battery Voltage & 
Battery Current. The update rate of these data depend 
upon the time set in sec or minutes. PC side Data 
Logging of Monitored Parameters in PCU MON 
Software is shown in Figure10. 
 

 
Figure 10 logged data in the tabular form 
 
The logged data can now be analyzed and 

represented in different forms. In the similar way, 
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graphical representation of other logged parameters 
are also displayed like Battery Current with Time, 
Array Current data with Time, Load Variation data 
with Time, etc. All these data and screens can also be 
seen on remote PC through Team Viewer Remote 
Monitoring software.  Figure 11 shows graphical 
representation of Array Voltage with Time.  

 

 
 

Figure 11 Graphical form of Array Voltage with Time 
 
CONCLUSIONS 
 

This paper has reported regarding initial 
phase experiments of the research project Design & 
Development of a Smart Micro Grid which is data 
acquisition and remote monitoring of various 
renewable energy sources.  Data acquisition from PV-
Wind energy sources has been done successfully by 
deploying PCUMON software along with the grid 
connected power conditioning units PCU hardware. 
Remote monitoring of the logged parameters is done 
using Team Viewer software.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The set up helps to analyse activities on 
wind-solar hybrid power systems, grid-tie interaction, 
and investigation of ac/dc interactions between 
conventional and renewable energy systems. All 
these logged data are recorded in the tabular form 
also and can be analyzed and represented in different 
graphical forms too as has been effectively shown in 
the experimental results. 
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