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1. Introduction

Energy consumption in world is growing day by day depend on development of technology and fast industrialization. This energy
demand is also being increased by fast population growth. Thus world energy consumption has increased about 50 % at last 20 years.
Furthermore fossil fuels that supplies about 85% of world energy demand are nonrenewable energy sources causing permanent
destruction in nature and environmental pollution [1]. High carbon dioxide emission which is mostly caused by fossil fuels is major
reason of climate change and will threat world’s future. The energy crisis that the world faces and negative impacts of energy sources
that have been used have turned the view of scientists to renewable energy sources [2].

However solar energy has a special place among the renewable energy sources. Solar energy amount that comes earth surface in one
year is more about 15000 times than energy that can be generated by power plant that uses fossil fuels, nuclear power plant and
hydroelectric power plant [3]. Solar energy is also environmentally friendly and some like endless.

To assess this huge energy source, technologies converting solar energy to different energy forms which are suitable to be used by
human being were found. Photovoltaic technology directly converting solar energy to electrical energy and its applications are
increasingly developing. While solar energy applications are planning, not only superficial knowledge (just observations made by
meteorologist or model results using data of limited number measurement stations) is required but also detailed knowledge (daily and
hourly basis monthly and yearly average values of long-term measurements) for solar energy potential about the site where applications
will be made is required. While solar insolation reaching top of the atmosphere is nearly constant during the year, solar insolation falling
onto earth surface varies with local atmospheric conditions, micro climate, surface shape and time of the day and year. Moreover
different insolation values can be observed for same time slots of years. Hence solar insolation values should be continuously monitored
to determine solar energy potential of the site for economic and optimal application reasons. Measurements should be long-term and
stable [4]. In [5] detail information about solar energy measurements can be found.

In addition to meteorological organizations, researchers also work to detect solar energy potential on their regions. In 1999, Mukaro and
Carelse designed and implemented a microcontroller based data acquisition system for solar radiation and environmental monitoring
[6,7]. Balan et al. have implemented a solar energy measurement system for detecting solar energy potential on their region. Solar
radiation values measured by a commercial pyranometer are stored in database. Instantaneous data and previous data can be queried on
the internet [8]. Some researchers focused on measuring meteorological data like solar radiation, temperature, humidity in a specific
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region using wired or wireless communication [9-13]. A series of papers [14-17] reported monitoring of photovoltaic power generation
and performance of PV solar plant.

In this study, a solar radiation measurement, data acquisition, storage and web based remote monitoring system were designed. The
monitoring web site offers the user solar data with different analysis and gives ability to access data from remote points. Instantaneous
and previous data are accessible with different analysis on the web page at http://yemmer.karabuk.edu.tr/lab/. The difference of this
study is that not only global radiation is measured but five different spectral region of solar spectrum are also measured by pyranometers
designed by our renewable energy laboratory. A flexible interface giving ability user to query historical data with different forms was
also designed. Throughout the paper, operating system of solar energy measurement laboratory of Karabuk University renewable energy
engineering research and application center was explained.

1. General structure of the system

Measurement station and solar measurement laboratory were established at the roof of Karabuk University Engineering Faculty (located
at latitude of 41°12'48.55”N and longitude of 32°39'15.26"E, Karabuk, Turkey). Five different spectral radiation measurements are
made by the station. Five pyranometers have been placed horizontally to ground. Signals coming from pyranometers are collected with
microcontroller based data acquisition card communicating with the computer via USB. Measurement values which are sampled and
digitized in the microcontroller are transferred to computer on which an interface program is running. Digitized values are converted to
solar radiation values by multiplying calibration coefficients and then stored in database. An internet page has been designed to share
measurement results with researchers and also with public to increase awareness about solar energy. Any user on the internet can see
instantaneous data and observe measured radiation values throughout present day with a chart. Owing to database, users can query
previous data chart at daily, monthly and yearly average form. In Figure 1 general flowchart of the system is shown.
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Figure 1. Block diagram of the measurement system
2.1. Measured wavelengths and pyranometers

Spectral data of solar energy are increasingly becoming important with developing spectrally selective technologies such as solar
detoxification, photovoltaic, solar thermal etc. In Solar Energy Measurement Laboratory, pyranometers responding different spectral
regions of solar energy are used. Hence energies in ultraviolet (280-400 nm), visible (400-700 nm), infrared (700-1100 nm), green (500-
578 nm) and total (280-2500 nm) regions of the spectrum are measured. Pyranometers shown in Figure 2 have been designed and
realized in Karabuk University. Calibration coefficients of the pyranometers are obtained under the standard lamp.

Figure 2. Horizontally placed pyranometers.
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To validate measurement of designed pyranometers, the response of global pyranometer on a randomly selected day was compared with
a commercial pyranometer which has accuracy of + 5% (SP215 Apogee Instuments) measurements. The response of two pyranometers

is very similar as shown in Figure 3.
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Figure 3. Comparison of global solar energy data measured with designed pyranometer and commercial pyranometer on 25.03.2013.

2.2. Data acquisition card

Analog (0-5 VDC voltage) signals are produced by trans-impedance amplifier circuit placed in the pyranometer. These signals are taken
to computer via a data acquisition card having 13 analog channels of 12 bites, communicating to the computer with USB interface.
Analog signals are converted to 12-bit digital numbers and sent to the computer in certain intervals by microcontroller.

2.3. Data transfer and storage

The interface program written in C# programming language takes data that are sampled, digitized and sent by microcontroller and then
stores them into database. The screen shot of interface program is shown in Figure 4.
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Figure 4. The screen shot of interface program

Interface program takes measurements at every 3 seconds. These measurements are converted to solar insolation values multiplying by
the calibration coefficients related to measured wavelengths. The average values of the measurements taken during one minute are
stored into database together with date-time information. Hourly average values are calculated and stored into database at the end of
every hour. The flowchart of interface program is shown in Figure 5.
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2.4. Database

A database is used to store measurements. There are two tables to store minutely and hourly average values in the database that are
formed using SQL server database management system. In Figure 6 the table on the left hand side shows the minutely average stored
data whereas the table on the right hand side shows the hourly average of stored data. As shown in Figure 6, each record has four
columns as 1D, wavelength showing what the measurements belong to, measurement value, hour and date. In this way a new

Figure 5. Flowchart for interface programme

measurement can be easily added to the table.

id wavelength measurement hour  date id _wavelength  measurement  hour  date

| 1688351 | global 624,2 11:41 201209-24| |133089 ] guneslenme 27 U708 | 2020524

1688352 ulraviole 352 1141 20120924| | 208 wveble 343 78 | 2ma 1824
_ : 13082 green 53 0708 20120924

1638353  infrared 1853 1141 2012-05-24 29091 infrared 16 0708 2012-09-24

1623354 green 478 141 20120524 | 33080 uhravicle 4 0708 20120924

1688355  visible 2469 1141 20120524 33075  global 111.9 0708 2012-09-24

For security of recordings, data are simultaneously stored into two different computers; computer in the laboratory to which data
acquisition card is connected, and server computer in the information technologies center of the university. Database on the server

Figure 6. Tables formed in database

computer is used to disseminate the measurement results via internet.
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2.5. Data presentation

A web page is prepared to disseminate the measurements with different analysis to see solar potential of Karabuk throughout the year.

The address of this website is http://yemmer.karabuk.edu.tr/lab. The website has two windows; one for instantaneous data, and the other
one for historical data with different analysis.

The instantaneous data window shows current measurements and their daily trends and is updated with period of one minute. The
window showing instantaneous data is shown in Figure 7.
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Figure 7. Window showing instantaneous data and its daily trend.

The window showing historical data can be queried in several different forms as daily data, monthly data, yearly data and periodical
data. The daily data page is shown in Figure 8.
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Figure 8. Daily data page

If a user wants to observe any daily measurements, it should be firstly selected that what wavelength measurements are needed and what
date it is. As shown in Figure 9, daily data page also offers user to select graph type with two options; line graph showing minutely
measurements throughout the day or histogram graph showing averaged values of minutely measurements over one hour.



150 M. Gokdag et al / JESTECH 16(4), 145-151, (2013)

14.July. 2012 14.July. 2012
Global Solar Radiation Global Solar Radiation

Irradiance (W / m~2)
Irradiance (Wh / m"2)

W 0100 (200 W 00 500 060 W00 OB N0 1090 1100 1200 1000 M0 1500 160 T 1850 190 MW 200 ZW 20 W w1
Hours

W15 IS N TR 1B 1820 20

Hours

@) (b)
Figure 9. (a) line graph, (b) histogram graph for daily trend.

If monthly data are wanted to be observed, the user is prompted with two different analysis; monthly basis hourly average as shown in
Figure 10a or daily total radiation throughout the month as shown in Figure 10b. Monthly basis hourly average shows how much
average radiation there are for a certain hour of selected month. This type of analysis may be used for a solar plant to estimate whether
solar energy potential can meet energy demands for a certain hour of a month.
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Figure 10. (a) Monthly basis hourly average radiation for selected month, (b) daily total solar energy trend for a selected month.

If yearly data are wanted to be observed, the user is prompted with two different analysis; yearly basis hourly average as shown in
Figure 11a or monthly basis daily total radiation throughout the year as shown in Figure 11b. Yearly basis hourly average shows how
much average radiation there are for a certain hour of a average day of a year. This is calculated averaging hourly radiation values
throughout the year. Monthly basis daily total radiation shows how much average radiation there are for a average day of a month.
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Figure 11. (a) yearly basis hourly average, (b) average daily radiations for months throughout the year.
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The web page also offers user to select a period of time on which data are wanted to be analyzed. In this case user enters a time period in
‘Periodical data’ section and then is asked with two options to analyze the data as hourly average or daily average.

3. Results

In this study a data acquisition, storage and web based monitoring system for solar radiation measurement in Karabuk have been
designed and implemented. Historical solar radiation measurement data can be monitored with different analysis on the internet by
researchers and public. Thus solar potential of Karabuk region will be determined with long-period measurements. These measurements
enable us to optimally and economically size solar projects to be established in Karabuk, and to estimate how much energy demand can
be met from a solar plant for a specific hour or day of year. We also aim adding new sensors such as for wind speed and direction,
pressure, humidity and for rain to collect all the meteorological data about Karabuk.
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