
Monitoring Solar Data near Equator

by

Irwan Haadi Bin Mahadzir

A project dissertation submitted to

Mechanical Engineering Programme

Universiti Teknologi PETRONAS

In partial fulfillment of the requirements for

Bachelor of Engineering (Hons.)

(Mechanical Engineering)

Universiti Teknologi PETRONAS

Bandar Sen Iskandar

31750 Tronoh

Perak Darul Ridzuan, MALAYSIA



CERTIFICATE OF ORIGINALITY

This is to certify that I am responsible for the work submitted in this dissertation, that the

original work is my own concept as specified in the references and acknowledgement,

and that the original work contained herein have not been taken or done by unspecified

sources or persons.

IRWAN HAADIB. MAHADZIR

*

%&-.r-*»hob

Dr. Syed Ihtisham-ul-Haq Gilani
Senior Lecturer
Mechanical Engineering Programme
Universiti Teknologi PETRONAS
31750 Tronoh
PerakDarul Ridzuan, MALAYSIA.



ABSTRACT

In this project, the purpose of solar monitoring data at UTP is to act as a stepping stone

for other related projects in utilizing the energy from the sun (solar energy). Although the

original intention of this project is to monitor the solar data at UTP, equipment setups at

USM and UKM (auto-monitoring system) were used since it uses more accurate

equipments. Besides that, experimental data from Metrological Department were also

analyzed for verification and comparison purposes.The scope of study includes literature

review, data collecting process (using equipments setup) and data analysis. For the

methodology section, the procedures involved are data collection process (using three

equipment setups); and data analysis. There are tables regarding values of solar radiation

and other parameters such as temperature, relative humidity and wind speed in the result

section, followed by discussion to analyze the readings taken. In the last section, the

readings from all the sources are compared and the solar radiation patterns are also

concluded. Recommendation was made based on the conclusion. Upon completing this

Final Year Project, the student able to appreciate the importance of solar data monitoring

in utilizing solar energy as an alternative energy source.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Solar energy plays an important role in meeting the world's energy demand. The use of

non-renewable energy such as fuels has many side effects. Their combustion products

produce pollution, acid rain and global warming. Furthermore, solar energy sources are

more environment friendly which improve the living quality in the world; not only for

humans but also for its flora and fauna as well.

Realizing the need of solar energy, methodsof solar energy conversionsystemhave to be

developed and used to substitute the non-renewable energy. Therefore, extensive research

and development in solar energy utilization technologies have to be carried out. But, in

order to achieve these, the initial step which is monitoring solar data has to be done first

to study the characteristics and patterns of solar energy.

The purpose of solar monitoring data at UTP is to utilize the energy from the sun (solar

energy) and use it as an alternative energy. This project will also enhance the

understanding of solar concept. In the past, there was no attempt to monitor the solar

radiation in UTP. The solar radiation data gathered will then be available for further work

analysis. One of the examples is utilizing the solar energy using solar pond.

In this project, the study emphasizes on the relationship between solar radiation and other

related parameters. These parameters are ambient temperature, relative humidity and

wind speed. Based on the relationship, the pattern of solar radiation can be predicted

through plotted graphs.



1.2 PROBLEM STATEMENT

1.2.1 Problem Identification

Since the launching of UTP in 1997, there has been no attempt to gather any information

on the solar radiation. This is unfortunate since there are enormous exposures of sun in

Tronoh, Perak. By monitoring solar data near equator, analysis can be done to implement

it as a clean energy sources.

For this project, solarimeter is the main equipment used to collect the solar radiation. In

UTP, there is only photo radiometer available. Because of this limitation, the equipment

setup was done at USM using more accurate equipment. Both of the equipment setups in

UTP and USM require manual monitoring and this cause a problem to obtain a

continuous day-to-day data.

Due to this problem, visits have been made to UKM to learn the auto-monitoring system.

Regarding the solar data from the UKM, they only permit one sample of solar radiation

data since the data has not yet been publicized. Using these data, only limited analysis

can be done. They also did not unveil the full setup of the patterned solar monitoring

system.

Besides that, only global solar radiation is measured in UTP, UKM and USM due to

limited equipments. This is inopportune because with the addition of direct or diffuse

solar radiation, comparison can be made using theoretical calculations to the

experimental values.



1.3 OBJECTIVE AND SCOPE OF STUDY

1.3.1 Objective

The main objectives of this project are to monitor the solar data at UTP (4° 25'N,

100°59'E) and compare it with the data sets from various sources. There are five (5)

parameters being considered; which are:

a. Direct solar radiation

b. Diffuse solar radiation

c. Ambient temperature

d. Wind velocity

e. Relative humidity

Other objectives include data analysis for recommendations and to act as a stepping stone

for other related solar projects.



1.3.2 Scope of study

The scope of project is divided into three stages. The first stage is the literature review of

all elements that are related to the project which more towards the planning of the project.

This includes books, journals and websites regarding other solar monitoring project and

the equipment used. All of the findings will be discussed with supervisors. In the

beginning, the study focuses on the examples of solar radiation data from other sources.

This is important for reference, comparison and verification purposes. Besides that,

various of equipment setups for solar monitoring project were also reviewed. This

includes types of solarimeter with different accuracy and functions.

For the second stage, equipments used will be set up and all the relevant information/

data will be gathered. The first step in this stage is to take sample readings in UTP using

photo radiometer (to measure solar radiation) and thermometer (to measure ambient

temperature). Readings are also taken at USM using two different setups; and at UKM

using auto-monitoring system. All the methods learned during the first stage are applied

during the second stage of the project.

Finally, the solar data gathered will be analyzed using graphs to see the patterns of

various parameters. Experimental data from Metrological Departmentwere also analyzed

for verification and comparison purposes. Further recommendations will be made for

future work using solar energy.



CHAPTER 2

LITERATURE REVIEW AND THEORY

2.1 LITERATURE REVIEW

2.1.1 Components of solar radiation

Basically, there are two components of solar radiation which are direct and diffuse solar

radiation. Global solar radiation (Iq) is the sum of both direct and diffuse solar radiation.

a. Direct / beam radiation - Solar radiation received from the sun without being

scattered by the atmosphere, lb

b. Diffuse radiation - Solar radiation received from the sun after its direction has

been changed (scattered) by the atmosphere, Id

2.1.2 Basic types of instruments measuring solar radiation

a. Pyranometer / Solarimeter

Pyranometers are used for measuring global solar (beam plus diffuse) radiation,

and it is from these instruments that most of the available data on solar radiation

are obtained. The detectors for these instruments must have a response

independent of wavelength of radiation over the solar energy spectrum. In

addition, they should have a response independent of the angle of the incidence of

the solar radiation. The detectors of most pyranometers are covered with one or



two hemispherical glass covers to protect them from wind and other extraneous

effects; the covers must be very uniform in thickness so as not to cause uneven

distribution of radiation on the detectors.

There are many types of pyranometers. One of them is the Eppley Black and

White pyranometer which utilizes Parson's black and barium sulfate coated hot

and cold thermopile juctions. It has a good angular (cosine) response, uses an

optically ground glass envelope and temperature compensation too maintain

calibration within j^l.5% over a temperature range of -20 to 40°C. The Eppley

Precision Spectral Pyranometer (PSP) (refer figure 2.1) is another type of

pyranometer which utilizes a thermopile detector, two concentric hemispherical

optically ground covers, and temperature compensation that results in temperature

dependence of 0.5% from -20 to 40°C. There is also type of pyranometer which is

based on photovoltaic (solar cell) detectors such as the Yellott Solarimeter. They

are less precise instruments than the thermopile instruments but also less

expensive and are easy to use.

v*;--> *.». f

Figure 2.1: Eppley Precision Spectral Pyranometer

Measurements of solar radiation on inclined planes are important in determining

the input to solar collectors. There is evidence that the calibration of pyranometers

changes if the instrument is inclined to horizontal. The reason for this appears to



be changes in the convection patterns inside the glass dome, which changes the

manner in which heat is transferred from the hot junction of the thermopiles to the

cover and other parts of the instrument. From figure 2.2, it is evident that the

calibration of pyranometers is to some degree dependent on inclination and that

experimental information is needed on particular pyranometer in any orientation

to adequately interpret information from it.

1.03

o 1.02

0.99

Eppley
8-48 (B&W)

Kipp & Zonen
CM6

0 10 20 30 40 50 60 70 80 90
Tilt Angle (Degrees from Horizontal)

Figure 2.2: Effects of inclination of pyranometers on calibration

Pyranometers are usually calibrated against standard pyrheliometers. A standard

method has been set forth in the Annals of the International Geophysical Year,

which requires that readings be taken at times ofclear skies, with the pyranometer

shaded and unshaded at the same time as readings are taken with the

pyrhehometer. Shading is recommended to be accomplished by means of a disc

held one meter from the pyranometer with the disc just large enough to shade the

glass envelope. The calibration constant is then the ratio of the difference in the

output of the shaded and unshaded pyranometer to the output of the pyrhehometer

multiplied by the calibration constant of the pyrhehometer and the angle of

incidence ofbeam radiation on the horizontal pyranometer.



b. Pyrheliometer

Pyrheliometers are instruments which can only reads the direct beam radiations.

The water flow pyrheliometer, designed by Abbot in 1905, was an early standard

instrument. This instrument uses a cylindrical blackbody cavity to absorb

radiation which is admitted through a collimating tube. Water flows around and

over the absorbing cavity. The measurement of its temperature and flow rate

provides the means for determining the absorbed energy.

Standard pyrheliometers are not easy to use, and secondary standard instruments

have been devised that are calibrated against the standard instruments. One of the

secondary standard pyrheliometer is the Abbot silver disc pyrheliometer, which

uses a silver disc 38 mm in diameter and 7 mm thick as the radiation receiver. The

side exposed to the radiation is blackened and the bulb of a precision mercury

thermometer is inserted in a hole in the side of the disc to enhance good thermal

contact. A shutter alternately admits radiation and shades the detector at regular

intervals; the corresponding changes in disc temperature are measured and

provide the means to calculate the absorbed radiation.

Operational and field instruments are calibrated against secondary standards.

These are instruments which the source of most of the data on which solar process

engineering designs must be based. The Eppley Normal Incidence Pyrheliometer

(NIP) is the instrument in most common use in the United States for measuring

beam solar radiation and the Kipp & Zonen instrument is in wide use in Europe.

For the Normal Incidence Pyrheliometer (refer figure 2.3 and 2.4), the detector is

at the end of the collimating tube, which contains several diaphragms and

blackened on the inside. The detector is a multijunction thermopile coated with

Parsons optical black. Temperature compensation is provided to minimize

sensitivity to variations of ambient temperature. The aperture angle of the

instrument is 5.7°.



In pyrheliometers, the dimensions of the collimating systems are such that the

detectors are exposed to the radiation from the sun and from a portion of the sky

around the sun. Since the detectors do not distinguish between forward-scattered

radiation, which comes from the circumsolar sky, and beam radiation, the

instruments are in effect defining beam radiation. An experimental study which

utilized several length of collimating tubes so that the aperture angles were

reduced in step from 5.72° to 2.02°, indicated that for cloudless conditions this

reduction resulted in insignificant changes in the measurement of beam radiation.

On a day of thin uniform cloud cover, however, with solar altitude angle of less

than 32°, as much as 11% of the measured intensity was received from the

circumsolar sky between aperture angles of 5.72° and 2.02°. It appears that thin

clouds or haze can affect angular distribution of radiation within the field of

standard pyrheliometers.

Model EG

wire-wound
thermopile

Output
connector

Figure 2.3: Cross section of the Eppley Normal Incidence Pyrheliometer



Figure 2.4: Eppley Normal Incidence Pyrheliometer (NIP) on a tracking mount

2.1.3 Methods used to record the solar radiation data

There are many methods used to record the solar radiation data. For many years, it has

been recorded using manually operated metrological stations. This measurement was

originally developed as a means of recording integrated global solar radiation, before the

advent of electronics. Now, there are more appropriate ways of recording solar radiation

for scientific purpose, using modern instruments and datalogging systems. One of the

modern instruments used is a tracking pyrheliometer, where a collimated sensor

automatically moves to track the movement of the sun. The disadvantage of using this

instrument is that it can only sense the direct beam radiations.

10



An alternative technique which does not involve any moving parts is the combination of

two pyranometers, one with shadow ring and one which is normally exposed to record

total global radiation. The ring is used to allow continuous recording of diffuse radiation

without the necessity of continuous positioning of smaller shading devices; adjustments

need to be made for changing declination only and can be made every few days. The ring

shades the pyranometer from part of the diffuse radiation, and a correction for this

shading must be estimated and applied to the observed diffuse radiation. The corrections

are based on assumptions of the distribution of diffuse radiation over the sky and

typically are factors of 1.05 and 1.2. The difference between the global radiation and

diffuse radiation measurements is the direct beam component.

ir. Ap> Muy .JMMir Jy|, «1, Niiy, lltT

Figure 2.5: Typical shade ring correction factors
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2.1.4 Solar radiation data

Solar radiation data are available in several forms. The information about radiation data

such as whether they are instantaneous measurements (irradiance) or values integrated

over some period of time (irradiation); the time or time period of the measurements;

whether the measurements are of beam, diffuse or total radiation; the instruments used;

the period over which thedata are averaged (for averaged data) andthe receiving surface

orientation (horizontal or inclined) are important in their understanding and use. Most

radiation data available are for horizontal surfaces, include both direct and diffuse

radiation, and were measured with thermopile pyranometers. Most of these instruments

provide radiation records as a function of time and do not provide a means of integrating

the records.

There are two types of solar radiation data which are widely available. The first type is

monthly average daily total radiation on a horizontal surface. These data are widely

available and can be obtained from many weather stations. The second type is hourly

total radiation on a horizontal surface for each hour, taken for extended periods such as

one or more years. Recent laboratory measurements and the averages base thereon are

probably accurate to + 5%. Errors in readings are commonly caused by inadequate

calibration and care in using the instruments.

12



2.2 THEORY

The potential solar radiation (So) on a horizontal surface outside the earth's atmosphere is

calculated in Wm" from;

(So) =1373 sin O

where O is the elevation angle of the sun. Sin O is computed from :

sin O = sin d sin / + cos d cos / cos [15(t-to)]

where d is the solar declination angle, / is the latitude of the site, t is clock time and to is

the time of solar noon.

In order to measure the solar decimation angle of the device, it is advisable to

approximate the sin d using a polynomial.

Sin d= -0.37726 -0.10564J + 1.2458 j2- 0.757478 j3 + 0.13627 j4- 0.0572 j5

j = Day of the year /100

The time of solar noon is given by:

to=12-Lc-Et(hr)

Lc = Longitude correction

Et - Equation of time

Longitude correction also can be calculated by using the formula:

Lc-(Ls-L)/15

Solar constant, the mean radiation flux density outside of the earth's atmosphere is 1367

Wm2.

13



CHAPTER 3

METHODOLOGY

In order to proceed with the project, a clear and concise methodology is important to

ensure that the flow of the project would be smooth and organized. In this project, there

are three main setups used in various locations to provide sufficient data.

Equipment Setup
and Data

Collection at UTP

Equipment Setup
and Data Collection

at USM

Equipment Setup
and Data Collection

at UKM

i i r V

Data Collected by
Metrological Office in

Ipoh

1

1 r

Comparison of Various
Equipments and Data Sets

i '

Results and Discussions

i '

Conclusion

Figure 3.1: Flowchartof project methodology
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3.1 EQUIPMENT SETUP AT UTP

3.1.1 Solarimeter / Photo Radiometer

Photo radiometer is the only type of solar radiation measuring instrument available in

UTP. The instrument may be fitted with interchangeable probes for measuring

illuminance, irradiance and luminance. In the case of solar radiation, the radiometric

probe (irradiance meter cosine corrector) is connected to the instrument and the unit used

is Watt/m2. It can only be used to measure the direct solar radiation. The radiometer has

measuring ranges from 10 microWatt/cm2 to 200miliWatt/cm2 and precision of + 4%.

In term of application, there is only ON/OFF switch on the instrument. In order to obtain

reliable measurements, sudden variations of lights, or any influence of the undesired

reflections and shadows has to be avoided. Nearby high frequency sources, microwaves

or large magnetic fields may also create electromagnetic disturbance in the sensor of the

instrument.

The photo radiometer is calibrated yearly. The calibration is done on two parts: the

instrument itself and the probe. For calibration of the instrument, the photometric

simulator (instead of the probe) is inserted into the connector. Button PI is pressed so that

the display shows the value of simulator. For the probe, it is fitted into the photometric

bench. Trimmer Tl of the amplification and calibration circuit is turned on until the value

shown on the display coincides with the reference value.

15
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Figure 3.2: Photo Radiometer

3.1.2 K Thermocouple Thermometer

This instrument allows temperature measurements using K-type thermocouple probe. The

non linearity of the temperature probe is linearized by the build-in compressor, in order to

achieve high degree accuracy and resolution. Measurement can be performed on either

Centigrade or the Fahrenheit scale with range from -50°C to 950°C (-58°F to 1742°F).

The instrument has an accuracy of + 0.2% and calibrated yearly. In this project, the

thermometer is particularly used for measuring ambient temperature of the surrounding.

Figure 3.3: K Thermocouple Thermometer
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