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Abstract

The construction of pyranometer for measuring global solar radiation was done in Abubakar
Tafawa Balewa University, Bauchi State Nigeria; the main characteristic of the sensor used is
low-cost of all its components. The design of the device is based on using TEFT4300 silicon
phototransistor and covered with a protective wood case. The device has better sensitiveness to
solar irradiance, allowing an excellent response of the sensor in a range from approximately 875
to 1000nm. The calibration was done within four days: 29", 30", 31% December 2016
respectively and 2°¢ January 2017. The maximum irradiance of 100.92W/m? was obtained on
29" December 2016 at around 12pm to Ipm. While the minimum irradiance of 22.0W/m” was

obtained on 3 1% December 2016 at early hour of the day (7am).
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CHAPTER ONE

1.0 INTRODUCTION

1.1 BACKGROUND OF STUDY

The efficient utilization of the solar energy for the system design and selection of
components for Agriculture, Industries, Telecommunications and House hold applications
require the knowledge of the actual solar radiation reaching the earth surface at a location of
interest. It warms our planet and gives us our everyday wind and weather. Without solar

radiation, the earth would gradually cool in time becoming encased in layers of ice.

The term solar energy refers to energy from the sun which comes to the earth in the form of
direct, diffuse or reflected rays, (Doyle and Sambo, 1985). Solar energy is free, natural and
non-pollinating energy that man can capture for a variety of purposes, (Onah and Osoji,
2007). Measurement of solar radiation per unit of surface (W/m?) is called the irradiance. The
solar radiation intensity (irradiance), is a measure of quantity of electromagnetic radiations

which are transmitted from the sun to the earth surface to another.

However, due to the average distance of the sun from the earth (about !50million kilometers),
the quality and the intensity of the solar radiation change considerably on its journey through
the earth atmosphere. These changes are usually conditioned by solar constant, transparency
of the atmosphere, length of the daily sunlight, and the angle at which the sun’s rays strike
the earth. The average- distance of 150million kilometers is equivalent to the earth
astronomical unit (1.0au). Due to the shape of the earth orbit, the sun is closer to the earth in
January at a distance of about 147million kilometer, and the sun is far away in July at a
distance of about 152million kilometer. Thus amount of solar radiation received on the earth

surface depends on the year, time of the day and season (O. Ojo 1982).




The term global solar radiation is the total amount of solar energy received by the

earth surface, usuall
sually expressed as W/m2 About 99% of global solar radiation has

wavelength between 300 and 3000nm. This includes ultra-violet (300 to 400nm), visible (400
to 700nm), and infrared (700 to 3000nm) radiation, Global solar radiation is the sum of
direct, diffuse and reflected solar radiation. Direct solar radiation passes directly through the

atmosphere to the earth surface, diffuse solar radiation reaches a surface and is reflected to

adjacent surfaces.

The visible portion of the solar radiation spectrum provides energy for photosynthesis, which
is primarily gate way for inorganic carbon to become organic or support life on the earth.
Infrared light heat the ground and maintains an ideal environmental for life. Global solar
radiation drives the global water cycle and weather patterns. In fact, about the half of the
solar radiation absorbed by the earth surface is consumed by evapotranspiration on a global

scale. Solar radiation is also used to generate electricity.

The global irradiance is the short wave energy-lhat actually reaches a horizontal surface after
all the absorption and scattering process. This amount is influenced by the path length
through the atmosphere; clarity of the atmosphere, and the amount and type of cloud cover.
This interaction of solar radiation with the atmosphere involves a series of quite complex
processes. In order to simplify understanding of the atmosphere, the energetic equilibrium

between the atmosphere, the surface of the earth and incoming solar radiation can be operated

into three processes.

1. Solar radiation entering the atmospheré being absorbed and scattered before reaching

the ground.

2. Thermal (long wave) radiation originated from the surface of the earth and the

atmosphere above.




3. Non-radiati
diative heat and energy transport processes in the atmosphere and between the

soil and the atmosphere.

This atlas deals primarily with the processes which belong to the first category
conceming the short wave radiation in the wave band 02 to 4.0um. The incoming
exwaterrestrial irradiation enters the atmosphere and interacts with atmospheric components,
which are the various gases, (including wave vapor) and the condensed water droplets and

other aerosols.
Some of these absorb short wave radiant energy, and others scattered it in broad terms:

1. Absorption by gas molecules, aerosoi and condensed water accounts for 20% of
energy loss. This results in a heating of the atmosphere.

2. Back scattering and back reflection mainly from clouds sends 23% of the incoming
solar energy directly back to space.

3. Averaging over the globe, only 57% of the primary incoming solar energy directly
back to space.

4. 30% of the incident extraterrestrial energy reachesthe ground as beam radiation.

5. 27% of the incoming extraterrestrial energy reaches the ground as beam radiation.

Depending on the reflectance of ground for solar radiation (the albedo), 8% of the short
wave radiation is reflected back to space from the ground. This occurs with only minor
spectral degradation. 49% of the extraterrestrial flux is absorbed at the surface and is

transformed in to sensible heat or converted chemically into bound energy form like biomass,

or transformed in to other renewable energy (wind and water).

The second path of heat loss to space is through thermal radiation in the band 4.0 to

100um. The thermal radiation resulting from the absorption of short wave radiation




complements the thermal radiation to space resulting from the earth’s internal geological
processes and radioactive decay. The proportion attributes to the solar budget is 49%. There
is an added contribution to the outgoing long wave radiation to space from the short wave
energy absorbed in the clouds and in the atmosphere. This brings the absorbed short wave

contribution to the outgoing thermal radiation to 69% of the incoming shortwave radiation.

This project research is based on the construction of device for measurement of global
solar radiation (pyranometer). The work started with brief introduction to solar radiation.
Interaction between solar radiation and the atmosphere are important, because they provide a

way to study awnosphere processes that influence air quantity, weather and climate.

Pyranometer is an instrument used for measuring solar radiation on a horizontal surface.
Pyranometers are widely used in meteorology, climatology, and agriculture and solar energy
studies among others. Solar radiation is detected by interception and subsequent analysis of
the effects of interception on a receiver. (Asogwa and Okeke, 1995). Based on a theoretical
data, the tropical Nigeria have an average insolation of about 3.7kWh/m?day along the coastal
areas, and to about 7.0k Wh/m?day along a semi-arid areas of the North. The country however

on the average, receives solar radiation level of about 5.3kWh/m?day, (ECN, 2005).

Most researchers within the country use these available theoretical values of metrological
data to compute average irradiance of solar radiation for different location within Nigeria,
they lack standard measured data obtained from reliable measuring inssrument suitable for

their local environment and therefore resorted to theoretical prediction using different models

for global daily sunshine’s radiation.




1.2 Solar Radiation outside the Atmosphere .

The spectruin of the radiation emitted by the sun is close to that of a black body at a

t
emperature of 5,900K. About 8% of the energy is in the ultra-violet region, 44% is in the

visible region, and 48% is in the infra-red region.

The solar constant Iy is the beam solar radiation outside the Earth's atmosphere when the sun

is at its mean distance from the Earth. Its value is

fo=1.37 + 0.02kW/m?.

Variations in the distance of the sun from the Earth due to the ellipticity of the Earth's orbit
cause the actual intensity of solar radiation outside the atmosphere to depart from Iy by a few

percent. Allowance for these variations can be made by means of the factor
F=1-0.0335 sin 360(ng4 ~ 94)/365,

Where ny is the day ofthe year (on 1 January n4 = 1, on 31 December ny = 365); the argument
~ of the sine function is in degrees. All the values of solar radiation intensity given below,
which are for the sun at its mean distance from the Earth, must be multiplied by F to obtain
the actual values on day nq. When the Earth is nearest the sun in January the solar radiation in

clear weather is 3% greater than the average; when the Earth is farthest from the sun in July

the solar radiation is 3% less than the average.

1.3 The Effects of Atmosphere and the Earth

The processes affecting the intensity of solar radiation that are important in solar energy work

are scattering, absorption, and reflection. Reflection occurs in the atmosphere and on the

Earth's surface.



The scattering of solar radiation is mainly by molecules of air and water vapor, by water

droplets, and by dust particles. This process returns about 6% of the incident radiation to

space, and about 20% of the incident radiation reaches the Earth's surface as diffuse solar

radiation,

Air molecules scatter sunlight with an intensity proportional to 2™, where 4 is the
wavelength of the radiation. This is called Rayleigh scattering; it is important for particles
with radius less than A/10. This wavelength effect can be seen in the blue color of the clear
sky and the red color of the setting sun. The sky appears blue because the shortest wavelength
blue light is scattered more strongly than the'llongest wavelength red light. The setting sun
appears red because much of the blue light has been scattered out of the direct beam.
Scattering from large particles with radius greater than 254 is independent of the wavelength.
As a result, sunlight scattered from the water droplets in mist and cloud, and from the dust

particles in haze, is white.

The absorption of solar radiation is mainly by molecules of ozone and water vapor
(Fig. 1). Absorption by ozone takes place in the upper atmosphere at heights above 40 km. It
occurs mainly in the ultra-violet region of the spectrum, where it is so intense that very little

solar radiation of wavelength less than 0.3pm reaches the Earth's surface. About 3% of the

solar radiation is absorbed in this way.

At low levels in the atmosphere about 14% of the solar radiation is absorbed by water
vapor, mainly in the near infra-red region of the spectrum. Clouds abserb very little solar
radiation, which explains why they do not evaporate in sunlight. The effect of clouds on solar

radiation is mainly scattering and reflection.




Fig.1.1 The solar spectrum.

The upper graph is for radiation outside the atmosphere; the lower graph is for
radiation received at the earth's surface under a clear sky. Absorption bands by gases in the

atmosphere are indicated by chemical formulas.

The reflection of solar radiation depends on the nature of the reflecting surface. The
fraction of the solar irradiation that is reflected from the surface of the Earth is called the
albedo of the surface. The total albedo, which includes all wavelengths, is closely related to
the visible albedo, which includes only light in the visible region of the spectrum. Table 1

shows some typical albedo values for the sun overhead. When the sun is low in the sky (with

a large zenith angle z) the albedo of a water surface is much greater than the value tabulated.

The albedo of clouds depends on how thick they are.



Table] 1. Surface Albedog
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1.4 Solar Radiation under a Clear Sky

A simplified presentation of the solar radiation at the earth's surface applicable in

tropical Asia is given in this section.

The main parameters affecting the intensity of solar radiation are the zenith angle z of the

sun, the water vapor content w of the atmosphere, and Schuepp's turbidity coefficient B.

The water vapor content w is given in centimeters of perceptible water. Exact determinations

of w require the use of upper air data. If upper air data are not available, approximate

estimates can be made with the help of the formula

w=0.18e,

atmosphere at the Earth's surface in millibars. In a
e

Where ‘¢’ is the vapor pressure in th ‘
the dry season to Scm or more in

: . : 2cm in
tropical wet and dry climate W typically varies from 2cm

- the wet season,
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10 in the wet seaso
n to about 0.2 during the dry season.

Ifthere is smoke in the air B can be greater. Itand in Thailand the equatio
Lot n

B=0.25-0.017v,

73] S lete p . 5
Where V is the mean visibility in kilometers, gives estimates of the mean values of B with an

accuracy £0.02.

The values of beam solar irradiance I, at sea level are given in Table 2 for several values of
the water content w of the atmosphere, the “zenith angle ¢ of the sun, and the turbidity
coefficient B. Small corrections for variations in the ozone content of the atmosphere, and for
variations in the surface air pressure, are ignored. Since the tabulated values are for
application at sea level, they underestimate the beam solar irradiance at elevated mountain

sites. The correction factor F for variations in the Earth-sun distance mentioned earlier should

be applied.

Table].2. Beam Solar Irradiance at Sea Level
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Diffuse solar irradiance is determined mainly by the solar zenith angle z the turbidity B, and
the albedo of the ground around the site. Table'3 gives values of the diffuse solar irradiance Iq
for several values of z and B when the albedo of the ground is 0.25. For albedos 0.1, 0.2, and
03 multiply the tabulated values of Is by the correction factors 0.90, 0.96, and 1.04

| respectively.

Tablel.3. Diffuse Solar Irradiance

o

' z(dég;ees) B=0 B=01|B=02

‘ T o S
0.063 0133 |0.202

i I
\ T

0.045 0,087 (0119
1

]
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able 4 gives the daily o -
T g Y total global sojar Irradiation under clear skies in tropical latitudes
al €S on

e 15th day of the critj
th y ritical months March, June, September, and December- The tabulated
3 . al (]
for w. -
values are for Water vapor content w = 2cm and turbidity B = 0. For water vapor content w =

Scm multiply the tabulated values by the correction factor 0.93; for turbidity B = 0.1 and 0.2
multiply the tabulated values by 0.90 anq 0.84 respectively

Tablel. 4. Daily Global Solar Radiation under Clear Skies

Daily Global Solar Irradiation {MJ)/m?)

Latitude¢: (1} 10° j20°
March }'28.8 '28.1 126.3
‘,,,W..___,iw__, = |
June 25.4 ’E.Z 30.2 i
|
Sep;(ember 28.3 28.2 !27.3
December [26.9 233 \ |
i i
e T )
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1.5 AIM AND OBJECT|VES

The project is aimed at constrycting Pyranometer for ¢,
Or the measurem

i t
radiation. ent of global solar

The key objectives of this project include:

T o
» Tomeasure the amount of solar radiatjon received, in Yelwa campus ATBU Bauchi

» To evaluate the performance of the constructed pyranometer when compared with

readings obtained via a standard pyranometer.

1.6 JUSTIFICATION OF STUDY

The conswruction of the device was aimed at finding the amount of solar radiation received.
That is power collected per unit area in the area of Yeiwa campus ATBU Bauchi, latitude
10°17°0 "N and longitude 9947'0"E. The amount of solar received serves as impoctant factor

for maximizing energy efficiency of solar technologies.
1.7LIMITATION OF STUDY

The research is based on construction of pyranometer and measurement of solar radiation

intensity received at ATBU Bauchi Yelwa campus.

12




! . accuratel
bolometer, an instrument used to Very

. Measure the solar constant.

CHAPTER Twg
2.0 LITERATURE REVIEW

2.1 INTRODUCTION

the earth’ . ) _
of many of the earth’s systems. This chapter contains different literature reviews which are

important for the study and construction of pyranometer for irradiance measurement.

Medug, el al. (2009) constructed a reliable model pyranometer for irradiance
measurement. They constructed the pyranometer using a silicon photodiode held with
protective plastic case. They obtained a calibration constant of 5230+0.02W/m? at Mubi
Adamawa state of Nigeria. They used the constructed pyranometer as a standard for
calibration and comparison, where the stabilityiof the reference model pyranometer compared
favorably with the constructed pyranometer during a day open- sky test given an irradiance of

2076 and 21.7W/m? for the reference and the constructed pyranometers respectively, at
ch of earth’s atmosphere as

Samuel, (1881) Langley scaled Mt Whitney to get as mu

i in hi itude atmosphere was
possible and measure the solar constant. Traveling 0 the thin high altitude atmosp

ded for the amount of solar constant absorbed by
s nee

1 attempt to minimize the correction

_ : ley invented
the aym, phere. (http:/suite101 cgnﬂabboiaﬂd-lhe—soim'oonsiant 263100).Langley
1 osphere. K - =

y measure the radial  energy at all

ingtrument needed for this first attempt to
1ns

Wavelengths, Langley bolometer was the first

13




Nwankwo, et al. (2011) constrycreq a pyra
nometer ysin

o lo TR .
globﬂl solar radiation measurement 8 locally available materials for

Where  the :
Y obtain g, ey
6.58x10°VW/m? and the maximum irradi calibration constant  of

university, Abakaliki.

the constructed and reference pyrangmet
pyrafiometer was 6.58VW/m? and 7.3x10% W2

And the maximum irradiance was 89 m?
895.70W/m? ang 1043.83W/m® for the constructed and

reference pyranometers respectively.

Medugu (2011) constructed a three pyaranometers using a silicon photo-detector
(BPW21) mounted on a plastic base, covered with a Teflon diffuser. The housing is placed on
a base with a level control to ensure horizontal. He used a developed pyranometer which
generates an electrical signal proportional to irradiance received and converts the small
cirrent received from a detector to voltage and amplifies it to a voltmeter. The measurement
was conducted over Mubi, Maiduguri and Bauchi with the aid of reliable model pyranometers

RMP001, RMP002 and RMP003 respectively. The reliable model pyranometers were then

calibrated against a reference high quality pyranometers, Kipp and Zonen CMP3 whose

calibration constant was trusted (14-71i36HWW/m2)’ obtaining a calibration constant of

5134£19, 4550423 and 5 lZO+25W/m2 for RMPO001, RMP002 and RMPO03, respectively.

with calibration
The calibration constant obtained for the pyranomelers produce the best fit

Output.

F 11) designed and constructed & low-cost sensor (pyranometer) and
@ esi }
e «ed in the Northem Chile. The design of the
1V

4 ey CEe.
Measured the amount of solar radiation r¢

<tor. The phototransistor device has Beiics
totransistot

Sensor was based on using @ pT202C pho se of the sensor ina range from
ot

. SeNSitiveness 1o solar irradiance allowing an excellent r€SP

i 0 solar J
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, direct energy input in to the terrestria €cosystem;

and it affects all physical, chemical, and biological processes. The sun provides a natural

influence on the earth atmosphere and climate (Austin, 1999).

The radiation arriving outside the earth’s atmosphere is referred to as extra-terrestrial -solar
radiation. The flux density of extra-terrestrial radiation is given by the solar constant Isc,
which is defined as the rate at which total solar energy of wavelengths fall on a unit
horizontal surface normal to the solar beam at the mean-earth distance. The solar constant is
0ot accurately known constant. It has been es"timated at 1375W/m’ (Fygelson, 1977), while

Miller (1981) gives a range of 1368W/m? to 1377W/m? and Hickey et al. (1982) gives an

; 2
average value of 1376W/m”>. A frequently quoted value of the solar constant is 1353W/m

(Kondratyev, 1969). But, according to the World Radiometric Reference (WRR), the present

; 2 1981). The solar flux at
and most refjable value of the solar constant 1S 1370£6W/m* (WHO, 1981)

ual to the solar constant.
the top surface of the earth’s atmosphere can be assumed to be eq

i ectral irradiance Ex by:
The solar constant is related to the extra-terrestrial solar sP

B~ 151 aa
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Since the distance betw,
€€n the Sun an
and the

the solar radiation flux,

Ment in time,

2 . . .
€ = (Ro/R) “ which is approximately | + 0.033cos (2x4 Tans

1t follows that:

I, = Eolsc

Where dn is the day number of the year, is used by Duffie and Beckman (1980).
2.3 COMPONENTS OF SOLAR RADIATION IN THE ATMOSPHERE

Solar radiation is redistributed as it transverses the earth’s atmosphere. It is therefore

necessary to look at the radiation according to its distribution.
1. Direct Solar Radiation

The solar radiation arriving on the ground directly in line from the solar disk is called the

direct or beam of radiation.

2. Diffused Solar Radiation

- lar radiation reaching
Due to scattering of radiant energy in the atmosphere. the short-wave so

rered or diffused radiation. In clear sky, the

- the earyy surface is not only direct but also scat

ation is dependent upon S0

lar height, atmospheric
Magnitude of the diffused solar radi

. e.
"ansparency, and the albedo of the underlying S

16
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< Global Solar Radiation

- The total radiation is termed globa| solar fadi;ti
on;

»and is the .
solar radiation. In case of a horizgptg) Surfisce Sum of the direct and diffused
pr

Oposed by Igbal (1983),

‘ . the total radiati
H_ g is the sum of vertical ¢ radiation
F Gtoba) Omponent of the direct B

. m and the diffused horizontal
radiation Fhiffused:
Flotopar= Im €058 + FM'pimised
Where 8 is the angle between the direct beam ang the normal to the surfa
CE.

24 SOME SOLAR RADIATION MEASUREMENT INSTRUMENTS

An instrument for measuring irradiance is called a radiometer. It is usually desirable for
radiometers to respond equally to equal amounts of energy at all wavelengths over the
wavelength range of the radiation to be measured. Most radiometers therefore work by using
athermopile to measure the temperature rise of a sensitive element whose receiving surface is
painted dull black. Instruments for measuring solar irradiance using a photovoltaic cell as the

sensitive element have a non-uniform spectral response.

L The Pyrheliometer

. irradiance at normal
A pyrheliometer is an instrument for measuring beam solar

iati the sun's disk (which has
incidence. It is so designed that it measures only the radiation from the

£ diameter 5° around the
a apparent diameter of %°) and from a narrow annulus of sky 0

Sun's disk.

17
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2. The Pyranometer

3. The Pyrgeemcters

The pyrgeometers are type of solar measurement instrument designed for infrared radiation

(IR) measurement, for both atmospheric and material testing research applications.

4, The Sun Trackers

The sun trackers are all-weather, reliable and affordable tracking and positioning instruments.

Either as a dedicated sun tracker or as computer based positioner.
5. The Sunshine Duration Sensors

The sunshine radiation sensors are radiometers for the measurement of the sunshine duration.

Sunshine duration is defined by the World Meteorological Organization (WMO) as the time

during which the direct solar radiation exceeds the level of 120W/m’.

P

These radiometers must be calibrated periodically against a standard. An accuracy of about

0/ - .
3%is then obtainable in good instruments.

: ially when the
Great care is needed when choosing site for these radiometers, especially

] jes i sunction with measurements by

Measurements are required for climatologlcal studies in conjul
st ce6s.ult to find sites that have an

other struments over a large ared It is surpns;ngly difficult

S ’ . .

horizon in all directions. Objects that

: ith to the
mlnmpted view of the Sky from the Zenllh (0]
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bove the horizontal
stand above plane of the ins
trument 0obsc;
ure

e art :
giffose solar irradiance measured, T Part of the sky and influence o

2.5 THE SOLAR SPECTRUM

The Sun’s radiation is a 800d approximation of black body radiation (a continuous
distribution of wavelengths with no wavelengths missing) with wavelengths in the range of
about 0.2 um to 2.6 um (Figure 2.5). The solar spectrum consists of ultra -violate rays in the

. range of 200 to 400 nm, visible light in the range 390 nm (violet) to 740 nm (red) and the
infra-red in the range 700 nm to lmm. Table 2.1 shows the subdivisions of the Ultra Violate

range and Table 2.2 shows the distribution of extraterrestrial solar radiation.

Table 2.1: Ultra Violates Radiation.

UV-A [ 320-400 nm | Not harmful in normal doses, vitamin D production.

UV-B | 290-320 nm | Tanning, can burn.

' |UV-C [ 230-290 nm | Causes skin cancer.

. radiation.
Table 2.2: The distribution of extraterrestrial ol

Near Infra- Red
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iR OUGH ESTIMATE OF SOLAR ENE
RGY AVAILABLE ATTHE EART
SURFACE H

ar constant is the -
The solar cons average extraterrestrig| insolation gt e .
€dge of the atmosphere:

lsc = 1367w /m?

The Earth presents a disc of area nR? ) .
B to the sun; therefore the total amount of extraterrestrial

insofation incident on the Earth is Gsex mR2, This value is then divided by half the surface

2 e
areas of the Earth, 4mR/2, which gives 684 W/m? the average insolation incident on unit

area of the Earth facing the Sun (Figure 2.9). Note that solar panels are calibrated assuming

that there is 1000 W/m? available.

1367 W/m?

Earth

Fi .
- 8re 2.1 Radiation estimation.
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A rough estimate of the irradiatjop, incident
Per unjt 5

€2 (H) of the Earth?

if we assume that 30¢ :
. padeif we 30% of the Sun’s energy is ost B

in thy
werage of 12 hours long at any location . s

H =
0.7 x 684 X12 = 5_75kwh/day

0 fwe assume ‘hal the Sun 1s Ollly atar apprecmb € st th 4 th
lenghiolana erage 6 h
1 \ ge OUr'S 1n the

day (as is likely in more northerly latitudes):

H=07x684x¢= 2.88%Whn/day

Figure 2.10 shows the yearly profile of mean solar radiation for different locations around the

World. The solid grey line show the value of 5.75kWh/day and the dashed grey

line shows
2.38kWh/day.
= L 10
% 8 Northern Europe | 8 Southem Evrope
s~ i
E '_E ] S 6 s
ﬁ g 4 M 4
L \ ; NN
: \ ,\ S § NN
2 AR o
2 Jan Feb Mar Apr May Jun Jul Aug Sep Ocl Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
10 10
Tropical (South EastAsia)
8 Sahara deserl 8
6k ] B I I
g el e
4 4 !“* %!
: ‘ RN AN AN AN AN
N N A
0 N AR ey 055 Feb Mar Apr May Jun Jul ‘Aug Sep Oct Nov
Jan Fat Mar Apr May Jun Jul Aug SepOct :
g eirect [ difluse

atjon for different locations around the
i

Figure 22: The yearly profile of mean solar rad
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CHAPTER THREE
30 MATERIALS AND METHOD

This chapter describes the materjq Used ang ey g
(o]

°f°°ﬂ3"uction‘
31 MATERIALS USED

Tie materials used in the Construction of the ;
PYranometer includes
are as follows

L. Awood case, 16cm x [2cm x8cm with thickpess of lcm

2. Ik, 10k, 10k, 220, and 4.7k ohm registors.
3. Light emitting diode.

4. Switch.

5. 9V battery.

6. UA74ICN operational amplifier.

7. TEFT4300 Silicon Phototransistor.

8. Digital Multimeter

3.2METHOD OF CONSTRUCTION

The pyranometer was constructed using a silicon phototransistor which was chosea
for s local availability and high sensitivity. This silicon phototransistor is  solid-state
device that converts light energy (photons) to electric current, (Agbo and I.\Jw'elfe, 2:071 ancsi
(Nkae, 2008). When radiation at a specific energy level that is capable of ionizing the atom:

i the
: i ical current arises from
i8 incident on the P-N junction photOtraﬂSlStOT, an electri

) 2012), this
rding to (Brooks, )
Ontinyoy ss electrons and holes: et
S movement of exce tional fo the amount of

. is directly propor
Elecye current produced by the phototransistor 18 dir

3 mounted on the top of
lobgy solar

lement i
0 sensor €
radiation reaching its surface. The phot




BN

- hsordine dirt. The developed PYTanometer g,
ates ap

i electrica) o
yadianoe received, (Medugu, el al, 301 '8l signal proportional 1o the

3.3 Processes of Construction

The pyranometer was con. .
p onstructed in parts 45q then assembled. A o) e
- AA hole was drilled at

d case of 1cm thi .
the top of @ woo ickness with a dimenc
) ; enston of 16cm by 12cm by 80cm where a
) as insert .
diode holder was i ed and glued, The PhO,‘o detector was inserteq into the diode holder.
The exposed surface of the phototransistor Was covered with a transparent plastic material in

order to protect it from dust and other weather attacks; the radius of the exposed surface is 0.

25cm. And therefore the area of the surface is n 12 which is 1.96375m2 A pair of wires was

to the terminals of a digital multi-meter through which the output readings indicating the

jt
soldered to the anode and cathode terminals of the phototransistor which was then connected ;
amount of solar radiation was obtained in volt (V).

Solar ragiption

Transparent plastic cover

ilicon phototransistor

yranometer body

ight emitting diode

= switch

*31Pyranometer block diagram
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. ,4PYRANOMETER CIRCyjy Dicrgy

Fig. 3.2 Pyranometer circuit diagram

The figure above is the circuit diagram of the Pyranometer in which a 9y battery is

Wed as a power source. The positive terminal of the battery was connected to Ve while the
tegative terminal was connected to the ground. A switch was used between the positive
"eminal of the battery and the Ve of the circuit. A 1kQ resistor and a light emitting diode

(LED) were connected to serves as indicator for power supply, the 1k resistor serve as
niting resistor which regulates the current entering the LED. An IC base was mounted and
”Idered, UA741CN operational amplifier was used. On pin 2 of the operational amp.liﬁer,
the Phototransistor was connected to ground and 10k§2 resistor to the Vee. On pin 3, a simple

sistor to the
8€ was ‘01 "led Cco Ct! OkQ resistor to Vcc and 220 re
] nnecting 1 1

de error due to
i i to correct the
g Which serves as a correction Tesistor in order

p i the
erational amph'ﬁer. Pin 4 was connected to

Polapy.,.. ‘ : 0
“ation, and pg reference input to the -

th i 7kS
resistor of 4.
e the aid of a jumper wire. A feedhack -

ional amplifier. Pin
e o] f the operatio
%"tzo o Pin 2, which was the non-inverting input ©

connected 10 Vee.
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; acts as comparator which o 2
- The ic mDares the
Pote

! nti :
The potential at pin 3 wag | 18l from i tWo termy;
@3)‘ €Pt constan, o minals (pin 2 ang

= Om Volta 5.
il the output, Vo= L,R¢ where Ip is the i 8¢ Divider Bridee). in ogger o
oc

Urrent Prody
i C
the feedback resistor .- As the solar radiation fal) edby the transistor and Ry i
s

On the phototranc:
i i H tran. Y
iepin2 will be increasing, therefore the gy, il SISIOT, the voltage across
wi

I'als0 be increqq;
1<
pythe phototransistor Ipis 3.2A. asing. The current produced
3.5 DESCRIPTION OF SOME MATERIA§ Fs

Resistor: Is a passive two terminal ele: ic

ctrical component that implements electrical
resistance as a circuit element. In electronic circuit, resistors are used to reduce the current
flowing in the circuit, adjust signal levels, and divide voltages, bias active elements and
minal transmission line among other uses. The behavior of the ideal resistor is dictated by

the relation specified by Ohm’s law:

V =IR, Ohm’s law states that, the voltage V across a resistor R is proportional to the
aurent | flow, where the constant of proportionality is the resistance R. The ohm (Q), is the
. . > iy A S .
Sluit of electrical resistance named after George Simon Ohm, which is equivalent to vol

| P ampere. Resistors are arranged either in parallel or in series.

6 i i llel, there
1 we haye resistors for example R1, R2 and R3 connected in series or in para

o 3 = istors in
; tance 1s Rc = +R + ] ’/RI + 1/R2 +1/R3 for resisto
: i i : q. R.l 2+R and /R.eq

s in parallel respectively.

ght Emitting D mi [ight source. Itisap-
; g Diod (LED) This is & tWO lead s¢ iconductor 1§ d
! & : is applied 10 the
| itable voltage
h]llnc 0 ) d When a sul ~
S whi its li vated. .
tion diode, which emits light when acti P ey o2l
Ctro! th

: ith ele
“lectrons are available to recombin® wjth

Iu i and the COlOl’ Ofthe
m
d e]ecko

nescences
: ] y
In the form of photons. This effect is call
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’V

fight (corresponding 1o the ener
. 8Y photon) I determineq b
Y the energy ba
nd
gap of the

semiconductor.

Pho(ot ansis is i normal . S that
r tor: llllS 1S S"lli ar to
al ansi tor, The dﬂ (]
E ifference the bas is

ensin’ve to the hght In other words, a uIren’
T i
il hght eXCi‘aﬁUn in itS base .]l
will generate a cur
t

bet“/een itS COHCCIor n i i
a d C"“ner, Whlch i 0 i0 t] In contras
S pri pOl'tl nal to the inc.lden'- radiati
ation. 1n

( photod|o €S,
d s, pPno an: r mC] (d e to their intrinsic char: ) x
h totransisto uC le ue to theu acteristics ampliﬁer g

For this reason, the
y present more sensitivity and higher response irradi
se irradiance than

Q‘: l;

photodiodes.

Fig3.3 photolransistor.

Operational Amplifier: Is basically a three terminal device which consists of two higher

d with a negative Or minus sign, (<)

impedance inputs, one called the inverting input, Marke
xed with a positive Or plus sign, (+). The

and the other is called the non-inverting input, Mar

third terminal represents the operational amplifier’s output port which can both sink source
9 ] Y g 2k
tither voltage or current. In a linear operatlonal amplifier, the output signal is the

ain (A) mul cor e o
S &

‘ | .  Jied b the valu
amplification factor, known as amplifie g

ut and the output signals-

[\t q
“pending on the nature of their outp

. ) ] am lifier:
bte four different classifications of operanona p

Voltage “in” and voltage Kol
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Current “in” and cyryep, “out”,

ansconductance Voltage «
iii, Tr: g€ “in and ;cun»e'n “OUI”-
. Transresistance current “jp,» and Vol!age “ouf’

Digital Multimeter (DMM); ¢ a test too] that Measures tyy, Or more electyical values,
: pﬁncipa“y voltage (Volts), currents (Amps) and resistance (Ohms)‘ It combines the testing
capabilities of single task meters, (he voltmeter (for measyrin,

g voltages “volts”), the ammeter

(for measuring CurTents “amps”) and the ohmmeter (for measuring resistanc

es “ohms"),
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4.0 RESULTS AND pjsC USSION

4.1 CALIBRATION RESULTs

The measurements w, ;
€re carried out within four days; on 29/12/2016 30/12/2016

17. Th i .
€ readings of tpe Insolation obtains were in volts (mV), the

instrument were 100.92W/m? 2
2Wimt, 97,30 W/ »92.13 W/m? and 94.9) Win? for these four days

respectively.

TABLE 4.1: READINGS FOR 29/12/2016.

[RRABIANCE

SERIAL NUMBER TIME (HOUR) VOLTAGE (mV)

(W/m?)

160.0 26.07

2 580.0 94.13
3 9am 650.0 105.20
4 T 10am 730.0 118.96
s 1Tam 750.0 112.21
3 T2pm 7850 12792
7 ipm — 7800 | 127.10
g 2pm — 7700 | 125.47
o 120.58 l
9

115.70

110.80

28



TABLE 4.2 READINGS FOR 39/ 22016

’——._-—-E___—H'_—\_—‘—___
| SERIAL NUMBER TIME (4 .
(HOuR, VOLTAGE (my) IRRADIANCE
e (Wim?)
] _\——
Tam
140.0 2281
R R = |
2 8 B
am
540.0 88.00
3
9am 630.0 102.66
4 10am 700.0 114.07
5 11am 740.0 120.58
6 12pm 765.0 124.66
" Ipm 740.0 120.58
: %ot 730.0 118.96
: > 7000 114.07
B
680.0 110.80
10 4pm /i”_J
e ————1] 640.0 104.29
1 Spm
|
e e 3
: T 26.07
12 6pm
SR




! TABLE‘-J.‘ READINGS FOR 3]/]2/2016

30

i DR SN
| ggrIAL NUMBER | TIME (HO \\“\—‘—\‘__
’ :.SER ( UR) VOLTAGE (mv) IRRADIANCE
| SR (Win?)
] 1 7am e TEERGGIT
: 120.0 1958
S R ]
2 ]
e 5200 84.74
e T e
: ¥Ant. 610.0 o
4 10am 698.0 113.74
S 1lam 710.0 115.70
6 12pm 7450 121.40
7 1pm 674.0 109.83
8 2pm 660.0 107.55
P
T e——
105.20
; 3pm 650.0
I
0 e—
3 06 106.66
: 10 4pm .
|
| e
0 99.77
| s
EREaRTRC
22.00
135.0 _
[
| e



L 4.4: READINGS FOR 2/01/20;,

JAB
_ e
SERIALNUMBER | TIME (HOUR) | oy 1 o ., | RRADIANCE |
_____.__________“_‘__\ (Wim?)
1 G L R —
: _ﬁ______\‘__“
2 8am 560.0 T
000 020
3 9am 6100 |  panim
4 10am T 11146
5 11am 696.0 113.42
i‘l 6 12pm '720.0 117.43
7 T 712.0 11602
g 2pm 706.0 115.05
- 1 | w2
T we |
g
| e el
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Fig. 4.2: Graph of Irradiance (W/m?) against local time for 30/12/2016.
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gig, 43: Graph of Iradiance (W/mp) ..
nst Jocg) time for 31/122016
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Fig. 4.4: Graph of Irradiance (W/m®) against local time for 2/01/2017
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43MEASUREMENT RESULTS

The instrument used in this project is constructed pyranometer. The digital Multimeter was
used to display the amount of solar radiation falling on the pyranometer. The pyranometer
was placed in secured place which is not blocked by land scape features, such as trees,
buildings, hills, or mountains that may otherwise shade the instrument during the calibration.
The choice of the locations were based on the requirements that for the optimum amount of
global solar radiation to be received, the field ofthe view of the pyranometer sensor must be
free from obstructions at all time. The readings were taken from 7am to 6pm at Abubakar
Tafawa Balewa University Bauchi, Yelwa campus behind International secondary school

ATBU,

4 DISCUSSION OF RESULTS

d in measuring solar radiation for four days. The plot of

e constructed pyranometer was use
: in fieures; 4.1, 4.2, 4.3 and 4.4.
lobal solar radiation in W/m? against local time Was shown In HigU
i i State; therefore the
January in Bauchi 3

bere Wwas (T h of December and
no rainfall in the mont =l
The maximum irradiance

some days due to harmattan.

S’ R peiaty ezt : h ber 2016 as shown in the
) : 29" December

Cei days is On

Fi¥ed (100.92W/m’) among these 1047 ed on 31% December 2016.

: 2 btai
%" wim’) was ©
B, While the minjmum irradiance of (22.00
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R —

i com the graphs, is shown that on 29t

and 30" Dece
b
1# December 2016and 2% e 2016 the sky was clear, while on

January 2017
» th .
- . @ sky was a bit hazy due to hanattan, which
nuates the radiation falling on the carth, The -
: S|

. irradiance occurred between 12pm to

. in the .

2pm a5 shown | graph and its peak values were at 12pm. The World Energy Center
1 en

gam and 2pm respectively, which they conclyded thatit is in accordance with the Wi solor

| adiation pattern. This is almost agreed wi .o L
i radiation p agreed with measurement made on this project in which the
| minimum and the maximum irradiance received occurred at 7am and 12pm, which is also in

accordance with global solar radiation pattern.

When comparing the values obtained in this project (using silicon phototransistor) and those
obtained by others in the literature review that uses silicon photodiode as their sensor
element, it is found that phototransistor is about 100times sensitive than photodiode. Medugu,
et al. (2011) measures solar radiation at ATBU using silicon photodiode and recorded a
maximum of 178.5mV at 12pm, while in this project; we recorded the maximum 785mV at
12pm. This shows that the phototransisto

- used in this project is about 60% times more

sensitive than the photodiode he used.
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5.0 SUMMARY,

CHAPTER Fivg

CONCLUSION AND RECOMMENDAT[ON

51 SUMMARY

The summary of thij i
Y is research project (construction of pyranometer for measuring global

solar radiation) is as follows:

Vi,

vii.

The project was limited on construction and measurement of solar radiation
received in ATBU,

The measurement of solar radi;tion was conducted behind international
secondary school, Abubakar Tafawa Balewa University Bauchi Yelwa campus,
with the aid of constructed pyranometer.

Phototransistor is the sensor element used mounted on a top of a wooden case,
and covered with a transparent plastic material to prevent it from absorbing
dust.

The generated electrical signal is proportional to the irradiance received,
converts the current received from'the detector to voltage and amplifies them to
digital multi-meter with the aid o f operational amplifier.

Insolation data at one hour interval were recorded for four days; 29", 30™, 31°%,
December 2016 respectively and 2™ January 2017.

The maximum and minimum values obtained were 100.92W/m? on 29™
December 2016 at around 12pmto 1pm and 22.00 W/m? on 31" December 2016
at the early hour of the day {7am) respectively.

The average irradiance received within these four days is 96.31W/m?2
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} e f i
- Ti- Srs R Ediance {wiind) against local time were shown in f;
n figure: 4.1, 4.2,

4.3 and 4.4 in chapter four (4) of tha project
52 CONCLUSION

Atany given moment, the amount of solar energy received at a location on the earth
surface depends on the condition of the atmosphere; the calibration was conducted on; 29th,
30th, and 31th, of December, 2016, 2* January, 2017 from 7am to 6pm. The calibration was
carried out at Yelwa campus, north eastern Nigeria (Latitude 10°17°0", Longitude 9°47'0")
Jfor four days. Silicon phototransistor was used as the sensor in this research project, and
obtained an average value of 96.31 W/m® from ground base measurement of solar radiation,
which compared with those reported from literature reviews who used photodiode as their
detector and found that phototransistor is very sengilive to light than photodiode, (of about
100 times) .

5.3 RECOMMENDATION

!
oncerned, construction of pyranometer for measuring global solar

1

As the project is ¢

radiation using silicon phototransistor, the project can be improved by using reference or

commercial pyranometers to compare the output of the constructed pyranometer.
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