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ABSTRACT

This project concems the utilization of generated electrical power
from photovoltaic solar panels for street lighting, A deep study have been
conducted over system components such as photovoltaic (PV) effect. PV
prineiples. types of photovoltaic cells, advantages and disadvantages of solar
cells, characteristic curves of PV modules, specification and types of
Batteries and charge controllers.,

Lighting concepts, measurements. Lamp types, color temperature,
color rendering index, lamp efTicacy were studied.

As a case study the lighting of Al- Ilesbah Street was executed, It
depends on high pressure discharge lamps which are fed from the grid. We
tound out that the annual cost of consumed clectrieal energy is high.

Complete new design of Al- Hesbah street lighting was carried out.
The design consist of utihzation pholovoltaic solar modules off-grid system,
24Volt DC light emitting diode fixtures which are controlled and monitored
by Global System for Mobile comnumication (GSM). If Hebron
Municipality decided to replace the current existed lighting system with the
new one, il will save a lot of money after the completion of payback time
which is about six years.
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Chapter 1 Intreductian

Chapter One
Introduction

1.1 Project Overview

Based on the cooperation efforts between PPL and department of electricity in
Hebron mumicipality, and with the significant progress in the ways of exploting
renswahle energy; this project is expected to meet the requirements ol solar energy and
achieves the chjectives of this cooperation.

The solar cnerpy is one of the most important alternatives of renewahle energy,
and it 15 essential to intertwined with its scientific seclors. The sunlight is used directly to
produce clectricity over special solar panels that perform this process vsing amays of
photovoltaic cells called PV modules.

So, this project is a simple module (prototype) for lighting a DC load, by using
splar cnerigy, as shown in Figure 1.1,

sam

Chargw
Contrallsr

'&_..\,ﬂ - - » - _r-
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- =T L

D lomd

Figurel.l Lighting a DC Load by Solar Energy

1.2 Project Objectives

The main objectives of the project:

- Design and select suitable solar panel. charge controller, hattery and spot TED=s light

- Build a prototype for liphting a street by nsing solar energy end control it with 2
wireless technology.

- Propose full design for Al -Hesbah Street lighting.
2
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13 Project Importance

1- The solar energy 15 a renewahle emviremimentally fricndly, high reliability, and

economic source of lighting, se this project has important role in lighting system
by using this type of energy.

2- The Israeli oceupation has a fully control on the energy sector in Palestine, This
project will reduce the dependency of Palestinians on lsracli econcmy, il il is
applied with 2 wide range in our land.

3- Creating new job npportunities for Tndusirial Aulomation Engimesrs.

4- Monilormy and controliing the street lighting by wireless technology will save
comsumed energy,

1.4 Project Contents

This project discusses several important points in desigmng of a control system of
open arcas lighting by using solar enerpy; it is divided into six chapters as follows:

Chapter One: lntroduction.

Chapter two. Theoratical Background.

Chapter three: Lighting.

Chapter lour: Lighting Control.

Chapter five: Prototype Design and Sealing.
Chapter six: Conclusion and Recommendations,

1.5 Abbreviations

There are some abbreviations that will be used in this project such as:

PV: Photovaltaic.

OC: Direet Current.

GSM: Glabal System for Mobile Commmnications.
La: Short Circuit Current.

Lyt Max Power Current.

Vit Max Power Voltage,

Vet Open Circuit Voltage,
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FE: Fill Factor:
Ah: .."-'L.Inpc't&'e ]ll'.}u_‘[‘
'U\J': “‘rﬂﬂ_

Wh: Watl hour.

1.6 Time Plan

The [ullowing table shows the stages ol establishing this project.

Table 1.1: Time Plan
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Chapter 1 Introduction
1.7 Finance Study
The initial cost of this project is about 4200 NIE, distributed as follows:
Table 1.2: 'mance Study
NO. Material Price
1 Mono-Crystalline 300 NIS
" STEMENS SMS5, 12V, 55W Photovaltaic
2 Charge Controller A 12 Volt 350 NIS
3 ~ Rechargeable Valve Regulated Sealed Battery From
(REMCO) University
12V, 40Ah —— L e -
4 (35M Conteller 2000 NIS
J4VOEP9006 TYPEZR
5 LED Lamps 15 W,12 V¢ 180 NIS
6  Electrical Switch Panel 130 NIS
7 Exicmal Frame (Metal Base, Galvanized Metal Posts Q50 NIS
Ratery Box)
b L DR Photocell. Wires, Accessories 00 NIS

5
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Chapter Twa

Theoretical Background
2.1 Introduction:

As the photovoltaic cell (PV) 15 clean, reliable, easy to build, and high altitade
performance can he used m many applicatons #1 a wide communitv services and
mdustrial companies. it is necessary to have a good knpwledpe shout its historical
development, pnneiples, basic materials and methods of operation, this chapter will
dizeuss all of these terms,

By the development of advanced electronic manufacturing, especially
semicanductor material and the increasing dependence on renewshle energy, the nse of
(V) that converts sunlight to electricity became cssenlial and effective.

2.2 Photovoltaic:

A phetovoltaic (PV) cell, also known as solar cell, is a semiconductor device that
generates elecineity when light falls en it

Photovoltaic (PY) comprises the techmology lo copvert sunlight directly mto
clectrivity. The term “phate™ means light and “valeaic™ clectricity. Basically, photoveltaic
solar panels creale electnicity by convertimg sunlight into energy .The process by which
this happen is known as the photovoltaic effeet.

2.2.1 PV Prneiples:

Solar cell ar Photovoltaie cell (PV eell), iz the device that converts the radiation
of the sun W eleetnieity. The sun supplies us & clean and unlimited resource of energy,
which help us to relieve the enerpy crises. Even though it has potential to use as energy
source, the approach to efficiently utilize it remains a challenge. To achieve this,
rescarchers have tried w make photevoltaic devices which can utilize the energy from
this source. Organic semiconductors are a less expensive allemative o inorganic
semiconductors, if low cost processes are used to grow the photovolic modules,

Organic semiconductors, dyes, olipomers, polyiners are all based on conjugated
clectrons. A conjopated system is based on an altemation between single and double
bonds, The 7 electrons are more mobile than o electrons. Therefore, the m electrons can
move by hopping from site 10 e In case of solar cells these m electrons allow light
absorption. Due to this melecular mangition happens between w-n* orbitals which
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correspond respectively to the Highest Occupied Malecular Orbital (HOMOY and Lowest
Unwocoupied Molecular Orbital (LEMO) of the molecule.

In organic semiconductors, the intermolecular [vrees arc weak Van der Waals
forces and they do not form conduction band and valence hand. Therefore, the charge
mansporl procesds by hopping betwesn localized stales rather than transport within a
band. This is the mam reason [or low charge camer mobility in organic materials
compared to inorganic semiconductors. In case of polymers and olipomers, this hopping
heppens along the conjugated chain and that result into intermolecular charpe trangport
hetween adjacent polymer chains or molecules which results inlo lower mobility,
Mohility can be improved with the maolecular ordering in the films, I'herefore, improving
ordered structure (columnar liquid crystals, region regular polymers) the mobility can he
mcreased.

The "phatovaltaic effect” occurs when phatons of light from the sun strike the
solar cells; & portion of the energy is absurbed into the silicon, displacing electrons which
then begin to Now. In order o harness this How, the clectrons are drawn into a magnetic
field generated by positively and negatively charged metal contacts an the top and botiom
of the cell, 'roducing direct current, or DC electricity as shown in (figure 2.1). Using a
DC to AC inverter, the DC curremt i3 convented to allemaling current which can then be
ased to power electrical appliances,

Figure 2.1! Photovoltaic Effec Bl
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Generally a solar cell operates through (our major steps. The first step is
sbyorphion of incident phorons. which depends on macroscopic surface property of the
mlerial used. After the absorption. it creates the electron hole pair called as excilation.
The third step iz separaiion ol the eleciron and hole which is determined by the charpe
distribution inside the cell. The final srep s collection of the charge al rospective
electrodes which depends upen the Fermi level alignment of the metals with the energy
levels of the matorial, Mainly the efficiency of a solar cell depends on the number of
mdependent charge carriers produced through this procedure, ‘The detailed discussion of
these steps is as below.

|. Absorption of Photons and Excitation Generation:

Photons absorption by organic semiconductors produces cxcitation. In organic
malerials, the band gap is referred as the difference berween energy of lowest uncecupied
molecular arhit (TUMO) and lughest oceupied molecular orbit (1I0MO), xtra energy
would be wasted mn the form of heat Thus, an efficient solar cell should have a wide
absarption spectrum Lo eredle 1 many pairs as possible. Upon light absamption, molecules
are excited from the fundamental 50 to the excited stale 81 (in the case of singlet
transilion), Singlet-singler transitions are very efficient similar to direct transitions in
morganic semiconductors. They have shorl life time. They can go back w the ground
staie through laminescence or photon emission Therefore. Iuminescence is a lass
mechanism in photovoltaic cells. Another excitation decay channel is through a Iower
miplet slate, I'mplel excitation has an increased lifetime (ps) because they cannot de-
excite radinactively, it is equivalent to indirect transition, and tnplet state can diffuss over
targe distance up to 100 pm. Finally, singlet and triplet excitation can provide charges for
PV cells.

Ermrgy & Vacuum level

[3ewrvir Accwplor

Figure 2.2: Schematic Representation of Operating Principle of Photovoltaic Cell.
Eleetrons are Collected al the Al Electrode and Huoles at the ITO Electrode, @: Work
Funetion, y; Elecaon Aflfinity, IP: lonisation Potential. Eg; Optical Band Gap, ™
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2. Excitation Separation:

The separation of exvitadon 15 dilferent n vanous kinds of solar cell matenals
(semiconductars, dye-sensitizeld malerials, orgamic polymers). The excitation separation
1= mainly depends on the binding energy of the electron hole pair. In dyve-sensitized
materials, the electron is excited to the conducting band, leaving the dye malecule in an
wnized state, In other words, the dye sensitized miaterial scparates the pair by extracting
the hele with electron supplied from the environment.

Aller photo-excitation of an electron, the electron ean jump from the LUMO of
the danor (the material with the higher LUMO) 1o the LUMO of the acceptor. This
depends on the potential difference berween the ionization potentisl of the donor and the
electron affinity of the aceeptor which should be larger than the excitation binding cnerpy
s shown in (figure 2.2). However, this process, which is called photo induced charpe
transter, can lead to free charges only if the hole remains on the donor due w its higher
HOMO level. In contrast, if the HOMO of the aceeptor is higher, the excitation transfers
uself completely to the material of lower band gap accompanied by energy lnss.
Excilation can ke separated if they mest with electric field within their diffusion range {<
10 nm). When two materiale with different work functions were brought into contact,
clectrons would flow fram the ane with lower work function to the other untl the Fermi
surface matches. This builds up an internal field near the contact surfaces.

The ditference in electron affinitics creates a driving force at the interface
between the two materials that is strong enough to separate charge carders of photo
generated excitation. EA and [P of the electron acceptor should be higher than those of
the doner., ldeally, all photo excited excitation should reach a dissociation site. As this
s1te may be at the other end of the semiconduetor, their diffusion length should be at least
equal 1o the laver thickness. otherwize the holes and electrans will recombine and
photons are wasted, Excitation diffusion range in organic materials around 10 nm, which
means that the distance berwesn an excitation creation site and a dissociation sile
{mierface), should not be higher than 10 nm.

3. Charge Collection:

Alter separation of the charge. it should be transported to the elecrrode. This
depends on the recombmation of the charge while reaching towards the electrode if the
same material used as hole and electron transporter. The interaction with atoms or other
charges may slow down the lravel speed and thereby limit the current. The charges
should have to overcome the potential barrier of a thin oxide layer w reach the low work
function electrode (Al or Ca). ™
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2.3 Types of Photovoltaic Cells

2.3.1 Crystalline Silicon Cells:
1. Mono Crystalline Silicon or Single Crystal:

Figure 2.3: Single Cryvstal I*]

Single crystal silicon cells are the most commen in the PV industry. The main
techmgue for producing single-crystal silicon is the czochralski (CF) methad, High purity
polyeryataliine s melted in a quartz crucible. A single crystal silicon seed i dippad into
this molten mass of polyorystalline. As the seed is pulled slowly fFom the melt, 2 single-
crystal ngot is formed. The ingots are then sawed imto thin wafers about 200-400
micrometers thick (1 micrometer — 1/1.000,000 meter). The thin wafers are then palished.
doped, coated, interconnected and assembled into modules and artays as shown in ([igure

-

single crystal silicon has & untlonm molecular structure. Compared 10 non-
arystalline marerials, its high uniformity results in higher energy conversion elficiency
the rauo ol electric power produced by the cell to the amount of available sunlight power
Lo power oul divided by power in. The higher 2 PV cell's conversion efficiency, the
more glecrricity it generates for a given aren of exposure W the sunlight, The conversion
sificieney lor single silicon commercial modules ranges between 15-20%. Mot only are
ey energy eflicienl, single silicon modules are highly reliable for cutdeor poawer
spplicarions.
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2. Polycrystalline Silicon:

Figure 2 4: Polverystalline Silicon ™

Consisting of small grains of single crvstal silicon as shown in (fipure 2.4).
polyerystalline PV cells are less energy cificient than single crystalline silicon PV cells.
The grain boundaries in Polyerystalline silicon hinder the Mow of clectrons and reduce
e power output of the cell. The energy conversion efficiency for a commereial module
made of Polverystalline silicon ranges between 10 (o 14%.

A eommon-approach o produce palverystalline silicon PV cells is 1o slice thin
Waters from hlocks af cast polyerystalline silicon. Another more advanced Approach s
the “ribbon growth™ methed in which silicon is grown dircetly as thin obbons or sheets
with the approach thickness for making PV cells. Smee no sawing is needed, the
menulaciuring cost is lower. The most commercially developed ribbon growth approach
s BB (edee defined [Glm fed growihy,

Compared 10 single erysialline silicon, polyerystalline silicon material is stronger
sl can be cut into one-third the thickness of single erystal material. It alse has slighily
wower wafer cost and less strict prowth requirememts. However. their lower
manufacturing cast is offser hy the lower cell efficiency.
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2.3.2 Thin Film Cells:

Figure 2 5 Thin Film Cells ')

In 4 thin film PV cell, a thin semiconductor layver of PV materials 1z deposgited an
low enst supporting laver such as glass, metal or plastic foil & shown in (Ggure 2.5)
Since thin film materials have higher light absomptivity than cryvstalline materials, the
2eposited laver of PV matenials is extremely thin; from & few micrometers to even less
than a micrometer (a single amorphous cell can be as thin as 0.3 micrometers). Thinner
‘avers of material vield cignificant cost saving. Also, the deposition tecluniques in whick
PV matenals are spraved dircetdy onlo glass or metal substrate are cheaper. So the
manufacturing process is faster, using up less energy and mass production is made casier
tian the ingot growth approach of erystalling silicon. However, thin film PV cells suffer
from poor cell conversion efficiency due to non-single rystal structure, requinng larger
array areas and inereazing area relaed costs such a3 mountings.

Constituling about 4% of total PV module stupments of US4, the PV industry sees
greal Polentials of thin ilm technology (o achicve low cost PV electricity.

Materials used for thin film PV modules are as follows:
I. Amorphous Silicon (a-5i);

Lised mosily in consumer ¢lectronic products which reguire lower power output
end cost of production, amorphous silicon has been the dominant thin film PV material
smce il was first discovered m 1674,

Amarphous silicon is a nan-erystalline form of silicon ie. its silicon atoms are
Ssordered in structure. A sigmificant advantage of a-5i is its high light absorptivity. about
£ times higher than that of single crystal silicon. Therefore only a thin layer of a-5i is

13
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sullicient for making PV cells (about | micrometer thick as compared to 200 or more
sucrometers Uuck for crystalline silicon cells). Also, e-8i can be deposited on various
“ow cost substraies, mcluding sweel, glass and plastic. and the manufacturing process
megquires lower temperatures and thus less energy, So the total material costz and
sanulacluring costs are lower per unit area as compared to those of crvstalline silicon
cedls,

Despite the promising economic advantages, a-51 gl has two major roadblocks
% overcome, One is the low cell energy converzion efficiency, ranging between -89/
=nd the other is the eutdoor religbility problem in which the efficiency degrades within a
“ow months of exposure to sunlight, losing abaut 10 w0 15%.

2. Cadmium Telluride (CdTe):

As a palyerystalline semiconductor compound made of cadmium and tellurium,
C& 1 e has a high light absorptivity level only abour a micrameter thick can absorb %S0 of
Se solar specrrum. Another advantage is thal it is relatively sasy and cheap 10
manufacture by processes such as high-rate evaporation, spraying or screen printing. The
conversion elficiency for a CdTe commercial module mnging between 6-0%, amilar 1o
=5i.

The instability of cell and module performance is one of the major drawbacks of
wsing CdTe for PV cells, Another disadvanlage is that cadmiom is a wxic substance,
Although very hitle cadmium is used in CdTe modules, extra precautions have to be
wken in manulacluring process,

3. Copper Indium Diselenide (CulnSeZ, or CIS):

A polyerystalline semiconductor compound of copper, indium and selnmam, CIS
525 been one of the major research areas in the thin Glm industry. The reason for it to
recoive 50 moch attention 15 that CIS kas the highest “research™ energy conversion
sficiency of 17.7% in 1996 is nol only the best among all the existing thin film
matenials, but also came close to the 18% research efficiency ol the polyverystalline
whoon PV cells. (A prototype CIS power module has a conversion officicncy ranging
semween 7.5-8,5%) Being able to deliver such high enerzy conversion efficiency withour
wuilering from the outdoor degradation problem, CIS has demonstrated that thin film PV
cells are a viahle and compeatitive choice for the solar industry in the (uture.

CIS 18 also one of the most light-absorben! semicenductors 0.5 micrometers can
osorb 90%% of the salar spectrum;

CIS is an efficient but complex material. Tts complexity makes it difficult to
manufacture. Also, safely issues might be another concern in the manufacturing process
& 1t myelves hydrogen selenide, an exremely toxic gas. So far, CIS is not commercially

14
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=vailable k;ct although Sicmens Solar has plans to conunercialize CIS thin Glm PY
modules,

- 3.3 Gallium Arsenide (GaAs);

Figure 2.6: Gallium Arsenide

A compound semiconductor made of two elements: sallivm (Ga) and arsenic
A4s), GaAs has 2 crystal structure similar to that of silicon as shown in (figure 2.6). An
scvantage of GadAs is that it has high level of Light abserptvity. To absorb the same
smount of sun light, GaAs reguires only a layer of few micrometers thick while
crysialline silicon requires a wafer of about 200-300 micrometers thick.3 Also. GaAs has
2 much higher energy conversion ¢fficiency than crystal silicon. reaching about 25 to
0%, Trs high resistance to heat maices it an idenl choice for concentrator systems in
wiuch cell lemperatures are high. GaAs is also popular in space applications where strong
m=sstance radiation damage and high cell efficiency are required. The biggest drawback
of GaAs PV cells 1s the high cnst of the single crystal substrate that GaAs 15 grown on.
Therefore il is most often used i concentmlor systems where only @ small area of GaAs
z=ils is needed, ™
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My Coalls

Cryztalins siliceon cells

Thin layer cells

]

Manoaystalline Folyuystalline CdTe Cells Aannrphous CIS Cells
. ; . |
E
Efciency Efficiency Efficiency Efficiency Efficiency
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Figure 2.7: Difterent Types of PV Cells and Ther Associated Efficiencies

2 4 Adwvantapes of Solar Cells:

I. Relability: Tven in harsh conditions, photoveltaic svstems have proven Uigir
religbilily PV armys prevent costly power [ailures in situations where continuous
operation 1s eritical

2. Durability: Most PV medules available today show no degradation after ten years
of use. It is likely that future modules will produce power for 23 years or more.

3. Low Mainlenance Cost: Transporting matenials and personnel to remote areas for
equipment maintcnance or service work is cxpensive Since PV systems require
only periodic inspection and occasional maintenance, these costs are usually less
than with conventionally fueled syvstems.

4. No Fuel Cozt: since no fuel source iz required, there are no costs assceciated with
purchising, storing, or transparting fucl.
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=4

10.

Roducod sound pollution: photoveltaic systems operale silenly and with minimal
MOVEMENL.

. Photoveltaic Modulanty: PY svslems are more cost effective than bulky

comventional systams,

- Salety: PV systems de oot requare the use of combustible foels and very safe

when properly designed and installed.

. Independence: Many residential PV users cite energy independence from utilities

as their primary marivation far adopting the new technalogy.

. Eleetrical Grid Decentralization: Small-scale decentralized power station reduces

the possihility of outages on the electric grid.

High Altitude Performance ncreased isolation at high altitndes makes using
photoveltic advantapeous, since power output is optimized Tn contrsst | & dicsel
generator at bj%her altitudes must be de-rated hecanse of Insses in efficiency and
power oulpul, e

2.5 Disadvantages of Solar Cells:

[

- Inirial cost: Each PV installation musr be evalunted from an economic perspective

and compared to existing altematives. As the imitial cost of PV systems decreases
and the ¢ost of conventional fuel sources increases, these systems will bocame
mare economically competitive.

Vanabilily of Available Solar Radiation: Weather can greatly allee! the powser
output of any solar-based energy system. Variations in climate or site conditions
require modifications m sveterm desipm.

. Dnergy storage: Same PV systems use batteries for sroring energy, increasing the

siew, cosl, and complexity ol a system,

. Efficiency Improvements: A cost effective use of photovoltaic requires a high
effiviency approach to energy comsumption .Thiz often dictates replacing
inefficient appliances. '

i)
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2.6 Characteristic of PV:

The characteristic of current in amperes versus voltape in valls of & photovioltaic
module ia shown in (figure 2.8}, There is a shight difference between maximum current
(L.,) and short circuit curromt (L)

Ahsorbed current from the solar module 1s proportional with the sun insolation as
i is illustrated in (figure 2.9).

3.0
Isc » Short Circuit Current Mamenum Power Poind
T T P P S S S G vmp & Imp
-_I.lmr. >
20
-4
E Tif
=T
1.0 b
0k~
9.0 —t—t —t—t—
] 5 10 15 & 20 4 25
Veolts i
Vg Voo
open
Cirauit
= “Woiape
Figure 2.8: I-V Curve '
Voc = Zl a2 + 1), (2.1)
0 n
Where:

Wt Open Cirenit Violtage (V).

1: Junction Temperature (k).

K: Boltzmann's Constant 1.381 = 10723 VK.
i Electron Charge 1.602 x 1 (=19 (C).

L Short Cireuit Current (A)

To: Reverse Saturation Current {A). 1"']
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Cuarrent (1)
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a | B200 WanE
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=
A0 WA=

= | 200 Wi i

©o 1 . = | EeTe)

Woltmge (VW)
Fig 2.9: -V Curves at Different Values of Sun Insolation '
Teell = Tamb + (22520 4 5, a2)
Where:

Tean: Cell Temperature (C).

Ty Ambient Température.

NOCT: Cell Temperature in a Module When Ambient is 20-C
{1.5: Radiation.

S: lasolation (KW/m2), '

2.7 Barteries:

Batreries in photovoltaic systems are used to store direct current electrical energy
n chermical form This enerpy can be used later espeeially at might and duning penods of
cloudy weather, Batteries can provide a relatively constant source of power when the PV
system i8 producing minimal pewer during periods of reduced inzclation.

They can power the loads when the PV armay 18 disconnected for repair and
maintenance, They can provide the necessary surge power to start some kinds of motors.

Tive major types of rechargeable batteries are lead-acid, nickel-cadmium; silver-
zing, silver-cadmium and nickel-wine, and these arediscussed m more detasl below.
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2.7.1 Lead-Acid Batterics:

The lead-aeid batlery is the mest widely used, its main application being in the
automotive ficld. lts advantages arc low cost, high voltage per cell and good capacity lite.
Its  disadvantages are that it is relatvely heavy, it has poor low-temperatre
characleristics and it cannet be left in the discharped state for oo long withoot being
damaged.

2.7.2 Nickel-Cadmium Batteries:

The nickel-cadmmum hattery is mechanically rugged and long lived. In addition ir
has excellent low-lempersture characteristics and can be hermetically sealed. Cost,
Sowever, 18 higher than lor cither the lead-acid or the nickel-zine battery and, by
comparisorn, its capacity on light drain in terms of watt hours per kilogram is also poorer
than for nickel-zine.

2.7.} Silver-Zinc Battenies:

Bechargeable silver-gine batlenes can provide higher curments, more level voltage
and up to s1x time’s grearer watt hour capacity per unit weight and volume than the lead-
acid. mickel-zinc and mickel-cadmium storage batteries. Because it is capable of
delivering high wart hour capacities at discharge rates less than 30 min, the silver-zinc
hartery is used extensively for missile and torpedo applications, Iis hiph energy densily
makes it attractive in electronics indicanions, satellites and portable equipment where low
weight and high perlormance are prime consideralions. IU is highly elficient and
mechanically rupged, opcrates over a wide temperature range and offers good shelf life;
guick readiness for use and the ability (o operate at -40°C without heating are two of the
festures of this battery. It is available in both hiph-rate and low-rate cells, Lt now the
fact that it is mare expensive, sensitive o overcharge and has a shorter cyele life than
ordinary storage batreries has limited the silver-zinc battery -applications where space
and welght are prnme .Conscerations, However, long-life silver-zine batteries have been
developed in which some 400 cycles over a period of 30 months' application have been
schieved,

2.7.4 Silver-Cadmium Batteries:

The silver-cadmium barery combines the high energy and excellent space and
weipght characleristic the sulver-zme battery with the long-life, low-rate charmelernsties and
some resistance to overcharge of the nickel-cadmium battery. The battery alsn provides
high efficiency on extended shelf life i charged or uncharged conditicns, level vollage
and mechanical ruggedness Watt hour capacity per unit of weight and volume are two to
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three times preater than those of a comparable nickel-cadmiuan batlery and it has superior
charge retention. The silver-cadmium battery promises great weight and space savings
and superior life charactoristivs W (bose of the nivkel-vadmium battery cumrently used as
storage batterics in most satellile programmes:

Today a silver-zinc system offers the greatest available energy density in terms of
watt hours per kilogram. There are newer so-called high energy densily wouples which
mave been under development for many years; the effcctive energy density of many of
these svstems tends to decline as they are developad close 1o the point of practical
siilization, In addition, chronic safety problems have already caused sericus difficulties
with the lithium systems and are potentially dangerous in others, mosl of which are high-
lemperature systems based on volntile materials. The use of silver as a couple ohviously
mereases initial costs (although silver costs are recoverable) when compared to other
cuisting systems such as lead-acid, nickel-cachmium, cte. When space and weight are
zmiting factors. the silver-zine system is a very aftractive proposition.

{ther metal couples (hat are considered al present to be of great potential are the
mickel-hydrogen and mickel-zine systems. These may be batteries of the future in
spplications such as utilities load leveling and electric vehicles; the larter type is, in fact,
now in commercial production.

2.7.5 Nickel-Zinc Batteries:

With the development of new separators and improved zine electrodes, the nickel-
zine battery has now hecome competitive with the more familiar hattery systems. Tt has a
good cvele life and has lvad-voltage charactenstics higher than those of the silver-zinc
system. The energy per unit of weight and volume are shightly lower than those of the
silver-cadmium system. Good capacity retention (up to § months) has made the nickel-
zine bzllery 4 more direct competitor of the silver-zine and silver-cadmium systems.
Nickel-zine batteries are not yel available in a sealed form. '

2 8 Battery Specifications: '

2 8.1 Days of Autonomy Relv On:

Autonpmy % the number of days 8 hallery storage system will provide the load
without heing recharped by the photowvoltaie salar panels or another source.

Days of autonomy mely on weather conditions, so the oumber of non-sun and
cloudy days of anonomy, The desigmer can reduce the number of days of autonomy
when adding a hybnd alternative as generator or wind turbine. The days of autonomy
affect the size and cost of the solar system.
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2.8.2 Batterv Capacity:

The capacity of battery is based on the power needed to operate the loads and how
much stored energy will be needed to feed the loads when the weather is cloudy,

Battery capacity s affected by load, rate of discharge. depth of discharpe,
temperature and age.

2.8.3 Rate and Depth of Discharge:

The rate of discharge affects the battery capacity. If it is discharged quickly the
capacily is less, but when (he batlery is discharged slowly the capacity will be greater.

Depth of discharge (DOLY) refers to how much capacity will be withdrawn from
the batrery. Battery life is affected hy the depth of discharpe as shown in (figure 2.10).

G000

5000
h \

2000 \Rh
0O 10 20 3 40 50 60 70 80 40
DEPTH OF DISCHARGE

Figure 2.10: Impact of Depth of Discharge on the Number of Cycles '™

2 8 4 Life Expectancy:

Battery mamufactures however speeify life cxpoctaney in lerms of a quannty of
cycle, Batteries lose capacity over time and are considered to he at the end of their life
when 20) percent of their oripinal capacity is lost, although they can stll be used. When
sizing a system mitially, tis should be considered,
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Depth of discharge also refers 1o the percentage of a bartery's rated amp-hours
capacity that has been used. Battery life (mumber of daily cycle) versus depth of
discharge (in percent ol baltery capacity) is shown for a lower cost scaled battery In
{(figure 2.10).

This is only an estimate. Some baltenies are designed 1o be eveled mere (han onee
cach day. In addition, batteries degrade over time. affecting life expectancy.

2.8.5 Environment Conditions:

Batteries are sensitive their énviromment particularly affected by the temperature
of that environment. Higher voltaic charge termination points are raquired 1o complete
charging as a battery’s lemperalure drops (the opposite is true in warmer temperalure).
Controllers with a temiperature campensation features can automatically adjust charge
voltage based on a battery's temperature.

Manufactures generally rate batterics al 77 degree F (25 degree ©), The battery’s
capacity will decrease at lower temperature and increase higher temperature, (Figure
2.11) illustrares the effects the temperature on hatteries at their discharge rates.

CapacilyHated Capacity)

20 T y T t 1 T T
=30 20 -10 0 10 20 a0 40
Battery Temperature (*C)

Figure 2.11: Effects of Tempemture on Batrery Capacity fel
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Even though baltery capacity decreases al lower lomperature, baltery lLife
mcreases. Likewise. the higher the hartery temperature, the sharter the life of the battery.

Repardless of temperature concerns, batteries should be located in a sturdy
enclosure (battery box).

Always try to design systems with hatteries as near ns is safely possible to the
loads and the armay o munimize wire runs, thereby saving money on materials and
reducing voltages drop,

2 .86 Measuring Battery State of Charge;

A voltmeter or a hydrometer can be used to measure & battery's state of charge.
Lo properly check voltage, the hartery should sir at reset for a few hours (disconnect from
charging source and loads). Table 2.1 can be used to compare 2 12 volt battery’s voltage
0 its state of charpe. For a 24 volt system multiply by 2, and for 4% volt system multiply
by 4, Can alsv be used te determine & battery's state of charge by measuring the specific
gravity of'a ¢ell with a hydrometer.

AL

Table 2 1: Liguid Fleetrolyte Freeze Point. Specific Gravity, and Voltage

SWlcOfChungs  FrossePomt  SpeoificGevly Vol

100% ANFE 1.260 1270
75% A5 F 1.237 12.50
50% 210 F 1.200 12.30
25% 4 F 1.150 12.00
0% 17 F 1.100 11.70

2.9 Battery Safety; 1%

Due to the hazardous maternals and chemicals mvolved, snd the amouwnt of
electricnl energy which thev stare, batteries are potentinlly dangerous and mmst be
handled and used with caution. Typical batteries used in stand-alone PV systems can
deliver up o several thousand wmps under shorl cirewl condiions reguiring spocial
precautions, Depending on the size and locarion of a hattery installation, certain safety
precautions are he reguired:
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1. Mever touch bath battery terminals with vour bare hands at the same time.

2, Remove rngs, walches and dangling jewelry when working with or near
katteries. The metal in the jewelry can cause a shock or burmn if they contact the
battery terminals

agd

Cmly vse insulared non-conduecting toals to remove cell eaps. Never lay tools or
other metal parts on top of a battery.

4. Consider eavering hattery terminals and eennectors if pessible with an insulating
blanket before overhead mspections or repairs,

Ensure charger 15 turned off belore connceting or disconnecting a batlery (o
prevent arcing.

A

6. Prevent npen flames, sparks or electric ares in hattery charging areas.

7. Do not sinike the sides ol the baltery with any spark producing ilem.

B, Keep wools and other metallic objects away from uncovered barteries.

8. MNeumalize static buildup just before working on battery by contacting nearest
grounded surface.

10. Ensure ballery area ventilation is operating prior o working on

210 Charge Controller:

A Seolar Charge Centrolier (or Regulator) is a device which protects the batteries
in a solar electric svstem from being overcharged or being over discharged.

Figure 2.12: Charge Controller '
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(vercharged barteriss have a much shorter life time than well cared for hatteries
ance the electuolyte is boiled off ag gas and lost, Overly duscharged (i.c. Qat) lead acid
batieries become permanently damaeed, so a solar charpe contoller 15 used to disconneer
sny load when the battery is discharged down to a safe cut off voltage. [

PL20 5====

BATs S - BAT- LOWAD

e & & »

Figure 2.13: Charge Controller Mode! /')

{Tigures 2.12) and (2.13) show twa rypes of charge controllers, Charge controller is able
1o handle reverse polarity connection of hoth the bartery and photoveltaic pancl. (Figure
213) shows the connsctions of a cliarpe controller.

DR (R D) A R [ (8 G R ™1 s O O T TR
|

12% Maviers

Figure 2.14: The Charge Controller Connsctions with a Solar System e
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Chapter Three
Lighting
3.1 Introduction:

Lighting is an casential element in most Life styles, and electricity or natural
day lhightung generally provides il.

These lamps can be an appropriate option because they eflveuvely reduce the
electrical load requirements of a photovoltaic system. Todav, many different light
sources are available, which makes choosing the correct encrey cfficient light source,
muech more difficult.

A wide variety of attractive, economical lighting options are available in 12V
and 24V dircel curremt and 220V altcrmating  current tyvpes making  photovoliaic
powered liphting a feasible choice for many homeowners.

New types of lamps with elecrical and hght output charactenstics far superior
to the familiar incandescent and fluorescent lamps further confuse a potential
purchaser.

The following sections deseribe the common lamp types and their efficiencies,
LED lights will be considersd in our study, design and calculation as an application of
Al-Heshah strect lighting, (Figure 3.1) shows atypical strect lighting.

Figure 3.1 Strect Lighting U
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3.2 Lighting Concepts and Measurements
1- Luminous Flux (@)

It is the rate at which light emitted by a lamp measured in lumen (Lm).

Tt defines the visible light radiating from a light source in all directions.

2- Luminous Intensity (I)

The luminous intensity is the luminous Oux emilted from a point per unit solid
angle into a particular direction.

Standard umil of luminous intensity 15 Candlepower or Candela (ed).

3- Mumination (E)

Mlumination is the total ameunt of visible light illuminating (incidenl upon) a
point on-a surface from all directioms sbove the surface.

Standard units for llumination is Lux which is lumens per square metes
(Lm'm’) or foot candle (fo) which is lumens per square foot (Lm/sg.ft).

Fool candle (fe) = 10.764 lux,

Tahle 3.1: Different Values of [lumination, Ditferent Environments

I Jux ', full moon
4-10 Jux street lighting
i 100-1,000 lux workspace lighting
'i 10,000 lux surgery lighting
100,000 hax plain sunshine

4- Luminance

It is the brightness of a luminous or illuminated surface as perceived by the
humen cye measured in cd/sgum or in cdisg.om, it expresses the intensity of the light
emitted or reflected by a surface per unit area. !
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3.3 Optical Features of Lighting Units
1- Color Temperature

Color temperature is & simplified way Lo characterize the spectral propertics of
a light source.

Temp (K)

8000 vy Dt Aveetal dalicke
7500 j'i,sﬂﬂlﬁ
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50040 \Waems (10 Metal Fisbide
4500 . 3,200K

2000 s .z Fiakoan

3500 7| 3000k

3000 '_'__ Quenaclard] I divisgs s
250 = 2.700K

1500

Figure3.2: Color Temperatare [

Correlated Color Temperature (CCT)

Cormrelated Color Temperature is a charactenstic of wvisible light that has
important applications in lighting, photography and other fields. The color
lemperature of a light source is the temperature of an ideal black body radiator that
radigtes light of comparable hue to that of the light source. Color temperature is
conventionally stated n the unit ol absolute temperature, the Kelvin. having the onit
symbol K*,

Color temperatures over 5.000K° are called conl colors (blugish white), while
lower color lemperatares (2,700-3.000 K°) are called warm colors (vellowish white
through red). (Figure 3.2) shows the relation herween color and temperature,

Low color temperamure implies warmer (more yellow/red) light while high
color temperature implies a colder (more blue) light. Daylight has a rather low color
temperature near dawn, and 2 higher one during the dav. Therefore it can be uzeful to
install an electrical lighting system that ¢an supply cooler light 1o supplement daylight
when needed, and till in with warmer light at night.




Chaprer 3 Lighting

Slumdard unit for color temperature is Kelvin (K°).

{The kelvin unit is the basis ol all temperature measurement, starting with
(U K"=-273.16 C) al lhe absolute zero lempemature. The "size" of one kelvin is the
same #s that of one degree Celsius, and is defined as the fraction 1/273.16 of the
thermodynamic temperature of the triple pont of water, which positions 0 C® at
27316 K°).

Some Typical Color Temperalures are:

= Candle | GOOK=
* Incandesce lamp 2700K®
& Halogen lamp 3000K"
* Direct sunlight 6000K"
s  Dayvlicht with cloudy sky TONOK®

Daylight with clear sky 20000K "
LED Lamps Pure Whate: 5,000-7.000K" Warm White
3,000~4,0001"

2- Color Rendering Index (CRI) (sometimes called color rendition
index)

General Color Rendering Index:

[1 is the elTect of an illuminant on the color appesrance of objects compared to
o reference source ol the same color temperature (ideal or natural light source), so
color rendering index is a useful way to determine the quality of a light source, The
highest CRI attainable is 100, Typical cool white flucrescent lamps have a CRI of 62.
Lamps having rare-earth phosphors are available with a CR1 of 80 and above,

In a day lighting context, the calor rendering index defines the spoctral
transmissive quality of glasses or ather transparent materials, Tn this case, values of 93
or better are considered accept.

In other words the color rendering index is the ability of a light source 1o
carrectly reproduce the colors of the objects in comparison to an ideal light source as
it is illustrated in (figure 3.2).
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Figure 3.3; Color Rendering Index ="

The general color rendering index Ra 15 a measure of the average appearance
of eight standardized colors chosen to be of intermediate saturation and spread
throughout the range of hues as shown in (figured . 4). If a color rendering index is not
qualified as to the color samples used, Ra is assumed. For LED lamps Ra>75. L]

CCT {color tempearatures) CRI (color rendering index)
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product in the indicated CCT and ORI  Ea- 160
® SN - Uriterm Ovscemat Shy s
s = Digylirhs Flusrescent (0] e
g SRR Mercury Lamp [ | ::
=2 5000 |  copOK Plessescesmt s
3 4500 = Aag. Moon Sunlight . B .
4200 Coal White IS S S
4150 Iluersrcant | i
400 =3 «| B2
4050 o
- 4000 [ I < L T +
g IBOOD 1| 75
e 3700 . Massl Halids = =
! s 3600 - ‘3
z G IEQ0K Flusrescant 22
3450 &2
2400 1 o0 -
300 57
3100 52
3032 51
3000 * Tuiwpaven Halomen a6
F950 2000 F Fluo resco il A5
E 2900 | 43 E
— B30 | Incander<ant Bullk ) .
| E 2800 T
= 2750, —_ 20
ZFOO| | 790K Flusrescemt o :'
2100, . High Presswie = 18
- 00 = Bunlight ai Sunrise i -
| Degrees Kelvin )

Figure 3.4: Color Temperature and Color Rendering Index
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3.4 Lamp Efficacy

When sclecting a lamp tvoe, efficacy is an important consideration, but it
should not be the only criteria used (Figure 3.5 shows luminous efficacy of different
types of lamps) .In most cases, a more efficient light source can be substituted for a
less efficient source with little or no loss in visihility or color rendition .The total
anmual cost savings help to decrease the size of the photovaltaic system.

Lamp efticacy is measured in lumens per watt,

Lamp efficacy = T PT:EMJ (i.1)

Lumens are & measure of the Hght output from the lamp T & lam@ ]I:)roduccs
more lumens fram cach watt of cleetrical energy input, it is more efficient. ="

2

Table 3.2- Typical Elficacy Ranges for the Main Lamp Categories |

Lilic (Hours)

Incandescent 14 e 800

Tow Voltage Halogen 20 | 2000105000
Mercury Vapor 40 to 60 22000
F‘IUDT{?SGE_ < TR CIWEST s 6411]9{:'_ =l ) 1 Tmﬁ

' Metal Halide T T0w4o 12000

' High Pressure 9010 125 25000
Sodium |
Low Pressure Sodium 120 to 200 20000 |
LED Lamps 1040 1w 130 30000 |
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Figure 3.5 LED Luminous Efficacy Compared (o Other Light Sources ™

3.5 Lamp Efficiency

It is the ratio hetween output power and input power,

Output power .

Lamp Efficiency = gt poer

100% (3.2)

Or it 15 the ratie between lumens emitted by the luminaire and lumens emitted
by the light source.

Lamp Efficiency = lumens emitied by the luminaire / lumens emitted by the
light source %, =4

3.6 Lamp Types '™

The joh of a lamp is to convent electrical power (Watts) mto light (lumens), -

Different lamps do this with varying efficiencies. Lamps are generally divided
into the following catcporics:
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3.6.1 Incandescen! Lamps

WasLium o
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Figure 3.6: Incandescent Lamps ™!

Incandescent Lamps are the most commonly used even theugh they have the
poorest efficiency or Jowest Jumen per wam ratings. In tvpical incandescent lamps,

electricity is conducted through a filament that resizis the flow of electricity, heats up,
and glows as shown in (figure 3.6).

The popularity of the Incandescent lamps is due to the simplicity of its use and
the low initial cost of hoth lamps and fixtures.

Incandescent Lamps use the familiar "Edison base" bulb and require no
special equipment or ballasts o modify the charactenistics of the power supplied to
the fixture.

Incandescent [amps are available in much wattage, hoth in 220 wvolt
alternating current-and 12 volt direct current.
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3.6.2 Tungsten Halogen Lamps

Figure 3.7: Halogen Lamps #7

Like other incandescent lamps. use the tungsten filament as the light source,
see (Gpured. 7). However, these lamps contain a "family of elements" known as
halogens, The halogens prevent famp walls from darkening as quickly as the walls of
other in candescenl lamps, which keep the light output of tungsten halogen lamp
higher for a longer period of time. Halogen lamps are available in low wattages.

3.6.3 Fluorescent Lamps

"cathode

phosphor

coating

mercury

Figure 1.8; Fluorescent Lamps [

36




Chapter 3 Lighting

Arc the second most widely used light source They are found in homes,
stores, offices, and industrial planls, These Lumps are easily distinguished hy their
tubular design see (figure 3.8), which can be circular, straight, or bent into an L shape.
When eperating. an electric are 15 drawn along the length of the mbe. The ulrraviolet
light produced by the arc aclivaies & phosphorescent coating on the inside wall of the
tube, causing light to be emitted.

3.6.3.1 Construction of the Fluorescent Lamp

The convenience and popularity of the linear fluorescent lamp is underscored
by the fuct that it accounts for a greater amount of light produced on our planet than
any other light source. It achieved this position of dominance by the 1970s and it is
eshmated that today it accounts for about 80% of the world's artificial light. It can be
manufactured in almost any shade of white as well as coloured versions, It offers a
low system cosl, the Lifetime is very long, it is fully dimmahle and easy to use, and
abave all it achicves high luminous cfficacies to yield a low cost of operation. The
large arca of the tube results in a low surface luminance, and it is especially well
suited to the efficient and glare-frec general illumination of large spaces. In 1980 its
position was further strengthened by the introduction of the compael Quoreseent lamp,
Figure 3.6: illustrates the construction of a tvpical fluorcseent tube,

3.6.3.2 Basic Characteristics

- - Disadyuntages

Very high luminous efficacy Contains toxic mercury vapor
" Color rendering 15 good w0 excellend Cluite sensitive 1o ambient lemperal ure
. Low cost and simple control gear Light output drops in cold areas
" Long lifetime, highly durahle product Light output drops in hotter luminaires
 Even and glare-free light distribution Flickermng light on SUHz magmetic ballasts
' Can produce almost any shade of white Lumen output decreases through lifetime
_ Dimmable with special ballasts | Very long tubes can be difficult to handle

2.6.3.3 High Intensity Discharge (HID) Lamps:

The term high intensity (HIT)) often designates four distinet types of lamps
that acrually have little in common, All of these lamps require a shoit period of time
tn hacome fully 1i, generally from one 1o seven minutes. If 4 high intensity discharge
lamp is turned off, the arc type must cool to a given temperature before the arc can he
restruck and light produced.
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These Types of Lamps Include:
- High pressure sodium.
- Low pressure sodium.
- Mercury vapor lamp.
- Metal halide.

3.6.4 High Pressure Sodium Lamps
(HPS) lamps have the highest efficiency of all common in door lamps scc
(figure 3.9), They produce light when elecuicity passes through a sodium vapor.

These lamps are constructed using two envelopes: an inner eovelope made of a
polverystalline alumina where the arc is struck and protective outer envelope that may
he clear or coated.

Since the sodium in the lamp is pressurized, the light produced is not the
characteristic bright yellow associated with sodium, but a more "golden white" light.

(HPS) lamps are used widely in street and cutdeor lighting.

Figure 3.9: High Pressure Sodiom Lamps 24

3.6.5 Low Pressure Sodium Lamps

(1.PS) lamps are the most efficient type of lamp, providing up to 183 lumens
per watt as shown in (fipure 3.10).

Unforunately, their indoor use is restricted by their monochromatic light
autput. Reds, blues, and other colors illuminated by an (LPS) light source all appear
as tones of gray,




Chaprer 3 Lighting

LPS lamps are primarily used for street and highway lighting as well ag
outdoor area and security lighting, In spite of their hish efficacy (60-150 humens/
watt), their color rendering index (CRI) is very poar.

Figure 3,10: Low Pressure Sodium Lamps (=)

3.6.6 Mercury Vapor Lamps

The Mercury lamp was the first kind of metal vapor light source that was mass
produced for general lighting applications, and still today it remains one of the most
popular discharge lamps produced globally. In Europe it has fallen oul of [ashion due
1o its relatve inefficiency and repid lumen depreciation by contrast with other Light
sources. However in the Americas and Asian countries its low system cost, long Life
and high color temperature continue 1 make 1t & desirable light source [or exterior
illumination. (Figure 3.11) illustrates the construction of a typical modern High
Pressure Merewry lamp.
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Figure 3.11: Typical High Pressure Mercury Lamp ™

Produce light when an electrical currenl passes through s small smount of
mercury vapor, The lamp consisls of an mner glass envelope where the are is struck
and an outer protective envelope. The mercury vapor lamp, like the fluorescent lamp.
regjuires specially designed ballasts. Special ballasis are also required for dimming
MEreury Vapor lamps.
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Lamp Construction

At the heart of the lamp is an are wbe which is fabricated rom guartz, with 4
rungsten electrode disposed at either end, The tube contains a few milligrams of
mercury and around 25-50 torr of pure arzon as a buffer gas to carry the discharge
while the lamp warms up, producing heat to vaporise the mercury and bring it into the
discharye.

An auxilinry starting electrode is placed next to one of the main electrades 1o
[acilitate lamp ignition. When the lamp is first energized the full open circuit voltage
15 applied across the arc mbe. The distance hetween the electrodes is so large that the
resulling voltage gradient is not high enough to cause ionization of the pas filling,
However the same voltage is also applied between one electrode and the auxiliary via
a small resistor. The gap between these electrodes 1s much smaller, and the voltage
gradicnt 1s sufficiently high that jomzation will occur. A small discharge strikes, the
series resistor of 10-30 KW limiting the currenl Mow ta about one thousandth of the
narmal lamp current, Onee free electrons, ions and photons have been produced in the
arc tube it is then very easv to strike a discharge across the main electrodes, The
discharge quickly makes this ransition becausc it can then bypass the starting resistor,
and there is no electrical resistance hetween the maimn clectrodes. Some lamps,
particularly high wattage tvpes often include two auxiliary electrodes, one beside each
main electrode and connectad via a resistor to the opposite end of the arc tube. This i3
also standard practice in mercury lamps designed for use in colder atmospheres.

Once the lamip has warmed op and the mercury is fully vaporized, the
discharge operates in unsaturated mercury vapor at a pressure varying from 18 bar for
the smallest types, th 2 har for the largest. The arc emits the characteristic preen,
vellow and violet mercury lines and there are also considerable amounts of invisible
long-wave ultra violet at 365nm along with a broad range of shorter wavelengths, In
the carhicst lamps having clear outer bulbs this invisible UV radiation was completely
wasted. Today the ouler bulb 1s intcrnally coated with a thin layer of a [ueorescent
phesphor which converts the UV into visible light, generally at the red end of the
spectrum where the mercury outpul is lacking, w mprove the color renderng
propertues of ths light source.

The outer envelope is filled with a nitrogen or arcon-nitrogen mixture, or
ogcasionally with carbon dioxide, both to prevent oxidation of the are tube scals and
to slow the rate of deterioration of certnin phosphors. For low power lamps of 50
Warts and below, a vacuum or argon rich atmosphere is employed by some
manufactarers as it affords better thermal insulation, minimizing conducted and
cenvicted heat losses which can hecome significant for such small arc tubes, and
allowing them 1o run up to full intensity more quickly, Vacuum or at lenst reduced pas
pressures are also employed in a special range of lamps designed for use in extremely
cold atmospheres again the ohject here 15 to provide better thermal insulation which
allows the arc tube to warm up more Tépidly. Heal reflective coatings of platinum er
gald are otien also applied behind the elecirades of small or cold atmosphers lamps
again to mimimize heat Iosses and help them run up more rapdly.
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3.6.7 Metal Halide Lamps

Figure 3.12: Metal Halide Lamps ?*

Metal Halide is similar in construction to mercury vapor lamps. These lamps,
however. contain a metal halide in the mercary vapor that the electrical energy passes
through as shown in (figure 3.12). These lamps are 1.5 to 2 times more efficient than
the mercury vapor lamps .Almost all "white light" varieties of metal halide lamps
produce a color rendition equal or superior to that of mercury vapor lamps: MH lamps
range in size from 175 to 1,500 watls and reguire specially designed ballasts.

3.6.8 Light Emitting Diodes (LED's) Lamps

Though not yet commonly used in residential applications, the TLED (light
emitting diode) is worth mentioning as it is used recently in outdoor lighting. In a
light emitting diode. the creation of light happens much more efficiently at the
molecular [evel.

Diode is an electronic device which limits the direction thar electrons may
flaw in an electronic eircuit, A TED is a special type of diode that has been optimized
to release energy in the form of light instead of as heat as in 2 traditional diode. An
unbreakable, crystal clear sohd resin cocases cach LED and makes it ncarly
indestructible, contributing to the long lile of LEDs, which typically last 5 to 10 vears
ol constant use and draw as hittle as 1/10th 1o 1/20th the current of an meandescent
light bulb producing equivalent lumens,

The main drawhack of LED lighting is the quality of the Heht tends 10 be a bit
too hright and glaring. Current researches is being done to reduce cost. and o improve
light quality. Worldwide, LEDs are starting to be used ftor low wattage PV Lghting
svytems.
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Figure 3.13: LED Street Fixture ™

Light Emitting Diodes (LED's) are used as tiny indicator lamps on electronic
oquipment. In reeemt wears LED's have become more powerful and more
multicolored. They have almost reached a lumen cutput level that makes it possible 1o
achieve useful output for use in luminaries as it 15 illustrated in (figure3.13).

3.6.8.1 The Main Characteristics and Benefits of LED Lamps Are:

1. Very long life (20 years in typical application).

t

LED's do not produce light by heating a filament, or by produeing an arc,
Therefore they generate virally no heat {compared to an incandescent
lamp which wastes more than 50% of the applicd energy as heat).

3. Zero Ultra Violet light generated.

4. Lower eovironmental foot print, mercury, lead or other known disposable
hazards.

5. Availahle to emit Red, Green, Blue, Orange and White light. Color mixing
possible for luminaires with Red, Oreen & Blue LED atravs Lower energy
consumption, their etficiency is compatible with other lamps.

6. Very small size enables many LED's be huilt into an array for increased

output.

Vibration resistant, With no filament 1o shake loose, LED's will withstand
enommous amounts of vibration.

8. An opportunity to implement programmable controls as they are easily
dimmed (from 100% to 15%) by reducing current.




Chapter 3 Lighting

9. TInstant start: Tnlike sodinm lights, LED lights do not require a time delay
o reach optimum brightness levels.

10. Night wisihility due 1o higher color rendering. higher color improved
temperature and increased lumination uniformity.

1,6.8.2 Applications

Replacement for dichrpic luminaires in areas where low temperature operation
is important. For example pavernent mounted up-hights that will not cause public
lighility problems.

Situations where access is difficult. Take advantage of the super long
operational hife of LED's in situations where replacement of a luminaire would be
costly.

Color changing applications. The control of color can be programmed into the
combinad power supply controller. The controller cam accepl mpul from an audio
source o pulse the LED's ulong with the beal.

Gurden and street highting, All ol the advantages of LED's can be applied o
garden lighting. The extremely low heat generated will not rase the temperature of
the luminaire, thus ensuring its watertizht seals remain intact for many years.

Energy seving : Older sireet lights use conventional light bulbs while more
modern lights use energy saving Light Emitting Diode (LED) technology. In both
cases, streel lights need w0 be durable enough 1o withstand the clements while
coniinuing o provide lighl.

3.7 Lighting Uniformly Distribution:
The layout of the luminaires should be designed to ensure the necessary road

surface luminance and good visual guidance.

As shown figure (3 14) The Tllumination produced at a point P from a single
luminaire is given by the formula:

B’:m: = : D;]; L [33]

The process can be repeated for adjacent luminaires and the contributions
from all luminaires summed to get the Tlumination at that point for the whale lighting
mistallation.

This process can then be repeated over an array of points on the road so as o
get the Mlumination metrics used for the lighting of canflict areas.

a3
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Alternatively, manufacturers often provide a relalive isolux diagram. this
being the Iumination pattern provided on the road surface by a single luminaire
relative to the maximum Iumination and plotied in terms of mounting height. Given
a layout of luminaires around a conflict area, the mounting height #and mlormation
ahout the maximum lllumination, the overall lHumination pattern can be gencrated.

3.7.1 Main Concepts
There Are Two Concept Must be Discussed Here:
1- Horizontal Ilumination
For honzontal surfaces, the Illumination is calculated by describing the

distance (d) between the light source and the calculation point by means of the
vertical height (H) of the light source above the surface.

In the (higured.14) . IT=d Cosy or d=H/ Cosy

Teos 1cos®;
So E.= di*’ becomes [, = H;” (3.4)

This is called the horizontal Ilumination at the point.

Figure 3.14: Honzontal Nlumination

2- Vertical Nlumination

The illumination at the same point P on a vertical fucel ortented towards the light
source can alse be given in function of the height (H) of this source and of the
incident angle ( y ) of the luminous intensity | as it is illustrated in (figure 3.15).

1o
E. iy (3.9)
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And with: d =L (3.6)
cos ¥
Becomes: K, HLms ¥sin ¥ (3.7)

N\
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Figure 3.15; Vertical MMlumination

3.7.2 LED Fixture Mounting and Lighting Homogeneity

(Figurc 3.16) shows the illumination m lux of 48 watt LED luminaire at
different hanging heights of the fixmare. Tt is obvious thal increasing the height will
increase the lightened area, but at the same time the illumination will be decreased.
Decreasing the height will decrease the lightened area, but at the same time the
illumination will be increased,

ﬁ' 2

Figure 3.16: Lux Versus Area
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Figure 3.16 48watt LED shows street lighting luminaire applied with the best
LED light source Cree LED, il attains high illumination cfficacy, accelerated by
optical lens. The optical lens distribule and focus all the light of every LED onlo road
with maximum effect and formed a rectangular lighting spot Sl

Figure 3.17: Another LED Fixture ¥

3.8 Street Lighting

Street lighting is the one of the main lighting studies since its importance 1o
adjust rhythm of life atter dark by increasing the human safety and avoiding the
accidents on the roads (figure 3.18) shows a tvpical two twin street lighting.

On the other hand the effective lighting is essential in contemporary citics
which need special lighting w achieve (v the necessary well-being, that leads us to
design and conlrolling lighting by scientilic standards which increase reliability.

Figure 3.18: Sirest Lighting 1*"]
45
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Street Lighting Must be Achieve the Following Benefits:

1- Driver Safety

Street biphts increase visibility and thus merease road safely for drivers
traveling at night. Street lights, for instanee, may illuminate an animal in the meddle
of the road in time for a driver fo avoid a callision. In areas where large animals mav
be on the road, street lights can pratect hoth the life of the animal and that of the
driver.

2- Pedestrian Safety

Street lights make it easier to see dangers around you, whether from walfic,
people or animals, People who live in rural areas tend to feel safer than people who
hive in cities, hut crime happens evervwhere. People are more vulnerable to being
victimized when they are out after nightfall in an aren s0 dark thar they can't see if
someone 1s lurking nearby. waiting 0 accost them. And would-be criminals might
think twice in well-lighted areas.

3- Increased Nighttime Business

In rural commumities. sunlight sull dictates many people's schedules: They rise
at sunrise to tend 1o their farms or crops and retire [or the day when the sun goes
down. This is, to put it sumply, bad for business. Bul people might be lured inte
coming out at night for everything from shopping to watching a play if the area is
well-lighted. A dark arca looks deserted; a well-lighted arca looks cheery and inviting,
so street lights might be good for business. =

Components:
. Post

One component common to all types of street lights is the post, which rises
from & base at the ground and supports the hghting element above. Street light posts
contain the electrical winng that connects the lights directly to the electne gnid. Some
posts also include a service door for gaiming access to a street light's control unit and
making repairs or adjustments from ground level.

Strzet lights posts need to be able to withstand ice, wind and rain. Rust
resistant metals or 8 protective coal of paint can help preserve the post apainst the
clements, and metal is by [ar the most common material for ils sirength and ngidity.
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Some street light posts, such ax those 1nan histonie district, may be decorative, while
others are simple grey shalls,

Z. Bulb

Street light bulbs come in a wide range of styles and sizes. Most conventional
street lights use halogen bulbs, which are similar in function and appearance to
househeld incandescent bulbs. These bulbs consist of a vacuum tube with a filament
inside and an inert gas (such as halogen) that causes the bumed portion of the filament
to recollect on the filament wire, extending rhe life of the bulb. Metal halide bulbs
employ similar technology but use even less energy and produce mare light.

Fluorescent streat light bulbs are fluorescent tubes, which contain a gas that
reacls to a current to create illumination, Fluorescent street lights tend to use less
gnergy than other bulbs and cast & greenish light, while halogen hulbs cast a warmer,
orange light. Finally, light-emitted diedes, or LEDs, are the most efficient type of
streel Light bulb, [EDs are semiconductors that produce a strong illumination and last
much longer than other bulbs.

3. Heat Exchangers

LED srreet lights include heat exchangers to regulate temperature. These
devices moderate the heat that an electrical current produces as it powers the LED
Heal exchangers use the passage of air over a series of fins to keep the lighring
element cool and o make sure that the LED is able to produce even light without
darker areas or "hot spots" that might otherwise ocour.

4. Lens

LED and conventional streel liphts festure 2 curved lens thatl is usually made
ol heavy-duty wlass or, more commonly, plastic. Street light lenses [unction o
magnify the sffcel of the light inside. They also direct the light downward toward the
street for maximum cfficiency. Finally, strect light lenses protect the delicare lighting
clements inside, Fopged, scraiched or broken lenses arc much casier and cosi-

272

effective to replace than entire lighting elements. g
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3.9 Street Lighting Calculations %!

3.9.1 Design of the Lighting of Al-Hesbah Strect

The design is restricted to the following conditions:
1- OIT grid photoveltaie selar energy system.
2- Using LED luminaires {fixtures).

3- Load system is D.C voltage (24 Volt) to decrease the rating ol the
charge controller and minimize the voltage drop.

4- Each lighting unit is composed rom two fixtures erected at the middle
of the street (Twin Central).

Effcctive width of each side of the street varies from 10 1o 11 meters

2z
H=( ;lcl 1} * w. (35)

Where:

H: 15 the height of the post (hanging column) in m.
W: 1s the effective width of the street inm.

We will select H = 11 meters with anam of 1.3 m.

The inclination of the fixture is 1() degrees.

Al-Heshah Street has medium vehicular and pedesirian movement at night, so

stlecting Tlumination valuc (E) to be & lux is enough based on the second
classification in the table (3.3).

E=6 lux.
The existing spacing between two columns (2) 15 40 meters,
We will choose the same value (a) in our design in order to use the same posts

(columns) if Hebron Municipality decided to exchange its curvent lighting system
with off- grid photovoliaic solar encrgy system.

a = 40 meters.
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Table 3 3: Mumination Desipn of Roads B

Rond and Arga Classification Minimum Averuge
Maintained luminance

B in Lux

fi Emplovment Cﬁﬂ&mr ﬁuud'{C:}liectnr- o .ﬁ
Low]

 Arterial Roads (Major-Low)
_ Rurul Local Residential (Local-Low)

g

- 4

Rural Collector Road (Collector-Low ) 6§
Low Density Residential 3

_n*F *p, *LLF (39)
" a* W '

E_ = Ilumination .fum"/ .

E

n=Ne.af lamps in the lighting fixture,
F, =tummous flux .. lumen,

ns =Utilization factor .

LLF =Light ioss factor.

a =Spacing berween column .

W = Effective width of the street ,

ny = 0.6,

ilg =08 In LED lamps ... with reflector .
For Twin Central lighting .

LLF = LDD*LLD,

LDD= lymin aire dirt depreciation =095,
LLD:amp lumen deperciation =085,
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Etﬂtww {3.10}
n*LLF*n,

L
F, =m = 4074 lumen.
“T1*0.81"0.8
4074 ]simen

100{umen  Watr

=40 Wair.

LampRating =

For good design and better illumination we will select 48 W luminaire.
E..a Jor each lighting unit.
P .=2%48=96Wart.

LH]

The design of Photovoltaic solar energy system:

;am; for each lighting unir.
=2%4B =96 Wair.

!aﬂd

Table 3.4 Average Night Hours in Hebron from Sunset to Sunrise: Y

Average Night Hours

Jenuary {H 44+13:33) 2-13:38
February (13:33+12:23) /2-12:58
March (12:23+11:40) 2=12:02
April (11:40+10:25) /2-11:03
May (10:25+9:46) /2=10:06
June (9:46+9:40)  /2=9:43
July '  (9:40+10:08) /2-0:54
August ' (10:08+11:00) /2=10:34
September (11:00111:58) /2-11:29
October (11:58+12:56) /2=12:27
November (12:56+13:36) /2=13:16

December (13:36-+13:42) f‘E—IlE}ﬂ
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Total —140:40 which equals 140+40/60=140.66 h.

Average night hours in Hebron among the year = 140.66/12=11.72 h.

Watt hours / night to accormmodate system losses:

Piosa = 48%2 =86 Wall
Load Warthours per night =96%11.72 =1125Wh
load Wh
hattery efficiency * wiring efficiency
1125

== 1350 Wh.
0.85%0.98

Whi night = (3.11)

Battery bank size based on depth of discharge and autonomy
requirements:

Avtonomy=1.7 days

Depth of discharpe=60% deep cycle baticries,

| Whinight | * autonomy
Depth of discharge
_1350*1.7
= s
Batteries capacily in amper hours = St i : (3.13)
systemvoltage

battery hank sizein wall hours =

(3.12)

=3825 Wh.

24 ¥V desystem will be chosen.

2
Barreries capacity in amper hours = 33:45;?% =139.37 Ah = 160 Ah.

—wi““’ =80 AR 24V,

We will choose 4 batteries 12V- B0AhL.

Each twohatteries are connected in series.

load Watt h
iotal efficiency

Wh of solar panels = (3.14)
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= + * " s
qk:-.'m' = 'F?burm'}' Hr.-u'ﬁ i?maq: stunbraler Hrw.,u. (3] j)

Heoomp, =1 — 0.005( Average glass temp. — 25)
=1-0.005(30—25) =0.975.

M = 0.85%*0.98%0,96%0.975 = 0,78.

]
Wh of solar patels= o> < Y42
0,78

Average perfect sum hours =0.

Wh of solar panels
Average perfect sum hours
1442 Wan ik
bk

Each Two 120 Wait 12 volt solar panels will be chosen,
Bty of them will connected i series

Power of the solar panels =

(3.16)

= 240.3Wait

The rating of the charge controller = 240.3Watt /2dv =10 A
For safe design we will selecr 15 A charge conmroller .

3.9.2 Energy Saving and Feasibility Study:

Annual cost of existing high pressure sodium and metal halide fixtures.
Total fixturce= 2942 = 58.

* Eight fixtures metal halide of AL-Hesbah Entrance at the junction.

* Filty fixtures high presswee sodiwn Along the AL-Hesbah Street.

Total power = S8*250W — 14500 W = 14 S KW._

Total hours in a vear = 365%11.72 h/night = 4278,

Total antoal consumed encrgy = P*1 =145 KW %4278 h =62031 KWh.
Total cost = E * unit price=62031 KWh *NIS 0.32/KW = NIS 32256,
Armual Total cost in § =32256 NIS/3.75 NIS/8 =88601.6.

Total Cost of the proposed system = $52692,

i
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Payback time = $52692/88601.6 = 6.12 yvears,

Table 3.5: The Total Cost of Components That Reguired for Al-Hesbah Street

Lighting
Mono Crystalline
Silicon Solar Panels 29*2%130 *§1.8=3%13572
Charge Controller 15A 26 %1 * §100 =5 2600
_12-24Volt . R —_———
Sealed Decp Discharpe 20 4% § 195=% 22620
Maintenance Free Batterias

12V B0AR i :
GSM Controller 26 % 1 *§ 100 =82600
48 W 24 Vi LED Strect Fixtuses 20 % 2% § 150 =§ 8700
. Accessories (Control Ponel, Photocell, 26 * 1 * $100=5 2600

Wiring)
: § 52692
Total Cost
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Chapter Four

Lighting Control

4.1 Introduciion

The principle aim of lighting control is to reduce energy consumption and
therefore the cost of annual energy budget.

Dillerent mechanisms of control meet to the desire of human and the operating
conditions that required.

Utilizing photocell control enable automatic tuming the street light fixtures on
al sunset and off at sunrise. It is an efficient. simple, economic and common method
of lighting control.

Also. applying a GEM wireless controlling in addition to photocell control will
ncrease Lhe capability of the system by monitoring the state of the light fixrures and
contralling the switching. It allows to operate cerlain lamps and turn off others or to
dim the lights when the pedestrian and vehicular movement decreases as shown
{(figure 4.1)

A~

OFF 100% | 50%

Figure 4.1: Three Control Modes Using GSM B!

4.2 Lighting Controls

Lighting control and operation is an important concern when sizing a
photavoltaic system since a lower load will reduce the size of the phorovaltaic system,
and therefare, its cost.
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Lighting Contrels Include the Following:

4.2.1 Manual Switches

These controls. typilivd by a wall swilch or pull-chain moumted directly on &
lixture, are the least expensive and most commonly used controls,

Switching each bight separately with a manual switch offers the prestest
potential for minimizing energy use, but this method is effective only if people
consistently use the switches,

Swilches must be conveniently located and casy 1o use Jor example, stairway
lights should be switches at the top and bottom of the stairs using three way switches.
Standard wall mounted light switches commonly used with 220v alternating current
and 12v w 24y direet current systems.

' 4.2 2 Timers

These controls can be set to aulomaltically lurn lights on or off or w limit the
time a light will be on ass shown (ligure 4.2). You should consider salely when using
timers, for example Lghts should not twm off without warning the occupants first.
Timers can require 2 small amount of additional power for their own operation.

«2)

Figure 4.2: Timer!

4.2.3 Sensors

Sensors are usad when precise control is desired. Sensors activate lights when
they detect motion or infrared ray.

4.2 4 Photocells

Security or safety lighting can be controlled by photocells, which are devices
that sense light levels .photocells sense a loss ol davlight at dusk and activate the
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light, and conversely, they sense daylight at dawn and turn the light off. Phatocells are
more dependable than manual switching and more nccurate than timers, 7!

4.3 Street Photocell

Figure 4.3: Photocel]

24 volt de battery operated light source, rated at 70 C° ta operate in high
temperatures near solar modules.

Figure 4.4: Photocel]l Mounted At the Top of Street Lighting Fixture

Ettective lighting plays an important role in keeping streets and roads safe lor
drivers and pedestrians. Photocell is a sensor that allows 1o deteet light. It is suitable
for swilching most ypes of industrial and domestic lighting (eg  tungsten,
fluorcseent, discharge or LED lamps). This purpose behind the design of this switch is
to have it automatically tarn an illiminator on or off. depending on the light
conditons. Say, for instance, & photocell switch marns the illuminator on at dusk, and
awitehes it off dunng the daybreak.
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It uses a resistunce which is made from cadmium sulphide (CdS) called light
dependent resistors (LDR) or photo resistor. 11 lends 1o be sensitive o light between
700nm (red) and 300nm (green) light as shown (figure 4.5)

It £ high r

Figure 4.5: Resistance Value (R) of LDR in Day and Night **

4.3.1 Light Dependent Resistor

As its name implies, the Light Dependent Resistor (LDR) is made from a
picce of capused semiconductor material such as cadmium sulphide that changes ils
clectrical resistance [rom several thousand Ohms in the dak to only a few hundred
Ohms when light falls upon 1t by creating hole-glectron pairs i the matenal. The net
effect is an improvement in its conductivity with a decrease in resistance for 2n
merease in illumination. Also, photo-resistive cells have & long response time
requiring many seconds to respond to a change i the light intensity,

LDR is basically a resistor that chanpges its resistive value (in ohms) depending
on how much light is shining onto the squiggly face. The resistance of the cell when
unilluminated (dark resistance) is very high at about 10MLY's which falls to about
100€Y's when fully illuminated (lit resistance). To imcrease the dark resistance and
therefore reduce the dark corrent, the resistive path forms a zigzag pattern across the
ceramic substrate. The CdS photocell is a very low cost device often used in anmo
dimming, darkness or twilight detection for tuming the street lights ON and OF as
shown (figure 4.6)./*7
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10 Meg
Bl __ —t ._.__,_.._. = e + 1
1 Meg = 2
: L= = - ®
I{BK-_ i -‘:k u'
10K =t 8 13 I i >
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100 ! 1T A 19— 4!
| 1 10 100 1000

Humination (lux)

Figure 4.6: Resistance vs. llumination Graph 17!

4.3.2 Street Light Circuit

The circuit diagram shown in (figure 4.7) presents a street light that
automatically switches ON when the night falls and turns OFF when the sun rises, In
fact this circuit for implementing any type of automatic night light.

The circuit uses a Light Dependent Resistor (LDR) to sense the light, The
collector voltage of Q1 (BC107) is coupled to base of Q2 (SL100). When there is
light the resistance of LDR will be low. So the voltaze drop across potentiometer R2
will be high This keeps the wansistor Q1 ON. The collecior voltage of Q1 (BC107)
will be less than 0.2 V which is not sufficient to turn Q2 (SL100) ON. So Q2 will be
OFF and so do the relay. The bulbs will remain OFF.,

When might falls the resistance of LDR increases to make the voltage across
the potentiometer K2 o deerease below 0.6V, This makes mransistor Q1 OFF The
collector voltage of Q1 will be high which in turn makes Q2 ON. The relay will be
energized and the bulbs will glow. Potentiometer R2 15 used to adjust the sensirivity
of the circuir, ™
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Rty gy

Figure 4.7: 9V Photocell Circuit

4.3.3 Advantages of Using the Photocell Swiatch;

Photecell switch is & very simple circuit that is efficient enough to provide a
very flexible degree of lighting automation and switch lighting safety guidelinas that
can provide the required ease in operating any lightng system or structure, it has
nther advantages as follow;

1. Low circuit energy cost.

. Affordable adjusting system.

[ ]

Lk

CAuomation can be molded in any desired time format and interval,
4. Works m complex light designs.

5. Can work according (o the miensity ol the available hight,

6. Can work in terms of adjusted lime.

7. A simple circuir that can be easily linked to any lighting system.

4.4 GSM: (Global Svstem for Mobile Communication)

GSM is an open, digital cellular technology used for transmitting mobile
voice and data services. It is a modern method in street lights controlling especially
hecause of its ability o cover long distances. Parmticularly can he used hy the
municipalities and remote control centers _The system will communicate via the GSM
network to a central computer to determine when the lights should be ilfluminated,
how bright they should be lit based on ambient light levels, and to also dim the lights

6l
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after dark when the areas have less waffic. Applying this technology lo public
lighting, energy savings would be incredible, as well as resulting in far less light
pollution, If the Public lights were finad with solar pancls, making the system self-
powering, the system will be more efficient as shown (figure 4.9) B

Eaﬁ\

u-:-p-r |r.“|.|.r..._l. |n4ur-.l.-|

w_—.
Citylight Safwarng Coenilrned
Mowrlneresy & Codteol Stalan

Figure 4.8: Controlling and Monitoring by GSM F'!

4.4.1 GSM Based Cost Effective Street Lighting Application

Depends on the day light timings the street lights eon be controlled by ON,
OFF, (Figure 4,10) dunming and staggered with the help of Real Time Clock (RTC).
If any over load occurs the load will be cut and the information is transferred through
(GSM to server. Any disconmect in power the information is sent to server through
GSM. 1If any complaint raised the user needs enter the number in the keypad which

will be fixed in the street lamp and the message will he sent to Server through GSM.
[22]
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Figure 4,9: Dimming and Stzggering Control Modes ™

4.4.2 PIC Microcontroller

A microcontroller (also microcontroller unit. MCU or uC) is “a small
computer on a single integrated circuit consisting of a relatively simple CPU
vombimed with support functions such as a crystal oscillator, timers, watchdog timer,
serial and analog 1/0 ete. Program memory in the form of EEPROM (Electrically
Erusable Programmahble Read Only Memory) or ROM (Read Only Memory) ic also
often included on chip, as well as a typically small amount of RAM (Random Access
Memory).™ Y

Microcontrollers contain data and program memory, serial and parallel 1/0),
timers, external and internal interrapts =%, and peripherals. These make them & strong
choice when implementing control svstems.

<%  Load J

PIC

GSM  f—»  18F4550

—] Keypad

Figure 4.10: PIC Microcontroller =*7
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The figure 4.11 explains about the compaonents flow and their function and
how they are interfaced with each other. The major component is the PIC
microcontroller,

Ta perform this scenario of control we will program the PIC' microcontroller
circuit that achieves a link between lighting fixtures in the street and PIC
microcontroller (18F4550) and Construct & code for the PIC micracontroller to do
sampling, digitizing and ransmitting and receiving the desired messages depending
on dimming modes and fixture states (0 GSM modem, 1

4.5 Intelligent Street Light Controller (GSM Controller)

Figure 4.11: GSM Controller in Twin Central Street =/

4.5.1 Features of GEM Controller:

Intelligent street Light controller is installed in place of control panel.
Controller starts working with normal power ON.

Controller switeh on/off the connected street lighting as per astronomical parameter
programmed.

Controller moves in o energy saving mode (dimmed mode) as per the programmed
parameter and in co-relation with the incoming pawer parameter.

Street light ON / OFF on Longitude, Latitude base sunsel and sunnse ime gencration
algorithm

Serolling display of events which helps to monitoring the systems,

B4
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= LUser friendly key board operation.

» Staggering [acilily o switch OFF and switch ON lights by late night can save enerpy
when there is no ralfics as shown in the (figure 4.13),

/-'-""
50% OFF

Figure 4.12: Energy Saving by Diming and Staggering !

+ Put connected lamp in dimmed mode after number of hours of ON time.

+  Protects the system from Over voltage, under voltage. over current. Short circuit.
+ Commumieation to central server through low cost GEM lechnology.

« Effectve fault monitoring,

+ Helps w decide the preventive maintenance, 1571

4.6 Proposed Control Program for Al-Hesbah Street Lighting

Table 4.1 shows a proposed control program Lo achieve energy saving in a
clear and reasonable way.

Table 4.1: Timing Schedule of Diming Modes

Lighting mode




OFF

Figure 4.13: Diming Modes
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Chapter Five

Prototype Design and Scaling

5.1 Introduction

In the preceding chapters, the complele construction and principle of cperation for
each part of GSM Contrel System of an Open Area Lighting by Using Solar Energy were
discuszed: thiz will help to achieve the main goal of this project that is to construct a
prototype model after scaling for Al-Hesbah Street.

Thiz chapter talks about the complete design of our prototype moedel The
designing has passed through several stages such as: selecting the practical components of
the averall block diagram, purchasing these componems. designing an external {rame,
mounting the photovaltaic solar panel fixing and connecting it to the charge controlier.
imerfacing GSM with PIC microcontroller, fixing the LED lighting fixmres, studving the
sealing specitications of the required components and testing.

5.2 Project Conceptual Design

Three main fields were discussed in our project, solar energy utlization, wircless
cantrol system by (GSM and using LEDs lamps as a modern way in energy saving.
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5.2.1 Block Diagram of the System

The following figure shows the overall block diagram ol the street lighting system
with its entire requirements.

|
-
i
i
_d

Figure 3.1; Block Diagram of the System
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5.3 The Schematic Sketch of the Streat

As discussed in chapter three, the following schematic shows the final and most
appropriate distribution of the hght unils i Al-Hesbah Streel.

Department of
Flectricry
|
Al Hesbah |

‘:"
.
g o

g

2y mn

poooooa@

\

(1oooooo)

ooo00000DD)

Figure 5.2: Schematic Distribution of Light Units in Al-Hesbah Street
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Fach Hghting unit 15 composed from two fixtures erected at the middle of the stroet
(Twin Central}.
Where;

H: is the height of the post (hanging colwmn) is 11m.

W is the elfeetive width ol the street is 1lm,

The melination of the Gxure is 10 deprees.

The exdsting spacing between two colummns is 40 melers,

High pressure sodium and metal halide Gxtures are used.
o HPS: 250W (Gfty umils).
o MH: 2500W (eight units),

The total mumber of fixtures is fifty sight on the street along one kilometer,

5.2.1 Al-Hesbah Street Google Earth Schematic

W

L2

3 4%

v, ¢

ty i

-

Figure 5.3;: Al-Hesbah Street Google Earth Schematic

1




Chapler 5 Protoryne Design and Scaling

5.4 Practical Design and Scaling

5.4.1 Practical Components hefore Scaling

- O

L]

——— 1 Power Switch

Figure 5.4; Practical Components before Scaling
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5.4.2 Practical Prototype after Scaling

Figure 5.5 Practical Prototype after Scaling

Figure 5.6: Overhead Scction of the Prototype
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Power Switch Consists of:

1- GSM: glohal system for mobile communications,
2- Photocell sensor.

5.5 The Scaling Specifications

Scaling one sixth of the system (1:4)

. load power (LED lamp) 15 W, 12 Vol

2. Power of the solar panel 55 Wi, 12 Vol

3, Charge controller 12 Voli, 5A.

4, Battery capacity 12 volt, 40Ah.

5. Assume that the height of the Post (column) is 2m, number of posts after scaling is
five, and the span between two posts is 40 cm along 180 cm of overall prototype.

Battery eapacity is [60 Ah —» a1 24V,
Battery capacily 1s 320 Ah — at 12V,

on W
Road = _ﬁ =18W.

320
Battary Capacity = = = A0 W = Select 40 Ah.

240
The Power of PV = = = 40 W — Select 55 W.
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5.5.1The Sketch of the Prototype

Fipure 5.7 shows the final schemartic of the lighting system with the calealaice
dimensions acearding 1o the miemational speeifications.

[‘ 10 cm
-l
il W

180
< = >

Figure 5.7: The Sketch of the Prowtype and its Dimensions

3.6 All Compoenents and Connections

5.6.1 Photovoltaic

Tigure 5.8: SIMENS Mono Crvstalline Silicon Photovoltaie
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We selected & SIMENS mono erystalline silicon photovoliaie panel of type 8MSS
(M55), S5W, 12V which is fixed on the tap of the central lighting past,

As the PV is fixed and there is no tracking systzm we chosea rilt angle of the solar
pangl cyuals the Iatiude angle of Hebron which s (31.533). In order 1o enahle the solar
panel to collect enough insolation among the year,

The two terminals of the PV are commecied to the comresponding terminals in the
54 charge controller.

The following table shows photovaltaic parameters which was used in the
desigming the module.

Table 3.1: Photoveltaic Parameters

‘Electricud Purameters

Mairmum Power Rating o [Wel 55
Rated Curnent bygpp [A] 3.15
Rated Vﬂllﬂgﬂ "n'rgé'_ujl [V] 174
Short Circuit Currenl Ise 1A] 345
Open Circwit Voltage Vo v 21.7

NOCT [C] 45+2
Temp. Cocflivient; Shorl Cireuil Current 1.2 mA/C
Temp. Coefficient; Open Circuit Voltace -0.077 ViC
lemperature Cycling range C] =40} to =83
Humnidity Frecze, Damp Heat [%wPH] ES
_ Maximum Permitted Sysiem Vollage [V] GOU {1000V per ISPRA)
“Wind Loading PSF [N 50[24000]
Maximumn Distortion il 1.2
Hailstone lmpact [1rimi] 25
MPH [m's] V=23

Weight [Kg| 5.5
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5.6.2 Charge Controller

We selected a Teea charpge controller, 12V, 5A with three valtage indication
valtage lamps (Green 12 8V, Yellow 123V, Red 11.8V), (as discussed in chapter three).

Charge controller has two terminals for 'V connection, two terminals for batlery
commeetion amd two tenminals Tor load connection. The rating of the safety fuse is SA. as
shown in the fipure (5.49),

Figure 5.9: Teca Charge Controller

5.6.3 Battery

We selected a rechargeable valve regulated (SEALED) batlery REMCO,

Figure 5.10: REMCO SEALED Battery
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Deailed Bauery Deseriplion:
1. Sevaled Lead Acid Batery maimtenance free operation.

Iligh quality and high reliability.

=

3. Low Self discharge charscleristic.

The following table shows the specifications of the selected battery
Table 53.2; Sealed Lead Acid Batery

Standard Terminal Type E
Dimensions | Length Width ITeight
185cm  155cm 17.2cm

Approx. Weaight (=5%) 14.33Kg

Internal Resistance Full charged at 25: Approx. TmOhms
Self-Discharge 6 Months@:25°C

Charge Voltage (25) Cvele use Cvcle use

144-147V | 13.5-13.8V

Voltage Regulation 3.50-3.80V

Tnitial Current 12.0 A Max |
Constant Voluage Charge |

A thin metal box was designed for this battary with dimensions (40%17%25) em
{L*W*H), which is suitable for holding the batterv and protectng ot [om oul
circumstances. Asshown in the fipopre (5:11)

Figure 5,11: Battery box
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5.6.4 GSM and PIC Microcontroller

Charge C nm_: ull;.

Figure 5.12: Physical Internal Connections of GSM Controller.
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12V DC output of the charge controller is fed to the voltage regulator (LM317)
As shown in the figure (5.13).

LiM317
Vin Vin  Vout|
ADJ
Cq R1
s Pinout:
0.1ufF T";_. CE hdcinst
1uf Oa¥out
I tvin
Rz |1
A0
= 3
=
Figure 5.13: TM317 Vohage Regulator
Vpue =125+ (1+5) (5.1)

Output Voltupe [Volts]

The cntput wvollage of the voltage repulator is 4V which feeds the GSM
94VOE99006 TYPEZB and the PIC 18LF2550 viz pin20 (Von, Vee positive supply for
logic and VO pins), Alsc pin 19 (Vss Ground reference for logic and PO pins) is
comneeted 1o the negative line of the supply.

BO
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Figure 5. 14: GSM Component and Its Connections

The command of the system is accomplished remotely by the text messages which
are senl from a mobile phone, The serial number of our JAWWAL SIM is (0592850096),
(SM receives the messapes through the Anienna and the SIM card. These messages are
transferred to the PIC, GSM and the PIC are interfaced through ping 17, 18, 28, (17:
transmit output TX), (18: Receive inpul RX) and pin 28(compalible input BB 7).

Also the impact of the night darkness on the system is inclnded via the Light
Dependent Resistor LDR which is connected to the analog input of the PIC via pin 3
(AN} and pin 8 (ground).

The PIC controls the brighmess level of the street lighting fixtures. (100%, 80%%,
50% and olT operation maodes) by pulse width modulation PWM control, As shawn in the
figure (5.12).

Pin 13 ( PWM output) s connected o the base of the NPN power transistor Q2
(I'lP41C) through the resistor RT (1K ¢hm), [he negative terntinals of the LED liphting
fixtures are connected to the colleetlor of the tansistor, meanwhile the positive terminals
ol the fixtures are conmected to the positive line of the 12 v supply voltage,

Aceording w the train of the positive pulses between (he base and the emitter, the
current will flow o the lighting fixmres through the collector of the power transistor,

When the voltage of the pulses is zern, the voltage on the collector will he high and
the voltage on the fixtures will be zero (off mode)
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When there is @ pulse from PWM between the base and emitter the voltage on the
callector will be low (0.2V), the transistor is saturated and the rest of the voltage (12-0.2 -
1.8V will be on the lighting [ixtures

Controlling the duration of the pulses will affect the average voltage which is
applicd 10 the load (LED lighting fixturus).

Woltage 1
100%%
*
T iy
200 ——l I I ——l
: >
Tiirye
-
Tinrie
OfT 8
Ti

Figures.15: Pulse Width Modulaton Sigaals

Table {5.3) shows all af the commands that programed in our proposed contral
sysisin.

Table 5.3; Program Commands

Activited Pliotogell
Al Antomatic Ssquence Modes
Al Photocell is Deactivated
BU Lamps ars Off
Rl 50% Dimming
B2 80% Dimming
B3 100% Dimuning
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Table 5.4: Tmung Schedule of Diming after Scaling For Automatic Sequence
Modes (A1).

Lighting - etonl Time Trotolype

musde e Timcialier
strestihonrg) - sealing{second)

Sunset o | 22:00 100% 4 40

22:00 e | 24:00 £0% 2 20

24:00 1o | Sunrise S50% [ (30

Sunrise to | Sunset off 12 Depend on our
1est

We Assumed that the time duration between the sunrise and sunset is 12 hours
(from 6:00 AM to 6:00PM). while we can vary this time values by varying the program
code that satisfies the exact tme of the days ol 8 year

5.6.5 Program Code

We satisfied our proposed conirol system by Microchip MPLAB. Program code
details are shown in appendix D).

5,66 GSM Casing

Figures. 1 6: (GSM Casing

We fixed the GSM controller inside a plastic casing and the terminals of LDR
photocell are comnected with two thin wires from the casing 1o vutside to sense the light
existence as shown in the figure(3.16).
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5.7 LEDs Lamps

Five [.FDNs lamps were erected on a small (1'2 inch) galvanized metal wbes with
inclined angle, and then they were mounted on the posts,

The wtal power of these lamps iz 15W, 3W each one.

Table 5.5 shows the desired LED specifications which are used in the model.
Tahle'5.5: LED Specifications

LD Apeckfications

Inpul vliage 12V
Tiny indicator lamps on armay 42 LEDs (7%6)
Length!width 13.5 omy'15.5em

Weighl 130g

Figure 5.17: LEDs Lamps
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5.8 External Frame

=il
;.i-\.

Figure 5.18; Galvamecd Metal Posts and Tubes

We constructed five galvamzed metal posts, then we fixed them 1o the base, as
shiwn in the figure (5,18}, the height of the post 15 2 m, the span between every two posis
ig 40 emeand the wtal length of the base is 180 cm.

The GSM wireless controller and (he charge controller were fixed on a metal panel
that mounted inside a (30*40%20 cm) (L"W*H) metal clectrical switch hoard with
handgrip for apening and closing its door. As shown in the figures (5.19). (5.20).

a . e '
Figure 5_19: GSM and Charye Controller Alter Fixed Both on the Panel

=

a5
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A voltmeter (0 - 30V) wath an (On/Off) switch are flush mounted on the door of
the pancl 1o measure the battery vollage.

An independent LED lamp and its Topgle switch also are mounted on the panel Lo
light the surrounding when it 15 necessary. As shown i the figure (5.20).

Figure 5.20: Electrical Switch Board

5.9 Practical Components

Table 5.6 indicates all the components that we used to build out Prototype
completsly.

Lable 5.6: Overall Prototype Components

" Charge Controfler SA
12 Voh

Eechargeable Valve Repulated Sealed Battery
{REMC0Y)
12V, 40Ah

GSM Controller
94VOES9006 TYPE2D

LED Lamps
13 WLV

Electrical Switch Panel

External Frame (Metal Base, Galvanized Metal Posts and "lubes, Battery Box)

LDR Photoeell, Wires, Avcessorics
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Chapter Six
Conclusion and Recommendations
6.1 Conclusion

The prices of the conventional cnergy such as coal, oil and gas are permanently
increasing, The envirenmental pollution level when they are used in generating electicity
1s very high,

Utilizing generated electricity from solar cnerpy is a promising alternative, as it is
renewable, ceo-Irendly and there 15 a permanent reduction in the cost of its components.
It cam be applied efficientlyv in street lighting.

Selecting the lamps of street lighting does nol depend only on their electrical
poswer, it must melude their efficiency, Ilumination efficacy, luminance, correlated celor
ternperature and color rendering index.

The project study of Al-Heshah Street which is about one kilometer long showed
that the anmua! cost due (o electrical lighting energy consumption is abeut $8600 which is
very high amomnr.

Installing photovoltaic system for Al-Hesbah Street instead of the current existed
ome 1s eeonsmieally suceessful: the payvback time of the project is about six vears,

6.2 Challenges

While designing the system, there are many challenges were faced. such as:

|- The project components €re expensive,

2- As the system: containing programmable deviee, it wasn’t an easy issue to
wrile a complete program for the system to get the optimal results that we
reached at the end.

2. [ wasn't casy to get all the information ahout some statistics from the

municipality.
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6.3 Recommendations

After the great efforts during the last year i constructing the model complerely
and working perfeetly, and beeause of its high importance for the municipality, we highly
recommend the tollowing:

l. Increasing the utilization of electrical enerpy gencrated from photovoltaic systems
in Palestine,

!ﬂ

Encouraging Palestinian people and thenr municipalities to build on-grid
photoveltaic systein between them which enables the participants to sell their
excess needs of electrical energy v the municipality. On grid system saves the
cost of the storage batleries which roduces the averall cost of huilding the solar
systems by the people.

3, Manufacturing phelovollaic modules (solar panels) in Palestine.

4. Installing off grid photovolizic systems fur street lighting and remote arcas.

5. Replacing the existed discharge lamps used in street lighting fixtures with light
emitting dinde (L.ED) lamps.

n

. Adopting GSM Wireless eontrolling of the sweet lighting by utilizing the Internet
and the local cellular eommunication nets which enables the municipalities to
operate and moniior the lighting Gxtures in an efficient and economical way.
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Appendix A (PIC Microcontrolier)
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PIC18F2455/2550/4455/4550

TABLE 1.2 PIC18F245572550 PINOUT VO DESCRIPTIONS

Pin
Number | pio | gytier |
Pin Name o Tyoe| Type Description
$0IC
=— e . —————
MCLRVe#RAES 1 Master Claar {input) or programming valtage finput}
WELR | | ST | Master Ciear [Rasat) input This pin is 80 Active-iow
Flesat 1 the device
\ee P Programming voltage npu!
RE3 | | ST | Dygtalinput
C8CHOXI 9 Oscilter erpstal & axamal tioek inoul
0sC1 | | Anglog | Osoillator crystal input or extamal ciock sounte inout
CLK! | | Angiog | Extemnal tiock sourcs input Aludys 2ssociaied with on
funttitr OSC1 (See OSC2CLKO it )
QSC2CLKQRAS 10 Ostiliater coysta o ciock sutput
0sC2 0 | = | Oscllater crystal outout Cannacs i crysial or resanghor in
Crystas Oscilieror mode
CLXO 8| = In salect modes OSC2 pin outputs CLKO which hag 114 the
raquency ot 0SC1 and denofes (he instruchon cycle e
RUE 0| TIL | (Genessipurpose 1O pn
Legend: TTL = TTL campanbie nout CMOS = CUIOS compatible input or output
ST = Schmift Trgger inped wih CHOS levels | =irput
0 =0uput P = Power

Note 1 Asamaie sssgnment for COPZ when CCR2NX Configuration bt cleared
2 Defauk assgnment lor CCPZ when COP2AX Configuraon b i st




PIC18F2455/2550/4455/4550
]

TABLE 1-2:  PIC18F2455/2550 PINOUT VO DESCRIPTIONS (CONTINUED)

Pin
Esne poip, |Tyee| Type N
S0IC
PORTA s 2 hidractons] 1D aont
RAD AND 2
RAD o | TIL | Ogaivo
aho | |Anaiog | Ansiof mout O
R 1 AN 1
RA1 0| T Dogplal 1O
AN | |Anaiag |  Anioginou 1
RA2 AN Vo= CVrer 4
RA2 W0 | TTIL | Digiio
ANZ | | Anaing | Aaslogingut?
VRgs | |Ansiog | AD relemnce vorzos (ow) Mgat
Cvmez O | énalag | Ansiog comparaior refarence outoul
RAYANY VREre 5
A3 WO | TIL | Dgwio
AN | | Antlog | Ankiag input 3
WRZTs || Analog | AD wiarence vornge (hgh) mout
RALTOCKICIOUTRCY | &
FAd o | & Drgral 1O
TeCK! ] ) Timia 0 @l Sodk ot
cLouT G| = Comparsier 1 outpst
RCV | | TIL Estetmal UBE psarscener ALY mputl
RASANGES 7
HVDINCG20UT
RAZ 0| m Dgaal D
At || Anslog | Analog mput 4
14 | | TTL | SPisses sslest mou!
HLVDIN | | Angiog |  Hign/Low-Voitags Dateet input
C20uT 5] - Compiatar 2 sutput
¥ - - | = See the OSCITLNORAS pin
Legend: TTL = TTL compatiie mout CMOS = CMDS canmpatile mput o outoul
ST = Schmin Tagge: mput with CIMAOS kevels 1 * input
0 = Outpud P = Poamr

Mote 1: Asemate msignmant b CCP2 when COPRVK Cordguraton bl is Cesres
3 Defeut assignment lo: COP2 when CCP2VX Configuration b m st
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PIC18F2455/2550/4455/4550

TABLE 1-2:  PiC1BF2455/2550 PINQUT 1O DESCRIPTIONS (CONTINUED)

Pin Nsme

Pin
Humber

Bin

POIP,
8QiC

Type

Butte:r
Type

REXAMIZINTOFLTY
SDIBDA

3

ANTZ

INTD

FLTO

S0

2o
RELANIDANT USEH
SCL

=i=4}

ANID

INT1

5CK

SoL
REZANEINTZANMD

Rz

ANE
INT2
VG
RENAS COPENPD
HB3

ANG
cop't
YPO
AL AN MBI
=R
ANTY
oz D]
AZEWE PGV
2551
W
PaW

ROSHDEPGC
RB&

HBI2
RGO
RENKBAPED

an

3 914 =33 ;5; |a§3 |a§; ﬁﬂﬂgﬂ ﬂﬂaqgs

TIL
8T

Digam 1O
Analog nput 10
Exmeeniyl e mupe 1
- SO CIO0k INDun ouipat for 5P moge
Syrcheorsus sere Sock st be SO mode

Dogrm U3

Argles rpul B

Extierul iterrupt 2
Earmens’ UBS tremmemrer VD outpul

Digia? 113

Anglog wpul 9

Capiurs 2 rpul Comps 2 oulpal PWh 2 it
Eatena| USE tranptere: VP output

Digea: VO
Anslog nput 11
Intarust-gn shange om

Degiad 40

InEsrTusl-0n Changs o

Law-VoRage ICEP™ Programming erabie pen

Digte 1O

mterTupt-or-changt om

In-Coeiit Detignar srd ICEP peagrimmming Soch s
Thgrtat 1O

It tupt-an-cRaRge fin
m-Cocust Bebugge: ang FLSP programming i o

Legand: TTL =TT compane mpul

ST = Seamie Triggar input with CAOS ivveis |
o =0uan

CMOS = CWOS tompaibis wowl o Sultul
= inpint
B = Powt

Hote 1 Asemdio easgrmant for COP? ahan COPIMX Configurnton bé s denres
2 Deisyll assighment doe COPY whan COPIAY Cantiquration 5 o ket

L)




PIC18F2455/2550/4455/4550

TABLE 1-3:  PFIC1BF2456/2550 PINDUT /O DESCRIPTIONS (CONTINUED)
Bin
Number | pin | Buffer
poip, | Tvoe | Type
S0IC

Fin Nema Desriphon




Appendix B (LM317 Regulator)
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Appendix C (NPN, TIP41C Transistor)
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(NFN) TIP41, TIP41A, TIP41B, TIP41C (PNP) TIP4Z, TIP42A, TIP42B, TIP42C
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Appendix D (Program Code)

{————PIC18F2550-—-—
char SMS[ 1607 {0xFT};
char SMSI=0,SMSIX0:
char gsm_state = ();

char response revd =1}
unsigned int sun—(;

char sun_auto=1,

short response =-1;

const Crshd Ok =1;
const (8M_ NEW SMS=2:

const (G8M_SMB-=3:

void send aticanst char *s)
{while(®s)quart] write{*s++);;

UART] Write{Dx0D);

void deletsmsariy()

{char 1=0.for(1=0:1<160:1 ) {SMS[i]=UxFF.} |

{f=== S TESCCT T SISO T T SSSTSSSSSSSssSsSSSsSSSS==s
void DELET SMS()
{
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delav ms(300);

UARTI_Write text("AT-CMGDA="DEIL
ALLY"jdelay ms{ IN0LTTART] Write{0=z0D):

delay ms( 100);

_"lI."= ———————————————————— ==sro—cESEREREESs=ss=c=o==

void NEW SMS()

UART! Write text("AT+CMOGR=1"ELARTT Write{Jx012);

}

H===== i i

veid READ SMS()

delay ms(500);

DELET SMES(}):

delay. ms(300);

il (SMS[01—A'&&SMSE[1}—0") {sun_aute=0;}

else if (SMS[0]—"A'&&SMS[ 1 ]—"1"} {sun_auto=1:}

else ifi SMS[0]—B'&&SMS[1]—"0"){ sun_auto=0:PWM1_Set Dutw(0):)
else i SMS[0]—B'&&SMS[1]—"1") [sun_auto=0:PWM1_Set Duty(50);}
else ifi SMS[0]—R'E&SMS[1 72" sun aate=0:PWM1 Set Dury(100);
else IRSMS[0]—B'&&SMS| 1 [—23) sum aulo=0;PWMM1_ Sct Duiy(253);}
clae il{SMS|0=='B")

i

sun_auto=0;
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PWMI_Ser_Duty(255):
delay_ms{5000):
PWMI_Set Duty(100):
delay ms{5000);
PWM1 Set Duty(50);
delay ms(3000);
PWMI_Sct_Duty(0):

)

delay_ms{500);

ehari=t; |
Fori=0ii<105i++)
{ |
send at"Al");

delay_ms(1000);

il (response revd—1&&response==

|

DELAY_MS(1000);

response_revd=0;
send at("ATEO"):
delay ms(500); li




send_at{"AT+HCMGF=1");
delay ms(6000);
gend ﬂ-“ "ATHOMGDA=""DEL AL "...n'r}:

delay ms(2000);

L]
!

llf O e BN e e e e ——— e

vioid poweron()
RB7 Bir=l;
DELAY MS(2300);
RB7_Bi=0;

DELAY  MS(2000);
setup AT,

1
]

rl -4t = ———— - = B b e ok o

vond setupl)

I
1

PIEL.RCIE =1,

INTCON PEIE = 1:

INTCON.GIE = I:

HADCON1 = 15;  Configure all ports with analog function as digital
CMCON = 7; i Disable comparators

LATA =105

LATB =

EATC =

1n0g







case 20: {if{tmp=="M")gam _state=30;elze gam_state=0;hreak;|

case 30: {ifftmp=="T")gam _state=31| else if{tmp=—='G')zsm_state—3{;else
gsm stare={);break;}

case 31; {if{tp==T){response—=GSM NEW SMS;response revd = 1;gsm . state={); ) ulse
paimi state=Ubreak: |

case 40: |if{tmp=="R')gsm stale=4L;else {gsm slate=0; break;)

case 41: {if{tmp=—=0x0D)gsm state—42 else gam stale—41:breuk; |

case 42 |d{tmp—0x0Ajgsm statc—43.clse {gsm state=0; tbreak;)

case 43: | tmp!-0x0D&E&ESMST<30] {SMB[SMST]=tmp;SMSI+ |}

else {gsm stale=l SMSI=0:response=GSM_SMS response_rovd = 1:} break;}
delaull; {gsm state = O;break:} |

i

Jfm========zsc==zsssscssssssscssemscssssssssamsmeos

vuid main()

I
|

OSCCON—0x72;
setup();
poweron );
delay ms{2000};
while(1)

|
sug = ADC Read(1);
illsun=850&&sun auto=1)
:

PWM!_ Set Duty{255);

delay ms(20000);
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PWM1_Set Duty(100);
delay ms(20000);
PWMI Set Duty(50);
delay ms(60000];
PWMI1 Set Dutw0);

H

if (response_rcvd)

f

response rovi=il;

ifiresponse=—GSM_NEW SMS){delay_ms(500):NEW SMS(); |

else ifiresponse==GEM SMS){delay ms(SU0LREAD SMS()}
}
]
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