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Abstract

The Palestinian Territories depend on lsrsel for 100% of its [ossil fucl and
far 873% of ils electricity, Total euergy consumprion in the Palestinian Tar-
rilorics is thi lowest in (e rogion and costs wore than anyvwhere vlse in the
world. The mein renevenble ensrgy Souress in the Palestinian Tertitories aTe
solar, wind and biomass . Using the available renewahblo CNerEy SUUrces in
the DMalestinian 'lerritories may sipuilicantly decrease the ppersy selianes on
neighboring conntries sl iuprove the Palestinian populations acsese (g en
ergy. It is cstimated Lhat solar sources kave the potential +6 accouns lor 13%
of clectricily demand and wind epergy for .6%. The conversisn of auimal
wasle o biogas has che notential to meet thie nesds of 209 of Lhe raral
population.

Using hybrid renewsble energy systems for vural slectrification hay becorn
an attractive solubion for thase areas. The purpose of this paper 1= design
Hybrid systom combines several enorgy svstems logether, therefore il oan
supply high relizble electricity rather than o PV hartery svstew or a wind/-
battery system . Rut the most important thing is thal the COMPOnNenLs i
the bybrid system should be aptimally sized .

The optium combination of dillerenl epcrgy systems is { biv-pv system) par-
ticularly in Palestine which can snpply electricity to a ruzal ety

Biogas system consists Anacrobic digestion units called digesier |, which the
biogas naturally produced by the fermantation of arganic wasto (dnrg) into
anserchie digesters, coulding between 40 and 60% of methane, which sivies
it el character and its valorization allows energy conservation while -
tecting the environmenl by radneing the gresnhouse gases emission.  Lhe
photoveltaic gewerator (PV) and also methane generntor will produce during
the day conough eleciric power cover the requirements of the diffevent loads
n the farm while the exeess power will injection to grid . The olher case
methiaoe and solar generator are uol wble to cover the requirements of the dif-
Leremt londs in the farm so Lhe grid will provids the lead mergy requirements
and the differenee betweoon production and consmption energy is called nes
metering technelogy Ly unidireerional metering,
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Chapter 1

Introduction

1.1 Problem statement

Chur project has raken "Arronb lechnical volless’ vaze study. 1t suffer [rom
shortage energy, cantinuous load interruption and have hnge amannt of ani-
mal dung.that will be very useful for our project we will help it to disposal
from Cow and other nnimal dung with elfective and specinl way that will give
ecapomic bepelits wilh envitonmens sense. On other hand i conzidered a
big consmmer of cnerey (heavy machine and eogine pump Bebting and e lob
of load ) For thal Dy brid repewable eneroy system (Biogas with solar energy)
wonld be designed especially for furm and roral arce. Where existing o real
ihie pffective and sconomie ensrry sysiem with snvirnnmeant sanss will he
not easy|1].

The main componenis of photovaltaas-Biogas svstom with control syetem He-
vt them and main grid. Such & system includes a soucee of powsr(PY), 2
methane seneralarin addilion main zrid. The svstem provides electrieal en-
ergy contimuoisly without mberruplion

Photovoltaie power generation; which comverss snnlight into cleotrieity, and
has manv acvantages, including the inechaustiBble its ree and environmend
fendly ond thers is no moving parts[2.

Biogas system consists Anserobie digestion units called digester, which the

teogas natitally produeed by the fermentation of organic waste(dung) inlo

paerobie dipesters, conlaius between 40 and 60%% of methane(3, which gives
it fel character and its valorization allows energy conservation while pro-
tecting the environment by reducing the greenhonse gases smission.

The photovoltaic generater (V) and also meshane generator will produce
ring the day enough electric power cover the regnivements ot the difforont




bads in the farm while the ¢ exeess power Will injection to grid. The other

ik

methane and solar generator are not ahle fo cover the roquirements of

the different loads in the farm so the grid will provide 1he Toard energy 1o-
puirements and Jhe diflersnce between prodnction and consuraption energy
&= called ner metering technology by unidirectional metering,

1.2

1.3

- L
Objectives
sropused project is assumed to achicvs she following objeclives:
using hybeid renewnble sonrees biogas and =olar energy

the systern will vse hiogas from Cow aad oiher animal dung to produce
enerzy that will give environment sensc.

Agricultural bioges fermentasion not anly produce energy bul alse Lreat
agricultnral wastes ( facces of poultry and lvestock and sirew ), which
mcreasingly was paid attentsion by stare and soviety ]

The systewn should be able ro produce enough and realable energy for
all Inads in the farm.

The syetem should have the ability to commeet em the main grid and
sxchange bhevween tow svstom to sani=fy high reliable

Ability Lo sell exceed energy to main zrid so than will give a s
penmoric henofits for the Lo,

The system will e consrolled by SCADA system that mean more reb-
sbie wcounomic effective systom

Motivations

Encrmy system with enviromment sense that mean instead of pollution
Lv arganic substances like cow dung we disposal [rom it and prodnes
energy.

Bsolared Micro-Grides With Renewable Hyhnd Generifion s renew-
able enersy souress is the only solution (o meet their future encrgy
needs,desipn, and development of o standalone micro-grid supplied 1y
a hybrid hicgas-solar generating source. The goal of the projoot was to
srovide o reliable. continuonsanstainable, and good-cuality electricity
servico to users, a8 pravided in bigger consumer|l].

2




o Attrictive solution by Using off grid hvbrid rencvmble energy systems
fur naral electrthcation hos become an allractive solution for those ar-
oas, where grid electricity 15 noft feasible or cost of the grid extersion
15 relstively large,

e More raliable Hybrid svatem with eombines severzsl cnergy systoms to-
gelhier, thercfors it can supply high relisble eleciricity mather Lhoan o
PV /bartery system or a wind /hattery system.

« More ceonomically systemn lor exmnple Ooe cow can produce enough
dung inena dey to penerate 3 KW.h of electriciry, while we naed 2.4
EW.h of electricily just Lo puo 100 W Lulb strongly [or cne day.

s Using Henewable enerzy as big businesses so the farm ean invasting in
a clean snergy by sells exeeed energy [ram vhe systemn o bradivional
grid .Howevar |, investments grow incrersingly appeniing to hig hnosi-
tesses sueh a5 Microsofl,

1.4 Project plan

W ETATH]=

] B L e R B e i ] BB

The M setisier ns

Figure 1.1: Project plan.
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Description and Modeling
of Photovoltaic -Anaerobic
digestion system

2.1 Description and Modeling of Photo-
voltaic syvstem

2.2 Description and Modeling of Anaer-
obic digestion system




Chapter 2

Description and Modeling of
Photovoltaic- Anaerobic
digestion system

Fhis chapter provides an overview of the main comvonents and modeling
photovoltaic: Biogas system and also concrol system between them and also
=ain grid Such a system includes a souree of power [PV, a methane genara-
e acddivion main grid The svsuem provides eleclrical energy continuously
without interruption.
tovoltaie power generation. which convarts sunlizhe inte electricity. Bio
s avstem consists Anscrobie dizestion units called digester, which the biogas
saturally produced by the [ermentation of organic waste (dung) inlo anaer

digraters, conteing between 40 and 607% of methane gas jwhich ueed as
! for electric generalion.
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Figure 2.1: Svstern Block Disgram,

2.1 Description and Modeling of Photovoltaic
system

2.1.1 Photovoltaic Power Generation

Photovoltaie cells convern salar radiazien direetly into electrieal cnergy,
== known as solar eell. The photovoliaie word refers to 'phiole’ meauine
st and vollaic’ reler to generabe cleclrical.
8= ooll is made up of semiconductor material such as silicon. LU is composed
s P-tyvpe semiconductor and ao N-type sewiconductor.
solar radiation emitting the photovaltaic cell produces twa types of electrons,
wesatively and positively charged electrons, in the semiconductors.

Lhe eleotric current flows through an external eirenit hetween the twa elec-
es. Photovoliaie cells are connescted electrically in series and /ar parallel
=owits 1o produce higher voltages. currents and power levals,

voltaie motules consist of PV eell cicvuits, A phetovoltaie array is the
mplete power-gensrasing unit. cangisting of a nmumber of PV modules A
mltale cell, PV madule and array are shown in figure2 2.




Cell

Rtoghule

Figure 2.2: Photoveltaie cell. PV module aud PV array.

2.1.2 Characteristics of a Photovaeltaic Module

Dhe performance of o pholovollaic module cepends on mamafacturing tech-

ay and operating conditions {solar radiation and temperpiurer. The
srve of current —voltage (BV) which determines the hehavior of a phote-
taic rell is representad in figure2:d

Ex P,
3 S
g = ' =
W krrrrsanrrrrrrrarrrrrrr e st r et b b s st mn R
I =
B Mhreraes (vt Pert |
L [ I |
]
' |
! Pall
: X
___L ¥ |
s WOLTAGE i1} Vor Vor

Fizure 2.3: The -V and P-V characteristies of typical PY medule [5].

main elecirical perameters thas deseribe the perlonnaues of & photo-
= eall are:

Short circuit current (Tse).

-

The valne of (Isc) can be oblained by conuecting the terminals of a
madnle via an-ammeter and measuring the currenc. The value of Isc
changes in function of solar radiation and very little of temperature |

~ DOpen circuit voltage (Voc).

1t's the woltage of a PV modnle measured at iz erminals & no losd,




). Maximum power point (Mpp).

The maxinnrm power point of 8 photovnltaic 35 a anigue point on the
(V) or (P-V) characteristics and the power supplied in this poiot =
maximum, where measured in Warts (W).its value can be calenlared
by the produet Vmax and lmas,

Fill Factor (FF).

| The ratio of output power at maxioiwm power point to the powsr com-
puted by imultiplying Ise by Voc, as ilustraled in igure2.4.

The FF 1z ahitained] according the [ollowing equation:

g = bl 3 T g L N R S B

It is an imporlant performance indicator.

M e Front
I
[maf-—
E Areli = frep e Venip {frea = [ng u Wine
-
w

Voltage Yo o

Figure 2.4 The IV curve of 2 'V module tor defining the I'l'.

Dypically; erystalline silicon photeraltaie 1700 modale is batween (167 and 0074
the -V curves of Lwo individusl PV modules have the same values of Ise
== Voo, the array with the higher All fazlor (zguaser 1V curve) will produce
o power. Alsa, any impaimment that reduces the Hll fartorwill rediten the

al power €],

| B*]

1.3 Maximum Power Point

mnprove the eiciency of PV systems, variows been perlunued, Bul, ag
2 enorey 3= diffuse (less than | KW/ /m2). and photavoltaic oell cfficiency
s theoretically hmited to 44%,, efforts pead Lo be strengthensd on Lhe enerey
semefer This inclndes the design of the phatovoltaic svssem and the energy
sasasement by seeking the Maximum Power Point (MPP). Large amount of
selications can be 16 found an MPIPT, and in is not eass to apprehend their

S Serences and Lo eslimale their performances [6].

!




L5 position of maximam power paint iz not known to determine this poind
wedd palenlation models Or by wsing a logarithims techiniques, where vary
= ferms ol complexaby ind simplicity, implercentation, accuracy and the

=t Table (2.1) i3 shown the famous vechinigues nsed and sunplicily ic inplementation]7].

Namber | Morhods of MPFPT | enst (compao- | Pereontage  of
lechuigues neut, sensor, | malching  wilk
microcontoller| theoretical value
(1007%)
| | Conatant Voltaze (cv) | Low 795
2 Short-cienit pulse (ge) | Medinm T
| 3 Open Vollage [ov) Mear (0 meduim | 94,6
4 perturh and  observe | Near wo meduim | 959
(I ard Oa) _
3 perturh and observe | Newr to meduim | 99,3
(p and o h)
i perturbh  and ohssrva | Meadinm 7T
(pand o)
T Ineromental  eondue | Tligh BRE.T
tance (1C a)
9 Tneremental  conduc- | Near to high an.5
panca(1C BY
10 Temperasure meiliods | Hish BO-47
Table 2.1: 'lechnicues nf maxminm powsr point tracking.
= 1.4 Moadeling of Photoveltaic cell

"o oquivalent elecirical cirevit of one-diode model consists of a roal diede
2 perallel with & eonrrent sooree. The current souree produces: Lhe currenl
ot and thecurrent Id Jows throueh diode: The eurrent Towhieh flows to the
me = the difference betwemn Iph and Id and il s reduced by Lbe resistances
s a1 Rp|Rl.

v remislances, Hs oand RBp, are iocluded 1o model bhe contact resisiances

et e mtermnl PV ocell resistancs respectively,

W ovnlues of these two resislances can be obtained o measurepents or
ming curve firting methods based on the IV characteristic of PV[9).

= equiivalent electrival circuil for a BY cell o module is Qustrated in




Figure 2.5: Equivalent circuit of PV,

L5 current souree (Iph) depended on the solar radiation and the ambient
semserature The (1-V) characterislios of photovoltaie eall can be delenuined
e Bllowing squations[10]. The teminal curenl of the model (IL) i given

%
L e e T e 1] T (2.1)
W e

Lo photocurren, {rom pholovollaic cell |A).
o = the current passing through none linear diode: [Al,

5 current through shunt resistance [A

e photocurrent I, i3 a function of solar ¢ radiation and temperature, it is
ERermiinedd from pquation [3.8):

= Lk (T =T G e vnns e W e i

o = the short-cireuit of the cell at standard test condirion [STC: G, =1000W /m
ot T, =298 15K) [A].

& = the short-cireull current temperatire eo-cfficient of the ecll [A/ K.
= owet 1o are Lhe working Lemperalurss of the cell and relerence tempera-

e respectively.

s wl Goc oare the workiug solar radiation and nominal sclar radiation re-

smertively [W/m.

The dade saturation enrrent 1d of the cell varies with the cell comperature,
St = expressed o oequalion (2.3) ag,

SRR K S (2.3)

& o L

severse saturation current of the diode [A]




& = the cloctron charge 16021 x 10-19 T ]
B emtput voltage of the photovaltaic eell [V .

B series resicanes of .'_'ell[ﬂ

1"‘

= the ileality constant of diode depend on the PV technology [1.2-3.30.

& Selamann constant [1.38 10023 J/K]

Sae shant current Ip is given by equation {2.4);

e L O (2.4}

Waer= # 111 | i5 paralle] resistanee |

2 1.5 Aledeling of Photovoltaic module

L N module is the resalt of connecting several 'V cells in series in order
= Eesesse the oulpul voltage, The chiaracteristic nas the same shape exeap
B cemee in the magnitude of the open vireail voltage10], a= shown in
e 2.6

Lot (8

24V ool =l8V=2IEY
| VOLTARE (W) LEY

2 ¥ for mach oo !

e 28 The LV characteristics of a typical PV maodule consisting of 36
s sommectodd In serios.

e smteet voltase of o 'V madnle iz cabenlated by




.h :_‘. o]

&

% the number of PV cells eonnected in series in the module. Vi is the
sltaee of the diode of the eguivalent eireuit of the cell [v].

=16 Modeling of Photovoltaic array

—

= PV Arrays are composed of some combinalion of serics and purallel
modules. The modeling of PV arravs is the same -as madeling of
Vomodale from the PV oeells, Modules in series, the (1I-V) curves are
ssmaty added along the voltage axis. The total voltage 1= just the sum of the
meviual module voltages .

PV modules connected in parallel the total curcent is the sum of the
sements of the modules whereby the wital ouvput voltage is equal Lo the
Sase of one modunle, as shown In fgared. T

0 7

-t

. =0
the |

] ™
M

| 3 mrles
Imfadindy
1 maden
[
B v
§ 1 raduls
|
VOLTAGE

wuze 2.7 'I'he I-V characteristics of 3 PV wodules connected in paradlel.

Sowctcally the PV oaray will consisi of a combinazion of series and
sl mochiles denpending on the needed ouipul power of Ue system is

o

2=1.7T Inverter

Sewerter Stages and Functions:

% imverter's main fanetion is Lo converl vaciable vollage DC from (he

™ memels or batbery storage-to a specific AC veltnge and' frequency for use
W sppliances and feedback to the grid, The AC oulpil varies by region,

w== 8L-Hz |15 VACQ used in North America apd 50-Hz 230 VAC 1o much of

11
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Saeieations alsn have different phase requirements, 2o omie-, teno- and three-
Sl mverters are available. Figure 3 shows the essential DC/AT conversion

oomo ] L\'L.].':h:

D0 DO conversion raises ar lowers the incoming PV waltage, adjnstiing

t= output for preatest efficiency in the DO/ AC conversion stage
= 1he tapacitor provides further vwoltage haffering,

L The MOGFETS in vhe bridge ase a switching fregquency in the range of
20 kHz to create an AL voluage.

L 10e coils smooth the switched AC 1o a sinuscidal signal for use o
generating a grid-frequeney AC output [11].
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Fignre 2.8: Transformerless DO/AC conversion cirenit.

= 5 Important equation using in pv system design
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eesmmodule = F. ./ peakpower. . ... e e A T i ey e P (2.49)
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=2 description of Anaerobic digestion sys-
tem

2 21 Composition of the biogas

-
™

e Diogas collected s Bammable and this provides seversl oplicos or uti-
Stem Same commap uses include Aaring, heating (home, warer, ete) and
see=nal combustion (crcating *otational power). Tn many cascs, internal com-
e en engines are ablached o electrical generators which produce elecloicily
W om farm use or sale tooan eleetrie company. Ansorobie digestion is she
Seeradation of vrganiv melerials by niere organisms able o utilize woelecules
ger than movgen as hydragen accoptors.

W smplistically, the bacteris must be in az environment, withoul cxyeesn.
Sae srocess of aterabic digesticn on A molsenlar laval invelves many differ
s ieds of bacteria. '['he process in general however can be summed vp in

Fieer=2 9 [12].

anmerobic nErrooran st

Organic Matter CH, + €O+ H, + N, = 11,8

Fignre 2.9 Anacrobir Molecular Process.

S Seoens is about 70 methane (CI14) and 29% earbon dicsade [CO2) with
e Scant Lraces ol exyveen und sullwrated hydiogen [H28) which gives Lhe
ms & dstinet odor. | [(Althoungh it smells like rotben cges. this odor has the
bt ase of Leine able (o troce leaks sasily ).

e Sesie gas producing reaclion in the digester is:




Etes il waler = melthaue ;}lliﬁe carbon dicxade
e — 2H.{) = T4 — 02

S methane has a specthe oavity of (155 in relation to air. In other words,
® = s ball the weizht of air and so mises when released to the armo-
s Carbom dioxide is miore than twice the weight ofair. so (be resullank
timation of sases, or simply bio-gas, whon relensed to atmesphere, will
e slow by and dissipae 18],

S 22 General Compoesition of Bio-Gas Produced From Farm Wastes

| CH4 | methane 54-70%
| C02 | earbon dioxide 274505
N2 | nitrogen 0.5-3%
H2 | hydrogen 1-1%5
02 | carbon monexide .15
02 | exygen (.1%
| H28 | hydrogen sulide | lrace ]

s 22 General Coamposition of 1Ha-{ias Pradnced brom Farm Wastes,

222 DBiogas Digester

8 S digesier, also known s a methane digestor, i€ a picce of equip
S w mch can turn organic waste into uzable fuel o addition 1o providing
8 seeer of repewable luel, and thev belp to dispose of waste manerials which
s otherwise be disearded. The biogas digester relies on bacterial decom-
emom of biomass, waste maierial which is biclogical in origin, ranging [rom
Bstem serape to cow dung. The bacterts involved in the digestion process
S sany constraints for effective operation including temmperature, pH and
sty mosture, and substrate nutrientsi4 .

2221 Temperatnre of the digester

wuish thore are many factors that atfect the rase of biogas produoction
B sserobic digesters, one ol the most influential 12 operasing temperatire.
S he digesting hacteria to work at the greatest efficiency, & temperarurs

SEESTE (357C) is Lesl.
S production ean proceed in two ranges of temperature: 85-105°F (29
S and 120 140°F (48 60°C). Diflerent sets of arid-producing and methane

14




Seeteria thrive i each of these different ravges, Thoee active in the higher
smmse aze called heatloving or "thermaphilie” bacteria feare 2010,

S saw matcrials, like algae, require this higher range for digestion. But
Sheers are ol conunonly operated at this higher range becauss:

s matenials dipest well at the lower rangethe Thermophibe Daeteria are
W sensitive tooany changes n Lhe digester. the sludge they produce s of

el in femperate climates,
e Sacteria that produce melhane in the "normal range” B0-93°F (32- 35°C)

e s stnble and produce & high qualizy sludge.: It 1= net diffienlt fo main-
B & digester temperasture of 95°F (35°C)|15.

g 1

= HOMAAL THERMD-
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-é RANGE
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Figure 2.10: Digestion Time and Temperature.

e s mnass of manure will digest (wice as [ast at 95°F (35°C) than it
e S°F (15°C) (Fig2.10) and it produces oearly 1§ times more gas in
B e amount of cine!

SR L (See how the amiat of gas produced improves with temperatnre
R (273870, wliere production is optimum ).

W S 2110 can be seen how e different amount of gas s produced when
S et i kept at G0°F (15°C) than when it is kept at 95°F (35°C)[186].
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Figure 2.11: Gas production and temperature,

=22 Heating Digesters

o 18 most pfficiont operstion, especially in temperate tlimates, dizosters

S B snpplicd with an external supply of heat to keep them arannd 95°1°
ST there are several ways 10 do this.
wts which heat the ontside of digesters (e.g., compost piles, Tight bulbs,
L water ackets) could be more effectively used as insulation since much
W e heat dissipates to the snrronmdings. (Sinece digessers snould be con-
o warmed tather than sporadically heated, compost ™ blankets” are not
e practical unless vou coomdhingle a regular program of composling with
e | Similarly, green heonses built over digesters tend to overheat the
e curme Lhe day and cool il down sl night. The mest ellective wmethod
e digesters warm is to cirenlate heated waber tlrough pipes or coils
ol wathin the digester. Lhe water ean be heated by solar collectors or
st Boilers heated with mathane.

stend waler boilers are @ good idea sinee they allow the digestion pro
S0 el back on irself, thus imeressing elliviency. One praclical gas-heater
B e bave psed The tharmestat in the water boilor is set at 140°F (0°C7)
sShurry will eake on surfaces (.., Lhe waler coils) warmer than this,
ﬁﬂ;“!—'--' thermostal i3 set at the aptimum 03°F [35°C7). Until che di
Semine producing methane, propane can be used as a fuel source for
mmter Doiler [17].
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were 212 Comparizon of gas production rate an 60°T and 05°T | Measured
e tine new sludee added to buffered digester).

=223 PH and the Well-Buffered Digesler

T8 measnre the aeid or alkaline condition of a material, the symbol "pH"
-

B sl solution has pH = 75 anoackd solution has pH belew 75 and su
e solution has pH above 7. The plT has a profannd effect on hinlogicnl
sy, and the maintenance of a stable pH s essential to all lite, Most
e peocesses take place in the range of pll 3§ ta 8. The pll requirements

B8 Smester are moees stricy (pH 7.5-8.5, Figurel13).

THE WELL BUFFERZD 2M1GESTER

=3 u i l I BAS LT
l -—1- Sodium B carbana
Bear Ntoad
Soft drinks bATER
fimmgar Conr' s milk
Yiosach actd faliva Fimmnenla

Figure 2.13: The ph scale.

e b nilial acid phase of digestion, which may Inst abont two weeles,
B o =y drap to 6 or lower, while a great deal of CO2 is given ofl.




= Sollowed by about three monbhs of & slow decrease in acidity dur-
e volatle acids and niteogen compounds arve digested, and ammonia
- ds are formed [(this ammonia becomes important when we consider
Smitzer value of sludge). As digestion proceeds, less CO2 and wore

e = produced and the pH rises slowly to about 7.

S mawtare becomes less acid, methane fermentation takes over. Thae
e rse= above the neatral point (pll = 7)), to botween pII 7.5 and 8.3,
= paint, the mixture becomes well batfercd; thas s, even when large
= of acid or alkali arc added, the mixture will adjust to stabilize itself

o8 75 to 8.5,

w e mixture has become well buffered. it ig possible 1o add small
os of raw miaterial periodically and malntain a conslaat supply ol gas
sder (continuous load digesters),
Son t feed & digester regularly (bateh-load digesters), enzyvmes begin to
swte. organic solids become exbansted and methane produetion ceases,

seestion has stabilized, the pH should rermain around 8.0 to 8.5, The
28 wnlues of efffuent in sewage treatment plants is 7 to 7.5, and these
= are psually given ge the best pll range for digestors in general.
=3 ):Froblem with Ph.

Condition Possible Reasons | Cure

Bae acid (P116 or los) 1)Adding row mazeri | Reduee  feaging
als Lo last rale: Anunonia

2)Wide temperature | stabilize temper
Huetuation abure

thﬁ:ﬂl‘ sy bhstnnees
AYbuild -up of sc Bemove seum

S iline (PH Y9 or more) | 1)Initial raw material | Patience Never
toa alkaline put acid into di-
SESTET

Tahle 2.3: Problem with Ph.

p= o the contitious-load digester becomes woo acidie Tablel3), vou

PR = up to normal again by adding fresh etuent te the inlet end,

mencinge the amouwnt of raw material fod fo the digester, or as st
o adding = little amtnonia,




2 e eflluent beeomnes ton alkaline, s great deal of C02 will be produced.
et will have the effect of making the mixture more acidie, thus eorrecting
e Patience is the bhest "enre” in bath cases. NEVER add acid to vour
Seser. Tlus will only increase the production of hvdrogen sulfide 13].

~ 23 conversion between biogas and electrical energy

e 230 shows the polentisl biosas energy per year in the US from
st aninial nvanure.

Animal rype Animal  unit  (mil- | Biogas  coergy | Biogas  energy |
honas) T snimal | fyear  {wrillion
wnitfday  [thea- | BTLD

saewd BT

Fattened cattle 1.6 2R 299
Milk cows [2.3 20.6 92.4

s hoel and dairy cattie | 08.8 23.3 497
Swine 20 4.8 124

Poultry fi.1 9.8 125

Thatal 928

e 24 The potential biogas energy per vear in the U8 from differenr

=l IMIANUre.

e patential is caleulated by using the biogas energy that can he pro-
wed por animial unit and the mamber of the-animdl nnite in the US,

i

f

= amimal unit 3= defined as 1000 peunds of animal. There are abour 85
o animal units in the country that could produce abous 928 trillion

~ L abont 1 quad) of rénewable energy per vear, wlhich i approximataly
o 5. 10
A &

7 ol the total US energy consumpiion. The US consumed about
R0 quads of pnergy in 2003,

i) |_l| r1

S when converled Lo elecirical ensrgy could produce up to 1.8 to 3% of
pmmal electricity consumption n the US.

v 2.5 shows possible electrical energy from hiogas for cach animal type.
Leseer and smaller generators with efficiencies 34-40%, and 25% resprctively
e considered for fhe cloctricitys generation,




o 8 provides & colversion belween biogas and clectrical encrey pro-
mogas e | from each animal with an efliciency o [15].

n
v

—-F.Z_H_._.,._’ETL"]','{J.U{:-:&EIHE{%1 e e e e et el S 6 ST AT AL S BT i
= Diogas energy production of sach animal twpe

e 20 Potential electrical energy production [rom manure of esch animal

Animal Lype possibl electrieal eneray form hingas (Hiollen k¥Wh)
Fattened callls A - 0.5
Milk cows f5.8 | 10.8
e Besf andd dairy cattle | 36.4 | 58.2

Swine 8.1 43
Poultry 0.2 14.7

Total G 1088

S 15 The potential bingas energy peroyear in the US from different

ERle

£ Alodeling of the biogas generation system

Gontrol Valve
Chambes Mizirg

Figure 2.14:  biogas system modeling.
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Sl and abbroeviations

BSOS Cas engine undd BUS.

B Iseinction generator and induction moteor.
SSerential operator with respeer to time (=d/dt).
N Bl (active) power amd resciive power.

B Waltase and currenl,

B st ance ind fmpodancs.

- 'p{_ﬁ
Sese quantities of induetion marchine.
itics of ECR.
- e geaxis guantilies of induction machine.
= Sietor and ratos-winding quantitics of induction machine.

s ean used for commereial electrinity gomeratiom and direct combiigtion.
mmereial eléctricily weneralion sysloms Uhat use bivgas consist of an inter-
Seestion engine, a generator, o control system, and an optiongl heat

TN SVRIEI,

ARV

S

EMY:  EMY;

Figure 2,15 Schematic diagram of the smadied BGS.

SimSguration of the Studied BCS Figure2.15 shows the schematie dia-




gram of she studied BGS (18] The airflow and purificd biseas fow in pipelines
in frant of a wes engiue (GE), o single-line conivalenr cirenit econnected be
tween the output terminels of an indoction meachine, and e power grid
inside the large [ood will are shiown in Figure2, 15 The normal aperating pre-
eeduze for starting np the GE IG set is first to connect the stator windings
af the 1G 1o the distribulion system hrough a manval-controlled electromag-
netie switel

When the switeh is closed., the 1G opezstes s both an induetion motar (1)
and o GE starter. ahsorbing & large starting currenl to produce sufficient
starling torgque w drive Lhe cramk of the GE.

When the bivfuel mixed willh proper amount of air in the combustion cham-
ber of the GF is ignited st correct imstants. the GE can normally stars up
and maittain a suslained rotation Lo tdrive the shafy of the 16

When the retational speed of the IG iz highier Lhan its synehroncas spesad
800 ¢Amin). che slip of the 16 hecomes negative and the 13 can deliver
clectrical power Lo (he dislribution system: 720].

Hiopes oenpine power output Poul and torque TShall as o hmetion of engine
speed o 'The approscimated shalt torgue TShalt of prime-mover of hiogas en-
gine and spead is representad by a lmear eurve given as

,f,df —.Lr'1| I{ Uhs e AL = T [ e o e T e |r2|'_J
where Lopase is Lhie nhuil. Luru.ue wliie h ﬁhuw,_ allt‘ deouping chiraeteristic of
prime-mover and K and Ky are constants [21].

F_ (),
T (W)} F o
T,
ey A — Vooowtoin o Bk v adin ol
-q-..____‘::m-
e
Py ™ .

Figute 2.1 Bingas ongine power outpiut Pont and torone TShafr as a
Dinetion of epgine spoed n
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Chapter 3

System protection,
management and maintenance

Renewable energy sources may be distributed in different locations and
can be emploved as isolazed sonrees to supply slacerical enerey i villape
withvul adding additional investment to transmizsion bnes for connesting tn
the wiility grid. If the ntality erid amd Crapsdssion lines ace very far Bom
e villages, i s more economie and convenient to ntilize isolated Anaerobie
digestion powear system to supply required power energy.

Most of the published papers on hvbnid systems foensed an steady-state
performance and Pretection and the stability of the bybrid svstem and in-
Levactions did not be evaluated.

3.1 System protection

3.1.1 System ground-fault protection

Gromnd-fanlt derection and interrupiion cirenitry perform  ground-fault
curren), detection, fault eurrens isalation. and solar power luad isolation by
shutting dowst the inverter. This sechnolagy is currently going through a de-
velopmental process, and it is expected to become A mandatory requireinent
in future installations|22].80 we usc main DO and AC hreaker. disconnecter
to satisfy this gaal[dl.
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For PV system [igure 3.1 we pus

eombiner fuse (MCB DO) /string. MUB zating =1.25%1.25% . (pv)  o0coevrooienne egl3.1)

Array disconnector fuse = 4 of string FMCB raling [sliog .. o032

Trverter fuselubilily disconectar) = 1.25%(inverter outpmt power foutpul voll

- F1 A U e I G TS oo e S U3 P D e et T R e L eqida)
Figure 3.1 'V system protection devices,

For hingas system

}l"]’l‘!'-hﬂﬂ{‘! g(-_":l'.l..':i["-‘ﬂ LUI‘ .‘.‘."lc.rB :3 1-!5# r-.-._-::d! ]m';p\,mg gpjﬂ'r_ufm-] .................... A A R P '-:!q{l?l‘-‘i] .

3.1.2 System Grounding

Crannded: Means (hat a conducter comnerts to the metallic endlosure of an
elecirical deviee homsing thal serves a8 earth,

tronnded conductor: A condueror thuag is intentionally grounded. ITn PV
Jvatems it is wsnally the negative of the de ouiput for e two-wire system or
the center-lapped conductar of an carlier bipolar solar power arvay sechnol-
Y.

“Eonipment grounding conductor:\ condnetor thar normally does not carny
current and 1= generally o bare copper wire that may alsa have a gresn insn-
ator cover.

The conducrar is msually connecled to an equipment chassis or a metallic
enclosure (st provides a de conduction path to a ground elsctrode when
metal parts are aceidentally energized 22},

24




3.1.3 Lightning Protection

In geographic locaticms, such ns Florida, where Bghtning s a eommon ar-
enrrence; the entire PV system and outdoor-mounied equipiment must be
pretected with nppropriate Behtning arrestor deviees an special gronnding
that conld provide a practical wmiviganion and & messure of prowelion from
sguipment damage and burnous 22 .80 we use surge arrestor to provent
the hazard.

Wa ser surge arrester om line 1o line voltage for bingas system, In PV sysiem
iv exists mside PV inverier.
Mignred.2 show all pratection need in eystem madeling,

[ ‘ L
s i -1"
e =y 1N
pemuy
| .
(=R
Blanmiig
Bk A
: Rty g i
fuunmli

Fizure 3.2 svstem pratectian block diapram.

3.2 Power Management Strategy

The main aun o (ke applied Power Management Strategy (PMS) in the
adopied system s to =abisiy the load requireznenls. large commercinl Librid
DOWEr cogenaration aysrems, power producrian from the system iz monifored
by & central monitoring systen thal provides 2 log ol operabion performance
paramipters. The central maonitoring station consists of o POC-type comunter
that retzieves operational parameters from a group of solar power inverbers
by means of an WS-232 interface. a power line carricr, or wireless eommu-
nication svstem  Upon receipt of pertormance parsimalers, a supervisory
sutbware program processes the information and provides data i display or
print foemeat. Sapervisory data obtamed from the file can glso be aeresserd
from distant locations throngh Wel uelworking,
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Power condition unit that consist inverters resulators control systom and
also nel metering technology o make perfect management between consuep-
tiem and generation from to Crid.

smallsenle renewable energy systems ara beconiing increasingly populsy dus
to sozring fuel prices and due lo techuological advancements whick reduee
the eest ol mannfacturing. Solar and biogns enereies, among other ropmerable
cnermy sourees, are Lhe waosl available ones globally. The hybrid phorovnltaie
(°V) undd bivges power systom has o higher eapahility (o deliver conlinuous
power with reducad energy. storage requiremients snd thersfore rezuls in
Leller ulilizalien of power conversion and contral cquipmens than sither of
vhe individnal saurees. Power conditioning units (p.o.u.) for such simeall-scale
Lybrid PV-biogas generation svstems have hean proposed in this study, The
syste was connieetad to the gnd, bat it could alse operate i slandalone
mode if the grid was unavailable, "T'he systew contnins a loeal comtroller for
every energy source and the grid inverrer. Besides, it comtains (e supervic
sary eontroller[23].

Net metering management: The essenlial difference borween 2 grid-
connectes system and a stand-alone svstem 13 that inverters, which are con-
nectod 1o the main electieal service. must huve an inherent ling fregquency
svichronization capabilicy to daliver the exeess power ta the end, Mot me-
rera,s nnlike conventicnal meters, have a capability o record conswned or
veneraled power in an exclusive snmmation format: that is, the reeorded
power registration is the not amount of power consued —Lhe lolal power
uged minus Lhe amount of power thal s produced e the solar power mnd
binges cogeneration system. Net meters are supplied and mstalled by wtility
copanisy Lhal provide grid-counection service systems [220,

PMS principle m figd.2 that The photovelraic generator (PV) alsa methane
genarator will produce during Che day enouph eleciric power cover the re-
guiremenis of the diferent loads in the farm while the ¢ excess power will
injepriom to grid The other case methane and solar generator are not able
to cover toe all requirements of the different loads in the farm so the grid
will prowide the lond energy reguirements  The difference Letwesn produeticon
and consiunption energy is called nel elering technology by unidireetional
meler,
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Figure 3.3: Logical block disgram |
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|

Figure 3.4: Power Management Strategv( 'MS).

3.3 Maintenance

It general, solar power gystem meintenanec is minimeal, and PV modules
oftcn only roguite i rinse and mopping wilh mild detergent onee or bwice o
vear. They should be visually inspecied for eracks, glass damage. and wirve
or pable damage. A periodiv check of Lhe aresy wollaze b a voltmeter may
revonl malfanetianing solar modula . The same way will applied on hingas
sysiem 22].




Chapter 4

System design and analysis

4.1 Load analysis

4.2 Design of hybrid system
4.3 Result




Chapter 4

System Design And Analysis

4.1 Load analysis

We 1zke a Lwpical load "Arrouly Technieal colleze’. the load consumption
in 2013 as shown n fable{4.1),

- Month Total
FONEIMp-
tion(kW.h)

- January 25318 |

Fehrnary 22244
Mizrch 21316
April 23444
May 90214
Jun 23246
July 21160
Augest 16540
September 20376
Oieroher 26430
MNovermbear 26154
Diecenlier 2THGEG
Total 2TRN0A

Table 4.1: Load comsumption in 2013

I'he monthly load curve is shown in lgured. 1 represent Miniow Toad.
The sheemn data is the consnmed energy throngh vear mesimnm demantd in
Devember as showa o Qgure 1.3




12

Haur

a[hug.st) b. [December]

Figure 1.1: Load monthly curve! August and December],

Fipure 4.2:  The monthly load consumption.

Somp impartant factor for load in rable’ 4.2],




Average 1105
{kWn/day)
Average(k'W) | 300
Peak(kW) 200
load faclor | 0.G3

Table 4.2: Load consumption in 2013
4.2 design of hybrid systemn

4.2.1 Biogas svstem design

Experimental set op The experimental setop nsed in shis work consists of
& bioresctor ealled digester with a capacily of 800 liters having a cylindrical
shape (1.65 m high and 1.25 m dfiameter] anc a gasemeter bell used for bic-
A8 siorage.

The labler is cguipped with o gas counter installed upstream oo allow quan-
tifieation of the produesd biogas. The heating of the digestion substzate
W a lemperature squal to 370 5 ensure] by 4 warer hoater and a warm
water cirenlation pump i closed cirenit.  In addition, homocenization of
the substeale during experiments is done by hand arireers insroduced inside
the hiorezctor. Onee the digestor is fed with 440 Ly of diluled (30%) aad
homomenized cow-dung, it has to be closed in crder Lo erense an anacrobie
environment necessary lor the anaerobic digestion process.

The fermentation of 440 ke of cow-dung in & 800 liter digaster gave hingas
praduction of 26.9 m3 with an average consent of 61% in CIH4, value consid-
ered optimal and energy equivalent to 5928 MJ (164.5 kWh).

“Arronb Technieal calloge’ have a 41 cow and 50 cshoep | 12 ton per vear
of cow-dung 50 kg per vear of sheep-dung and digesler willi u vapacity of
(3.14%2%(1.5)2)=14.13mm3 = 1413 liters baving a cylindrical shepe (3 1w Bigh
anid 1. 5y dismecter).

- 12lon/v#11=192 tou/y

- B0k /yeb0=2500 kg /v

- Total of the dung per year =482000kg+2300=204500 kg /y
- perday — 494500,/305=1304.7 ky/day==1354.7

Ivery 10 dave are fermentation process and biogas praduction
- 13551 0day=135300k);

an




Based on past experience 440 kg of cow-dung in .8m3 valime of
digester to produce 164.5 kWh.

We choose methane gencrator with following specification Suitable
pas: Biomas,

Cias consumption: 1.5md kW, k.

230V 50 Hz.

Hunning Power 12000,

Peak Poaer1200W.

Genersl Temperaiure Reguirement: -3°C 40°0 .

General aliitude:(2000m(Tr may cause problem il the altitude level ia higher
than 2000 meaters).

G20 460 470hmm/sen Hoke/set .

IS CODE: 83022000,

Ty il - 4o li 3
ol Lx]nt:-ir.li__{:i.:._ 21| .Hfﬁ}i‘.—llﬁ a.com. ™

Figure 4.3 The monthly load consnmption,

140kg—+8m3

Size of the digester=/13550ke™ 8m3} /440k2=24 63m3 =2im3.
Brd—164.5 EW.h.

Energy= 25%164.5)/ 8—5140.625W1) .

k¥Wh per month = 15421.875 kWh

Digester exisling in farin=14.13 m3.

New digester =20m3-1413m3— 10.87=11m3 .
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Figure 44 T'wo digester design in parallel.

Protection ealeulation

FMOB AC =1.25%1 rated enrrent

= 40)*1.25

=30 A

*Qurge arrestor= we seliing it on line o line voltage=100v.




4.2.2 solar system design

st | W TERE
Pk P 130780 — mmw |
| By " Ty |
Faiad Vatage " E T ——
Faled Cumest Al : Tas0a —|
S Cirmslt ‘vidlusn _u;..' ~ Jaraw
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- | Froem F D5 BN 1
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MOCT 224170 i e |
Lelus Fuss Ruiing 154
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Figure 4.5:  photovaltaic dasesheets.

Proviiionol Techricel Bara

Ingut [DC)

Mo DC pewinr (B canig = 1)

Mumier of indepencent MPP inputs £ smngs per MFR inpur

hﬁ 'ﬂhr raegs l’ﬂﬁ'ﬂh‘nhl’ﬂ' 230 Y/ wied inpyl vbags
Won mputvoboge / skt rput v

2000071
90 ESOW
rooay:
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s7ov /a0
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aEN
/e

Figure 4.6: luverter dalasheel.
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Minimum load=16540 kWh fmanth.

Maximom load— 28084 K'Wh /mouth .

Energy produce by biogas—15421.875 kWh /month .

We chocse maximnm laad to calenlate pv energviworse case).

Energy produce by PV svstem =Energy [loed -Energy (methane gns)=
28084-15421 875=12662.125 kWh /month

—s Addition a correction factor so PV gystem | 10% .

Energy from PV systen =12652 125 - (10%+12662.125)=13028 3375 kKWh /month
=] 4000k,

Pac =(14000/30)/5=43.33%kw .

I'rom ennation [2.6);

Pde =03.33/.T0=124.44kw

From ecuation (£2.7):
Aren =124.44/(1%13.9%)=R25.28312~000m2

From cquation (2.8):
Ppeak=166 66/5=13.232kW

Frow equalion (2.9):
No of modnle=83.332/ 228=400.33 between 400 or 401

From eqmation (2,100
No ol siring =20729.0=002v The invortor range of 570-620 v for the inverter
picked, which Gts nicely with MPPL rapge.

This sngagests nsing an azray wilh (20%4) So vhe munber of array is=( 400,30)
=3 array a sotal of 400 modnle.

From equation (2.10):
No of inverter=(20*3.3) /306--4.6=:F invarters.
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Protection calenlation

From eq{3.1] the combiner fuse (MCB DC)/ string.

MCOB rating =1.25%1.25%8.3 =13 &

80 the numiber of the design MCE DC= 20 combinar fise,
Frow ¢q(3.2) Array disconector e # of string

*MCD rating /string =20%4=80A /Array.

‘total number of dise [use =5 MOB.

From eqf3.3) Inverter Risefutility disconector) 1,25 inverter autput pow-
er/outpat voltage)

= L.25%( 20 DUO W /240)= G0A .




Chapter 5

Photovoltaic - Anaerobic
digestion system

5.1 Basic Specifications of the Photo-
voltaic Panel

5.2 Basic Specifications of the Methane
(Generator

5.3 Basic Specifications for inverter

5.4 Basic Specifications for ACS712 5A
Hall Efect Current Sensor Module

5.5 DBasic Specifications for battery ,re-
lay ,load and charge controller

56 Model Procedures




Chapter 5

Photovoltaic - Anaerobic
digestion system

Inthis ghaprer, pyalnation of the svstem components was performed (photo
valtic system , Anaerohic digestion system),

Iigure 5.1; Modsl Power circuit,




Vee

(sv)
re SCADA
Al
PV S=nzor Relay
A2

Figare 5.3: Coulaol cireuil gt AC side,

[y |
=t

Basic Specifications of the Photovoltaic
Panel

The paael outpul is a DO valisge when illuminazed by either snn or lamp
Technical data:

Mastimum nominal pawer: G6W,

Voltage at maximnm power peind {Viupp): 17.8 V.
Currenl al maximun power voint (Tmpp ) 3.70 A
Short-cirenit curront (Isel: 4.05 A

Open circuit voltage (Voc); 22,25 V.




Dimedsions: 660 x 33.5 x T80 nom, Weizhe: 3 Kg. spprox.

Buttory otfering optimel performance with low power applications. Capeeity:

32AL with 96 Wh per day.
Bet of interoommoction enbles:

Anodized alumimun fraemework or modules allopation.

Figure 5.4: Pholovoltaic Panel.




5.2 Basic Specifications of the Methane Gen-
crator
We replace methane Generator by DO power supply on model{12 V DC)

Obstacles “Iligh cost{100U% for 1.2Kw Cen), Dieal with metiane generator
very doasgerous Inflammable)

Figure 5.5: DO Power supply.

SPECIFICATIONS Fixed Ousput: 3V DO ar 3 arps moximum fne rogalo-
tion of 0.2% load regulation of 1% with a % madmum ripple of 10wy pp.
Variable Quspul: +/- 1.5V DC o +/- 15V DU at 1 amp maximum, line
regulation of 0.5%. load regulatian of %% with maximum rippls of 10mV p-p.
Medeal 3040 With extra 30VAC OT sulpul. Available only as 2 kit




9.3 Basic Specifications for inverter

powerhero. ez

Figure 5.6; Pure sine Inverler,

Madel Number: PSE-1000VA

Outpue 'ower: 500 - LOO0W

Size: 341x146x210

Weight: 8.0Kus

Input Valtage: 12V

Chitpnt Valtage: 220V

Uuiput Irequency; 415H«65Hz

Outpul Current: 3,184
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5.4 Basic Specifications for ACS712 5A Hall
Effect Current Sensor Module

Thig sensor takes eurrent cignals from PV and Load aod racsler i6 Lo
voltage then trasfer volisge signal to PLC aud SUADA system atter that
PLC wiake signal management and eonzrolling and send command siieal 1o
methane relay (ONJ/OFF) |

Figure 5.7: ACS7I25A Sensar.

AAmp Current Sensor Module based on the ACSTIZUELCOSE hall effect
Sensor mounl on a converent board wibl lenmnial strip for connecting vour
load to monitor and header pins to interface willl your Arduing or mics
eontroller, Power: 5Vide +0.5V On board power LED Measures: positive to
negitive SAmps AC or DO Sensitiviry: 185mV per Amp




5.5 Dasic Specifications for battery ,relay ,Joad

and charge controller

Figure 5.8: Batlery.

o sage: LTS, Inverters and Solar Sysuems
s Visllawe: 12w

o Sealed Type: Sealed

o Maintensnee Type: Pres

o Size: A83F1TOF239%241mm

o Weighrn: 12 kg

e Nominal Capacity: 1530AH




Fignre 5.5 DT relay.

o Coil Resistance: 1.15%ahm
o Coil Type: -
Coil Voltage: 24VDO

Contact Conhguration: DT'DT

Contacl Current: #4

Contact Wearerial: Silvar Nickel

Contact Voltage VAC: 250V

Contact Volvags VDO: -

o Prodnct Rangs: 40 Serjes

o Telay Momting: Throngh Hole
o Relay Terminals: Solder

e Relay Type: Power
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Figure 5.11: londs Specificetions.




PLC Unit wilh waityprs software

Figure 5.12: PLC Unit with uuitypro soltware

o Main unctions

o Power supply dimensioning assistance 24 VDV)

* Managemenn of 16 racks with their accessories and conneetions
s Links belween racks managemens,

e Fipio devices mansgement

e Export to Unity Pro

s Lavont drawing

e Preparation ol & paris lisl to gquote via Iink wich the guotation teol
Cuicl-Dovis (TM)




5.6 Maodel Procedures

In the begimmng we Conoeet (he Bardwsee compooent as shown in Fig
.01, 01725.2, gadl then program the load management and enntralling on
unitypro software connect two PLC's analop terminal | 1/P) Pin far pv cur-
rent sensor .anther (1/1) Pin for load current sensor (O/1) digital Pin for
methene Generator as shown in Fieg (5.12).

PV Joad currend sensors have seosilivity 185mV /1A Jso when we L on
Led 30W Ned={Power ;220V")=0.136A, the sensor gives reading abons (.5 'V
(pe :lhere’s 4 ratio between s and de current =18.333] | alter Lhal PLC Lake
signals from load sensor and also from py sonsor and compare the signals if
1PV ILOAD then PLC send command Lo nethane relay Lurn on anther case
methane relay will he aff -

Figure 5.13: Project image.




roject Obstacles:

*Buy mellane generator (high costland nead bigh safe deal (infammable
gis) we replace 1t by DO power supply as methane generator then constol
enrrent signal simply, *everse current from methane geperater tn hattory
ane from Battery to methane Sulve s problem was by using Diode [as
reetifier and Lo gel unidircetional eurrentjas shown in Figh 1. *Relay valne
lirst we chose relay with 12 V DO put it doesn’t wark beeanse PLC vl lage
o/p signal 24 V DC su we replace it by 24V TIC relay, *Finding current
sensor suitable for model in the market i comumercial and with high ratio we
replace it by hole effect sensor ACST12 5A.




Chapter 6

Result and feasibility study

6.1 Result

6.2 FEconomic feasibility




Chapter 6

Result and feasibility study

6.1 Result

Some resnlt and compression{on exeel. PVeys softwaze)

1. Figure (.1 show Lhe intervals where Embedded genaration injoction the
grid ise the intervals where the load consume from the grid.

20000
25000 |
20000 |
15000
10000 |
000 |

8 Embeded genaration [PY +Methane) i _|'

M Load

1 11 48 & 8 7 & 5 4 3 X 1

Figure 6.1:  The load demand and Lhe vutpul power of the embedded
vrneration,

Ly figure 6.2The photevoltade generator (PV) also methane generator
will produee during the day enough electrie power cover the require-
ments of (he different loads in the faom while the e sxeess powrr w2l
ijection fo grid . the other case methane and zalar generator are not
anle (o cover thie all requirements of the different loads in the farm so the
wrid will provide the losd enevgy regnirements The difference balbween
production sand consumption energy is called nel melering technology
lay unidirecbional mmetor
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Figure 6.20 Show the three load curve for (BV, wethane sud load).

10000

Figure 6.3 Genaration from( PV. mehane)and load dirsud.
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2. Bome resull Load Jow analysis(from atap software) 2 We do this anal-
veis Ly be sure if we want to change (ranslformer ceble from the net
work ta get hetter performuencefixed Voltage and fregueney).

g
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misl - wf
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3 e
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dgige  |wwopas f-;n iy
B3, 234 W
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.00 W 1T )
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Fignre 6.4: load Qow before connected embedded generalion,
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loasd fow after eonnected cmbeddod generation.




Alareub colleage wet work with Embuded Genarutivn(bio_photoveliic aystem)

Figure 6.6:  load Bow after connected embedded generalion.

‘Second ease when methane genarnsor off @

B




Alarouh colleage net work with Embaded enucrution(bie_plmioooltic system)

Mian Beia

|
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Figure 6.7 lead flow when methane Generator off.

As vou see the load demand has $aken frow PV system and Lhe shortage
demand has laken from prid

Fignre 6.8:  load How result analvser without capaitor .

As you see theirs a problem in PF, 5o we insert capacitor bank Lo male

PF correction.

a3




Tharid case when methane genarator ON

adal Alarouk rn]]zngrnll‘. wwft with Mﬂmnﬂ:mﬂn’nﬁfﬁm&w

Figure 6.9: load fiow with voltage drop valie,

As you see Lhere's no problem in pet work (V deop) with sange (0.9-1.1)




—— Alarvub colleage net work with Embaded Genaration{his_phoromltic spsrem)
!
I - -
|
ﬂl‘ 9 el |
T i e W

Figure 610 losd flow when methane generator on with capacitor.

We notice when adding cepacitor Improving the PF can maximize
eurrent=carrying capacity, hoprove voltage Lo egquipment, reduce power

| [FETE
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= : — Jeolog (53] i T .
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Figure €.11: lead Sow result analyzer with capacitor |
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In the laster case hes heen added to cutrent sensor w0 mensure the ont-
put current of the solar cells and current sensor to messure ouspual cur-
rent of the loads and do managemen: between all suurces (pv.grid.methans
genjby control system (BCADA). =

e Alurouh eolleage net work with Embadid Genurution (hio_photvoaltic system)
el

— - —

) i o .
v T T
LR s e
E E_I_-— ------ |00 BT |~
Rt 1 . TTh N

il [ER

Figure 6.1 load fow when methans ganerasor on with SCADA svstem |




As you see theirs na pawer withdraw from grid,

Pigure 6.13: P-Voand I-V carve .




6.2 Economic feasibility

The foens of the stwly was to determine & cost effective combination of
alternative energy sonrees that could be mstalled b the complex Lo sl
future epergy demands. This study examines the merite of rerswable BRerEY
technologies of sular phateveltaie (PV) arravs and bogas in o Alarnh colleaze.
analyzing Lhis pessibility very curefully, the choice was made 10 reduce the
dle uyele to 2avears Lhe rensons why Lhis chinioe was made are the fellowing

1. 1t wus considerad that the life cyele of the praject should wot be Ionger
than the lonwess lite eyele of any of the technalsgies uaplemeniad (PV
hes a 25 year ife evele).

2. 23 years allows the customer (0 reeviluaie the technelogies nsed in
lighl vl any rechnelogical developmants throughout the project liferimee.
Table (6.1} shows the final prices [ur solar systonts und bicgas gystem
eousidered in this report. These prices inelude panel cosn, inverter cosl.,
Methane generalor cost Protection Equipment cost Batrery cost and
imstallation coss.

o




Faqnipment mimber st (Tost

1P 4l gon NIC AE0000 M1
Inverier b ] 15L0uu

Merthane gen=- | | FOO Gl

aruLoy

Frotection 000 S0

Eguipment

Ballery 52 LA THN) oL

m=sallation 00K 3000

Total 41949010

Tabla 6.1 FEquipment ecst for hyhrid sysiem,

6.2.1 Net cash flow

New eash How refers-to the diference between a brojeet’s cash inflows and
outllows in & glvan period

100000 |
PRI |||||||||||||||||||l|||
39 27 2573 ¥ 19 17018 1% 11 9

— - ~100000
= = - 200000

m net cash fow |
| =300000
|
A0
500000

Figure 6,141 Net cash flow for hrojecr,
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6.2.2 Cumulative Cash Flow

Add the net cash Hows from aperations, investiug and financirs, The tatal
gyuals the net cash dow for the period. A positive mumber ineic :llLb that yonr
eompany generated more eash than i spent; a negalive mamber indicates it
spent more than it generated. Ae il is shown in Bg .15 pavhack period for
the project after 2 yvears.

comulative net cash flow

120000
——= — 1000
EO0C00
BOCC00

' |
_ 200000
B comulative net cash Mow
1 I 10000
___l L. .

AORFASA33115IT 151311 9. 7 !»l” 200000

400000
= 500000

Fignre B.15: cumulative net cash How for project

net cash flow and cumelative net cash How for nroject.
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1200000

W comutative net cash flow ' FORR0
® net cash flow 20tk
il _l,Ll_l,ll h h I k I =

291?151321191?151311]? T

- ~£00500

— - —Eﬂ-mﬂﬁJ

Figare 6.16:  net eask flow and eomulative uet cash flow for project

6.2,3 Present value

Presenl value deseribes how munch a (uture snm of money 1= worsh today.
PV = CF/(14rin ... equation(B.1) Where CF = cash flow in future perdod ¢
— the periodic rate of return o inlecest talsa ecalled the diseduny pale or the
required rate of return) 1 = waber of periods




romsiderasion n projoct cvalnasion

The zapital cost for a projest = 419900

the project need maintenance = 300

s por vear and effect aging reduce the efficiency for equipment by 2% ner

b i 1

Income [vear =kwh™ Sale price *12 month =14000%.4% 12= 67200

o Efficiency loss bazed on module [20% after 20 vis) Incommes allar 20 vear
= GT200* E=33T60

payback period lor Lhe projeet alter 8 years.
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Chapter 7

Conclusion and
Recommendation

Sutall-seale renewsble snergy svstems are heroming inercasingly sopalar
due fo soaring fuel orices and due to technolozical advancements which re
duce the cost of manulactuwing, Solar and mwelliane coergies, ameng other
repewable snergy sources, are the most available particulssly m rural area .
The hybrid phosovolisic (PV) and methang power system has a higher capa-
Lilily Lo deliver conbtinuens power with redueced energy storape requirements
and sherefore resnlis in Letber ulilizacion of powser conversion and econtral
eyuipment Lhan sther of the individual sources, Power load managements for
stz srnall-seale hybrid PV-methane generasion syssems have been proposed
in thiz study, The systern was connectad to the grid, but iv conld alse operate
in srandalone mode if the grid was unaviiloble, The system conlains a lucal
controller for every energy source and the grid inverter. Besides. it containa
tae supervisory eenfroller. the aystem nses hvbwid renewable sources biogas
aad solar enerpy. bivpas from Cow and clher samimal dung to produce en-
erey thas will give enviromment sense . Main purposs of this project 1= to
Lnvestigate slecirification of "Arroub Technical college for rural develapment
arez , pongists of photoveltaic gevieratars and mathane generator . The ad-
vantage that ensrgy systemm with envirenment sense | lsolated Micro-Grids
With Renewzble Hybrid Generavion, More reliable [vbrid system with oom-
bines several energy systens logelhier. "The photovoliaie pensrator (PV) also
metbaee generator will produce during the day enough alecsric power cover
ihe requivemnents of the different leads i the farm while the & excess power
will injestion to grid . the other case methane and soler senecslor are nol
able to cover the all sequirerneals of the dilfecenl loads in she farm so the grid
will provide toe load energy requirements  The difference between production
end consumption ensrgy is called nel metering Lechuolopy by umidirestional

63
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ILELET.

Finally The syslem have ability to connecl on the man grid and sxchango
belween low svstem to satisfy high relisble and sell execed energy to main
grid so that will give a

T ETE

aood economic benefits for the fenu, so it will represens
gricl system far from traditional grid failure and loses

e
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C Brothers Engineering Group 2304115 | Page 1/3
-':':“_-.-” Al- Arub Callege
Grid-Connected Systern. Simulation parameters

Project : Grid-Connected Project at Al-Arub College
Geographical Site Jerusalem Country lsrael
Shtuation Latibude 31.4°H Longitucte 35.1°E

Tme defined as Legal Tince  Time 2ome UT+2 Altitude T30 m

Albedo 0.20
Meteo data : Jerusalem, Synthetic Hourly data
Simulation variant : No shading effacts
Simulalion date 230415 12h34
Simulation parameters
Cofector Plane Orientation TH 3 Azimuth @
Horizon Free Horzon
Mear Shadings No Shadings
PV Array Characteristics
P module Elmeono Model SLKEOMGL Z28W
Marifacturer  Sitiken
Number of PY modides insares B modues in pavatial 51 strings
Total number of BV modies Nb. swndules 408 Unt Nom. Fower 228 Wp
Array gichal power Hominal (STC) 93 kWp Atoperating cond. 86 kKW (30°C)
Array operating characterstes (S0°C) Umpp 217V Impe GV A
Total area Medule arsa B2 m®
[mverter Model G-332, thiee
Marufacturer Leonics

Chacactefistics Dperaling Vollage 185-360 V Unit Hom. Power 21 kW AC
Imverter pack Humber of Inverter 4 unffs Total Power 24 kW AC
FV Array logs factors
Thermal Loss factor e (const] 2000 Wim K by (wind) 00 WK P mis

=» Neminal Oper. Coll Temp. (G=80C Wim?, Tamb=20°C, Wind velocily = 1m/s.} MOCT $6°C
Wiring Thmiz Loss Gliobal array res. 9.1 mOnm Loss Fractien 1.5 % at 3TC
Module Cusfity Loss Loss Fracticr 2.5 %
Module Mmaich Losses Loss Fracticn 2.0 % at MPP
incidence effect, ASHRAS parameirzalion [Af = T-bo(ifepsi-1) baParameter 0.05
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el oy Al- Arub Callege

Gnd-Connected System: Main resulis

Project : Grid-Connuected Projact at Al-Arub College
|
Simulation variant : Mo sheding sffecis
Main system parametars Sysiem type Grid-Connected
FY¥ Field Crenalon it 30° asimull Of
FY modules Mooel SLKAOMEL Z28W From 228 Wp
F\V Array M of modules 408 Papm total 93 5Wp
lvarter Modal G332 thres Pram 21 kW ac
Imearter pack kb, ofunits 4.0 Priam falal 84 8W ac
Usess needs Urlimstec oad {gnid;

Main simslation results

System Production Produced Energy 158 MWhiyear Specific prod. 1898 KWhikWplyear
Performance Ratlc PR 74.3 %

Koamalized mgsdoctionn [pas lmislbod 905 Mominel sowss 53 kil Pty naoce Rato PR
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| "—-"“—". Al- Arub Callege

Grid-Connected System! Loss diagram

Project : Grid-Connacted Project at Al-Arub Collega
Simulation variant : No shading effects |
Main system parameters Syslem type  Grid-Connected
PV Field Qrientation gt 3p° zzimuth  O°
| PV medides Model SLKBOMBL 228y Pnom 228 Wp
| PV Array Wb, of modules 408 Pnomtotal 83 kWp
nverter Model C-23Z three Paom 21 kW ac
Inwerer pack b ofunitss 4.0 Prom total B4 kW ac

| Usar's nzecs Unlimited load (grid)
: Loss diagram over the whole year

— AU AR s _____d_.ﬂ—i Honlzon tal global [rradisties
i ~p| ‘% Globalincidentin eoll. plars
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MAX POWER
CS6X-305(310|315P

High quahly and reliabtlity in all Canadian Sclar
modules & ensuned by 14 years’ auperdence 'n
module rranufadluring, wel-englnaerad madula
design, stringent BOW guality esting, 2n susa mated
manirfaciuring process and 1004 CL testing

s 3
25?‘-_ insurance-backod warranty
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PEANAGEMENT SYSTEM CERTIFICATES®

Dutstanding lowe irradianice
150 2007, 2308 f Quallly maragerert iysem

perfarmesee = 06 0%
TECUTE 18548 2000 ¢ The auramothee | ndisry quality maragemiant system
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ELECTRICAL DATA / STCH MEEULE  MECHANICAL DATA
Elactrical Data C56X E v ERbi 3t5p Sracificarian [ata
Momiral M. Power (Pmax) 30549 0w 315w CeliType Faly=crysrailing, G inch
Opt Operating Yoltage VYmp] 363V 354Y 366V Cell Arrangement 72 (1=12)
Upl, Operating Current (Tmp] 341 A& REIaA ABR1A Lirmersons e <RI VA0 M [FEaR 35T =157 in)
Open Circuit Volage Dinc) 448 449V AR1V Waight 2 by £48 5 fash |
shortCircui Currant {Isc) 3575  308A G8A FrentCavar 32 mm temgerad glass
Fipdu'e Eff cenay 15H% | 505 A Frame Maierizl Anodizzd slumirium aficy
Dperating Temzerai.re =070 ~ FESSC JS0x IPE?, Adiodes
Max, Spitem Voitage TLOOWCIECY o TOOUV (LIL) Cible Lo EEChar 4 e &1L AW
Mo =reFerformance TYPE T {UL 1203 op THO0W (LIL), 1150 mmides.s ur)
CLASSC[IEC 81730) COnrectors MCA or MCd comparatls
hace Series Fuss Rating 124 Stand Fackaging 2 ocs B08kg
Anplication Classification Clazs A [quantity B weight per pallet}
Pewes Talerarcs O==5W Kadule Pisces 328 pes (A0 HEY
? par Container

*tindar S5 dera Tesk wendilion HTC o sl of 1WA W IEr, GEeiiuin & 4

15 e Sabl immiparafuns oF 2350

ELECTRICAL DATA S MOCT* TEMPEXATURE CHARACTERISTICS

Electrical DAtaCSEX 305F 1GR3 I5P Specifiation L= Data e .
Momical Max. Power (Pmax) 271W  Z25W  228W lermeralure Costicient [Fmax] CAT &

Ogtl. Ogerating Voltage {'.'mp}_HI'I_'I.’ EESLE T A ) Termperalurs Coetidenl [\-':.-L: L Y
Opt, Operating Currznc{lmp] SA3A ETT A GELL Ternpiral ire Cowfacient [1sd) J0&559 F°C
Creen Circuit Veltage (Vo) 412 473Y 215V Neminal Doerating Sell Temparatuss 15227

short Lircuii Current {lzc) JTEZTA iR A JARA

¥ Lingims kol Sonerieg Coll Termpeenms (30T rpdianee oF B30 AN ;
SREACTET A T E AT IR Rerakure 207 wine zamed 1 mis PARTHER SECTION
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Industrylzading performance atiow irradiatzn, +26.0 %
modnlz effiziency fromran rradiance of 1000 Windto
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SolarEdge Single Phase Inverters
SE2200 - SE6000
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Single Phase Inverters
5E2200 - SEAO0C

SE2200 | SE3000 | SE3500 SE4000 | SESOOD | SEE00O

QUTPUT

flatad AC Pawer Cutpur 2200 | 2000 250C &000 So0 GO0 | A
P agimunt AL Fower Simput 12 000 I500 Ly 5000 GO0 [ e
AL Quzpit Voleage (Beminel) FZ07a30 | wee
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Packaging & Delivery
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Suitabie gss: Biogas
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