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Assessment of PV Power Generation for Household in Surabaya Using
SolarGIS - pvPlanner Simulation

Elieser Tarigan™®™, Djuwari® and Lasman Purba®

* ey iian s Erppian g DU oy et (T Ry Rl e Teraehae, adamsis

b R Sl K S, SEET OV, SR Kl LTI TR
Horrnds e riRsrml AT s &

Articie history: ABSTRACT: Consumption of electricty energy in the Surabaya city @gion s continuingly

increasing due to increasing wbanizaticn and the socil living style.  This paper presents a
R sittulation wadel used 10 siee and asseds the performence of a PY instalbition using SalarGs-
[ T———— pvPlanmer, particufarly for hease hild installabion. The average daly sum of global irrdiation on
Avvsilskla imiise the horteental serface in Surabaya 1s oot @54 KWhin® per day with domination ol diffise

radiation, especially during March - Oowher. The optimum panel orientation for fixed mounted
weid Toansd with agiimith 457 [northeast) o inelination of 13 The mounting gystem Ly
significantly affects the specific electricity production of a PY spstem Bronomic analysis shows that
under current eenditions, the solar PV system for househokl electification (s pot seonomically
viahle in Surahmya.

Kegrworsd o bow olgas: syesbemy, smela tion, opbemdeatiom, elecbmogy, SolaG 5-preflommer
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1. Introducton

Muore than 50% of the primary energy requirements
ol the Indonesian nation ave provided by fassil fuels in
spite of the countrys larpe potentlal for repewable
energies: micro fmini hydeo, biomass, peathermal, solar,
and wind | Adra ef & 2009). Furthermaore, the
fragmented topography and scattered  population of
Indanesia  makes 0 panicularly  ideal  Jor  the
implementation of PV systerms as @ means  for
electrilication. Installed PV capacity in Indonesia was
about ZOMWp and a presidential decree fom 2HM
stated that measures would be taken so that the country
PV capacity could reach about B0MWp in 2025
[Maeleenn 2009, Since the 19%80s, many standalone PV
systems fullilling diflersnt lunctbans have been mstalled
throughaut Indonesia essentially lollowing
governmental imitiatives. In this paper, & study on the
salar electricity  system o provide the reguired
electricity for a household In Surabaya East Java,
Indanesia is conducted through a simulation.

Application of PV for househalds in the city ared
where the electricity grid have already been available
has less been studied in Indonesia. The cost af basic
matertals and the Rexhility of the installation to mest
the wer needs of energy are the main Belors
influgncing the Feasibility of PV power generation
|Benatiallah e af  2007)  Computer  simulation
technlgques can be used 1o test the pedormance of
various components of the PY system before they are
pul in place hence reducing materials and installation
casts [Benatifilab = of 2007; Egido 2007). This work
presents an assessment of PV power generation for
househald in Surabaya using SolarGIs - PVWplanner
simulation (solargisinfo 2003} A realistic economic
analysis ol PV system generation for a typical ol single-
family house s conducted using the Jife cecle cost
analyzis,

2. SolarGIS-pvPlaneer Simulator

The Solar(ls-pePlanner application is an online
simulatar for solar PV systems. The simulator provides

assegement results ab oany selected  gite online. It
integrates numerical simulation models that result from
the latest ressarch with new climate databases using
Google Web Toolkit webh programming  technolopy
(Marced e af 201% Huld e ol 20010) The SolarGls
methodology is based an using statistically aggregated
solar and temperature data stored in the database with
a time stéep ol 15 minutes, Smplilied inpt parameters
cnable to consider key charcteristics of a PV system,
such a5 its position, geometry, type and mounting of
marlules, efficiency of inverter, and assumed lasses in
DG and AC sections, The model caloulates reflectance
logses at the surface of PV modulss and losses due
irradiance and temperature characterising operating
performance of modules in a site-specific climate
conditions, The other system losses, mainly a1 the DO
and AC section are to be set by & wser (Marce] o af
2012} The  simulator  website  address s

hibtps! fsalargisinfo peplonner

3. Site Meteorological and Solar Radiation Data

Surabaya is located at 07 19° 17837 South and
112° 46" 3.1%" East. Geographic position of Surabaya is
ax shown in Fig 1. The Sun path over & year in Surabaya
Iz shown in Fig 2. The figure shows the terrain horizon,
rmardule horizen, and active area with civil [clock time)
and solar time, Module horizon, however, may have
shadding eFect an salar radiatian
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Change of the day length and solar senith angle
during a year i5 shown in Fig. 3. The local day length
{time when the Sun iz above the borizon) is shorter
compired 0 the astronomical day length, iF ohstructed
by higher termin hordzon,

Global horizontal irradiation and air temperature
during a year is shown in Fig 4. The global radiaon
componants are  direct, diffuse and  reflected, The
average daily sum of global irradiation an the horizontal
surface is about 554 EWh/m’ per day with maximum
value of 681 kWh/m? [September] and mintmum 452
kWh /o[ December]. The difluge companent of rdiation
is guite significant especially during March - Octaber,
while reflected radiation relatively small throughout the
VEsr.

In the past., the glebal radiation is uswally higher
during maonth April - October than the other months, k
can be understood that during this period dry season
cammanly ooour in this region meanwhile miny season
is during December - March which resulted in the lower
average  solar radiatdon  [Eleser 20100, However,

EBTEELCONEX 2 S, Aogust 23% - 139, 215 Jokew, Indozesia
Reninable Energy and Ererpy Cosverdion Confimomsd e pad Exkibition

regently, the season period is lkely unpredictable, and
further investigation should be attempted for this as it
might bie closely related not anly to the PV applicatian
bt plso pooodher issues such as globol wnrming o climate
chanpe

Daily [divrmal) air temperature, as shown in Fig. 4,
indicated that the ambient tempersture i Surabaya
variss from 26 - 30 °0
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4. PV Specific Energy Production

Simidation using Solar GIE-pyv Planner was carcied aat
ta phtain the optimum specific energy production of the
PV system by varving salar geametry parameters, type
of PV materials and mounting sysbem.

Tahle 1 shows the opdmum  specific  enevgy
production of a crystalline silicon based PV system in
Surabaya, each forthe panel orfentation of : azimuth of
3157 (northwest), 457 [northeast), 2257 [southwest],
1357 [suul.hl.'a.'d] with inclination of 5°, 13%, 07, and 07
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regpactively, and Aeed mounted system. [For economic
and less compledty installation, it is assumed that
mounted system is the most suitable for house hold]
The aptimum panel orentation s found to be
azimuth 45% [mortheast] and fixed tilted 13° from the
horizoital. Simulation resolts showed that variation of
panel orientation [with fixed system) would affect
energy praduction up to 4%, Meanwhile adjusting viltsd
up to 20% daes notb signilicantly affect the energy output.
Therefore, for a real condition, the tilted could b fixed

Simulation results oo different pe of mounting systenm

by taking -8 based solar cells as the parameter is
shown in Table 3.

Table 3
Mosetiog svsbem alfect an the speoilie emegy producties
fior o-5i 5o lar ool im Serabaym

lallowing the appropriate mol slope, all at anes to avaid Muuntisg System m::;-n:qcud_
dirt and leaves falling to the paned to stay on the panel [ A
surlace which would reduce solar radiation into the Froestanding Langle [ogeimized) 1555
panel, Baiiieg nnegrated {optiosz o] 1503
Rzl inu b § ofi i iz ed] 1529
Talle 1 :
Encngy prodsction PV spaem of 050 KWp, crsaaioe siicon, fived P L AT T .
spssting with variation of simeth and inclinsslon anglhs. |E_in| = Hnrizental 8% axis trackmg 1==7
S e ot ol i e IO T e — o
Amim 3157 Akjim. 45° Adlm. 2257 Aelm. 135° Tt =
[nortwems]  inorbess] (outhwes).  (oothesst) mclimied sl I
Mumih inel 5 sl 137 el O incko” 2 awis trasciong 1949
Essn  Esd  Ess  Esid Esim__ Esd  Esm Esd
| am 116 375 115 37 117 37 117 347
e 4 37 104 3™ 104 LT Id 5T 5. Energy Requirement Analysls in 8 House Hold
Mar LIl 3E3 12n 3gs 117 1T 11y AT
g i1a  3EE 117 FSF 11 AR 111 ATE There are several type and siwe of houses
My 1227 3 127 411 nr 3T 117 A7 commonly build inothe area of Surabaya. In derm ool
Jun 123 41 129 &3 1Y 38 1Y 3% installed  electricity  capacity by national  grid
Jul 138 445 184 465 131 4FF 131 43 (Peérusahaan Listrik Megara, PLM), the houses are
Mo 160 4mé 158 oD 144 46T 14 44T categarzed ioto: 450 KVA, 90 KVA 1300 kWA,
sap 152 5&F 154 505 140 45%  LAH 453 2E00EVA,  F500KVA, and several higher capacities
et 153 o4&k 152 45 151 &E 151 4E Btistically, the houses with 1300 KVA are dominating
e l2e 420 l2d 426 126 #37 i@ #8 with more than 80% of the total houses currently
NS 108 355 g 35F 11l 359 111 359 avitilable [surabayagoid Z01Z). Therefore, the analysis
fizai 1530 409 1555 436 1500 &11 LGO0 4.31 here is Mocused an this Lype of houses

Hy setting of crystalline silicon panel with azimuith
angel of 45” and inclination of 13% it could be expected
daily specific dectricity  production of 352 - 515
EWh/lWp, with an average of 426 KWh/EWp, or vearly
specific electricity  production of 1555 KWh/EWp
Specific alectricity production (vearly) and performance
ratio for different type of solar cells with the same
module orientation is showed in Table 2.

Tabel 2
Specacfic epergr produchon ard perinrmance rmin o
differems prge sofarcelis
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-5l 1555 Tad
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8
The mounting system  sianificantly  affects  the
specilic  electricity  production of a PV system

A typical single family house with 1300 kVA In
Surabaya commonly uses the appliances in Tabkle 4.
With the dectricity appliances listed in Table 2, the
daily  electricity  load [or the typical house s
appraximately 3.2 k¥Wh

Tahbed
The hiouse bald electricity load
Wattagy  Ogerating Esst gy
Applismeces "?L"b“ periinit  Floers per Laa
nlriEss Used n‘l\:l' Wi
Lighrseg &amp 3 . WS 1330
lLaghtmg lamp 1946
al Tt ! 10 = 500 n.11%
laghtzrg lamp
&4 night 1 T - ne3s
deopung
Yaries | £
™ ! L hioiirs] 0322
Vares (3
Waer Pemp 1 10 hours) 01,32
Warli= [B
Fan r: % hours] LI e
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SolarGlS-pyPlanner simulator requires inpul valus
of the capacity of solar PV madule [in watt peak, Wp] to
b installad in order to simulate. In this waork, the valus
is determined based an the load for the mentioned type
of house In above Le 3.2 kWhday, as well as the
prrtential aof PV specilic energy production in Section 4.
The results of simulation indicated that 0.7 kWp of c-5
solar modile is nesded to fulfill the energy requirement
ol 32 kWhday. The capacity of nseded solar module is
equivalent to (uao K'Wp of CES based.

Simulation is carvied out by taking c-%i based solar
module, considering the avallability of the solar module
in the market currently in Surabaya, and as mentioned,
for economic and less complexity installation it s
assumed that a fixed mounted system is the most
suitalde for househaldd The manthly enecgy production
for a year and its performance mtio of 8 0.7 kMp oS
based salar moduls is presented in Fig 5.

& Life Cyche Cost Analysis

The life cycle cost [LOC) estimation of the designed
stand-alone PV system is discussed in this section. The
components that are related to a stand alone PV system
cogt are including: madule cost, balance of system [BOS)
cast, useful lifgtime of PV spstem, minimum attractive
rate of retumn (or discount rate], and operating and
maintenance | D&M ) cost
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Fig. § Hosthly energy prodsction and 1= performemce ragio of
& 0.7 W e hased soler module

An eguation which is expressed in the companents
of the peak power rating and the total cost per peak
walt it derived below to calculate the unit cost of

electricity [UCE) (Kanpal & Garg 2003 A typical
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numerical calculation is then made for estimating the
unit cost of PV electricity.
The unit cost of electeicity rom PV gystem JECEq)
can be calculated as:
. Levedined wamwndcoas o PF avaioo
LCE pyr
e’ v sang S e P sraeny

(1

The lewolized annual cost of the PV system
comprises of the annual capital recovery cost the
wnnual of 08 M oost, Gixes, insurance, s

The annual capital recovery cost in return can he
calculated as a product of Gpital cost & and capital
recovery factor, e

Anniwad capitnd recovery cait = ¢ ilba”

1
{ )" -1
Where C. i5 capital cost; d 5 discount mte; and n s
e pected useful 1ife time.

If the annual O&M cost 5 expressed as a fraction =
of the capital cost, and the cost of insurance and taxes,
e, are expressed s a (raction £ ol the capital oo, the
levelized annual cost of the PV system can be written :

(2]

il
{ I:+:.|"}ﬂ—[

& oo & i |3]

£

B

From the capacity utilizabion factar, C0F  of tha PV
system, the annual eloctricity output (&' can be
estimated :

Evet = (BT80 ¥ fihe pot power of e PV systemt x
(CEES [+)

Ifwe express the total capital cast Co as a product of the

pesik power rating and the total cost per peak watl, .,

then the wunit cost of electricity produced by the FY

spstenm, GOF, can b caleulated as

: a1+

I:-F". —-‘TI‘M"":"
| (a1 -

B, T O

E=

A typical numercal caleulation B made  uding
equation 5 for estimating the unit cost of PV electricity.

Talle5
The umit cost of Y clectricity

Cpw Unk Cost of Electnciby (U507 Wk
[i1k-aly
Wk d=005 d=01 d= 015
rind 114 i57 TS
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Severn] valoes of installed cost in dollars per peak
watt have been considered along with three different
values of minimum attractive cates ol returne In this
cabeulations it is assumed that (1] the useful life time of
tha PY system 5 20 years {id] the annual maintenance
cost s 5 per cent of the total capital cost of the system,
[Uil] taxes and insurance costs are not to be paid and (iv)
capacity utilization i 20 per oent The result of
caleulation is sumrmarized in Table 5.

7. Discassion

As previously discussed, o typical household in
Surabava with daily loads of 3.2 kWh would require of
0.7 kWp solar PV system full fl its electricity needs. A
small market research, mainly Irom the internet, was
conducted personally by the author in this wark to find
out the price of the solar electricity components and
installation locally in Surabava. Table 2 shows the
average price or cost per item of the PY osystem
componient [stand alone system).

Tubls &

The component cost daba of a PV spstem
Ibem e
PV mwsaiinde £25%h
Bastery £15'4h
g Cosarolor Lo
liivserter LW
Instalation 168 8y ol PV Cost
M Y ear 5 ol PV Casn

Bazed on the information as in the Table &, and
fallowing the sizing stand alone BV method by Abd El-
Shaly [24403) and Sheeraz et al (20000, it was (ound
that the initlal investment for a 0,7 k'Wp stand-alone PV
system  applied for  considering  typical house in
Surataya is approximately 4,300 USD, That means, at
present time, the initial cost investment for & stand-
alane PV system is about 6.1 D0 Wp.

With caonversion value [rom Talde 4 means the unit
vost of ebectricity [IME] at present time {5 range (034 -
(B2 USDEWh While, at the time of writing this article

the price ol electricity  from ootional grid [PL.I'. in
Surabaya 15 0,08 USDAWhH, 1t is obviously seen that,
under current conditions, the solar PV system for
household electrification s not econamically wiable .
Even with a hetter financial support. salar PV system for
household stll less promizsing. However from the BCE
values showed in Tabel 4, PV systems seem have the
potential 1o provide power ab competitive prices with
other  alternative ogtions  For  power  generation,
eapecially when Cpw Is potting Tower throogh the
technalogy developments.

From the house hold electricicy boads a5 listed in
Table & abowve, it is obyicusly seen that the enerpy is
mastly consumed For non-lighting purposes. Only L43
EWh of 3.2 KWh energy loads used For lghting. Unlikely
household in urban area, house hold in the rural area in
many places of Indonesia, such as in the islands and
remode ares, the lighting is still the basic needs for them
Many of peaple have been living there with oo electricity.
Cansldering such condition, PV systemn is one of frasthle
optiom to attempt,

B Conclusions
a

A simulation using SolarGlS-py Flanner model to
size ond #ssess solar potential the performance 0V
installation in Surabaya has been carried oot The
average daily sum of pglobal irediation on the
horizgontal surface in Surabava is found abaut 554
EWh/mZ per day with domination §f diffuse radiation,
espircially during March - Gctober. The aptimum panel
orientatbon for fized mounted is found with azimuth
45° [northeast) and beclination of 13% The mounting
system type significantly affects the specific slectffic
production of a PV system. 0t i abviously seen that,
ubder current conditions, the solar PV system for
hiousehold sectrification where unit cost of electricity
of 034 - 061 UEDYEWh, s not economically wiahle,
Even with a better financial support, solar PV system
fior househald still less promisiog meanwhile, in remote
areas where grid electricity is not available, PV system
cin be financially Fagible in the short-temi
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