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ABSTRACT

Sriwijava University mukes a research cooperation with the Enerpy  Technology
Center, the Agency for the Assessment and Application of Techoology (B2TE-BPPT)
through RUSNAS program in the field of of photovolisic system technology. In
Indonesin, the PV Hybrid Svslem is one of several alternatives which are 1aken into
consideration by the government 1o become b resolve aption in coping with ¢lectnicity
supply problem in rumal areas along the Indoncsion wchipelago. The hybeid power
systems integrate renewable energy technolegies with diese] generators, hatterics and
fnverters o provide eleetrical power. The PV hybrid systems has been installed in the
Lniversity with the capacity of | KWp photovalae armay, 24 KWh VRLA battery
bank. 10 KV A Hybrid Power Conditioner (HPC ) powering the street light. The system
will be extendad to 5 KWp PV array and 48 KWh battery bank in the 2011 fiscal vear.
The preliminary research  wtilizing the SAM (Solar Advisor Model) software and
performance of the system installed will be elaborated an this paper.

Keywords: renewable, iechaology, photovoltae. hybrid, SAM

LINTRODUCTION

Indoiesian encrgy secior is still heavily dependent on non-rencwable energies
such as fossil fuels. coal and natural gas as sources of encrgy. The government policy
in long term national enerey supply through the Presidential Decree No 572006
enplained that the trget of national energy supply should achieve  the optimum
energy mix in the vear oft 2025, The contribution of the energy sowrce inte the
national epergy comsumplion plan o be ol ix less than 20 %. gas is more thun 30%.
coal bevomes more than 33%, bofucl becomes more than 5%, geothermal more than
5%, and the renewnble energy especially nuclear. hyvidro, wind and solar will he more
than 3%, Renewable energy sources are quite whundant in Indonesia. These are, hias
ethanol us substitution for gasoline, bio-diese| for diese] vil, geothermal, micro-hydre,
wind energy and solar energy O generate electocily.

Viewing the percentage of encrgy usuge which mentioned in the Presidential
Decree No 572006, the application of photovoltaic system should be shout 80D MW
in the year 2023 11 means that (he number of photovoluaie that should be installed is
about 40 MWp per vear. At the moment. the installed capacity up 1o 2008 is about 20
MWp. Therelore, it is gomg 10 be s tough challenge for Indonesia 1o acheive the
target. Several actions have o be taken 1o gehiove the target and one of these aetions
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is increasing the qualificd man-power who are working in the fleld of photoveluic
swstem technology,

Comtributing to these avtions the University of Sriwijaya in Palembang. South
Sumatta makes u research cooperation with the Energy Technology Cemer, the
Ageney lor the Assessment and Application of Technology {B2TE-RPPT) through
RUSNAS program in the fiekd ol of photoveltaic system technalogy. [n Indonesia, the
PV Hybrid System is une of several allernatives which are taken inte consideration by
lhe povernment to become a resolve option in coping with electricity supply problem
inn rural arcas ulong the Indonestan archipelago,

I1 has heen common practive throughout rurslremote dareas’in Indonesia to
prowide diesel generntor for supplyving electricity as a power pencration is relatively
chesp and the fime [rame o construct power planls is short, Duespite these
considerations of a capitul nature, diesel penerator has very poot fucl consumption
elficiency at Jow load and high mamtenance cosls, furthermore, hoth fuel and
transporlation cost is high for remote sites. Examination of the lile-cvele costs of
hybrid systems, as opposed o conventional diesel generation provides a greater
understanding of costbenefits ussociated with hybrid power systent. Hybrid power
svstems inteprute renewable energy technologics with diesel generalors, barterics and
inveriers Lo provide electrical power. The PV hybriil systems has been mstalled in the
University with the capacity of | kWp photovoltaie array, 24 KWh VRLA battery
bank. 10 kWA 1ybrid Power Conditioner (HPC) powering the street light.

2 INSTALLED SYSTEM
The system was installed in February 2011 comprises of;
a. Photovoltaie array with the capacity ol 1 kW p. the nominal working voliage
is 120 Volt DC.
b. The battery as an energy storage with the capacity of 24 kWh.
¢ | Phase Hybrid Power Conditioner (1PC) as a di-directional inverter with
mulomatie control with the capacity o 1RV A,
d, 5 Lamps. 25 watl cach and ane 130 Watt street light as a loads,

The DSP based ane phase Hybrid Power Conditioner (HPC) provides vne-phase
AC power o loads, The role of the inverter madule includes the transfer of power
from the photevoltaic army to the Joad and the imperting of power from o diescl
generator 1o charge the battery bank. The battery bank is a back-up power source to
meet instantaneous peak loads and supply the load when no diesel generator operation
is requited. The photoveltaic modules provide power to aid charging the batterics and
reduce the oad on the diese] gencrater.
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Figure 1 Block Diagram
HPC = Features & Options (see Figure ]
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o Full automatic operation with no break to the supply during transitions from
inventer 1 diesel penerator operation.

e Noloss of supply on dual diesel gencerutor systems if & diesel generator fails 1o
start as the alternate diesel generator will automatically be selected,

o Iiesel generator loading is kept relatively high during its reguired aperating
period giving high fuel efficiency and lvwer overall maintenance.

o Solur resources are fud directly 10 the site load via the invener as much as
possible.

o [oeal LCD (liquid ervstal display) and kevpad for system control. monitoring
instmtancous system duli, event Jogs, data logs and changing set points.

e [lime and date samped sysiem data logs and cvent logs available lor
importation into @ spremsdshieet for analysis via a Jocal RS232 connection.

o emote contral and monionng oplion aviilable  (with local  dedicuted
telephone Hney.

o [Integrated P'WM or MPPT solar regulator.

At low joad condition when the diese! oft-Jine the battery and photovoltaic output
encrgy operating through inverter, when the Joad increase 1o medium load diesel
running 1 optimal loading. and excess diesel generator capacily charge the batfery
through the HPC. The diese] generator will operate in parallel with invenier when the
load came to the peak condition. Inverter converts photovoliaic and batiery output
energy into AC power. The system completed with the system monitoring and control
because comprehensive and uninterrupted monitoring plays an important role, The
monitoring system used is SCADA which are measure and record all duta parsmeters
and event logs. The duta store in intemal memory for two years in len minuics hase.
The datw can be wken anytime locally or by remote system if there i communication
line availuble, Additionally, instantancous dita can be done by the operator on the
sereen,

I'he evaluation of the performance is nol done entirely. because the component of
diesel penerator is not availuble ver, The incoming solar md::llmn lm.-uo}aunﬂ} datn ol
1 10 7" of June 2011 is on hgune 1. The daily average is 4.403 kWhim® with the
highest of the 7" is 827 kWh/m® und the lowest is 3,702 KWh' .

Daily Inseiation Juns 2011
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Figure 2 Daily Insolation
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lhe performance af the system is shown in Figure 3. The PV energy output is still
higher than the load energy consumed, it can be seen that hartery \D]lﬂE'- is nlwiys
higher than 2.1 Valt per cell. Currenily the load is 5 lamps with power of 25 walt
each. and running lor 12 houss.

ISBN 2 979-557+395-4
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Figure 3 Svsiem PPerformance
1 SOLAR ADVISORY MODEL (5AM)

The Solar Advisor Model (8AM) is a stand-alone sollware program created in
2006 by a partnership with the National Renewable Energy Laboratory INREL] and
SNL through the DOE Solar Encrgy Technologies Program. The program can be
devwnleaded at hitps:/fwaww nrel povianalvsissamy,.  The model is being continuously
u[u‘dlul and impeoved and has an active user commuanity that can be accessed at:
hitps groups.eoosle. com/oroup/san-user-proup.  The version used in this paper 15
SAM 2000.119,

This medel is considered a “svstem”™ model because it has te ability o model PV
system performance, and perlorm financial analysis. A uselul leature i SAM 15 that it
provides access to many different array performance models deseribed below in Table
1. I terms of radiation inputs, the model will accept either beam and diffuse and
calculale total radiation. or total and beam and calculate diffisse radiation.

Table 1. Algorithem Options in SAM for Solar Radiation, Armay and Inverter
Performance

Solar | Array Performance Inverter

Radiation

o Isotropic Sky |- Sandia PV array | - Sandia nverler

«  llay  and | performance - perlormance

Davies model [empirical) maodel

» Reimdl « 3-parameler performance | = Single-point efficiencey

« PPerez ctal muodel {semi-empirical )

« PV Watls
| - Simple-efficiency model | i
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The radianon models in SAM include lsotropic Sky {Liu and Jorkm, 19633, Hav
amd Davies (Davies and Hay, 1980), Remndl (1988) and Perez et al. (1987, 19881 For
artiy performance, Table | above shows the four different options. SAM uses the
Transient Systems Simulation (TRNSYS) code developed by the Wisconsin Solar
Energy Laboratory s the “engine’ for implementng the array performance madels.
For weather and solur insolution, SAM uses TMY2, TMY3, EnergyPlus Weather
(EPW) and METEONORM data. Other uscful features include the ability to perform
sensitivity analysis und optimize against a selected output.

Weather Analyticy has kindly provided us with o sample o TMY lile for our shie,
By running the SAM and do some simulations, the output shows some inleresting
results (see Figure + and Figure 3). The azimuth of the array 15 around 50" F and the
11t is Jess than 127 (see Figure 0,

Mot Ouil put

amur

Figure 4 Contour Plot of the Net Output in KWh al the Locution (2,966 °8, [04.688
El

Figure 5 Histogram of the Monthly Net Output in kWh at the Location (2,966 S,
104,688 ")
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Figure 6 PY Fucility at Sriwijava University. Indonesia

4. CONCLUSION AND DISCUSSION

Conclusion

¢ The loud enerpy is still lower than the PV owput energy; it needs ta be
calewlated precisely 1o pet the aptimum enerey balance.

«  More data on the caleulation of incoming solar rodiation are required to
compare with the SAM caleulstion, 8o we can use the SAM caleulation o
design PV svslem in Palembang mere precisely.

s The most favorable system 15 10 add the diesel generalor inlo the svstem.

Discussion
1o complete the efforts ol achivving the target of PY Program at the University of

Sriwijaya, Indonesia several actions have w be aken such as;

[. Complete the system with adding diesel penerator and inerease the capacity of
PV arrays and slorage battery,

2. Ulize the SAM soliware optimally, because SAM allows users o investigate
the impact of varations in physical, cost, and {inancial parameters o beter
understand their impact on key fipures o merit, The fgures of merit of these
systems include:

e System output

s Peak and annual systerm efficiency

= Levelized cost of electricity

= System capital and operating and maintenance (O&NM ) costs
+  Hourly system production
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