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1. INTRODUCTION

Many remote areas in Indonesia are mainly powersedtandalone DGs. Some areas with rivers
flowing potential use MH systems with DGs as backuapthe MH/DG system, the DG supplies load if the
MH generates low energy and cannot fulfill the dachéoad. This system runs with high cost in theglon
period due to highly diesel fuel price. Introducitie PV/battery into the system will reduce the DG
operation and hence decrease diesel fuel consumptmvever, without using a proper charging/disghray
control strategy, it will reduce the battery lifag and, consequently, increase cost of the battery.

Many battery charging control techniques have bdmreloped for dispatching fluctuating energy
resources, such as wind farms [1]-[6]. The paperqli-[4] propose a simple scheme to the battery
charging/discharging strategy. The battery stoxeess energy and discharges it when the demarudgs. |
Teleke at.al.[5] introduce the ruled-based coninelthod to support the intermittent energy resou(Bds
systems and wind farms) on an hourly basis. Lil.eina[6] uses a fuzzy logic based control method t
regulate the battery SOD at expected conditions.

The MH resource is more stable than wind energywéi@r, in some areas in Indonesia, the water
debit is dependent upon the seasons. The rainyséasreases the water flow and, on the contrdry, t
water debit is greatly decreased at the dry sedeaorder to fulfill the demand, the MH needs otkeergy
resources as backup. This paper proposes a batiatgol strategyto simulate the performance of hridy
PV/MH/DG/battery system in Sajingan. This sitedsdted in West-Borneo and lies between 2°08' -'0°33
North Latitudes and 108°39' - 110°04' East Longtud

2. SYSTEM MODEL
The system model consists of PV, MH, GD and batepresented in Figure 1. The hourly electric
power flow of the system is expressed by
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P/(t) + Py(t) + R(t) + R(t) = R() (1)
where R, Py, B, and Rare output power of PV, DG, MH, and battery, resipely, while Rdenotes demand

load. The battery output power becomes positivihéf battery is discharging. In the reverse proctss,
battery output power is negative.
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Figure 1. System model scheme
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2.1. Photovoltaic power
The PV output power is a function of solar inten$R, kW/nf) and panel temperature (TG). For
the PV efficiencye, and panel area A, the hourly PV output powedeiined by

Py(t) = &,.A.R(1).(1 — 0.005.(T(t) + 5)) )

2.2. Microhydro power
The MH output power depends on the head availadhlerq) and debit of turbine (Qm’s). The
hourly MH output power is specified by

Ph(t) = 9.81&n.her. Q(1) (3
whereis the MH efficiency.

2.3. Diesel generator power and fuel consumption
The operating load influences the fuel consumptibthe DG (F). The hourly fuel consumption of
the DG at rated capacity {JTis defined by

Fa(t) = a.Tq + b.R(t) (4)
where a and b denote coefficients of DG fuel congtion in L/kWh.

2.4. Battery and full energy cycles

Lead-acid batteries have ability to supply highrents and relatively low cost. These make the lead
acid batteries suitable in hybrid power generatidhswever, the number of cycles of lead-acid bater
decreases exponentially when increasing the defpttisoharge (DOD). Figure 2(a) shows the number of
cycles versus the DOD for a typical lead acid lvatte

If the number of full energy cycles is defined asvhmany times the full energy that can be taken
out of a battery during its lifetime, it can be eegsed by

(number of full energy cycles) = (number of cyclergPOD) (5)
The number of full energy cycles of a lead-aciddrgtis almost constant and independent to the DO®

lower specific range. As seen in Figure 2(b), thenber of full energy cycles is about 510 cycleshvtite
DOD between 0% and 60%. In order to lengthen thtehalife, the battery may not be operated atDI@D

Battery Control Strategy for Hybrid Power Generati®ystems (Junaidi)



458 O ISSN:2088-8708

higher than 60%. From the information given in Feg2(b), the SOC (SOC = 1 — DOD) for this study is
limited between 40% and 100%.
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Figure 2. (a). Number of cycles versus DOD, (b)m¥er of full energy cycle versus DOD
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3. BATTERY CONTROL STRATEGY PROCEDURE

The proposed battery control strategy applied i@ BV/MH/DG/battery system has six main
scenarios as shown in Table 1. The scenarios depeide SOC of the battery (X(t)). If electricitypply
from both PV and MH matches the demand load, theald¢ battery do not operate (scenario 1). However,
in the worst case (scenario 6), the DG must opeaits full capacity to support the PV/MH in fuliing the
electricity demand.

Table 1. Battery control strategy scenarios

Scenario DG Battery
1 Not operating Not operating
2 Not operating Energy storage
3 Not operating Energy source
4 Operating Energy storage
5 Operating Energy source
6 Operating Not operating

v

define:
Xmin, Xmax

3

P(t) = (Pv(t) + Ph(0)) - Put) |

scenario 1 scenario 2| |scenario 3 scenario 5 scenario 4 scenario 6

L v v ot v v J

calculate: X(t+1)

t=t+17

S~ l

Figure 3. Flowchart of the propose strategy
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Rule of the controlstrategy is presented in Figur&he SOC of the battery is limited betweep,X
and X, levels. The current state SOC, X(t+1), is calmdabased on its previous state (X(t)), as spekifie
by

I,()

Xt+1)=X)+ c ©)

In (6), l,denotes the battery current, while C is the nomiaglacity of the battery. The currepid
positive if the battery acts as an energy storagenagative if it is an energy source.
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Figure 4. Hourly load distribution
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Figure 5. Hourly MH output power

Figure 4 shows a typical load profile in Sajingsivelt Kalimantan) with the peak load of 56.25kW.
From the hourly load profile, the daily energy dewhas 307kWh.The design flow rate for the MH is 29L
The lowest flow rate measured at the site is 18lufsng dry season with the head of 60m. The holtty
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1500Ah and the currents limit300A are used. The level of the SOC is set betwggn

40% and X..x= 100%.

0.08 L/kWh and b = 0.25 L/kWh, respectively. Rbis study, lead-acid batteries with the nominal

output power is presented in Figure 5. The aversglar radiation based on annual measurement is

5.73kw/nf.The hourly PV output power is shown in Figure6e Boefficients of DG fuel consumption are a

capacitiesof C
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Figure 7. Load dispatch scenarios
The results of applying the battery control strgtege shown in Figure 7. Figure 7 presents the

power output of the PV/MH/demand load (a), the Dx@#ry (b), and the SOC (c) within a specified time

period. As shown in Figure 7, scenario 1 is emplioydaen the demand is very low and the PV/MH cantmee
it. In this condition, the battery is in its maximudevel. The demand is rising (as in scenario 89, ianeeds

the battery to be discharged down. In scenarib€@ demand is supplied by the PV/MH. The extra gnerg
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used to charge the battery and hence, SOC of titerypés going to rise. In scenario 5, the demaodsgup
and the PV/MH/DG with the battery is used all tdgetto meet the demand. However, in scenario 6, the
SOC of the battery has reached its minimum levep¥and the demand is supplied by the PV/MH/DG
without the battery. In scenario 4, the battery ¢t@nces to increase its SOC level from the presehextra
energy contributed by the PV/MH/DG.

Based on the simulation study, applicating the fyatmtrol strategy to the hybrid power
PV/IMH/DG/battery system results in the fuel constiompof 13.988L/yr. This value is lower than thesffu
consumption of the hybrid MH/DG (24.549L/yr) and /RNH/DG (18.944L/yr) systems without the battery.

4. CONCLUSION

A Dbattery control strategy has been proposed toucedfuel consumption in a hybrid
PVMH/DG/battery system. The method controls the &@ battery operations based on the previous level
of the batttery SOC and the demand load with siinreeenarios. From simulation results, it has &®wn
that the PV/MH/DG/battery system with the proposméthodneeds less fuel consumption than the
PV/MH/DG and MH/DG systems without the battery.
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