
Battery Storage Design for Stand-Alone Room
Lighting Powered by Wind Energy

Abstract-The cnergi storage bettery required for room lighting
powered by wind energ/ system. The battery storage system

which makes its intcgretion with vertical bladc wind energr
system for power supplied that controlled by charge controller.
The main focuscd is thc integration of a bettery storrge system

with room lighting during wind spccd variation at difiercnt room

size. This paper focus on design prototype system for stend- rlone
room lighting in thc room with a hlade, DC gencrator, chargc
controller, Battery storegc and load.

Keywords- lead acid batterystorage systerry charge, wind
energt,room lighting

I. INTRODUCTION

Many remote communities are supplied with electrical
energy produced by diesel generators. In many of these

communities, the cost of energy is largely determined by the

landed cost of the diesel fuel. The urgent need to reduce the

cost of energy has led to the investigation of the use of
renewable energy sources, such as the wind, to replace some

or all of the fuel consumed. The small wind turbines in
conjunction with battery storage, can replace the elecfical
energy produced by diesel generators in electrical applications

[1]. Wind Power has been the fastest growing energy in the

developed countries across the globe due to its increasingly
attractive economics, its substantial environmental advantages
and supportive energy policies [2]. Wind resources are good
altematives to provide energy power. Winds are also the most
available renewable energy resources.

Wind is a readily available and renewable source of power.
Small wind energ/ conversion systems have the potential to
replace the current power source for battery charging systems

[3].Many types of new battery energy storage systems suitable
for large-scale energy storage applications have been under
development. Since 1985, Sumitomo Electric Industries has

developed redox-flow batteries in collaboration with Kansai
Electric Power Co- [4-5].

The stand-alone room lighting powered by wind energy
should be used to replace the old system that can provide a

better renewable energy and high effrciency of using energy.
This stand-alone room lighting powered by wind energy is
build with a battery storage system to provide a high quality of
supplying energy to the load that produce by the generator.

For stand-alone room lighting systemso energy storage
devices are need to store electricity for usage when the wind is
absent. Wind energy systems have a fluctuating power output
due to the variability of the wind speed with power output
varying by the speed. Integrating an appropriate energy
storage system in conjunction with a wind generator removes
the fluctuations and can maximize the reliability of power to
the loads. In addition, both system voltage and frequency can
be regulated and controlled [6]. The dominant enerry storage
for stand-alone wind energy system is using lead acid battery.

Small wind energy conversion systems can offer
beneficial altematives sources of power. This paper
investigated the design of a wind energy conversion system.
This system consists of a battery storage system that will
compatible with other wind system circuit like charge
controller. lt is designed to maximize wind energr capture
through the charge controller that will store in battery storage
system and to provide protection to the battery by regulating
the current flow.

A. Wind bergt System ConJiguration

The pmposed room lighting system in the room with a
Vertical blade, DC generator, charge controllet Lead Acid
storage device and loads. It supplies DC loads, around 6VDC
that produced by wind DC generator from fan sources in the
room. The wind turbine generates a variable dc voltage, which
is directly will store in battery storage or directly supply for
lighting in the room which can devide decision from charge
controller.

The input voltage to the charge contloller varies with the
wind speed, and charge controller will produce output voltage
that is kept constant to the battery. This is important because a

variable dc voltage is unsuitable for battery charging as the
power provided may be too high, causing damage to the
battery. The main challenge is that wind power is variable,
that even when wind is at low speeds or at high speeds the dc
output voltage should remain constant. [3].The battery is able
to supplement the power provided to the load by the wind
turbine when the wind speed is below a threshold value.
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Figurel: FIow diagram ofstand-alone wind energi concept

II. METHODOLOGY

For battery charging stand-alone wind turbine, a type of
battery storage is required to match as well as function with
charging controller.

YES

Stand alone rmm lighting powered by the wind energy is
divided into three main parts that consist generation parl
controller partand finally storage parL Each part desigted with
suitable to the mndition of home fan. This is important to make
sure there are matching to produce high efficiency and
optimunr power absorpions.

The battery is able to supplement the power provided to
the load by the stand-alone wind turbine when the wind speed
is below a threshold value. Current flow into and out of the
battery is controlled by tlre charge controller. In this
investigation, type battery that will used is Lead Acid Battery
(LAB) because this battery suitable from other battery type in
term ofcontinuously charging and discharging application for
this stand-alone room lighting system and also material cost
that consider while design this battery.

This stand-alone system collected wind source from fan
that will rotate the vertical blade which is connect directly to
the dc generator. This generator will provide DC output
voltage directly without use rectifier which will produce
voltage that depends on speed (m/s) offan source.

The contoller for this system is used to monitor the
battery voltage as an indicator of battery storage. This
controller is design using microchip that makes decision to
controlled wind sources to battery for charging or directly to
load ifthe voltage supply is higher value from higher battery
threshold. This altemative load or dummy load is used to
prevent it from over-charging to the battery that will produce
gases in battery plate which can make short lifespan for
bafiery cycle.

This research is done by design differences of output
voltage lead acid battery that to make surc the battery is
suitable for stand-alone room lighting system especially
accommodate with controller. The output voltage of the lead
acid battery is desigrr with arrangement of battery plate for
higher voltage that will accommodate with system which can
provide higher battery charge required (Ah).

A. LeadAcid Bottery

A lead-acid battery is a secondary (rechargeable)
electrochemical device that stores chemical energy and
releases it as electrical energy upon demand. When a battery is
connected to an external device, such as lighting, chemical
energy is converted to electrical energ5r and direct current
flows through the circuit [7].

A Gvolt lead-acid battery is made up of three cells, each
cell producing approximately 2.04lvolts that are connected in
series from positive (+) terminal of the first cell to the
negative (-) terminal ofthe second cell and so on. Each cell is
made up of an element containing positive plates that connect
in parallel between plate in single cell and negative plates,
which are also all connected together to increased battery
charge capacity. They are individually separated with thin
sheets of electrically insulating, porous material or
"separators" [8].

DC Charge

Controller LoadFan Blade Generator

-> F -+ , , '.';' 
t

I
:

Search type
Battery that can

Compare Type of Battery that
reliable with wind svstem

Simulation of Battery
based on ouput

Generator

Anal)'ze battery storage
system

Construct Battery c€lls
wftich accornmodate

with contoller

Testing the overall
svstem

Reading Data

Report

Figure 2: Method Overview

t-r

rtrqg

amysuzaima mohd shafiee
Pencil



A battery is created by alternating two different metals
such as Lead Dioxide (PbO), the positive plates, and sponge
lead (Pb), the negative plates. Then the plates are immersed in
diluted Sulfuric Acid (H$O), as an electrolyte. The types of
metals and the electroltte used will determine the output of a
cell. A typical fully charged lead-acid battery produces

approximately 2.041 volts per cell [9].

The chemical action between the metals and the
electrolyte (battery acid) creates the electrical energy. Energy
flows from the battery as soon as there is an electrical loa4 for
example, a starter motor that completes a circuit between the
positive terminal connected to the positive plates and the
negative terminal connected to the negative plates [0]. The
action of the lead-acid storage battery is determined by
chemicals use4 State-of-Charge, temperature, and load usage.
The electrochemical process for battery discharge process:

l. BafrEry Discharge

Ano&:
Pb(s) + SO;2 (q) + PbSOe + 2e-

d : o.ssov ...........A)

Catho&:
Pbo2 + so;2 (q) + 4I{ + 2e + PbsOr + 2H2O

d: t.otsv .........,.(2)

Net
Pb(s) + PbO2 + 2SO;'z(qq) + 4I{--+ 2P\SO4 + 2H20

d : z.oqrr ..........(i)

By supplying electrical eners/ to &e battery, this reaction
can be reversed and the lead sulfate forced back into solutio&
and reconstituting the electro&s. This can only happen so

many times, however, until the electrodes become so pitted
and corroded that cannot be reformed again. The
electrochemical process for battery charge process [0]:

2. BaseryCharge

Ano&:
PbSO4 + 2e + Pb{s) + SO;z (q)

d:o.tsor ...........(4)

Cathde:
PbSOo + 2II2O + PbOz + SOI @) + 4I{ + 2e

€: r.easv ...........(s)

Net:

2PbSO4 + 2H2O + Pb(s) + PbOz + 2SO;? @d + 4If
d : zutv ..........(6)

Batteries are ready to work in an instant and can be used in a
reasonably wide temperature range. Charging on the other
hand, has limitations and the user should follow recommended
guidelines on how and when to charge. Each battery chemistry
has its own charging preference. The table below provides
basic information for difference battery type.

TABLE I. BATTERY Cor!0ARrsoN [7]

NickeLbrs€d
(NiCd and NiMH)

Lithium-ion
(Li-ion) Lcad-acid

Prepare
new
battery

Nickel-based
bafieries come

partially charged.
Prime new baltery
by putting on a 14-

l6h charge.

Liion comes
partially

charged. You
can use the
battery right

away and charge
it when needed.

lcad acid
comes fully
charged. For

best resul! apply
a topping charge

to assure full
chargs.

Discharge
method

Fully discharge
once every l-3

montlN to prevent
memory. It is not

necessary to
deplet€ the battery
before each charge.
Over cycling wears

down NiMH.

It is better to
recharge more
often; avoid
frequent full
discharges.
On batteries
with a fuel

gauge. allow a
full discharge

once a month to
enable reset

It is betterto
recharge more

often; avoid
frequent full
discharges.
Deep rycles

wear down the
batery. Use a

larger battery if
full rycles are

required.

Charge
method

Allow full
charge without
interruptiom,

Repealed partial
charge can cause

heat buildup.
(Many chargen
terminate charge
by heat. A tully
charged battery

will re-heat,
causing

overcharge.)

Charging in
stages is

accepAble. Full
charge

termination
occurs by

reading the
voltage level
and charge

current-
Charging a tull
battery is safe
and does not
cause harm.

Chareing in
stages is

acceptable. Full
charge

termination
occurs by
reding the

voltage level
and charge

current
Charging a full
battery is safe
and does not
cause harm.

Figure 3: ted Acid Configuration

Marerial Used:
1. Acid sulfuric
2. Lead dioxide metal
3- SpongeLead

: Hvloa
: PbO2 (Positive Plale)
: Pb (Negative Plate)
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III. SIMULATIONRESULT

f;;q

Figure 4: Matlab Simulation

2. Battery Discharge

,,

Figure 6: Simulation voltage ard currert bmed on 62OV suply wtile at
discharging process

Figure 6 show the battery voltage and discharge curent to
the load The simulation show, battery voltage will decreased

while current flow will increased.

B. At Source Generator 6.40V

l. Battery Charge

Scope I
Scope 2
Scope 3

Scope 4
Initial Battery

A. At Sowce Generator 6.20V

l. Battery Charge

: Charge Current Flow
: Input Voltage from Dc Generator
: Battery Voltage
: Current Discharged
: State of Charge {SOC) - 207o
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Figure 7: Simulatioa voltags and current bosod on 6.40V supply while at
charging process

2. Battery Discharge

_t
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!

Figure 5: Simulation voltage and currcnt based o 6-20V supply u&ile at
clurgmg Foc€.ss

Figure 5 show the simulation of current flow to battery,
supply dc generator, and battery voltage. This charging
process takes about 4300 second or l.l9 hour to achieve until
6.20V. This simulation is applied dc supply for DC generator

output that can produce. Voltage battery increased in term of
time because while charging process, current will flow to
battery that will increased voltage value but the current flow
will decreased and close to 0 after the limit higher limit
voltage. In this case, the voltage value can increased until
6.20V because supply just only on 6.20V.

Figure 8: Simulation voltage and cunent based on 6-40V supply while at
discharging process

Figure 7 and 8 show the simulation of current flow to
battery, supply dc generator, and battery voltage but with
difference supply that arounil 6.40V. In this ease, the charging
time is faster than supply 6.20V. The time taken is around
1300 second or 22minutes.
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IV. RESLILTS ANDDISCUSSIONS

The result is collected from the experiment on integration
ovelzll system. The experiment does on a difference room size

using difference types of stand-alone home fan. The test is

carry in the bed room for the a few hours. The data collected
will be analyzed to see whetlrer the blade can produce the
desired output voltage to charge battery in the room.

A. Experiment on Room I

TABLE III. STAND ALONE FAN FOR 8 BLADES TEST

Witrd
Speed
(Itr/s)

Getrer'tor
Spe€d
(rpn)

Output
Generator
Voltege (l)

OuQut
Gercrrtor
Cnrrelt

(A)

0

I

2

J

4

5

6

0.00

3.78

4.O1

5.14

s.20

6.20

6.30

0.m

108.5

118.5

167.8

175.5

216.0

210.0

0.00

3.90

4_70

5.08

5. l8

6.20

6.31

0.00

o-62

o.69

0.84

0.98

l.3l

1.43
Room Size
Blade
Position
Battery type

Starting Battery

l2'x 6' x8'
8 blades (Vettical)
0.5 Metsr

Rechargeable batery Lead acid
6V
5.372Y (20vo)

This experiment done that fan directly focused through blade.
This experiment also uses difference position of fan. To get

various output, 2 fan is use to get moe output variation. Table
below show the oufput voltage that produce by difference
wind speed.

Table II sho*'the output voltage and curent ofgenerator that
can prduce by 8 blades test depend on wind speed. This
generator can produce DC voltages that directly connect to
battery for charying purpose without additional circuit like
rectifier.

TABLE II. STAND AI-oNE FAN FOR 6 BLADES TEST

Witrd
Sp€ed
(m/s)

Getrerator
Specd
(rpm)

Output
Geoenrtor
Voltege (V)

OuQut
Gencrator
Currcnt

(A)

0

I

a

3

4

5

6

0.00

3.78

4.01

s. l4

s.20

6.20

6.30

0.00

108.5

118.5

167.8

175.5

216.O

210.0

0.00

0.59

o.&

0.92

l03

1.38

1.50

0.00

3.E5

4.05

5_16

5.28

6.28

6.40

Figure 9: Output ganerator voltage depends on wind speed

Figure 9 show DC output voltage of generator that produced
increased for difference wind speed (m/s) of fan at the same

room for difference number of blade. Output voltage increased
by increasing wind speed of fan. Output voltage can be higher
value if wind speed higher. Output voltage for 6 blades is
higher than 8 blades until speed of wind is 4.5 m/s, and the 8

blades produce higher output voltage after 4.5m/s. 6 blades is
higher than 8 blade for the at lower wind that it more lighter
rather than 8 blade to rotate, but after 4-5 m/s, 8 blades
produce more output that weight of this blade will force to
rotate more faster.Table III shows the output voltage and current of generator

that can produce by 6 blade test depend on wind speed. This
generator can produce DC voltages that directly connect to
battery for charging purpose without additional circuit like
rectifier.

5

Voltage (V) Ys Spced (m/s)

3.5

5.5 6.5

6.5

6

4 i I
I
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Wind

5.5
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b0{

o
4.5
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Time ir Hour
(Hr)

Getr€rrtor
(hrput

Voltege (Y)

Brthry
voltagqV)

Witi no l-oed

Bottery
Current (A)

Flow

TABLE IV. CHARCN.IG TN,E BASED ON 6.40V Figure l0 and I I show the experiment result for battery
voltage and current flow to battery. From this figure, the time
taken for charging this battery is draw until 3.5 hours for this
room that take the higher value of generator output voltage
that can produce.

Figure 11 show the current that produce by generator to
battery is not slightly decreased because voltage constant is set

by charge controller. In this case, the output current varies that
supplied to battery

B. Experiment on Room 2

0.0

0.5

1.0

1.5

2.4

2.5

3.0

3.5

4.0

4.5

6.zm

6.,1O

6.40

6.40

6.40

6.q

6.40

6.40

6.40

6.40

5_37

5.54

5.6

5.81

s.94

6.10

6.24

6.37

6.37

6.37

r.50

r.31

l.l3

0.80

o.72

0.65

0.3t

0.001

0.001

0.001

Room Size
Blade
Position
Battery fype

Starting Battery

TABI,E V.

:20'x l0' x 8'
: 8 blades (Vertical)
: 0.5 Meter
: Rechargeable battery Lead acid
6V

:5.372Y (20ozQ

STAND ALoI.{E FAN FoR 6 BI-ADES TEST

Table IV indicate the bauery voltage while charging in term

of time. This experiment is constructing for higher value of
output voltage that can produce by generator that taken from
fan test. The value battery starting is at condition 2O%o state of
charge.

battery chaqing time on 6.4OV

Table V shows the output voltage and current of generator

that can produce by 6 blade tests depend on wind speed

TABLE YI. STANDALOIS FAN FORS BI-ADESTEST

Wind
Spced
(m/s)

GeEeritor
Sp€€d
(rpn)

Outsut
Generrtor
Voltage (V)

Otrtput
Getrerator
Current

(A)

o

I

a

3

4

5

6

0.00

3.70

4.06

5.05

5.t8

6.t2

6.2s

0.00

1ffi.0

I14.5

1632

t70.5

189.4

208.0

0.00

3.86

4.t2

5.1 I

5.24

6.15

6.24

0.00

0.54

o.65

o.92

1.04

1.26

l-36

Wind
Sp€.d
(m/s)

GGecrrtor
Spced
(rpm)

OEhut
Gemrator
Voltege (Y)

0!tpot
Gcierrtor
Crrrcrf

(A)

0

I

1

3

4

5

6

0.00

3.70

4.06

5.05

s.l8

6.12

625

0.00

1ffi.o

I14.5

163.2

170.5

189.4

20t.0

0.00

3.Er

4.00

5.t0

5.21

6.20

6.32

0.00

o.s2

0.61

0.84

0.98

I.31

1.40

6

*-3

I

6.6

6.4

6.2

o

E r.t
I s.G

5.4

5.2

Voltage(V) Vs Time (Hr)

4 60 h'n"

t
I.

+*

--&

1.6

1.4

1.2

alY 0.8

i 0.6

5 o-4

0.2

0
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2 Ti-"0 6

Figure I I: Current
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Table VI show the output voltage and current of generator

that can produce by fan for 8 blade test depend on wind speed.

This generator can produce DC voltages that directly connect

to Lutttery for charging purpose without additional circuit like
rectifier. This output is lower that l$ experiment because the

room size affects the wind speed

Table VII indicate the battery voltage while charging in term
of time. This experiment is constructing for 2nd higher value of
output voltage that can produce. This value is taken because

the higher value is closely same with value 6.40V for ld room
which time of charging is closely same. The value battery
starting is at condition zlyo stats of charge.

6.5 (V) Vs

6

t ,.5
(,
cJ
E> 4.5

+s Blades

Blade

4

3.5

3.5 4.5 5.5

Wind Speed (E/s)

6.5

/

{
/-v

12: Oumut generator onwirds@

Figure 12 show DC output voltage of generator that
produced increased for difference wind speed (m/s) of fan at

the same room for difference number of blade. Output voltage
increased by increasing wind speed offan. Outputvoltage can

be higher value if wind speed higher. Output voltage for 6
blades is higher than 8 blades until speed of wind is 5.5m/s,

and the 8 blades produce higher output voltage after 5.5m/s. 6

blades is higher than 8 blade for the at lower wind that it more

lighter rather than 8 blade to rotate, but after 5.5m,/s, 8 blades

produce more output that weight of this blade will force to
rotate more faster.

TABLE VII. CHARGING TN,E BASEDON6.2OV

l3: Voltage battery charging on

Figure 13 and 14 show the experiment result for battery
voltage and current flow to battery. From this figure, the time
taken for charging this battery is up to 4 hours for this room
that take the 6.20V of generator output voltage that can
produce.

Figure l4: Current battery charging time on 6.20V

Figure 14 show the current that produce by generator to
battery is not slightly decreased because voltage constant is set

by charge controller. In this case, Wind energy systems have a

fluctuation current output due to the variability of the wind
speed.

Timc in Hour
(IIr)

Generator
Outptrt

Vottagc (V)

Battery
Volrege(D

With no Loed

Bsttcry
CurMt(A)

Flow

0.0

0.5

1.0

t.5

2.O

2.5

3.0

3.5

4.0

4.5

5.0

5.38

5.4E

5.5E

5.67

5_79

5.88

6.01

6.09

6.19

6.20

6.20

6.20

6.20

62{

6.20

6.20

6.20

6.20

6.20

6.20

6.20

6.20

7

a -'-tr
,

.F
.F
I

Vs Time

t r.s
5.8

5.7

5.6

5.5

5.4

5.3

ll)
EO
6'

o

60 24
Time (Hr)

6-3

6.2

6.1

6

L

Current (A) Vs Time (Hr)

24
Timc (Hr)

l-4

t2
I

3 0.8

E o.e

6 0.4

0.2

0

0 6

f--

t.3l

1.26

r.t3

0.80
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0.65
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TABLE VIII. CONIPARTSON SIMULA.flON ANDEXPERIMENT

Simulrtion Result Experimelt Result
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Vohrgc (V)

Char$ne
Time (Hr)

6.N

l.l9

6.40

3.54.0

6.zm

0.36

5.20

From comparison table VIII, the simulation result shows the
fast rate of time while charging but in experiment; it takes

time more than I hour. This case happen maybe the battery is
not good enough and losses that occur at charge controller,
because charg€ controller also use energy by this battery. This
mean, the discharging process is occurring while generator

voltage is supplied to battery.

V. CONCLUSION

tn this paper, a stand-alone wind energy conversion $ystem

using a 6VDC Lead Acid Battery as an energy storage device
to stabilize the output voltage is analyzed. A directional
chargeldischarge contrcller is presented that successfully uses

the Lead Acid Battery to maintain the load voltage while also
regulating the current flow to the Lead Acid Battery to avoid
overcharge.

The I,ead Acid Battery is suited for renewable energy
applications because charging and discharging process will not
affect lead acid cycle used rapidly compared than nickel
cadmiun.

The battery storage system that is work as to storage the
energy collected by the generator and supply to the stand-
alone rcom lighting. For stand-alone systems, energy storage
device are essential to store electricity for use when the wind
is absent. ri/ind energy systems have a fluctuation power
output due to the variability of the wind speed.

The type of battery storage also play a big role in this
eflectively. This battery storage system also identified to
appropriate battery storage system integration with dc
generator and charge controller for stand alone room lighting.
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