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Abstract A stand-alone Photovoltaic (PV) system is one of the most important energy
system for Mongolian nomadic herders. Basically, a stand-alone PV system uses two DC-DC
converters. This makes the system costly, size bigger and difficult to move from one place to
another place for the nomadic herders. A combined control algorithm for charging the battery
using Stage of Charge (SOC) and Maximum Power Point Tracking (MPPT) is proposed in this
paper. The batteries are charged by the three stage method; bulk, absorption and float charge.
In the bulk stage used the MPPT function in this study. The performance of the proposed
control algorithm is evaluated in both steady and changing weather conditions. The results are
obtained using PSIM software. The results obtained in this paper are useful in designing a
stand-alone PV system in the rural life like Mongolian nomadic herders.
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1. Introduction

but

sparsely populated country. The covering area

is 1,564,116 km?, with a population of 3 million
people. About 1.3 million of Mongolia’s citizens

Mongolia is a geographically large

live in the urban capital of Ulaanbaatar, while
the remaining population is widely dispersed
through out the country with a large number
In total,
quarter of the population consists of nomadic
herders. In other words, about 800,000 of 3
million herders are still living in the traditional
style[1]. Therefore, the

stand-alone photovoltaic (PV) system is one of

residing in rural areas. about a

nomadic life

the most important energy systems for

Mongolian nomadic herders. Because the
herders move from one place to another to
graze fields for livestock in every seasons
with their homes (which is called the “ger”),
they mostly use a stand-alone PV system that
generates electricity for 12 V, 24 V televisions
food

Basically,

and washing  machines, lighting,

refrigeration and charging phones.
the stand-alone PV system uses two DC-DC
converters. One DC-DC converter is controlled
by maximum power point tracking (MPPT)
and another one for charging the battery [2-3].
This makes the system costly, big size and
difficult for reparation and moving especially
by the nomadic herders.

This  paper
enhancement of one DC-DC boost converter
for both charging battery and MPPT control
for nomadic life. A combined control algorithm
for the Stage of Charge (SOC) battery and
MPPT is proposed.
system the DC-DC converter used the boost

targets the performance

In the proposed control

topology with advantage of small input current

ripple. The batteries are, in general, charged
by the three
absorption charge and float charge. The bulk

stage method; bulk charge,
charge is replaced by the MPPT function in
this paper. The SOC determination method is
used which helps the converter charge the
battery quickly, safely and properly[4].

The authors simulated the performance of
the system considering SOC with MPPT. The
PSIM

simulation equivalent circuit

simulation is
The

consists of a single PV panel, two Dbatteries

executed by using

software.

connected in series and one DC-DC converter.
The

discussed in detail.

detailed explanations and results were

This paper is organized as follows: in the
second section presents a brief review of the
operation, principles of whole system and
details about the proposed system are given;
in the third section presented the simulation
and the results, and finally the conclusions are

followed.

2. Combined Control Algorithm

2.1 Configuration of the PV System

In general a stand-alone PV system uses
two DC-DC One
controlled by MPPT, and another one for

charging the battery. But nomadic herders use

converters. converter is

loads under the same voltage level as is the

battery supply. So the authors suggested
omission of one DC-DC converter and hence
the size and cost reduced. A DC-DC converter
controls both of MPPT and charging battery
through DC-link voltage in the system.

The proposed system as is shown in Fig. 1
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consists of a single PV panel, two lead acid
batteries connected in series and one DC-DC
converter for charging batteries and tracking
maximum power point with 24 V DC link. The
DC-DC converter used the boost topology with
advantage of small input current ripple. In the
proposed control algorithm, the Perturb and
(P&0O) method MPPT

defines the current level lower than the initial

Observe algorithm
charging current [5]. During the day time, the
system stores energy from PV panel in the
battery [4]. Loads use energy from PV and
battery through the DC link. During a period
of low solar irradiance, such as a cloudy, rainy
days or night time, the energy is supplied to
the load only from the batteries. The charging
circuit has three modes according to the
different stages of battery. The most common
battery types are lead acid, because of its low
cost, maintenance free operation [5].

The main advantage of this configuration is
that only one DC-DC converter is used for the

charging battery.

Vey DC link Vs

DC/DC l 1
Load
converter T Iy

Single

Control| SOC 4

Operational
mode
selector

@:J Duty
PWM =N
Triangular |

e

PI controller

Triangular

Battery charge control

Fig. 1 Conceptual Diagram of the Proposed System

Most of applications such as television,

food

refrigeration for nomads use DC power supply.

washing machine, lightings and
Proposed system easily supply power for these
loads and thus all loads are directly connected

to the DC link.

2.2 Proposed Combined Control Algorithm

An integrated control algorithm  was
proposed for charging battery combined with
MPPT. The MPPT used Perturb and Observe
(P&0O) method. The P&0O MPPT algorithm
defines the current level lower than the initial
The MPPT was

controlled by using PI controller and the lead

charging current [5].

acid batteries were charged under the three
bulk

charge.

method defined as: charge,
absorption and float The
control standard of the SOC depends on the
battery type. In this paper, we used lead acid

stage

charge

batteries. The combined control algorithm is
based on BCI (Battery Council International)
standard for SOC estimation of lead acid
batteries. Fig. 2 shows the flow chart of the
integrated control algorithm.

In the stage 1, the current and voltage of
battery are varying dependent on weather
conditions. If the normal method was used, it
is difficult to detect the time to change to the
The SOC of the

measured for carrying out this work which

stage 2. battery was
requires more complicate algorithm.

The SOC of battery is defined as the ratio
of its current capacity to the nominal capacity
[6-101.
operation mode. The SOC not only depends on
the battery
charging  or

It has to be measured during each

voltage, it also depends on

discharging currents and

temperature. In a normal lead acid battery

_25_



Combined Control Algorithm for a DC-DC Converter of PV & Battery for Mongolian Nomadic Life

Start

Measure Vg, I
Temperature
soc

Disconnect battery
and load
MPPT control loop

MPPT

control
loop

Fig. 2 Flow Chart of the Integrated
Control Algorithm
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Fig. 3 Proposed Battery Charging Modes
for PV System

charger, the current and voltage need to be
and the
The charging

maintained within the maximum
[11-16].
process is separated into three stages. In order
to charge the battery combined with MPPT,

minimum thresholds

the stages for charging battery were proposed
as shown in Fig. 3.

In the stage 1, the SOC is less than 85% and
the system is running by the maximum power
point tracking (MPPT) to charge the battery.
The battery voltage automatically increases to
the overvoltage level. The controller then changes
to the stage 2 (absorption mode). If the SOC is
less than 95%
controller is used to maintain the voltage at the
level. The PV output
voltage is limited to 18 V (PV MPP voltage) by

the overvoltage controller. When the SOC reaches

in the stage 2, the voltage

battery’s overvoltage

959, the battery voltage should remain at the

stand-by mode level.

3. Simulation and the Results

This paper focuses on a combined control

algorithm. The total simulation time set as 5 s

[7].

Table 1 Parameters of Proposed Control System

PV Parameters Value
Voltage maximum 179 Vv
Current maximum 4 A
Open circuit voltage 22.06 V
Short circuit current 3 A
ESH 30-20 3HR Batt.
Value
Parameters
Nominal voltage of battery 24 V
Nominal capacity 30 Ah
Standby use voltage 1332 V
Cyclic use voltage 144 V
DC-DC boost converter Value
Input voltage 16 V- 22 V
Rate output voltage 40 V
Rate output current 15 A
Inductor 90 uH
Capacitor 1,000 uF
Frequency switching 50 kHz
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The
includes a 24 V DC source and variable resistance.
The SOC was measured based on charging
characteristic of ESH 30-12 3HR battery with an
ideal condition at temperature of 25°C. Table 1
shows the parameters of PV panel, battery and
DC-DC boost converter.

The simulation used the parameters of proposed

simulation equivalent circuit of Dbattery

control system. The simulation results were

lustrated as shown in Fig. 4 and Fig. 5.
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Fig. 4 Battery Voltage During Charging
with the Algorithm
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Fig. 5 Battery Current During Charging
with the Algorithm

In the stage 1 the MPPT control algorithm
is operated from 0 to 25 s. With various
weather conditions, the stage 1 ensures that
the battery receives the maximum power from

the solar panel. From 25 to 42 s, the

controller changes to the stage 2. The voltage
controller is used to keep the voltage at
overvoltage level of battery. From 4.2 to 5 s,
the controller changes to the stage 3. In the
stage 3, the battery voltage needs to be kept
at stand-by used level. These results prove

output voltage, current at solar irradiance with

different levels of 600 W/m?* 1000 W/m?, 800
W/m?, and the different temperature of 25°C,
35"C.

The maximum powers are 36 W, 80 W, 63
W, and 60 W, respectively. The system makes
sure that the battery charging current always
stays under the initial current of the battery
and the battery charging voltage below the
overvoltage limit. When the battery voltage
automatically increases up to overvoltage level,
then the controller changes to next stage
(absorption stage).

In the absorption stage the SOC is less than
95%, the voltage controller is used to keep the
voltage at overvoltage level of the battery.
When the SOC reaches 95%, the float mode is
operated. In the float mode, the battery voltage

needs to keep the stand-by mode level.

4. Conclusions

A combined control algorithm for the SOC
battery and MPPT is proposed in this paper.
The performance enhancement of one DC-DC
boost converter for both charging battery and
MPPT function has been achieved by replacing
the bulk with MPPT during
charging the battery. For that purpose, the

charge stage
SOC determination method is adopted to
charge the battery quickly, safely and properly.

The simulation is executed by using PSIM
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software. From the simulation result it can be
concluded that the proposed control algorithm
has a good performance of charging the
battery and MPPT. The results obtained in
this

stand—alone PV system in the rural life like

paper are useful in designing a

Mongolian nomadic herders.
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