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ABSTRACT

POWER CONTROL IN A MICROGRID

Salisu Abdullahi

MSc. in Electrical Electronics Engineering

Supervisor: Prof. Dr. M. Erol Sezer

A micro-grid is a unifying of micro-sources together with a load and an optional
energy storage device within a vicinity. The micro-grid can be operated in either
autonomous, non-autonomous or a dual operation. In an autonomous operation
micro-grid should generate its own energy and control it, as well. The components
of the micro-grid which include 270kW of wind turbine, 40kW of micro-turbine,
battery energy storage system with a capacity of 100kW and their control system
have worked with each other in order to achieve power control in a micro-grid. The
block diagram of the components and their parameters are made in a SIMULINK
environment. The simulation test has been carried out by increasing the wind speed
and decreasing the power demand in the system. Moreover, quick response of the

battery energy storage system was observed in SIMULINK environment.

Keywords: Micro-grid; autonomous operation; micro-sources; control of power;

modelling and simulation



Ozet

BIR MICROGRIDDE GUC KONTROLU

Salisu Abdullahi

Elektrik, Elektronik Miithendisligi

GOzetmen: Prof. Dr. M. Erol Sezer

Mikro sebeke, mikro kaynaklarin bir ¢cevrede bir yiik ve opsiyonel enetji depolama
cihaziyla birlestirilmesine denir. Mikro sebeke ya otonom islem, ya otonom
olmayan islem, ya da ikili islemde calistirilabilir. Otonom islemde mikro sebeke
kendi enerjisini tiretmeli ve ayn1 zamanda bu enerjiyi kontrol etmelidir. Mikro
sebekenin bilesenleri olan 270 KW riizgar tiirbini, 40 kW mikro tiirbin, 100 kW’lik
pil enerji depolama sistemi ve bunlarin kontrol sistemi mikro sebekede gii¢ kontrolii
saglamak i¢in birbirleriyle calisir. Bu bilesenlerin ve onlarin degiskenlerinin blok
diyagrami Simulink ortaminda olusturulmustur. Simiilasyon testi sistemdeki gii¢
talebinin azaltilip riizgar hizinin artirilmasiyla gergeklestirilmistir. Bununla birlikte,
Simulink ortaminda pil enerji depolama sisteminin gecikmesiz tepkisi

gbézlemlenmistir.

Anahtar Kelimeler; mikro sebeke, otonom islem, mikro kaynaklar, gii¢ kontrolii,

bi¢cimlendirme ve simiilasyon
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1 INTRODUCTION

1.1 Description of a Micro-Grid

A micro-grid (uG) can be defined as a small power generation and distribution
system capable of supplying regulated power to a local load. The uG is normally
erected on an island or a remote rural area where there is an absence of the main
grid or because of a long distance to reach the distribution and transmission
framework. These can help to reduce the transmission power losses from the main
grid and provided a good power to the consumers. Also the uG has the capability
to supply uninterrupted power, thus more reliable for critical areas like military
bases and hospitals. The potential of the uG to integrate many micro-sources close
to one another to generate electricity help to eliminate the emission of CO, along

its cost.

1.2 General Structure of a Micro-Grid

A general pG architecture is shown in Fig. 1.1. The pG consist of three feeders
namely; A, B and C. Combine heat and power (CHP) sources, non-CHP sources,
loads, heat loads, two sensitive loads, one insensitive load and storage devices were
connected on A and C, while and B caries only the loads. They have combined the
two micro-sources and one storage device close to each other for minimizing the
heat and power losses. Micro-sources are capable of supplying both power and heat
to the loads. The micro-sources can be isolated or connected from the feeders by
ON and OFF switches accordingly.

Also the feeders A and C may be disconnected or connected to the uG through
circuit breakers (CB1-CB3). The other feeder B is supplied with power only to the
non-sensitive loads through an on/off circuit breakers. If the main grid has a
problem or it is disconnected from uG, the feeder B would not be able to supply
power to it’s local loads. The pG has been connected to the main grid through the

point of common coupling (PCC) which acts as a circuit breaker (CB4) [1]. If a



problem occurs in the main grid, the uG will be automatically disconnected from it

through the PCC. The PCC may be used to connect or disconnect pG from the main

grid. In a grid connected mode, power could be transferred or received from the pG

through PCC. The CC has been controlling the entire energy sources and their local

loads in the pG. In island mode, the uG should be able to generate it is own energy

and control it.

Main gnd <—+—-> Micrognd

CC - Central controller

MC - Microsource controller

CB - Curcunt breaker

SCB - Sectionalising circuit breaker
CHP - Combined heat and power

|
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)
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Fig 1.1. Typical Configuration of a uG [1].




1.3 Examples of nG

In this section, examples of uG’s with their similarities and differences from

different countries which include China, Greece, India, Spain and Japan are

presented.

China

As shown in Fig. 1.2 below, the largest pgrid in Zhangbei-China with 160 MW
which include a wind turbine of 100MW, a PV cell of 40MW, a main grid

connected and a battery energy storage system of 20MW.

220KV Intelligent Substation

220KV Power Grid

00V

7| Bi-directional

Converter

AC35KV
5 |
AC690V @xezmv @AC“
A D[ A DC
100MW 5 40MW 20MW
Wind Turbine Photovoltacis

Battery

Monitoring and Control system

Fig.1.2. Micro-Grid in Zhangbei-china [2]




Greece

In Greece the Kythnos comprises a diesel generator, a PV cell and bank of a
battery is located on an island of the Cyclades Archipelago of the Aegean Sea [3].
This pG can be used to supply the demand power of 12 houses on the island. The
battery power could be balanced between loads and micro sources, if it is needed.
The pG of Kythnos site is shown in Fig 1.3
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e

Fig 1.3. uG of Kythnos [3]

Spain

The pG of the Catalonia Institute for Energy research (IREC) is situated in
Barcelona-Spain. It has a capacity of 200kW and its single line diagram is presented

in Figure 1.4. The IREC’s uG components are emulated system, the real system,



semi-emulated system and others with their rated values and description as cited in
[4]. The first, the second and the third units on a single line diagram of IREC’s pG
are representing a wind power generation, a storage device and a consumer's node
respectively. The only difference from this uG and others is that, the plug-in electric
vehicle (PEV) could supply power to the IREC’s uG or vice versa.

C MICROGRID)|
wncsonal Scherasc)

Fig 1.4. Single Line Diagram of IREC [4].

Japan

In [5], an islanded uG was formed with an existence of diesel generator, a PV
cell, a wind turbine and a storage energy system of both lead acid and lithium
batteries. The island pG is placed in six villages of Kyushu; Kuroshima, Takeshima,
Nakanoshima, Suwanosejima, Kodakarajima and Takarajima located in Japan. Each of this
island has an existence of PV and diesel generator. They have fluctuations problems in
both PV and loads site because of the generator inertia problem. To solve these issues, a

UG has to be considered. A wind turbine of 10kW and PV of 60kW integrated together



with an existence of power station of 240kW to form a uG for Kuroshima Island shown

below.
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Maldives-India’s Ocean

In a remote area of the republic of Maldives-India’s Ocean that consist of
Uligam, Raimandhoo and Kondey islands have a three implemented pgrids system
with 24x1.8kW wind turbine, 30kW of an existence diesel generator and PV cells
for 2.5kW to each island. But here only Uligam Island has been considered. In those
days, they were using only a diesel generator as a source of energy. They have
decided to establish a uG in order to reduce the diesel price and provide a good
power to their consumers. The high demand of a diesel generator is charged about
9L/h for each 30kW. As a result of that, they had proposed a uG with the above

usources together with an existence of the diesel generator as shown below.

v &)
PV Arry PV Inverter B t
Diesel
o Generator
Pr— <ﬁ, | ———»
Battery Bi-Directional
Bank Inverter
- 1P
AC Load
v
B
Ay
Wind Wind Inverter

Generator

Fig 1.7. Single Line Diagram of Uligam Island [6].

The basic information on this island needs to be taken through a leader of the
community. The information such as best wind location of 4.5° north latitude
(NLat) to 6.5° NLat and cost per unit like 9L/h of the electricity from the consumer’s

side is calculated.



Similarities and Differences

The similarities of countries’ uG are selected based on their components which
are Bi-directional inverted, monitoring and control centre, photovoltaics cells,
batteries and loads. Also the differences were picked according to diesel generator

connection with main-grid and PEV.

Table 1.1. Comparison of the components

Countries Components

China battery, photovoltaic cell, load, main-grid and wind-turbine

Spain battery and capacitance, photovoltaic cell, load, PEV and
wind-turbine

Greece battery, photovoltaic cell, load, and diesel generator

Maldives-India’s | battery, photovoltaic cell, load, wind-turbine and diesel

generator
Ocean

Japan battery, photovoltaic cell, load, and wind-turbine

The only similarities base of their components among the countries’ pG are
photovoltaics, batteries and loads and their differences according to the table above
as clearly shown are PEV, wind-turbine and Diesel generator connected to the main
grid.



1.4 Literature review

A control techniques for distribution generation together with CHP in a pG was
presented in [7] by Robert H. Lasseter and Fellow, IEE Professor Emeritus. In [8],
a Senior IEEE member Zhenhua Jiang described the control method of power
sharing and voltage between parallel inverter-interfaced in an islanding operation
by using drop control scheme. In [9], Rashad M Aymen Chaouachi and Ken
Nagasaka studied different control strategies of transient dynamic response of two
nG close to each other. If the large disturbance was occurring in the main grid, the
automatic gain control change the operation mode automatically. In [10], Rashad
M. Kamel, Aymen Chaouachi and Ken Nagasaka analyzed the stability of uG based
on the import and export of active and reactive power from or to the main grid by
control strategies of active and reactive power. In [11], Manohar Chamana and
Stephen B. Bayne discussed another respond for changing the mode of operation
between main grid and pG through master slave control method. The control,
coordination of changes in DG, load and structure in a pG and power quality under
different disturbance in the system was discussed by Li Bin, Bao Hailong and
Chenyao in [12]. In reference [13], Gelu Gurguiatul lonel Vechiu and toader
Munteanu Presented a control function of active power conditional (APC) as an
interface between renewable energy source and uG for improving power quality

through phase-lock loop (PLL).



1.5 Organization of thesis

The structure and organization of this thesis has been stated as follows: In
chapter one, the introduction of the pGrid together with psources has been
established. The example of an existing project from different countries along with
their components also been discussed. Next to this is the literature review of
relevant researches and findings presented. The coordination of this work is
situated. The general structure of the uGrid and the details are presented in chapter
two. The components of pnGrid also are well defined. The details of elements used
in this work is documented. In chapter three, the Simulink diagrams of psources
and storage device with their parameters was presented. The simulation results of
different configurations based on uGrid diagram are shown. Finally, in chapter
four the discussion and conclusion of the previous results in conjunction with the

future work is clearly revealed.
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2 DESCRIPTION OF THE SYSTEM STUDIED

The single-line diagram of the micro-grid studied in this work is shown in Fig.

2.1. It includes a wind turbine as the main power source, a micro-turbine and a

battery as back-up sources, all feeding a local load. The battery is connected to the

grid by a bi-directional inverter that facilitates transfer of power to and from the

battery as needed. A synchronous condenser is added to the grid to provide reactive

power to the both load and induction generator (I1G) respectively.

In the following of this chapter detailed models of the components involved are

given.
AC DC

Micro Turbine Load Battery Energy Storage
AR )
| //T\\ ‘ r :\

Wind Turbine Bidirectional Inverter
N8

Synchronous Condenser

O—

Fig 2.1. Single-Line Diagram of The pG Studied
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2.1 Wind -turbine Model

The mechanical power produce by a wind turbine is given [14] by
— PA
Pm=Cp (B, V)5 V° (1)

The performance coefficient, depends on two parameters: blade pitch angle and tip

speed ratio and is given as

C(B,7)=022(—>—-048 -5 5
, = U. — — U. - e v
1 (= ) )
where
1 1 0.035
yi  y+0.088 B3+1 3)

In this study, we assume that there is no blade pitch control, and accordingly
set f = 0. Then, for fixed p and A, Pm becomes a function of y and v. Typical power
characteristics of such a wind turbine for varying wind and turbine speeds are

shown in Fig.2.2.

In this work, the wind turbine is assumed to be operated in a small range of a turbine

speed determined by the frequency as shown in the figure below.

12



Wind turbine characteristic

Range of turbine
operating speed

0.8

06

04

Power (pu/275 kW)

17| .. T, e T ;

0 i i i
500 1000 1500 2000 2500

Turbine speed referred to generator side (rpm)
Fig 2.2. Typical Wind Turbine characteristic [15].

The wind turbine is connected to an IG through a gear-box as shown in Fig. 2.3,
where Pw, Pm, Pt and Pe denote the wind power, mechanical output power of the
turbine, mechanical input power to the generator, and the electrical output power of

the generator. Assuming that the power loss in the gear-box is negligible, we take
Pt = Pm .

The dynamics of the IG is governed by [16].

2H Wm®@ m= Pm — Pe — Dgwm (wm — w) (4)

and all quantities are given in normalized (p.u) values.

Thus, the model of the wind turbine including the induction generator is obtained
as shown in the block-diagram in Fig.2.3.

13



Wind
. P, | Transmission Py Generator Pe
—— Turbine €

Wm

Fig 2.3. Wind turbine main block model

2.2 Micro-turbine Model

The micro-turbine has a considerably smaller power rating as compared with
the wind turbine. It’s role is to provide the excess power demand due to a small
increase in the load or a small decrease in the power generated by the wind turbine
as a result of reduced wind speed.

In this work, we consider a gas turbine that also produces heat used for other
purposes. Such turbines are high-speed turbines that are connected to the generator
either directly (single-shaft) or through a gear-box (split-shaft). The single-shaft
turbine requires further power electronics to reduce the frequency of the generated
electrical power (in the kHz range) to the grid frequency [17]. In the split-shaft
turbine, generator shaft speed is suitable for direct connection to the pG [16].

In this work, split-shaft turbine is adopted. It is connected to uG through an IG just
like the wind turbine. The overall block-diagram of the micro-turbine / generator
system is similar to the wind-turbine / generator system shown in Fig. 2.3, except
that the wind turbine is replaced with micro-turbine, and the wind power Py is

replaced with the gas power Py input to the turbine.

The 1G has the same dynamics as one that is connected to the wind-turbine with

the different H and D parameters.

14



The micro-turbine is described by two first order lags, one associated with the

combustor and the other with turbine. Roughly,

K

Pn= S ar e e P (5)
where
P4 : power loss due to damping and given as
Pd= Dt wm (6)

where Dy is the overall damping of the turbine.

Thus the block-diagram of the micro-turbine is obtained as shown in Fig.2.4.

w
v

Micro

Pq Turbine Pm Transmission | Py Generator  |P,

wm

Fig.2.4. Block Diagram of Micro Turbine (Similar to fig 2.3)

The micro-turbine also includes a two-mode controller that adjusts the gas
input power to satisfy the electrical power demand from the turbine. If the battery
is connected to the uG (mode 1), then the frequency and the voltage of the uG is
regulated by the controller circuitry of the battery as will be explained later. In this
mode of operation, the role of the micro-turbine is to produce power to recharge the
battery if the battery charge drops below a preset value until it is fully charged after
which micro-turbine is shut down. If the battery is disconnected (mode 2) from the

grid for any reason (malfunction, maintenance, etc.), then the controller is

15



responsible from the regulation of the frequency. The block-diagram of the
controller is given in Fig.2.5, where
Q/Qo/Qc : Operating / full / critical charge of the battery.

w /W, . operating / rated frequency of the uG.
LC1/ LC> : Local controllers for mode 1/2 operation

PM1 / PM2: Mechanical power demand for mode 1/2 operation

Qo Qc
y 3
Q — LC:1 Pwm1
+
PID |— Pa,
_— LCZ _P )
M2
@ I Pref
Wo

Fig.2.5. Controller of the Micro-Turbine
2.3 Battery model

The battery, which is the immediate back-up source, is connected to the pG
through a boost-buck converter, a bi-directional inverter and LC filter as shown in
Fig.2.6.

Battery Boost buck Bi-directional LC

Converter inverter filter

nG
Fig.2.6. The Battery and Associated Units

The lead-acid battery has the nominal discharge characteristics shown in Fig.2.7.

16



It is assumed that the battery has the same charge and discharge characteristics,
although they differ slightly in actual operation. The V-Q curve (discharge curve)
also depends on the discharge current due to the internal resistance of the battery.

Y

Vi

s

<
S

Voltage (v)

v

0 Qe Qn  Qm Q
Capacity (Ah)
Fig.2.7. Discharge Curve

As the term used indicate, the voltage drops from Vs to Ve exponentially in the
exponential zone, then from Ve to V, almost linearly in the nominal zone, and
finally from V,, to zero abrubtly with further discharge. Equation relating V to Q

and discharge current | can be found in [18].

The boost-buck converter is used to regulate the DC link voltage, and has the
structure shown in Fig.2.8. The MOSFETS Q1 and Q are driven by a pulse width
modulation (PWM) signal with a controlled duty-cycle, and either one or the other
is ON depending on Vg is above or below a reference value. Thus Vg is kept
constant irrespective of the battery voltage and whether it is being charged or

discharged.

L Q:

Battery

Vb Q2 ¢ Vdc

Fig.2.8. The Boost-Buck Converter
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The magnitude of inductance and capacitor parameters of boost-buck converter can

be calculated as follows [19].

_ (Ve x (Vac-Vp))

(Ip X fs XVqc) (7)
(KpxIp)
C1- 8% fs XVpy (8)

_ (DpoostX Iac)
CZ - (fs XVgcer) (9)

The three-phase bi-directional inverter facilitates power transfer between the
DC link and AC pG. It consists of six MOSFETS switches, two per phase, which
are controlled by a PWM voltage generated by the main v/f controller. A single-

line diagram of such an inverter is shown in Fig.2.9.

Vo Bl-fjlrectlonal Ve
inverter

Fig.2.9. Bi-directional Inverter

The three-phase filter shown in Fig.2.10 eliminates the harmonic generated by

the inverter.

Vabe LC Filter Vabe

Fig.2.10. LC Filter.

The value of the inductors and capacitor of the filter are calculated as [20].
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15 64 5

K — 2 ¥ 5~ 3k6, 0
_ Y Vac 2cf y2 Vac n1/2
Le = S UKg, [T H4T )7 K1) (11)
_ Vic
Cf - LfFZSVO,av (12)

2.4 Asynchronous Condenser

Synchronous condenser is a synchronous machine with an exciter in which it is
mechanically input is zero. The mechanical input is not connected to anything rather
than spin freely. However, it works in order to supply enough reactive power to the

whole system.
2.5 Main V/f Controller

The function of the main V/f controller is to regulate the voltage and frequency of
the pG by controlling the PWM generator of the bi-directional inverter when the
uG is operating in islanding mode. Frequency is calculated from three-phase
voltage and current measurements using a PLL. The deviations of frequency and
voltage are modified by proportional-integral-derivatives (P1D) controllers to adjust
the PWM. A simplified block diagram of the main V/f control unit is shown in Fig
2.11. Detailed SIMULINK diagram is given in chapter three.

Vabc —>

V/f conroller

—>
Pulses

labc

Fig.2.11. V/f Controller
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3 DETAILED SIMULINK DIAGRAM

3.1 SIMULINK Model of the Micro-Grid

The overall SIMULINK model of the uG is shown in Fig.3.1, where WTN,
MTN, BTN and LDN are connection nodes of the wind-turbine, micro-turbine,
battery and the load to the uG. For simulation purposes two different loads are
considered: when circuit-breaker BRK is open, load 1 is the only load, when BRK

is closed, total load is the parallel connection of load 1 and load 2.

Wind-Turbine

ala
4l b

== A4

BRK
a

alA
a|B
c

e

Micro-Turbine

battery1

Synchronous Condenser

Fig.3.1. General Structure
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The wind-turbine unit consists of a wind-turbine block and 1G block as shown
in Fig.3.2. The rotor speed of the 1G is selected from the output vector (m) of the
IG to be fed into the WT block, whose second input, the wind speed, is provided
externally.

From

\wind_speed
“TS‘LO rpm
X

- -K—:|
L
y
Gain : = E
Tm

A J<Flotor speed (wm )=

ofle— @

oge———alBb . 'i
ofle———alcC

WTN

P(w_Wind,w_Turb)

)

Fig.3.2. Wind-Turbine

The SIMULINK model of the micro-turbine unit is shwon in Fig.3.3. The
micro-turbine is constructed from SIMULINK block as enclosed by the dashed

rectangle in Fig.3.3, and a library block is used for the induction generator.

base speed

limit1

rotor speed

-

S —
o o »
3
[

Fig3.3. Micro Turbine.

The battery unit consist of the battery, the boost-buck converter, the bi-

directional inverter and the filter whose SIMULINK model are given in Figs.
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3.4-3.7. Fig. 3.4 simply simulates the discharge characteristics. In Fig 2.7, and all
models are constructed using library blocks.

In Fig.3.4, the battery voltage is created from SIMULINK blocks and it’s
explained in section 2.3.

| r:|f®+|H%f—-—- - '

Wcs R I Gain +
Sotol Gain3 Dwidel

= SCO 4
-

0% 300
b SOC
e A e e
M oame——d o I SR (R
—--—L Q

Divide

300

e X X

D

300

Fig.3.4. Battery

In section 2.3, the operation of boost-buck converter is stated and it is constructed
from the SIMULINK model in Figure 3.5.

j: o f- 5;2
S g +
l
= _1_
= T
- 1 ]

Fig.3.5. Boost-Buck Converter
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The SIMULINK model of bi-directional inverter is shown in the following

Figure. It’s described in section 2.3.

m,l @ﬂ o 1—@
ot 45} e 45} - 45}

C

From

(=] (=1
Mosfet1 —| é Mosfet2 —| é} Mosfets —l %
© %) w

1 1

B
(521 ‘ @j ‘ @j :

Fig.3.6 Bi-directional Inverter

The low pass filter is established in SIMULINK environment and it’s detailed

clarification in section 2.3.

>
oy Loy posa

D a - et g
° —eE>
o1 g c

—a-j}-o-

Fig 3.7. Low Pass Filter

Finally, the main V/f controller is built using library block, has the model

show in Fig.3.8. In section 2.5, the operations of V/f controller have described.
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Fig.3.8. V/f Controller
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The parameters in an IG for micro-turbine, which are used in Table 3.1, are shown
in Fig 3.9.

Nominal power, voltage (line-line), and frequency [ Pn(VA),Vn(Vrms),fn(Hz) 1:
| [40e3 480 60] |

Stator resistance and inductance[ Rs(ohm) LlIs(H) ]:
|[0.1 0.0059] ]

Rotor resistance and inductance [ Rr'(chm) LIr'(H) 1:
|[0.1 0.0059] |

Mutual inductance Lm (H):
10.2037 |

Inertia, friction factor, pole pairs [ J(kg.m~2) F(N.m.s) p() I:
|[0.02 0.0057 4] |

Initial conditions
[10000000] |

Fig.3.9. IG of micro-turbine

The 1G of wind-turbine with its parameters, which correspond with Table 3.2 is
presented in Fig.3.10.

Nominal power, voltage (line-line), and frequency [ Pn(VA),Vn(Vrms),fn(Hz) 1:
|[ 3003, 480, 60 ] |

Stator resistance and inductance [ Rs,LIs ] (pu):
|[ 0.016,0.06] |

Rotor resistance and inductance [ Rr',LIr' ] (pu):
|[ 0.015,0.06] |

Mutual inductance Lm (pu):
3.5 |

Inertia constant, friction factor, pole pairs [ H(s) F(pu) p() 1:

1[2,0,2] |
Initial conditions

[[10o00000O] |

Fig.3.10 IG of wind-turbine
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3.2 Simulation Parameters

Table 3.1. The parameters of induction generator for micro-turbine [16]

Parameters Magnitude Unit
Prated 40 kw
Pref lp.u -
Pn 4 -
T1 10 S
T2 0.1 S
T3 3 S
Kp 1 -
Ki 1.08 -
Kt 1 -
Vrated 480 Y
Vmax 1.2 -
Vmin 0.1 -
Lmax 1.2 -
Lm 0.2037 H
Ls 0.0059 H
Lr 0.0059 H
Dt 0.03 -
Dy 0.1 -
Rs 0.1 Q
Rr 0.1 Q
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0.02

kg.m

0.0057

TABLE 3.2. The parameters of induction generator for wind turbine [14].

Parameters Magnitude Unit
Pwt 275 KVA
Rs 0.016 p.u
R 0.015 p.U
Ls 0.06 p.u
Ly 0.06 p.u
Lm 3.5 p.u

H 2 -
Fut,sc 0 -
Pnwtsc 2 -

Ws 10 m/s
Gs 1800 rpm
F 60 Hz
Pm 275 kW
Psc 300 KVA
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TABLE 3.3. Battery Parameter

Parameters Magnitude | Unit
Brated 300 Ah
SOC 60% -
ldischarge 30 A
Rb 0.016667 | Q
Vn 200V V
Qn 240 Ah
Ve 210 V
Qe 60 Ah
Vi 234V V
Q 300 Ah
Qm 315 Ah
TABLE 3.4. Boost-Buck Parameter
Parameters Magnitude | Unit
L 0.15e-3 H
C 62.4e-6 | F
Ve 400 \Y/
Fs 2K Hz
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Table 3.5. Filter Parameter

Parameters Magnitude | Unit
Lt 1.23e-3 H
Cr 8.9e-6 F

Fs 20000 Hz

Others parameters could be seen either in micro-turbine, synchronous condenser or

a battery.
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3.3 Simulation Results

Case 1. The wind-speed changed from 11 m/s to 9 m/s at constant load and the
following results were obtained. The first configuration when battery and wind-
turbine is considered, shows that the power from the wind-turbine decreases as a
result of decrease in wind speed reduced. However, the battery compensates the
power after 10s as shown in Fig.3.11.

In Fig 3.12, a voltage in a micro-grid reached the steady state after 13s.

T T T T T T

I \/\/ind-turbine
e Battery

Power (w)

| | | |
Time (S)

Fig.3.11. Power of uG for WT and Battery with wind speed change m

Voltage (V)

Time (s)

Fig.3.12. Voltage of uG for WT and Battery with wind speed change
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Case 2: the wind-turbine, the micro-turbine and the battery worked together. At
10s, the wind-speed dropped and power generated from the wind-turbine decreased.
In Fig.3.13, both power from micro-turbine and battery recovered the power lost
from wind-turbine. Micro-grid voltage attained the steady state after 12s, shown in
Fig.3.14.

— \Vind-turbine

afncilasemn|

T ; : m— Micro-turbine

I Battery

Power (w)

Time (s)
Fig.3.13. Power of uG for WT, MT and Battery with wind speed change.

T T T T T
i

Fig.3.14. Voltage of uG for WT, MT and Battery with wind speed change

Power (w)
# #

«

#

4

Time (s)
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Case 3. At constant speed and change in loads from 250 to 350kW both power and
voltage were observed. Initially, wind-turbine and battery arrangement was studied.

In Fig.3.15, the battery compensated the increase in the power demand at 12s with

steady state after 15s in micro-grid voltage, presented in Fig.3.16.

— Wind-turbine

_ B attery

Power (w)

Time (s)

Fig.3.15. Power of uG for WT and Battery with load change

Voltage (V)

Time (s)

Fig.3.16. Voltage of uG for WT and Battery with load change
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Case 4: all micro-sources and battery energy storage system were connected

together. The load increased at 12s and both micro-turbine and battery balanced the

power in the micro-grid, shown in Fig.3.17. In Fig.3.18, the voltage at micro-grid

regained the steady state after 15.5s

Power (w)

e VVind-turhine

Micro-turbine
] Battery

Time (s)

Fig.3.17. Power of uG for WT, MT and Battery with load change

Voltage (V)

410 i H H i &

400 i i 4 H i

330

380

3

360

B! 7 8 ] 10 il 12 13 1 15

Time (s)

Fig.3.18. Voltage of pG for WT, MT and Battery with load change
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4 CONCLUSION AND FUTURE WORK

The research was conducted successfully with remarkable outcomes. The
simulation result of the uG model was obtained and the power control from
different micro-sources in a uG autonomous running has been analyzed. The battery
energy storage system got recharge when the micro-sources power is more than the
load power and after few seconds’ changes has occurred either from wind speed or
load and more power is not available in the puG, battery discharged. The power
control is capable of retaining any distraction in an autonomous puG and supplies a
pure power to the load. For any pG to be manipulated in an acceptable way, one of
psources must to be communicated with an energy storage device. The power
control and voltage control can be sustain at constant load. When the wind speed
decreases from 11m/s to 9m/s, the power from wind turbine was shown to decrease
but the power would be supplied from the battery to compensate for the lost.
However, at constant speed of 11m/s, the load increase and thus increases in
demand power of 140kW and thus the battery with a capacity of 100kW and 40kW
of micro-turbine balanced for the lost.

Future Work

Though some form of control and optimization was achieved, there are still need to
control the frequency in the uG. Another issues is with regard to the control of
reference power for micro-turbine, which communicates with a battery through
discharge and charge mode. In our model it is the only form of controls that were
not achieved. Also failure in a micro-source should investigates. These are two

potential direction for improvement upon this research work.
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