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Abstract: This paper proposes a novel micro-grid structure, which can operate fully-autonomously 
with inherent seamless switching. It can operate independently in both grid-connected and islanded 
mode as a self-governed entity without relying on the utility grid. An AC/DC/AC converter is 
employed as the interface between the micro-grid and the utility grid, which enables the two entities 
to have different voltages in grid-connected mode. Seamless switching between operation modes 
can be achieved naturally. The micro-grid is regulated to exchange predefined amount of power 
with the utility grid in grid-connected mode. This will benefit the power dispatching algorithm of 
the power system. The predefined power is estimated based on power forecasting of local renewable 
generations and loads with consideration of the Sate of Charge (SOC) of the battery, and is updated 
and broadcasted every certain period. A small scale AC micro-grid with a rotating generator, battery 
storage and solar arrays etc. is built for investigation. Matlab/Simulink results are provided to 
validate the robustness and flexibility of proposed micro-grid and its operation strategy. 
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Introduction 

Distributed generations (DGs), such as solar arrays and wind turbines has increased 
significantly in the past decades. Then micro-grid has eventually become a promising solution for 
distributed energy harvesting and utilizations, especially in rural and remote areas, where the utility 
grid cannot reach [1]-[3]. Micro-grid is normally a low voltage network, which incorporates DGs, 
local loads, energy storage and other auxiliary infrastructures, aiming to power a certain area (e.g. an 
offshore island, a residential community or a rural pasture). It may have different structures and 
functionalities according to the application scenarios [4]-[6].  

Regarding to the operation strategy, during islanded mode, a micro-grid operates autonomously. 
Whereas in grid-connected mode, the system always rely on the utility grid in BUS voltage 
supporting and power balancing [7]-[10]. In [7], during grid-connected mode, the AC BUS is 
dominated by the utility grid and all DGs work as grid-following units with PQ controllers. The 
power flow is balanced automatically by the utility grid. When it turns to islanded mode, the BUS 
voltage source transfers to one of its storage units with droop controllers, and the system operates 
self-sufficiently. Similar operation strategy is also applied in [8], and to achieve seamless switching, 
a Control Area Network based grid synchronization technique is proposed. This kind of operation 
methodologies have several disadvantages: 

(1) Seamless switching problem 
The AC BUS voltage is dominated by the utility grid during grid-connected mode and hands 

over to its subunits when it comes to islanded mode. This islanding action may introduce system 
uncertainties even lead to instability problems. 

Before reconnecting, both of the two entities are voltage sources. Grid synchronization and surge 
current mitigation become great concerns, calling for advanced technologies. 
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(2) Multiple system operation strategies 
The islanded mode is autonomous, whereas the grid-connected mode is actually non-

autonomous. Then multiple system operation strategies may be required and change along with the 
operation mode switching. 

(3) Power exchange fluctuation 
During grid-connected mode, system operation relies on the utility grid in power balancing. The 

power exchange between them is fluctuating due to the intermittency of the renewable sources and 
local loads. This will complicate the power dispatching algorithm of the power system and increase 
instability risks, especially when deeply penetrated.  

Recent works have developed plenty of approaches to improve the seamless switching process 
typically in droop-based AC micro-grids [11]-[13]. With advanced grid-synchronization and control 
technologies, transition dynamics in mode switching can be mitigated effectively. Furthermore, only 
a single kind of operation strategy is required, which qualifies both operation modes. In [12], a 
voltage-based droop control algorithm is proposed, where a specific DG unit with sufficient capacity 
is regulated to achieve grid-synchronization for the reconnecting action. Reference [13] has proposed 
a variable structure based internal model voltage controller and an active damping based droop 
controller for seamless switching and power sharing. These works contribute greatly to the operation 
of micro-grids, especially in mode transitions, but the dependence on utility grid in power balancing 
during grid-connected mode remains. The power exchange is always varying due to the 
intermittency of renewable sources and local loads, which hinders the large-scale application of 
micro-grids within the utility grid. 

To integrate large quantities of micro-grids that involving renewable generations into the utility 
grid and also improve the seamless switching between operation modes, a fully-autonomous AC 
micro-grid framework and its operation strategy is proposed in this work. An AC/DC/AC back-to-
back power electronic converter with two basic three-phase voltage source converters (VSC) is 
constructed to interface the micro-grid to the utility grid. With the DC link in-between，the two 
entities can possess different voltage amplitudes, frequencies  and phase angles. 

In the operation strategy, one VSC of the AC/DC/AC converter works as a rectifier to maintain 
the DC link voltage stable and the other VSC is regulated as an inverter.  Seamless switching is 
achieved naturally with a single kind of operation strategy. Furthermore, all the volatile power 
components from renewable sources and local loads are constrained and suppressed within the 
micro-grid circumstances, and the micro-gird entity is controlled to exchange predefined amount 
power with the utility grid during grid-connected mode and zero during islanded mode. The power 
exchange amount is estimated based on power forecasting of local renewable generations and loads 
with consideration of the SOC of the battery, and is updated and broadcasted every certain period. 
In this case, the micro-grid behaves as a predictable node for the power system, benefiting the power 
dispatching algorithm and further high penetration depth applications. 

A similar concept is concisely demonstrated with a DC micro-grid in author’s another work, but 
AC fully-autonomous micro-grids and the operation strategy is not involved [14]. Furthermore, the 
estimation of the power exchange amount based on power forecasting is not investigated. The rest of 
this work is organized as follows. Section II describes the AC micro-grid layout and the operation 
strategy including the control of the AC/DC/AC converter and the battery storage. Section III 
illustrates the power exchange estimation based on power forecasting and section IV presents the 
simulation results in typical scenarios on Matlab/Simulink platform. Finally, section V draws the 
conclusions 

1. System Layout and Operation Strategy 

1.1 System Layout 

In this work, typical elements are chosen to build an AC micro-grid as the object for investigation. 
The configuration is schematically displayed in Fig.1. It consists of the following units, which are 
commonly the most preferred choices in micro-grid constructions. 
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 Diesel genset, to represent the traditional rotating generations, which is still the de-facto power 
supply for emergency and remote area utilizations [15]; 

 Battery, which is the most used storage device for power smoothing and load shifting in micro-
grids; 

 Solar array, a promising renewable energy DG, who provides intermittent power according to 
weather conditions; 

 Residential loads, critical RL load and noncritical converter load are included; 
 Point of Common Coupling (PCC), which is the only joint of between the two entities; 
 Transformer, to achieve electric isolation between the utility grid and the micro-grid. 

Compared with conventional AC micro-grids, the most prominent and unique feature of the 
proposed framework in system structure is that an AC/DC/AC converter is utilized as the interface 
unit. The AC/DC/AC converter has a DC link in-between, which enables the two entities to operate 
with different voltage amplitudes, frequencies and phase angles. Control algorithm of this 
AC/DC/AC converter will be detailed later. The power flow of each unit in this micro-grid are defined 
as Pde, Pbat, PPV, Pl and Pex, and the line impedance are defined as Z1~Z4. 
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Figure 1. System configuration and layout of the target AC micro-grid. 

In operation design, the AC BUS of the micro-grid is dominated by its subunits (diesel genset in 
this work) all along in both grid-connected and islanded mode. Then the micro-grid can operate 
autonomously in both operation modes without relying on the utility grid in AC BUS supporting, 
which indicates a “fully-autonomous” framework.  

Normally, grid-forming of a micro-grid can adopt droop-based control or V/f control with or 
without communications [16]-[18]. Reference [16] has proposed a secondary control loop to restore 
the voltage amplitude and frequency in a droop-based AC micro-grid. In [17], centralized control is 
designed to manage the power flow in a master/slave type micro-grid. In this work, the diesel genset 
is assigned to perform as the master unit for AC BUS supporting. The solar array unit works under 
the control of a Maximum Power Point Tracking (MPPT) algorithm with curtailment design in 
extreme conditions. All the volatile power fluctuations from solar and residential loads are supposed 
to be constrained and suppressed within the micro-grid circumstances. The battery storage unit will 
take the responsibility in power smoothing.  

The AC/DC/AC converter is regulated to absorb/deliver predefined amount of power from/to 
the utility grid in every certain period. The amount of this power exchange is estimated based on 
power forecasting of renewable generations and local loads with consideration of the SOC of the 
battery storage, which are illustrated in next section. 
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1.2 Control of the Diesel Genset 

The diesel genset works as the grid-forming unit of the micro-grid to support the main AC BUS. 
The diesel engine is equipped with a speed governor (controller and actuator in Fig.2), which ensures 
frequency regulation of the output voltages. Furthermore, the static exciter of the generator ensures 
the constant amplitude of the output voltages. The control scheme is schematically displayed in Fig.2, 
where two feedback control loops (ω in pu and E in pu) are included. 
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Figure.2. Schematic and control of the diesel generator set. 

1.3 Control of the AC/DC/AC Converter 

The topology of the AC/DC/AC converter is displayed in Fig.3. Two basic three-phase VSCs are 
connected back-to-back in series with a DC link in-between. Through the AC/DC/AC converter and 
the PCC switch as well as an isolating transformer (not showed in Fig.3), the micro-grid is connected 
to the utility grid indirectly. Each VSC can work bi-directionally, and in this AC/DC/AC converter, 
VSC_#1 works as a rectifier to maintain the DC link voltage and VSC_#2 works as an inverter to 
transmit power from the DC link to the utility grid.  

PCCVSC_#1 VSC_#2DC Link

Utility 
Grid

Micro-grid 
AC BUS

 
Figure.3. Topology of the AC/DC/AC converter. 

The control scheme of a general VSC is presented in Fig.4. The control algorithm is carried out 
under synchronous rotating reference frame (d-q-0), where current (id and iq) and voltage control (vDC) 
loops are designed. The phase angle φ of AC side voltages (ea, eb, ec) is firstly estimated through a 
phased-lock-loop (PLL) algorithm. As displayed in Fig.5, (ea, eb, ec) are transformed to ed and eq under 
d-q-0 frame with a transformation matrix Tabc/dq0 in (1). ωf is the nominal frequency of the AC voltages, 
which is a constant, and ωa is the estimated frequency. By designing a feedback control loop, eq is 
regulated to zero and phase angle φ is finally derived. 

The estimated phase angle φ of (ea, eb, ec) is used for the rotating transformation of inductor 
currents (ia, ib, ic), and (id, iq) is then calculated. id is recognized as the active current, which aligns with 
the voltage vector and id is the reactive current, which is orthogonal to the voltage vector. Then 
current control loops of both channels are designed with PI controllers (PI2 and PI3). Furthermore, to 
maintain the DC link voltage, a DC voltage control loop (vDC) is designed outer the active current 
loop (id) accordingly.  
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Figure.4. Control scheme of a VSC under d-q-0 frame. 
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Figure. 5.  Phase locked loop (PLL) in a three-phase VSC. 
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Control of VSC_#1 applies the same scheme in Fig.4. The micro-grid AC BUS is dominated by 
the diesel genset all along, then the voltages and currents of the micro-grid are metered for 
transformation. VSC_#1 works as a rectifier and the DC link voltage is maintained constant VDC in 
both grid-connected and islanded mode through the voltage control loop.  

Control of VSC_#2 only applies the current control loops in Fig.4 and it works as an inverter. 
During islanded mode, the PCC switch is off, active and reactive current references are all set to zeros, 
[i* 

d#2, i* 
q#2] = [0, 0]. When it comes to grid-connected mode, the PCC switch is on and the AC side of 

VSC_#2 is directly connected to the utility gird. VSC_#2 is regulated to deliver/absorb predefined 
amount of power in every certain period. In implementation, active and reactive power (P and Q) 
control are translated into current (id and iq) control through (2) and (3). 
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where P* 
ex and Q* 

ex are the predefined active and reactive power set-points for exchanging with the 
utility grid. 

As described above, the AC BUS of the micro-grid is dominated by its subunits (diesel genset) 
in both grid-connected and islanded mode. And the AC micro-grid operates independently as a self-
govern system all along. In mode switching, control of the AC/DC/AC converter does not require 
grid synchronization. The only difference between the two operation modes is the current loop 
reference set-points of VSC_#2, predefined values in grid-connected mode and zero in islanded mode. 
Other units of the micro-grid does not necessarily change their present steps. Seamless switching is 
achieved naturally and only a single kind of operation strategy is required. Fully-autonomous 
operation of a micro-grid is achieved consequently in this proposed framework. 
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1.4 Control of the Battery Unit 

The battery storage is regulated by another VSC and it is supposed to undertake all the volatile 
power components. The power flows within the micro-grid is firstly analyzed.  Regarding to the 
diesel genset, in low load-rate scenarios (below 30% of the rated capacity), it generates excessive 
exhaust gases due to the incomplete combustion of fuels, which also leads to premature aging of the 
engine due to carbon deposit [15],[19]. To avoid low load-rate running, we prescribe a minimum 
power output limit to about 30% of its rated capacity, defined as PDE. 

The residential load includes a critical RL part, which equals to the equipped PDE. And the total 
residential load is defined as Pl as depicted in Fig.1. The fluctuating power of the solar array is defined 
as PPV. The predefined amount of power for exchanging with the utility grid is Pex, which is a constant 
in a certain period. And also define Pex that flows from the micro-grid to the utility grid as positive. 
Then the total net power of the micro-grid Pnet is expressed as (4).  

Pnet= PDE+PPV - Pl - Pex                                (4) 
Then Pnet is assigned to the battery units for compensation with consideration of the battery 

restrictive rules in (5). 
DIS bat CHA

LOW bat UP

LOW UP

P P P

V v V

SOC SOC SOC

 

 

 







                            (5) 

where Pbat is the power flowing into/out of the battery, vbat is the battery terminal voltage and SOC is 
its state of charge. Upper and lower limits are designed for the three variables, which are [PDIS, PCHA], 
[VLOW, VUP] and [SOCLOW, SOCUP]. 

When Pnet ≥0, Pnet should be totally charged into the battery without exceeding PCHA. Moreover, if 
battery terminal voltage vbat reaches VUP, then VUP should be maintained and Pbat begins to decrease. In 
extreme conditions, such as intense sun radiation but low load-rate, curtailment of the solar array 
will be activated for protection. When Pnet<0, the battery is discharged to compensate the power deficit 
until to its maximum capability PDIS. If the load is till increasing, then the power gap will be filled up 
by the diesel genset automatically. This power sharing process is concisely presented in Fig.6, where 
two profiles Pbat and Pnet are included. Segment A and B are the curtailed power in extreme conditions. 
C and D is the power sharing of battery according to the first two rules in (5). Particularly, in [t1, t2], 
the battery terminal voltage has reached VUP and Pbat begins to decrease. E and F is the load increment 
that is afforded by the diesel genset.  
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Figure.6. Power sharing of the battery storage unit. 

The above power sharing process is realized by controlling the battery VSC as a rectifier. Some 
modifications are made on basis of the control block in Fig.4, getting a new scheme as displayed in 
Fig.7. In the voltage loop, terminal voltage of the battery vbat is metered as the feedback. Constant 
upper and lower limits of PI4, PCHA and PDIS, has determined the maximum charging and discharging 
scope of the battery. Its output is defined as P’ 

bat, and passes through a saturation block, who has a 
dynamic upper limit Pnet and a constant lower limit PDIS. The output of the saturation block is defined 
as P* 

bat, and it will be the active power set-point for the battery VSC.
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Figure. 7.  Control of the battery VSC. 

Analysis of this modified scheme is provided. If Pnet ≥0 and vbat<Vup, PI4 outputs its maximum 
value PCHA. Through the saturation block, P* 

bat is derived by (6). 
* min( , )bat CHA netP P P                              (6) 

When the battery terminal voltage vbat reaches VUP, the output of PI4 will be a positive value 
between 0 and PCHA to maintain vbat at VUP. P* 

bat is derived by (7). 
  * min( , )bat bat netP P P                               (7) 

According to (6) and (7), when Pnet ≥0, P * 
bat equals to the smaller value between P ’ 

bat and Pnet 

without exceeding PCHA as well as the upper voltage limit VUP.  
If Pnet <0, the battery is discharged and VCHA>vbat is always satisfied. Then the output of PI4 will be 

the maximum value PCHA. Though the dynamic saturation block, P* 
bat can be derived by (8). P* 

bat equals 
to the larger value between PDIS and Pnet, which indicates that the battery is discharge to compensate 
Pnet without exceeding PDIS. 

* max( , )bat DIS netP P P                            (8) 
Therefore, with the voltage loop and saturation block in Fig.7 as well as the above three 

equations, power sharing of the battery can be achieved with consideration of the first two restrictive 
rules in (5). Practically, in the control process of the battery VSC, similar to the VSC_#2, active power 
control is translated into current control by (2). After this, i* 

d_bat is assigned to the current control loop 
as the reference value. 

2. Power Exchange Estimation Based on Power Forecasting 

Another important point of the proposed framework is that the micro-grid is controlled to 
exchange predefined amount of power Pex with the utility grid through regulating VSC_#2 in every 
certain period. The setting value P* 

ex is estimated based on power forecasting of renewable generation 
and local loads with consideration of the battery SOC. It is designed in this work that P* 

ex is updated 
every 15 minutes and broadcasted to the utility grid operators at the same time. In this case, the micro-
grid becomes a predictable PQ node for the utility grid. Furthermore, the power system can actively 
decide how many, when and which of these micro-grids are permitted to access or quit with more 
flexibility and confidence. This will greatly benefit the dispatching algorithm of the power system. 

Forecasting of solar power can be divided into three categories according to the time horizons, 
very-short term, short-term and long-term. Very-short term forecasting generally refers to that lasts 
from seconds to 30 minutes and is mainly used in real-time power regulations [20]-[22]. In the 
proposed micro-grid framework, power forecasting is part of the operation strategy and the time 
scale is set to 15 minutes, which is also the updating interval of P* 

ex. 
The most favored theories in power forecasting include artificial neural networks (ANN), 

support vector machine (SVM), autoregressive integrated moving average (ARIMA) etc. [23]-[24]. In 
solar stations, historical data is generally recorded as time series with different intervals. ARIMA 
performs effectively in accuracy if these data has a linear or higher order inherent pattern, especially 
in very-short term forecasting. Actually, solar power is sensitive the sunlight intensity and ambient 
temperature, and its output always contains stochastic variations due to the weather conditions [25]-
[26].  

This work applies a curve fitting approach to predict the solar power generation in the next 15 
minutes. The historical data of the latest periods are denoted as: 

(ti, Pi), i=0, 1, 2….n-1                              (9) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2019                   doi:10.20944/preprints201905.0267.v1

https://doi.org/10.20944/preprints201905.0267.v1


 

where ti is the discrete time moments and Pi is the corresponding power generation. Based on these 
data, we attempt to find an approximate continuous univariate function f(t) to describe their relation 
and further to forecast the future power outputs. The basic form of this function is expressed as (10). 
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where φ(t) belongs to a specific linear-independence function space Φ, and α is the coefficient of each 
sub-function. Generally, Φ is a polynomial function space Φ={1, t1, t2···tm-1} and (10) is rewritten as (11). 
The residual error at each data point is calculated by (12). 
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To evaluate the accuracy of this fitting function f(t), the least 2-Norm criteria is employed as in 

(13): 
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Expression (15) is a series of equations and separated into (16). The coefficient matrix of (16) is 
symmetric and positive definite, and unique values of (α0, α1, α2···αm-1) can be derived consequently. 
Then the curve fitting function f(t) is finally obtained using the least square method. This function 
will be utilized to predict the future solar power output.  
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                 (16) 

In this work, historical data in the past 30 minutes are chosen for curve fitting. With a time 
interval of 5 minutes, 7 data points (n=6) are collected totally. The sketch map of the solar power 
forecasting process is displayed in Fig.8. With the recorded 7 discrete data from (t0, P0) to (t6, P6), curve 
fitting function f(t) is derived. Then in the future 15 minutes, output power at every certain moment 
can be predicted as P<PV>. The average value of P<PV> is calculated by (17) and used for P* 

ex estimation.  

t0 t1 t2 t3 t4 t5 t6 t7 t8 t9

Past 30 mins Future 15 mins

Fitting Curve f(t)

PPV / W

P0

P1

P2

P3
P4

P5

P6

PVP 

PVP Average Power

t / min

 
Figure. 8.  Sketch map of the solar power forecasting. 
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                          (17) 

As to the local load forecasting, the same curve fitting approach is applied in this work.  In the 
future 15 minutes, load consumption can be predicted as P<l>. The average value of P<l> is calculated 
by (18) and used for P* 

ex estimation.  
9

6
9 6

1
( )

t

l lt
P P t dt

t t   
                           (18) 

With the predicted 
PVP   and

lP  , the predicted average surplus power
opP  is calculated by (19). 

As mentioned previously, the diesel genset has a minimum power limit PDE, which is equipped for 
the critical load. This component should be included here in (19). 

( )op PV l DEP P P P                              (19) 
Before assigning

opP  to VSC_#2 as the set-point of Pex, another power component PSOC for the 
battery balance is designed and added.  In Section II, the first two restrictive rules of (5) are 
considered in the battery control. To avoid over charge/discharge, the battery SOC will be regulated 
indirectly through updating the set-point of Pex. Then P* 

ex is finally derived by (20) and the designed 
PSOC curve is displayed in Fig.9. 

*
ex op SOC PV DE l SOCP P P P P P P                            (20) 

SOC

80% 85% 90%
75%70%

PSOC / W
-PDIS

2
DISP



-PCHA

2
CHAP



 
Figure. 9.  Designed PSOC curve for the battery balance. 

To retain sufficient capability of the battery for power smoothing in every period (15 minutes), 
the baseline SOC of the battery is defined as 80%. At the beginning of every updating period, the real-
time SOC of the battery is estimated for PSOC calculation. As displayed in Fig.9 as well as (21), a 
tolerable range is designed as [75%, 85%], in which PSOC equals to zero. Whereas if SOC goes beyond 
either limit, a corresponding constant value will be set to PSOC. For instance, if SOC>85% and locates 
within the range of [85%, 90%], a constant positive value -PDIS/2 is then added into P* 

ex, which indicates 
that more power will be transmitted from the micro-grid to the utility grid and the battery is 
supposed to be discharged in the next 15 minutes. If the SOC>90%, then a larger value -PDIS will be 
generated. PCHA and PDIS are the charging and discharging limits of the battery storage, respectively. 
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                   (21) 

3. Results and Verifications 

A typical AC micro-grid model with the same structure in Fig.1 is built in this work, and the 
capacity of each unit is listed in Table I. The line impedances Z1~Z4 has a resistance 0.092Ω and an 
inductance 125μH to simulate a 50m transmission line (line diameter is about 15mm). The nominal 
AC BUS voltage is 380V/50Hz (line-to-line). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2019                   doi:10.20944/preprints201905.0267.v1

https://doi.org/10.20944/preprints201905.0267.v1


 

Table 1. Capacity allocation of each unit 
Units Capacity 

Diesel genset 100kVA 
Linear load 28kW 
Converter load 95kWp 
Solar power 115kWp 
Battery 700V/30Ah 

In simulation, the diesel genset is started first together with the critical load, and then is the 
battery storage, the solar array and the converter load in sequence. The AC/DC/AC converter is the 
last to be activated. Performance waveforms are presented below to verify the proposed framework 
and operation strategy. 

The varying solar power PPV and residential loads Pl are displayed in Fig.10 (a) and (b). Based 
on the historical data in the latest 30 minutes, the solar power P<PV>and load P<l> in the next 15 minutes 
can be predicted using the curve fitting forecasting method. Then the average value

PVP  and
lP  are 

calculated for P* 
ex estimation. This forecasting and calculation process rolls forward every 15 minutes 

interval. 
PVP  and 

lP  are also updated every 15 minutes. 
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Figure. 10.  Varying solar power and residential loads and their predicted average values; (a) solar power 
PPV and

PV
P
 

; (b) residential loads Pl and
l

P
 

. 

The DC/AC/DC converter is regulated to exchange predefined amount of power Pex with the 
utility grid in every 15 minutes. The reference set-point P* 

ex for VSC_#2 is calculated by (20), where 
PDE=28kW and PSOC is generated by (21). The power delivery of the micro-grid Pex is displayed in Fig.11 
(a), where the power exchange between the two utilities is predefined and broadcasted every 15 
minutes. From the view of the utility grid, every micro-grid becomes a PQ node, which will benefit 
the dispatching algorithm of the power system. The DC link of the DC/AC/DC converter is equipped 
with a 1.5mF capacitor and the rated DC link voltage is 750V. As displayed in Fig.11 (b), the DC link 
voltage is maintained 750V during operation with only some dynamics. 
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Figure. 11.  Performances of the DC/AC/DC converter; (a) power exchange between the micro-grid and 
the utility grid Pex; (b) DC link voltage VDC. 

The volatile power from renewable sources and local loads are constrained and superseded 
within the micro-grid circumstances. The battery is to take this responsibility. With the proposed 
SOC balancing approach, the performances of the battery storage unit with and without balancing 
are displayed below in Fig.12. 
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Figure. 12.  Performances of the battery storage unit; (a) suppressed power of the battery storage unit Pbat; 
(b) SOC of battery without balancing; (c) SOC of battery with balancing; (d) PSOC for battery balancing. 

In Fig.12 (a), all the varying power components that calculated by (4) are compensated by the 
battery. Without balancing, its SOC increases and decreases irregularly according to the amount of 
the net power. In this test scenario, it drops to a lower level of 65% as displayed in Fig.12 (b). Whereas 
with the designed balancing technique, the SOC of battery can be restored automatically during 
operation. In Fig.12 (b), SOC drops to the lower limit of the tolerance range 75% at 42min, then at the 
beginning of the next updating interval (at 45 min), a corresponding PSOC= –PCHA/2, which equals to  
-24kW is generated by (21) as displayed in Fig.12 (d). With this adjustment, the SOC of the battery 
recovers to the tolerance range automatically as displayed in Fig.12 (c). This indicates that the all the 
varying power components are constrained within the micro-grid circumstances without leaking to 
the utility grid. 

In the operation strategy, the AC BUS of the micro-grid is dominated by diesel genset all along 
in both operation modes and fully-autonomous operation is finally achieved. A minimum power 
output limit PDE=28kW is preset for the diesel genset to avoid low load-rate running. Operation 
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results are presented in Fig13 (a) and (b). The diesel genset keeps providing 28kW power even with 
sufficient solar power generations. The system frequency is maintains at its rated value 50Hz steadily 
in the whole test scenario. 
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Figure. 13.  System performance of the micro-grid; (a) output power of the diesel genset during operation; 
(b) system frequency f of the micro-grid. 

5. Conclusions 

Conventional grid-connected micro-grid operates non-autonomously and relies on the utility 
grid for AC BUS supporting and power balancing, which inherits some great challenges in system 
operation and practical application. This work has proposed a fully-autonomous framework, which 
applies an AC/DC/AC converter as the interface unit. This unit enables the micro-grid to behave as a 
fully independent entity in both operation modes as a self-governed entity. In the operation strategy, 
the AC/DC/AC converter is regulated to exchange predefined amount of power with the utility grid. 
The power amount is estimated by a curve fitting based power forecasting approach, and updated 
and broadcasted every 15 minutes. All the varying components are constrained and suppressed 
within the micro-grid mainly by the battery storage with a SOC balancing approach. The proposed 
framework and operation strategy can improve the system reliability and also benefit the dispatching 
algorithm of the power system, which makes a step forward to the high penetration depth application 
of renewables sources into the utility grid. Simulation results are finally provided for a verification.  
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