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Abstract — The renewable energies are growing in 

importance. A relevant issue in the MG management is the 
power balancing between the many sources and loads. The use of 
a DC Bus Signaling (DBS) with the bus (AC or DC) voltage 
informing the energy price is a low-cost way to power 
management. Considering the power systems used are still 
almost entirely in AC, this approach is presenting many 
advantages. This work presents a solution of easy integration 
with the current power system, low-cost, and allows the 
operation of various sources and loads with the plug & play 
functionality. The results confirm the proper MG functioning is 
possible even in different operating scenarios. With strategy 
simplicity, it is possible to expect more interaction with other 
large areas of knowledge, such as: Smart Grid; Internet of 
Things (IoT); Information Technology (IT); Artificial intelligence 
(AI); Complex Systems; APP for smartphones and PC's. 

Keywords— AC Bus Signaling, distributed generation, smart 
grid, microgrid control, droop method, distributed control. 

I. INTRODUCTION 

The concept of MG is a significant change and has been 
proposed by the scientific community in recent years [1]. A 
MG can be defined as an integrated system, composed of 
multiple and distributed sources and loads, functioning as a 
single system that can operate connected or islanded from the 
main grid [1] [2] [3] [4]. The distributed generation (DG) is 
gaining importance in the present power system scenario [1] 
[2] globally due to reduced green house gas emission, better 
power system efficiency, reliability and as promising approach 
to relief existing power system from stress on transmission and 
distribution system. 

A economical way to solve the problem of energy shortage 
is by PV and bank of batteries [6] [7]. In addition to the 
simplicity, one of the main reasons for adopting this solution is 
the reduced cost of PV energy in relation to the others sorces. 

Different types of voltage DC and AC or mixed [5] [25] 
can be adopted for a MG.  The topology with centralised dc 
bus has been shown advantageous, because of its modularity, 
but with control challenges and undesirable dynamic 
interaction between converters [2]. It is currently more 
attractive [5] and have more advantages (including renewable 
energies, simplicity, high reliability, absence of reactive loads, 
no synchronization required, many DC fed loads and also 
preserves human exposure to frequencies - 50 / 60 Hz) than AC 
(Transformation of voltage and more effective Protection 

Circuits). It main concern is stability [18] among others [2], but 
there are studies showing different control strategies for this 
type of application [5][6]. The largest number of experiments 
and currently available MG in the world are in AC [5] [6] [22]. 

The many control possibilities of a MG [4] [8] [9] [10] [21] 
will act on three hierarchical levels. The primary level is for 
inner converter control, the secondary is about references and 
terciary is for energy management between grid and MG. 
There are other modes of classification as well [1] [5], but 
conceptually they end up talking about the same, for AC and 
DC [8]. 

The secondary and tertiary levels can also generally be 
classified into centralized, decentralized, and hybrid [4]. 
Centralized control uses communication links to get relevant 
information from all MG units and from itself to send it to a 
central management unit for calculations and decisions using 
technologies to trigger commands to meet certain performance. 
The greater the number of MG elements the greater is the 
complexity of algorithms and efforts of computation 
(programming and processing). Decentralized control aims to 
solve energy management problems by distributing as many 
decisions as possible among its components.  

Multi-agent approach is an effort to reduce the centralized 
system complexity. It is the distributed control strategy [11] in 
which the sources, storages, and the loads communicate each 
other and try to achieve the balance of power, with the 
possibility of housing in MG hundreds of elements. The many 
micro-agent presence increases the system robustness, making 
it more reliable than it would be with the failure in a single 
source. A methodology developed for small MG is the DC Bus 
Signaling (DBS) [15] [16] [17] in which the bus voltage level 
signals the operation mode and this signals to the components 
in what mode they should operate. The design of this form of 
control also considers that communication between peer-to-
peer (MG) components is unnecessary and each source must 
respond effectively to system changes without receiving data 
from loads and other sources. The performance of this 
approach is greatly affected by the accurate and rapid detection 
of the operation mode. 

In [18] [19] a price-based power management for an off-
grid PV system with centralized dc bus using ideas of 
multiagent systems has been proposed.  A fictitious price is 
calculated considering the dc bus as a market, signaling the 
operation modes of the sources and loads connected to the dc 



bus. This approach has been shown advantageous due to its 
simplicity, but cannot be directly applied to ac microgrids. 

Differently from [18], a real price is used, because MG has 
considered with different users, who pays or receive the price. 
Here MG has a central operator that coordinates how prices are 
generated and the power management with slow bandwidth. 
However, the system can continue to operate even without the 
operator in case of failure. 

Considering the power systems used are still almost 
entirely in AC, and based on the previously quoted work [18] 
this paper presents a DBS control for an AC bus, encoding in 
the voltage level the necessary information to other 
components receive guidance and can contribute to the proper 
MG general functioning. The MG operation assumes the 
Power Electronics controls have a set of features (plug-and-
play) that adjust the source to adequately perform its functions. 
This approach has advantages that are longer time constants for 
system response and many interaction possibilities with other 
areas such as: Smart Grid, IoT, financial market; IT 
(algorithms); AI; APP for smartphones and PC's.  

Theoretical Elements are presented in section II, and the 
necessary technique adaptation from DC to AC in section III; 
the simulation in section IV and the main results in section V. 

 

II. THEORETICAL ELEMENTS 

The proposed strategy was based on and adapted from the 
strategy proposed in [18] [19], which are based on the market 
principles to provide the DC bus control with a multifunctional 
converter. The principle is make the MG AC bus operates like 
a market, as shown in Fig. 1, where those who need energy 
come to buy and those who produce come to sell. 

 
Figure 1 - Supply versus demand curve 

 
 

A commodity on the market, lower the price when 
abundant and vice versa. The energy when abundant tends to 
lower the voltage level of the bus and the opposite when it is 
scarce. That’s the way to code the price in the voltage level. 
The higher the voltage, lower the price and vice versa. 

In addition, the bus should inform the price of energy in 
such a way that producers and consumers can decide if they 
want to sell and buy energy at that price. 

The Fig. 2(a) show that sources are growing in value 
according to the costs involved. The price of electricity 
(abscissa) increases as power consumption increases (ordinate).  

 
Figure 2 – a) Price versus Supply                  b) Price versus Demand 
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As higher-priced energy sources are ordered, the average 
price increases. The loads go in the opposite direction (Fig 2b). 
The consumer will pay a higher price for the very few loads 
considered the more important and when the price is low, all 
loads may be conected. A view of those curves when in the 
market shows demand tends to find supply and vice versa, and 
both will find a common point. Following the law of free trade, 
the supply and demands will be balanced in certain price and 
power. 

The principle of enabling the connection of any source to 
MG is the price. A source is only able to provide if price is 
equal or more than that set by the operator. Considering the six 
sources depicted in Fig. 3, the wind generator will enter if the 
price in the bus is more or qual Pr1, the PV source at Pr2 and so 
on. 

Figure 3 - Sources and price relation 

 
 

The loads can be schedule by the consumers to operate at 
the most convenient moment, considering price and load 
importance. As visualized in Fig. 4, there are many 
possibilities of scheduling the use of loads by consumers. The 
thermal loads, the Information Technology (IT) and security 
functions equipaments due to the nature of use will certainly 
have a priority schedule. They should remain connected 
regardless the energy price. Other loads of little importance or 
little use may be scheduled to operating only in moments that 
the energy is in the lower prices. 

Figure 4 - Operating loads cycles 

 



III. CONSIDERATIONS  FROM DC TO AC  

Necessary considerations were used to adapt from the DC 
techniques to AC and have a proper MG operation.  The first 
point is the right PCC (Point of Common Coupling) voltage 
control, second to share the loads among sources by the use of 
droop control and third the proper MG operation. The Phase 
Locked Loop (PLL) function is not being considered here for 
practical reasons. 

A. PCC Voltage Control 

From MG point of view the Grid works as infinite bus and 
operates at rated voltage and frequency. It interacts with the 
Grid through the low voltage distribution line connection. The 
loads connected in Point of Common Coupling (PCC) to the 
infinite bus through this impedance, as shown in Fig. 5, will 
cause a voltage drop, influencing the voltage regulation. This 
same voltage regulation will also be used as energy price 
information. 

Figure 5 - Grid / MG Conection Model 

 
 

The energy interaction between grid and MG follows the 
same pattern of a network with resistive predominance, i.e., the 
active energy correlates with the voltage and the reactive with 
the frequency. When the MG is with excess of active energy, 
the sources power at that moment is greater than the loads the 
PCC voltage rises, as depicted in left ordinates side in the Fig. 
6(a), and the excess of power will be routed to the grid. 

If the energy is reduced in the PCC, there may be an 
equilibrium situation where the grid doesn`t absorb or give 
energy to the MG. If there is still higher consumption than 
production, there will soon be a transfer of power from the grid 
to the MG, which will be evidenced by the PCC voltage being 
lower than grid voltage. As shown in Fig. 6(b), the price 
follows opposite direction. 

When the MG is operating in an island mode the voltage 
will be controled by the balance between the internal supply 
and the demand of energy. 

 
Figure 6 – a) Voltage x Power  b) Price x Power (for a resistive network) 

 

B. Source Operation 

The frequency and voltage control in MG with several 
inverters in parallel can be obtained by means of several 

methods, with or without communication link. Control 
methods based only on local measurements like Droop Control 
exhibit superior reliability while it does not rely on   a high 
bandwidth communication link [1]. 

When one finds only resistive characteristics in the network 
the active power transference is related to voltage and reactive 
power transference is related to frequency [27] and the 
equations for active and reactive power transference are given 
by 
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Where P means the active power, Q the reactive power, 
Vpcc is the PCC voltage, Vg is grid voltage, Rg is the line 
resistence and δ is the angle between Vg and Vpcc. 

All these Droop Control principles are well known and can 
be implemented with the equations 
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Where Vo means the voltage module reference, V the 

voltage to conversor reference, Po is the active power module 
reference, P is the active power module calculated, ωo is the 
agular velocity module reference, ω is the agular velocity 
module to conversor reference, Qo is the reactive power 
module reference, Q is the reactive power module calculated, n 
and m are the droop coeficients. 

An example, shown in Fig. 7, of the relationship between 
the voltage and the active power of two sources with different 
nominal power in a predominantly resistive network is given 
by a linear relation (Eq. 3 and 4). 

How much each source can provide could be adjusted by 
the level of decay established. This decay level can be changed 
by droop parameter (m) or setting a diferent nominal power 
reference parameter (Po) in the control software (Eq. 4). 

 
Figure 7 - Droop control for two sources 

 
 

The distribution line impedance values will give the grid 
decay and the other sources will be sharing conform its decay 



curve. One or more sources could enter at the same time to get 
a portion of power shared by Droop. 

It is possible that with the input of a new source the PCC 
voltage increases by turning off the same source just came into 
operation, like is shown in the Fig. 8. 

Figure 8 – Histeresis voltage 

 
To avoid that, a hysteresis band has been established in 

such a way the system doesn`t turn on and off indefinitely. The 
hysteresis value can be approximated by the equation 

 Hysteresis = . .source
LD
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P
Z

V
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Which Psource is the nominal power of the source, ZLD is the 

distribution line impedance, Ventrance is the input voltage value 
(Volts) in a certain price in $ and β (~ 1.1) is a safety factor.  

The hysteresis (Eq. 6) should ensure the source will 
continue to provide power even if the voltage recovers at a 
level within the programmed range. The price of energy paid 
by the MG for this source will be the price of entry, regardless 
of whether the voltage has recovered and the price falls 
sharply. This way there is a supplier commitment to mater the 
price even if the voltage rises. 

C. MG Operation 

A MG must have at least one source performing the 
function of grid forming, providing voltage and frequency 
reference. The other sources will operate as grid support or 
feeder.  

Figure 9 – AC Bus Voltage Profile 

 
 

The voltage level in the bus is the interconnection point 
between Price and Power supply. This level is a physical 
phenomenon linked to shortage or abundance of energy and is, 
at the same time, information about the price that must be paid 
for energy supply. This energy must be sold for a certain price 
and will be informed by the bus voltage level, according the 
Fig. 9. 

The real intention behind this operating strategy is each 
participant to adjust the interaction with and be constantly 
collaborating for the proper MG general functioning. However, 
this is getting better and better as the number of participants 
(Loads and Sources) in the MG increases [16]. 

The correlation between price and PCC voltage can be 
presented by an equation with angular and linear coefficients. 

 

 Pr V PrPCC O    (6) 

 
Where Pr means the price, Vpcc the PCC voltage and Pro the 

inicial starting price. 

Figure 10 – Price x Voltage 

 
 

This equation works as an exchange ratio between the MG 
voltage and energy price presented in the Fig. 10. The angular 
coefficient is always negative in this case and the larger in 
magnitude also in price per unit of voltage variation. The linear 
coefficient adjusts all prices equally up or down. 

It is possible to change the linear relationship between price 
and voltage level. This change produces a system-wide (MG) 
response. The variation in this relation (price x voltage) level is 
one way to bias the entire MG. The main reason for this control 
would be the MG energy / costs optimization. The coefficients 
of this price (voltage) ratio must be sent by a central controller 
to the devices registered in the MG, through a low passband 
communication link and could use even the bus. 

Other possibilities can be studied to give diferent relations 
between price and voltage, like exponential, saturation, etc. 

IV. SIMULATION 

The MG project is composed of renewable and non-
renewable sources, being part of it a wind and a photovoltaic 
power source, a supercapacitors and battery bank and a motor 
generator. It is simulated in PSIM software according to all 
elements will compose the MG presented in Fig. 11 and 
considering presented parameters in the Fig. 12. 

The loads will be divided into categories according to their 
degree of importance and consumption. 

 



Figure 11 - MG Operation Mode 

 
 

When MG is in the connected mode the grid will be the 
forming and providing voltage and frequency reference.  

All sources presented in Fig. 12 have price for sale. This 
means when the price is greater than or equal to that specified 
for one source it will be able to supply energy. The opposite 
occurs with loads they have only purchase price and will be 
connected if the energy price is less than to that established. 

 
Figure 12 - Simulation parameters 

 
Battery and supercapacitors banks will act as a load when 

the bus is full of power buying energy as a source and it will 
act as source in the opposite when in shortage and therefore 
selling. Therefore, these two components have buying and 
selling prices. 

The simulation circuit as seen in Fig. 13 is composed of all 
sources already described. The renewable energy sources are 
modelling by a current source. 

 
Figure 13 - MG Simulation Circuit (nPEE - UDESC) 

 

 



The simulation represents some of the randomness of the 
renewable sources, as will be shown in the results section. A 
sinusoidal source connected by impedance represents the 
network. 

The bank of battery / supercapacitors and the motor 
generator are modeled by a converter with inputs references for 
voltage and frequency. They are sharing by droop and it is 
done by the converters input circuit seen in Fig 13. It is done 
by a power calculation from the voltage and current 
measurements, and it passes through a RMS block and got the 
difference against the reference power. This calculated value is 
multiplied by the coefficient of droop and after subtracted from 
the nominal voltage becomes the reference value to the 
converter voltage. 

All sources and loads have a wattmeter to mesured the 
energy exchange. The loads are added over the simulation time 
from a value of 1 kW to 12 kW, the MG rated power. In this 
experiment, neither reactive nor harmonic loads are still being 
considered. 

 

Figure 14 – Batteries Enabling Circuit 

 
 

The connection logic circuit between the sources or loads 
and the MG presented in Fig. 14 must operate from the 
reference inputs for sale or purchase price respectively and 
conversion rate and hysteresis value. The logic for the purchase 
is if the price is lower than stated in that input the bank will 
buy (storage) energy. If operating as source (Sell) the logic is if 
the price is higher than that established in the “Pricemax” input 
the bank will provide power. The circuit internally has a 
comparator and a hysteresis between a maximum and 
minimum value. 

V. RESULTS 

The simulation results are shown in different conditions. 
The active power (upper) and price (below), and in sequence 
one can see the outputs for Batteries, Supercap, Moto generator 
and finally the grid.  These values of price reflect the purchase 
and sale values for a period of 24 hours. 

The load curve (see legend in the upper side of each 
graphic in the figure) represents a typical day of a city with 
peaks and valleys at specific times of the day, with values 
adjusted to the rated power of this MG study. Other load 
curves can be analyzed depending on the needs of each MG.  

The same statistical phenomenon occurs for the sources 
also occur for the loads, the greater number of them softer the 
system response considering the input and output decisions. 
Here was presented an extreme situation for the sources (few 
sources) and softer for the load, but simulations in the opposite 
situation can be made without problems, the logic circuit is the 
same. 

A typical MG operation for an ordinary day is shown in 
Fig. 15, when it is connected and renewable energy sources are 
operating normally. The results presented in the figure are of 
active power for all operating MG`s equipament. The PEo 
presents the power provided by the wind generator, the PPV 
the power supplied by the photovoltaic panel and PLoad for all 
the loads. 

Figure 15 – MG operation in ordinary day 

 
 

The PBat presents the power supplied by the battery, and 
PSC the power of the Supercapacitors. The PMg presents the 
power for the motor generator, and Pgrid the power from 
distribution line.  

This case presents both the grid and the bank of batteries 
and supercapacitors selling (positive power) and buying 
(negative power) energy throughout the day. 

For all simulations, the loads and renewables sources are 
independent variables and may be adjusted according diferent 
conditions. All other sources will get in or out according to the 
logic circuit, and it always is comparing the bus offered price 
and the price stablished by the source operator. 

A second scenario is representing a day of low energy 
coming from renewable sources as one can see in Fig. 16. It 
may happen both banks (Supercapacitor and Batteries) must be 



activated, and in the last case the motor generator. One may 
notice the energy average price is higther in this second 
condition, and none of the sources buys energy because it is a 
day of shortage. 

 

Figure 16 – MG with low renewable energy 
 

 
 

As a third scenario, it is shown in Fig. 17, the MG is 
operating in island mode and could has the motor generator 
runing as a grid forming or the supercap and batteries. The 
moto generator doesn`t absorb surplus of energy and still has 
the help of supercapacitor and batteries banks. 

As the most expensive energy is that of the motor generator 
it will always come last, in that situation where the energy of 
the banks (Batteries and Supercap) is no longer sufficient. 

It is important to note that in this situation network 
impedance no longer acts as a bus voltage regulator, and the 
sources will be acting by droop control. 

This presents renewable sources providing the same energy 
and demand as in the first case. The price falls at the beginning 
primarily because of the energy abundance from renewable 
sources. The motor generator and the battery bank and 
supercapacitors can supply what is missing to supply the entire 
load. Adjustments can be made to a source delivery a larger 
load portion when compared to the others. 

However, the lack of the network does not invalidate the 
possibility of continuing to use the voltage level of the AC bus 
as information for the energy price. 

 

 
Figure 17 – MG operating in island mode 

 
 

VI. CONCLUSION 

Here was proposed a low-cost power management system, 
based in an AC bus signaling strategy for a MG operation. This 
work uses the same principle applied to a DC bus stand-alone 
PV system [18]. The control is sufficiently decentralized and 
allowed the sources and loads entrance and exit with autonomy 
and precision. Power balance and stability were obtained in all 
cases, meeting the quality and quantity criteria. Almost no 
centralized control effort is required, only the rate price needs a 
communication way to be informed. 

This approach made possible the proper AC MG running 
with low cost and user friendly for sources / loads, using rules 
and phenomena already well researched and known.  Taking 
advantage of the entire workforce already prepared to work in 
AC networks, but with a strategy that can be used for DC or 
mixed networks. This combination of low cost and simplicity 
is a very important feature in large scale consumer product 
designs. It is not necessary to use converters as connection 
between the grid and MG and enables the entry of many users, 
and the more users the better the system performance. 
Simulation results demonstrated the efficacy of this approach 
for an AC MG in different operational conditions. 

The logic control in comparison with others decentralized 
controllers with reduction of computational efforts 
(Programing and processing), regardless the number of 
participants. The system can be scaled with same few rules. 
Currently, many good results have been presented, among 
them the hierarchical MG with decentralized control strategies, 
but for pre-determined network topologies. The results 
obtained do not require prior knowledge of the network design. 



A few rules are still enforced for participants, but are already 
very close to a plug and play system. 

Future researches can be done in addition to the proposed 
project such as research an algorithm to identify the network 
parameters as feedback to optimize the controller parameters 
and also explore the interaction of this work with other areas. 
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