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Abstract
With the generation costs considered, a modified distributed active power sharing control scheme for the inverter-based 
microgrid is proposed in this paper. Inverters are regarded as agents that can exchange information with adjacent invert-
ers over a communication network. Since the distributed generations in the microgrid are usually of different types, the 
total generation cost of the microgrid must be considered. Thus, this controller is more practical than traditional power 
sharing control scheme. Furthermore, a distributed finite-time active power sharing control strategy is proposed to share 
active power in a shorter period of time. Some sufficient conditions are derived to achieve active power sharing. Finally, 
simulations are presented to illustrate the validity of the theoretical results.

Keywords Power sharing · Generation costs · Distributed control · Finite-time consensus

List of symbols
Ci  Generation cost of DG i
Pi,max  Maximum value of DG i’s active power
C′′
i

  Modified generation cost of DG i
C′′
i,max

  Maximum value of C′′
i

ri  The inverse of Pi,max ’s reciprocal
R  Matrix composed of ri

1 Introduction

To achieve flexible, reliable and economic power supply to 
local areas, the concept of microgrid is proposed, which is 
defined as various types of distributed generations (DGs), 
energy storage systems and a cluster of loads operated in 
coordination [1]. These different devices generate or stor-
age variable frequency AC/DC power supplies and are con-
nected to the synchronous AC grid via a power electronics 
DC/AC inverter [2]. The rapid growth of energy demand 
attracts the wide application of DGs in the power system. 

These DG units play an essential role in mitigating pol-
lution emission, reducing power transmission losses and 
improving local power utilization. Furthermore, the inte-
grated microgrid is better in terms of supply quality, sta-
bility and reliability since it combines the complementary 
advantages of different types of DGs [3]. Nevertheless, the 
massive use of DG units also brings several challenges to 
the power system.

Besides the problem of voltage/frequency regulation 
and restoration [4], economic dispatch [5], and state-
of-charge balancing of distributed energy storage sys-
tem [6], the power sharing problem is a common issue 
in the operation of microgrids [7]. Power sharing can be 
described as the ability of local control of individual DG 
unit to achieve a desired distribution of power outputs of 
all power sources while meeting the load requirements in 
the grid. The practical significance of this control target is 
that it allows the utilization of the DGs in operation to be 
pre-specified [8].
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The traditional power sharing control of grid is based 
on centralized control scheme, and all the generations 
are controlled by a central controller which brings a com-
plex network. In addition, a single-point failure may lead 
to the fault of the whole network, and this reduces the 
system reliability. Thus, to avoid this problem, decen-
tralized control scheme was adopted in power sharing 
control [9]. However, for the large-scale microgrid, it is 
difficult to control the entire system if all the DGs oper-
ate independently. Then, to improve stability, scalability, 
and security of the microgrid, the power sharing scheme 
based on distributed control was presented, which used 
low-bandwidth communication to transmit information 
of variables [10].

In recent years, the research of power sharing control 
based on multi-agent consensus method has received 
more and more attention [11]. In these researches, invert-
ers were regarded as agents that could exchange infor-
mation with adjacent inverters over a communication 
network [12]. In [8], a consensus-based distributed volt-
age control was proposed, which solved the open prob-
lem of reactive power sharing in autonomous meshed 
inverter-based microgrids with inductive power lines. In 
[13], a distributed cooperative control scheme for large-
scale microgrids with switch communication topology 
and time-varying delays was presented. In the analysis of 
power sharing problem based on multi-agent consensus 
approach, convergence rate is also an important perfor-
mance criteria that worth studying. Literature [14] pro-
posed a finite-time controller to share the active power 
among DGs based on their active power ratings. However, 
they did not study the influence of generation costs. To 
reduce the total generation cost of the microgrid, power 
sharing control should be considered. In fact, power shar-
ing in microgrid not only depends on rating of DGs, but 
also relates to generation costs [15].

In this paper, a modified distributed cooperative control 
scheme is designed to share active power, in which the 
consistency variable is redefined. The proposed protocol 
saves the total power generation cost of microgrids while 
achieving active power sharing. The objective of reduc-
ing total generation cost is realized by making generators 
with high generation costs produce less active power. In 
order to share power in a shorter period of time, a finite-
time active power sharing control scheme is proposed in 
this paper. The stability of the system with the proposed 
controller is proved based on Lyapunov stability theory. 
Moreover, simulation results verify the effectiveness of the 
controller.

The rest of this paper is organized as follows. Section 2 
presents the graph theory and generation cost function. 
In Sect. 3, the distributed control scheme based on finite-
time theory is proposed. Simulation examples are given in 

Sect. 4 to illustrate the effectiveness of the result. Conclu-
sions are presented in Sect. 5.

Notations: Throughout this paper, ‖ ⋅ ‖ denotes the 
Euclidean norm for vectors and the induced 2-norm 
for matrices, respectively. In denotes the n-dimensional 
identity matrix. ℝn denotes the n-dimensional Euclidean 
space. ℝm×n denotes the set of all the m × n real matri-
ces. For a given matrix or vector A, AT  is its transpose. 
�n = [1,… , 1]T ∈ ℝ

n . diag{⋅} denotes a block diagonal 
matrix formed by its input. sig(⋅)� = sign(⋅)| ⋅ |� and sign() 
is the sign function.

2  Problem formulation

2.1  Graph theory

In this paper, the communication connections in the 
microgrid can be captured by an undirected communi-
cation graph G(A) = {V, E,A} , where V = {1, 2,… ,N} is 
the set of nodes. The neighbor set of node i is denoted 
by Ni = {j ∈ V|(i, j) ∈ E} , where E ⊂ V × V is the set of all 
edges between connected agents, and A = [aij] ∈ ℝ

N×N 
is the weighted adjacency matrix with elements 
aij = aji , if j ∈ Ni , aij = 1 ; otherwise, aij = 0 . The Lapla-
cian matrix of graph G(A) is defined as L = D −A , where 
D = diag{d1, d2,⋯ , dN} is called the degree matrix with 
di =

∑
j∈Ni

aij.

2.2  Generation cost function

In microgrid, there are several different types of DGs, like 
fuel generators, microturbine generators and solar genera-
tors. Despite of the various differences, all the distributed 
generators have the same cost function, which can be 
denoted by following expression:

where bi is the levelized capital cost which is a constant 
term, and Cm,i , Cl,i , Cf ,i and C�,i represent the maintenance 
cost, distribution cost related to feeder power losses, fuel 
cost, and greenhouse emission penalty/incentive [15], 
which depend on the active power of DG i. In [15], to com-
pare per-unit generation costs of different DGs based on 
the DG maximum powers, the generation costs curves are 
normalized to:

where Pi,max is the maximum value of Pi(t) , and Pi(t) is the 
active power of DG i. Let

(1)Ci = bi + Cm,i + Cl,i + Cf ,i + C�,i ,

(2)C�
i
=

Ci

Pi,max

,
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Then the constant term in C′
i
 is removed since it is inde-

pendent of power generation. To illustrate the difference 
of the generation cost curves (2) and (4), three different 
DGs are randomly selected in this paper. A microgrid con-
sisting of these three DGs is shown in Fig. 1a, where DG 1, 
DG 2 and DG 3 are assumed to be fuel generator, microtur-
bine generator and solar generator with there own invert-
ers. Furthermore, the normalized cost curves of the three 
types of DGs are shown in Fig. 1b, and the modified cost 
curves are shown in Fig. 1c.

3  Active power sharing control scheme

In this paper, it is assumed that Pi(t) can be measured by 
sensor and the active power signal is transmitted to all its 
communication neighbors. Inverters are regarded as agents 
that can exchange information with adjacent inverters over 
a communication network. In general, the active power con-
trol scheme is designed as [13]:

where ui(t) is the consensus controller designed as:

To reduce the total generation cost m =
∑N

i=1
Ci of the 

microgrid, the control of power sharing should be related 

(3)C�
i,0

= C�
i
|P�

i
=0, P

�
i
=

Pi(t)

Pi,max

;

(4)C��
i
= C�

i
− C�

i,0
.

(5)Ṗi(t) = ui(t),

(6)ui(t) =
∑
j∈Ni

aij(riPi(t) − rjPj(t)),

(7)ri = −
1

Pi,max

, i = 1, 2,… ,N.

to the costs of each generator [15]. In this paper, a new 
controller for active power sharing is proposed:

where C��
i,max

= C��(Pi)|Pi=Pi,max
 , and � is a negative gain 

coefficient.

3.1  Stability analysis

In this section, the Lyapunov stability theory is used to 
analyse the stability of the active power sharing control 
scheme (9).

Lemma 1 [16] For a connected undirected graph G(A) , the 
Laplacian matrix L of G(A) has the following properties:

(1) xT Lx =
1

2

∑N

i,j=1
aij(xi − xj)

2;
(2) Eigenvalue 0 of the graph Laplacian L is algebraically 

simple and all the other eigenvalues are positive;
(3) The eigenvalues of  L  can b e denoted by 

0 = 𝜆1 < 𝜆2 ≤ ⋯ ≤ 𝜆N . In addition, xT Lx ≥ �2x
T x  , 

where x ≠ 0, �T
N
x = 0.

Denote

where ri is defined in Eq. (7), hence the system (8) can be 
described as:

(8)Ṗi(t) = ui(t),

(9)ui(t) =
∑
j∈Ni

aij(riPi(t) − rjPj(t) + �i − �j),

(10)�i = � ∗ C��
i,max

, i = 1, 2,… ,N,

(11)xi(t) = riPi(t) + �i ,

DG 1

1 kW

DG 2

1 kW

DG 3

1 kW

LOADS LOADS LOADS

(a) Microgrid with three
types of DGs

DG 1

DG 2

DG 3

C’1, min

C’1, max

C’2, max

C’3, maxC’2, min

Power P’x

Cost C’(P’x )

C’3, min

(b) Normalized generation
cost curves

DG 1

DG 2

DG 3

C’’1, max

C’’2, max

C’’3, max

Power P’x

Cost C’’ (P’x )

0

(c) Modified generation
cost curves

Fig. 1  Illustration of microgrid with three DGs and their generation cost curves
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Note that the consistent value of the above control strat-
egy is different with that of the traditional control strat-
egy. The extra item �i is a negative coefficient which is 
related to generation costs. That is to say, generators with 
high generation costs produce less active power and vice 
versa. Therefore, the total generation cost is reduced for 
the whole microgrid.

D e f i n e  x(t) = [x1(t), x2(t),… , xN(t)]
T,  a n d 

x(0) = [x1(0),… , xN(0)]
T , then

where R = diag{r1, r2,… , rN} , and L is the Laplacian matrix 
of the communication graph G(A) defined in the previous 
section.

Lemma 2 Suppose L is the Laplacian of an undirected, con-
nected graph G . There exist a non-negative left eigenvector 
associated with eigenvalue 0 of RL.

Proof Denotes q = [q1,… , qN]
T as a left eigenvector asso-

ciated with eigenvalue 0 of RL. Then, one has qTRL = 0 . 
Note that �T

N
L = 0 , it can be concluded that qTR = �

T
N

 , 
which means qT = �

T
N
R−1 . Since ri < 0 , qT is negative. With-

out loss of generality, qT can be chosen as

It follows that qi > 0 and 
∑N

i=1
qi = 1.

Due to qTRL = 0 and Eq. (13), one has qT ẋ(t) = 0 . Hence, 
qTx(t) is an invariant quantity, which means that b�N is the 
equilibrium point of system (13), where b =

∑N

i=1
qixi(0) . 

Thus, x(t) can be decomposed as:

where �(t) = [�1(t), �2(t),… , �N(t)]
T is the group disagree-

ment vector which satisfies qT�(t) = 0 [16]. Since L�N = 0 , 
combining Eqs. (13) and (15), the system dynamics can 
also be described as:

  ◻

Lemma 3 [17] For a connected undirected graph G(A) with 
Laplacian matrix L, it follows that

where q is defined in Lemma 2, and B = diag{q1,… , qN}.

(12)ẋi(t) = ri
∑
j∈Ni

aij(xi(t) − xj(t)).

(13)ẋ(t) = RLx(t),

(14)qT =
1∑N

i=1

1

ri

�
T
N
R−1.

(15)x(t) = b�N + �(t)

(16)�̇�(t) = RL𝛿(t).

(17)�2 = min
xT q=0,x≠0

xT Lx

xTBx
,

From the above Lemmas, the active power sharing can be 
realized by the proposed controller (9) based on the multi-
agent consensus approach.

Theorem 1 Considering a active power sharing system (8) 
with graph G(A) being connected and undirected, the DGs 
with the designed controller (9) can share active power with 
generation costs considered.

Proof Since ri < 0 , the matrix R is negative definite, which 
means −R is positive definite matrix. Hence, the Lyapunov 
functional candidate can be chosen as:

where R−1 is the inverse matrix of R. Calculating the time 
derivative of the Lyapunov function V, one has

From Lemmas 2 and 3, it can be got that:

where s = −1∕(
∑N

i=1
1∕ri) > 0.

This shows that �(t) will converge to 0 as t → ∞ , ie,

for any i and j, which means the DGs with the designed 
controller (9) can share active power with generation costs 
considered.

This completes the proof.   ◻

Under the distributed power sharing control strategy, 
the voltage value and output power information of each 
DGs are exchanged between the inverters which act as 
agents. Through the coordination and cooperation 
between the agents, the DGs can share active power 
w i t h  g e n e r a t i o n  c o s t s  c o n s i d e r e d ,  i e , 
lim
t→∞

((riPi(t) + �i) − (rjPj(t) + �j)) = 0 . From the definition 

of �i∕j , it can be obtained that DGs with high generation 
costs produce less active power and vice versa. Thus, the 
total generation cost can be reduced, which meet the 
demand of microgrid.

(18)V (t) =
1

2
�T (t)(−R−1)�(t),

(19)

V̇ (t) = 𝛿T (t)(−R−1)�̇�(t)

= 𝛿T (t)(−R−1)RL𝛿(t)

= −𝛿T (t)L𝛿(t).

(20)

V̇ (t) ≤ −𝜆2𝛿
T (t)B𝛿(t)

= 𝜆2
1∑N

i=1

1

ri

𝛿T (t)(−R−1)𝛿(t)

= −2s𝜆2V < 0,

(21)lim
t→∞

((riPi(t) + �i) − (rjPj(t) + �j)) = 0
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3.2  Finite‑time consensus

In this section, to share active power in a shorter period 
of time, the finite-time control protocol for active power 
sharing is proposed. Here, several important lemmas are 
listed as follows.

Lemma 4 [18] Suppose function � ∶ ℝ
2
→ ℝ satisfies 

�(xi , xj) = −�(xj , xi) , i, j ∈ N, i ≠ j . Then for any undirected 
graph G and a set of numbers y1, y2,… , yN:

Lemma 5 [19] For xi ∈ ℝ, i = 1,… , n, 0 < p ≤ 1, then

Lemma 6 [20] Suppose that function V (t) ∶ [0,∞) → [0,∞) 
is differentiable (the derivative of V(t) at 0 is in fact its right 
derivative) and

where K > 0 and 0 < 𝜇 < 1 . Then V(t) will reach zero 
in finite time t∗ ≤ V (0)1−�∕(K (1 − �)) and V (t) = 0 for all 
t ≥ t∗.

Then from all the Lemmas presented in this paper, 
the conclusion of active sharing in finite time is given 
as following.

Theorem 2 Considering the active power sharing system (8) 
with graph G(A) being connected and undirected, the DGs 
can share active power with generation costs considered in 
finite time with the designed controller (25).

where � is a constant which satisfies 0 < (𝛼 + 1)∕2 < 1.

Proof It can be obtained from Eq. (11) that

Furthermore, since L�N = 0 , from Eq. (15), Eq. (26) can be 
described as:

(22)
N∑
i=1

∑
j∈Ni

aijyi�(xi , xj) =
1

2

∑
(i,j)∈E

aij(yi − yj)�(xi , xj).

(23)

(
n∑
i=1

|xi|
)p

≤

n∑
i=1

|xi|p.

(24)
dV (t)

dt
≤ −KV (t)� ,

(25)ui(t) =
∑
j∈Ni

aijsig(riPi(t) − rjPj(t) + �i − �j)
� ,

(26)ẋi(t) = ri
∑
j∈Ni

aijsig(xi(t) − xj(t))
𝛼 .

(27)�̇�i(t) = ri
∑
j∈Nc

aijsig(𝛿i(t) − 𝛿j(t))
𝛼 .

Because ri < 0 , one can choose the following Lyapunov 
functional candidate:

Calculating the time derivative of the Lyapunov function 
V(t), one has

by Lemma 4,

then by Lemma 5,

Denote H = [a
2

�+1

ij
] ∈ ℝ

N×N , it can be concluded that G(H) 
is also connected and undirected. From Lemma 3, one has

where L̃ is the graph Laplacian of G(H) and �̃�2 is the second 
smallest eigenvalue of G(H) . It follows that

(28)V (t) =
1

2

N∑
i=1

(
−
1

ri

)
�2
i
(t).

(29)

V̇ (t) =

N∑
i=1

𝛿i(t)

(
−
1

ri

)
�̇�i(t)

= −

N∑
i=1

𝛿i(t)
∑
j∈Nc

aijsig(𝛿i(t) − 𝛿j(t))
𝛼 ,

(30)

V̇ (t) = −

N∑
i=1

𝛿i(t)
∑
j∈Nc

aijsig(𝛿i(t) − 𝛿j(t))
𝛼

= −
1

2

∑
(i,j)∈E

aij(𝛿i(t) − 𝛿j(t))sig(𝛿i(t) − 𝛿j(t))
𝛼

= −
1

2

∑
(i,j)∈E

(aij)|𝛿i(t) − 𝛿j(t)|𝛼+1

= −
1

2

∑
(i,j)∈E

((aij)
1

𝛼+1 |𝛿i(t) − 𝛿j(t)|)𝛼+1

= −
1

2

∑
(i,j)∈E

((aij)
2

𝛼+1 |𝛿i(t) − 𝛿j(t)|2)
𝛼+1

2 ,

(31)

V̇ (t) = −
1

2

∑
(i,j)∈E

((aij)
2

𝛼+1 |𝛿i(t) − 𝛿j(t)|2)
𝛼+1

2

≤ −
1

2

( ∑
(i,j)∈E

(aij)
2

𝛼+1 |𝛿i(t) − 𝛿j(t)|2
) 𝛼+1

2

.

(32)

V̇ (t) ≤ −
1

2
(2𝛿(t)T L̃𝛿(t))

𝛼+1

2

≤ −
1

2
(2�̃�2𝛿(t)

T B𝛿(t))
𝛼+1

2

= −
1

2
(2s�̃�2𝛿(t)

T (−R−1)𝛿(t))
𝛼+1

2 ,

(33)
V̇ (t) ≤ −

1

2
(2s�̃�2V (t))

𝛼+1

2

= −2
𝛼−1

2 (s�̃�2)
𝛼+1

2 V (t)
𝛼+1

2 .
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Then, it can be got that V̇ (t) + KV (t)
𝛼+1

2 ≤ 0 , where 
K = 2

𝛼−1

2 (s�̃�2)
𝛼+1

2  , and 0 < (𝛼 + 1)∕2 < 1 . Thus, from Lemma 
6, it can be concluded that the Lyapunov function V(t) will 
reach zero in finite time:

Furthermore, one has xi = xj for any i and j while V(t) reach 
zero, which means:

for any i and j. That is to say the DGs with controller (25) 
can share active power with generation costs considered 
in finite time.

This completes the proof.   ◻

Under the finite-time control protocol (25), the volt-
age value and output power information of each DGs are 
exchanged between the inverters which act as agents. 
Through the coordination and cooperation between 
the agents, the active power sharing time of DGs can 
be guaranteed in finite time, and this meet the needs 
of microgrid.

Remark 1 Denote 𝛺 = 1∕(4s�̃�2) . If 0 < V (0) ≤ 𝛺 , cal-
culating the derivative of time t0 with respect to � , one 
has ̇t0 > 0 for any 0 < 𝛼 < 1 . Thus, if 0 < V (0) ≤ 𝛺 and � 
increases in (0, 1), t0 also increases. Above arguments show 
that smaller � lead to a higher convergence rate when the 
agents’ states satisfy 0 < V (0) ≤ 𝛺.

4  Simulation and analysis

In this section, numerical examples will be given to 
demonstrate the effectiveness of our main results. The 
networked system consists of 5 DGs operating in par-
allel and supplying a variable load, these DGs are con-
nected to main grid via 5 inverters, respectively, which 
is shown in Fig. 2. The communication network of the 
inverter group is shown in Fig. 3. Its adjacency matrix 
A is given as

The corresponding Laplacian matrix L is given as

(34)t0 ≤
V (0)(1−𝛼)∕2(

2
𝛼−3

2 (s�̃�2)
𝛼+1

2

)
(1 − 𝛼)

.

(35)riPi(t) + �i = rjPj(t) + �j

(36)A =

⎡
⎢⎢⎢⎢⎢⎣

0 1 1 0 1

1 0 0 1 1

1 0 0 1 1

0 1 1 0 0

1 1 1 0 0

⎤
⎥⎥⎥⎥⎥⎦

.

In this microgrid, the nominal voltage amplitude and fre-
quency of the microgrid are 200 V and 50 Hz, respectively. 
Each inverter’s maximum active power is assumed to be 
Pmax = (1, 0.8, 1, 0.8, 1)kW , and the initial active power is 
set as Pi(0) = 0.5kW . The 5 DGs are assumed to be diesel 
generator, microturbine generator, microturbine genera-
tor, diesel generator and solar generator, respectively. The 
modified generation cost functions of the five DGs are 
given as

(37)L =

⎡
⎢⎢⎢⎢⎢⎣

3 −1 −1 0 −1

−1 3 0 −1 −1

−1 0 3 −1 −1

0 −1 −1 2 0

−1 −1 −1 0 3

⎤
⎥⎥⎥⎥⎥⎦

.

(38)

C��(P1) = 0.04P1 + 0.02(8P1 + 25P2
1
) + 0.1(−3.92P1 + 5.638P2

1
)

+ 10−4e8.333P1 ;

Table 1  Each DG’s P
max

 and generation cost associated to P
max

DG 1 2 3 4 5

P
max

(kW) 1 0.8 1 0.8 1
Cost 0.91 0.48 0.68 0.67 0.19

Fig. 2  Microgrid with parallel operating DGs interfaced by inverters

DG 2 DG 1

DG 5

DG 4

DG 3

Fig. 3  Communication structure of the DGs
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Then, by the above functions, each generation 
cost associated with its maximum active power is 
C��
max

= (0.91, 0.48, 0.68, 0.67, 0.19) and is shown in Table 1.
Case study 1: In this case, the active power sharing sys-

tem is studied based on controller (6) and controller (9).
Figure 4 shows the trajectories of the active power 

of each DG under the controller without generation 
costs. From Fig.  4, it can be conclude that the pro-
portional active power sharing can be achieved. 
Furthermore, each DG’s active power in Fig.  4 is 
P = (0.543, 0.435, 0.543, 0.435, 0.543)kW . Its corresponding 
generation cost is C�� = (0.210, 0.069, 0.126, 0.148, 0.108) , 
and the total generation cost is 0.661. Note that the curves 
of DG 1 and DG 5 are coincident. There are two reasons for 
this: 1. The maximum active powers of DG1 and DG5 are 
equal; 2. From Fig. 3, it can be obtained that the positions 

(39)

C��(P2) = (0.04P2 + 0.02(10P2 + 16P2
2
) + 0.1(−5.371P2 + 6.49P2

2
)

+ 4 × 10−4e2.857P2 )∕0.8;

(40)

C��(P3) = 0.04P3 + 0.02(10P3 + 16P2
3
) + 0.1(−5.371P3 + 6.49P2

3
)

+ 4 × 10−4e2.857P3 ;

(41)

C��(P4) = (0.04P4 + 0.02(8P4 + 25P2
4
) + 0.1(−3.92P4 + 5.638P2

4
)

+ 10−4e8.333P4 )∕0.8;

(42)C��(P5) =0.2(P5 + 0.1(−0.1P5 + 0.1P2
5
)).

of the two DGs are symmetrical, which means the infor-
mation received from the other agents in the network is 
identical. Thus, control signals of the two agents are the 
same and this leads to the coincident curves.

For the DGs under the control of scheme (9), each 
example is divided into two cases: 1: � = −0.1 ; 2: 
� = −0.25 . Figures 5 and 6 show the trajectories of the 
active power of each DG under the controller (9). One 
can notice that the two active power sharing with gen-
eration costs considered are achieved. These are consist-
ent with Theorem 1. Moreover, it can be got that all the 
active powers have changed compared to those in Fig. 4. 
In addition, some of them become bigger and the other 
become smaller, which are related to their own genera-
tion costs. The magnitudes of the changes are directly 
related to the value of � . The active powers in Figs.  5 
and 6 are P = (0.511, 0.443, 0.534, 0.428, 0.582)kW and 
P = (0.463, 0.456, 0.521, 0.419, 0.641)kW  ,  respectively. 
These show that generators with high generation costs pro-
duce less active power and vice versa. Their corresponding 
generation costs are C�� = (0.180, 0.075, 0.120, 0.141, 0.116) 
and C�� = (0.140, 0.084, 0.110, 0.133, 0.128) , respectively. 
The total generation costs are 0.632 and 0.595, respec-
tively. Comparing the above results, it can be calculated 
that the modified control scheme saves 4.39% total gen-
eration cost in the case of � = −0.1 , and it saves 9.98% 
total generation cost while � = −0.25 . It can be con-
cluded that the lager the absolute value of � , the greater 

Fig. 4  The trajectories under 
the control scheme (6)
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the magnitude of the change, which is consistent with the 
objective of the proposed control scheme.

Case study 2: In this case, the active power sharing sys-
tem with controller (25) ( � = −0.1 ) is studied.

For the DGs under the control of scheme (25), two 
cases have been simulated in this paper: 1: � = 0.9 ; 2: 
� = 0.8 . Figures  7 and 8 show the trajectories of the 
active power of each DG under the controller (25). It 

Fig. 5  The trajectories under 
the control scheme (9) 
( � = − 0.1)
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Fig. 6  The trajectories under 
the control scheme (9) 
( � = − 0.25)
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can be got that the two power sharings with genera-
tion costs considered are achieved. In addition, com-
paring Figures 5, 7 and 8, it is obvious to see that the 
control scheme significantly reduces the convergence 
time. The convergence time under finite-time control 

in Fig. 7 ( � = 0.9 ) is about half of that of Fig. 4, and the 
convergence time with Fig. 8 ( � = 0.8 ) is about half of 
that of Fig. 7 ( � = 0.9 ), which is consistent with Theo-
rem 2. Accordingly, by appropriately selecting the value 
of � , control scheme (25) can effectively reduce the 

Fig. 7  The trajectories under 
the finite-time control scheme 
(25) ( � = 0.9)
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Fig. 8  The trajectories under 
the finite-time control scheme 
(25) ( � = 0.8)
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convergence time on the basis of ensuring stable opera-
tion of microgrid active power sharing system.

5  Conclusion

A modified distributed active power sharing control 
scheme with generation costs of DGs considered has been 
presented in this paper. Inverters are regarded as agents 
that could exchange information with adjacent invert-
ers over a communication network. Unlike conventional 
power sharing controller which is only based on power rat-
ing, the proposed controller in this paper is more practical 
and meaningful for the microgrid since it reduces the total 
generation cost. Moreover, a distributed finite-time active 
power sharing control scheme has been proposed. Thus, 
the active power sharing time could be guaranteed to be 
finite time by the algorithm. The effectiveness of the two 
control schemes has been verified by simulation.
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