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ABSTRACT
In recent years, the research of power dispatch has been popular
in the field of energy Internet (EI) system operation and manage-
ment. In this paper, a distributed algorithm considering multiple
objectives is applied to solve power dispatch problem within the
scenario of energy Internet. The power dispatch problem is for-
mulated as a convex optimization problem, and subgradient-push
distributed strategy is designed for each agent. In this manner, the
decentralized scheme can be more suitable for the power dispatch
of large multi-agent network. Case study is performed to validate
the feasibility of the proposed method.

KEYWORDS
Convex optimization, distributed algorithm, energy Internet, power
dispatch

1 INTRODUCTION
The concept of energy Internet (EI) has been popular during the
past five years, since it was proposed by Rifkin [1]. Among all the
research subjects within the field of EI, power dispatch issue has al-
ways been regarded as a significant topic [2], [3]. One of the main
factors affecting power distribution is economy; see, e.g., [4], [5].
However, with the enhancement of public awareness of environ-
mental protection and the formation of international consensus
on atmospheric protection (such as the Paris Accord adopted at
the Paris Climate Conference in 2015), environmental factors have
been gradually taken into account in power dispatch. For exam-
ple, environmental and economic power dispatch has been inves-
tigated in [6].

In the field of power systems, the centralized control algorithm
has been widely developed over the last decades. In [7] and [8], the
centralizedH∞ method has been proposed to ensure EI system fre-
quency stability. In [9], a model predictive control strategy is pro-
posed to solve power dispatch in energy Internet. To ensure DC
microgrids’ voltage stability, centralized robust control strategy
has been proposed in [10]. To check and schedule energy router

*Corresponding author: Haochen Hua, hhua@tsinghua.edu.cn.

system, a probabilistic model is presented in [11]. When operation
cost is mainly considered to be minimized, a stochastic optimal
control scheme has been designed to achieve such target in EI [12].
When both system robustness and operation cost optimization are
considered in EI, readers can refer to [13], [14], etc.

In a centralized method, all agents have to transmit their infor-
mation to the central controller, which may undermine privacy
and stealth. Moreover, with a large multi-agent network, the cen-
tralized method faces severe challenges such as computational bur-
den. The system stability is also a worrying issue, especially when
single point of failure occurs frequently. For the detailed advan-
tage of decentralized control over centralized control, readers can
refer to [15] and the references therein. In this sense, distributed
method has attracted more attention.

The literature review also confirms a growing interest in decen-
tralized algorithm in the field of EI systems. A distributed method
for economic dispatch considering randomwind power is proposed
in [16]. A consensus-based algorithm for economic dispatch is dis-
cussed in [15], while energy storage is not considered. Amultiagent-
based consensus algorithm is applied for coordinated control of dis-
tributed generators in [17]. To deal with different energy forms and
diversified energy roles, a distributed energy management frame-
work is presented in [18]. A distributed bisection method for eco-
nomic power dispatch is studied in [19]. To solve optimal power
flow problem with demand response, a decentralized consensus-
based ADMM Approach is proposed in [20]. A distributed algo-
rithm over time-varing directed networks with delays is investi-
gated in [21]. Nevertheless, environmental effect of emission is not
considered in the aforementioned works.

In this paper, the optimal power dispatching problem in an EI
system is investigated.The economic and environmentally friendly
operation of the whole system is firstly formulated as a convex op-
timization problem. By utilizing an advanced distributed optimiza-
tion approach, the investigated optimization problem is solved in
a decentralized fashion effectively. The results are compared with
conventional methods in the case study, and the performances of
different dispatching schemes are analyzed in detail to illustrate
the effects of different weighting factor settings for the objective
function.
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The main contributions of this paper can be found as follows:
• Three performance indexes, the economic operation cost of
controllable power generators, the environmental impact
from pollutant emission of generators as well as the rational
utilization of energy storage devices, are addressed simulta-
neously in a typical EI scenario.

• An advanced distributed optimization algorithm named
subgradient-push [22] is adopted in this paper to find so-
lution for the corresponding optimization problem, which
needs no knowledge of the graph for each agent, except the
number of its neighbourhood.

• The design of the power dispatching scheme proposed in
this paper allows a variety of applications in the future EI
systems. With different settings of weighting coefficients,
the importance of the three performance indexes could be
properly taken into consideration. The feasibility and effec-
tiveness of power dispatching schemes with different pa-
rameter settings are evaluated with real-world grid data. A
detailed analysis regarding settings of weighting factors are
presented in the case study section of this paper.

The rest of this paper is organized as follows. In Section 2, the
physical power model and topological structure of EI is introduced.
Then, power dispatch is formulated as a convex optimization prob-
lem in Section 2.1, and the algorithm for solving such problem is
provided in Section 3. The feasibility of the distributed method is
verified in Section 4. Finally, conclusion is given in Section 5.

2 SYSTEM DESCRIPTION
In this paper, an typical EI system with N subgrid is investigated.
Without loss of generality, each of the subgrid is assumed to be
composed of residential loads, battery energy storage systems, un-
controllable power generators, e.g., distributed photovoltaic gener-
ators and wind turbines, and controllable power generators such
as diesel engine generators, fuel cells and micro turbines. These in-
dividual subgrids in the considered EI system are interconnected
via the local power transmission network. A typical EI system in-
vestigated in this paper is illustrated in Fig. 1.

M𝐺1 𝑀𝐺2

𝑀𝐺3 𝑀𝐺6

𝑀𝐺4 𝑀𝐺5

FC

MT

DEG

PV

WP

load BES

controllable

uncontrollable

Figure 1: An EI system consisting of 6 microgrids.

2.1 Problem Formulation
The structure of the local power transmission network is repre-
sented by an undirected graph denoted asG(V, ξ ). Here,V={1, 2, . . . ,N }

is the set of subgrids with cardinality |V |=N , and ξ ⊆ V ×V rep-
resents connectivity among subgrids with |ξ |=M . In order to share
information among subgrids and achieve the dispatching of power
generation, a smart agent is deployed to each generator. If an agent
j can exchange information with agent i , the agent j is considered
as a neighbour of agent i , and the neighbourhood of the agent i is
denoted as Ni={j ∈ V | (i, j) ∈ ξ } with |Ni |=di .

For a given time t , we denote the controllable generator in the
i-th subgrid asGi , and its power generation is denoted by PGi . The
generation capacity constraints for Gi are given by

PGmin,i ≤ PGi ≤ PGmax ,i , (1)

where, PGmin,i and P
G
max ,i are the minimum and maximum power

of Gi , respectively.
As the complement of generators, the battery energy storage

are deployed in the subgrids such that the drastic power devia-
tion from the residential loads and uncontrollable power genera-
tors could be properly absorbed. Let us denote the battery in the
i-th subgrid as Bi . The charge/discharge power and state of charge
(SOC) of Bi are denoted as PBi and SOCi , respectively. The restric-
tions for PBi are given by

PBmin,i ≤ PBi ≤ PBmax ,i . (2)

In (2), PBmin,i and P
B
max ,i are defined as

PBmin,i =

{
−PBcmax ,i , when SOCi ≥ SOCmin,i
0, when SOCi < SOCmin,i

,

PBmax ,i =

{
PBdmax ,i , when SOCi < SOCmax ,i
0, when SOCi ≥ SOCmax ,i

,

where, PBcmax ,i , P
Bd
max ,i , SOCmin,i , and SOCmax ,i refer to the maxi-

mum charge power, the maximum discharge power, the minimum
SOC and maximum SOC of Bi , respectively. If no battery is de-
ployed alongwith generators in the i-th subgrid in practice, PBcmax ,i
and PBdmax ,i are set to be zero.

Note that power generation by distributed renewable energy
sources, such as photovoltaic panels and wind turbine generators,
is assumed to be uncontrollable. These generators have variable
power generation capacity, and the total power generation of them
at the considered time t is denoted as PU . Then, the power balance
constraint of the entire EI system is expressed as∑

i ∈V
(PGi + P

B
i ) − PL + PU = 0, (3)

where, PL is total power demanded by residential loads in the in-
vestigated EI system. Based on the components described above,
the optimal power dispatching problem is introduced as follows.

In this paper, in order to realize an optimized power dispatch in
EI, three factors are under consideration: power generation cost,
harmful gas emission, and protection for batteries. In this section,
our considered problem is formulated as a convex optimization is-
sue.

Firstly, we formulate the cost function related with power gen-
eration cost under the assumption that larger power output would

2019-11-30 17:41. Page 2 of 1–6.
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lead to higher consumption of fuels, which means more opera-
tional costs. Each generator is designed with a cost function Ci (·)
which is

Ci (PGi ) = ai + biP
G
i + ciP

G
i
2
, (4)

where ai , bi and ci are the coefficients of Gi . From an economic
point of view, our objective is to minimize all the cost of generators∑
i ∈V Ci (PGi ).
Apart from considering the power generation cost, we aim to re-

strict atmospheric pollutants from generators and reduce the cor-
responding environmental impact. Such impact is measured by the
total amount of atmospheric pollutants, such as sulphur oxides
SOx and nitrogen oxides NOx produced by controllable genera-
tors that rely on fossil fuels. For illustrative purpose, the total ton/h
emission Ei (PGi ) of poisonous gas can be expressed as [23]

Ei (PGi ) = αi + βiP
G
i + γiP

G
i
2
+ ωiexp(ρiPGi ), (5)

where αi , βi , γi , ωi and ρi are coefficients of Gi emission charac-
teristics.

Next, we consider the rational utilization of batteries. The life-
time of batteries could be significantly influenced when the power
throughput of the battery energy storage system keeps at a high
level [24]. In this sense, the drastic fluctuations of battery capacity
would shorten the battery life. To restrict the charging/discharging
power of batteries to a rational level, the loss function is designed
as

Bi (PBi ) = PBi
2
. (6)

To consider the above three type of optimization issues simulta-
neously, the overall objective function can be written as

min λC
∑
i ∈V

Ci (PGi ) + λE
∑
i ∈V

Ei (PGi ) + λB
∑
i ∈V

Bi (PBi ), (7)

where λC , λE , and λB are weighting coefficients.
The optimization issue can be formulated as

min F (P) =
∑
i ∈V

[
fG ,i (PGi ) + fB,i (PBi )

]
, (8)

s .t .
∑
i ∈V PGi + P

B
i = D,

P ≤ P ≤ P,
(9)

where
fG ,i (PGi ) = λCCi (PGi ) + λEEi (PGi ),
fB,i (PBi ) = λBBi (PBi ),

P =
[
PG1 , P

G
2 , . . . , P

G
N , P

B
1 , P

B
2 , . . . , P

B
N

]⊤
,

D = PL − PU ,

P =
[
PGmin,1, P

G
min,1, . . . , P

G
min,N , P

B
min,1, P

B
min,2, . . . , P

B
min,N

]⊤
,

P =
[
PGmax ,1, P

G
max ,2, . . . , P

G
max ,N , P

B
max ,1, P

B
max ,2, . . . , P

B
max ,N

]⊤
.

Here, fG ,i (PGi ) measures the general economic cost and environ-
mental impact of Gi ; fB,i (PBi ) indicates the level of irrational uti-
lization of battery energy storage Bi ; P refers to the power in-
put/output of adjustable devices including controllable generators
and battery energy storage;The difference between the total power
demand of residential loads and the power generation of renewable

energy sources is denoted as D for convenience; P and P are used
to describe the lower and upper bounds of the controlled power
output/input of generators and battery energy storage devices. In
this sense, the considered engineering problem is formulated as a
convex optimization problem mathematically.

3 DISTRIBUTED METHOD
In this section, the Lagrangian approach [25] is used to solve the
above optimization problem. With the above formulation, a La-
grangian function could be defined as follows

L(P, λ) =
∑
i ∈V

(
fG ,i (PGi ) + fB,i (PBi )

)
−λ

(∑
i ∈V

(
PGi + P

B
i

)
− D

)
.

(10)

The corresponding dual problem of (10) is obtained as

max
λ∈R+

∑
i ∈V

дi (λ) + λD,

where дi (λ) = min
(
fG ,i (PGi ) + fB,i (PBi ) − λ(PGi + P

B
i )

)
. For any

λ ∈ R+, дi (λ) has solution given by

PGi (k + 1) = min
{
max

{
∇fG ,i

−1, PGmin,i

}
, PGmax ,i

}
,

PBi (k + 1) = min
{
max

{
∇fB,i

−1, PBmin,i

}
, PBmax ,i

}
,

where ∇fG ,i
−1 and ∇fB,i

−1 are the inverse function of ∇fG ,i and
∇fB,i . Hence, the gradient method is used to solve the problem as:

λ(k + 1) = λ(k) − γ (k)
(∑
i ∈V

(
PGi (λ) + PBi (λ)

)
− D

)
, (11)

where γ (k) is the stem size at step k . Motivated by the central-
ized Lagrangian method, in this paper, a distributed method called
subgradient-push method [22] is used to solve the optimization
problem. Each agent i maintains scalar variableswi (t), yi (t), λi (t)
and vi (t) for all i . At step k , each agent update its variables as fol-
lows:

wi (k + 1) =
vi (k)
di + 1

+
∑
j ∈Ni

vj (k)
di + 1

, (12a)

yi (k + 1) =
yi (k)
di + 1

+
∑
j ∈Ni

yj (k)
di + 1

, (12b)

λi (k + 1) =
wi (k + 1)
yi (k + 1)

, (12c)

PGi (k + 1) = min
{
max

{
∇fG ,i

−1, PGmin,i

}
, PGmax ,i

}
, (12d)

PBi (k + 1) = min
{
max

{
∇fB,i

−1, PBmin,i

}
, PBmax ,i

}
, (12e)

vi (k + 1) = wi (k + 1) − γ (k + 1)
(
PGi (k + 1) + PBi (k + 1) − Di

)
,

(12f)

where Di is a virtual demand connected with agent i , such that∑N
i Di = D. The step size γ (k + 1) satisfies the following decay

2019-11-30 17:41. Page 3 of 1–6.
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conditions:
∞∑
k=1

γ (k) = ∞,

∞∑
k=1

γ 2(k) < ∞,

γ (m) ≤ γ (n), ∀m > n ≥ 1.

The stop criteria could be expressed as

s1 = max
i

|λi (k) − λi (k − 1)| < ϵ1, (13a)

s2 = max
i , j

|λi (k) − λj (k)| < ϵ2. (13b)

When s1 and s2 satisfy both of these criteria, we consider the so-
lution has been converged. In this sense, our convex optimization
problem is solved.

Algorithm 1 Subgradient-Push Method

Input: total power demand PL , total power generation of renew-
able energy sourse PU , the step size γ (k)
Output: optimal power of each generator and battery PGi , PBi
Preparation: D = PL − PU , Di =

D
N

Initialization: k = 0, vi (0) = 1, yi (0) = 1
repeat

for i ∈ V do
computewi (k + 1), yi (k + 1) with (12a) and (12b)
compute λi (k + 1) with (12c)
compute PGi (k + 1), PBi (k + 1) with (12d) and (12e)
update vi (k + 1) with (12f)

k = k + 1
compute s1, s2

until s1 < ϵ1 and s2 < ϵ2

4 CASE STUDY
In this section, the feasibility and effectiveness of the proposed dis-
tributed optimal power dispatching method is evaluated in the EI
system depicted in Fig. 1. The overall performance for daily opera-
tion of the considered EI system is examined based on the perfor-
mance indexes in (7).

The constraints for controllable generators and battery energy
storage devices as well as the weighting coefficients are listed in
Table 1, and the parameters of cost function and emission function
can be found in [6]. Two thresholds ϵ1 and ϵ2 are set to be 0.001 and
0.45. The optimization problems are solved under the environment
of MATLAB 2018a.

Firstly, to evaluate the convergence efficiency of the distributed
algorithm, the curve of s1 and s2 are shown in Fig. 2, where red
lines represent the thresholds of s1 and s2, respectively. At a given
time, the distributed optimization algorithm 1 will keep searching
for the solution for optimal power dispatching problem until both
of the stopping criteria for s1 and s2 are satisfied. In Fig. 2, the
indicators s1 and s2 satisfy the stopping criteria after 377 iterations,
which suggests that λ of all agents converges to the optimal value.

0 500 1000
step

10-2

100

102

s 1

1

0 500 1000
step

100

101

102

s 2

2

Figure 2: Convergence curve of s1, s2

0 100 200 300 400 500 600 700 800 900 1000
step

0

100

200

300

400

500

600

700

Figure 3: Convergence curve of λ

Table 1: Typical Parameters for Simulation

Parameter Value Parameter Value

PGmin,1 0 PGmax ,1 2MW
PGmin,2 0 PGmax ,2 2MW
PGmin,3 0 PGmax ,3 2MW
PGmin,4 0 PGmax ,4 1.5MW
PGmin,5 0 PGmax ,5 1.5MW
PGmin,6 0 PGmax ,6 1.5MW
PBdmax ,1 0.12MW PBcmax ,1 0.15MW
PBdmax ,2 0.12MW PBcmax ,2 0.15MW
PBdmax ,3 0.12MW PBcmax ,3 0.15MW
PBdmax ,4 0.08MW PBcmax ,4 0.1MW
PBdmax ,5 0.08MW PBcmax ,5 0.1MW
PBdmax ,6 0.08MW PBcmax ,6 0.1MW
λC 1 λE 500
λE 2000

The power input/output of controllable generators and batter-
ies in the considered time period is shown in Fig. 4 and Fig. 5,
respectively. As depicted in Fig. 4, due to the high power gener-
ation of renewable energy sources, mostly the photovoltaic panels,

2019-11-30 17:41. Page 4 of 1–6.



Un
pu
bli
she
d w

ork
ing

dra
ft.

No
t fo
r d
ist
rib
uti
on
.

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

Distributed Power Dispatching Solution for A Future Economic and Environment-friendly Energy Internet Amsterdam ’20, March 13–16, 2020, Amsterdam, The Netherlands

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

0 5 10 15 20
time(h)

0

0.5

1

P
1G

(M
W

)

0 5 10 15 20
time(h)

0

0.5

1

P
2G

(M
W

)

0 5 10 15 20
time(h)

0

0.5

1

P
3G

(M
W

)

0 5 10 15 20
time(h)

0

0.5

1

P
4G

(M
W

)

0 5 10 15 20
time(h)

0

0.5

1

P
5G

(M
W

)

0 5 10 15 20
time(h)

0

0.5

1

P
6G

(M
W

)

Figure 4: PG over time with distributed method
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Figure 5: PB over time with distributed method

the power generation of controllable generators reaches its lowest
level around themidday, whilemore power need to be generated to
maintain the balance of demand and supply during the night. The
differences of the solution obtained with the adopted distributed

optimization method in this paper with with that of the conven-
tional centralizedmethod are shown in Table 2. It is easy to see that
the biggest difference among all generators between two results is
smaller than 0.012, which fully demonstrates the correctness of our
proposed method.

Table 2: Comparison of the Proposed Distributed Power Dis-
patching Scheme and the Optimal Solution

Generator Difference(MW) Battery Difference(KW)

G1 0.0004 B1 0.460
G2 0.0062 B2 0.462
G3 0.0010 B3 0.469
G4 0.0117 B4 0.477
G5 0.0019 B5 0.474
G6 0.0074 B6 0.462

As one of the main contributions of this paper, the effect of
weight coefficients on the proposed power dispatching method is
analyzed as follows. Fig. 6 shows how cost varies when λE and
λB are assigned with different values. It’s clear that the genera-
tion cost increases when either one of λE and λB increases and
another remains unchanged, which means that the weights for the
economic operation and environmental impacts should be selected
properly based on the practical situations for different application
scenarios.

However, the emission curve via λE and λB is a little compli-
cated. As it is depicted in Fig. 7, there is a small undulation on
the surface, which indicates that monotonicity is not always es-
tablished between the pollutant emission and related weight coef-
ficients. Specifically, the pollutant emission increases when λB in-
creases form 0 to 100, while it drops when λB continues to increase.
Considering the analyses above simultaneously, we can draw the
conclusion that cost reduction and emission reduction are not al-
ways contradictory. Besides, we can see the emission of pollutant
continues to decline along with the increase of λE , which behaves
as expected.
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Figure 6: cost curve via λE and λB .
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The numerical examples provided above properly demonstrates
the feasibility of the proposed distributed algorithm, and the effi-
cacy of such power dispatching scheme is evaluated undoubtedly.

5 CONCLUSION
In this paper, a distributed scheme considering environmental and
economic objective is proposed, such that economic and environ-
mentally friendly power dispatch of a typical EI system could be
achieved. It is notable that the economic operation cost of control-
lable power generators, the environmental impact from pollutant
emission of generators and the rational utilization of battery en-
ergy storage are taken into account simultaneously. The evalua-
tion results in the case study demonstrate the effectiveness of the
proposed decentralized method with the comparison with the so-
lution of typical centralized method.

For the future work, more targets, including system robustness
and stability shall be considered in the power dispatching problem.
Meanwhile, based on the monitored data, in order to reduce the
modelling error, deep reinforcement learning approaches (see, e.g.,
[28], [29] ) might be adopted to solve such problems.
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