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Abstract
Prosumer which not only consumes energy but also generates renewable energy has played an
important role in the smart city. However, numerous non-renewable energies are still used due to the
mismatch problem of the energy load and generation. Therefore, this paper studies the energy scheduling
problem that focuses on the minimization problem of the non-renewable energy usage through
considering the battery storage system (BSS) including charge and discharge. Firstly, we formulate an
optimization problem for minimizing the non-renewable energy usage in the smart city. Secondly, to
solve the problem, a particle swarm optimization (PSO) based approach is proposed, in which PSO is
utilized to scheduling the amount of energy in charging and discharging of battery. Finally, the evaluation
result shows the proposed method can significantly improve the overall usage of non-renewable energy
in the smart city.



1. Introduction
In the modern development of urban technology,
prosumer has become an essential part of smart cities
for renewable energy generation to achieve the
minimum usage of non-renewable energy. However,
due to the generation of renewable energy is random
over time, and the consumption of smart city users is
uncertain [1], the demand requirement of each
prosumer cannot be fulfilled. Therefore, it is important
to schedule energy to solve such a problem.
In recent years, energy scheduling has received huge
interest in different researches. For instance, a method
based on meta-reinforcement learning was proposed in
[1] to schedule the renewable energy generation,
demand, and non-renewable energy. In [2], the
distributed algorithms were proposed to make decisions
for energy scheduling to get the optimal usage of
renewable energy. Different from previous studies,
energy scheduling with considering battery storage
system (BSS) is proposed in this paper to reduce the
usage of non-renewable energy such that to improve
the balance of energy demand and generation.
The main contributions are summarized as follows:
 We formulate energy scheduling problem to
minimize the non-renewable energy usage of
entire smart city forms by solar energy generated
prosumer. Where we schedule the battery charge
and discharge such that to reduce the unbalance
of generation and demand. However, it is a big
challenge to know the optimal charge and
discharge.

To address such a challenge, we propose a
method based on particle swarm optimization
(PSO) to obtain the optimal battery charge and
discharge for minimizing non-renewable energy
usage.
 Finally, the evaluation result for the proposed PSO
based scheduling shows that the total energy
generation can fulfill the total demand through
scheduling battery charge and discharge.
The rest of this paper is organized as follows. The
system model and the formulation is shown in Section
2. Section 3 illustrates the detailed solution. Section 4
provides the evaluation result. Finally, Section 5 gives
the conclusion.
2. System Model and Formulation
This section discusses the system model and the
formulation for the smart city composed of prosumers
with considering the battery storage system.

Fig. 1. System Model for Smart City
Fig.1 shows the system model for a smart city that
includes the power supplier, multiple households 𝐻 =
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{1,2, … , 𝐻} with related connections. In this model,
smart meter is used to record the energy consumption
and communicate with home energy management
system (HMS) and the power supplier. A set of the load
𝐿 = {1,2, … , 𝐿} per household is assumed to connect to
HMS by wired connections or wireless connections, for
example, power line communication or Zigbee [3]. A
finite time interval 𝑇 = {1,2, … , 𝑇} that per time slot t
consists of one-hour duration is considered[1].
For frequently used battery, its self-discharge can be
ignored per month without any big errors [4]. Hence,
only charge and discharge are considered in this work.
A binary decision variable 𝑋 is defined as (1) to
indicate these two processes.
1,
𝑖𝑓 𝑐ℎ𝑎𝑟𝑔𝑒
X={
(1)
0,
𝑖𝑓 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒,
where 𝑋 = 1, if charge occurs, and 0, otherwise.
𝑠
The energy of next time slot saved in battery 𝑃ℎ,𝑏
can
be defined as follows [5],
𝑠,𝑡
𝑐,𝑡
𝑋(𝑃ℎ,𝑏
+ 𝜆𝑖𝑛𝑣 𝜆𝑐 𝑃ℎ,𝑏
),
𝑠,𝑡+1
𝑃ℎ,𝑏

={
𝑠,𝑡
(1 − 𝑋) (𝑃ℎ,𝑏
−

𝑑,𝑡
𝑃ℎ,𝑏

𝜆𝑖𝑛𝑣 𝜆𝑑

𝑖𝑓 𝑋 = 1
),

𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,

(2)

where 𝜆𝑖𝑛𝑣 , 𝜆𝑐 , 𝜆𝑑 indicate the efficiency of the inverter,
𝑠,𝑡
battery charge and discharge, respectively, while 𝑃ℎ,𝑏
is
𝑐,𝑡
𝑑,𝑡
the energy saved in the battery, 𝑃ℎ,𝑏 is the charge, 𝑃ℎ,𝑏
is the discharge at time slot t.
For each household h, the energy consumption of
total load can be represented as (3), while the energy
that can be used is showed as (4).
𝑐,𝑡
𝑃ℎ𝑙,𝑡 = 𝑃ℎ𝑑,𝑡 + 𝑃ℎ,𝑏
.
𝑔,𝑡

𝑃ℎ𝑢,𝑡 = 𝜆𝑖𝑛𝑣 𝑃ℎ

(3)

𝑑,𝑡
+ 𝑃ℎ,𝑏
.

(4)

Hence, the usage of non-renewable energy 𝑃ℎ𝑛,𝑡 per
household can be given as (5)
𝑃𝑙,𝑡 − 𝑃ℎ𝑢,𝑡 ,
𝑖𝑓 𝑃ℎ𝑙,𝑡 ≥ 𝑃ℎ𝑢,𝑡
𝑃ℎ𝑛,𝑡 = { ℎ
(5)
0,
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.
The objective is to minimize non-renewable energy of
smart city through battery charge/discharge scheduling.
The detailed formulation is as follows.
𝑚𝑖𝑛
𝑐,𝑡
𝑑,𝑡
𝑃ℎ,𝑏
, 𝑃ℎ,𝑏
s. t.

𝐻

𝑇

∑ ∑ 𝑃ℎ𝑛,𝑡 ,

(6)

ℎ=1 𝑡=1

0 < 𝜆𝑖𝑛𝑣 , 𝜆𝑐 , 𝜆𝑑 < 1,
𝐻

∑ 𝑏𝑚𝑖𝑛 ≤
ℎ=1

𝐻
𝑠,𝑡+1
∑ 𝑃ℎ,𝑏
ℎ=1

(6𝑎)

𝐻

≤ ∑ 𝑏𝑚𝑎𝑥 ,

(6𝑏)

ℎ=1

X ∈ {0,1}, t ∈ T.
(6c)
In problem (6), constraint (6a) shows the range of the
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efficiency of the inverter , battery charge and discharge
are [0,1] , while constraint (6b) ensures the energy
saved in the battery at next time slot is not less than the
minimum battery capacity 𝑏𝑚𝑖𝑛 and not greater than the
maximum battery capacity 𝑏𝑚𝑎𝑥 . Finally, (6c) is the
constraint that defines the decision variable X as the
binary variable.
Algorithm 1: PSO-based Energy Scheduling
Input: 𝜔, 𝑐1 , 𝑐2 , 𝜆𝑖𝑛𝑣 , 𝜆𝑐 ,𝜆𝑑 ,𝑏𝑚𝑖𝑛 , 𝑏𝑚𝑎𝑥 , S,
maxIteration, demand_hourly, generation_hourly
Output: 𝑃 ∗
1:
Step 1: Initialization
2:
randomly generate battery initial capacity
3:
for each time slot t = 1, … , T do
4:
for each particle k = 1, … , S do
5:
randomly generate 𝑃𝑡𝑐 , 𝑃𝑡𝑑 𝑠. 𝑡. (6𝑏)
6:
Initialize personal best: 𝑝𝑏𝑒𝑠𝑡𝑘
7:
end for
8:
get global best: gbest
9:
end for
10: Step 2: Iteration
11: repeat{
12:
for each time slot t = 1, … , T do
13:
for each particle k = 1, … , S do
14:
using eq.(6): F(𝑝𝑘 )
15:
if F(𝑝𝑘 ) < F(𝑝𝑏𝑒𝑠𝑡𝑘 ) & 𝑠. 𝑡. (6𝑏) then
16:
𝑝𝑏𝑒𝑠𝑡𝑘 = 𝑝𝑘
17:
end if
18:
if F(𝑝𝑏𝑒𝑠𝑡𝑘 ) < F(gbest) then
19:
gbest = 𝑝𝑏𝑒𝑠𝑡𝑘
20:
end if
21:
end for
22:
for each particle k = 1, … , S do
23:
update velocity (7) and position (8)
24:
end for
25:
end for
26: }utill maxIteration
3. Solution with Particle Swarm Optimization
The proposed energy scheduling with considering the
battery storage system based on PSO is illustrated in
this section. PSO is a population-based method that
originally is attributed to Kennedy and Eberhart in 1995,
which gets the local position (personal best) and best
position (global best) by moving particles fly around the
solution space [6]. The movement of the particles is
described by position 𝑃 and velocity 𝑉 , shown as
follows [7].
𝑉𝑘𝑡+1 = 𝜔𝑉𝑘𝑡 + 𝑐1 𝑟(𝑝𝑏𝑒𝑠𝑡𝑘𝑡 − 𝑝𝑘𝑡 ) + 𝑐2 𝑟(𝑔𝑏𝑒𝑠𝑡𝑘𝑡 − 𝑝𝑘𝑡 ). (7)
𝑃𝑘𝑡+1 = 𝑝𝑘𝑡 + 𝑉𝑘𝑡+1 .
(8)
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where 𝜔 is the momentum, while 𝑐1 and 𝑐2 are the
constants determine the effects of the personal best
and the global best, respectively. 𝑟 is a uniform
random value from [0, 1].
The performance of the PSO is determined by
evaluating the fitness function 𝐹(). Here, the objective
(6) is defined as the fitness function and the
observation per time slot is denoted by 𝑃𝑡 = {𝑃𝑡𝑐 , 𝑃𝑡𝑑 },
where 𝑃𝑡𝑐 is the total battery charge of smart city and
𝑃𝑡𝑑 is the total battery discharge. The detail of the
solution is showed in Algorithm 1.
4. Performance Evaluation
In this research, the proposed energy scheduling
method is implemented on the Python platform. To
evaluate the proposed approach, we used a solar panel
dataset [8] for solar energy generation and residential
dataset [9] for energy consumption of the smart city.
The parameters used in this paper are λ𝑖𝑛𝑣 = 0.96, λ𝑐 =
0.958, λ𝑑 = 0.958, b𝑚𝑖𝑛 = 0, b𝑚𝑎𝑥 = 13.5 [10].

evaluation result shows our proposed method for
charge and discharge scheduling can significantly
reduce the unbalance of demand and generation.
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