
Accepted Manuscript

Techno-economic and environmental optimization of a household photovoltaic-battery
hybrid power system within demand side management

Fei Yang, Xiaohua Xia

PII: S0960-1481(17)30140-4

DOI: 10.1016/j.renene.2017.02.054

Reference: RENE 8561

To appear in: Renewable Energy

Received Date: 13 September 2016

Revised Date: 12 January 2017

Accepted Date: 19 February 2017

Please cite this article as: Yang F, Xia X, Techno-economic and environmental optimization of a
household photovoltaic-battery hybrid power system within demand side management, Renewable
Energy (2017), doi: 10.1016/j.renene.2017.02.054.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.renene.2017.02.054


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Techno-economic and environmental optimization of a1

household photovoltaic-battery hybrid power system within2

demand side management3

Fei Yanga,∗, Xiaohua Xiab4

aDepartment of Automation, School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072,5

P.R.China6
bCentre of New Energy Systems,Department of Electrical, Electronic and Computer Engineering, University of7

Pretoria, Pretoria 0028, South Africa8

Abstract9

This paper presents a power management system of a householdphotovoltaic-battery hybrid
power system within demand side management under time of useelectricity tariff. This system is
easy to implement by employing cheap electrical switches, off-the-shelf chargers and inverters.
Control system models combining both power dispatching level and home appliance scheduling
level are proposed to minimize the residents’ energy cost and energy consumption from the grid
with the practical constraints strictly satisfied. In addition, the resident comfort inconvenience
level is considered in the control system models. The trade-off among operating cost, energy
consumption and inconvenience is considered and a multi-objective optimization problem is for-
mulated. The optimal control strategies are derived by solving a mixed-integer nonlinear pro-
gramming problem. Simulation results show that the energy cost and energy consumption from
the grid can be largely reduced with the proposed strategies. These results are important for cus-
tomers to dispel their major uncertainty in determining whether to newly install or update to such
photovoltaic-battery hybrid power systems.
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1. Introduction11

The global energy consumption continues to increase due to population growth, continued12

urbanization, and economic development with great threat to environment. Most of the energy13

consumed around the world comes from fossil fuels, and that would continue to provide most14

of the world’s energy in future. It is reported that, liquid fuels, natural gas, and coal would15

still account for 78% of total world energy consumption in 2040 though renewable energy is16

the world’s fastest-growing source of energy [1]. Therefore, much more coal, oil and natural17

gas will be burned to generate electrical energy and then supplied to residential, industrial and18

commercial consumers via the grid year after year. As a result, increasing amount of carbon19

dioxide (CO2) and other air pollutants are emitted into the atmosphere, resulting in not only20
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