
Accepted Manuscript

A two-stage optimization method for energy-saving flexible job-shop scheduling 
based on energy dynamic characterization

Han Wang, Zhigang Jiang, Yan Wang, Hua Zhang, Yanhong Wang

PII: S0959-6526(18)30935-1

DOI: 10.1016/j.jclepro.2018.03.254

Reference: JCLP 12512

To appear in: Journal of Cleaner Production

Received Date: 26 November 2017

Revised Date: 22 March 2018

Accepted Date: 24 March 2018

Please cite this article as: Han Wang, Zhigang Jiang, Yan Wang, Hua Zhang, Yanhong Wang, A 
two-stage optimization method for energy-saving flexible job-shop scheduling based on energy 
dynamic characterization,  (2018), doi: 10.1016/j.jclepro.2018.03.254Journal of Cleaner Production

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.



ACCEPTED MANUSCRIPT

1

A two-stage optimization method for energy-saving flexible job-shop 

scheduling based on energy dynamic characterization
Han Wang1, 2, Zhigang Jiang1, 2*, Yan Wang3, Hua Zhang2, Yanhong Wang2

1Hubei Key Laboratory of Mechanical Transmission and Manufacturing Engineering, Wuhan 
University of Science & Technology, Wuhan 430081, China

2Key Laboratory of Metallurgical Equipment and Control Technology, Wuhan University of 
Science & Technology, Wuhan 430081, China

3School of Computing, Engineering and Mathematics, University of Brighton, Brighton, BN2 
4GJ, United Kingdom

Abstract
Scheduling can have significant impacts on energy saving in manufacturing systems. 
The complex process constraints and dynamic manufacturing tasks in flexible 
manufacturing system make the scheduling a complicated nonlinear programming 
problem. To this end, this paper proposes a two-stage energy-saving optimization 
method for Flexible Job-Shop Scheduling Problems (FJSP). In this method, an 
operation-based integrated chart is firstly proposed to reveal the dynamic 
characteristics of the operations, enabling the energy-saving scheduling optimization. 
Then the optimization is conducted at two stages: the machine tool stage and the 
operation sequence stage. A Modified Genetic Algorithm (MGA) is applied at the 
first stage and a hybrid method that integrates Genetic Algorithm (GA) with Particle 
Swarm Optimization (PSO) is adopted at the second stage. Finally, a case study is 
employed to illustrate the applicability and validity of the proposed method. The 
results revealed that the proposed method can effectively optimize FJSP. This may 
provide a basis for decision makers to utilize a manufacturing scheduling that is 
optimized regarding its energy saving.
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Nomenclature
GA Genetic Algorithm PSO Particle Swarm Optimization
MGA Modified Genetic Algorithm
FJSP Flexible Job-Shop Scheduling Problems 

 The weighting value of integrating energy consumption and production 
cost

0C The dimensionless production cost matrix of machining operations for 
jobs 

C The total production cost of a scheduling task 
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