
Design of multiperiod hydrogen network with
flexibilities in subperiods and redundancy control

Lixia Kang a, Xiaoqiang Liang a, Yongzhong Liu a,b,*

a Department of Chemical Engineering, Xi'an Jiaotong University, Xi'an, Shaanxi, 710049, PR China
b Key Laboratory of Thermo-Fluid Science and Engineering, Ministry of Education, Xi'an Shaanxi, 710049, PR China

a r t i c l e i n f o

Article history:

Received 3 August 2017

Received in revised form

31 October 2017

Accepted 5 November 2017

Available online 6 December 2017

Keywords:

Multiperiod hydrogen network

Compressor

Capacity redundancy

Flexibility analysis

a b s t r a c t

To ensure the operational flexibility of multiperiod hydrogen network and reduce the ca-

pacity redundancy of compressors, a method for design of multiperiod hydrogen network

is proposed based on flexibility analysis. In the proposed method, an initial multiperiod

hydrogen network is obtained by solving the single period optimization models of

hydrogen networks for each subperiod, where the minimal capacities of compressors in

different subperiods are assigned. Then, the flexibility of the initial multiperiod hydrogen

network is examined and improved by solving a proposed flexible design model to identify

the bottlenecks of operational flexibility of each subperiod. The additional capacities of

compressors and flowrates of hydrogen utility in each subperiod are then determined to

finalize the design of the flexible multiperiod hydrogen network with the redundancy

control of compressors capacities. The application of the proposed method are illustrated

via a hydrogen network of a refinery in China.

© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Operational parameters of refineries usually fluctuate with

internal and external factors, such as variation of feed prop-

erties, loss of catalyst activity, change of market demand,

seasonal shift, and improvement of processing technology,

which in turn causes a recurrent changes in the operational

parameters of the hydrogen networks. To accommodate these

variations, methods of multiperiod synthesis are commonly

adopted for both design and retrofit of the hydrogen networks.

In general, the synthesis of multiperiod hydrogen net-

works can be addressed by dividing the continuous operations

into finite number of discrete operational subperiods with

fixed operational conditions. Based on these multiperiod

operating conditions, a multiperiod mixed integer nonlinear

programming (MINLP) model is usually constructed and

solved to generate the desired network that satisfies the re-

quirements of multiperiod operations. According to the

decline of catalytic activities, Ahmad et al. [1] proposed a

multiperiod model of hydrogen network with three opera-

tional subperiods, which aims at the lowest total annual cost

(TAC) of the multiperiod hydrogen network that is the sum-

mation of the annualized capital cost and the operation cost.

On one hand, the operation cost in each subperiod includes

hydrogen cost, cost of electricity caused by compressors and

the fuel gas profits so that the total operation cost of the

multiperiod hydrogen network should be a weighted sum of

these factors in all subperiods. On the other hand, the capital

cost in the objective function of the multiperiod hydrogen

network is calculated on the basis of the maximum capacities

of devices operating in all subperiods. Jiao et al. [2] introduced
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a hydrogen scheduling model into the multiperiod model of

hydrogen networks, aiming at the minimum operation cost.

To minimize the TAC of the multiperiod hydrogen network, a

flexible designmodel of hydrogen networkwas also presented

by considering the changes in demand of hydrogen sinks,

different pipeline levels and the possibility of shutdown [3].

Lou et al. [4] constructed a robust optimization model of

hydrogen network, taking the variations of feed properties

and prices into consideration. In this model, the maximum

capacities of purifiers in different processing schemes were

selected to calculate the capital cost, and a cost-effective

hydrogen network was obtained, which is insensitive to the

changes of processing schemes. Jagannath and Almansoori [5]

proposed a stochastic multi-scenarios optimization model for

hydrogen networks by selecting several independent samples

from the uncertain parameters that abide by normal

distributions.

Note that in the abovementioned multiperiod hydrogen

network optimizationmodels, the maximum capacities of the

devices, compressors and purifiers, for examples, in different

subperiods are assigned for these devices in the multiperiod

hydrogen networks. This may be advisable when the opera-

tional conditions of all subperiods are close to each other.

However, when the operational parameters of all subperiods

differs significantly, a plenty of redundant capacity may arise.

It leads to the fact that the operations of the devices deviate

the optimal operational conditions and the additional capital

costs of the devices are needed.

To reduce the capital cost of the devices in the multiperiod

hydrogen networks, Sadeli and Chang [6] suggested a time

sharing mechanism to design the multiperiod networks. Jiang

and Chang [7] used the time sharing mechanism in the design

of multiperiod heat exchanger networks (HENs), aiming to

reduce the heat transfer units and maintain the optimal

operation in each subperiod. The cooling water pipelines of

inter-plants were also reduced by using this mechanism by

Leong et al. [8]. However, unlike the multiperiod HENs where

the capital cost is formulated as a function of the heat transfer

areas of heat exchangers, the capital cost of multiperiod

hydrogen networks is mainly relative to the power of com-

pressors, which is dependent upon flowrates of streams, inlet

pressures and output pressures of gas streams. Thus, Kuo and

Chang [9] proposed a time sharing method to reduce the

number of newly added compressors in the retrofit of multi-

period hydrogen networks. In their method, the optimal

structures and operational parameters of the hydrogen net-

works in each subperiod were obtained by solving a single

period optimization model of hydrogen network individually.

Then, the time sharingmechanismwas adopted to finalize the

design of the multiperiod hydrogen network by assigning the

maximum capacities for the commonly used compressors in

different subperiods. Although this method helps to reduce

the idle compressors, spare pipelines and valves, sweeping

and cleaning operations are obligatory during subperiod

switching in order to avoid the streams of different hydrogen

purities mixing in the shared pipelines.

In practice, it is conventional that large design margin is

usually adopted to determine the capacities of devices to

accommodate the potential fluctuations of operational pa-

rameters in a certain range. However, this margin based

method has been proven to be infeasible to compensate the

fluctuations of some uncertain variables in the water net-

works, and a flexibility index based method is thus sug-

gested by Li and Chang [10]. The flexibility index can be

used to qualify the ability of a given process to deal with

uncertain disturbances [11]. For the hydrogen networks,

Sardashti Birjandi et al. [12] developed a method to improve

the operational flexibility of the networks on the basis of

the flexibility analysis, allowing to address the uncertainty

of purities of hydrogen sources, products purities after

purification and the recovery ratios of hydrogen in the pu-

rifiers. Liang et al. [13] proposed a systematic method for

the design of flexible multiperiod hydrogen networks to

achieve a flexibility qualified multiperiod network that

meets the requirements of multiperiod operation and ac-

commodates the fluctuations in each subperiod. A concept

of mixed potential has also been proposed to represent the

ability of a given process to accommodate uncertain dis-

turbances caused by the changes of flowrates of hydrogen

sources [14].

Overall, most of the multiperiod synthesis methods for

hydrogen networks are mainly developed to meet the re-

quirements of the nominal multiperiod operation condi-

tions. Moreover, the fluctuations of operational parameters

in subperiods are usually ignored. In addition, the design

capacities of the devices are commonly determined by the

maximum ones that are required in different subperiods,

leading to a remarkable redundant capacities. The redun-

dancy, to some extent, may result in the situation where the

devices operate out of the optimal conditions. It therefore

leads to needless increases of the capital cost and the oper-

ation cost as well.

To address these problems, a method for the design of

flexible multiperiod hydrogen networks with redundancy

control of compressor capacities is proposed. It aims to

minimize the TAC of multiperiod hydrogen networks and

reduce the redundant capacities of compressors at the same

time. The rest of this paper is organized as follows. The

problem of the design of flexible multiperiod hydrogen net-

works with redundancy control of compressor capacities is

stated, followed by the detailed procedure for design of mul-

tiperiod hydrogen networks. A case study is employed to

illustrate the application of the proposed method. The con-

clusions are drawn finally.

Problem statement

In the premise that the hydrogen networks meet the re-

quirements of multiperiod operation and operational flexi-

bility in subperiods. The redundant capacities of the

compressors in hydrogen networks should be as less as

possible to reduce the capital cost and improve the efficiency

of compressors operating in multiperiod hydrogen networks.

The problem of the design of flexible multiperiod hydrogen

networks with redundancy control of compressor capacities

can be stated as follows.

Given are (1) operational parameters of multiperiod

hydrogen networks, i.e. the number of subperiods, the oper-

ational parameters in each subperiod and the expected
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