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ABSTRACT: 

Heat exchanger network synthesis is one of the most extensively studied syntheses 

design problem in chemical engineering and is very important for the efficient energy 

recovery in production. in this paper suggests a new methodology for synthesis heat 

exchanger network for batch processes based on the relation between heat duty and 

time, the energy targets and the structure of the initial heat exchanger network can be 

used direct heat integration of batch streams. 

Two cases are solved to demonstrate the applicability of this approach. 

1) INTRODUCTION:

Heat exchanger network synthesis (HENs) is one of the most expensively studied 

synthesis or design problems in chemical engineering. This is attributed to the 

importance of the determining energy costs and improving the energy recovery in 

chemical processes. The heat exchanger network (HEN) has the task of integrating 

the hot and the cold process streams in a process reducing the amount of heat and 

cooling utility that are required. 

As a result, the research emphasis shifted for decomposing the original problem in 

to three separate tasks; 1-minimum utility consumption; 2-minimum number of 

matches; and 3-minimum investment cost  

 In general terms, the objective of Heat exchanger network is to find out the 

structure of a Heat exchanger network, which facilitates the task of cooling a given 

set of hot streams and heating of a given set of cold streams to the desired levels with 

a minimum of total cost (investment and operating costs). 

* Corresponding author. Tel.: +00201009229112. E-mail address: D_mido131@yahoo.com

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 24, Issue 11, November - 2022 Page-190



Several methods for Heat exchanger network synthesis and optimization have been 

developed. These methods can be classified in to four groups, namely thermodynamic 

approaches pinch technology (Linnhof et al 1993[12], mathematical programming 

methods (Huong and Karimi, 2014 [20], deterministic methods (Bergamini et al 2008 

[19], and stochastic methods (Rathjens and fieg et al 2020 [21]. 

Furthermore, HEN synthesis approaches base on decomposition were developed 

vie thermodynamic and optimization approaches. 

However, most of the works on HEN synthesis have mainly focused on continuous 

processes, while much less attention has been given for the synthesis of batch HEN. 

The earliest works addressing energy integration for batch processes was reported 

by J. A. Vaselenak., et al. 1986[2]. These authors worked on the heat recovery 

between vessels where temperatures vary during operations. They presented a 

heuristic rule for the co-current heat exchange and a mixed-integer linear 

programming (MILP) solution for the restricted target temperature. However, these 

authors did not consider the time dependence of streams in which some streams may 

only exist in the plant for a certain period. 

On the other hand, heat integration for batch processes was investigated by other 

researchers based on the insight based pinch analysis techniques. One of the earliest 

works to divert pinch analysis from continuous to batch heat integration was reported 

by I.C. Kemp, E.K. MacDonald et al. 1987[4]. They developed a targeting tool called 

the time-dependent heat cascade analysis (TDHCA) technique that allows the 

minimum energy and heat storage targets to be identified for a maximum energy 

recovery (MER) network. These authors also reported a systematic technique for 

batch HEN design and identified rescheduling opportunities in their later works.  

As batch process is operated by transactions processing in group or batches    and 

its stream operation times are unequal, batch heat integration is more complex than 

its continuous partner. There are three heat exchanger modes that can accomplish the 
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heat transfer task for batch process, they are direct, indirect, and direct indirect 

mixed heat exchange operation. 

Direct heat integration; this represents the existence of heat exchangers between 

process streams which co-exist in time. 

Indirect heat integration; the heat from hot process streams is first transferred to a 

heat transfer medium which is then heated up and stored until heat is finally 

transferred to cold process streams whenever needed with suitable adaptations, most 

of the heat integration methods. 

Developed for continuous processes can be used to search for heat integration 

opportunities in batch processes which are characterized by their time-dependent 

mode of operation. A variety of models have been developed for heat integration of 

batch Processes, some of which are described below. 

1. Time average model, Linnhoff. B., et al 1987[5]. This model is also called

pseudo-continuous process model. The heat duties of all streams in the batch

process are time averaged in the production cycle, and the utility targets are

then obtained by pinch technology. Because the time-dependent features of

batch streams are not considered, the targets are highly ideal and can only be

approached with extensive use of heat storage.

2. Time segmentation model, Obeng E, et al 1988 [7]: In this model, batch

streams are re-arranged in a limited manner to recover more waste heat and

avoid heat storage. This method is constrained by whether the actual process

allows the re-arrangement of batch streams.

3. Time and temperature cascade analysis, Kemb I, et al 1989 [8]: The method

considers simultaneously time and temperature. Heat integration in the same

time interval is considered first, followed by consideration of the time

sequence. Although intermediate heat storage is included in the method, the

heat degradation of intermediate media is not considered.
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4. Time pinch method, Wang Y, et al 1995 [15]: The heat recovery target is

obtained by using time as the main constraint and heat transfer driving force

as the secondary factor. The method includes direct and indirect heat

recovery. The heat degradation of intermediate media is not considered.

Later work on insight-based approaches focused on the design of heat storage 

system for indirect heat recovery. S. Stoltze et al 1995 [14]. developed an algorithm 

to determine the number of storage tanks to achieve the established energy targets. 

S. H.  Jung et al 1994 [13]. Noted that heat storage system possesses some practical 

operation issues (e.g. heat losses, etc.), which in turn proposed a systematic 

rescheduling procedure to reduce indirect heat transfer (and hence heat storage size) 

by maximizing direct heat integration. The rescheduling option also leads to 

increased production yield. 

O. Pourali et al 2006 [18] proposed a time decomposition strategy to evaluate the 

combination of different time intervals to achieve the minimum total cost for a batch 

HEN, which include direct and indirect integration. While insight-based approaches 

offer good insights into the overall analysis of the HEN problems, its main limitation 

lies in its ability to analyze problems with more than a single dimension. 

X.G. Zhao et al 1998. [16] Presented a mathematical formulation for batch process 

scheduling based on the cascade analysis of Kemp and Deakin et al 1989 [8], which 

involves heat integration without intermediate storage. A three-step procedure was 

proposed for the design of HEN for batch and semi-continuous processes. 

From the above review, it is noticed that most of the work for batch HEN synthesis 

has been mainly focusing on energy targeting (insight-based pinch analysis 

technique), network synthesis, and scheduling/rescheduling and heat storage systems. 

A clear research gap has been the identification of minimum number of heat 

exchanger units within a batch HEN. 

      A new method which will be presented based on the heat Duty–time relation will 

be provided for the heat integration of Continuous processes featuring batch streams. 

The proposed method is largely based on the many heat integration concepts and 
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tools arising from the research on continuous and batch processes. The method can be 

used both for direct and indirect heat integration.  

2) Methodology:

The steps for network design using heat load and temperature relational are described 

as flow: - 

Step 1 

Calculate the heat load each stream: 

The heat loads each stream is calculated from the following equation 

Where: Q  = heat load of stream   (kWh), CPi =heat capacity flow rate stream 

(kW/°c),     Difference of target and supply temperatures of stream   °c and  

= time interval of stream   (h) 

Step 2 

Rank the streams in ascending order of supply temperature: 

1) If two streams have the same supply temperature, rank the one with the

lower target temperature first.

2) If two streams have identical supply temperature and target temperature,

rank the one with the lower heat duty first.

Step 3  

Locate the individual process streams in their respective time intervals. 

Step 4  

Calculate the heat load of stream for each time interval. 
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 (2) 

Where: = heat load of stream   in time interval j (kWh),  = heat load of 

stream  ,   = time length of interval j (h) and  = time length of stream   (h) 

Step 5 

Determine the heat exchanger matches and the heat duty each match for each 

time interval: 

For every existing combination of hot and cold streams in time interval, 

determine the heat duties of direct heat exchanger that connects a certain hot 

stream, there were added hot utility stream for purposes of extra heating or 

cooling needs time interval considered firstly followed by consideration the time 

sequence. 

Step 6 

Determine the energy target for whole cycle the hot utility target for whole cycle 

can be obtained by summing all the hot utility for each time interval  

Q Hu=∑ Hui  (3) 

Where: Q Hu hot utility for whole cycle, Q Hui =hot utility for each time interval 

and M=number of time interval 

Similarly, the cold utility for the whole cycle is given by the sum of all cold 

utility for each time interval.         Q Cu=∑   
    Cui                              (4) 

Where: Qcu=cold utility for whole cycle and Qcui = cold utility for each time 

interval     
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3) Cases study and discussion

In this section two case study from the literature are solved with the proposal

method of determine the performance and efficiency. 

(3.1 Case 1) 

Compressing two hot streams and one cold stream problem which was introduced 

by C.Y. Foo, et al 2005[17] in table (1) shows the stream data with a process cycle 

time of (10 h). As shown, there are two hot streams and one cold streams that exist in 

different time zone with their respective supply (  ), and target (  ) temperatures 

and the heat capacity flow rate (M cp) for each streams are also given. This example 

can be exploited to demonstrate the performance of the proposed method. 

NO Type Supply 

Temp °c 

Target 

Temp °c 

Heat 

capacity 

flow rate 

(kw/ °c) 

Start time 

(h) 

End time 

(h) 

1 H1 180 20 4 0 6 

2 H2 150 10 3 4 10 

3 C1 20 120 10 2.5 9 

(Table-1) stream data for example 

The calculation steps for direct heat integration as follow 

1. the energy targets hot load (QH) and cold load for time interval are determined

from equation (1)

-for stream H1:  QH1=4(180-20) (6-0) =3840 Kwh 

-for stream H2:   QH2=3(150-10) (10-4) =2520 Kwh 

-for stream C1:  QC1=10(120-20) (9-2.5) =6500 Kwh 

2. Rank the three streams in ascending order of supply temperature such as that

shown in table (2)
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Stream Supply temperature (  ) Rank 

  C1 20 1 

H2 150 2 

H1 180 3 
(Table-2) stream Rank for example 

3. locate the individual process streams in their respective time intervals such as

that shown in table (3)

0-2.5 h 2.5-4 h 4-6 h 6-9 h 9-10 h

H1 H1 H1 

H2 H2 H2 

C1 C1 C1 
(Table-3) existence of hot and cold streams in respective time intervals: 

4. Calculate the hot load and cold load for each time interval

Intervals Streams Heat load of streams (kwh) 

From equation (2) 

(0-2.5) h H1 QH1=1600 

(2.5-4) h H1and C1 QH1=960 

QC1=1500 

(4-6) h H1, H2 and C1 QH1=1280 

QH2=840 

QH1=2000 

(6-9) h H2 and C1 QH2=1260 

QC1=3000 

(9-10) h H2 QH2=420 

The final heat utilities are determining the energy targets for the whole cycle (QH 

and QC): 

The hot utility target for the whole cycle, QH, can be obtained simply by summing 

of hot utility. 

Similarly, the minimum cold utility for the whole cycle is given by the SUM of 

cold utilities. 

QH=∑Q Hi =1600+60+80+120+180+420=2460 kWh 

  QC=∑QCJ =600+80+1920=2600 kWh 

 Initial network synthesis is shown in fig (1-1) and (optimization & evolution) shown in fig (1-
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Fig (1-1) Batch network design for hypothetical example. 
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Fig (1-2) simplified network for hypothetical example with elimination of heat exchanger 2. 
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 (3.2 Case 2) 

Data for this case which has two hot and two cold streams are taken from (kemp 

and deakin et al 1989[9].the stream data are given in (table-4) in this four stream 

batch period is 1h with each stream only existing for a limited time period with their 

supply and target temperature and the capacity flow rate for each stream are also 

given, the minimum approach temperature ((∆T min) is 10 °C

NO Type Supply 

temp °C 

Target 

temp °C 

Heat 

capacity 

flow rate 

(kw/°C 

Start 

time (h) 

End 

time (h) 

1 H1 170 60 4 0.25 1 

2 H2 150 30 1 0.3 0.8 

3 C1 20 135 10 0.5 0.7 

4 C2 80 140 8 0 0.5 
(Table-4) 

The calculation for direct heat integration by using steps of the proposed algorithm as 

follow 

1-locate the individual process streams in their respective time interval.

(Table-5)   Existence the hot and cold streams in respective time intervals. 

0-0.25 0.25-0.3 0.3-0.5 0.5-0.7 0.7-0.8 0.8-1 

C2 H1 H1 H1 H1 H1 

C2 H2 H2 H2 

C2 C1 
(Table-5) 

2-Calculate the heat load of each stream in time interval by using equation (1)

 for stream H1:     QH1=4(170-60) (1-0.25) =330 kWh

 for stream H2:     QH2=3(150-30) (0.8-0.3) =180 kWh

 for stream C1:   QC1=10(135-20) (0.7-0.5) =230 kWh 

 for stream C2:   QC2=8(140-80) (0.5-0.0) =240 kWh 
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3-for each time interval calculate the heat load for each stream by using equation (2 )

determine the heat load of heat exchanger that connects a certain hot stream with the 

certain cold stream, there were added hot utility stream and cold utility stream for 

purposed of extra heating or cooling needs. 

Intervals Streams Heat load of streams (kwh) 

From equation (2) 

0-0.25 C2 QC2=120 

0.25-0.3 H1 and C2 QH1=22 

QC2=24 

0.3-0.5 H1 and H2 QH1=88 

QH2=72 

QC2=96 

0.5-0.7 H1, H2 and C2 QH1=88 

QH2=72 

QC1= zero 

0.7-0.8 H1 and H2 QH1=44 

QH2=36 

0.8-1 H1, H2and C1 QH1=88 

. 

Its need cold utility the two over all utility targets: 

QH=∑ Hi=120+8+70=198 kWh 

QC=∑ Ci=6+28+88+36+36=238 kWh 

Initial network synthesis is shown in fig (2-1) and (optimization & evolution) shown in fig (2-2) 
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Fig (2-1) Initial heat exchanger network for the entire batch period. 
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Fig (2-2) The heat exchanger network after optimization. 
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Conclusions: - 

 This work describes how process integration technique may be applied two

process and sites where conditions change with time, in particular batch

process, using the time dependent.

 The divides the process into time intervals, and thus calculates the energy

targets and shows the possibilities for heat exchange matching.

 In this work also extends the minimum units targeting and network evolution

techniques that were developed for batch process.

 Further work is envisioned to incorporate the targeting and evolutional

techniques into rigorous optimization model. Trade-off between capital (heat

exchanger elimination) and operating (utility penalty) costs may be analyzed

during network evolution. Furthermore, various objectives (e.g. productivity,

rescheduling opportunity, etc.) may be incorporated into the model to

facilitate for the search of a global optimum batch HEN.
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