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Abstract 
The purpose of this project is to find an identification tag that can be used in a future 
automated pinch analysis tool. It can be used to further analyse composite curves 
and pinch results by tracking the original streams that was converted. In real life 
situations, retrofitting a process industries streams, can decrease heat demands and 
costs. A pinch analysis and a heat exchange network is created with fixed and 
flexible flows to show a recommendation on how the system model can handle this 
type of situations. The models have been created by hand with support from pinch 
literature and the calculations validated with mathematical software such as matlab 
and other graphing tools. The literature study and pinch modelling resulted in a 
recommendation of tagging and  for each individual stream. By using aHstart Hend  
geographical tag in a coordinate system the analyst will be able to find the original 
streams in the pinch analysis and composite curves. The project also resulted in a 
heating exchange network created from the fixed and flexible data set. The enthalpy 
differences between the ideal pinch result and the fixed data set is smaller than one 
might expect because of enthalpy abundance in the specific intervals.  
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Preword 
Thank you Olof Björkqvist, Senior Lecturer, department of chemical engineering, for 
the introduction to pinch analysis and valuable guidance.  
 
Alexander Hedlund, Industrial PhD student & FrontWay AB, for your patience, pinch 
and system modelling discussions and letting me into your research.  
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Terminology 
 
Source Flow with potential energy, hot flow, hot stream 
 
Sink Flow absorbing energy, cold flow, cold stream  
 
HCC Hot composite curve 
 
CCC Cold composite curve  
 
GCC Grand composite curve 
 
External Energy Acquired energy provided for processes heating or  

cooling  
 
Supply Temperature Temperature before heat transfer  
 
Target Temperature Temperature after heat transfer  
 
HEN Heat exchanger network 
 
MER Maximum energy recovery networks 
 
Fixed Streams Streams that cannot be moved  or merged due to  

technical or financial reasons 
 
Flexible Streams Streams that can be moved or merged  
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Mathematical Notations  
 
m︿  ass F low Rate [kg/s]  M  
 

  Cp pecif ic Heat Capacity [kJ /kgK]  S  
 
PC eat Capacity F low Rate [kW /K]  H  

 
T emperature  [°C]  T  
 
TΔ min emperature dif ference at pinch point  T  

 
 H eat Load, Enthalpy  [kW ]  H   

 
T s upply Temperature [°C]  S  
 
T t arget Temperature [°C]  T  
 

Index identification 
Hmerged (m)/hot (h)/cold(c), interval number, point number   
 
T supply (s)/ target (t) / merged (m) / hot (h) / cold (c), interval number, point number  
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1. Introduction  

Energy is one of the biggest financial costs in the process industry and... It is crucial 
to minimize emissions to prevent deterioration arising from the greenhouse effect. 
One method that can increase the energy demands and financial expenses up to 
40% is the widely known pinch analysis.2 Pinch analysis can be performed with data 
from a system model reflecting the selected process industry. When creating a 
model of the streams an identification tag might be needed since pinch analysis 
merges flows which hinders further analysis on the composite curves. A system 
model has been created in this report and a suitable identification tag for the streams 
will be presented. There can also be retrofit or new design situations when a stream 
can't be moved due to safety, distance or other technical/financial reasons. A heat 
exchanger network (HEN)  is created in the pinch model containing fixed and flexible 
flows to show how the flows can be handled in the pinch model. The results in this 
report will be a recommendation for a future automated pinch tool.  

1.1 Background  
Pinch analysis is mentioned for the first time 1971 when Ed Hohmann wrote in his 
dissertation: “one can compute the least amount of hot and cold utilities required for 
a process without knowing the heat exchanger network that could accomplish it”.1 

This can be interpreted as Hohmann meant that by studying processes temperatures 
and entropies in a structured manner you would be able to optimize the heat transfer 
between hot and cold flows. The methods was developed in the end of 1970 by 
Bodo Linnhoff Et Al. By using pinch analysis the process industry can reduce their 
external heating and cooling energy. It does not only hold a financial favor but is also 
a method to reduce emissions that the process industry releases. Pinch analysis is a 
tool that is widely used today by the process industry and it can be applied to 
hydrogen, water and oil.2  
 
Basic data can be extracted directly through the process industry or by a simulation 
model. A system model can give an accurate picture of hot and cold flows in the 
process and be used as a basis for input data extraction. It gives the analyst freedom 
because flows and data can be moved without a real impact on the process. An 
issue that arises when the streams are modified to composite curves and pinch 
analysis is performed in system modelling, is the difficulty to keep the original flows 
identified throughout the process. If the data is restored it will also lose accuracy 
since pinch analysis merges flows. This report will display a pinch analysis model 
while keeping the streams identified throughout the process by providing  with aH  
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identification tag. It will also show how to create a heat exchanging network with 
fixed and flexible flows using two different methods.  
 

1.2 Problem Formulation  
Using pinch analysis on the process industries sinks and sources makes it possible 
to obtain a more effective water- and energy consumption. The analysis can be 
performed with data extracted from a system model. Extracted data is sorted and 
re-composed to hot- and cold composite curves. A composite curve is a function of 
temperature and enthalpy with the heat transfer ability by mass flow as the curves 
slope. One problem with pinch analysis when it comes to system modelling is that 
flows get mixed up when streams in the same temperature or enthalpy intervals are 
refitted into composite curves. The merged composite curves can create problems to 
track the individual streams and following to analyze the end result of the pinch 
analysis. How can streams be modified to composite curves and have a pinch 
analysis performed while being identified for further analysis and reversal? How 
should the model handle fixed flows that can't be split, merged or moved?  
 
 

Figure 1: Illustration of the problem formulation.  
 
 
The goal with this project is to find a way to identify the streams and to keep them 
identified through the pinch analysis process in the model with a high level of 
accuracy. This will contribute to a more accurate analysis of the streams and the 
processes. It will also provide more flexibility for the later stages of of the model 
when streams needs to be excluded from the final results because of technical or 
financial hinders. A model of a HEN from sample data will show how fixed flows are 
handled after a pinch analysis and how big impact they have in the total analysis 
result.  
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1.3 Limitations 
 is normally chosen carefully after taking financial and technical parametersT  Δ min  

into concern. In this case is not calculated and it is an arbitrarily number isT  Δ min  
used in the calculations. This is since the pinch analysis modelling and identification 
of the flows will not be affected by this in any way.  
 
The report will show one example of a heating exchange network even though there 
are more alternatives. The streams can be matched in a number of ways. The main 
focus was on how to handle fixed flows when creating a heating exchange network 
from a data set.  
 
Alexander Hedlund, Frontway AB, contributed with two flowsheets made in 
Paperfront for this report. Final pinch system modelling will be performed by 
Alexander Hedlund and Frontway AB in his research project.  
 
No financial or technical aspects regarding the heat exchange networks or streams 
have been taken into consideration.  
 
 

1.4 Concrete Goals and Low Level Problem Definition 

Evaluate calculations of hot and cold composite curves and graphs.  
 
Evaluate their movement when pinch analysis is performed. The cold composite 
curve moves  until is reached.H  Δ T  Δ min   
 
Study and analyze calculations to reach conclusions.  
 
Model a heating exchange network with flexible and fixed streams.  
 
Study and analyze the creation of heating exchange networks with flexible and fixed 
flows.  
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1.5 Summary 
This report contains a theory section with an introduction to pinch analysis: a 
description of ΔTmin  and the pinch point, hot and cold composite curves, grand 
composite curves and its effects and area of use in chapter 2. The methods used to 
find a suitable identification tag is described in chapter 3. This is followed by the 
actualization and results in chapter 4 and 5. The actualization, results and chosen 
methods are discussed and analyzed in chapter 6.  
 
 

1.6 Authors contribution  
The author have performed calculations on a number of streams, created composite 
curves and heat exchange networks. The results have been analyzed by the author 
and conclusions have been drawn. Recommendations on how to keep the process 
streams identified have been given to Alexander Hedlund at FrontWay AB for future 
use of the information to create an automated pinch analysis model. With the authors 
contribution simulation models will be able to be further analyzed after the creation of 
composite curves, pinch analysis and in reverse order. Alexander Hedlund has 
provided flow sheets made in Paperfront for this report.  
 
 

1.7 Mathematical formulas  
 
P  C = Cp * m

︿

 
 
P  [kW / C]  is the heat transfer coef f icient per mass f low,   C °   
is the heat transfer coef f icient [KW /m  C] and m is the mass f low in [kg/s].  Cp 

2 ° ︿

 
 

P T  H = C * Δ  
 

 is the temperature in [ C], CP  is the heat transfer coef f icient  [kW / C]   T °  °  
er mass f low [kg/s]  and H  is the enthalpy in [kW ].  p  

 
H onstant  T = 1

CP + c  
 
T  is the temperature in [ C], CP  is the heat transfer f low coef f icient [KW / C] and     °  °  
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 is the enthalpy in [kW ].  H  
 
T TΔ 2 − Δ 1 = c cc h

H(c −c )c h  
 

 is the temperature in [ C], ΔT  at the hot side is ΔT T  and ΔT  at the cold side  T °  1 1 = Δ min 2  
s ΔT T . H  is the enthalpy in [kW ] and c  is the heat transfer coef f icient.  i 2 = Δ min x  

   
ΔT  T interval = T actual ± 2

1
min  

 
 is the interval temperature, T is the actual temperature dvs and ΔT  is the  T interval  actual :  min  

hosen pinch temperature.  They all are in  [ C].  c °  
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2 Theory  
This section contains information about energy transfer, pinch analysis, hot and cold 
composite curves, the pinch point, grand composite curves, heat exchange networks 
and system modelling.  
 

2.1 Pinch Analys  
The use of fossil fuels in the swedish industries is generally in a decline. One reason 
is to counteract the greenhouse effect by decreasing climate gas.3 It is a subject that 
is widely spoken of. There are more ways to decrease the use of not only fossil fuels 
but the total supplied energy to the process industry. Energy optimization is often 
overlooked by the process industry, still it holds a fairly big financial and 
environmental impact on the industry and its surroundings. By reducing the supplied 
fuel (external energy), the process industry can increase their profitability and lower 
their emissions. Externally supplied fuel is an essential addition to keep the 
processes active. How can we get the same outcome with a reduced energy need? 
One structured and well known technique to lower the externally supplied energy 
demands up to 30% is pinch analysis. The analysis overlooks the general supplied 
fuels and heat transfers in the process.2 

 
The pinch analysis gives us many different insights. Firstly, it gives us a clear 
observation of where externally supplied fuel is needed, how effective the processes 
are, if there are any double bottlenecked processes, financial reductions and where 
improvement can be in favor.1 Pinch analysis is a well known technique that has 
been proved to optimize processes and minimize water usage. It will also minimize 
external energy use and the following energy costs. The analysis will provide 
matches for equal quality sources and supplies. The quality can be measured as 
temperatures, ppm or pressure.2 

 
Essential input data for the pinch analysis can be extracted from a simulation, design 
parameters or directly from the process industry. Sources and sinks are separated 
and illustrated in a TH-diagram. They are recalculated and plotted in a shared 
TH-diagram. A pinch analysis is performed by moving the composite graphs towards 
each other in a horizontal direction until they reach a predetermined  .  AT  Δ min  
distance below pinch needs external cooling while a partial distance above pinch 
needs external heating. It is easy to identify the needs spoken of with help of 
composite curves and heating exchange networks. A simple exchange between hot 
and cold streams gives a clear overlook and streams can easily be removed and 
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moved in the pinch analysis. The flexibility provides freedom to create a desired 
process.1 
 

2.1.1 Energy Transfer  
One example of heat transfer in energy technical relationships can be shown with a 
simple picture of a heat exchanger. A hot flow comes in to the heat exchanger, 
passes energy and reaches a lower temperature. At the same time, a cold flow is 
streaming in the heat exchanger. The cold stream takes up thermal energy and 
reach a higher end temperature.1 
 

 
Figure 2:  heat exchanger network with utility and hot and cold flows 

 
The hot stream will give away 324 kW when it gets chilled. This heat load could be 
used for the cold stream to get heated up.  The cold stream have a heat load of -320 
kW, something the hot stream could provide. As the attentive reader might have 
noticed in the heat exchanger above, the cold stream cant get fully recovered by the 
hot streams heat transfer without going against the second law of thermodynamics. 
The second law of thermodynamics says “heat cannot pass from a colder to a 
warmer body without some compensating transformation taking place” 4 There is a 
potential that we can use in this case - and one way to recover as much energy as 
possible between processes is to perform a pinch analysis on the hot and cold 
streams.1  Table 1 shows example data for the hot and cold stream in the heat 
exchanger above. 
 

  [kg/s]  m︿   [kJ /kg K]  cp  P  [kW /K]  C  [°C]  T s  [°C]  T t   [kW ]  H  

Cold 
stream 

0,4 4 1,6 50 250 -320 

Hot 
stream 

0,6 4,5 2,7 200 80 324 

Table 1: stream data 
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The streams data is illustrated in Figure 3. It shows how the streams are used for 
heat transfer without breaking the second law of thermodynamics. A case with more 
streams and a bigger heat exchange network gives an opportunity to rearrange the 
different hot- and cold streams. The heat exchange between the streams will take 
place in between the curves as seen in Figure 3. If the streams have been plotted 
with correct temperatures and with correct  we can rearrange them along theH  Δ  
H-axis. It is important to keep constant. This is, because the energyH  Δ  
requirements for each stream will stay the same and where they are plotted in the 
graph does not make a difference in their energy requirements. The specific heat 
transfer times the streams mass flow will be the slope of the curve.1 

 
Figure 3: T and H diagram 

H c ΔT ΔT  Δ = m︿ p = 1
CP  
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2.1.2 Hot and Cold Composite Curves  
Hot and cold streams are combined separately to create composite curves. The 
composite curves can be viewed as the cold or hot streams average when two or 
more streams interfere within the same temperature interval. The hot composite 
curve illustrates the available energy in a process while the cold composite curve 
illustrates the energy needs. Hot and cold composite curves are crucial when 
deciding the least amount of heat exchanger units needed in a process. They are 
also a tool for studying a certain process minimum added external supplied energy 
and the heat exchangers minimum required areas.2 

 
 
A composite curve is created by plotting the hot or cold streams in a TH-diagram. 
The streams are divided into temperature intervals and if two or more streams are 
present in one temperature interval an average of the streams heat transfer constant 

 is created.1 Figure 4 shows the individual cold streams and Figure 5 shows aP  C  
cold composite curve.  
 
 

 
Figures 4 & 5: streams and cold composite curve 

 
 
The same procedure is done with the hot streams and a hot composite curve is 
created. The composite curves are plotted in a common TH-diagram. The cold 
composite curve is always located below the hot composite curve. Heat transfer is 
not possible if the cold composite curve is plotted above the hot composite curve.  
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2.1.3 ΔTmin and The Pinch Point  
The hot and cold composite curves can be moved horizontally with a set in orderH  Δ  
to obtain a beforehand defined energy goal .The energy goal ( ) isT  Δ min T  Δ min  
defined after taking in several aspects such as available technology, the process 
needs, technological data and financial factors.  It shows how close the hot and cold 
composite curves can be before disobeying the second law of thermodynamics. If a 
process have a higher ΔTmin in their processes today and desire to lower it they 
should be aware that big restructurings very likely will be needed and therefore 
obtaining a lower ΔTmin  is an investment. A  ΔTmin close to zero gives in theory heat 
exchangers with areas reaching infinity. The best way is to weigh the financial 
investment with available technology and choose a suitable ΔTmin after this 
consideration. The “pinch point” will be situated where the ΔTmin is.6  
 
 

 
Figure 6: The pinch point  

 
 

Graphically we can see how the curves get pinched to each other at that point.  
It is also important to know that can be located anywhere on the curve whereT  Δ min  
the hot- and cold composite curves are facing each other. Where we choose to 
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locate will not affect the outcome as long as the requirement above is filled. AT  Δ min  
normal range for the pinch point is anywhere between .20 T 0  1 ≥ Δ min ≥ 4  

 
 

There are three ways to obtain the pinch point. Which method is used depends on 
how the composite curves are formed and which method the analyst is more familiar 
with:  
 

1. Move the cold composite curve horizontally so it is on ΔTmin distance from the 
hot composite curve 

2. Move the hot composite curve horizontally  so it is on ΔTmin distance from the 
cold composite curve 

3. Use shifted temperatures. Shifted temperatures is a procedure to move the 
composite curves .  1ΔT  2

1
min

 

 

 
Figures 7 & 8: Composite curves and CCC horizontal move “pinch”  

 

2.1.4 Grand Composite Curves  
A grand composite curve is another important tool in the pinch process. It's used to 
study the different heat transfer processes that occurs and the need for external 
sources. The curve gives a distinct picture of how well-optimized the process is. 5 
The grand composite curve is created with hot- and cold composite curves. It can be 
created with a purely graphical method but also with a mathematical method. In the 
graphical method the hot composite curve is moved  ½  down and the coldT  Δ min  
composite curve is moved the same distance up. The composite curves will meet at 
the pinch point when . It is important that the move of  is executedT  Δ min = 0 T  Δ min  
before the grand composite curve is created. If this is not done, a wrongful 
description of the process external energy needs will show. The pinch point should 
not have any energy flow. Below is a two graphs in figure 9 and 10 to illustrate the 
two different cases:  and . 2T  Δ min = 0 T  Δ min > 0   
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Figure 9 & 10: In figure 9 the pinch point is close to H=0 (no heat transfer takes place in this point. In figure 10 

shows a non ideal pinch point with H>0.  
 
 

 
This can also be calculated with . is positive for coldΔT  T interval = T actual ± 2

1
min ±  

streams and negative for hot streams.1  
 

2.1.5 Heat Exchanger Networks  
A heat exchanger network can be created to give a clearer insight to the work of 
optimising the streams energy transfer and processes. HEN’s can be created with a 
simple line diagram later on extended to a “commonsense” diagram. A simple line 
diagram contains information about the stream types, temperature, enthalpy and 
heat transfer. “Commonsense” diagrams are created by adding the different heat 
exchangers in the process and connect them. After conducted pinch analysis a heat 
exchange network should be created with the help of the analysis information. This 
can be a tricky task, especially if there are many different processes, to obtain the 
ideal results the pinch analysis gave. 1 

 

 

19 



 

Figure 11: Example of a heat exchange network with one conjunction below pinch.  

 
The pinch analysis should be used as a guide in this case. It can give a hint of how 
much energy it is possible to save and where the pinch point should be located in the 
HEN. It can also be helpful to add the values from the analysis, above and below 
pinch, next to the “commonsense” heat exchange network. The easiest way to obtain 
a good result, near the ideal pinch, is to start from the pinch point and work out from 
it keeping above and below pinch separate. It is crucial to keep the following 
requirements above pinch and below pinch.6 CP hot ≤ CP cold  CP hot ≥ CP cold   
 
 

2.1.6 Data Extraction  
To extract and handle data is an important part of pinch analysis. It is crucial that this 
is done with accuracy. Parts of the extracted data has to be flexible in order to 
achieve a positive change. The data has to be flexible in the way that it is possible to 
modify or move the sources or sinks after the pinch analysis. The results are based 
on the extracted data hence the importance of correct extractions. The data can be 
collected directly from the process or by extracting data from a simulation of the 
process. Even though it is important to have flexible data in the quantity it is 
necessary to keep the inflexible data in the analysis as well. Inflexible (fixed) data 
might be flows that can’t be moved in consequence of technical or financial hinders. 
The inflexible flow can be taken into consideration and corrected after the analysis is 
observed.2 
 
 

2.2 System Modelling  
A system model is a simplified imitation of the structure that we are interested in.. It 
is created in that way that it will analyze and answer the questions we choose to ask 
it. A model can be biological, informational or in any other field of interest expressed 
in mathematics. System modelling is not only technical, since only certain facets can 
be learned, it is also a form of art. System modelling is subjective and can be 
interpreted differently depending on educational and occupational background.7  
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Figure 12: Different types of models and their interaction with each other.  
It can be hard to draw a line in between them since some models unite. 

 Made with inspiration from [7] .  
 

In this particular case the interests is in the mathematical and technical aspects of 
sources, sinks and pinch analysis in order to create a simulation of the system. 
There are two different types of simulation models: scale simulation models and 
computer simulation models. Scale simulation models are physical and identical in 
all ways except the size. They are useful if the system is too convoluted for 
mathematical analysis. Computer simulation models can, just like the situation 
mentioned for scaled simulations, be complex but in this case it is easier to scale 
away non crucial parameters. A system model would handle all of the parameters its 
given and questions that might be asked while a dynamical model answers certain 
questions. A dynamical analysis model is can analyse a system on a basic level and 
usually have many simplifications. This is because the interest is narrowed down to a 
fixed area.7 
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3 Method 
The project begins with a literature study about pinch analysis and the practical ways 
to model composite curves, pinch analysis and HEN. Supporting literature about 
data extraction, how the pinch point is determined, system modelling and composite 
curves is also studied.  
 
A hypothetical process model consisting of hot and cold streams is created and 
sorted. The hot and cold streams data are separated and plotted. During the initial 
plot the following rules are applied: one streams H endpoint is the next streams initial 
point. After the cold respective the hot streams are plotted in separate TH-diagrams, 
the streams should not overlap and they should not have a gap on the H-axis in 
between them. Horizontal lines are drawn at supply and target temperatures of the 
different streams. If two or more streams are present within a temperature interval 
they are recalculated to a new averaged composed curve. When all streams have 
been recalculated they should be connected to one continuous composite curve. 
This operation is repeated for the remaining cold composite curve. The calculations 
are created with three or more streams in at least one interval to find an iteration 
pattern that can be used on intervals with a higher stream population. All calculations 
have been validated with plots in matlab and other mathematical software.  
 
The composite curves are moved horizontally with a fixed  against the energyH  Δ  
goal and predetermined  . This is done by picking a temperature point on theT  Δ min  
hot composite curve and mathematically moving the cold composite curve until the 
desired is obtained. The new  enthalpy coordinates for the cold compositeT  Δ min  
curve can be calculated with help of its temperature coordinate.  
 
The model is analyzed after the pinch analysis is performed. The chosen 
identification tag is verified by tracking the original streams in the pinch analysis.  
 
Another data set with flexible and fixed streams are introduced. Composite curves 
are created and a pinch analysis is performed with the method above. A heat 
exchange network is created based on the results from the pinch analysis with 
material and energy balance calculations. No cooling or heating is allowed above 
respective below pinch. Total heating and cooling utilities along with process to 
process heat transfer is calculated and presented.  
 
The results have been analyzed and a suggestion for a identification tag for the 
streams have been given along with recommendations for the HEN-model. 
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4 Model Description 
Stream data of three hot respective three cold streams are presented. Hot and cold 
composite curves is created and a pinch analysis conducted with a arbitrarily .T  Δ min  
A heat network exchange diagram is composed for a graphical overview of the 
network.  
 

4.1 Stream data  

 
 P  [kW / C]  C °   [ C]  T s °   [ C]  T t °   [kW ]  H  

Hot 1 (h1) 2 200 50 300 

Hot 2 (h2) 3 300 100 600 

Hot 3 (h3) 3,5 350 150 700 

Cold 1 (c1) 1 100 200 100 

Cold 2 (c2) 7 200 300 700 

Cold 3 (c3)  2 250 400 300 
Table 2: hot and cold streams data  

 

 
Figure 13: Flowchart over the process streams  
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Figure 14: Streams plotted in a TH-diagram  

 

 
 
 

4.1.1 Modelling of a Hot Composite Curve 
 

 P  [kW / C]  C °   [ C]  T s °   [ C]  T t °   [kW ]  H  

Hot 1 (h1) 2 200 50 300 

Hot 2 (h2) 3 300 100 600 

Hot 3 (h3) 3,5 350 150 700 
Table 3: hot stream data  

 
 

Hot streams are divided into intervals as seen in figure 15 below. The intervals are 
chosen after the stream's supply- or target temperatures interaction with another 
streams supply- or target temperature. In other words, a streams start or end 
temperature tells us when a new interval needs to be introduced.  
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Figure 15:: Hot streams divided into intervals  

 
 
ot 1 T H 0 ;                             T                 (h1)  H :  h1 = 1

CP h,1 h1 + 5  t,1 < y < T s,1  

 
ot 2 T H  ;                 (h2)                                 H :  h2 = 1

CP h2 h2                                      T t,2 < y < T s,2  
 
ot 3 T H  ;                           T             (h3)       H :  h3 = 1

CP h3 h3 − 7
750  t,3 < y < T s,3         

 
 
ntervall 0 def ined at T  50 00  I t1 < T h1,0,x < T t2 =  < T h1,0,x < 1 :   

 
T x 0                                                                                   (h1)   h1,x = 1

CP h1 h1,x + 5  
 

50         H  T h1,0,1 =  h1,0,1 = 0  
100     H 00  T h1,0,2 =  h1,0,2 = 1  

 
nterval 1 def ined at T 100 50  I t,2 < Tm,1,x < T t,3 =  < Tm,1,x < 1 :  

  
H 0  ;                                      T              (h, 1)  Tm,1,x = 1

CP +CPh1 h2 m,1,x + 8  t,2 < y < T t,3     m  
 

T 00         H H 00  Tm,1,1 =  h1,0,2 = 1 m,1,1 =  h1,0,2 = 1  
150                      H 50  Tm,1,2 =  m,1,2 = 3  
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nterval 2 def ined at T   150 00  I m,1,2 < Tm,,2,x < T s,1 =  < Tm,2,x < 2 :   
 

H  T g,2,x = 1
CP +CP +CP1 2 3 g,2,x + k  

 
H 50        och       T  50      ger ekvationen för intervall 2  Hm,2,1 =  m,1,2 = 3 m,2,1 = T m,1,2 = T t,3 = 1 :  

 
H H      Tm,2,x = 1

CP +CP +CP1 2 3 m,2,x + k = 1
CP +CP +CP1 2 3 m,2,x + T  ( m,1,2 −

Hm,1,2

CP +CP +CP1 2 3
) =   

 
H 08, 235294                                                                                            (h, 2)     = 1

8,5 m,2,x + 1 8 m  
 

H              T   Tm,2,x = 1
CP +CP +CP1 2 3 m,2,x + T( m,2,1 −

Hm,2,1

CP +CP +CP1 2 3
)  m,1,2 < Tm,2,x < T s,1  

 
150         H 50  T g,2,1 =  m,2,1 = 3  
200         H 75, 000001  T g,2,2 =  m,2,2 = 7 0  

 
ntervall 3 def ined at   T 200 00  I m,2,2 < Tm,3,x < T s,2 =  < Tm,3,x < 3 :  

 
H  Tm,3,x = 1

CP +CP2 3 m,3,1 + k  
 

 75, 000001   och     T 200  ger ekvationen för intervall 3  Hm,3,1 = Hm,2,2 = 7 0 m,3,1 = Tm,2,2 =  :  
 

 0, 6923077      (h, 3)  Tm,3,x =
Hm,3,x

CP +CP2 3
+ k =

Hm,3,x

CP +CP2 3
+ T( m,3,1 −

Hm,3,1

CP +CP2 3
) =

Hm,3,x

CP +CP2 3
+ 8 7 m  

 
00          H 75, 000001  Tm,3,1 = 2 m,3,1 = 7 0  
00          H 425  Tm,3,2 = 3 m,3,2 = 1  

 
nterval 4 def ined at  T 300 00  I s,2 < T h,3,x < T s,3 =  < T h,3,x < 4 :   

 
T H  ;                            T                       (3)   h,3 = 1

CP h,3 h,3 − 7
750  s,2 < T h,3,x < T s,3   

 
00          H 425  T h3,4,1 = 3 h3,4,1 = 1  

350         H 600  T h3,4,2 =  h3,4,2 = 1  
 
Hot streams plotted with the hot composite curve shows how the merged stream's 
slope and temperature is altered. It can also be seen that the composite curve runs 
through the same distance as the hot streams with respect to .H  Δ   

26 



 

 
Figure 16: Hot streams and the hot composite curve plotted in the same graph  

 

The hot composite curve with the intervals plotted in different colors shows how the 
three hot streams have been divided into five intervals. Note that the end and start 
curves are the linear hot stream functions  and .h1)  ( h2)  (   

 
Figure 17: Hot composite curve 
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4.1.2 Verification of  Hot Composite Curve and Hot StreamsH  Δ   
 
H 600 600  Δ merged = Hh3,3,2 − Hh1,0,1 = 1 − 0 = 1  

 
H H H H 00 00 00 600  Δ hot streams = Δ h1 + Δ h2 + Δ h3 = 3 + 6 + 7 = 1  

 
H H  Δ hot streams = Δ merged  

 

4.1.3 Modelling of a Cold Composite Curve 
 

 P  [kW / C]  C °   [ C]  T s °   [ C]  T t °   [kW ]  H  

Cold 1 (c1) 1 100 200 100 

Cold 2 (c2) 7 200 300 700 

Cold 3 (c3) 2 250 400 300 
Table 4: cold stream data  

 
The cold streams are plotted in a TH-diagram and divided into intervals in Figure 18. 
The intervals are introduced when a streams supply or target temperature is reached 
and the streams interact with each other.  
 

 
Figure 18: Cold streams 
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nterval 0 is given by  T  , 100 00  I s,c1 < T xxx < T t,c1  < T < 2 :  

 
H onstant H 500                                       (c1)  T c1,0,x = 1

CP c1 c1,0,x + c = 1
CP c1 c1,0,x − 1   

 
00            H 600  T c1,0,1 = 1 c1,0,1 = 1  
00            H 700  T c1,0,2 = 2 c1,0,2 = 1  

 
nterval 1 is given by T , 200 50  I t,c1 = T s,c2 < T c2,1,x < T t,c3  < T c2,1,x < 2 :  

 
H onstant H                                             (c2)  T c2,1,x = 1

CP c2 c2,1,x + c = 1
CP c2 c2,1,x − 7

300  
 

00            H 700  T c2,1,1 = 2 c2,1,1 = 1  
50            H 050  T c2,1,2 = 2 c2,2,2 = 2  

 
nterval 2 is given by T , 250 00  I s,c3 < Tm,2,x < T t,c2  < T c2,1,x < 3 :  

 
H onstant H                               (c, 2)  Tm,2,x = 1

CP +CP2 3 m,2,x + c = 1
CP +CP2 3 m,2,x + 9

200 m  
 

50            H 050  Tm,2,1 = 2 m,2,1 = 2  
00            H 500  Tm,2,2 = 3 m,2,2 = 2  

 
nterval 3 is given by T , 300 00  I s,c2 < T c3,3,x < T s,c3  < T c3,3,x < 4 :  

 
H onstant H 50  T c3,3,x = 1

CP c3 c3,3,x + c = 1
CP c3 c3,3,x − 9  

 
00           H 500  T c3,3,1 = 3 c3,3,1 = 2  
00            H 700  T c3,3,2 = 4 c3,3,2 = 2  
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Figure 19: Cold  composite curve 

 

4.3.1 Verification of Cold Composite Curve and Cold Streams  
 
H 700 600 100  Δ merged = Hc3,3,2 − Hc1,0,1 = 2 − 1 = 1  

 
H H H H 00 00 00 100  Δ cold streams = Δ c1 + Δ c2 + Δ c3 = 1 + 7 + 3 = 1  

 
H H  Δ cold streams = Δ merged  

 

4.1.4 Pinch Analysis With T  Δ min  
The hot and cold composite curves are plotted in figure 20. They are placed in the 
same manner as the hot and cold streams was placed. Where the hot composite 
curves enthalpy ends the cold composite curve starts.  
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Figure 20: HCC and CCC plotted in the same diagram 

 

 
 

T  is chosen to  20 C                     ΔT C        Δ min
°

min = 20°  
 
ince ΔT  can take place anywhere on the curves. T is chosen to T 00 C .   S min cold cold = 2 °  
his gives T 20 C for a ΔT C.  T hot = 2 °

min = 20°  
 
rom (hot, 3) we have  F m :   

 
0, 6923077     =>  H 04, 999998 05   T hot,m3,x =

Hm,3,x

CP +CP2 3
+ 8 7 <  m,3,T=220 = 9 9 ≈ 9  

 
n order to obtain ΔT C we have to move H  I min = 20°

cold, T=200 :  
 

H            ΔH 700 05 95  Hhot, T=220 = Hcold, T=200 − Δ = Hcold, T=200 − Hhot, T=220 = 1 − 9 = 7  
 
his gives the new H coordinates. For example Interval 1 start and end point  T −  :   

 
00            H 600 95 05  T c1,0,1 = 1 c1,0,1 = 1 − 7 = 8  
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20            H 700 95 05  T c1,0,2 = 2 c1,0,2 = 1 − 7 = 9  
 
The hot and cold composite curves are moved so they are at a distance of inT  Δ min  
figure 21. Every interval on the cold composite curve has been recalculated and 
moved a distance as computed above. is constant but with new values.H H  Δ   

 
 

Figure 21: Obtained pinch point  
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4.2 Heat Exchange Network Modelling With Flexible and 
Fixed Streams  
One hot and one cold stream are labeled as non-flexible, fixed, streams. Pinch 
analysis is performed as shown before. Flexible and fixed streams are included. The 
non-flexible flows are not included in the creation of the heating network exchange 
and the actual process heat transfer, cold- and hot utilities are calculated and 
compared to the ideal process heat transfer, cold- and hot utilities.  
 

 Label  [ C]  T s °   [ C]  T t °  P  [kW / C]  C °   [kW ]  H  

Hot 1  h1, flexible 150 100 6 300 

Hot 2  h2, fixed 200 50 3 450 

Hot 3  h3, flexible 400 100 8 2400 

Hot 4  h4, flexible  350 100 8 2000 

Cold 1  c1, flexible 100 200 7,5 750 

Cold 2  c2, fixed 150 300 10 1500 

Cold 3  c3, flexible  100 180 5 400 

Cold 4  c4, flexible  130 400 20 5400 
Table 6: Flexible and fixed stream data  

 
Figure 22: Stream data 

 

33 



 

 
 

 
      Figure 23: Cold composite curve Figure 24: Hot composite curve 

 

 
Figure 25: T 0. CCC moved ΔH 37,   Δ min = 1 = 7 5  
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Figure 26: Hot utility, cold utility and process heat transfer 

 
deal cold utility given f rom the pinch analysis 737,  kW  I :  5  

 
00 C                    H 37,  kW  T c,1 = 1 °

T c,1 = H ideal cold = 7 5  
 
deal hot utility given f rom the pinch analysis 637,  kW  I : 3 5  

 
00 C                  H 787,  kW  T c,2 = 4 °

T c,2 = 8 5  
00 C                  H 150 kW  T h,2 = 4 °

T h,2
= 5  

 
787, 150 637,  kW  HT c,2 − HT h,2

= H ideal hot = 8 5 − 5 = 3 5  
 
deal process heat transfer 412,  kW  I : 4 5  

 
787,  kW   37,  kW 637, 412,  kW  HT c,2 − H ideal cold − H ideal hot = 8 5 − 7 5 − 3 5 = 4 5  

 
A heat exchange network is created following the rules:  
 
bove pinch CP  A :  hot ≤ CP cold  
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elow pinch P  B : C hot ≥ CP cold  
 
If no matches can be found due to the rules above streams can be split. For example 
stream C4 has been split to be matched with H3 and H4.  
 

 =>  20 9  CPC4 = CPC4,s,1 + CPC4,s,2 + CPC4,s,3 <  =  + 9 + 2  
 
Hot streams are shifted down  and cold streams are shifted up with :2

ΔTmin
2

ΔTmin  
  

 Label  [ C]  T s °   [ C]  T t °  P  [kW / C]  C °   [kW ]  H  

Hot 1  h1, flexible 145 95 6 300 

Hot 2  h2, fixed 195 45 3 450 

Hot 3  h3, flexible 395 95 8 2400 

Hot 4  h4, flexible  345 95 8 2000 

Cold 1  c1, flexible 105 205 7,5 750 

Cold 2  c2, fixed 155 305 10 1500 

Cold 3  c3, flexible  105 185 5 400 

Cold 4  c4, flexible  135 405 20 5400 
Table 7: shifted stream data 
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T   1  1  F   2   3   4  2  F   5   6   7   8  TΔ  

405        CP=9 CP=9 CP=2  

           10 

395   CP=8         

           50 

345    CP=8        

           40 

305      CP=10      

           100 

205     CP=7,5       

           10 

195  CP=3          

           10 

185       CP=5     

           30 

155            

           10 

145 CP=6           

           10 

135            

           30 

105            

           10 

95            

           50 

45            

            
Table 8: Shifted streams in temperature intervals 
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Match 1, streams 2 & 6, above pinch: 

T  Δ  H    [kW ]  Δ stream 2  H   [kW ]  Δ stream 6  H  [kW ]  Δ stream 6 & 2  

10  90 90 

50 -400 450 50 

40 -320 360 40 

100 -800 900 100 

10 -80 90 10 

10 -80 90 10 

30 -240 270 30 

10 -80 90 10 

10 -80 90 10 

Total 2080 2430 350 
Table 9: Stream 2 meets its energy needs, stream 6 needs 350 kW 

 
 
Match 2, streams 3 & 7, above pinch:  

T  Δ  H   [kW ]  Δ Stream 3  H  [kW ]  Δ Stream 7   H  [kW ]  Δ stream 7 & 3  

10  90 90 

50  450 450 

40 -320 360 40 

100 -800 900 100 

10 -80 90 10 

10 -80 90 10 

30 -240 270 30 

10 -80 90 10 

10 -80 90 10 

Total -1680 2430 750 
Table 10: Stream 3 meets its energy needs, stream 7 needs 750 kW 
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Match 3, streams 1 & 4, above pinch:  

T  Δ  H  [kW ]  Δ Stream 1  H [kW ]  Δ Stream 4   H  Δ stream 1&4  

10  75 75 

10  75 75 

30  225 225 

10  75 75 

10 -60 75 7,5 

Total -60 525 465 
Table 11: Stream 1 meets its energy needs, stream 4 needs 465 kW 

 
 
 
 
No matches, stream 5, 8 and F2, above pinch: 

T  Δ  H  [kW ]  Δ Stream 5  H  [kW ]  Δ Stream 8  H  [kW ]  Δ Stream F2  

10  20  

50  100  

40  80  

100  200 1000 

10  20 100 

10  20 100 

30 150 60 300 

10 50 20  

10 50 20  

TOTAL 250 540 1500 
Table 12: No found matches for streams 5, 8 and F2 
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Heating utilities above pinch:  

 H     [kW ]  Δ  

H  Stream 5, (5)  Δ   250 

H  Stream 8, (2)  Δ   540 

H  Stream F2, (10)  Δ   1500 

atch 1, heating utilities  M   350 

atch 2, heating utilities  M   750 

atch 3, heating utilities  M   465 

Total 3855 
Table 13: Heating utilities above pinch 

 
 
Match 4, streams 2 & 4, below pinch:  

T  Δ  H  Stream 2 (8) [kWΔ H  Stream 4 (7, ) [kΔ 5 H  [kW ]  Δ stream 1&9  

30 -240 225 -15 

10 -80  -80 

Total -320 225 95 
Table 14: Stream 4 meets its energy needs, stream 2 needs 95 kW 

 
 
 
Match 5, streams 3 & 5, below pinch:  

T  Δ  H  Stream 3 (8)  [kW ]Δ H  Stream 5 (5) [kW ]Δ H  [kW ]  Δ stream 3&5  

30 -240 150 -90 

10 -80  -80 

Total -320 150 -170 
Table 15: Stream 5 meets its energy needs, stream 3 needs 170 kW 
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No matches, stream F1, below pinch:  

T  Δ  H  Stream F1 (3)  [kW ]  Δ  H  Stream 1  Δ  

   

30 -90 -180 

10 -30 -60 

50 -150  

Total -270 -240 
Table 16: Stream 1 needs 240 kW and F1 270 kW 

 
 
 
Cooling utilities below pinch:  

 H     [kW ]  Δ  

H  Stream F1  Δ  -270 

atch 4, cooling utilities  M   -95 

atch 5, cooling utilities  M   -170 

H  Stream 1  Δ  -240 

Total  -775 
Table 17: Total cooling below pinch 

 
 
 
Violations: Cooling required above pinch for F1:  

T  Δ  H  Stream F1 (3) [kW ]  Δ  

10 -30 

10 -30 

30 -90 

10 -30 

10 -30 

Total  -210 
Table 18: Violations below pinch for fixed  stream F1 
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Heating and cooling with violations included:  

 H     [kW ]  Δ  

ooling utilities, below pinch  C   -775 

ooling utilities, above pinch  C   -210 

eating utilities, above pinch  H   3855 

eating utilities, below pinch  H   0 

ooling utilities / Heating utilities  C  -985 / 3855 
Table 19: Cooling and heating utilities in the process  
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5 Result  
The streams can be tracked throughout the whole process and with caution after the 
pinch analysis. This is by tagging the coordinates of and . The coordinatesHstart Hend  
is constant before the pinch analysis but changes when the cold composite curve is 
moved to obtain . The hot composite curves and  remains the sameT  Δ min Hstart Hend  
if the pinch analyst choses to perform the analysis by moving the cold composite 
curve until  is obtained. The tag should be flexible to be able to keep track onT  Δ min  

and during the pinch transition.The streams should be plotted by theHstart Hend  
following rules in an automated pinch:  
 

1. The first hot stream is plotted from  to . The following (h1) H = 0  H2,h1 = ΔHh1  
hot stream  starts at  and ends at . This (h2) H1,h2 = H2,h1 H  H2,h2 = H2,h1 + Δ h2  
pattern is repeated for all hot streams.  

2. When all the hot streams are plotted the cold streams should follow. The last 
hot streams end point is the first cold streams start point by the same pattern 
as above.  

3. The hot and cold composite curves is created and the streams will keep their 
and tags.Hstart Hend   

4. When the pinch analysis is performed the coordinates and  for theHstart Hend  
cold composite curve will change with a distance . The new coordinates will d  
be  and . Hstart + d  Hend + d   

 
Example on streams enthalpy and the steps 1-4 is plotted in figures 27, 28 and 29 
below. 27 show the original streams, 28 the composite curves and 29 after the pinch 
is obtained. It is important to observe that the temperature changes when the 
streams transition from streams to composite curves. The temperature ranges as the 
earlier limits. It is not possible to find the original streams temperature with the tags 
coordinate after the composite curves are created.  
 

 
Figure 27, 28 & 29: and during a pinch transitionHstart  Hend  
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There's also a possibility to identify the streams by tagging  combined withH  Δ  
another parameter. The designer has the alternative to further analyze the streams 
during the creation of a HEN/MER (Maximum Energy Recovery Network).  
 
When performing a pinch analysis on fixed/flexible streams the temperatures needs 
to be shifted before creating a HEN. The different streams can be further analyzed 
while keeping the pinch point without heat transfer. A HEN is an important analysis 
tool to use as an extension of the pinch analysis. The required total cooling and 
heating in the dataset used in this report is stated in table 20.  
 

 Ideal  Fixed Streams 

Heating utilities  3637,5 kW 3855 kW 

Cooling utilities  737,5 kW 985 kW 
Table 20: Comparison between the ideal utility need and actual utility need for a pinch with fixed streams  

 
As the reader might notice - the enthalpy changes between the ideal pinch result and 
fixed stream result isn't as big as one would expect.  
 
It would be to the automated pinch analysis benefit if stream splitting and matching 
could be generated mathematically with the option for manual re-construction. A 
similar report like table 15 is beneficial in an automated pinch because it gives a 
clear overview of all the sources and sinks that are available in the processes. It also 
provides the designer a clear overview for the HEN creation.  
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6 Discussion and Analysis  
and is the most suitable tag that I’ve come across since it gives aHstart Hend  

geographical position in the graph. Another type of tagging like color coding would 
be possible but it’s not the best solution when it comes to system modelling. An 
integer tag gives a higher accuracy than for example a color tag and delivers more 
options for further analysis. Other suitable tags is available such as tagging . IfH  Δ  
the choice falls on tagging  there is a small risk that this value can interfere withH  Δ  
another identical stream.  would need another parameter such as or .H  Δ Hstart Hend  
There is also a choice to analyze every stream when creating a heating exchange 
network after the pinch analysis but with the tag the analyst can find the streams 
directly in the pinch.  
 
It can also be to a benefit for the automated pinch analysis to plot the hot composite 
curve from H=0 and the first cold streams start point is located at the last hot streams 
endpoint. This will make things easier when the streams are converted into 
composite curves since the H- coordinates remains the same before pinch. As said 
earlier, when the pinch analysis is created and the cold composite curve is moved 
against the H-tag needs to follow the change, even in this case.T  Δ min   
 
It is complex to create a heat exchange network. There are many aspects (financial, 
technical, safety) playing into the layouts of a heat exchange network. When creating 
a HEN model the streams should be moveable for flexibility for both retrofits and new 
designs. If a heating exchange network is solved in a purely mathematical way the 
solution can lack consideration for irregular financial and technical hinders. The 
bigger the model gets, the more complex the building of a HEN gets. Streams will 
generally need splitting and this increases the complexity of the model8 There is also 
a risk in system modelling that the matches created can go against the pinch rules 
with no heating or cooling above/below pinch. A mathematical solution combined 
with a flexible matching model would be the better solution. This can be made so 
that each stream keeps its data in form of a tag and the designer can match whole 
streams, combinations or splits. I believe a tool for comparison of different heating 
exchanger networks is beneficial so the designer can compare different solutions 
with the demands from the specific process.  
 
In some cases its not possible to match every stream in a HEN and pinch rules has 
to violated. In the case (p. 38) external cooling was needed above pinch. The 
streams are fixed and have to remain as before the pinch analysis. This won't impact 
the pinch analysis since the streams are fixed and even though they are in the 
analysis - the cooling above pinch won't affect the final outcome.  
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The fixed streams both carry bigger enthalpy changes then the difference shows 
between an ideal pinch HEN and the actual fixed streams HEN. This is because the 
number of matches was limited for this data set and the need for external heating 
and cooling would remain with fixed streams from the ideal pinch.± 00 kW  ≈ 2   
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Appendix A Matlab  
Figure “H-T diagram”:  

x1 = [85 309];y1 = [100 220];x2 = [0 270];y2 = [100 200] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2,’:’) 
axis([0 350 0 250]) 
title('T and H diagram') 
grid on  

Figure “hot and cold composite curves”:  

x2 = [1000 750 500 250 0];y2 = [150 75 35 20 0];x1 = [2500 2000 1250 1000];y1 = [180 120 70 15] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2) 
axis([0 2500 0 200]) 
title('Hot and Cold Composite Curves') 

Figure “hot and cold composite curves”:  

x2 = [1000 750 500 250 0];y2 = [150 75 35 20 0];x1 = [2000 1500 750 500];y1 = [180 120 70 15] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2) 
axis([0 2500 0 200]) 
title('Hot and Cold Composite Curves') 

Figure “ideal grand composite curve”:  

Ideal grand composite curve 
x = [25 89 0 89 57];y = [165 145 100 80 25] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x,y,'-o') 
axis([0 100 0 200]) 
title('Grand Composite Curve') 

Figure “non ideal grand composite curve”:  

x = [25 89 15 89 57];y = [165 145 100 80 25] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x,y,'-o') 
axis([0 100 0 200]) 
title('Grand Composite Curve') 

Figure “HCC och flöden”: 

x2 = [0 100];y2 = [50 100];x1 = [100 350];y1 = [100 150];x3 = [350 775];y3 = [150 200];x4 = [775 1425];y4 = [200 
300];x5 = [1425 1600];y5 = [300 350];x6 = [300 0];y6 = [200 50];x8 = [900 300];y8 = [300 100];x9 = [900 1600];y9 
= [150 350] 
set(0,'defaultlinelinewidth',2) 
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clf 
plot(x1,y1,x2,y2, x3, y3, x4, y4, x5, y5, x6, y6, x8, y8, x9, y9) 
axis([0 1700 0 500]) 
title('Old curves with Hot Composite Curve') 

Figure “HCC”:  

x2 = [0 100];y2 = [50 100];x1 = [100 350];y1 = [100 150];x3 = [350 775];y3 = [150 200];x4 = [775 1425];y4 = [200 
300];x5 = [1425 1600];y5 = [300 350] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2, x3, y3, x4, y4, x5, y5) 
axis([0 1700 0 500]) 
title('Hot composite curve') 

Figure “Hot and cold streams”: 

x2 = [1600 1700];y2 = [100 200];x1 = [1700 2400];y1 = [200 300];x3 = [2400 2600];y3 = [250 400];x4 = [0 300];y4 
= [50 200];x5 = [300 900];y5 = [100 300];x6 = [900 1600];y6 = [150 350]; 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2, x3, y3, x4, y4, x5, y5, x6, y6) 
axis([0 3000 0 500]) 
title('Hot and cold streams') 
 
Figure “Hot and cold composite curves”: 
x2 = [0 100];y2 = [50 100];x1 = [100 350];y1 = [100 150];x3 = [350 775];y3 = [150 200];x4 = [775 1425];y4 = [200 
300];x5 = [1425 1600];y5 = [300 350];x6 = [1600 1700];y6 = [100 200];x7 = [1700 2050];y7 = [200 250];x8 = [2050 
2500];y8 = [250 300];x9 = [2500 2700];y9 = [300 400] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2, x3, y3, x4, y4, x5, y5, x6, y6, x7, y7, x8, y8, x9, y9) 
axis([0 3000 0 500]) 
title('Hot & cold composite curves') 

Figure “Hot and cold streams, non-flexible”: 

x2 = [0 300];y2 = [100 150];x1 = [300 750];y1 = [50 200];x3 = [750 3150];y3 = [100 400];x4 = [3150 5150];y4 = 
[100 350];x5 = [5150 5900];y5 = [100 200];x6 = [5900 7400];y6 = [150 300];x7 = [7400 7800];y7 = [100 180];x8 = 
[7800 13200];y8 = [130 400] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2, x3, y3, x4, y4, x5, y5, x6, y6, x7, y7, x8, y8) 
axis([0 14000 0 500]) 
title('Hot and cold streams') 

Figure “Cold composite curve, non-flexible”: 

x2 = [0 375];y2 = [100 130];x1 = [375 1025];y1 = [130 150];x3 = [1025 2300];y3 = [150 180];x4 = [2300 3050];y4 = 
[180 200];x5 = [3050 6050];y5 = [200 300];x6 = [6050 8050];y6 = [300 400] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2, x3, y3, x4, y4, x5, y5, x6, y6) 
axis([0 9000 0 500]) 
title('Cold Composite Curve') 
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Figure “Hot Composite Curve, non-flexible”: 

x2 = [0 150],y2 = [50 100];x1 = [150 1400];y1 = [100 150];x3 = [1400 2350];y3 = [150 200];x4 = [2350 4750];y4 = 
[200 350];x5 = [4750 5150];y5 = [350 400] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2, x3, y3, x4, y4, x5, y5) 
axis([0 5000 0 500]) 
title('Hot Composite Curve') 

Figure “Pinch, non flexible”: 

x2 = [737.5 1112.5];y2 = [100 130];x1 = [1112.5 1762.5];y1 = [130 150];x3 = [1762.5 3037.5];y3 = [150 180];x4 = 
[3037.5 3787.5];y4 = [180 200];x5 = [3787.5 6787.5];y5 = [200 300];x6 = [6787.5 8787.5];y6 = [300 400];x7 = [0 
150];y7 = [50 100];x8 = [150 1400];y8 = [100 150];x9 = [1400 2350];y9 = [150 200];x10 = [2350 4750];y10 = [200 
350];x11 = [4750 5150];y11 = [350 400] 
set(0,'defaultlinelinewidth',2) 
clf 
plot(x1,y1,x2,y2, x3, y3, x4, y4, x5, y5, x6, y6, x7, y7, x8, y8, x9, y9, x10, y10, x11, y11) 
axis([0 9000 0 500]) 
title('Pinch with deltaT=10') 
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Appendix B Calculations 
Alternative calculations for a heating exchange network with pinch point 140 C - 
observe another pinch point was chosen in this example. This calculation can (ΔT )min  
be used to find out the streams temperature in a point.  

 

 
Figure XX: Heat exchanger network with matchings 

 
Above pinch 
Match 1:  

00 C      T 45 C    CP       Q (400 45) 040 kW  T hot = 4 °
pinch = 1 ° = 8 hot = 8 − 1 = 2  

00 C    T 35 C    CP       Q (400 35) 385 kW   T cold = 4 °
pinch = 1 ° = 9 cold = 9 − 1 = 2  

ot is ok, got down to 145. Cold reaches T  H  cold,exchange :  
35 62 C  T cold,exchange = 9

2040 + 1 = 3 °  
42 kW  Qexternal heating,m1 = Qeh,m1 = 9 * (400 C 62 C)° − 3 ° = 3  

 
old needs 342 kW  external heating to reach target.  C  

 
Match 2:  

50 C      T 45 C    CP       Q (350 45) 640 kW  T hot = 3 °
pinch = 1 ° = 8 hot = 8 − 1 = 1  

00 C    T 35 C    CP       Q (400 35) 385 kW   T cold = 4 °
pinch = 1 ° = 9 cold = 9 − 1 = 2  

old reaches T  C cold,exchange :  
35 17 C  T cold,exchange = 9

1640 + 1 = 3 °  
47 kW  Qexternal heating,m2 = Qeh,m2 = 9 * (400 C 17 C)° − 3 ° = 7  
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old needs 747 kW  external heating to reach target.  C  

 
Match 3: 

50 C      T 45 C    CP       Q (150 45) 0 kW  T hot = 1 °
pinch = 1 ° = 6 hot = 5 − 1 = 3  

00 C     T 35 C    CP ,       Q , (200 35) 87,  kW   T cold = 2 °
pinch = 1 ° = 7 5 cold = 7 5 − 1 = 4 5   

35 39 C  T cold,exchange = 30
7,5 + 1 = 1 °  

, 57,  kW  Qexternal heating, m3 = Qeh,m3 = 7 5 * (200 C 39 C)° − 1 ° = 4 5  
 
old needs 457,  kW  external heating to reach target.  C 5  

 
Heating utilities:  
treams without matches  S :   

(non lexible) Q  0(300 50) 500 kW  C2 − f :  c2,non−f lexible = 1 − 1 = 1  
(no match) (180 35) 25 kW  C3 : Qc3,no match = 5 − 1 = 2  
(part 3) (400 35) 30 kW  C4 : Qc4,part3 = 2 − 1 = 5  

 
otal heating utilities Q  T :  total = Qeh,m1 + Qeh,m2 + Qeh,m3 + Qc2,non−f lexible + Qc3,no match + Qc4,part3 =  

51 kW 47 kW 57,  kW 500 kW 25 kW 30 kW 810,  kW  = 3 + 7 + 4 5 + 1 + 2 + 5 = 3 5  
 
Below pinch 
Match 4: 

(145 00) 70 kW  Qhot = 6 − 1 = 2  
(135 30) 5 kW  Qcold = 5 − 1 = 2  

ot reaches T  H hot,exchange :  
45 41 C  T hot,exchange = 6

25 − 1 = 1 °  
(145 00) 46 kW  Qexternal heating, m4 = Qeh,m4 = 6 − 1 = 2  

 
ot needs 246 kW  external heating to reach target.  H  

 
Match 5:  

(145 00) 60 kW  Qhot = 8 − 1 = 3  
(135 00) 75 kW  Qcold = 5 − 1 = 1  

ot reaches T  H hot,exchange :  
45 23 C  T hot,exchange = 8

175 − 1 = 1 °  
(123 00) 84 kW  Qexternal cooling, m5 = Qec,m4 = 8 − 1 = 1  

ot needs 184 kW  external heating to reach target.  H  
 
Match 6:  
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(145 00) 60 kW  Qhot = 8 − 1 = 3  
, (135 00) 63 kW  Qcold = 7 5 − 1 = 2  

ot reaches T  H hot,exchange :  
45 12 C  T hot,exchange = 8

263 − 1 = 1 °  
(112 00) 6 kW  Qexternal cooling, m4 = Qec,m6 = 8 − 1 = 9  

Hot needs 96 kW  external heating to reach target.    
 
Cooling utilities: 
n this case a rule has to be violated "No cooling above pinch". !  I :   

(non lexible) Q  (200 0) 50 kW  H2 − f :  h2,non−f lexible = 3 − 5 = 4  
 
otal cooling utilities 50 kW 6 kW  184 kW 46 kW  T : Qh2,non−f lexible + Qec,m6 + Qec,m4 = 4 + 9 +  + 2 =  

76 kW  = 9  
 

 Ideal Fixed Streams  

Heating Utilities 3637,5 kW 3810,5 kW 

Cooling Utilities 737,5 kW 976 kW 
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