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Abstract−− In this paper, a new procedure for the 

design and analysis of Heat and Power Plants is pre-
sented. In this formulation, thermodynamic solutions 
obtained by maximizing the plant efficiency are used 
to find the economic design of the plant. In fact, by 
applying the Karush-Kuhn-Tucker conditions it is 
possible to relate thermodynamic and economic solu-
tions. A formal context for the use of thermodynamic 
models in solving complex optimization problems 
that arise in the area of synthesis and design of 
chemical processes is introduced. The proposed 
methodology has been successfully applied for two 
plant arrangements. Rigorous models have been 
used to model the plant equipments. The obtained 
results are presented in order to illustrate the pro-
posed procedure. 

Keywords−− Thermodynamic solutions, optimal 
design of combined power and heat plants, optimiza-
tion.  

I. INTRODUCTION 
To address the problem of design of Combined Heat 

and Power plants, several methods have been reported 
in the literature. These methods generally follow two 
basic approaches: those based on thermodynamic targets 
and heuristic rules (Thermodynamic and Thermo-
economic approach), and those based on optimization 
techniques (Mathematical Optimization).  

The traditional way of designing Combined Heat 
and Power Plants is to maximize the thermal efficiency 
of the whole system. For this purpose analysis methods 
based on both the first and second law of thermodynam-
ics have been extensively discussed in the literature 
(Linnhoff and Townsend, 1982; Linnhoff et.al, 1982, 
Colmenares and Seider, 1987). The analysis reveals the 
thermal inefficiencies of the various subsystems of the 
plant. Once the inefficiencies have been identified, heu-
ristics rules are applied to improve the performance of 
the plant. These heuristics form the basis for both pa-
rameter and structural modifications to the plant. The 
capital cost of the plant is assessed after the thermally 
best design is achieved. 

Thermo-economic approach (Valero et.al, 1986, 
1989; Frangopoulos C., 1990a, 1990b; Tsatsaronis G. 
1990, 1991) is an extension of the thermodynamic ap-
proach. The capital cost of the units and the prices of 

product streams of the units are included in the second 
law analysis model in the plant. This approach tries to 
address the trade-off between thermal efficiency and 
capital expenditure. 

Mussati et al. (2001) recently presented a “hybrid 
methodology” involving thermodynamic solutions as 
starting points to optimize the Multiple Stage Flash 
(MSF) desalination system. This equiptment was rigor-
ously modelled and the objective was to find the con-
figuration and operating conditions to minimize the total 
annual cost of the system which is composed by the 
investment cost (heat transfer area and flashing chamber 
area) and operating cost (vapour consumption). 

In this paper the “hybrid methodology” presented in 
Mussati et al. (2001) is extended to the case of cogene-
ration plants. Precisely, an additional term ìn the objec-
tive function which includes investment cost of power 
production is introduced. New relationships between 
thermodynamic and economic solutions are derived for 
power and heat production plants. A formal context for 
the use of thermodynamic models in solving complex 
optimization problems that arise in the area of chemical 
processes design is introduced. 

This work is organized as follows. Section II intro-
duces the problem definition. Section III briefly de-
scribes the processes to be analyzed. Section IV pre-
sents the solution procedure and Section V illustrates a 
numeric example through a case study. Finally, Section 
VI presents the conclusions and major challenges for 
further research.   
 

II. PROBLEM DEFINITION 
The problem is stated as follows. Given are the cost 

data, the process heat demand (or fresh water produc-
tion and seawater conditions: temperature and composi-
tion). The goal of the problem is to determine the opti-
mal operating conditions of a cogeneration plant at 
minimum cost per unit time. Note that only the process 
heat demand (or fresh-water demand) is given while the 
electricity production is a free variable because a benefit 
of the electricity produced by the systems is considered.   

 

III. PROCESS DESCRIPTION  
Figure 1 shows the configuration system to be con-

sidered and analyzed in this paper.  
 


