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Abstract- Combined Heating, Cooling and Power Production (tri-generation) investment is becoming a complex decision 
with hybrid use energy resources. The main aim of this paper is to identify and discuss some of the important and critical 
decision criteria to make an investment decision and define the best appropriate university campus for investment decision. 
Criteria affecting the decisions are taken from the literature and were reviewed by tri-generation authorities in order to define 
the fuzzy relations and the priority of the campuses is analyzed.  
 
Index Terms- Tri-generation, Fuzzy Topsis. 
 
I. INTRODUCTION 
 
Combined heating and power (CHP) systems and 
combined cooling, heating and power (CCHP) 
systems have become the main solutions to improve 
the energy efficiency and to reduce greenhouse gas 
(GHG) emissions[1]-[3], as a result of   the rapid 
development of distributed energy supply systems 
[4]-[7]. 
In recent years; owing to its distinctive advantages of 
high system and economic efficiency, and less 
greenhouse gas (GHG) emissions; the combined 
cooling, heating and power (CCHP) system  has been 
increasingly attracting attention in academia and 
industries [8]  
The aim of the paper is identify and discuss some of 
the important and critical decision criteria to make tri-
generation investment decision and finding the 
priority of the six alternative tri-generation campus 
investment.  The objective of this paper is analyzing 
the unstable and complex structure of tri-generation 
investment decision by running an expert survey to 
find out the best investment alternatives for university 
campus. The case application will be done in Turkey 
for six university campus. 
 
II. FUZZY TOPSIS 
 
Hwang and Yoon [9] introduced the TOPSIS method 
based on the idea that the best alternative should have 
the shortest distance from an ideal solution. Recently, 
some researchers have focused on developing fuzzy 
TOPSIS methods to deal with the uncertainty in case 
of incomplete or vague information. Fuzzy Topsis 
method is applied in many fields. This section will 
focus on studies in the literature. Kaya T. et al. [10] 
are proposed a modified fuzzy TOPSIS methodology 
for the selection of the best energy technology 
alternative. Chamodrakas et al [11] 
employed fuzzy TOPSIS to help suppliers to evaluate 
customers within the order acceptance process so that 
the resource allocation and the priority of orders 
could be identified. Chu et al [12] designed a fuzzy 

TOPSIS model based on interval arithmetic of fuzzy 
numbers. Kahraman et al [13] proposed an interactive 
group decision making methodology based on fuzzy 
TOPSIS to select information system providers under 
multiple criteria. Awasthi et all [14] is used Fuzzy 
TOPSIS for evaluating sustainable transportation 
systems. Rouhani et all [15] 
 
propose a new model to provide a simple approach to 
assess enterprise systems in business intelligence 
aspects. Zeydan and Colpan [16] proposed an 
approach provides a comprehensive measure of 
performance incorporating both quantitative and 
qualitative attributes. Cavallaro [17] 
assessed thermal-energy storage in concentrated solar 
power (CSP) systems using Fuzzy Topsis. Boran et. 
Al. [18] evaluated renewable energy technologies for 
electricity generation in Turkey using Intuitionist 
Fuzzy TOPSIS. 
 
Generally, the Fuzzy TOPSIS method has the 
following five steps as suggested by Chen [19].The 
steps of the Fuzzy TOPSIS are as follows:  
Step 1: Identify the alternatives and evaluation 
criteria. Then specify a committee of decision-
makers. 
 

 
Table 1. Linguistic variables for weight of each criterion [19] 
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Table 2. Linguistic variables for the ratings. 

 
Step   3: The decision-makers use the linguistic rating 
variables (shown in Table 2) to evaluate the rating of 
alternatives with respect to each criterion.  
 
Step 4: Converting the linguistic evaluation into 
triangular fuzzy numbers to construct the fuzzy 
decision matrix and determine the fuzzy weight of 
each criterion. 
 
Step 5: Constructing the normalized fuzzy decision 
matrix. Assume that a decision group has K persons, 
and then the importance of the criteria and the rating 
of alternatives with respect to each criterion can be 
calculated as (1) and (2); 

1 21 [ ............. ] (1)K
ij ij ij ijx x x x

K
      

                    

1 21 [ ............. ] (2)K
ij ij ij ijw w w w

K
        

Where x   and w  are the rating and the importance 
weight of the K decision maker. D shows the fuzzy 
decision matrix and R shows the normalized of D. 
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Step 6: Constructing the weighted normalized fuzzy 
decision matrix using this formula. 

 
Table 3. Criteria and Descriptions 

 

(.) (3)ij ij ij ijm n
V v v r w


   

    

  
Step 7: Determine Fuzzy Positive Ideal solution 
(FPIS, *A  ) and the fuzzy negative ideal solution 
(FNIS, A  ).Formulation can be seen (4) and  (5). 
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* * * *
1 2( ) (4)nA v v v     

 

1 2( ) (5)nA v v v        
 Where; 

* (1,1,1) (0,0,0) 1j jv and v j n    

Step   8: Calculate the distance of each alternative 
from Fuzzy positive ideal solution and Fuzzy 
negative ideal solution, respectively from (6), (7) and 
(8). 

2 2 2
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Step 9: Calculate the closeness coefficient of each 
alternative. 

* 1, 2, , (9)i
i

i i

dcc i m
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Step 10: According to the closeness coefficient, the 
ranking order of all alternatives can be determined. 
 

 
Table 4. Alternative List. 

 
III. TRI-GENERATION INVESTMENT 
DECISION 
 
In  recent years, systems for combined power, heat 
and cold production, so-called tri-generation systems, 
have been applied in increasing numbers [20] Such as 
universities, hospitals, airports, cold storage facilities, 
industrial plants especially food industry such as 
dairy, pasta industry, sugar factories, etc. require a 
supply of electricity, heat and cold[21]. 
In this paper  we  analyzed  six  different  University  
Campus  for  tri-generation investment  decision  by 
using  Fuzzy Topsis. Alternatives table can be  seen 
from Table 4   but  because of  the  security  reasons  
the  name  of the  universities  are  not  given. The 
priority of the alternatives   can be seen from Table 5. 
 
CONCLUSIONS AND DISCUSSION 
 
Over recent years, because of the increase in energy 
demand and concerns about climate changes there is   
a growing interest on high-efficiency energy 

production processes [22]. In this paper Fuzzy Topsis 
method is used for analyzing the alternatives for six 
university campus tri-generation investment. All the 
alternatives are evaluated from the criteria that affect 
the investment decision. These criteria are taken from 
the literature and expert opinion. Criteria and 
alternatives are evaluated by four experts from the 
Istanbul Technical University, the Institute of Energy. 
Table 5  shows  that  alternative 3 is the most  
appropriate  university  campus  for  tri-generation 
investment.  
 

 
Table 5. Priorities. 

 
In future works new    alternatives or criteria can be    
added. Some other fuzzy multi criteria decision 
making methods can be applicable. The differences 
between these    methods prioritizing can be 
evaluated. 
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