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Abstract: Cogeneration is the simultaneous generation of usable heat and power (usually electricity) in a single process. The 
combined heating, and power (CHP) systems play an important role in the reduction of carbon emissions and the increase of 
energy efficiency for businesses and social organizations. Because of its potentials, cogeneration system has a growing 
importance for so many production sectors. In this paper; a cogeneration system that uses solar energy is proposed for a 
university campus.  The system is also important because it uses renewable energy sources as well as non-renewable energy 
sources. The objective of this paper is to propose an optimization model for this cogeneration system 
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I. INTRODUCTION 
 
The population growth, urban development and 
industrialization cause rapid energy demand increases 
in the Globe. Electricity demand growth rate shows 
an average 7-8% in the past year and 4-5% of the 
overall energy demand is expected to continue in the 
same way in the next 15-20 years. Therefore, targets 
in the energy sector are supply the energy by 
considering the economic growth and to support 
social development efforts, timely, adequate, reliable, 
considering the environmental impact.  
It is necessary to prefer using domestic and renewable 
sources, while new priorities are given to the 
development and efficiency in consumption is 
focused. National energy policies are expected to 
include increase in fuel flexibility and consideration 
of environmental impact of the energy generation 
processes. Cogeneration and trigeneration systems are 
among the systems that can be used to satisfy all of 
these objectives.  
Cogeneration is the simultaneous generation of usable 
heat and power (usually electricity) in a single 
process. Cogeneration uses a variety of fuels and 
technologies across a wide range of sites, and scheme 
sizes [3].The basic elements of a cogeneration plant 
comprise one or more prime movers (a reciprocating 
engine, gas turbine, or steam turbine) electrical 
generators, or other machinery, where the steam or 
hot water generated in the process is utilized via 
suitable heat recovery equipment for use either in 
industrial processes, or in community heating and 
space heating. 
Cogeneration can be defined as coincident or 
simultaneous generation of usable heat and power 
(usually electricity) in a single process (Salgado and 
Pedrero, 2008).In international basis, the term 
combined heat and power is often used. This term is 
synonymous with cogeneration (COGEN Europe, 
2001).There are several configurations of 
cogeneration systems (Tora, 2011). 

In the recent years, systems for combined power and 
heat have been applied in increasing numbers. 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. 
This paper consists of four sections. In the first 
section we give a brief explanation of cogeneration 
systems and we proposed a cogeneration system for a 
university campus. In second section the optimization 
model is developed for university campus energy 
demand satisfaction. All the components of 
cogeneration system is defined by expert decision.  
Then in next section we give a literature survey. 
Finally conclusions and future studies close the paper 
in Section 5. 

 
II. COGENERATON SYSTEMS  
 
Cogeneration systems can produce the usable heat 
and power (usually electricity) in a single process. 
Figure 1 shows the schematic presentation of 
cogeneration systems. 
 

              
Figure1.Cogeneration System 

 
The most  important  elements of a cogeneration plant  
are prime movers (a reciprocating engine, gas turbine, 
or steam turbine) driving electrical generators, or 
other machinery, where the steam or hot water 
generated in the process is utilized via suitable heat 
recovery equipment for use either in industrial 
processes, or in community heating and space 
heating.  
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Cogeneration systems can use many different types of   
fuels and technologies. Renewable or non-renewable 
energy sources can be selected according to the 
potential of the facility area. Cogeneration system can 
be across a wide range of sites, and scheme sizes. 
There are many options for a cogeneration system 
and because of these options energy management is a 
very complex issue. 
Solar energy is one of the reliable free energy sources 
with no gas emissions( Al-Sulaiman et al.,2011).The 
number of power plants operated partially or 
completely by solar energy has been increasing 
significantly (Fernndez- Garca et al., 2010). Solar 
energy can be used to obtain electrical power directly 
through photovoltaic solar cells or indirectly through 
a solar thermal system. 
 
III. MATHEMATICAL MODELS  
 
In this section the   optimization model for the 
proposed cogeneration model is explained. This 
model consists of three   different   criteria concept. 

 
Figure 2. Proposed Cogeneration System 

 
In figure 2   the proposed cogeneration system can be 
seen. This system consists of renewable and 
nonrenewable energy sources. Photovoltaic  systems  
are  used  for   energy  demand  and  thermal 
collectors  for  heat  demand. This  system is   
proposed  for  a  university  campus. 
3.1. Constraints  
This model has three different constraint concepts. 
First one is demand equations. To meet the energy 
and heating needs of the university; the amount of 
energy produced by the system must be equal to the 
requested amount. Energy and balance constraints 
establish this balance. In criteria (1) and (2) 
respectively show the electricity and heat demand 
balance. The electricity that produced by the grid and 
photovoltaic systems or   purchased from the grid   
have to equal the electricity demand (1). The same 
equation must be provided for heat demand (2). 

0 (1)grid Photovoltaic PGU D
t t t tE E E E   

0 (2)WHR TC D
t t tQ Q Q  

The second constraints concepts are balance and 
efficiency equations. In constraint (3), the natural gas 
amount used by the power generation unit multiplied 
by the electrical efficiency value of this unit is equal 
to the electricity generated by the power generation 
unit for one hour. 

 
For any hour in a year, the heat or the electric that 
absorbed from the PGU, multiplied by the 
performance coefficient of this component is equal to 
the produced energy type. 
The next concept of constraint   is capacity 
constraints. All components in the system cannot 
perform or produce energy type bigger than their 
capacities. These constraints (5) to (8)   provide 
capacity constraints respectively for power generation 
unit, waste heat recovery system, photovoltaic 
systems and thermal collector.  

 
Finally, all variables must be greater than zero. 

; ; ; ; ; 0 (9)Photovoltaic PGU Grid WHR TC ng
t t t t t tE E E Q Q F   

3.2. Objective Function 
The objective function aims   minimizing the total 
cost of the energy production system. On average, the 
university is admitted to work 23 days every month 
for a year. Therefore, the model is solved for six 
thousand six hundred and twenty-four hours 
according to the following formula. 
t= 12 * 23 * 24 = 6624 hours 

The total system cost is consisting of present 
value of the investment cost, yearly maintenance 
costs and operating costs. 

 
This is the capital recovery factor (11) and it 
expresses the current value of the investment cost. In 
this equation   i is the interest rate % 7, n is the    15 
years and    r is   0, 11329 from this formulation. 

(12)Photovoltaic PGU TC
INV INV INV INVC C C C    

 
The total investment cost is the sum of the all system 
components investment costs. It can be seen (10) . 
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Yearly  operation cost  is  consist  of the   natural gas 
cost  and  purchased electricity  cost that we  need  in 
pick demand  times of the year (13). 

 
Maintenance cost CM is the sum of the all system 
components maintenance costs for one year (14). 
 
IV. LITERATURE SURVEY  
 
Optimizations models are quite commonly used to 
optimally configure and design cogeneration and 
trigeneration systems in both the industrial and the 
residential sector [5]. 
Lozano et al. [6] showed the characteristics of the 
different operation  modes of a simple trigeneration 
system and they  also developed  a  linear 
programming model for  determination of the optimal 
operation mode corresponding to the minimum 
variable cost. .  Liu et  al. [7] are  investigated a  new 
operation strategy, based on the variational electric 
cooling to cool load ratio, for the CCHP system with 
unlimited and limited power generation unit (PGU) 
capacity. Bracco et al. [8]modeled a Smart 
Polygeneration Microgrid (SPM) test-bed facility for 
University of Genoa.Ho et  al.[9] presented  a new 
integrated biomass and solar town concept that can 
serve as a global model for smart eco-villages in 
tropical countries.Hu et  al. [10] proposed a stochastic 
multi-objective optimization model to optimize the 
CCHP operation strategy for different climate 
conditions based on operational cost, primary  energy  
consumption and carbon dioxide emissions. Wang et 
al. [11] presented a multi-objective optimization of a 
combined cooling, heating and power system (CCHP) 
driven by solar energy. 
 
CONCLUSIONS 
 
The generated cogeneration model can be applied in 
different public institutions and production systems. 
In this paper has been applied for university campus. 
It is aimed to include renewable energy sources in the 
system while the components of the system are 
determined. For this reason, photovoltaic systems and 
thermal collectors have been included in the system 
in order to utilize solar energy for electricity, heat 
energy production. While creating a mathematical 
model of the system, the real life problems as well as 
the studies in the literature have been guiding.  

It is aimed that this work will be a guide for the 
university campus or public institutions planning to 
use the tri-generation system. Renewable energy 
sources are also thought to be beneficial in terms of 
reducing operating costs.  
In this paper the optimization model that aims to 
minimization of total   cost is constructed for a year. 
This model is solved, but in this paper the results are 
not given. 
In future studies which source the electricity and heat 
demands are met can be investigated for each time 
zone. Different   scenario analysis can be added. In 
future studies the different capacity values of the 
elements constituting the cogeneration system and the 
cost comparison for different components can be 
realized. Thus, the performance of different designs 
and the effects of the financial can be investigated. 
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