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Overview

According to Energy Information Administration (EIA)’s Report [1], over one-third of all primary energy consumption goes into producing and delivering electricity and most of the world’s primary energy consumption comes from fossil fuels, such as coal, natural gas and oil. Burning fossil fuels release emissions that are harmful to the environment. These emissions can be classified into two main groups: SOx and CO2 equivalent emissions. SOx equivalent emissions are the particles that are quantified strictly and limited with certain regulations. The case with CO2 equivalent emissions is different; these are gases that have effect on global warming, i.e. greenhouse gases (GHG).

Due to increasing environmental impact and the central role of energy in every industrial activity, the improvement of economical and environmental performance of energy production systems continues to be a major issue. The Kyoto Protocol demands for reductions in greenhouse gas emissions by the industrialized countries. The energy sector will be seriously affected by the Kyoto Protocol since it is one of the leading industries that release harmful substances to the environment. Therefore, the energy producing companies must continuously find new solutions to decrease emissions while satisfying the energy demand.
Several strategies are proposed to reduce the environmentally harmful emissions from fossil-fuel power plants. Using the existing infrastructure in fossil-fuel power plants more efficiently can be a simple yet effective method in the quest for lower emissions. Another way of decreasing emissions of GHG or SOx from energy production systems is to change energy sources to environmentally friendlier ones. This can be achieved by optimal fuel balancing strategies or by switching from environmentally harmful fossil fuels to less harmful ones. Renewable energy sources are also an alternative way to decrease emissions of harmful substances while satisfying the energy demand. They can be used in current energy production systems with little modification of equipment or as a new production system. Examples of renewable energy sources that do not release GHG are wind, solar and hydrogen-based fuel cells. Biomass and bio fuels are the other renewable energy sources that can be used in power plants to generate electricity with less CO2 emissions compared to fossil fuels.
According to the Energy Information Administration (EIA)’s Report [1], more than 80 percent of energy sources will be fossil fuels (coal, natural gas and oil) for the next 30 years. Therefore, CCS technologies are receiving notably high attention as an option to reduce GHG emissions since they allows the usage of fossil fuels with little or no emissions of CO2. The CCS technology involves capturing CO2 from the gas streams generated by burning fossil fuel and then injecting it underground. There are three basic design systems: post- combustion, oxygen-combustion and pre-combustion (Rubin et al.,2001). Post combustion capture has an important role in making fossil fuel based energy production systems environmentally friendly in the transition period, since it can be used for the currently operating energy production systems as well as the new ones.

Methods

A typical energy production system consists of storage tanks, boilers, turbines and mixing equipments. The storage tanks hold fuels and provide them to the boilers. The boilers convert heat energy into high pressure (HP) steam by burning fuels. In the turbines, the high pressure steam is then expanded to low (LP) and medium (MP) pressure steam. During this expansion, the mechanical energy released is converted into electricity. The mixing equipment is used for mixing compatible materials originating from different sources in the system. Energy systems utilize fuel, air and other materials to generate electricity and steam. If an energy production system produces excess electricity, it can sell this to a utility company that serves the region. When the company cannot produce enough electricity or if it is profitable, electricity can be purchased from the utility company.

Basic model is taken from Soylu et al. (2006). The model is extended by considering renewable energy technologies in the existing energy production systems in order to improve environmental performance. For that purpose, biodiesel is added to the model with its own limitations and constraints. Another extension we introduced to our model is the carbon capturing and sequestration (CCS) system. The CCS system is not modeled as a new unit in the system, its existence is modeled by the interactions between disjunctions and binary variables. As a result, the extended model is an MILP problem with two objectives. A novel mixed-integer multi-objective optimization algorithm is developed to solve this challenging problem. The developed algorithm is designed to present all efficient solutions to the decision maker and it is based on the combination of Tchebycheff scalarizing and weighted sum methods. In this algorithm, the multi-objective problem is converted into single objective problem and efficient solutions are obtained by solving single objective problem iteratively. 
Results

The energy systems considered in computational study have two boilers and two turbines. In the first example, two different types of fuel are considered. For the second example, the third fuel, BioDiesel, and the CCS system are added to the first one. The problem is modeled in C# and single objective MILP models are solved using CPLEX Concert Technology.
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Fig. 1: Efficient frontier of the examples

In Figure 1, efficient solutions for both examples are given. The results show that less CO2 emission can be achieved by using BioDiesel and the CCS system.
Conclusions

In this paper, detailed models and suggestions are developed for energy production systems within emission reduction and cost minimization objectives by using different analysis and modeling techniques. A model is developed for future emission reduction targets of energy production companies. As an advance modeling technique, a new objective function aimed to minimize GHG emissions as well as production cost is introduced. These two contradicting objectives are solved by the developed mixed-integer multi-objective algorithm and efficient frontier that can be used as a tool by decision makers is obtained. In order to improve environmental performance, biodiesel and CCS system are added to the model with their own limitations and constraints.
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