
                             ECONOMICS MANAGEMENT INFORMATION TECHNOLOGY  

Review Article 
 

ISSUES AND SOLUTIONS FOR ENERGY CONSUMPTION 
OPTIMIZATION 

 
1Vladimir Stijepović, 2Mirko Z. Stijepović, 3Jasna Stajić-Trošić, 

3Jasmina Stevanović, 3Aleksandar Grujić   
 

1Department of Chemical Engineering, Faculty of Technology and Metallurgy, University of 
Belgrade, Karnegijeva 4, 11000 Belgrade, Serbia 

2Department of Chemical Engineering, Texas A&M University at Qatar, Education City P. O. Box 
23874, Doha, Qatar 

3Institute of Chemistry, Technology and Metallurgy, University of Belgrade, Njegoševa 12, 11000 
Belgrade, Serbia 

 
Abstract: In order to realize the economic and environmental requirements and the requirements 
of sustainable development, refinery complexes are forced to optimize their complex processing 
operations, in order to achieve maximum profits in a very narrow range of profit margins. Also, 
stricter limitations imposed by environmental requirements must be taken into consideration. 
Mathematical models as a tool that make possible to predict the response of the system with 
changing (independent) values of the process nowadays became an essential part of the modern 
way of management processes. Models are used in a very wide range, for example, they are used to 
track daily performance, economic and energy optimization of modeled processes as well as to 
optimize and synchronize the entire systems composed of several interrelated processes. 
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1. INTRODUCTION 
 
 The need for energy has increased significantly in recent decades due to the growth 
of industrial sector in the world. Nearly a third of the world's energy consumption and 36% 
of carbon dioxide emissions are attributed to the manufacturing industry. Industry for the 
production and processing of basic materials: chemical, petrochemical, iron and steel, 
paper, and other metals and minerals, involved about two-thirds of the total energy 
consumption. The total industrial energy consumption grew by 61% between 1971 and 
2004, with the rapid growth of demand for energy in the developing countries and constant 
demand for energy in the developed countries.  
 Climate changes that are taking place represent the largest environmental, social 
and economic threat that the planet faces. The processes of burning fossil fuels are causing 
about 90% of direct and indirect emissions of greenhouse gases. Many companies are 
looking for solutions to reduce exposure to climate risks, developing strategies to reduce 
emissions which are the main reason of the greenhouse effect.  
 In 2009 European Commission announced the proposals how to reduce climate 
changes [1], with the aim of reducing carbon dioxide emissions. The overall package of 
measures consists of several proposals, but the focal point deals with considering charges 
for the carbon dioxide emissions. It is estimated that the implementation of this package 
will reduce the gas that cause the greenhouse effect by 20% by 2020 [1].  
 Refining, chemical and petrochemical industries are the largest consumers of 
energy, where it is estimated that these industries are responsible for 30% of the total 
industrial energy consumption and 16% of direct emissions of carbon dioxide [2]. 
According to the U.S. Environmental Protection Agency (EPA), the oil refineries in the 
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United States emit more than 250 million tons of carbon dioxide into the atmosphere, and 
along with chemical plants, form the second largest stationary source of gases that cause 
the greenhouse effect [3]. 
 
2. THE MAIN CAUSES FOR INDUSTRIAL POLLUTION 
 
 In the International Energy Agency (IEA) report is presented a study that shows 
that in Organization for Economic Co-operation and development (OECD) countries 
industrial needs could be reduced for about 25 to 37 exajoules per year using current 
technologies and best management of the processes. This is equivalent to the value of 600 
to 900 million tons of fuel, which was the fuel consumption in Europe in 2007 [2]. Also, 
the report noted that the world's total energy saving potential is approx. from 1.9 to 3.2 
gigatons per year, which represents 7 to 12% of current global emissions of carbon dioxide 
[2]. 
 

 
Fig. 1. Sinclair Refinery in Sinclair, Wyoming 

 
 Oil refinery belongs to the important strategic industry, where crude oil has been 
transformed into different products. Despite the fact that they are large consumers of 
energy, refinery complexes are also large emitters. Emissions and waste water from storage 
and production are very high and alarming, so the protection of the environment has 
become an important factor in the operational strategies of these systems. The type and 
quantity of the refinery emissions to the environment are well known. Oxides of carbon, 
nitrogen and sulfur mainly generated in combustion processes, as well as volatile organic 
compounds, are major air polluters in this sector. 
 For example, in Sinclair Refinery in Wyoming, the violations charged to the 
refinery have covered incidents including improper storage of hazardous waste causing 
excessive odors and the release of thousands of pounds of hydrogen sulfide gas into the air 
(Fig. 1). In a settlement of violations related to the hydrogen sulfide gas release, Sinclair 
agreed to pay a $10,000 penalty to state regulators [4]. 
 Water is used extensively in the refining process, such as in the process with water 
and cooling fluid, leading to contamination of water by organic substances. For every 
million tons of refined oil refineries emit from 20.000 to 820.000 tons of carbon dioxide, 
60 to 700 tons of nitrogen oxides, 30 to 6.000 tons of sulfur oxides and 50 to 6.000 tons of 
volatile organic components. Also, for every million tons of refined oil refineries emit 
from 0.1 to 5 million tons of waste water and from 10 to 2.000 tons of solid waste. 
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Table 1.1. The main air pollutants and their major sources 
 

Gas Source 

Carbon Dioxide 

Furnaces, boilers, gas turbines 
Regenerator in catalytic cracking process 

Flare Systems 
Incinerators 

Carbon Monoxide 

Furnaces and boilers, 
Regenerator in catalytic cracking process 

The process of sulfur removing 
Flare Systems 
Incinerators 

Oxides of nitrogen 
(N2O, NO, NO2) 

Furnaces, boilers, gas turbines 
Regenerator in catalytic cracking process 

Coke calcination process 
Flare Systems 
Incinerators 

Oxides of sulfur 

Furnaces, boilers, gas turbines 
Regenerator in catalytic cracking process 

Coke calcination process 
The process of sulfur removing 

Flare Systems 
Incinerators 

Volatile organic 
compounds 

Tanks 
Systems for the separation of gas phase 

Separation systems water / oil 
Emissions from valves, connectors, etc. 

Vents 
Flare Systems 

 
 Refinery processes require large amounts of energy. The reduction of energy 
represents a huge challenge. In a typical refinery, more than 60% of the emitted gases 
come from some processes for power generation: gas turbines, boilers, furnaces, etc. 
Catalytic cracking and desulphurization as well as flaring processes significantly contribute 
to emission regulations. The sources of gases emitted by oil refineries are shown in Table 
1.1.  
 Since the first oil crisis of 1973, refineries have made significant steps in improving 
energy efficiency. Despite the energy conservation measures, the energy requirements are 
growing due to more stringent product specifications, as well as changes in the production 
from heavy fuel oils to transportation fuels. 
 From aforementioned facts it could be concluded that the main reason for emissions 
is power generation necessary for the process. Increasing the energy efficiency of the 
process is one of the main conditions for reducing emissions in petroleum refineries [5]. 
Efficiency can be increased in two ways: 
     a) Increasing the energy efficiency of different processes, and 
     b) Improving energy integrations in refinery. 
 Increasing the energy efficiency of the processes brings financial savings, and also 
has a positive effect on energy safety and environmental protection, and helps to achieve 
sustainable economic development. 
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3. TRENDS FOR ENERGY CONSUMPTION OPTIMIZATION 
 
  Currently in the world a great attention is directed towards increasing the energy 
efficiency of the catalytic naphtha reforming of (CNR) [6]. Optimizing energy 
consumption of different processes is a necessary condition for increasing efficiency and 
thus, it will reduce emissions. The requirements that process plants must satisfy become 
more complex and difficult due to enlarged competition, stricter regulations related to 
process safety and environmental protection as well as rapid changes in economic 
conditions. 
 In order to find the optimal process conditions that satisfy all imposed 
requirements, it is necessary to have tools that would lead up to the optimal solution with 
minimum cost and minimum time period. Today, mathematical models become more 
accepted tools for the optimization of existing facilities and the development of new, 
principally because of low cost and short time needed to find optimal solutions. This is the 
reason why the development of mathematical models is very important. 
 Mathematical modeling is one of the most challenging fields of engineering and 
applied science. The main requirements to be achieved by the mathematical model are: 
 

• to describe the reliability of the process,  
• to try to explain the behavior of the modeled system at the same time, 
• to predict the system response to certain changes in process parameters,  
• together with the appropriate optimization method, to enable the determination of 

optimal process conditions. 
 

 It is very important to develop a model for CNR system and methods for its 
optimization in order to increase the energy efficiency of the process. CNR process 
occupies an important place in the field of oil refining, and because of its complexity it is 
an interesting area of academic and industrial research related to the development of 
adequate models and methods for process optimization. Table 1.2. shows the required 
amount of energy and the required number and amount of extra processing power for 
commercial catalytic reforming process [7]. 

 
Table 1.2. Energy and additional processing power for the process of catalytic reforming of 

gasoline 
 Reforming Semi-

Regenerative 
process 

Continuous- 
Regenerative 
process 

Electrical energy, kWh 
Specific consumption (kWh/t) 

- 
25 – 50 

246* 
55 

6142* 
- 

Fuel consumption, GJ 
Specific fuel consumption (MJ/t) 

- 
1400 - 2900 

185* 
71.5 t/kt 

232* 

High-pressure steam, kg/t 50 - 90 64 - 90 97 
Water for boiler, kg/t  170 22 
* The values refer to the capacity of 2351 t per day. Specific values are related to the 
specific capacity  
Note: The first column contains ranges for all types of reformers 

 In Table 1.3. an example of the emission from two oil refineries, as well as the 
emissions generated in the furnace is presented [7]. 
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Table 1.3. Emissions generated from catalytic reforming of gasoline 
 

 Fuel consumption 
(GWh/year) 

Capacity 
(t/year) 

Units SO2 NOx CO CO2 

Platforme
r 

Mider 
753.74 1,000,000 

mg/m3 35 100 100 5 
t/year 24.1 68.7 68.7 3.4 
kg/ ton 0.024 0.069 0.069 0.003 

Platforme
r 

OMV 
494.1 728,000 

mg/m3 18 170 5 1 
t/year 8.8 83 2.4 0.5 
mg/m3 0.012 0.114 0.003 0.001 

 
 It is possible to have multiple alternative operating conditions in the CNR process, 
with complex differences between them. This is a consequence of the large number of 
degrees of freedom, which gives a large area for optimization. It is important to note that 
the process of CNR requires high energy consumption, and thus becomes a large emitter.  
 
4. CONCLUSION 
 
 There are two directions to achieve greener production: i) in situ reduction of 
greenhouse emissions by including a range of enterprises that apply cleaner production 
technologies, and ii) the development of symbiotic relationships between companies to 
lower environmental impact. Optimization of existing plant performance is one of the ways 
to decrease energy consumption which leads to win-win situation, decrease emissions and 
cost of production.  
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