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Abstract 

There are a wide range of temperatures wasted in some Iraqi factories 
ranging from low to medium to high grades, offset by a wide variety of 
generation techniques and liquids that can be used, this diversity allows 

us to choose the appropriate generation techniques (and fluids type) with 
the available waste heat in our factories, allowing us to make the 
maximum benefit of this wasted thermal energy in accordance with the 
recommendations of the International Energy Conference. All over Iraq, 
thermal waste is an abundant source of emission-free power that is 
frequently overlooked. It is a byproduct of industrial processes that 
could lower energy costs and reduce overall emissions from electric 

generation. The thermal waste is produced as long as the operation 
running. Producing electrical power from thermal waste would help to 
reduce energy costs. This research paper will explain and discuss 
choosing the appropriate technology between the three suggested 
technologies. In addition, the paper will discuss choosing the appropriate 
organic liquid for (Organic Rankine Cycle) ORC to recover the heat and 
transform it into an energy based on the waste temperature of some Iraqi 

industries. Also, it will discuss the choice of appropriate technology for 
the quantity and quality of this heat. That would help to reduce the waste 
of energy and air pollution.

  

1. Introduction 

With the recent increase in atmospheric temperatures as a result of pollution caused by polluting gas emissions 
from factories and power generation, leading to an increase of greenhouse gases on the planet, solutions must be 
sought to reduce the amount of these emissions and compensate for polluting energy sources as much as possible 
to reduce the deterioration of the planet's condition. Industrial thermal waste is an energy source generated in the 
industrial process and is not put to any practical use during the production line and is wasted into the environment 
and it is associated with gases contaminating the environment. Waste heat sources include hot combustion gases 

emitted from chimneys, hot products and hot equipment surfaces. Consequently, research has focused on 
techniques for investing this waste heat energy and reducing associated pollution. However, adopting such 
techniques can be costly but can be recovered in the long run. In this research, a set of steps are suggested to 
support the decision making of choosing appropriate generation technology according to the type and amount of 
waste heat source. Waste heat temperatures can be classified as high temperature (over 400°C), medium 
temperature (400°C to 100°C) and low temperatures (less than 100°C) [1-6].  
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In general, there are a large amount of heat losses in the Iraqi factories. Most of these losses are attributed to the 
obsolescence in the age of the factory, the Country situation and the lack of keeping pace with modern 
environmentally friendly technology. Some of the waste heat source is not only a heat emission, but it may be 

accompanied by several polluting or toxic gases like CO2, lead oxides and sulfur. 

2. Experimental Procedure 

Waste Heat Recovery Systems 

Waste heat recovery systems include capturing and transferring waste heat from industrial processes using gas or 
liquid (heat transfer medium) to the system as an additional source of power generation. This power source can be 

used to generate additional heat or to generate electrical and mechanical power, Figure (1) shows the waste heat 
capture system in factories. In general, the higher the temperature, the more quality it will be and the easier it will 
be to recover it [7-9]. 

 
Figure (1).  Capture waste heat in factories. 

 
Depending on the type of heat source wasted, its quantity and temperature recoverable from the process can 

determine which recovery systems are appropriate for application. Accordingly, there are several technologies to 
recover waste heat energy [8-10]: 

Steam Rankine Cycle Technology (Steam Turbines) 

Steam turbines are one of the most famous and oldest technologies used to generate electricity by converting water 
into steam at high pressure, and are considered an effective and environmentally friendly technique because the 

liquid used in this technology is water, but it needs to be heated to a high temperature for the purpose of generating 
water steam at high pressure suitable for recycling these turbines. This technique is ineffective if the waste heat 
temperature is within the medium or low limits. [11-13]. Figure (2) presents a scheme of Rankine Cycle 
Technology [8]. 
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Figure (2) Rankine Cycle Technology [8]. 

 
Organic Rankine Cycle 

The Organic Rankine Cycle follows the same principle as the Rankine Steam Cycle, but with a different working 

liquid. The organic fluids used to generate electricity must have a low-boiling point that generates high steam 
pressure with a higher mass. This fluid makes the system able to recover energy from medium to low-temperature 
waste heat. The waste heat is delivered to the evaporator and is used to heat the special working fluids that are 
suitable for the heat available to generate steam. This steam is then directed to the turbine to generate power and 
then passes through the condenser, after that returns to the organic Rankine Cycle. This technology is characterized 
by the availability of a number of working fluids types that can be used in the process of generation. As shown in 
Figure (3) the ratio between the cost of generation through the Organic Rankine Cycle and the amount of electrical 

capacity produced for several factories and several organic working liquids, as published in previous research, 
which shows that the cost of using this technique is inversely proportional to the amount of electric power 
produced, where the cost decreases the greater the amount of capacity produced. [14-19]. 

 
Figure (3).  The relationship between the cost of generation and the nominal output power [11]. 

 
To choose the most appropriate organic work fluids, some recommendation must be taken into account:  

 Thermal dynamic performance (critical point and density) for the purpose of producing as much energy as 
possible from the available temperature [14]. 

 High steam density and this characteristic is important for liquids with low condensation pressure where low 
density is reduced to a larger size in the heat exchanger for the purpose of reducing pressure loss [14]. 

 Low viscosity of steam and fluids used is a good characteristic that reduces friction losses [14, 15]. 
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 High heat conductivity [16]. 
 Acceptable steam pressure [16]. 
 Organic fluids must be stable at high temperatures so temperatures determine the chemical stability of the 

liquid [17, 18]. 
 Provides a high degree of safety because some organic fluids are toxic or flammable [18, 19]. 
 Consider the availability and low cost of organic fluids [19]. 

Table (1) shows some types of organic fluids (used in the commercial sector) with their own evaporation and 
condensation temperature based on previous studies in this area. 

Table (1).  Some types of organic fluids with their own evaporation and condensation temperature. 

 
 

Emerging Technology (Thermos-Photovoltaic TPV) 

New emerging technologies are being used to convert heat directly into electric power, such as photovoltaic 
thermal power generation techniques. 

Photovoltaic thermal generator is an innovative system for converting radiation from an artificial heat source using 
PV cells into electric power through a special filter that allows radiation waves to pass along a wavelength suitable 
for PV cells for the purpose of converting it into electric energy as shown in Figure (4). Generally similar to solar 
cells and radioactive is made from heat-resistant materials, the TPV system operates within a wide temperature 
range of 300-1500°C [24-26]. 

 
Figure (4). Schematic diagram of an overall TPV system [26]. 

 
Comparison of Waste Heat Recovery Methods and Electricity Generation 

In general, the use of steam turbines is very effective in the case of high temperatures. Water as working fluid 
characterized by low-cost, environmentally friendly, non-flammable and non-toxic work fluids, as well as high 
chemical stability. This technology needs a high thermal source and a water source for steam turbine work [11]. 

In the case of lower temperatures, the use of the organic Rankine Cycle is more effective. You don't need high 
temperatures, it works with less steaming pressure, produces more condensation pressure, and no water treatment 
system is needed. This technology needs to provide organic fluids suitable for the waste heat temperature available 
(chemical stability of the organic fluids is important), in addition to the advantage of providing a large number of 
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types of organic fluids used in this technology, offering multiple options according to the requirements of the place 
of use. 

The photoelectric thermal generator contains no fluid in the generation process, making it suitable for use in the 
absence of a water source close to the plant. In addition to being stable and containing no moving parts, it is 
considered a silent generating device (does not make noise). Figure (5) shows the diversity of the water-saturated 
curve and some organic fluids used in the Organic Rankine Cycle. And how each one behaves according to 
temperature. 

 
Figure (5). T-s diagram (saturation-curve) of water and various typical Organic Rankine Cycle [14]. 

 
Choosing the Right Technology to Recover Wasted Thermal Energy in Factories 

For the purpose of determining which recovery systems are optimal for the application, the following steps must 

be taken: 

1. Specify waste heat sources: Conduct a survey of the factory environment to identify waste heat sources (gases, 
hot fluids or hot equipment surfaces) [27]. 

2. Quantitative and qualitative assessment of the waste heat: This assessment is carried out by determining the 
extent of the temperatures offered and the type of transport media and how much energy can be recovered 

from this heat in addition to determining the timetable for the availability of this heat taking into account the 
availability of a place where heat recovery equipment can be placed with the importance of measuring the 
amount of pollution associated with this heat [26, 28]. 

3. Choose the appropriate technology: There are many ways to recover waste heat and the appropriate method 
is determined according to the quantity and quality of this heat to ensure maximum energy recovery [27,29] 

4. Things to support the decision: There are several important recommendations to consider when determining 
the type of technology used to recover waste heat and convert it into electrical energy to ensure the maximum 

benefit, a data model taken from the plant in previous steps is created with the calculation of cost, recovery 
period (years) and the amount of CO2 reduction (ton/year) presented in the environment.  

Applying the Method of Choosing the Appropriate Technology to Recover Waste Heat from Iraqi Factories 

For the purpose of taking advantage of waste heat, it is necessary to analyse industrial processes and investigate 
the possibility of utilizing this thermal waste heat by applying appropriate heat recovery methods. 

Through readings obtained from Iraqi factories (by Emailing each factory) energy recovery techniques can be 
classified according to temperatures wasted in various industrial processes to ensure that as much energy as 
possible is recovered as shown in Table (2). 
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Table (2).  Classification of technologies by temperature emanating from each industrial process. 

 

3. Conclusions 

It can be concluded from the foregoing that there is a flexible diversity in energy production technologies from 

heat that can be invested for the purpose of taking advantage of the waste heat in Iraqi factories significantly and 
according to the type of waste heat source and the amount and time range of its availability and thus will provide 
a source of electricity energy that is considered economically and investment of wasted heat. In addition, this 
energy will reduce the cost of purchasing electricity from the national grid and their impact on reducing the amount 
of greenhouse gas emissions associated with traditional generation methods as well as reducing pressure on the 
national grid. 

References 

[1] H. Jouhara, N. Khordehgah, S. Almahmoud, " Waste heat recovery technologies and applications", 
ELSEVIER, Thermal Science and Engineering Progress 6, pp.268-289 (2018). 

[2] E. Woolley, Y. Luo, A. Simeone, “Industrial waste heat recovery: A systematic approach”, ELSEVIER, 
ELSEVIER, Sustainable Energy Technologies and Assessments, vol. 29, pp.50-59, 2018. 

[3] S. Bruckner, S. Liu, M. Laia, M. Radspieler, “Industrial waste heat recovery technologies: An economic 

analysis of heat transformation technologies”, ELSEVIER, vol. 151, pp. 157-167, 2015. 
[4] G. Panayiotou, G. Bianchi, G. Georgiou, “Preliminary assessment of waste heat potential in major European 

industries”, ELSEVIER, vol.123, pp.335-345, 2017. 



Iraqi Journal of Industrial Research, Vol. 9, No. 2 (2022) 
 

65 

ICAR 2022 

Special Issue 

 
[5] The-Crankshaft Publishing, Waste Heat Recovery (Energy Engineering),.Available:http://what-when-

how.com/energy-engineering/waste-heatrecovery-energy-engineering. 2017 
[6] M. Lowe, G. Gereffi, “Recycling Industrial Waste Energy”, Globalization, Governance & Competitiveness, 

Duke University, Chapter 7, 2009. 
[7] N. Naik-Dhungel, “Waste Heat to Power Systems”, 30 May 2012.  
The-Crankshaft Publishing, “Waste Heat Recovery “(Energy Engineering), 2017. 
[8]  A. Elson, R. Tidball, A. Hampson, “Waste Heat to Power Market Assessment”, ICF International, 2015. 
[9] H. Jouhara, A. Olabi, “Editorial: Industrial waste heat recovery”, ELSEVIER, Energy, vol. 160, pp.1-2, 2018. 
[10] “Waste Heat Recovery: Technology and Opportunities in U.S. Industry”, U.S. department of energy, 

industrial technologies program, BCS, Incorporated, 2008. 
[11] K. Darrow, R. Tidball and A. Hampson “Technology characterization steam turbines”, 2nd, CHP, U.S. 2017. 

[12] I. Dincer, “1.6 Exergy”, ELSEVIER, Comprehensive Energy Systems, vol., pp.212-264, 2018. 
[13] I. Dincer, Y. Bicer, “Capter 2-Fundamentals of energy systems”, ELSEVIER, Inergrated Energy Systems 

for Multigeneration, pp.33-83, 2020. 
[14] S. Quoilin, M.V.D. Broek, S. Declaye, P. Dewallef, “Techno-economic survey of Organic Rankine Cycle 

(ORC) systems”, Renewable Sustainable Energy Rev. 22, pp.168-186, (2013). 
[15] M Hijriawan1, N. A. Pambudi1, M. K. Biddinika, “Organic Rankine Cycle (ORC) in geothermal power 

plants”, Journal of Physics: Conference Series, doi:10.1088/1742-6596/1402/4/044064 (2019). 

[16] S. Karellas, A. Schuster, “Supercritical fluid parameters in organic rankine cycle applications”, Int.J. of 
Thermodynamics, vol. 11, no.3, pp.101-108, 2008. 

[17] P. Colonna, E. Casati, C. Trapp, “Organic rankine cycle power systems: from the concept to current 
technology, applications and an outlook to the future”, TUDelft (Delft University of Technology, 
DOI10.1115/1.4029884, (2015). 

[18] A. Schuster, S. Karellas, E. Kakaras, “Energetic and economic investigation of organic rankine cycle 
applications”, Applied Thermal Engineering, doi: 10.1016/j.applthermaleng, (2010). 

[19] T. Fankam, G. Papadakis, G. Lambrinos, “Fluid selection for a low-temperature solar organic Rankine 
cycle”, Applied Thermal Engineering, DOI: 10.1016/j.applthermaleng, 2008. 

[20] B. Tau, K. Chien, C. Wang, “Effect of working fluids on organic Rankine cycle for waste heat recovery””, 
ELSEVIER, Energy, vol.29, pp. 1207-1217, 2004. 

[21] D. NB, Bandyopadhyay S., “Process integration of Organic Rankine Cycle. Energy, vol. 34, no. 10, pp. 
1674–86, 2009. 

[22] Mago PJ, Chamra LM, Srinivasan K, “An examination of regenerative organic Rankine cycles using dry 
fluids”, Applied Thermal Engineering, vol. 28 (8–9), pp. 998–1007, 2008. 

[23] Wang EH, Zhang HG, Fan BY, Ouyang MG, ZhaoY, “Study of working fluid selection of Organic Rankine 
Cycle (ORC) for engine waste heat recovery”, Energy, vol. 36, no. 5, pp.3406–18, 2011. 

[24] C. Ferraria, F. Melinob, “Thermo–Photo–Voltaic Generator Development”, ELSEVIER, Energy procedia, 
vol. 45, pp. 150-159, 2014. 

[25] F. Bouzid, L. Dehimi, “Performance evaluation of a GaSb thermophotovoltaic converter”, Revue des 
Energies Renouvelables, vol. 15, no. 3, pp. 383–397, 2012. 

[26] M. Gamel, H. Lee, W. Rashid, “A Review on Thermophotovoltaic Cell and Its Applications in Energy 

Conversion: Issues and Recommendations”, Materials, MDPI, https://doi.org/10.3390/ma14174944, 2021. 
[27] Y. Luo, E. Woolley, S. Rahimifard, “Improving energy efficiency within manufacturing by recovering waste 

heat energy”, Thermal Engineering, Yildiz Technical University, vol. 1, pp. 337-344, February, 2015. 
[28] K. Taheria, R. Gadowa, A. Killinger, “Exergy analysis as a developed concept of energy efficiency 

optimized processes: The case of thermal spray processes”, ELSEVIER, Procedia CIRP 17, pp.511–516, 
(2014). 

[29] A. Simeone, Y. Luo, E. Woolley, “A decision support system for waste heat recovery in manufacturing”, 

ELSEVIER, CIRP Annals Manufacturing Technology 65, pp.21-24, (2016). 


