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Abstract

In today’s world, increasing environmental concerns have intensified the focus on renewable
energy sources and effective energy management practices. In industrial processes, particularly
in areas with high energy consumption, waste heat recovery has become one of the primary
research topics. Reheating furnaces used in the steel industry reach extremely high temperatures
during rolling operations, with approximately 50-70% of this energy being released directly
into the atmosphere through flue gases. In this context, flue gases stand out as one of the most
significant sources of waste heat. The aim of this study is to recover the waste energy contained

in the flue gases emitted to the atmosphere from a slab reheating furnace used in the hot rolling
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process of the iron and steel industry by means of a recuperator. Through the newly
implemented recuperator replacement, 31,274.93 kW of energy recovery was achieved and 6.32
tons of carbon emissions were reduced. Consequently, the amount of energy released into the
atmosphere was decreased, and a significant reduction in natural gas consumption of the furnace

was obtained.
Keywords:

Waste Heat Recovery, Recuperator, Energy Efficiency, Emission Reduction, Steel Industry,

Reheating Furnace
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1. INTRODUCTION
In recent years, the rising trend of fuel prices and growing concerns regarding global

warming have driven efforts to reduce greenhouse gas emissions in industry and to enhance
plant efficiency. Industrial waste heat is defined as the energy released during processes that
remains unused and is discharged into the environment. Waste heat recovery can be
implemented through various technologies in order to provide valuable energy resources and
reduce overall energy consumption. Therefore, the integration of waste heat recovery systems
into industrial processes has become an important research area in terms of reducing fuel
consumption, mitigating harmful emissions, and improving production efficiency [1].

The steel industry, being one of the most energy-intensive sectors, places particular
importance on waste heat recovery. Waste heat recovery methods aim to capture waste heat
generated from a process—either through a gas or a liquid medium—and transfer it back into
the system as an additional energy source [2]. The main techniques used for flue gas recovery
include recuperators, regenerators, economizers, waste heat boilers, and organic Rankine cycle
(ORC) systems.

In the literature, several studies have investigated these techniques. In the work of
Manatura and Tangtrakil, the combination of regenerative burners and recuperators was
employed to enhance the energy efficiency of reheating furnaces, achieving 43.3% energy
savings compared to systems with recuperators alone, and increasing furnace efficiency to
80.1% [3]. Ertem et al. conducted a comprehensive study on heat balance and energy efficiency
in industrial reheating furnaces, reporting an energy balance within a 6.7% margin of error,
furnace efficiency at 38.3%, and emphasizing that the greatest loss originated from flue gases
[4]. In the study by Eyidogan et al., carried out in a rolling mill reheating furnace, mass and
energy balances were established based on measurements of temperature, pressure, velocity,
and flue gas composition; furnace efficiency was calculated as 52.8% [5]. Chakravarty et al.
reported that, following improvements in a billet reheating furnace, a 14.7% fuel saving was
achieved along with an 11.11% increase in billet efficiency [6]. Schwarzmayr et al. investigated
a packed bed thermal energy storage (TES) system for storing waste gas heat in the iron and
steel industry and demonstrated that, despite the dust load in flue gases, the system could be
safely implemented, providing an effective solution for waste heat recovery [7]. Ravindran et
al. developed a hybrid system capable of operating as both a high-temperature heat pump
(HTHP) and an ORC mode; experimental results showed that this system could convert low-
temperature waste heat into both process heat and electricity without dissipation [8].

In the subsequent sections of this paper, the design characteristics and
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implementation steps of the new recuperator system installed in the reheating furnace are
described in detail. Thereafter, field data and energy balance calculations are presented to
analyze the effects of the system replacement on furnace performance. Finally, based on the
obtained results, the effectiveness of the recuperator application in terms of energy savings and

emission reduction is discussed, and overall conclusions are drawn.

2. METHODOLOGY
This study focuses on improvement practices implemented in the existing recuperator

system of a reheating furnace, with the objective of enhancing the energy recovery efficiency of
waste heat from flue gases. The research methodology consists of three main stages: examining
the performance of the current system, identifying the improvement parameters, and
comparatively evaluating the energy-saving performance after the improvement.

In the first stage, the recuperator system of the plant was analyzed in detail. Within
this scope, flue gas temperatures, air flow rates, preheated air temperatures, and thermal losses
in the system were measured to establish a fundamental dataset. Based on the obtained findings,

four key improvement areas aimed at increasing system efficiency were identified.

2.1. Improvements Implemented within the Scope of the Project

2.1.1. Enhancement of Recuperator Material Quality
In order to extend the service life of recuperator tubes exposed to high-temperature

(approximately 800-1000 °C) corrosive flue gases from the furnace and to improve heat
transfer efficiency, the material selection was strategically reconsidered. By adhering to the
principle of cost-effectiveness, steels of different grades were selected based on the levels of
thermal and chemical stress to which the tubes were subjected. This hybrid material approach
not only prolonged the overall service life of the recuperator but also optimized the investment
costs.

2.1.2. Insulation of the Recuperator Chamber with Refractory Material
To minimize heat losses occurring in the flue channel section, the outer surface of the

recuperator chamber was reconstructed with high-temperature-resistant refractory bricks, as
shown in Figure 1. This application reduced heat dissipation from the channel walls to the
environment, thereby allowing the thermal energy in the flue gases to be more effectively

transferred to the airflow within the recuperator.
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Figurell. Flue Channel after Refractory Lining
2.1.3. Increasing the Heat Transfer Surface Area
To increase the temperature of the preheated air, the total heat transfer surface area was

doubled by implementing a dual-recuperator configuration. As shown in Figure 2, the flue gas
stream was directed through two recuperator units connected in series. In this way, instead of
single- stage heating, a two-stage heating process was achieved, resulting in a higher and more

uniform outlet air temperature.

Hat Air Cold Ar

‘ .7 v
\\f-‘\/‘
-’_i-’_‘- ::h’_‘

ffiiillf’

‘l \j '\\ J \ s \]
l /\ I | >
Floe G uu\&ui"-‘h‘Aﬁ Gas
D —— B

Charne] = typa recuperator

Figure 2. Dual-Channel Recuperator
2.1.4. Optimization of Flow Channel Design
To reduce the high-pressure loss and irregular heat transfer caused by turbulence in

the flue gas flow of the existing system, the aerodynamic design of the recuperator channel was
improved. As shown in Figure 3, sharp corners and sudden cross-sectional changes were
minimized, resulting in a flow profile closer to laminar conditions with lower pressure losses.
This modification not only reduced fan energy consumption but also provided more uniform

heat transfer across the heat exchanger surface.
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Figure 3. Flue Channel Before and After Optimization

3.  FINDINGS
In this study, the recuperator system was examined in detail and a comprehensive

analysis was carried out. Following the improvement practices, the hourly natural gas
consumption of the reheating furnace and the tonnage of the heat-treated material were
measured, and the specific natural gas consumption per unit product was calculated. As a result
of the improvements, material quality was enhanced and the service life of the recuperator
material was extended. After the implementation of three different improvement measures, an
increase in performance and a reduction in natural gas consumption were observed. The natural
gas consumption values and production rates of the reheating furnace prior to the improvements
are also presented. The natural gas consumption values before and after the project, along with

the amount of energy recovered upon completion of the project, are illustrated in Figure 4.

NATURAL GAS CONSUMPTION RATE

120.000,00

100.000,00 96.216,47

80.000,00
64.940,54
60.000,00
40.000,00 31.275,93
20.000,00 .
0,00

Before Application (kWh) After Application (kWh) Energy Savings (KWh)
Figure 4. Natural Gas Consumption and Energy Ratios
In this study, the calculation of natural gas consumption was based on natural gas with a lower

heating value of 8,250 kcal/Sm3. To determine the amount of natural gas savings, Equation (1)

was applied. Within the scope of this equation, the parameters considered included the annual

energy gain of the component (A), annual operating time (B), the measured power before the
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implementation (C), and the total measured power after the implementation (D).
A=BXxC-D (@))

This equation demonstrates the energy gain obtained by multiplying the difference between the
measured power values before and after the implementation with the annual operating time.

As mentioned in the methodology section, the insulation of the recuperator chamber with
refractory material minimized heat losses. Through the new design, thermal insulation was
enhanced, enabling more efficient recovery and utilization of waste heat. The reduction of heat
losses in the flue section prevented thermal dissipation to the environment and improved the
effectiveness of the airflow. Consequently, the efficiency of the reheating furnace increased,
energy consumption decreased, and overall system performance was enhanced. In addition, a
significant reduction in energy consumption per unit of production was observed.

The planned and actual measurements of efficiency components before the implementation are
presented in the table below. The difference between the projected values prior to the project

and the realized values after the project completion is illustrated in Figure 5.
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Project Efficiency Components
120.000,00
100.000,00 896.216,47 96.216,47 92.036,19
80.000,00
60.000,00
40.000,00

64.040,54

20.000,00

0,00

Figure 5. Project Efficiency Components Before and After Implementation
Another significant outcome of the project was the emission reduction. As a result of the

project, natural gas consumption was reduced by 31,274.93 kW, leading to a decrease in the
amount of gases and waste materials released into the environment. Moreover, the implemented
improvements ensured compliance with legal regulations and international standards, while
achieving a noticeable reduction in the plant’s carbon footprint. The emission reduction was

calculated using Equation (2).

CO, Emission (kg) = Energy (kWh) X Emission Factor (kg/kWh)
)

The achieved emission reduction corresponds to 6.32 tons of COx.

4. DISCUSSION
Prior to the implementation, the flue gas line of the reheating furnace was directed

from two separate branches into a single stack, with a total of eight recuperators installed on
these two flue gas channels. Due to their low heat recovery efficiency and the deformations that
occurred during operation, the old-type recuperators were dismantled. Instead, a total of eight
high- efficiency next-generation recuperators were integrated into both flue gas lines, thereby
enhancing heat recovery. According to the measurements taken within the scope of the project,
the hourly energy consumption of the reheating furnace before the implementation was
96,216.47 kWh. After the implementation, the measurements revealed a 32.5% reduction in
hourly energy consumption, amounting to 64,940.54 kWh. With the application of the project,
more heat was recovered from the flue gas, resulting in a higher preheating of the combustion
air supplied to the furnace. Consequently, the amount of energy released into the atmosphere
was reduced, and the natural gas consumption of the furnace decreased. In addition, reductions
in electricity consumption contributed to a decrease in the carbon footprint, supporting the
achievement of green transformation in industry. The success obtained indicates that, if widely
implemented, such applications have the potential to contribute positively to efforts aimed at

reducing the industrial-scale use of fossil fuels and lowering carbon emissions.
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5. CONCLUSION
This study aimed to enhance the energy efficiency of the recuperator system in a

reheating furnace. As a result of detailed measurements, analyses, and implementations
conducted throughout the study, reductions of 31,274.93 KW in energy consumption, 6.32 tons
in carbon emissions, and notable process improvements were achieved. The thermal efficiency
of the existing recuperator system was improved, leading to a 32.5% reduction in fuel
consumption. This reduction contributed both to lowering production costs and to decreasing
the plant’s overall energy demand. Through more effective heat recovery, the reduction in
natural gas consumption resulted in a measurable decrease in greenhouse gas emissions,
positively supporting the company’s sustainability objectives and compliance with
environmental regulations. The technical revisions carried out in the recuperator system also
ensured a balanced temperature distribution within the furnace and enabled the process to
operate at optimal conditions. Consequently, the service life of the recuperators was extended,
and maintenance requirements were reduced. These outcomes can serve as a model for similar
industrial applications.

The findings demonstrate that systematically addressing heat recovery in high-
temperature industrial furnaces provides significant benefits from both economic and
environmental perspectives. This study makes a concrete contribution to energy efficiency
policies in the iron and steel industry and offers a guiding example for future projects of similar

nature.
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