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Evaluation of waste heat recovery system design in a commercial cooking oven prototype
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Abstract: In line with the Paris Climate Agreement, the European Union's Green Deal targets achieving net-zero greenhouse gas emissions
by 2050. Accordingly, research and development efforts to minimize the carbon footprint of industrial production processes and products
have gained increasing importance, particularly in light of border carbon adjustment mechanisms and compliance requirements. Therefore,
reducing the environmental impact of products already in use through innovative design and development is a critical priority. This study
addresses these challenges by proposing a novel waste heat recovery (WHR) system integrated into a gas-fired (natural gas and LPG)
commercial cooking oven prototype. The main objective is to enhance energy efficiency and reduce emissions by reusing exhaust gases (CO,
CO; , etc.) generated during cooking. The recovered waste heat is used to preheat the air—fuel mixture, lowering fuel consumption and
contributing to energy optimization and environmental sustainability. Inspired by the Exhaust Gas Recirculation (EGR) concept used in
automotive applications, the proposed system was adapted for commercial cooking appliances. Simulation studies guided the design process,
enabling the development of an original WHR system through university—industry collaboration. The findings highlight the potential of waste
heat recovery in commercial cooking ovens to reduce carbon emissions, improve fuel efficiency, and support the transition towards
sustainable industrial practices.
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1. Introduction

Greenhouse gas emission values showing the contributions of
various sectors to overall pollution levels in gigatons of carbon
dioxide equivalent (GtCO.eq) are given in Fig. 2. The Power
industry alone accounts for the largest share, at 38.1% (14.67
GtCO2eq), of the total emissions of 38.52 GtCO,eq in 2022 [5].

Commercial cooking ovens are used in various capacities
depending on the needs of businesses. Gas-fired commercial
cooking ovens generally operate on natural gas or LPG. With the
implementation of border carbon regulations in recent years, there
has been increasing interest in R&D efforts to reduce existing
emissions further. Therefore, companies are accelerating efforts to
reduce the carbon footprint of their products, as well as their
production processes.

The importance of the green transformation roadmap
established by the European Union has increased as a result of the
decisions taken under the Paris Climate Agreement to reduce
greenhouse gas emissions [1, 2]. Achieving carbon neutrality is
crucial for transitioning to a low-carbon energy structure, as energy
accounts for more than 70% of total CO, emissions [3]. Literature 8.4%
research has investigated various publications on waste heat
recovery applications in various ovens, including greenhouse gas
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Fig. 2 Greenhouse gas emission values showing the contributions of various
sectors to overall pollution levels in 2022 in gigatons of carbon dioxide
equivalent (GtCO.eq) [5].
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They also presented a general economic analysis of different
waste heat utilization scenarios. Acceptable investment costs for
Fig. 1 Research conducted with keywords on the Web of Science database different technologies were estimated, and the relationship with the
regarding policies to reduce net-zero greenhouse gas emissions [4]. current investment cost was compared based on system operating
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hours. They reported that waste heat recovery systems fall into two
main groups: active and passive. The general distribution of waste
heat recovery systems is shown in Fig. 3 [7].
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Fig. 3 Classification of waste heat recovery applications [7].

Jouhara and his study group assessed industrial waste heat
systems generated during industrial production processes that are
practically unused (lost, wasted, and disposed of in the
environment). It was emphasized that waste heat recovery systems
would provide significant benefits in providing valuable energy
resources and reducing overall energy consumption [8].

They evaluated waste heat recovery methodologies and state-of-
the-art technologies used in industrial production processes. They
reported that heat recovery systems offer significant opportunities
for energy optimization in various energy-intensive sectors (iron
and steel, food, ceramics, etc.). Essentially, waste heat recovery
systems in industry involve collecting and reusing heat lost during
industrial production processes to provide valuable energy and
reduce overall energy consumption [8].

Chowdhury and his team investigated alternative heat recovery
options for the commercial bakery sector, integrating technologies
suitable for waste heat recovery to utilize waste heat generated from
a commercial bakery. They stated that failing to recover waste heat
would result in high fuel consumption costs and carbon emissions.
They emphasized the need to select waste heat recovery options for
various cooking processes in commercial bakeries based on
temperature distribution, waste heat recovery method application,
heat quality and quantity, and heat energy demand. Various selected
waste heat recovery applications for commercial bakery ovens are
presented in Fig. 4 [9].

Option 1

Option 2

= Air preheater [+ ore
[ = ;

Heat/power
systems

Mechanical work/
electrical power

—

Energy input

Option 3
Prover
® Heat exchange
Option 5:
Hot water Option 4 Prover+ hot water
storage

- Energy - Waste heat - Mechanical/electrical

power systems

Fig. 4 Various selected waste heat recovery applications for commercial
bakery ovens [9].
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The emission savings achieved by different waste heat recovery
systems are given in Fig. 5. The greater the fuel savings, the lower

the CO2 emissions [9].
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Fig. 5 Emission savings values provided by different waste heat recovery
applications [9].

Mukherjee and his team conducted an experimental analysis of
wafer baking ovens (conveyor-type) to optimize operating
conditions and test a new gas-to-gas heat recovery solution. Retrofit
trials demonstrated an 8.5% improvement in oven efficiency while
maintaining operational excellence, while heat recovery solutions
reported a 7% increase in fuel savings [10].

They reported that combined retrofitting and heat recovery
could reduce annual fuel costs and prevent 167 tons of CO,
emissions per year from a single baking oven. A schematic
representation of the (a) primary air preheating (before) and (b)
exhaust temperatures (after) in the oven system is given in Fig. 6
[10].
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Fig. 6 Schematic representation of (a) primary air preheating (before) and
(b) exhaust temperatures (after) in the oven system [10].

Literature searches have not found any publications covering
the waste heat recovery system specific to gas-fired commercial
cooking ovens in industrial kitchens. It has been observed that the
application of waste recovery systems, particularly in energy-
intensive industries, has been on the rise in recent years as part of
the Green Deal alignment.
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2. Methodology

Gas-fired commercial cooking ovens, available in electric and
gas-powered models, are used in commercial establishments with
varying capacities. This study aims to develop a design-specific
waste heat recovery system for gas-fired commercial cooking ovens
widely used in industrial kitchens. Developing a combustion system
is crucial for reducing fuel consumption by utilizing waste gases
(CO, CO,, etc.) from the cooking processes of gas-fired commercial
cooking ovens to preheat the air-fuel mixture, thereby increasing
energy efficiency and contributing to environmental sustainability
by reducing emissions.

Technical drawings of the parts used in the gas-fired
commercial cooking oven prototype, the layout of various stainless
steel pipes for the waste heat recovery system, the stainless steel
main body, the cooking chamber, the layout of the gas transfer
equipment, and the central control system parts, etc., have been
developed.

AISI 321 material was used for the prototype's high-temperature
resistance in the combustion system. The main body of the gas-fired
commercial cooking oven is manufactured from AISI 304.

3. Design Procedure

The oven capacity was selected for 10 trays, accommodating
GN 1/1 - 65 mm gastronomic tray sizes.

The following activities were carried out to develop original
designs for the innovative prototype:

- Design of the stainless steel main structure (body, cooking
chamber, water tank, etc.);

- Design of the equipment used to operate with the waste heat
recovery system for efficient operation;

- Design-specific layout of all equipment in the innovative
prototype to facilitate maintenance and repair;

- Design of the gas transfer equipment layout and electrical
control panel components.

All designs were developed in compliance with international
gas standards (EN 203-1, EN 203-2-2, etc.).

A front view of the gas-fired commercial cooking oven is
shown in Fig. 7.

Fig. 7 Front view of gas-fired commercial cooking oven.
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Side view of gas-fired commercial cooking oven (original
design of waste heat recovery system) is shown in Fig. 8.

Fig. 8 Side view of gas-fired commercial cooking oven (original design of
waste heat recovery system).

Following the development of the uniquely designed waste heat
recovery system, prototype manufacturing and assembly will be
completed. In the subsequent testing phase, the data obtained during
the design validation process will be compared with the test data.

4. Conclusions

In this study, industry and university collaboration achieved a
design-specific development of a waste heat recovery (WHR)
system for a gas-fired commercial cooking oven prototype.

As part of the proposed solutions that will contribute to the
green transformation of the gas-fired commercial cooking oven
prototype, R&D activities were conducted to provide an innovative
feature for cooking ovens widely used in industrial kitchens.

This system, designed by this innovative prototype, has
achieved gains that will reduce its carbon footprint and support the
transition to sustainable business processes. Efforts were undertaken
to increase energy efficiency with waste heat recovery technology
and minimize environmental impacts through sustainable operating
methods. This has contributed significantly to implementing
environmentally friendly innovations in the commercial cooking
sector and achieving green transformation goals. This data has led
to R&D gains aimed at developing a commercial gas oven family.

To ensure the future commercialization of the innovative
prototype, all waste heat recovery system designs were made in
compliance with international gas standards (EN 203-1, EN 203-2-
2, etc.).

Future research will also evaluate the technical feasibility of the
uniquely designed waste heat recovery system and its contributions
to energy efficiency and environmental impact using data from the
testing phase.
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